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             1.1   Introduction 

 The extent and distribution of global forests is a matter of considerable concern. 
The overall rate of deforestation remains high although recent reports suggest it 
is  fi nally beginning to decline (FAO  2011  ) . But this hides regional differences. 
In temperate regions net forest cover is increasing because of afforestation and 
natural expansion of forests. By contrast, net forest cover in most tropical regions 
continues to decline and few of the remaining forests are being managed on a 
sustainable basis (Asner et al.  2010 ; Foley et al.  2005  ) . This means that more and 
more tropical countries are changing from being exporters of forest products to 
being importers. Across the globe most deforestation has been carried out to create 
agricultural lands but a large proportion of these lands have subsequently been 
abandoned (Ramankuty and Foley  1999  ) . 

 In upland mainland Southeast Asia, for example, Fox and Vogler  (  2005  )  note 
that as much as 49% of these new agricultural lands are reported to have been subse-
quently abandoned and become shrub, brush or other forms of secondary forest. 
At the same time the Millennium Ecosystem Assessment found 60% of the world’s 
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ecosystem services to have been degraded (MEA  2005  ) . Much deforestation has 
been unplanned and has generated a series of socio-economic and ecological 
problems (Chomitz  2007  ) . This is especially true within the tropics. Despite the 
wealth generated by logging tropical forests many poor people remain living in and 
around these landscapes and there have been widespread losses of biodiversity and 
substantial losses of soil. 

 But a number of changes are now underway that will also affect the extent to 
which existing forests are protected and the likelihood that any deforested land will 
be restored. These include a rising demand for food as populations continue to 
increase and, especially in the humid tropics, development of plantation crops 
such as palm oil (Gerber  2011  ) . Both will place pressure in existing forests and on 
the availability of land for reforestation and afforestation. Countervailing forces are 
apparent in the increasing level of concern in many communities about environmental 
issues which makes forest restoration more attractive and a general drift of rural 
people to urban areas which, in some areas at least is allowing forests to regrow. 

 But perhaps the greatest unfolding change likely to affect the world’s forests in 
future are the changes that will occur as a result of global warming (Bolte et al. 
 2009 ; Lindner et al.  2002 ; Liu et al.  2010  ) . Although it is currently dif fi cult to specify 
local impacts with any great con fi dence the broad global trends are reasonably clear 
(IPPC  2007  ) . These mean there will be changes in the temperature, rainfall patterns 
and water resources and thus changes in the distribution of many plant and wildlife 
species (Beaumont et al.  2007 ; Iverson et al.  2004 ; Saxon et al.  2005  ) . These will lead 
to changes in the distribution of agricultural crops and changes in the distribution 
of pests and diseases that affect them (Berry et al.  2006  ) . Likewise, many of the 
existing protected areas will become unable to conserve the species for which they 
were originally established (Milad et al.  2011  ) . These events will probably encourage 
further deforestation in some places but may act as stimuli for some form of restora-
tion in other places including former farmlands and shrublands. 

 For those concerned with  fi nding ways to restore degraded or under-used lands 
there are several challenges. While there are areas of extensive forest cover, espe-
cially in the boreal zone, much of the world’s remaining forests exist in a landscape 
mosaic together with other land uses, particularly agriculture. Where property rights 
are well established and the rule of law prevails, restoration at a landscape scale will 
be constrained by the diversity of landowners. Additional limitations apply in the 
developing world where tenurial rights are sometimes ambiguous, governance 
issues abound, and corruption is often present (Kolstad and Søreide  2009  ) . 

 One challenging task will be  fi nding ways of restoring forest cover that suit the 
ecological constraints of particular sites as well as the socio-economic circumstances 
of the landowner or land user. These forms of forest restoration will have to be resilient 
enough to cope with the range of future uncertainties and also suf fi ciently economi-
cally attractive to persuade landowners to embrace them. The second task will be to 
 fi nd ways of implementing this restoration at an appropriately large or landscape 
scale. Both tasks need some explanation and this chapter  fi rstly reviews how to carry 
out forest ’restoration’ at a site level and then considers the most effective ways 
of undertaking forest restoration at a landscape scale. By doing this the chapter seeks 
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to provide a background and a context for the more detailed and location-speci fi c 
studies that follow in subsequent chapters.  

    1.2   What Is Forest Restoration? 

 Many people see the task of overcoming degradation as one of forest restoration yet 
consensus is lacking on terminology (Stanturf  2005  ) . Perceptions of degradation 
and naturalness are social constructs (Emborg et al., Chap.   7    , this volume) without 
universally accepted meaning. In the present context we shall regard a degraded forest 
as one with a reduced capacity to supply speci fi ed goods and services. This may be 
because of changes to the composition, structure or productivity of the forest caused 
by previous usage or by a catastrophic natural event such as a storm, landslip or a 
tsunami. Degraded lands are those whose ecosystems have suffered a persistent loss 
in their productivity caused by losses in soil fertility, changes in  fi re regimes, 
modi fi cations to microclimate or because of invasive species. Over-abundant popu-
lations of herbivores such as deer can also cause degradation. 

 Even here we have to recognize that this de fi nition must be somewhat 
 fl exible to account for circumstances where fertilizers have been added, introduced 
species have become naturalized, or  fi re in adapted communities has become a 
problem because suppression has altered fuel loads to dangerous levels. All of 
these events can limit the extent to which the supply of certain goods or services 
can be re-established at a site. There are, of course, often degrees of degradation and 
some have drawn a distinction between marginal, fragile and degraded with degraded 
lands being most severely affected while marginal or fragile lands might have lost 
some of their productivity but still be useable for agricultural purposes (Hudson and 
Alcántara-Ayala  2006 ; Biot et al.  1995  ) . 

 Degradation can be overcome by restoration but de fi nitions of restoration are 
also contentious (Hobbs et al.  2011  ) . The Society for Ecological Restoration 
(SER  2004 ) de fi nes ’restoration’ as the process of assisting the recovery of an ecosystem 
that has been degraded, damaged or destroyed. The implication is that it is an inten-
tional process which aims to accelerate the recovery of an ecosystem with respect to 
its structure (i.e., species composition, cover, physiognomy) functional properties 
(e.g., productivity, energy  fl ow, nutrient cycling), and exchanges with surrounding 
landscapes and ecosystems. While not explicit in the SER de fi nition of restoration, 
others have argued for the need to use reference sites to de fi ne restoration goals 
(Clewell and Rieger  1997  ) , with the implication that only restoration to some historic 
condition is really ecological restoration. 

 This has proved controversial since it can present dif fi culties for those working 
in areas that have evolved after a long period of human occupancy and management 
and that may have involved certain grazing, burning or harvesting regimes. What 
should be done once these traditional management systems are abandoned? 
Should one try to re-establish the cultural landscape and its forests by re-establishing 
the former management regimes or should one seek to re-establish the supposed 

http://dx.doi.org/10.1007/978-94-007-5326-6_7
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’original’ ecosystem assuming, of course, that condition can even be known (Aronson 
et al.  1995  ) ? This means that historical settings will continue to be useful in some 
situations but not in others. But there are also other dif fi culties as well including:

    • environmental conditions at the site have altered : the physical attributes of the 
site may have changed (e.g. soil fertility has been reduced by erosion or increased 
by agricultural fertilizers) and the sites are no longer suitable habitats for the 
original tree species or other biota.  
   • the landscape has changed : deforestation or farmland drainage may have altered 
hydrological regimes or local microclimates. Likewise,  fi re regimes may have 
been altered by  fi re suppression or grazing.  
   • the target is unknown : where deforestation is complete, or where humans have 
occupied the landscape for long periods, there may be no record, let alone examples, 
of the original forests or of the wildlife that occupied them. Even early records 
can be misleading since the site may have subsequently changed over time.  
   • some species changes may be hard to reverse : some of the original plants 
and animals are now extinct while the populations of others may have grown and 
become over-abundant; exotics may have colonised the area and become naturalized 
and impossible to eradicate.  
   • the cost : all forms of restoration can be expensive and many landowners may be 
only interested in simple forms of reforestation or afforestation involving com-
mercially attractive species that can be harvested for a  fi nancial gain. Others may 
be reluctant to invest in what, to them, is a new land use about which they have 
only limited knowledge without substantial compensation. Still others may be 
concerned they may lose rights to subsidies for the present agricultural land-
use and enter an unsubsidized land-use like forestry. Such a loss could affect the 
overall capital value of the property.    

 Add to these the complications arising out of the impacts of climate changes and 
it is clear that it may not always be possible to restore the original forest ecosystems 
even if one wished to. 

 In practice, the type of restoration adopted at a particular site is likely to depend 
not only on the degree of degradation that has occurred but also on the objectives of 
the land manager and on the resources available to them. Broadly speaking there are 
three possible alternatives for those interested in some form of forest restoration. 
The  fi rst might appeal to landowners primarily concerned with planting trees in order 
to generate a  fi nancial return from harvesting forest products or perhaps, where there 
is a carbon trading scheme by simply maximising biomass  accumulation to seques-
ter carbon. In such cases their main objective will be to increase productivity and 
they may be quite prepared to use a single commercially attractive native or exotic 
species to achieve this purpose (Fig.  1.1 ). This approach returns forest cover and 
regains some forest functions but does not strictly qualify as restoration according to 
the SER de fi nition. This might be seen as the traditional approach to afforestation 
and is the one most favoured by industrial forestry companies primarily concerned 
with timber production. It might also be attractive to those wishing to accelerate the 
sequestration of atmospheric carbon.  
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 A second group of managers could be more interested in improving conservation 
or functional outcomes rather than maximising  fi nancial returns. Some may even 
wish to restore, in so far as they understand what was there before, the pre-disturbance 
forests. This group may attempt this through plantings at deforested sites as well as 
by protecting and managing natural forest regrowth (Elliott et al.  2006 ; Parrotta and 
Knowles  2001  ) . This is illustrated in Fig.  1.2 . Their emphasis will be on restoring as 
many as possible of the native tree species and restoring the habitats of wildlife 
species. In some temperate forests in particular the task may involve manipulating 
the density of trees in existing planted forests to allow additional species to become 
established (Hahn et al.  2005  ) . This is illustrated in Fig.  1.3 . Such undertakings 
can occur on both privately and publicly owned land. This obviously does qualify 
as restoration according to the SER de fi nition although it may be many years before 
anything approaching pre-disturbance conditions are achieved even after an appro-
priate successional trajectory has been established.   

 A third group will be those wishing to achieve some elements of both of these 
objectives. This may be because they wish to generate an income as well as some 
conservation bene fi ts or it might be because they recognize that the biophysical 
properties of the environment have changed (or will change in future as climates 
change) so that it is simply not feasible to attempt to restore the original ecosystem. 
For these reasons the forests they develop may include some native species but may 
also contain exotic species as well. This is because these have a higher commercial 
value, because they are able to tolerate the new environmental conditions better 
than the original native species or because they can facilitate the establishment of 
some of these native species (Brockerhoff et al.  2008 ; Carnus et al.  2006 ; Lamb 

  Fig. 1.1    A young monoculture of  Anthocephalus chinensis  in Sabah, Malaysia       
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  Fig. 1.2    Ecological restoration in Thailand. The multi-species forest is now 15 years old. It was 
established by planting seedlings but the site has been enriched by natural colonists from nearby 
undisturbed natural forest       

  Fig. 1.3    A Norway spruce forest in Sweden in which canopy openings have been created to allow 
the forest to be enriched with broadleaved species (beech,  Fagus sylvatica )        
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 1998 ; Parrotta et al.  1997 ; Stanturf et al.  2009  ) . Hobbs et al.  (  2009  )  have referred to 
such forests as ’novel’ ecosystems because of the new species assemblages present. 
These forests, too, might qualify as restored forests under the SER de fi nition if they 
contained most of the main species that occur in a reference ecosystem and provide 
an appropriate community structure. On the other hand they might never develop to 
resemble the original ecosystems because of environmental changes that have 
occurred at the sites and because of the management methods being used. 

 These three options simplify a much richer and more diverse range of options 
available for landholders to restore forest cover at particular sites. However, within 
the present context, and for the sake of simplicity, all may be thought of as different 
forms of forest restoration (accepting the limitations of this terminology e.g. Hobbs 
et al.  2011  ) . More than one approach may be used within a particular landscape 
with the actual methods used at a particular site being tailored to the landholder’s 
objectives and the ecological conditions at that site. Note also that the methods used 
can change over time as ecological and economic circumstances change meaning 
that option 1 – simple monocultures producing easily saleable timbers – may initially 
be the only realistic choice for many forest managers but, over time it may become 
possible to introduce a wider variety of species (involving option 3 or even option 2) 
as environmental conditions improve and the emphasis changes from the production 
of goods to the production of services (e.g. Lee and Suh  2005 ; Madsen et al.  2005 ; 
Tak et al.  2007  ) . 

 One further word on terminology is that we do recognize that while forest resto-
ration shares many of its terms and techniques with traditional forest management, 
they are not always synonymous. For example we reserve the term ”reforestation” 
for the arti fi cial regeneration of a forest almost or completely clear-felled by 
harvesting, wild fi re, or wind storm. Similarly we regard deforestation as the process 
of removing forest cover along with conversion to another land use or abandoned 
from management; it does not refer to periodic removal of forest cover like clear-
cutting and stand regeneration in normal forest management.  

    1.3   The Landscape Mosaic 

 The opportunities for restoration and the type of restoration that is carried out depend 
upon the landscape in which it is being done. There is some confusion about 
the meaning of ‘landscape’ with some users of the term indicating a spatial extent 
while others do not. Lindenmayer and Fisher  (  2006  )  argue the de fi nition depends 
on the context in which the term is being used; from a human perspective it may 
cover areas of hundreds or thousands of hectares but from a conservation biology 
perspective it depends more on the scales over which a particular species moves. 
Nassauer and Opdam  (  2008  )  de fi ne a landscape as a heterogeneous mosaic of 
ecosystems that is constantly being adapted by humans to increase its perceived 
value. Boedhihartono and Sayer (Chap.   16    , this volume) suggest it is best thought 
of as the scale at which it is necessary to intervene if one is to balance trade-offs 

http://dx.doi.org/10.1007/978-94-007-5326-6_XX
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and optimize conservation and livelihood bene fi ts. Clearly landscapes have both 
structural and functional components, which are in fl uenced by the scale at which 
one approaches de fi ning a landscape (Aylward  2005 ; Bruijnzeel  2004 ; Lindenmayer 
et al.  2008 ; Omernik and Bailey  1997  ) . 

 Landscapes are not uniform and nor is it useful to think of them simply as containing 
‘forest’ and ‘non-forest’ (Lindenmayer et al.  2008  ) . Most landscapes are represented 
by spatially diverse mosaics of different types of vegetation and land use practices 
and it is useful to recognize some of the features that are responsible for this hetero-
geneity. Table  1.1  shows some of the biophysical and socio-economic attributes of 
landscapes. Biophysical attributes such as topography and soil fertility in fl uence 
where deforestation is likely to have occurred in the past but will also in fl uence 
where there may be opportunities for restoration in the future. For example,  fl at 
lands with fertile soils are likely to have been cleared at an early stage and are 
less likely to have been degraded and abandoned than sites with less fertile soils on 
steep slopes. It is the latter that are more likely to be available for restoration. These 
patterns will also determine where undisturbed forest persists, where regrowth is 
more likely to develop and where most of the original biodiversity will be retained. 
Some areas are also more likely to be burned by wild fi res making regeneration more 
dif fi cult (e.g. areas near roads and railroads or human habitations).  

   Table 1.1    Some components of the landscape mosaic   

 Biophysical components  Socio-economic components 

  Topography : Hills and  fl atlands   Population density : areas where human 
population is concentrated (urban 
areas) and areas where it is sparse 

  Soils : Areas with fertile and less fertile soils 
supporting productive and less-productive 
agricultural lands 

  Land ownership : large and small farms; 
resident and absentee landowners, 
state ownership, communal ownership 

  Vegetation : annual and perennial crops, large and 
small patches of disturbed and undisturbed 
forests, regrowth forest, shrublands and 
grasslands; areas with invasive exotics 

  Landholder status : rich and poor 
landowners; traditional users 

  Biodiversity : areas with residual populations of 
endemic, endangered or vulnerable species 
(within forests, on forest margins and outside 
forests); areas with over-abundant populations 
of native or exotic species that may have become 
weeds or pests 

  Infra-structure : roads and railways which 
provide access and affect transport 
costs 

  Erosion : areas with severe erosion and others with 
none 

  Commercial value or productivity : tend 
to be greater in fertile lands close to 
transport and densely populated areas 

  Hydrological : rivers, wetlands and areas with high 
run-off; areas with and without severe erosion; 
areas with modi fi ed in fi ltration or drainage 

  Wild fi re:   fi re-prone areas with high  fi re frequencies 
and areas that are only rarely burned 



111 What Is Forest Landscape Restoration?

 The socio-economic mosaic will be equally variable. Some areas will have high 
human population densities while others will have low densities. Farms in some 
places will be large because they are owned by wealthy landholders while others 
will be small and held by poorer landholders. Some larger farms that are close to 
transport may be farmed intensively while others may be farmed only episodically 
such as those with marginal soils or owned by absentee landholders. These various 
landowners are likely to have differing perceptions about whether or not to under-
take restoration on their land and, if so, what sort of tree-planting to carry out. Some 
will be motivated by commercial considerations and driven by perceptions of 
the opportunity costs of reforestation. Others, perhaps those better-off farmers who 
have larger land holdings may be more interested in restoration on less productive 
parts of their landholdings to generate environmental services and protect crops. 

 None of these patterns are  fi xed. Populations of plants and animals move about 
landscapes depending on the types and spatial patterns of residual forests and crops. 
Land uses and vegetation patterns change as markets and market prices change and 
human populations may increase in some areas and decrease in others. Historical 
events such as wars, disease,  fi res and other natural disasters also in fl uence settlement 
patterns and shape landscapes (Chazdon  2003 ; Foster et al.  1998  ) . Some of these 
issues are explored further in subsequent chapters (See Convery and Dutson, Chap.   12    ; 
Crow, Chap.   2    ; Han and Oliver, Chapter   5     in Stanturf et al.  2012 ; Hughes et al. 
Chapter   15     in Stanturf et al.  2012 ; Nagy and Lockaby, Chap.   4    ; Oliver et al. 
Chap.   3    ; Wimberly et al., Chap.   6     in this volume). 

 As far as restoration is concerned these spatial patterns have several consequences. 
One is that some areas are more likely to be available for restoration than others. 
For example, marginal agricultural lands may be available but fertile croplands will 
not. A second is that natural recolonization and regeneration will be more likely 
in some parts of the landscape mosaic than others (e.g. regrowth is more likely at 
sites that have not been too heavily disturbed and are close to residual forests). And, 
thirdly, the areas available for restoration or able to regenerate naturally are not 
necessarily those parts of the landscape that are most in need of restoration to 
conserve biodiversity or to protect watersheds. 

 This last issue is critical. Most watersheds will be more effectively protected by 
continued forest cover on steep slopes and along riparian strips. Biodiversity 
conservation will be most effectively maintained by ensuring connectivity between 
forest remnants, by enlarging small forest patches and by creating protective buffer 
areas around forest patches subject to disturbances such as  fi res or continued clearing. 
Areas critical for watershed protection and for biodiversity conservation will some-
times overlap but in other cases will not. 

 However the location of any actual restoration will largely depend on land 
ownership patterns and landscape with many small farmers being unlikely to com-
pletely restore their land even when the market for forest products (or environmental 
services) is strong. Instead most will be inclined to use only some of their land 
for trees and the remainder for other purposes unless they are able to obtain most 
of their income from off-farm sources. And the location of any tree planting that 
does take place will depend upon farmers’ perceptions of their opportunity costs. 

http://dx.doi.org/10.1007/978-94-007-5326-6_1412
http://dx.doi.org/10.1007/978-94-007-5326-6_XX2
http://dx.doi.org/10.1007/978-94-007-5326-6_XX5
http://dx.doi.org/10.1007/978-94-007-5326-6_15
http://dx.doi.org/10.1007/978-94-007-5326-6_XX4
http://dx.doi.org/10.1007/978-94-007-5326-6_XX3
http://dx.doi.org/10.1007/978-94-007-5326-6_XX
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While it may make ecological sense to restore steep hills or to form a link between 
two patches of remnant forest, individual landowners may have different perceptions 
of the value of such undertakings and prefer to use commercially attractive exotic 
species grown in a plantation monoculture.  

    1.4   What Is Forest Landscape Restoration 
and How Is It Different from Site-Level Restoration? 

 Forest Landscape Restoration (FLR) differs from site-level restoration because it 
seeks to restore ecological processes that operate at a larger landscape scale such 
as those maintaining the populations of species requiring large habitat areas or those 
responsible for hydrological  fl ows. 

 But, because complete restoration of a landscape is usually unrealistic, choices 
must be made about where in the landscape mosaic this restoration is undertaken. 
FLR seeks to do this by using a strategic approach that targets key locations rather 
than relying on the individual decisions of separate landholders. At the same time it 
also seeks to improve the livelihoods of these landholders so that restoration is not 
carried out at their expense. According to Maginnis and Jackson  (  2007  )  FLR is 
de fi ned as “a process that aims to regain ecological integrity and enhance human 
well-being in deforested or degraded forest landscape”. The de fi nition implies 
that FLR is a considered process and not simply a series of  ad hoc  treatments that 
eventually cover large areas. 

 Decisions about restoration will always depend on the resources available and 
on patterns of land tenure. But they will also depend on the aspiration and goals of 
individual landholders. This means some form of landscape-wide planning process 
will be needed to ensure key areas are restored and that incentives or compensation 
is provided to individual landholders to achieve this and the costs as well as the bene fi ts 
are shared between landholders and the broader community.  

    1.5   How Is Forest Landscape Restoration Carried Out? 

 There are a large variety of approaches that have been used to address FLR and 
many of these are considered in the chapters that follow. Some involve relatively 
informal techniques while others require considerable planning. However the 
process of implementing FLR usually involves the consideration of four quite 
explicit questions:

      (i)    How much restoration should be carried out in a particular landscape?  
     (ii)    Where should this be carried out?  
    (iii)    What type of restoration should be done at each location?  
    (iv)    How should the FLR process be managed?     
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    1.5.1   How Much Restoration Is Needed? 

 There is no simple answer to this question. One obvious determining factor is the 
amount of forest that still remains in the landscape. But, more to the point, it depends 
on whether the previous loss of forests has given rise to particular problems. Other 
things being equal, a landscape with only 10 % forest cover remaining is likely to 
have acquired more problems and be more in need of some restoration treatment 
than one where 90 % of the original forest cover still remains. But, in principle, is 
there some kind of minimum forest cover threshold that one should aim for? 

 There has been considerable debate over the idea of ecological thresholds but 
the general conclusion is that these are hard to de fi ne (Groffman et al.  2006  ) . There 
are several reasons for this. In the case of wildlife it appears that the populations 
of some species are adversely affected by only small proportional losses in habitat 
(or even simply declines in habitat quality) while others are more tolerant. For 
example, some woodland birds are only affected when habitat is reduced to less 
than 30% of the original cover (Radford et al.  2005  ) . Species such as beetles may 
tolerate even greater levels of deforestation. But, even when the habitat requirements 
of a particular animal species are understood, it can be dif fi cult to specify how the 
overall collective species richness is affected by decreases – or increases - in forest 
cover. The same uncertainty is likely to be true of plants with the added twist that 
the regional loss of plant biodiversity caused by deforestation appears to be slower 
than for wildlife biodiversity (probably due, in part at least, simply because species 
such as trees can be long-lived so that the impact of forest loss on species diversity 
is less obvious). Increasing the populations of residual tree species may assist the 
survival of what otherwise might be seen as the ‘living dead’ (Janzen  1988  ) . But, 
in this case, the spatial location of any plantings may be more critical than the 
amount of restoration undertaken. 

 The relationship between the amount of forest cover and the extent of soil erosion 
is also dif fi cult to de fi ne. Deforestation is known to affect erosion but it is dif fi cult 
to specify a threshold cover below which accelerated erosion occurs and above 
which it ceases or returns to natural background levels (Lal  2001  ) . Erosion is 
affected by rainfall intensity and soil type. It is also affected by slope: small areas of 
deforestation on steep slopes will sponsor more erosion than large areas on  fl atter 
lands. In short, increasing levels of forest cover is likely to improve many ecological 
outcomes but there is unlikely to be a simple threshold for forest cover that applies 
to all the environmental variables likely to be of concern to stakeholders contem-
plating restoration. 

 In practice a key issue, of course, is that if forest cover is to increase, even modestly, 
then other land uses (and habitat types) must decrease. Whether or not landholders 
are attracted to restoration depends on its opportunity costs. Farmers may be willing 
to undertake some afforestation on marginal agricultural lands where the opportunity 
costs are low but most will be reluctant to do so on fertile cropping lands where the 
opportunity costs are high. Some forms of restoration can generate  fi nancial returns 
but these often occur some years after planting takes place. Even when such restoration 
is  fi nancially rewarding many landowners will still need additional livelihood 
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support if they are to participate in a broad landscape restoration program. Under 
these conditions many will only commit a small portion of their land to tree-planting. 

 There are some broader  fi nancial perspectives that are also relevant to this 
question. The  fi nancial returns from small forest plantations scattered across a 
landscape will only be realised when they are collectively large enough to provide 
a market with a regular supply of timber. In most cases a few, small plantations 
will not be enough. The type of products produced is also in fl uential. Higher-value 
timber can be transported to more distant markets but more modestly priced utility 
timbers cannot. This means there may, in fact, be a distinct economic threshold 
that must be exceeded. It is dif fi cult to specify this threshold area because it will 
depend so much on biological and  fi nancial conditions speci fi c to a particular 
location. This topic is referred to in subsequent chapters in Stanturf et al.  2012  
including Booth et al., Chap.   13    , Rosengren Chap.   17     and Wilson et al., Chap.   11    .  

    1.5.2   Where Should Restoration Be Carried Out? 

 The functional consequence of any new forest area depends on where in the landscape 
it is established. As noted earlier, afforestation of a steep hillside will reduce erosion 
more than afforesting the same area on  fl at land. Likewise, a new forest that 
provides a link between two patches of remnant natural forest will probably help 
species move across the landscape and conserve biodiversity more than the same 
area of planted forest isolated in the midst of an otherwise homogenous agricultural 
landscape (Llewellyn et al.  1996  ) . The task for those planning FLR is to strategically 
distribute new forest areas across the landscape in a way that maximises their 
ecological impact. Landscape ecologists have generated a number of recommenda-
tions for priority locations for restoration. These are shown in Table  1.2 .  

 Economic considerations may suggest other priority locations. These might 
include agriculturally marginal lands (where the opportunity costs are lower), sites 
distant from roads (where, again, opportunity costs are lower) or, alternatively, sites 
near roads (where log transport costs are lower). Needless to say, certain locations 
will achieve some outcomes but not others and this is where trade-offs will be needed. 
This question is referred to in subsequent chapters in this volume including 
Bentrup et al., (Chap.   5    ), Booth et al. (Chap.   13    ), Gobster (Chap.   8    ), Harper et al. 
(Chap.   14    ) and Larsen et al. (Chap.   9    ).  

    1.5.3   What Type of Restoration Should Be Done at Each 
Location? 

 There can be large differences in the composition and structure of undisturbed natu-
ral forests, regrowth forests and plantation forests. Part of the difference is because 
of the relative youth of the newly created forests relative to the undisturbed forests. 
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However, there can also be large differences in the composition and structure of 
many newly established forests even when these are of the same age. This is usually 
the consequence of a deliberate choice by the landholder. Plantation monocultures 
are obviously the simplest type of new forest (Fig.  1.1 ). Many are managed on short 
rotations, especially those established in the tropics. These represent a high propor-
tion of most newly established forests because landowners perceive them as being 
more pro fi table and easier to manage. These plantations can restore productivity 
and some ecological functions but will not provide the habitats needed by many 
forest-dependent species. This means they will not be as useful in improving con-
nectivity between natural forest fragments to allow species or genes to move across 
a landscape. On the other hand, some monoculture plantations and especially older 
ones with shrubby understories, can provide good watershed protection. 

 Mixed-species plantings are better at providing habitats for a wider variety of 
other species and are also able to protect watersheds. There are a variety of 
these including even-aged plantings and forests where an existing monoculture is 
enriched with additional species (Lamb  2011  ) . But these types of plantings can 
have other advantages as well including improving productivity, improving 
nutrition or reducing damage from insect pests or disease (Dey et al.  2010 ; Lockhart 
et al.  2008 ; Stanturf et al.  2009 ; Lamb  2011  ) . One particular advantage of mixtures 
that make them attractive to some landholders is that they diversify the goods and 
services provided and thereby reduce economic risks. This may not be an especially 
attractive advantage for large industrial plantation owners for whom the added man-
agement complexity is a disadvantage but could be for smallholders. This advantage 

   Table 1.2    Priority areas for restoration in degraded landscapes to improve functional outcomes   

 Location of new forests  Advantage of new forests at this location 

 Areas able to regenerate naturally  The cost of restoration is low (although the costs of 
protecting these areas may be signi fi cant) 

 Buffer strips planted around 
remnant patches of natural 
forests 

 Protect these remnants from further disturbances, enlarge 
their effective areas and soften edge effects (highest 
priority being given to remnants with endangered or 
vulnerable species) 

 Corridors planted between remnant 
patches of natural forests 

 Facilitate movement of species and genetic exchange 
between isolated populations 

 Corridors or ‘stepping stones’ 
planted along altitudinal and 
longitudinal gradients 

 Facilitate movement of species in response to environmental 
stresses such as climate change 

 Steep slopes  Protect erosion-prone soils 
 Riparian strips  Protect erosion-prone soils and act as  fi lters to limit 

sediments reaching waterways. Act as corridors for 
species movement 

 Areas subject to sheet erosion and 
with compacted soils 

 Protect erosion prone soils and increase in fi ltration capacity 

 Groundwater recharge areas in 
salinity-prone areas 

 Increase evapo-transpiration thereby increasing depth of 
water table and decreasing salinity problems 

 Coastal protection zones  Decrease storm impacts 
 Urban areas  To improve recreational opportunities 
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may increase as markets for environmental services develop and there is a need 
to develop robust and resilient new forests able to supply these services over the 
longer term. 

 The best type of new forest from a conservation viewpoint would be a species-
rich forest established to restore the habitats of forest-dependent species and that 
was not subject to future disturbances such as those caused by tree-felling (e.g. 
Fig.  1.2 ). These forests might be established using seedlings or seeds, enriching 
existing monocultures by manipulating canopy covers to enhance the establishment 
of additional species or by protecting natural regrowth. Such forests may not produce 
commercially attractive goods but may be attractive where there are markets for 
ecosystem services. 

 There is often an interaction between the ‘what type’ question and the ‘where’ 
question. A species-rich and structurally complex new forest would be preferable 
when developing a corridor to provide improved landscape connectivity but a 
simple monoculture might be quite suf fi cient if there is a need to simply increase 
evapo-transpiration in order to lower water tables and reduce the risk of salinization 
(see Chap.   14     by Harper et al., this volume). Likewise, a monoculture grown for 
pulpwood might be commercially attractive if grown next to a road but could be 
worthless if grown by a smallholder in a remote mountain area without good roads 
and where the cost of transport was high. This question is discussed by Bentrup 
et al. (Chap.  5    ), Davis et al., (Chap.   15    ), Gobster (Chap.   8    ), Harper et al., (Chap.  14    ), Jim 
(Chapter   6     in Stanturf et al.  2012 ), Han and Oliver (Chapter   5     in Stanturf et al.  2012 ), 
Larsen et al., (Chap.   9     this volume), Rosengren, (Chap.   17     in Stanturf et al.  2012 ) 
and Wilson et al., (Chap.   11    ) later in this volume.  

    1.5.4   How Should This Process of Restoration Be Managed? 

 A single private landholder or public agency might be able to resolve each of these 
questions without too much trouble but it is rather more dif fi cult to do across a 
broader landscape mosaic where a variety of landholders are present. Under 
these circumstances several different approaches have been used. One is a largely 
top-down approach in which a government land use planning agency sets objectives 
and decides where and how to restore forests across the landscape. This approach 
appeals to many ecologists because it allows them to apply their hard won scienti fi c 
knowledge in a way they believe will generate widespread bene fi ts. 

 Some sophisticated modelling techniques have been developed that facilitate 
this approach (e.g. see Booth et al., Chap.   13     Stanturf et al.  2012  and Wimberly 
et al., Chap.   6    , this volume). The planners can then use incentives and compensation 
to try to persuade landholders in key locations to adopt their restoration plans. The 
advantage of this approach is that treatments can be targeted to overcome speci fi c 
conservation problems such as creating more habitat in particular areas for an 
endangered species or to solve erosion or watershed protection problems at certain 
sites. The disadvantage, however, is that it can be politically dif fi cult because 
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different stakeholders may have contrasting views about the need for any restoration 
on their land or about priorities for restoration (e.g. should the priority be given to 
species conservation or watershed protection?). And even where a need for restoration 
is accepted, landholders in priority locations might  fi nd that the compensation on 
offer does not match what they believe are their opportunity costs. Top-down approaches 
can be seemingly ef fi cient but may be politically and economically contentious. 

 An alternative approach is rather more bottom-up and involves having the stake-
holders themselves identify priority areas for restoration and thus where compensa-
tion might be needed. The advantage of this is that disagreements can be identi fi ed 
at an early stage, trade-offs can be discussed and the stakeholders as a group can 
decide on treatment priorities. The process is likely to be rather more complex than 
top-down planning but perhaps more politically acceptable and, because of this 
ultimately prove to be more sustainable. The disadvantage of leaving decisions 
entirely to local landholders can be that national priorities (e.g. including watershed 
protection or conservation issues) may be ignored unless external facilitators include 
them in the discussion. An example of a largely bottom-up approach but where 
external facilitators were involved is given by Boedhihatono and Sayer (Chap.   16    ). 

 There is, of course, a third possibility and that is a combination of top-down and 
bottom-up. There are a variety of ways this might be achieved but most involve a 
regional planning group identifying a series of alternative restoration scenarios and 
taking these to a meeting of stakeholders (or stakeholder representatives) who then 
discuss them and choose one (or develop a new alternative of their own based on 
the original proposals). Examples of this approach have been given by Bouroin 
and Castell  (  2011  )  as well as by Bentrup et al. (Chapter   5    ), Convery and Dutson 
(Chapter   12    ), Siregar et al. (Chapter   3     in Stanturf et al.  2012 ) and Pullar and Lamb 
(Chapter   1     in Stanturf et al.  2012 ).   

    1.6   Issues Deserving Further Study 

 Explicit (or at least implicit) answers to these four questions are needed for the 
implementation of all FLR projects. But  fi nding answers to these questions often 
raises other more fundamental questions that must be resolved  fi rst. 

    1.6.1   Who Are the Stakeholders and How Can They Participate 
in FLR? 

 The most obvious stakeholders are those owning or managing land found within the 
landscape. But others with a legitimate interest are those who might be affected by 
restoration. They could include other farmers, national or regional water supply 
managers, consumers of forest products, those with an interest in conservation 
and the broader community as a whole. These various stakeholders differ in the 
extent of their interest, their  fi nancial resources and their political power or in fl uence. 
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It is likely to be dif fi cult to identify all of these people and devise an equitable 
method by which their voices can be heard and their interests represented. An even 
more dif fi cult task will be to do this in a way that ensures this participation over the 
longer term that most FLR will normally take to implement.  

    1.6.2   How to Make Collaborative Decisions? 

 It is often dif fi cult to get a large number of people to agree on a particular course of 
action, especially when it involves changing the way in which they use their land. 
Part of the problem is they may not all have an equal understanding of the facts of 
the case or of the implications of certain choices. But even when they do, some 
will bring quite different sets of cultural attitudes to the discussion than others. For 
example, some may be inclined to support ‘conservation’ especially if others, such 
as neighbours whom they respect, do so. But some people may be hostile to the 
notion of outsiders having any say at all in how they manage their land. 

 There are also dif fi culties in the decision-making process with the political elite 
tending to dominate proceedings and loud, self-con fi dent speakers likely to over-
shadow quieter, less assertive speakers (and men over women). Traditional societies 
often have long-standing institutions or methodologies to make collaborative deci-
sions. But communities made up of more recent arrivals are less likely to have these. 
It can be dif fi cult to arrive at mutually satisfactory decisions in situations where a 
government agency seeks to generate a change that bene fi ts the broader community 
at the (perceived) expense of a private landholder. In such cases it is usually necessary 
to bring in a facilitator acceptable to all parties to initiate the process. Ideally, 
this should be institutionalised and a new collective decision-making body estab-
lished to continue to manage the process over the longer time period that is usually 
necessary for FLR.  

    1.6.3   How Can Reforestation/Restoration Be Made 
Economically Attractive to Landholders 
and Especially Those in Key Locations? 

 Some landholders will occupy especially important locations within the landscape 
such as areas that might be used to create corridors between existing forest remnants 
or steep lands that are currently eroding. Some of these landholders may be uninter-
ested in planting trees or may only want to plant simple monocultures using exotic 
species that have limited value for conservation or watershed protection. Those with 
existing monocultures may not wish to enlarge the diversity of tree species present 
even when this is clearly necessary to improve biodiversity conservation. 
Some of these landholders may be persuaded to engage in restoration once the 
practice is more fully explained. But restoration may be seen by many landholders 
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as an unconventional land use activity and they may be unwilling to change unless 
they perceive that they will bene fi t (Convery and Dutson, Chap.   12    ). Compensation 
or the development of a market for ecosystem services may tip the balance in favour 
of some kind of restoration but then the task becomes one of coordinating activity 
and payments across a large number of landholders.  

    1.6.4   How to Accommodate Disagreements? 

 Disagreements can sometimes be resolved, especially if a facilitator is available. 
But sometimes they cannot. Where only a few individuals are involved it may be 
possible to offer some kind of compensation (e.g. a cash payment or alternative 
land elsewhere). But more fundamental disagreements between, say, the resident 
and non-resident stakeholders may be more dif fi cult to resolve and could mean that 
certain restoration goals may take many years to achieve.  

    1.6.5   How to Integrate Biophysical and Socio-economic 
Constraints/Imperatives? 

 Forests are often managed to generate a variety of bene fi ts including timber and 
various ecosystem services. The same is true, in theory, of restoration. But maximum 
 fi nancial gains to landholders may come at the expense of certain services. For example, 
it may be more attractive for landholders near a busy timber market to grow fast 
growing trees in monocultures than to grow species-rich forest for biodiversity 
conservation. The landholder’s task of judging how to restore a forest is made 
more dif fi cult because of the uncertainty over future markets for forest products 
or ecosystem services. In some places it seems the latter (in the form of markets 
for carbon sequestration) could become more important than the former. Likewise, 
for government agencies seeking to manage the balance between national and 
private bene fi ts it is dif fi cult to decide whether to spend a large amount of resources 
restoring a highly degraded resource or to use the same amount of resources improving 
a larger but less degraded area.  

    1.6.6   How to Ensure That Populations of Threatened 
or Endangered Species Can Persist Across Landscapes? 

 Restorationists generally assume that wildlife will respond to increased amounts of 
forest and this is probably true in many cases. But wildlife species differ in their 
habitat requirements. Some are generalists and are able to use pretty well any form 
of forest cover. But others are rather more speci fi c in their requirements and need 
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particular structural features or food species to be restored before they will begin to 
use a site. The most dif fi cult species to cater for are those with large home ranges 
and needing extensive areas of particular types of habitat. These species are often 
those that are most affected by deforestation and which become classed as ‘threatened’ 
or ‘endangered’. A key task for restorationists, therefore, is not so much one 
of restoring ‘biodiversity’ but to protect or restore the populations of these most 
vulnerable species. 

 Han and Oliver (Chapter 7 in Stanturf et al.  2012 ) provides an interesting case 
on forest restoration and management to protect and conserve a tiger population in 
north-eastern China, where the authors identify key requirements for the forest 
habitat that are quite different from the virgin forest habitat that traditionally has 
been described as key tiger habitat. This case strongly demonstrates how important 
it is to clearly identify the mechanisms behind a target species population decline 
and properly link this to informed management now and in the future. This includes 
proper interpretation of land-use history and its impact on the target species to 
reach a sound explanation of how the species became threatened; and it paves the 
road for ef fi cient and reliable FLR-efforts to support such a vulnerable species.  

    1.6.7   Monitoring Outcomes 

 Restoring degraded landscapes is dif fi cult and success is not assured (Hobbs et al. 
 2003  ) . The problem of predicting successional outcomes and changes in the popula-
tion of wildlife as forests are restored is complex enough but is made even more so 
when economic and social factors must be taken into account. Both ecological and 
economic circumstances can alter, unexpected events may occur and people can 
change their minds. The most common approach to dealing with such problems is 
to develop some form of monitoring and adaptive management (Walters and Holling 
 1990  ) . Suggestions about how this might be approached are given in Danielson 
et al.  (  2005  ) , Lindenmayer and Likens  (  2010  )  and Lamb  (  2011  )  but there are few 
examples where these have been used to monitor large landscape-scale restoration 
over the long time periods that are necessary to establish appropriate successional 
trajectories. The issue is considered further by Allan et al. (Chap.  10    ).   

    1.7   Conclusion 

 The extent of global deforestation and of land needing some form of restoration 
means that ways must be found to increase the scale at which restoration is carried 
out. The task is not simply to scale-up using an existing set of established silvicul-
tural techniques but to  fi nd ways of intervening within already complex landscape 
mosaics in order to improve ecological functioning and also improve the livelihoods 
of people now living within that landscape as well of those of the future. 
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 There may be a variety of approaches actually used to restore forests within a 
particular landscape mosaic. Landowners at some sites may wish to maximise the 
production of goods such as timber while those at other sites may wish to maximise 
the provision of ecosystem services. Some landowners may want to achieve both. 

 The advantage of FLR is that it is easier to make trade-offs involving these 
contrasting options at a landscape scale than at an individual landholding. 
Future challenges such as those imposed by climate change mean that the nature 
of these trade-offs will vary over time. To date there are few examples of where 
Forest Landscape Restoration, as de fi ned here, has been successfully achieved and 
where the process has been in place for any substantial length of time. This means 
the subsequent chapters in this book provide only a  fi rst indication of the processes 
involved, the variety of methods that might be employed and the problems we are 
still to overcome.      
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          2.1   Introduction 

 The art and science of restoration is now commonly viewed as integral to managing 
natural resources (e.g., Hobbs and Harris  2001 ; Stanturf and Madsen  2004 ; Falk 
et al.  2006 ; Bosworth and Brown  2007  ) . This view is due in large part to an increased 
awareness that the cumulative impacts of human activities are profoundly affecting 
the biosphere – the ultimate ecosystem on which we all depend for our life sustaining 
goods and services. Effective restoration, however, requires confronting some rather 
perplexing questions. What is to be restored and to what end? How much restoration 
will be required in order to obtain the desired outcomes? Where and when on the 
landscape should restoration occur in order to maximize the bene fi ts? And what 
de fi nes success? These questions require considering subjects ranging from environ-
mental ethics to cultural values in addition to the technical knowledge and profes-
sional judgment that tend to dominate the practice of restoration (Light and Higgs 
 1996 ; Light  2000 ; Vining et al.  2000 ; Davis and Slobodkin  2004  ) . 

 Landscape ecology, with its emphasis on pattern and process at large spatial scales, 
when combined with ecological restoration creates the potential for a “big picture” 
approach to supporting restoration activities and to aiding the related decision-making 
that occurs. Landscape ecology provides a useful contextual framework for consid-
ering the many dimensions of restoration – historic, social, cultural, political, aesthetic, 
moral, and ecological – that are implicit in the above questions. Landscape ecology 
also adds an important spatial component to the practice of restoration. 

 Others have recognized the value of applying a landscape perspective to restoration. 
Naveh  (  1994  ) , for example, was an early advocate for applying a landscape perspective 
to restoration, and in his 1994 paper, he explored the relation between restoration and 
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landscape-level processes. Bell et al.  (  1997  )  suggest that a union between restoration 
and landscape ecology could bene fi t the science and application in both disciplines. In 
their paper  A Historical Perspective and Future Outlook on Landscape Scale Restoration 
in the Northwest Wisconsin Pine Barrens , Radeloff et al.  (  2000  )  state “The concurrent 
discussions of landscape scale restoration among restoration ecologists, and of historic 
disturbance pattern as a guideline for forest management among forest scientists, offer 
a unique opportunity for collaboration between these traditionally separated  fi elds.” 
My purpose is to further explore this union between ecological restoration and land-
scape ecology to address the question: What can landscape ecology contribute to forest 
landscape restoration.  

    2.2   Addressing the Questions 

 Answers to the questions posed in the Introduction depend largely on the social and 
political contexts in which restoration is being conducted as well as what is known 
about the ecosystems being restored (Light and Higgs  1996 ; Higgs  1997  ) . The 
common desire to return an ecosystem to some previous state could represent a 
condition that was once common and has been largely lost or the restored ecosystem 
has some special quality such as providing critical  fi sh habitat or providing an 
important ecosystem service such as clean water. As Lackey  (  2001,   2004  )  suggests, 
the very terminology used to characterize the condition of an ecosystem – terms 
such as healthy or damaged – are more likely to be value-based rather than science-
based. Because societal values and preferences are important in the decision-making 
process, there are many possible “correct choices” as outcomes for restoration. And if 
we accept this premise, then de fi ning ecological restoration as “the process of restoring 
one or more  valued processes or attributes  of a landscape” makes good sense (Davis 
and Slobodkin  2004  ) .  

    2.3   Restoring Forests and Climate Change 

 The utility of using historic ecosystem conditions as a goal or even as a reference 
point for restoration is questionable when global climate change is considered. 
Given the long time frames necessary for forest restoration and given the likely 
changes in temperature, precipitation, and the frequency of extreme events, prescribing 
goals for restoration based solely on historical references will be at best challenging 
and at worst a recipe for failure (Harris et al.  2006  ) . 

 As Davis and Slobodkin  (  2004  )  suggest in their de fi nition of restoration, a 
strategy for dealing with this conundrum is to focus on restoring the “valued 
processes” in addition to emphasizing ecosystem attributes. But by expanding the 
scope of restoration to include valued processes as well as attributes, restoration 
becomes a more forward thinking concept (Crow  2008  ) . That is, forest restoration 
becomes an adaptive practice for dealing with changing conditions. The goal is to 
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create and maintain healthy, productive, sustainable forest ecosystems through 
restoration practices. Here, restoration involves  active  management, in which a 
future state is de fi ned and management is applied to create that state. Hence it is 
not a question of restoring valued processes  or  attributes of a landscape, but 
instead, one of restoring valued processes  and  attributes because the two are inex-
tricably linked and can not be separated. When restoration is viewed as encom-
passing both processes and attributes, then a much broader range of viable 
approaches and acceptable outcomes are available to the forest manager. 

 A rapidly changing climate not only shifts restoration from a backward to a forward 
looking concept, it changes the fundamental rationale for managing forests toward 
resilience and sustainability (Crow  2008  ) . Not only are there challenging scienti fi c and 
technical issues associated with this shift, but there are important moral and social 
issues as well. At present, only limited practical guidance is available to managers 
about how to address climate change, and the uncertainties about the speci fi c condi-
tions that will prevail at local and regional levels are huge. In a report published in 2007 
by the United States Government Accountability Of fi ce (GAO) entitled “Climate 
Change: Agencies Should Develop Guidance for Addressing the Effects on Federal 
Land and Water Resources,” the GAO found that land and water management agencies 
such as the Bureau of Land Management, Forest Service, Fish and Wildlife Service, 
National Oceanic and Atmospheric Service, and the National Park Service “have not 
made climate change a priority, and the agencies’ strategic plans do not speci fi cally 
address climate change” (GAO  2007  ) . Instead, the report contends, managers tend to 
focus on near-term problems and mandated activities, with inadequate attention given 
to critical longer-term issues such as climate change. Strategies for managing forest, 
grassland, and aquatic ecosystems for adaptation and mitigation with a large dose of 
uncertainty are among the major challenges facing resource managers now and for 
many years to come.  

    2.4   Restoring Landscape Composition and Structure 

 At the forest stand level, attributes such as composition and structure are generally 
expressed as the dominant species and by age- and size-class distributions. At the 
landscape level, categories of land cover are common attributes, with categories 
ranging from broad, dichotomous classi fi cations such as forest and non-forest, to 
speci fi c cover classes that recognize individual species, species groups, or vegetative 
communities, e.g., communities in the United States such as red pine plantations, 
oak-hickory forests, red cedar glades or tallgrass prairies. The number, size, shape, 
and spatial arrangement of these classes de fi ne landscape structure. Just as reference 
stands help guide the compositional and structural goals for restoring forest stands, 
reference landscapes when available can help de fi ne the desired conditions for land 
cover and landscape structure. 

 Restoration of landscape structure is becoming more common. Fragmentation in 
which larger blocks or patches of habitat are converted to smaller patches through 
land use and ownership is pervasive in landscapes subject to intense human activity 
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(Turner et al.  1996 ; Crow et al.  1999  ) . Landscape fragmentation profoundly affects 
the  fl uxes of radiation, the movement of air (wind) and nutrients as well as the 
movement of organisms within and across the landscape (Saunders et al.  1991 ; 
Gustafson and Gardner  1996  ) . One consequence of fragmentation is the loss of 
landscape connectivity that facilitates movement by organisms among habitat 
patches and the loss of interior environments that provide critical habitat for many 
species. Restoring connectivity to facilitate the movement of organisms within land-
scapes will receive increased attention as resource managers and planners explore 
ways to adapt to a changing climate. 

 In natural environments, variability in the physical environment coupled with 
natural disturbance creates structural and compositional complexity that is expressed 
as landscape heterogeneity. This means that disturbance regimes and the resulting 
patterns of stand density, species composition, and age-class distribution differ 
signi fi cantly across the landscape and throughout a region. This variation enhances 
ecological processes and biological diversity. But human-dominated landscape tend 
to become homogenized as measured by their landscape composition and structure 
because many forest management practices, and more generally, land-use practices 
tend to simplify the variation that naturally occurs. An example can be found in the 
northern Great Lakes region of the United States where Schulte et al.  (  2007  )  
quanti fi ed the consequences of a century of Euro-American land use based on 
historical public records, current forest inventories and other land cover data. 
Their analyses show “a distinct and rapid trajectory of vegetation change toward 
historically unprecedented and simpli fi ed conditions.” In addition to overall loss of 
forestland, current regional forests have lower species diversity and less structural 
complexity compared to forests prior to Euro-American settlement (Schulte et al. 
 2007  ) . They recommend a coordinated effort at the regional level among land 
management agencies to restore forest diversity and complexity. 

 Ponderosa pine ( Pinus ponderosa ) in the southwestern United States offers 
another good example of restoring attributes. The composition and structure of 
these forests are shaped through time by  fi re, episodic regeneration, insect infesta-
tion, and regional climate events such as drought (Covington et al.  1997 ; Allen et al. 
 2002  ) . These processes created complex forest patterns at both the stand and landscape 
levels, with patterns shifting through time within a natural range of variability; but 
with Euro-American settlement came logging, livestock grazing, and  fi re suppression. 
Logging greatly reduced the number of large trees, and livestock grazing and  fi re 
suppression promoted the development of unnaturally dense stands of understory 
trees. Covington et al.  (  1997  )  provide a striking example of the changes that have 
occurred in forest structure in their study area located in the Fort Valley Experimental 
Forest near Flagstaff, Arizona. Small diameter trees (<40 cm dbh) increased 
dramatically from 1.4 per ha in 1876 to 513 in 1992, while large trees decreased 
from 19 per acre in 1876 to 13 in 1992. Decreases in the abundance and diversity of 
grasses and forbs occurred as well due to increased overstory competition, to 
increased competition for moisture, and to the formation of thick needle mats on the 
forest  fl oor. Changes in composition and structure in these ponderosa forests, in 
turn, created changes in ecological processes such as the hydrologic cycle. More 



292 What Can Landscape    Ecology Contribute…

densely forested watersheds are likely to decrease total stream fl ows, peak  fl ows, as 
well as base  fl ows (Allen et al.  2002  ) . 

 Managing the age-class structure of forests on the landscape can help create 
structural complexity. All age-classes, young and old, should occur somewhere on 
the landscape. When all age-classes are represented, greater compositional and 
structural complexity exists at the landscape and regional scales. This model for 
forest landscape management emphasizes the dynamic nature of stand development 
in which forest age-classes are viewed as a shifting mosaic of stands or patches on 
a landscape that includes young, mature, and old forests, and in which young forests 
become mature forests, mature forests become old, and harvesting or natural distur-
bances change mature and old forests into regenerating forests. Using a negative 
exponential model, Johnson et al.  (  1995  )  predicted the rate at which parts of the 
landscape will survive disturbance, and consequently predicts the percentage of the 
landscape that will survive to become old forest. 

 How do we  fi t the dynamic, shifting-mosaic model into a working landscape? 
Timber management generally truncates the process of stand development at rotation 
age. If management is uniformly applied across the landscape, i.e., all stands are 
managed to rotation age, the landscape structure becomes homogenized. That is, the 
landscape is dominated by forests that are rotation age or younger, and thus, the 
diversity of the forest is diminished at the landscape and region levels. If the land-
scape is managed, however, so that all age classes are represented, from the very 
young to forest stands 200, 300, or 400+ year old, then the structural diversity or, 
more generally, the ecological diversity of the forest is enhanced. 

 This model requires active management of the age-class structure on the land-
scape to ensure that all-age classes are present currently, or more likely, in the 
future. Good planning and landscape management create a ‘working landscape’ 
that is producing multiple values and bene fi ts including forest products. A long-term 
institutional commitment is obviously required for creating a “working land-
scape.” Such a commitment is more likely to occur on public lands such as 
National Forests than on private lands. Heterogeneous landscapes as de fi ned by 
genetic structure, compositional diversity, and age-class structure are more resis-
tant to disease and insect outbreaks and climate change as compared to homoge-
neous landscapes.  

    2.5   Restoring Processes on the Landscape 

 Although restoration activities are often directed at changing ecosystem composi-
tion and structure, the ultimate goal is restoring ecological processes to create 
healthy forest ecosystems that are sustainable with changing conditions. Again, 
ponderosa pine in the southwestern United State provides a good example. As the 
open, parkland forest was transformed into a closed-canopy forest, these changes as 
noted resulted in lower forest productivity, less understory plant diversity, decreases 
in stream  fl ows, and increases in  fi re size and severity. A combination of mechanical 
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thinning and surface  fi res have been used to restored the structural integrity of these 
forests. A return to the open parkland is projected to “increase soil moisture and 
mineralization and uptake of nitrogen, leading to increased photosynthesis, growth 
ef fi ciency, and resin production” in the residual trees as well as increase the diversity 
and productivity of the understory vegetation (Covington et al.  1997  ) . 

 Most restoration activities are local in their application. The challenge is to take 
these local efforts and make them operational at the landscape level. Large-scale 
restoration efforts to return functionality to the landscape, such as the Everglades in 
south Florida or to clean-up the Chesapeake Bay in the mid-Atlantic region in the 
United States, have proven to be dif fi cult due to the scale at which restoration must 
occur and because of the large number of people, organizations, and political entities 
that have a stake in the outcome. 

 There are, however, efforts directed at maintaining inherent landscape patterns 
through forestry practices that serve as useful case studies. In response to a commit-
ment in Sweden to maintain biological diversity in forests, the Swedish Forestry Act 
of 1994 directs harvesting of timber in a way that mimics natural processes and 
builds more complex structure at the stand and, where applicable, at the landscape 
level (Lämås and Fries  1995  ) . Further, Bondrup-Nielsen  (  1995  )  describes an 
approach that involves retaining forest reserves and managing harvest patterns in 
the landscape matrix in order to mimic patterns on the landscape created by the 
physical environment and through natural disturbance. Other authors have used 
models to consider harvest patterns in both space and time. Gustafson and Crow 
 (  1996  ) , for example, used the model HARVEST to evaluate alternative timber 
harvesting strategies in actual landscapes in which the size, spatial distribution, and 
rate of harvesting are varied and the landscape structure as measured by patch size 
distribution, linear forest edge, amount of forest interior is quanti fi ed after an 
extended period of treatment. The goal of these exercises is not to optimize timber 
production, but to simulate alternative management strategies by incorporating 
decisions that are typical of those made by resource managers (Crow and Gustafson 
 1997  ) . Their results help de fi ne some guiding principles for landscape management. 
Larger harvest units that are aggregated always create diversity in patch sizes, reduce 
the amount of forest edge, and protect interior habitats better than small, dispersed 
harvest units. As the size of the harvested units decreases, however, the advantage 
of aggregation of harvest units is quickly lost. There is also an economic advantage 
to creating large, aggregated harvest units. In this case, both economics and ecology 
argue for the same landscape management strategy. 

 A different landscape, in this case a matrix dominated by agriculture, offers 
another example of restoring functionality. Landscape simpli fi cation in agricultural 
systems combined with the genetic engineering and intensive use of synthetic 
pesticides and fertilizer, along with irrigation have produced dramatic increases in 
food production. These increases have come with signi fi cant environmental costs: 
excessive sedimentation in waterways, contamination of drinking water, seasonal 
hypoxic zones in coastal areas, increased frequency of severe  fl ooding, loss of criti-
cal  fi sh and wildlife habitat to name a few. Perennial systems embedded in agricultural 
landscapes can provide water puri fi cation, help reduce the loss of nutrients and 
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sediments, control pests, reduce water temperatures, and enhance biological diversity 
(Schulte et al.  2006  ) . Among the options, perennial riparian buffers along streams 
are best known, but many other options such as vegetative  fi lter strips composed of 
perennial grasses located along the contour of hillslopes or a variety of agroforestry 
systems are options as well. A small amount of the right perennial system located in 
the right places in the landscape can greatly improve ecosystem health in these agri-
cultural landscapes. 

 The assumption that a small amount of perennial vegetation placed in the right 
locations in the landscape can greatly improve water quality is based on concepts of 
thresholds, tipping points, and nonlinear responses. These concepts are implicit in 
questions such as: What are the cumulative impacts of restoration applied at the 
local level? How much local restoration is needed to make a difference at a land-
scape and regional level? Where in the landscape should restoration be practiced to 
maximize the bene fi ts at the larger spatial scales? Addressing these questions repre-
sent some of the fundamental challenges facing forest landscape restoration. 

 The importance of addressing these questions can be illustrated by considering 
the action plan for reducing, mitigating, and controlling hypoxia in the northern 
Gulf of Mexico as developed by the Mississippi River/Gulf of Mexico Watershed 
Nutrient Task Force  (  2001  ) . Here, algal blooms resulting from excessive nitrogen, 
primarily from nonpoint sources within the Basin, reduces the dissolved oxygen in 
the water column, and correspondingly, results in the loss of aquatic habitat. 
Although even small reductions in nitrogen loads are desirable, modeling studies 
suggest that reductions in nitrogen loads into the Gulf of at least 30–40% will be 
necessary to reach the goal of reducing the size of the hypoxic area to <5,000 km 2 . 
What is not clear, however, is to what extent land use practices will need to change 
in order to reach this goal. Again, the fundamental questions at the landscape and 
region level are: where, how much, and what kind of change in land use is needed?  

    2.6   Managing for Resilience 

 The concept of resilience relates to the notions of robustness, sustainability, and 
risk. It applies to both biological and social systems, and at the most fundamental 
level, resilience deals with the ability of biological and social systems to adapt and 
even to bene fi t from change (Holling  1973 ; Walker et al.  2004  ) . Resilient forests, 
then, are those that can accommodate a changing climate or changes in natural or 
anthropogenic disturbance while maintaining their diversity, health, and 
productivity. 

 Promoting resilience is commonly suggested as an adaptive management strategy 
for dealing with a changing climate. Millar et al.  (  2007  )  provide a list of forest man-
agement practices to enhance resilience (Table  2.1 ), and many of these are, in fact, 
restoration activities. Because of climate change, less emphasis is being given to 
restoring ecosystems to prior states and more emphasis is given to restoring ecologi-
cal processes that create diverse, productive, and healthy ecosystems. Restoration 
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then becomes a proactive and anticipatory strategy with the goal of creating forests 
that are sustainable under likely future conditions. It becomes a means for promoting 
adaptability for both terrestrial and aquatic ecosystems. In many cases, intensive 
management will be needed. These treatments could include modifying harvest 
schedules, altering thinning prescriptions, replanting with different species or genotypes, 
or creating landscapes that facilitate the migration of species thought to be at risk. 
Restoration still deals with transforming the composition, structure, and function of 
ecosystems. But instead of looking backward, the goal is to transform ecosystems to 
be better suited, that is, more resilient, to future conditions.   

    2.7   Dealing with Uncertainty 

 Enormous uncertainties are associated with restoration activities at any spatial 
scale and this is especially true at the landscape level. These uncertainties are due in 
part to a lack of understanding about the responses of complex landscapes, but also 

 Table 2.1 Recommendations from Millar et al. (2007) for promoting resilience to climate change 
in forests

  Assist transitions, population adjustments, range shifts, and other natural adaptations  – 
This recommendation involves managing for conditions anticipated in the future. Many of 
these involve traditional silviculture treatments such as thinning or the establishment of target 
species in plantation outside their present ranges 

  Increase redundancy –  Risk is decreased by increasing redundancy. View this as spreading your 
risk as opposed to concentrating it 

  Expand genetic diversity guidelines  – In the past, guidelines for genetic management stressed 
the use of local genotypes to avoid contamination of gene pools with poorly adapted 
genotypes. This assumed that environmental conditions were static. Reformulating these 
guidelines may be needed to re fl ect the reality of climate change 

  Manage for asynchrony and use establishment phase to reset succession –  Because climate 
change is a global phenomena, synchronous changes in biota at the local and landscape levels 
can be expected. This could provide less diversity and less resilience to future changes. 
Management to increase the diversity of forest structure and composition, age-classes, as well 
as geotypic variation might be needed 

  Establish “neo-native” forests  – Paleohistorical records provide information about historic 
ranges for species and their responses to climate change in the past. Once again, the emphasis 
is on managing for anticipated conditions, not current conditions 

  Promote connected landscapes  – Landscape level planning is necessary to reduce forest 
fragmentation and thus enhance forest connectivity and the movement of forest species 

  Realign signi fi cantly disrupted conditions  – Realign means restore, but with a forward, not 
backward, perspective of restoration 

  Anticipate surprises and threshold effects  – There are always surprises, many of which are due 
to nonlinear responses to changing conditions and to management 

  Experiment with refugia  – The concept of refugia needs rethinking in the light of climate 
change. For example, many actively managed public lands will be increasingly viewed as 
important refugia for recolonizing disturbed landscapes 

  Many of these recommendations relate to landscape restoration  
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to uncertainties related to changing conditions, e.g., climate change, and our limited 
abilities to predict these changes at local levels. A prudent response to uncertainty 
is to use an adaptive strategy that involves monitoring with adjustments as necessary 
through time. The key here is effective monitoring – a subject that is much dis-
cussed but often inadequately implemented. 

 In addition to an adaptive approach, other strategies help resource managers and 
planners deal with uncertainty. Fuller et al.  (  2008  ) , for example, assessed the relative 
uncertainty associated with parameter values and input data used in computer models 
to project the response restoration in the Everglades by altering the hydrologic 
regimes. In their test, Fuller et al.  (  2008  )  compare the potential impacts of two alter-
native 30-year hydrologic regimes on wildlife habitat quality in the Florida Everglades. 
The approach, called relative assessment, can be used with a variety of modeling 
approaches, and it provides managers as well as stakeholders an objective method for 
testing the robustness of different management options. 

 Adaptive management is really about adaptive learning; that is, the willingness 
and the ability to incorporate new knowledge and information into the decision-
making process (Lynch et al.  2008  ) . The concept of “learning as you go” may seem 
rather lame, but involvement by scientists remains critical throughout the adaptive 
process, and both practical experience and new scienti fi c information are powerful 
guides for the future. This interaction between scientist and manager is worth 
considerable thought. Moreover, the concept of adaptive learning also applies to the 
three-way relation among scientist, manager, and stakeholder, with the learning 
 fl owing in all directions. The goal, however, is to create a sense of ownership among 
stakeholders for the restoration effort in order to build and maintain support. 
There needs to be a meaningful way to give stakeholders a voice when addressing 
the question: to what end do we manage a landscape? As experiences such as the 
Greater Yellowstone Ecosystem have demonstrated, building this support is an 
arduous task over large areas such as the Greater Yellowstone Ecosystem with its 
many stakeholders and diverse interests (see Lynch et al.  2008  ) . But success is 
impossible without involving those affected by the decisions being made.  

    2.8   Determining Success 

  A  fair amount has been written about measuring the success of restoration efforts 
(e.g., Aronson and Le Floc’h  1996 ; Ruiz-Jaen and Aide  2005  ) ; however, little of the 
published material deals explicitly with assessing success at the landscape level. 
The material available, however, does provide some useful guidelines for landscape 
restoration. A good place to start is the primer published by the Society for Ecological 
Restoration International (SER  2004  )  that lists attributes that should be considered 
when assessing restoration projects. These attributes fall within three broad cate-
gories: (1) diversity, (2) vegetation composition and structure, and (3) ecological 
processes. Most efforts to measure success have focused on diversity and some 
measure of composition or structure. Ecological processes are often viewed with 
some justi fi cation as much more dif fi cult and thus more expensive to measure. 
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 The  fi rst point is an obvious one – criteria for success should be established prior 
to doing anything in the  fi eld. Also, select multiple variables and select variables 
that can be applied at multiple spatial scales. Some measurement of richness of the 
biota within the landscape is necessary as is some indication whether the composi-
tion and structure of the restored landscape are meeting the preset criteria for 
success. Has forest fragmentation increased or decreased as a result of restoration? 
Has the amount of edge habitat within the landscape been reduced? Has the amount 
of interior forest habitat increased or decreased? Are old as well as young forests 
present in the landscape? Are both large and small patches present in the landscape? 
Are species of concern reproducing? These are the type of question relating to 
diversity, composition, and structure that might be appropriate depending on the 
goals and objectives of the landscape restoration project. 

 For ecological processes, foresters have much experience in measuring processes, 
largely indirectly, by measuring attributes that generally re fl ect forest health. These 
include levels of productivity, rates of mortality, the abundance of regeneration for 
targeted species, and the dominance of indigenous (or its inverse, the dominance of 
invasive) species within the restored landscape. Other ecological processes or inter-
actions, such as herbivory, dispersal, pollination, predation, and parasitism can be 
measured indirectly through surrogates (Ruiz-Jaen and Aide  2005  ) .  

    2.9   Conclusion 

 A broad perspective is useful for several key issues relating to forest restoration. 
The global trend toward lower levels of heterogeneity in human dominated land-
scapes; the possibility that current and future conditions will fall outside the 
natural range of variability due to climate change; the critical and extensive 
losses in habitat that has caused declines in biological diversity; and the impacts 
on important ecosystem services that sustains us all; and our inability to deal 
with the whole while considering the pieces, all argue for a more comprehensive, 
integrative approach to resource management. Earlier the question was raised 
‘What can Landscape Ecology contribute to forest landscape restoration’. The 
answer is that landscape ecology provides managers, planners, scientists, and 
policymakers the opportunity to move from the individual pieces in which restora-
tion projects are conducted at the local level to the whole in which the landscape 
that includes mixed ownerships, mixed land uses, and multiple land covers 
becomes the platform for restoring ecosystem health. It is this latter perspective 
that will be needed to deal effectively with the big threat – the interaction of 
climate change with many other anthropogenic and natural disturbances. It is a 
huge challenge for resource managers and planners, but the stakes are too high 
and the risks of doing nothing are too great to ignore the challenge. 
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 The critical need for those involved in forest landscape restoration is determining 
the proper balance between recreating past conditions and attempting to direct land-
scape ecosystem toward compositional, structural, and functional conditions that 
are better suited for future environments. Although both goals may be achievable in 
some case, Harris et al.  (  2006  )  caution that achieving both may not always be 
possible. 

 There are no universal prescriptions for forest landscape restoration and to a 
great extent we will need to learn by doing and it will be necessary to tailor the 
approach to accommodate local conditions and to speci fi c goals and expectations 
that are expressed by stakeholders. There are, however, a few guiding principles that 
are widely applicable. First, the strong support and active participation of all 
involved stakeholders is a prerequisite in order for restoration to be successful 
(Reitbergen-McCracken et al.  2007  ) . Second, the fundamental goal for restoration 
is to keep all the biotic pieces and the related ecological processes so that people can 
continue to bene fi t from their ecosystem services. And third – an extension of the 
second – restoration is, above all, about keeping options open for future generations. 
In the  fi nal analysis, it is really very simple – practicing forest landscape restoration 
is part of being a good steward.      
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          3.1   Introduction 

 Natural resources are neither uniformly nor randomly distributed across the Earth. 
Rather, they are commonly grouped within geomorphologic and climatic boundaries. 
These groups—“Ecological Zones”—are generally large and cross political and socio-
economic boundaries. It is cumbersome to coordinate effective management for many 
values across these large areas. Consequently, we subdivide ecological zones into 
smaller areas and then further subdivide these, creating a hierarchy of sizes for man-
agement (Fig.  3.1 ; Oliver  2003  ) . The term “ecosystem” refers to an ecological group-
ing of biotic and abiotic factors at any scale (Chapin et al.  2002 ; Kimmins  2003  ) .  
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 At a  fi ne scale, we manage individual organisms such as crop plants, weeds, 
domestic and wild animals, and disease vectors. Groups of individual organisms 
and their abiotic environment are aggregated into contiguous areas that are rela-
tively homogeneous and managed uniformly. These are generally referred to as 
‘stands’ if forested but may be known by other names if they contain non-forest land 
covers. Contiguous aggregations of these stands are also the focus of management. 
These aggregations have many names, but will be termed ‘landscapes’ here. 

 In addition to being different in physical size, each scale also manifests different 
properties signi fi cant for management, can provide different values, and so is  managed 
differently. This chapter focuses on the landscape scale of management, brie fl y com-
paring and contrasting it with the other scales. The chapter  fi rst describes the physical 
delineation and properties of landscapes. Then, it looks at values that can be provided 
at the landscape and other scales. Finally, it describes how different temporal and 
spatial scales can be integrated to achieve objectives in terrestrial landscapes.  

    3.2   The Landscape Scale 

    3.2.1   Physical Delineation 

 Each hierarchical level is described—or bounded—at a different scale. Organisms, 
for example, are readily described at the scale of the individual. Groups of 

  Fig. 3.1    Ecosystems can be viewed as a single whole (the Earth) or it can be subdivided into 
smaller areas (Ecological Zones) and then further subdivided, creating a hierarchy of different 
scales. Different management activities are effective at each scale       
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 organisms are bounded within areas of relatively uniform species, growth rates, 
spatial distributions, ages, and past histories. They are generally known as 
‘stands’ or ‘woodlots’ if forested; but are termed agriculture  fi elds, pastures, 
bogs, lakes, stream or river reaches, or  residential or commercial lots if used for 
other purposes. 

 Landscapes—aggregations of contiguous stands, agriculture  fi elds, bogs, 
stream reaches, and other such features—have been addressed by many disci-
plines and for many purposes. Consequently, the aggregations vary in size and 
boundaries at scales of tens to thousands of ha. Chapman  (  1931  ) , Davis et al.  (  2001  ) , 
Boyce  (  1995  ) , O’Neil et al.  (  1988  ) , Gosz  (  1993  ) , Lidicker  (  1995  ) , and Forman 
and Gordon  (  1986  )  have each de fi ned hierarchies of sizes and parameters for 
classi fi cation; however, these de fi nitions are not widely agreed-upon. Some described 
names and purposes are:

   Drainage basin or river catchment area: An area bounded by the ridge tops of a • 
stream or river catchment area. This delineation is very useful for water 
 management purposes.  
  Watershed: Technically, this area is the reverse of a drainage basin, and includes an • 
entire area that water  fl ows away from—bounded by streams, rivers, or lakes on all 
sides; however, ‘watershed’ is often used as a synonym for ‘drainage basin.’  
  Estate: An estate is generally a large forested area under a single ownership, and • 
management is coordinated to provide values to the landowner.  
  Timbershed: An area from which all timber for a wood mill is expected to  fl ow. • 
It is usually of a size to supply the wood needs of a mill, biomass plant, or other 
production facility.  
  Sustained Yield Unit: A timbershed, from which the wood can be supplied • 
in perpetuity; i.e., the wood will regrow at least as fast as it is harvested.  
  Home range: The area that an animal needs or uses to provide all of its needs in • 
some or all seasons.  
  Irrigation district: The total area that captures, stores, and utilizes water for irrigation.  • 
  Political area: An area that is within a single political jurisdiction.    • 

 Managers working under the umbrella of each of these classi fi cations have 
developed knowledge and techniques that help understanding and management 
at the multiple-stand level. It is appropriate to amalgamate this knowledge and 
those technologies. Agreement on a single way to describe ‘landscapes’ may 
eventually be reached with time as more management effort is concentrated at 
this scale. 

 Nomenclature for areas larger than landscapes, such as Global Ecological 
Zones (   FAO 1997) or ecosystem provinces (Bailey  1983  )  are also still being 
re fi ned. Their physical boundaries are commonly mountains, seas or oceans, 
and/or topographic changes that alter the climate and soils or political boundar-
ies. As with individual landscapes, the similar cultural relations within the 
political boundary are often a major factor driving land use, water and species 
 distributions, soil structure and nutrient content, and biodiversity (Goudie 
 2006  ) .  
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    3.2.2   Landscape Properties 

 Each hierarchical level (Fig.  3.1 ) has observable properties corresponding to scale. 
At the organism scale, we observe the size and health of the organism and its parts—
for example, the size of seeds or fruit, the size and quality of tree stems, the health 
of animals. 

 These emergent properties at integrated scales are usually aggregated (Johnson 
 2006  )  properties that were not apparent at  fi ner scales. At the stand scale we dis-
cuss volume of fruit or timber per unit area (e.g., ha or acre), plant density such as 
tree basal area per area, stand structure (Fig.  3.2 ), wind or  fi re susceptibility, tree 
age distribution, or soil structure. Some inherent properties are not readily pre-
dictable by simply aggregating measures at  fi ner scales. While a stand’s structure, 
for example, is not easily discernible by measuring individual organisms, at the 
stand level new properties driven by interactions between individuals become apparent. 
In forest stands, the differing shade tolerances and relative growth patterns of 
individuals and nearly universal patterns of canopy strati fi cation and shifting times 
of dominance (Oliver  1992  )  are readily observable. These emergent properties deter-
mine what values are being provided and how the organism, stand, landscape, or 
larger ecosystem will change. A tree with a high height/diameter ratio is unlikely to 
be growing rapidly and will easily fall in a windstorm or be attacked by insects. 
Similarly, a stand in the open structure will host certain bird and butter fl y species, 
but will not provide timber until it grows to another structure. Emergent proper-
ties have not yet been systematically studied at the landscape scale. Some rea-
sonable emergent properties are  suggested and described below and in Fig.  3.3 .   

  Fig. 3.2    Forests exist in a variety of structures, such as shown here. An individual area changes 
with growth ( grey arrows ) and with natural or human disturbances ( black arrows ). Each structure 
provides some, but not all, values. Consequently, a landscape that maintains a variety of stand 
structures will probably provide the most values that people want       
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    3.2.2.1   Landform 

 The geomorphology, topography, and soil condition that characterize a landscape is 
here referred to as the landform. A landscape may consist of all or part of an alluvial 
 fl oodplain, karstic topography, loess soils, sandy deposits, or metamorphic or igneous 
bedrock and resulting soils. It can also contain a combination of these. The landscape 
may be level, gently sloping, steep, or contain bench-like terrain. It can contain soils of 
different textures, structures, drainage, fertility, and erosiveness or distributions of these 
soil properties in different parts of the landscape. Each landform property is re fl ected 
in the plant growth potential; its ease of access; and in the minerals, wood, food, recre-
ation, and other societal values expected from the landscape (Swanson et al.  1988  ) .  

    3.2.2.2   Land Cover 

 The proportion of different land covers is an emergent property of a landscape. 
A landscape may be covered with a mixture of forests, grasslands, shrublands, 
deserts, wetlands, and rivers and lakes. Any of the land covers can form a matrix 
across the landscape, with other land covers embedded within. The forests within a 
landscape can contain different mixtures of tree species and varied amounts of each 
structure (Fig.  3.2 ); and non-forest areas can also have variations. Landscapes can 
also contain human modi fi cations of cover—changed amounts of natural vegetation 
such as grasslands and forests, changed amounts of forest structures, and replacements 
of natural land covers with agriculture  fi elds, pastures, lakes, or human dwellings. 
The arrangement of the different cover types may form meaningful patterns. 
For example, the closed forests or open vegetation covers can be clumped and 
form few edges with other vegetation covers; or, the closed and open covers can be 
dispersed in small areas with many edges but few large interiors away from edges. 
The proportion of edge to interior area has been shown to have an effect on a  number 
of biological processes (Murcia  1995 ; Dijak and Thompson  2000 ; Chen et al.  1992  ) . 
While it is clear that this ratio and other landscape indices like it provide useful mea-
sures of both habitat diversity and continuity, their use in predicting habitat suitability for 
a particular species has been questioned (Schumaker    1996  ) . 

  Fig. 3.3    Properties that are expressed at the landscape scale and provide many values include 
Landforms ( a  and  b ), Land Cover ( c ), Corridors ( a ), and Water Availability ( b ). Other properties 
are Seasonal Cycles, Disturbance Patterns, and others. (Envision copy of Bent Creek Forest, USDA 
Forest Service: +/− 2,500 ha)       
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 As with landform, land cover largely determines what values a landscape is 
 capable of providing. Animal and plant habitats are closely tied to land cover, as are 
the ability of the landscape to provide food, timber, and other products.  

    3.2.2.3   Water Availability 

 The amount and distribution of water within a landscape is another important 
 property. Water can be absent, concentrated in one part of the landscape, or dispersed 
throughout it; its availability may vary seasonally and annually. Water can be stored 
and transported by streams and rivers, lakes, aquifers, springs, wells, water tanks, 
and/or irrigation canals. 

 Water is essential for most values from wildlife and plant survival to crop 
 production, human habitation, and construction. Its distribution often in fl uences 
other resources within the landscape, dictating whether the many values will become 
concentrated and compete vigorously for a few sources of water in a limited area or 
be dispersed over many parts of the landscape.  

    3.2.2.4   Corridors 

 The combination of availability, locations, and distribution of various terrestrial and 
aquatic corridors for movement of animals and people is an important property of a 
landscape (Tischendorf and Fahrig  2000 ; Bennett  1998  ) . Terrestrial corridors are 
commonly animal and human paths or trails—and more recently highways, railroads, 
and other structures. Aquatic corridors are commonly rivers and streams. Stand 
structures can be important for movement of species (Haddad  1999 ; Fry and Money 
 1994  ) . The landform can help dictate the amount and distribution of corridors. 
Sometimes corridors are lacking in parts of a landscape rendering these areas 
isolated. Corridors can also contain narrow passages where all travel must be 
 concentrated—such as passes or river fords. 

 People can increase connectivity in a landscape intentionally by removing 
blocks to potential corridors, or by creating continuous habitat connections between 
fragmented landscape patches. They can also intentionally increase, decrease, or 
divert corridors by using roads, fences, and gates. Highways and railroads can 
inadvertently eliminate animal trails and change animal use of a landscape 
(Alexander and Waters  2000  ) . The relative bene fi ts and cost of corridors has been 
the subject of decades of intense debate (Haddad et al.  2000  ) . In a series of papers 
Daniel Simberloff questioned the scienti fi c basis for the use of corridors in reserve 
design and argued that corridors may be poor conservation investments (Simberloff 
and Cox  1987 ; Simberloff et al.  1992  ) . Other authors have reached similar conclusions 
(Hobbs  1992  ) . Harrison and Bruna  (  1999  )  cautioned that corridors were likely 
inadequate substitutions for overall habitat loss and one study investigating 
the ef fi cacy of an existing corridor system found that despite being structurally 
suitable, corridors failed to provide for genetic exchange between populations in 
corridor-connected patches (Horskins et al.  2006  ) . Beier and Noss  (  1998  ) , however, 
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conducted a review of published studies investigating corridors and argued that 
there was ample evidence supporting their use in landscape management. More 
recently, large-scale studies have demonstrated that corridors can be effective in 
aiding the dispersal—and subsequently the richness—of species in forest gaps 
(Damschen et al.  2006 ; Haddad  1999 ; Tewksbury et al.  2002  ) . 

 Much of the debate surrounding the role of corridors in landscape management 
may be settled through careful consideration of the many roles corridors play in the 
landscape. Corridors may act, as they are often intended, as conduits. However, they 
also increase habitat area; act as barriers that block the movement of species attempt-
ing to cross them; as  fi lters that permit the movement of some species while not 
others; as a source of individuals; or as sinks (Hess and Fischer  2001  ) .  

    3.2.2.5   Seasonal Cycles 

 Each landscape has its own seasonal cycles based on an interaction of the 
 climate, landform, and other factors. The cycles can be wet and dry seasons, 
cold and hot seasons, or a combination of these. Many landscapes are periodically 
inundated with  fl oods that occur somewhat predictably based on the origin of a 
river running through the landscape. Other landscapes become inaccessible part 
of the year because of very deep snows or saturated soils, while frozen soils and 
rivers can make some landscapes more accessible. Additionally, certain land-
scapes become dangerous during particular seasons because of potential 
 fi res or tornados. Even day length changes dramatically by season in landscapes 
at higher latitudes. 

 Native animals and plants have commonly adapted their cycles of reproduction, 
growth, and dormancy to these seasonal variations. Human activities and domestic 
animals commonly obtain the most value from a landscape by similarly adjusting to 
these cycles.  

    3.2.2.6   Disturbance Patterns 

The disturbance pattern—type, frequency, distribution, and intensity—is also a char-
acteristic property of each landscape. Severe  fl oods commonly occur in low lying 
areas near water courses. Severest windstorms often occur on exposed slopes or in 
fortuitously placed valleys. Fires often become most intense on slopes with intense 
sunlight and upper slopes and ridges. Slope failures are most common on steep slopes 
of certain geomorphic origin. Earthquakes are commonly most severe along fault 
lines and impact human structures the most on alluvial soils. Arti fi cial reservoir dams 
can become dangerous if old and not maintained. The patterns of these and other 
disturbances are strongly in fl uenced by the landform, land cover, and seasonal varia-
tions of the landscape (Pickett and White  1985 ; Wilson et al.  1998  ) .

 Disturbances can be disastrous if not prepared for; however, appropriate 
 mitigation practices can minimize disturbances, reduce their ability to destroy 
 values, and even make use of their impacts (Attiwill  1994  ) .  
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    3.2.2.7   Human and Animal Populations 

 The population of human and animal species is an emergent property of the 
 landscape. Each population is the consequence of the ability of the landscape to 
sustain it by providing food, water, and shelter; the population’s competitiveness 
with other animals; and the historic presence and size of the population and its 
competitors. The survival and competitiveness of each population is a result of 
other emergent properties such as water distribution, annual cycles, disturbance 
 patterns, land cover, and such landform patterns as ruggedness and viewpoints.    

    3.3   Resources and Management Objectives 

 Terrestrial ecosystems can provide, or fail to provide, many things that people value. 
On the one hand, species periodically went extinct, forests burned, drastic erosion 
occurred and declined, and carbon dioxide increased and abated in the atmosphere 
long before widespread human in fl uence. On yet another hand, many, diverse species 
have evolved and found habitats and ecosystems have re-grown after  fi res and other 
disturbances long before people evolved. 

 We manage ecosystems to avoid those consequences that we do not want and to 
obtain those that we do want. Historically, our understanding and communication 
was limited to small areas. For example, people  fi rst concentrated on individual 
plants and animals as hunter-gatherers, then on agricultural  fi elds, pastures, and stands 
as farmers. People rapidly began to coordinate among stands,  fi elds, and pastures to 
ensure a  fl ow of values—e.g., vegetables, meat, and wood—over time. As more of 
each landscape became utilized, people began to realize that renewable resources 
such as wood can become temporarily unavailable and create human hardships in 
the process. And, techniques were developed for managing landscapes so they 
provided suitable wood and other values sustainably (Johann  1997 ; Kirby and 
Watkins  1998 ; Perlin  1989  ) . 

    3.3.1   Objectives of Management 

 Each landscape can provide many resources in various amounts. Important 
questions are: What resources should the landscape provide, and how much of 
each resource? People often manage landscapes for a single, dominant resource 
or for many resources—agriculture, timber, grazing, biodiversity, and water 
quality and/or quantity. 

 Changing technologies often increase the ef fi ciency—and decrease the  landscape 
area needed—for some resources by increasing transportation of resources among 
landscapes and regions and increasing the amount of the resource that can be produced 
on each area. These ef fi ciencies of transportation and production sometime outstrip 
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the world population’s demand and more of the resource is produced than can be 
consumed. There is a surplus of food and wood in the world, for example; and these 
resources are grown and/or extracted from a few landscapes and shipped elsewhere, 
leaving other landscapes to shift their management emphasis away from agriculture, 
timber, or grazing (Oliver  1999  ) . This shift has occurred in different landscapes for 
centuries and is still ongoing. 

 With global communication and transportation, we are now realizing that both 
the identifying and providing of resource values needs to be coordinated at a broad 
scale and over a long time. Concerns have been raised for centuries over impending 
shortages of timber and food. More recently, we are also becoming concerned about 
such issues as a human population explosion, species extinctions, air and water pollution, 
soil degradation, and energy sustainability. Similar concerns over the instability of labor 
and other technical facets of extraction industries have been raised. 

 Brundtland  (  1987  )  summarized the many environmental and development 
 concerns using the term “sustainable development” to emphasize intergenerational 
equity. More recently the same concept has been applied to sustaining whole 
ecosystems (Farcy  2004 ; Grumbine  1994 ; Kessler et al.  1992  ) . Oliver  (  2003  )  
suggested that “sustainable forestry” be extended to spatial equity as well as 
temporal equity; that is, “people living in one place and time should provide their 
‘fair share’ of values—neither unfairly exploiting nor depriving themselves of certain 
values to the detriment or bene fi t of people in another place or time.” 

 Following the Rio Earth Summit in 1992, forestry of fi cials in various countries 
joined into groups and developed a relatively few criteria to be sustained by forestry 
(Aplet et al.  1993 ; Burley  2001 ; Johnson  1993  ) . “Although intended as measures, 
these criteria are similar among the different groups and robust enough to be used 
as a reasonable set of values for a working de fi nition of sustainable forestry” (Oliver 
 2003  ) . These criteria include:

   productive capacity,  • 
  biodiversity,  • 
  soil and water quality,  • 
  forest health,  • 
  ability to sequester carbon,  • 
  socioeconomic bene fi ts, and  • 
  infrastructure to sustain the other criteria.     • 

    3.3.2   Achieving Objectives at the Landscape Level 

 Although intended for forestry, these criteria are robust enough to be extended to 
providing other resources sustainably from non-forested ecosystems as well. If 
these values are provided, the ecosystems will probably be managed in ways that 
can easily accommodate other values as they emerge. Each of these values is best 
provided if multiple scales are coordinated, as shall be discussed below. 
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    3.3.2.1   Productive Capacity 

 Productive Capacity refers to the ongoing ability of the landscape to provide forests 
and other plant and animal crops. Each ecological zone has innate soil and climate 
characteristics that provide limits of how readily the productive capacity can be 
enhanced or degraded. Consequently, some plant, animal, and forest crops are 
 concentrated within speci fi c ecological zones. 

 The productive capacity and its enhancement for each resource can vary within 
different areas of a landscape. Some areas are so unproductive, inaccessible, prone 
to disturbances or steep that they are not utilized for production—and may have no 
such capacity in the future. If enough of a landscape is actually or potentially pro-
ductive enough to invest in an infrastructure, individual portions within it can be 
modi fi ed to be more productive. Usually landform positions with deeper, well 
drained soils of suf fi cient moisture and appropriate textures and nutrients are most 
productive; however, large areas of gentle slopes and low compaction and erosion 
are important for agriculture crops and grazing. Access is also important for a part 
of a landscape to be productive, as are seasonal variations and disturbance regimes 
that allow the desired food, wood, or other crops to be grown. If conditions are suitable 
to make the effort worthwhile, the productivity of individual stands or  fi elds within a 
landscape can be enhanced by terracing, adding water through irrigation, creating 
levees to avoid  fl ooding, appropriate plowing to enhance the soil productivity, and 
similar measures. 

 Improvements to the productive capacity are also made at the individual  organism 
scale. Selective breeding, training, pruning, weeding, and the application of pesti-
cides or herbicides to individual plants or animals, can enhance the ecosystem’s 
productivity.  

    3.3.2.2   Biodiversity 

 Biodiversity refers to the genetic diversity of life—the species, variations within 
species, and the actual and potential changes based on the environments in which 
the species live. Ecological zones vary dramatically in the total number, concentra-
tion, and degree of endangerment of plant and animal species. Small islands and 
tropical areas, for example, generally contain the greatest biodiversity and greatest 
danger of plant and animal extinctions (Myers et al.  2000  ) . Consequently, global 
biodiversity can  fi rst be protected by identifying and investing in greatest habitat 
protection in these most at-risk ecological zones. Potentially endangered species 
need to be addressed at this broad level to ensure a viable population will be 
 maintained, with some or all landscapes within the ecological zone contributing. 

 Species’ habitats can be protected at the landscape level, although there is 
 disagreement over the best means of protection. Some argue that large areas 
should be isolated as reserves and left to ‘non-human’ processes (Groves et al.  2002 ; 
Margules and Pressey  2000  ) . This practice assumes native species will best  fl ourish 
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in this environment. Others contend that wilderness preservation and biodiversity 
conservation are distinctly separate goals (Bengtsson et al.  2003 ; Sarkar  1999  ) . 
A compromise has been proposed by Seymour and Hunter  (  1999  )  in which part of 
each ecosystem is allocated to reserves; part to intensive production of plant, animal, 
or tree crops; and a third part to integrated management in which the landscape is 
managed for multiple objectives, including the enhancement of habitats. Human 
activities can enhance native species habitats by ensuring that all stand structures 
are maintained (Fig.  3.2 ), since some species depend on each structure. For example, 
in the Paci fi c Northwestern United States the endangered grizzly bear and spotted 
owl survive in very different habitat structures; the grizzly thrives in open habitats, 
while the owl requires intact complex old-growth habitat  structures (Forsman 
et al.  1984 ; Servheen  1983  ) . 

 Landscapes can be allocated to these different uses or a landscape can contain 
 different areas of reserves, integrated management, and intensive cropping. 
Topographic, water, corridor, and disturbance properties can help dictate where each 
use is best located. And, management can enhance the water supply and distribution, 
create or block corridors, and change the land cover distribution to affect the biodiversity. 
At the individual stand level, biodiversity can be enhanced by providing speci fi c host 
species, stand structures, and/or structural features (e.g., snags; Franklin  1993  ) . 
Features of these individual stands need to be coordinated across the landscape to 
ensure an appropriate distribution. If a species is still endangered after its habitat is 
protected at the stand, landscape, and ecological zone levels, the individuals are then 
nurtured to ensure their population increases to viable levels.  

    3.3.2.3   Soil and Water Quality 

 The need for protection of soil and water quality and quantity varies among 
 ecological zones. For example, unlike many other ecosystems, boreal ecosystems 
generally contain soils of inherently low productivity, but are resistant to degradation 
and generally contain abundant water and relatively little physical or chemical 
 contamination (Bonan and Shugart  2003 ; Haila  1994 ; Setala et al.  2000  ) . 

 Soil and water quality are generally protected at the landscape level by  minimizing 
overland  fl ow of water. Overland  fl ow creates erosion, incises the streams, creates 
 fl oods followed by times of low stream fl ow, and reduces the water  fl owing to aquifers. 
This overland  fl ow is best avoided by maintaining good soil structures, minimizing the 
amount of ditches, and minimizing the water  fl ow rate in temporary or permanent 
channels. Overland  fl ow and erosion can be especially harmful in roads and trails that 
are not appropriately protected. Soil structures are maintained by retaining forest 
land cover—and to a lesser extent other land covers (Osborne and Kovacic  1993  ) . 

 On the other hand, the amount of water available as runoff is reduced by forests 
since they evapotranspire water. This loss occurs especially when forest canopies 
are dense—in the dense, understory, and complex structures (Fig.  3.2 ; Zhang et al. 
 2001  ) . The tradeoff between maintaining the soil structure but reducing the canopy can 
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be accomplished by keeping the forest in a variety of structures through growth and 
natural or human disturbances—as well as by strategically placing land uses that 
harm soil structures where their impact will be least harmful. Consequently, a varied 
landscape cover may be most helpful in maintaining the combination of water 
 quality and quantity. 

 Individual stands can be addressed where appropriate to reduce erosion and 
increase soil productivity. And, individual animals and plants can be managed to 
avoid problems of compaction and/or erosion, even in sensitive soils such as those 
found on China’s Loess Plateau (Qiang-guo  2001  ) .  

    3.3.2.4   Ecosystem Health 

 Ecosystem Health refers to the vigor, resilience, and complexity of the interactions 
found in an ecosystem (Rapport et al.  1998  ) . When an ecosystem becomes domi-
nated by a pest—a single insect, disease, plant, or animal species that can exclude 
other values from the ecosystem—often these keys to health decline (Fischer et al. 
 2006 ; Pimentel et al.  2005 ; Simberloff  2005 ; Zavaleta et al.  2001  ) . These pests 
include insect outbreaks, plant diseases, an excessively large population of a plant 
or animal, or an exotic plant or animal that excludes native ones. Whereas small 
insect and disease outbreaks and species dominations are common—for example in 
an individual stand—they can become problematic if an entire landscape is dominated. 

 Ecosystem health concerns are generally avoided by maintaining a diversity of 
land covers over an area. Even in forested landscapes, a diversity of species and 
structures will help keep pests from expanding to such large areas that they threaten 
other values (Jactel et al.  2005  ) . Too much uniformly closed forest can also allow 
 fi res to become catastrophic, whereas they are much more likely to be benign where 
there is a diversity of structures and/or other land covers (Picket and White  1985 ; 
Pollet and Omi  2002  ) . 

 Individual stands are usually addressed in a coordinated way to prevent a pest 
from moving to an adjacent stand and its population building excessively. And, in 
some cases, individual pests are eradicated—or eradication is attempted—because 
the pest is so harmful to other plants and animals.  

    3.3.2.5   Carbon Sequestration 

 Forests have the potential to sequester carbon in three ways: in the growing and 
standing forest; in non-decomposed forest products; and by using wood in energy 
production or construction to replace products that emit more carbon dioxide in 
their production and use—i.e., steel, concrete, brick, and aluminum (Perez-Garcia 
et al.  2007  ) . 

 The amount of forests grown and harvested for carbon sequestration needs to be 
balanced across the landscape so that the carbon sequestration is maximized and 
other values are provided. Too little harvest can lead to a loss of diversity of stand 
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structures, overcrowding of forests and resulting forest health and catastrophic  fi re 
issues (Covington and Moore  1994  ) . These changes have the potential to increase 
the export of carbon dioxide to the atmosphere as forests burn and carbon dioxide-
producing materials are used in construction. Too much harvest can lead to loss of 
carbon dioxide intake and carbon storage in forests, loss of forest habitats, reduction 
of soil structure and water quality, and loss of the productive capacity of the landscape.  

    3.3.2.6   Socioeconomic Bene fi ts 

 Socioeconomic Bene fi ts refer to the human wellbeing in terms of employment and 
economic wellbeing, recreation opportunities, and aesthetic enjoyment of  ecosystems 
beyond the speci fi c values described above. 

 Employment, recreation, and aesthetics are enjoyed by the most people in 
 landscapes that have accessible corridors, a diversity of land covers, disturbances of 
low impact, and few forest health issues (de Groot  2006  ) . Maintenance of corridors, 
diverse land covers, soil and water quality, forest health, and products requires 
active management. This active management requires direct employment in labor 
and indirect employment in producing machinery to perform the management. 
As shall be discussed, the diverse nature of resource management commonly 
provides a variety of jobs throughout the year. And, the diverse conditions across 
the landscape mean that many different activities can be performed.  

    3.3.2.7   Infrastructure to Sustain the Other Criteria 

 This refers to the laws, economic incentives and capacity, skilled labor and 
 machinery, and many improvements to the landscape. Such improvements include 
roads, bridges, fences, irrigation systems, dams, wells, terraces, buildings, and other 
human structures that change the landscape properties. The laws and economic 
incentives are usually instituted at broad, political levels—such as ecological zones. 
Skilled labor, machinery, and improvements are generally speci fi c to each landscape 
and are part of the landscape management process described in the rest of this paper.    

    3.4   The Ecological, Technical, and Social 
Facets of Management 

 Oliver and Deal  (  2007  )  showed that global data could be used to approximate what 
and how much resources the different ecological zones could sustainably provide as 
their ‘fair share.’ Using an extension of such analyses, it is technically possible to 
estimate what resources could be appropriately provided by each landscape to be 
most sustainable. 
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 The World Trade Organization is attempting to ensure resources are provided 
in ef fi cient locations rather than in places that are heavily subsidized (Shell  1995  ) . 
By contrast, the World Bank is beginning to emphasize local production and 
markets (Swinburn et al.  2006  ) . Ef fi cient provision is not just based on appropriate 
soils and climates; it is also based on an in-place technological infrastructure of 
 transportation, irrigation, processing, energy ef fi ciency, and skilled labor. Such an 
infrastructure may have been established decades, or even centuries, before and 
can continue to make the landscape ef fi cient in providing the resource. 

 Although conceptually ideal, coordinating management at broad, ecological 
zone scales and then to lower hierarchies is dif fi cult for many reasons. For example, 
if it is being superimposed upon traditional practices of managing landscapes 
independently and according to local cultures. In addition, people commonly want 
different things from landscapes. Some things people want are compatible, some-
times they are in con fl ict, and some things are impossible to achieve. Sometimes 
several decades are needed to provide a desired result from the landscape. Meanwhile, 
people’s desires, their technical abilities, and the landscape itself may all change—
often dramatically. The shifting values are also dif fi cult for technological facets of 
management—long term investments such as roads, skilled labor, or dams—since 
such investments can be lost with changes in values. 

 Landscape management is the task of merging:

   what an area can possibly provide,  • 
  how the area can be technically changed, and  • 
  what people want.    • 

 These are similar to the “triple bottom line” of sustainable management, and can 
be shown as a Venn diagram (Fig.  3.4 ).  

  Fig. 3.4    Resource management will only be successful if it is ecologically possible, socially 
acceptable, and technically feasible. This diagram is similar to the “Sustainable Forestry”  Venn 
diagram  and the “Triple Bottom Line” of sustainable management; however, this diagram refers 
to “technically feasible,” instead of “economically feasible” and considers economic feasibility 
as just one component of technical feasibility       
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    3.4.1   The Natural Facet of Management: What an 
Area Can Possibly Provide 

 As described above a landscape can only provide resource objectives within its 
natural capabilities, based on the soils, climate, and other factors.  

    3.4.2   The Technical Facet of Management: How the Area 
Can Be Technically Changed 

 The range of values that are possible to achieve from a landscape are partly limited 
by the technical abilities of people to manage. This ability includes a variety of 
factors, such as skilled people, appropriate tools, and knowledge. Skilled people 
and knowledge are constantly changing and the needed technologies also change 
as the landscape changes. But, tools such as bridges, dams, levees, factories, equipment, 
and machinery remain constant for many years or decades. A combination of dynamic 
needs and the periodic, static nature of tools create an interesting need for periodic 
stability in the management of very dynamic landscapes. Knowledge of outside 
in fl uences on the landscape is needed to ensure that the values to be managed for 
cannot be more easily provided elsewhere. Appropriate tools are needed to manage 
many resources; and these tools need to be installed, operated, and serviced by 
knowledgeable personnel. Appropriate incentives also need to be present for people 
to expend their time, energy, and equipment in performing tasks. 

 Appropriate knowledge, tools, and incentives can potentially change the 
 landscape in many ways that range from short term, unsustainable extraction to 
longer term sustaining resources and enhancing the landscapes capabilities. For 
example, timber, grasses, and minerals can be unsustainably extracted from a land-
scape. On the other hand, technologies can coordinate changes in land cover or 
water  fl ow sustainably so that some parts of the landscape provide exploitable 
conditions at all times in the future. And, the forest area can sustain all habitats by 
sustaining some area in each structure at all times (Fig.  3.2 ). Similarly, appropriate 
grazing rotations can provide a healthy rangeland and other resources. Technologies 
can also change the total capacity of a landscape to provide values by affecting the 
landscape properties. Dams and irrigation systems can change the seasonal water 
 fl ow and water availability to uplands, while fertilizers and various plowing  practices 
can increase the total productivity of soils for crop and forest growth.  

    3.4.3   The Social Facet of Management: What People Want 

 Landscapes are managed for many values; are highly visible; and involve large sums 
of money, government agencies, and many people with different values. Access to 
landscapes cannot be easily controlled. Consequently, it is important that the many 
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people interested in the landscape acquiesce—and preferably agree—to management 
decisions. Those with an interest in the landscape—stakeholders—can include land-
owners within and near the landscape, workers or other technology providers, users 
of the landscape’s resources or competitive resources, and others. 

 Acceptable management depends on social values and varies among cultures and 
subcultures within an area. Even people with similar values may differ in the 
scienti fi c theory they use to achieve desired values (Clark  2002  ) . For example, some 
people who value biodiversity feel it is best achieved by excluding active  management 
from forests, while others feel it is best achieved by actively managing for a  diversity 
of structures (Han et al.  2012  ) . 

 Cultures and social values are dynamic, and what is socially acceptable 
 management practices at one time may not be at another as local populations change, 
communication draws in more distant stakeholders, and different values gain or lose 
appreciation.  

    3.4.4   Addressing the Dynamic Nature 
of Landscape Management 

 All three facets of management are not only dynamic, but also somewhat 
 unpredictable. That is, we do not always get the same results for a given manage-
ment activity because of the natural, technical, and social changes described above 
(Botkin and Sobel  1975  ) . 

 Resource management is a social investment that requires several years or 
decades of relatively predictable results to be worthwhile because of the static nature 
of the technologies. Resource management has avoided famines, plagues, and water 
and timber shortages. On the other hand, many of our resource management plans 
that were intended to span many decades have been abandoned or dramatically 
modi fi ed after one or a few decades. Agriculture lands and accompanying process-
ing plants and railroads have been abandoned (Moreira and Russo  2007 ; Preiss et al. 
 1997 ; Whitney  1994  ) , levee systems intended to provide more agriculture area are 
being considered for modi fi cation (Galloway  1995  ) , forests intended for harvest 
have been redirected toward preservation (Kessler et al.  1992 ; Rubin et al.  1991  ) , 
unanticipated water shortages have arisen (Barten et al.  2008  ) , and large energy 
projects have been abandoned before completion (Pope  2008  ) . Plans for sustainable 
harvest of timber in British Columbia are being modi fi ed because insects have 
destroyed many trees planned for future harvest (Fettig et al.  2007 ; Robbins  2008  ) . 
Even planned ‘sustainable yield’ units that were designed to ensure timber production 
perpetually in the United States have been abandoned after a few decades (Henderson 
and Krahl  1996  ) . 

 What society desires as outputs may also change over time—from wanting 
 timber that is harvested from forests to wanting unharvested forests (Kessler et al. 
 1992 ; Mather  1992  ) . Since shifts in societal values often occur much faster than 
landscapes develop, well intentioned management inputs based on today’s needs 
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may not always provide desirable future outputs. The previous, partially successful 
techniques of resource management need to be modi fi ed to recognize explicitly that 
ecological, social, and economic inputs and desired outputs are not completely 
stable. 

 Balancing the needs for stability in order to invest in management technologies 
with the inherent instability of natural, innovation, and social systems can be done 
in two ways:

   We assume the natural, technical, and social facets are stable for short • 
“ management cycles” of 5 or 10 years (or longer for investing in such things as 
dams, roads, and bridges). During the cycles, the work units, markets, and other 
investments are assumed to be stable.  
  We design the various technical aspects with  fl exibility, so they can be resilient • 
to variations (Oliver et al.  2008  ) .      

    3.5   Managing the Landscape 

 Landscape management is the task of merging what an area can possibly provide, 
what people want, and how the area can be technically changed to achieve what 
people want. The skill of management is to know what values can be provided; how 
to assess and decide among con fl icting values that can be provided; how to plan 
over time and space to achieve these values; and how to implement the plan. 

 Even where certain outputs are desirable and can be provided from a landscape, 
they may not be immediately achievable for several reasons:

   Resource change is not instantaneous. It may take decades to provide timber or • 
to develop forests in the complex structure if the landscape presently contains 
only forests in the open structure.  
  The appropriate  fi nancing, skilled labor, machinery, markets, and roads may not • 
be readily available for the needed management operations.  
  Even when the management infrastructure is in place, time—and the correct • 
season--is needed to accomplish each operation.    

 The range of values potentially provided by a landscape often increases with 
time as the above factors are overcome. Consequently, it is appropriate  fi rst to determine 
what values will be desired in the long term—and how to achieve them. Then, increasingly 
shorter management time horizons are planned with the ultimate goal of reaching the 
long term values (Bare  1996  ) . The allocation of different parts of the landscape to 
different land uses—forestry, agriculture, grazing, buildings, and others—is done 
 fi rst because this allocation is expected to endure for the longest time. Following 
allocation, managing over a large area such as one or several landscapes and 
at a long time horizon of many decades into the future is commonly referred to 
as “strategic management.” “Tactical management” focuses within a single land-
scape and often on speci fi c stands and on an intermediate time horizon of 5 or 
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10 years, and “operational management” generally focusing on smaller areas 
and an annual cycle (Kangas et al.  2008  ) . 

    3.5.1   Land Use Allocation 

 Land use allocation entails the determination, implementation, and enforcement of 
what land uses such as housing, agriculture, and forestry occur—or are  prioritized--on 
each speci fi c place within a landscape (Roberts  1979  ) . Such allocation can occur by 
zoning or free market mechanisms. Housing and urban construction are generally the 
most pro fi table allocations of land, with agriculture being second if the soil is pro-
ductive. Forests have commonly been con fi ned to the least productive or otherwise 
unpro fi table lands; however, this allocation is beginning to be modi fi ed to ensure that 
forest areas are interspersed among other uses so the forest can address recreation; 
habitat protection; hazard reduction; and water quality,  fl ow, and  quantity concerns. 

 Land uses can be competitive in some respects and complementary in others. 
They are competitive since more land in one use means less available to another; 
however, the roads used—and partly paid for—by farming are also used and paid 
for by forestry. And, the seasonal labor and equipment of farming can be used by 
forestry during other seasons. In some areas of the world, endangered wild animals 
are killed as a source of meat—bushmeat. If some of the forest is converted to farms 
for intensive husbanding of domestic meat, the hunting pressure on such wild bushmeat 
could decline (Wilkie and Carpenter  1999  ) . 

 Land use allocations change because of deliberate planning and/or unexpected 
economic and social factors (Lambin et al.  2001  ) . The area of forest land has stabi-
lized or increased as technology has allowed food production to concentrate on the 
best soils and marginal agriculture land to be abandoned in much of the United 
States, Europe, and Japan. The trend appears to be happening elsewhere as well, as 
other countries transition from agrarian-dominated to technological cultures (FAO 
 2001 ; Mather  1992  ) .  

    3.5.2   Strategic Management 

 Landscape-scale management of forests has been applied and studied for many 
 centuries in Europe (Johann  1997 ; Kirby and Watkins  1998 ; Rackham  1986  ) . Much 
of the knowledge and skills gained from managing forests can be applied to other 
resources. These skills include operations analysis, decision analysis, social skills, 
silviculture, various engineering techniques, and economics (Patton  1971 ; Dykstra 
 1984 ; Davis et al.  2001 ; Oliver and Twery  1999 ; Clark  2002  ) . 

 Strategic management involves determining what the desirable condition of 
the various landscape properties is in the long term for each land use allocation. 
For example, of the possible forest conditions,

   What are the desired management intensities of the various soils?  • 
  What is the desired land cover distribution?  • 
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  What are the desired distribution and amount of water?  • 
  What is the desired distribution of corridors?  • 
  How should the seasonal cycles be adjusted to?  • 
  How can the disturbance patterns be best addressed?    • 

 These questions require information in the form of soil, hydrologic, topographic, 
road, and land cover maps as well as inventories of existing vegetation conditions. 

 Strategic management necessitates understanding the natural system and know-
ing how to emulate or change its behavior where feasible so it can provide the 
desired outputs—such as maintaining a dynamic balance of forest structures 
within the  landscape (Boyce  1995 ; Fig.  3.2 ). It can entail replacing disturbances 
(Fig.  3.2 ) with targeted operations such as removal of trees through thinnings, 
selection harvesting, clearcutting, and others (Smith et al.  1997 ; Waring and 
Schlesinger  1997  ) . 

 One challenge of management is to identify explicitly as many positive and 
 negative consequences of management as possible, so that unintended consequences 
are minimized. 

 Another challenge is to decide tradeoffs among incompatible values since all 
outputs cannot be produced at the highest level simultaneously at all times (Heilig 
 2003  ) . For example, a decision must be made of the amount of each stand structure 
to provide for different habitats. Such decisions are commonly made through a 
‘tradeoff’ decision analysis process using a matrix (Oliver and Twery  1999  ) . The 
potentially important consequences of management are listed in the array, and vari-
ous management alternatives are listed and compared against each of the conse-
quences. Such a process allows the decision maker to understand all of the 
consequences that could be affected by management as well as the effects and 
tradeoffs among values of each management alternative. 

 Another challenge is to identify the equipment, prices, labor, materials, and 
investment costs needed to accomplish each alternative strategic plan. These needs 
are collectively termed work units. Identi fi cation of these work units is sometimes 
known as gap analysis (Scott et al.  1993  ) . Broad estimates of these work units for 
different management cycles are commonly done during strategic planning and 
re fi ned during tactical planning. 

 A strategic plan generally includes long term goals for the different landscape 
properties and equipment units as well as intermediate goals and equipment units 
for each tactical management cycle. There are strengths and drawbacks to strategic 
management. As strengths, it anticipates long term in fl uences on the landscape that 
may emerge from within or outside; it can set long term management trajectories to 
ensure that the landscape provides desired values such as a sustainable harvest of 
timber and/or sustained habitats; and it can give speci fi city to short term actions 
so they can be accomplished. The drawback is that strategic management cannot 
anticipate all intervening changes such as transforming markets, natural catastrophic 
disturbances, and changing labor and machinery inputs. To balance between the 
needs for speci fi city and  fl exibility, only broad management goals are set at a long 
time horizon and a large scale. More speci fi c, short term goals are then set at shorter 
time horizons.  
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    3.5.3   Tactical Management 

 Tactical management builds on strategic planning by selecting speci fi c projects 
to be accomplished to speci fi c stands or other locations for each year during 
the management cycle to meet the goals determined at the strategic level. Tactical 
 management also speci fi es and  fi lls the work unit needs broadly identi fi ed by 
strategic management for the current management cycle. For example, tactical 
management must match speci fi c silvicultural operations to speci fi c stands within 
the forest to achieve the movement toward the strategic forest cover goals identi fi ed 
for the current management cycle. Variations and spatial patterns across the land-
scape that are often ignored at the strategic level are addressed during tactical 
management. Various computer systems have been developed to assess and help 
design appropriate management at the tactical level that accounts for variations 
and spatial patterns (Millspaugh and Thompson  2001 ; Wilson and Baker  1998 ; 
Walters et al.  1997 ). 

 Once the stands and their speci fi c treatments are identi fi ed, a gap analysis can 
determine what work units need to be acquired to best accomplish the treatments. 
For example, if much timber harvesting is to be done on steep slopes, then cable 
harvesting systems or other steep-terrain work units would be needed. A decision 
can also be made between investing in a highly mechanized, laborsaving machine 
for thinning and investing in large labor crews that use less costly machines (Krick 
 1962  ) . 

 Financing of machinery and recruiting of skilled people usually require a 
 commitment of  fi ve or more years; consequently, acquisition of work units is done 
with an extended time horizon. Some work units are commonly still operational 
from the previous management cycle, and ones being newly acquired often remain 
functional through the next cycle. Although planned during speci fi c management 
cycles, the actual changing of work units is a continuous and gradual process rather 
than one punctuated by management cycles. 

 Each stand to be treated requires scheduling of operations so they are  coordinated 
to accomplish a given task. For example (Fig.  3.5 ), to harvest and regenerate a stand 
requires the operations of road construction, harvesting, and site preparation be 
done sequentially, with each step being completed before the other can begin. 
Parallel to this sequence are the operations of collecting seeds, growing seedlings, 
and lifting and transporting them to the prepared stand. The second sequence must 
be coordinated with the  fi rst sequence so that the stand is ready when the seedlings 
are delivered. And a third input, labor to plant the seedlings, must arrive at the pre-
pared stand at the same time as the seedlings. All of these schedules must account 
for seasons of easy, dif fi cult, and impossible logging and road building; the time 
needed for seeds to germinate and grow; the possibilities of equipment breakdown 
and labor unavailability; and other variables (Davis et al.  2001  ) . The scheduling 
of operations recognizes the instability of natural systems and constantly makes 
adjustments to account for changes in weather and equipment, seedling, and labor 
availability.  
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 For implementation purposes, the identi fi cation of stands to treat and equipment 
to purchase is considered stable during a management cycle. This stability gives 
assurance to investors and laborers alike. Dramatic changes such as wild fi res, labor 
shortages, market turmoil, or sudden and unforeseen changes in public perception 
or in legal regulations can destroy the infrastructure, the ability to implement the 
plan, and the willingness of local people to trust future plans. For a landscape to be 
managed sustainably in the long term, it is best that the infrastructure be allowed to 
change slowly as the equipment is depreciated and the labor skills and occupations 
also change. At the same time, it is best that the equipment units not be so  specialized 
that they cannot adjust to within-cycle changes. 

 Near the end of each management cycle, the strategic and tactical plans are 
 revisited to determine if both the allocations among land uses are still appropriate 
and the previously targeted stands for treatment are still desirable. By periodically 
adjusting the strategic and tactical plans, the current condition of the landscape 
remains on a trajectory to meet the shifting goals of society.  

  Fig. 3.5    Tactical management supplements strategic management by specifying speci fi c  operations 
( in boxes ) that must be accomplished sequentially ( on a single row ) or in parallel ( each row ) at 
speci fi c times and seasons in order to accomplish a task. The accomplishment of many such tasks 
leads to the goals speci fi ed in strategic management. Operational management involves the day-to-day 
accomplishment of each operation       
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    3.5.4   Operational Management 

 One output of tactical management is an annual plan for each year of the  management 
cycle. This plan designates what stand operations will be carried out—and to which 
stands. Operational management matches the equipment units to stands for each 
day to accomplish the targets. Operational management must continuously make 
adjustments to the scheduling to account for local variations in weather, machinery 
breakdowns, human errors, and market  fl uctuations. 

 The actual deployment of an operation on a stand requires much skill and 
 experience. It entails designating where each person, piece of equipment, material 
(e.g., the seedling storage) will be initially located within each stand, how each will 
move, and how fast they can be expected to move.  

    3.5.5   Feedback and Management Adjustments 

 Feedback is continuously needed from the operations to the tactical to the strategic 
management levels to ensure the expectations are adjusted to coincide with reality 
(Oliver et al.  1999  ) . When managing at all levels, there is a tremendous need for 
 fl exibility while focusing on the long term goals. Unexpected natural or human 
actions can cause dramatic shifts in the actual or desired outputs. Strategic, tactical, 
and annual management try to anticipate changes and then provide short time intervals 
when a degree of stability is presumed. Tactical management adjusts the annual plans 
each year to account for the variation in operations actually accomplished while trying 
to meet the management cycle goals provided by strategic management. Similarly, 
strategic management adjusts the management cycle plans at the end of each 
cycle. 

 Where necessary, annual plans and management cycle plans may be adjusted in 
the middle of the year or cycle; however, the bene fi ts of this adjustment needs to be 
balanced against the resulting disruptions to equipment investments, operations, 
and other inputs.       
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        4.1   In fl uence of Hydrologic Processes on Landscape Functions 

 The hydrological cycle is intricately linked with landscape patterns and processes. An 
understanding of interactions between terrestrial and aquatic systems is increasingly 
important as conservationists promote restoration at the landscape scale. Accounting 
for these interactions in restoration planning will move the  fi eld towards more 
comprehensive, successful efforts. In addition, with a better understanding of the 
complexities and linkages of aquatic and terrestrial systems, realistic expectations 
of restoration potential will help to build the support of the local community, thus 
bridging the gap between scientists and the general public. This chapter describes 
stream and  fl oodplain hydrology in the landscape, as well as the effects of landscape 
activities and forest restoration on the hydrological cycle. 

    4.1.1   Floodplain Dynamics and Utilization 

 A river functions in four dimensions    including three spatial dimensions (longitudinal, 
lateral, and vertical) as well as temporally. Longitudinal connectivity refers to 
the upstream-downstream transport. The lateral connection is the interaction of the 
channel with the  fl oodplain. Vertical connectivity is the interface of the surface water 
with the groundwater. The focus of this chapter is the lateral connection, but for a 
description of the other dimensions, readers are referred to Amoros and Bornette 
 (  2002  ) , Nilsson and Svedmark  (  2002  ) , and Kondolf et al.  (  2006  ) . 

 Periodic inundation of the  fl oodplain is a naturally occurring process. Known as 
the  fl ood-pulse,    these phases of inundation are in fl uenced by the hydrology and 
geomorphology of the system and can vary in duration, frequency, and intensity (Junk 
et al.  1989  ) . As  fl oodwaters advance, the littoral zone, or the aquatic-terrestrial 
interface, moves away from the channel with the  fl ood and then back toward the 
channel as the  fl ood retreats (Junk et al.  1989 ; Bayley  1995  ) . Periodic  fl oods create 
a dynamic environment with a high degree of habitat heterogeneity and thus pro-
mote a range of biodiversity and productivity among systems (Naiman and Décamps 
 1997  ) . 

 In order to inhabit and utilize  fl oodplains, humans have altered the natural 
 fl ooding regimes of rivers and streams. Channelization and the construction of 
dams, levees, and dikes are common methods of  fl ow regulation. Gergel et al.  (  2002  )  
reported that levees and similar structures (e.g.  fl oodwalls, embankments, and dikes) 
cover more than 40,000 km in the US alone. Levees are designed to contain the river 
and reduce overbank  fl ow. This disconnect of the  fl oodplain from the channel has 
detrimental effects on the function of both the riparian zone and the stream. For 
example, modi fi cation of  fl oodplains and channels disrupts sediment deposition and 
erosion processes, as well as alters nutrient cycling, stream and riparian species 
composition, and habitat condition (Poff et al.  1997 ; Hupp et al.  2009  ) . 
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 Floodplains have long been recognized as fertile lands that are generally good 
for farming. For example, the people of Mesopotamia, attracted by fertile soils and 
the potential to ship goods, began farming the Tigris and Euphrates River  fl oodplains 
in the early Holocene period (Morozova  2005  ) . In more recent years, technological 
advancements have greatly increased the degree of  fl oodplain alteration    and utilization 
(Lockaby  2009  ) . While natural  fl ood subsidies created these fertile landscapes, 
these areas have been altered to such a degree that they now require anthropogenic 
subsidies (e.g. irrigation, fertilization, and tillage) to maintain agricultural production.  

    4.1.2   Flooding Provisions    

 Natural  fl ood events are critical for the maintenance of  fl oodplain ecosystems. “The 
principal driving force responsible for the existence, productivity, and interactions 
of the major biota in river- fl oodplain systems is the  fl ood pulse   ” (Junk et al.  1989  ) . 
As  fl ood waters spread out laterally over the  fl oodplain, they provide sediment, 
nutrients, and organic matter (OM) (Nilsson and Svedmark  2002 ; Thoms  2003  ) . In 
return, an inundated  fl oodplain releases dissolved organic carbon (DOC), nutrients, 
and algal biomass which are transported back to the stream channel (Junk et al. 
 1989 ; Bayley  1995 ; Tockner et al.  1999 ; Thoms  2003 ; Lockaby et al.  2008  ) . 
However, not all aspects of  fl ooding and hydrological connectivity are bene fi cial to 
the system. For example,  fl oods also transport contaminants to the  fl oodplains 
(Jackson and Pringle  2010  )  and create low-oxygen environments (Nilsson and 
Svedmark  2002  ) . 

 The amount and spatial distribution of sediment deposition    relates to the 
 fl oodplain topography,  fl ow velocity, period of inundation, stream load, and 
sediment particle size (Lambert and Walling  1987 ; Walling and He  1998 ; Rayburg 
et al.  2006  ) . The sediment load in the stream depends on the watershed geology, 
as well as current and historical land use practices. Legacy effects of historical 
agricultural practices have been linked to high rates of sediment deposition in 
 fl oodplains (Binkley and Brown  1993 ; de la Crétaz and Barten  2007 ; Lockaby 
 2009  ) . Smaller  fl oods often deposit sediment, while  fl oods of larger magnitude with 
greater energy, can scour sediment (Toda et al.  2005  ) . In terms of spatial distribution, 
there is generally a higher rate of sediment deposition near the channel and the 
rate decreases when moving away from the channel into the  fl oodplain (Walling 
and He  1998  ) . This pattern coincides with coarse particle deposition closer to the 
channel while  fi ne particles travel further from the channel (Walling and He  1998 ; 
Rayburg et al.  2006  ) . 

 The wetting and drying phases that occur in the  fl oodplain may cause many 
changes in nutrient cycling    simultaneously. Floods deliver nutrients in particulate 
or dissolved forms (Nilsson and Svedmark  2002 ; Tockner et al.  1999 ; Junk et al. 
 1989  )  and may increase nutrient availability in  fl oodplain soils (Bayley  1995 ; 
Baldwin and Mitchell  2000  ) , providing riparian vegetation greater access to the 
nutrients required for growth. Partial wetting of the  fl oodplain (e.g. with precipitation) 
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initially increases the rate of nitri fi cation, but denitri fi cation dominates when 
completely inundated by  fl ooding (Baldwin and Mitchell  2000  ) . Drying of wet sedi-
ments may create a zone of nitri fi cation and denitri fi cation in close spatial proximity 
at the oxic-anoxic boundary, while complete desiccation terminates denitri fi cation 
in the  fl oodplain (Baldwin and Mitchell  2000 ; Austin and Strauss  2011  ) . Flooding 
also alters rates of decomposition. In some cases, decomposition may be enhanced 
with  fl ooding (Glazebrook and Roberston  1999 ; Naiman et al.  2005  )  although 
typically,  fl ooded soils are expected to have reduced decomposition (Schlesinger 
 1991  ) . The difference lies in the duration of inundation: permanently  fl ooded condi-
tions inhibit or slow decomposition and shorter or intermittent  fl ooding enhances 
decomposition (Lockaby et al.  1996  ) . Further, Neckles and Neill  (  1994  )  found that 
seasonal  fl ooding may increase aboveground decomposition but decrease below-
ground decomposition. 

 Plants and animals in the riparian zone depend on the  fl ooding subsidies of OM    
as sources of nutrients and energy (Toda et al.  2005 ; Naiman et al.  2005  ) . For example, 
aquatic insects provide energy to riparian arthropods (Naiman et al.  2005  ) . In natu-
ral  fl ood events, particulate organic carbon (POC) may be deposited in the  fl oodplain 
and DOC may be exported (Tockner et al.  1999  ) . Junk et al.  (  1989  )  suggest that 
the magnitude of OM passing from the channel to the  fl oodplain is much smaller 
than the DOC that travels from the  fl oodplain to the channel. When  fl ood regimes 
are altered, inputs of DOC from the  fl oodplain to the channel may be reduced 
(Thoms  2003  ) . 

 Periodic inundation of  fl oodplains, differing levels of connectivity, and processes 
of erosion and deposition create habitat heterogeneity and thus can sustain a diverse 
assemblage of organisms (Salo et al.  1986 ; Bayley  1995 ; Poff et al.  1997 ; Amoros 
and Bornette  2002 ; Nilsson and Svedmark  2002 ; Richards et al.  2002 ; Rayburg 
et al.  2006  ) . Habitat characteristics such as water temperature, suspended solids, 
nutrients, and substrata composition in fl uence biodiversity in  fl oodplain water 
bodies (Amoros and Bornette  2002  ) . High diversity    of riparian zones is maintained 
by  fl ooding regimes and thus a  fi rst step in  fl oodplain restoration is often the rees-
tablishment of hydrologic connectivity (Steiger et al.  2005  ) .  

    4.1.3   Flooding: Subsidy or Stress on Productivity? 

 The subsidy-stress gradient (Odum et al.  1979 ; Megonigal et al.  1997  )  has similar 
underpinnings as the intermediate disturbance hypothesis which predicts maximum 
function at moderate levels of disturbance. Moderate  fl ooding may be a subsidy   , 
while high intensity  fl ooding (in either frequency or duration) may be a stress    
(Odum et al.  1979  ) . Past the point of maximum performance (here maximum 
productivity with moderate  fl ooding), the variability may increase and reduce the 
stability of the system (Fig.  4.2 ). In theory, systems can be stable if subsidies are 
pulsed. Some riparian forest species depend on the  fl oods for regeneration, as seedling 
supply and production can be tightly linked to  fl ooding regimes (Hughes  1997 ; Hughes 
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et al.  2001  ) . It can also be detrimental to eliminate  fl ood pulses in a system acclimated 
to their occurrence (Odum et al.  1979  ) . For example, following the damming of a 
river in southern Alberta, Canada, seedling mortality of poplar trees increased due 
to drought (Rood and Heinz-Milne  1989  ) . 

 Inundation is stressful to many plants, but some plants adapt more easily than 
others to  fl ood regimes (Bayley  1995  ) . Low order streams or heavily-modi fi ed systems 
have short, unpredictable pulses and organisms have limited adaptations    for utilizing 
the  fl oodplain in those conditions (Junk et al.  1989  ) . In contrast, long, predictable 
pulses of rivers sustain organisms with adaptations to utilize the  fl oodplain (Junk 
et al.  1989  ) . Bottomland hardwood species such as bald cypress and water tupelo 
displayed extended buoyancy of seeds and fruits to overcome inundation (Schneider 
and Sharitz  1988  ) . Other adaptations to  fl ooding include buttressed roots, stems, and 
knees (Lockaby et al.  2008  ) , examples of which can be seen in the bald cypress-tupelo 
gum forest in Fig.  4.1 .  

 Several studies support the idea that seasonal  fl ooding or  fl owing water of low to 
moderate intensity can increase productivity    (Fig.  4.2 ) by providing an energy sub-
sidy to the community (Conner and Day  1976 ; Odum et al.  1995 ; Anderson and 
Mitsch  2008  ) . In the riparian zone of Rush Creek in California, tree growth of 
 Populus trichocarpa  was linearly related to stream fl ow and diversion of stream fl ow 
reduced tree growth of  Pinus jeffreyi  (Stromberg and Patten  1990  ) . Clawson et al. 
 (  2001  )  expected to  fi nd the highest rates of net primary productivity (NPP) in 
seasonally  fl ooded sites that occupied the ‘intermediate’ range of  fl ooding provi-
sions; however, the highest NPP was found in the wettest sites which were  fl ooded 
for most or all of the year. This suggests that the threshold of  fl ooding stress    was 
not exceeded at the wettest sites (Clawson et al.  2001  ) . Flooding subsidies did not 

  Fig. 4.1    Buttress trunks and knees in a bald cypress-tupelo gum forest (Photo by Mark A. Musselman, 
Audubon, South Carolina. Used by permission. Photo accessed from:   http://www.namethatplant.
net/community_coastal_bottom.shtml    )       
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signi fi cantly enhance productivity on plots of intermediate wetness compared to dry 
plots in South Carolina and Louisiana (Megonigal et al.  1997  ) . Differences in the 
productivity response of trees to  fl ooding may be a function of how the  fl ooding 
categories are de fi ned. For example, Odum et al.  (  1995  )  used categories of uplands, 
bottomland hardwoods, and swamps, Megonigal et al.  (  1997  )  and Clawson et al. 
 (  2001  )  used mean water depth to create a gradient of wetness, and Anderson and 
Mitch  (  2008  )  used the number of  fl ooded days as an indicator of the  fl ooding regime. 
On the high end of the  fl ooding spectrum, low-oxygen environments from extended 
periods of innundation can slow plant growth (Junk et al.  1989  ) . Megonigal et al. 
 (  1997  )  found signi fi cantly lower aboveground net primary productivity (ANPP) in 
wet plots than intermediate or dry plots. Here, the  fl ood subsidies were outweighed 
by the stresses of anaerobic soil conditions. Additionally, too much sediment accu-
mulation from  fl ooding may decrease photosynthesis or cause mortality in riparian 
plants (Nilsson and Svedmark  2002  ) .   

    4.1.4   Formation and Migration of River Channels 

 The interactions of rivers with the landscape in fl uence the evolution of the river 
channel. As summarized in Alabyan and Chalov  (  1998  ) , three in fl uential factors on 
river pattern and  fl ow are: (1) discharge which depends on soils and climate, (2) slope 
or gradient, and (3) erodibility of the bed which depends on sediment properties. 
Basic classi fi cations    distinguish between straight, meandering, and braided or branch-
ing channels (Fig.  4.3 ). These categories can be further divided based on structural 
levels of  fl uvial relief including valley bottom,  fl ood channel, or low water channel 
(Alabyan and Chalov  1998  ) . In reality, there are many intermediate conditions which 
are not captured by these discrete classes.  
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 Floodplains    are primarily formed by two types of deposition: point bar or lateral 
accretion and overbank deposition or vertical accretion (Wolman and Leopold 
 1957  ) . Point bars form where sediment is deposited on the inside (convex side) of 
a river bend (Nanson and Croke  1992  ) . Historically, it has been thought that the 
proportion of overbank deposits is small (10–20%) compared to channel deposits 
(80–90%) due to uniform overbank  fl ooding recurrence intervals (Wolman and 
Leopold  1957  ) . If this were not the case,  fl oodplains would build up very high and 
consequently overbank  fl ows would be rare. However, more recent studies indicate 
that lateral accretion may not dominate in all systems; for example in some low-
gradient non-braided channels, vertical accretion may dominate (Nanson and Croke 
 1992  ) . A third fairly common  fl oodplain formation pattern is braid-channel accre-
tion, which results in a mosaic of sediment deposition through dynamic migration 
and new formation of braid channels (Nanson and Croke  1992  ) . 

 Lateral movement of a stream channel can be quite rapid. As an example, a river 
bend in India moved over 180 m laterally in two years (Wolman and Leopold  1957  ) . 
In general, there is little change in channel width with migration       of the channel; the 
amount of sediment deposited is roughly equal to the amount eroded (Wolman and 
Leopold  1957 ; Steiger et al.  2005  ) . Channel migration may vary among channel 
bends and within individual bends. For example, Meitzen  (  2009  )  found the rate of 
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migration was higher at the lower part of bends (downstream) and lower at the higher 
part of bends (upstream). Riparian vegetation helps to stabilize banks and thus 
restricts channel movement and can in fl uence whether a single channel or braided 
channel persists (Murray and Paola  2003  ) . However, high rates of sediment deposi-
tion can damage riparian vegetation, clog channels, and thus promote the formation 
of braided streams (Murray and Paola  2003 ; Trimble  2008  ) . 

 Hydrological processes and channel migration in fl uence the structure and 
composition of riparian forests    (Richards et al.  2002  ) . At point bars, differences 
have been observed in species composition in the edge vs. interior forests. Due to 
the growth of new vegetation on accreting surfaces, as the distance from the channel 
increases, early successional species transition to later successional species (Salo 
et al.  1986 ; Hughes  1997 ; Meitzen  2009  ) . In cut banks, or areas of sediment erosion, 
channel migration may in fl uence forest structure but not composition. Forests on 
the edges of cut banks have higher structural complexity due to high light conditions 
and new habitat for colonization created by the removal of mature forests with 
erosion. The edges of cut banks may also have greater tree density, species richness, 
and basal area than the interior forests of cut banks (Meitzen  2009  ) .   

    4.2   Cumulative Effects of Disturbances Within Watersheds 

 The concept of cumulative effects    or ‘the combined environmental effects of activi-
ties in a watershed’ (Brooks et al.  2003  )  is familiar and implies that the in fl uence of 
activities may accumulate in time and space (Reid  1993  ) . While it is generally 
understood that water related impacts observed at the outlet of a watershed re fl ect 
the integration of many in fl uences within that catchment, there is often a gap between 
that knowledge and management or protection strategies. As an example, the Cache 
River National Wildlife Refuge (CRNWR) in Arkansas is known as an old growth 
bottomland hardwood forest that provides habitat for many species, possibly including 
the ivory bill woodpecker. The CRNWR ecosystem has justi fi ably been the focus of 
many protection efforts which are predominantly oriented at a local scale. However, 
the integrity of the system is threatened by high levels of sedimentation resulting 
from the large proportion of the Cache River basin in agriculture (Lockaby  2009  ) . 
Upstream disturbances may impact vegetation productivity, composition, and habitat 
in the CRNWR system. Similarly, Brooks et al.  (  2003  )  have suggested that the 
downstream effects of the 1993 Mississippi River  fl ood (the largest  fl ood in the US 
during the twentieth century) may have been exacerbated by levee construction, 
channelization, and urbanization in the headwaters. Cumulative watershed disturbance 
effects, as illustrated by the Cache River and 1993 Mississippi River  fl ood examples, 
are very complex from a socioeconomic as well as hydrologic standpoint, and these 
situations are not easily resolved. 

 The topographic context of a site is a key consideration in  fl oodplain forest 
restoration as it in fl uences the hydrological regime and integrates the cumulative 
effects of watershed disturbance (Lockaby et al.  2008  ) . If all other factors are equal, 
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sites located near low order streams in the upper portions of watersheds will be less 
subject to catchment level in fl uences than those lower in the drainage basin. Sites 
lower in watersheds that are associated with higher order streams are more subject 
to cumulative hydrologic and biogeochemical effects resulting from the integration 
of processes at higher elevations. 

 Most research on the cumulative effects    at the watershed scale has been devoted 
to responses of spatial accumulation (Reid  1993  )  such as the in fl uence of land use. 
It is well established that land use   , particularly agriculture and urbanization, may 
dramatically alter water quality and stream hydrology (de la Crétaz and Barten 
 2007  ) . There are many examples including that of Bolstad and Swank  (  1997  )  who 
reported base fl ow increases in turbidity and total coliforms from 2.86–5.52 
nephelometric turbidity units (NTU) and 9,470–52,140 colonies 100 ml −1  respectively 
moving downstream in Coweeta Creek in North Carolina. These ranges were asso-
ciated with downstream increases in the proportion of the watershed in agricultural 
(0.24–4.3%) and urban land uses (0.06–3.4%). 

 In another example, Fisher et al.  (  2000  )  studied the in fl uence of agriculture and 
urbanization in the Oconee River watershed in Georgia. While poultry production 
in the headwaters was associated with elevated nitrogen (N), phosphorus (P), and 
fecal coliform concentrations, those levels diminished downstream as a result of 
dilution. However, the presence of a mid-sized city (Athens, Georgia) farther 
downstream doubled N and P concentrations above those observed near the poultry 
production (Fisher et al.  2000  ) . Consequently, the cumulative effect of different 
land uses in the Oconee basin was complex and re fl ected a hierarchy of impacts. 

 In terms of temporal effects, Weston et al.  (  2009  ) , working in the Altamaha 
River  fl oodplain of central Georgia, reported that concentrations and export of 
nitrate plus nitrite (NO 

x
 ) and total nitrogen (TN) increased over time while NH  

4
  +  , 

P, and organic carbon (OC) declined over the previous 30 years. These trends may 
be attributed to increased population densities, decreased extent of agriculture, and 
speci fi cally for P, detergent bans coupled with enhanced P removal at wastewater 
treatment plants. 

 A second temporal example is the Piedmont region of the southeastern US which 
experienced abusive farming practices from the early nineteenth to twentieth centuries. 
These practices caused the export and accumulation of large volumes of sediment 
on  fl oodplains and in stream channels (Trimble  2008  ) . This sediment accumulation    
is still evident today. As examples, Murder Creek, Bonham Creek, and Sally Branch 
in the Georgia Piedmont currently show sediment accumulation on  fl oodplains 
of 1.5–2.0 m (Lockaby  2009  ) , the equivalent of 6,000–10,000 years of natural 
sediment accumulation (Jackson and Pringle  2010  ) . Heavy sediment accumulation 
is also evident within stream channels. Following forest clearing and construction 
of unpaved roads in the Bonham Creek and Sally Branch watersheds between 2006 
and 2007, large increases in sediment concentrations were observed (Sharif and 
BalBach  2008  ) . Given the legacy of past land use    in the watershed, it is unclear 
whether the elevated loads originated from unimproved roads or re-suspension of 
legacy sediment in channels (or some combination of the two) since forest clearing 
generally stimulates stream  fl ow. 
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 Consideration of cumulative effects and the position of a candidate site within a 
watershed is critical for  fl oodplain forest restoration. The potential of onsite restoration 
efforts may be limited if the location is subject to major physiochemical and hydro-
logic impacts from an assortment of upstream activities. Although some activities 
within a catchment can be uncontrollable or unpredictable, e.g. urbanization in 
headwaters, an understanding of the cumulative in fl uence of offsite factors to 
downstream sites is essential. Furthermore, differences in the extent of riparian 
zones and associated hydroperiods, or duration of inundation, will be major determinants 
of restoration trajectories and target conditions. 

    4.2.1   Land Use/Cover Effects 

 Previous research has shown that land use/cover change can substantially alter 
hydrology and water quality (Allan  2004 ; de la Crétaz and Barten  2007  ) . As a result, 
it is possible to describe some general in fl uences of land use on water resources with 
a high degree of con fi dence. In terms of implications for forest restoration, alterations 
of stream hydrographs and  fl oodplain hydroperiods are particularly important. 

 A high proportion of forest cover within a watershed provides a stabilizing effect 
on the magnitude and rate of change in hydrographs (de la Crétaz and Barten  2007 ; 
Nagy et al.  2011  ) . This is due to low overland  fl ow that results from high in fi ltration 
capacities in forest soils. High in fi ltration, in turn, reduces the energy and volume of 
stream fl ow   . Conversely, when signi fi cant proportions of watersheds are devoted to 
agriculture or urban land uses, the volume and velocity of stream fl ow increase and 
rapid changes in stream hydrographs occur (Schoonover et al.  2006 ; de la Crétaz 
and Barten  2007 ; Nagy et al.  2011  ) . The increases in volume stem from increased 
runoff as well as decreased evapotranspiration. As an example, conversion of forest 
to agriculture increased stream fl ow by 10–21% in western North Carolina (Hibbert 
 1967  ) . These effects are typically more pronounced in urban land use than agriculture 
due to the sharp reduction in in fi ltration afforded by paved (impervious) surfaces 
(Fig.  4.4 ). Conversion of 10% of watershed area from forest to impervious surfaces 
was responsible for 32% of the total 159% increase in peak  fl ows in Houston, Texas 
(Olivera and Defee  2007  ) . In contrast to peak  fl ows, base  fl ows may decrease 
following urbanization due to reduced in fi ltration (Paul and Meyer  2001  ) . For 
example, Rose and Peters  (  2001  )  observed base fl ow decreases of 25–35% in urbanized 
vs. non-urbanized watersheds near Atlanta, Georgia.  

 Whether or not stream hydrograph changes are biologically signi fi cant depends 
on the degree to which similar  fl ooding events (of frequency and duration) occur 
within riparian areas. Hydroperiod characteristics drive biogeochemical exchange 
between the stream and  fl oodplain as well as many other  fl oodplain processes 
(Lockaby et al.  2008  ) . As hydrographs become ‘ fl ashier’, i.e. rates of change in rising 
and falling limbs and velocity increase, following substantial land use changes, biotic 
and abiotic environments of  fl oodplains may change accordingly. These may be re fl ected 
by changes in sedimentation and scouring patterns, periodicities of inundation, and 
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soil chemical and physical properties (Hupp et al.  2009  ) . Consequently, the vegetation 
community and ecosystem functions associated with particular sites may become 
substantially different than those prevalent when the watershed was more heavily 
forested. 

 The in fl uences of converting forest to agriculture or urban uses are persistent 
and stream channels are continually subjected to higher velocities and volumes of 
stream fl ow. As a result, channel incisement often occurs (Schoonover et al.  2006 ; de 
la Crétaz and Barten  2007 ; Hupp et al.  2009  ) . Deeper channels are less prone to 
overbank  fl ooding and, consequently, riparian zones become disconnected hydrologically 
from adjacent steams (Groffman et al.  2003 ; Hupp et al.  2009  ) . Consequently, 
 fl oodplains become drier, a condition which leads to the loss of wetland plant 
communities and their replacement by species adapted to more mesic conditions. 
In addition, the disconnect between streams and  fl oodplains leads to degradation 
of the water  fi ltration function since opportunities for physical and chemical interactions 
between  fl oodplains and sheet fl ow become more limited (Lockaby et al.  2008 ; Hupp 
et al.  2009  ) . The drying of riparian areas may also lead to increases in nitrogen 
mineralization, a change that has the potential to affect species succession as well 
(Groffman et al.  2003  ) .   

    4.3   Linkages Between Watershed Forest Cover 
and Water Resources 

    4.3.1   Perceptions of Forests, Floodplains, and Water Resources 

 People’s perceptions of forests and  fl oodplains have changed considerably over 
time. Common attitudes towards forest resources span a range from awe and gratitude 
to irritation and repulsion to apathy. In different periods, forests have been viewed 
as incredible features of nature, obstructions to be managed or controlled, and more 
recently precious resources to be preserved and carefully utilized. There may even 

  Fig. 4.4    Changes in water 
components with 
urbanization (With 
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be a newer phase of disconnect between people and nature as society becomes 
increasingly urbanized (Lockaby  2009  ) . 

 The interactions between forests and water have been described for centuries or 
even millennia. People noted relationships between forests and water resources as 
early as the  fi rst century A.D. (Andréassian  2004  ) . Similarly, people’s perceptions 
of the hydrologic functioning of forests have changed over time. Some ideas portrayed 
the forest as a siphon, sponge, or a pump. Forests reportedly attracted clouds and 
thereby enhanced rainfall   , although the mechanisms were not speci fi ed for this 
siphoning action (Andréassian  2004  ) . Forests were believed to act like sponges by 
soaking up water during periods of high precipitation and then releasing it later in 
times of lower precipitation (Bruijnzeel  2004  ) . Historically, droughts were often 
attributed to deforestation practices. As divergent theories on the relationships 
between forests and water emerged, watershed research too emerged in an attempt 
to reconcile differences. A recent theory, which identi fi es the mechanisms associated 
with the siphon metaphor, suggests that with high evapotranspiration in forests, moist 
air is drawn in from the coast which rises and condenses, forms clouds, and falls 
as precipitation, allowing continental interiors to maintain high rainfall regimes 
(Sheil and Murdiyarso  2009  ) . 

 There may be differences in the forest-water perceptions of the general public vs. 
scienti fi c community. It is from this disparity that unproven or even  fl awed theories 
may perpetuate among local populations. In case studies in South Africa, India, and 
Costa Rica, there was a general perception linking forests to ‘better’ hydrological 
resources (Calder et al.  2004  ) . However, as will be discussed below, not all in fl uences 
of forests on water resources are ‘positive’. Calder et al.  (  2004  )  challenged us to: 
(1) better understand the origin and evolution of local perceptions and how these 
affect forest and water policies, (2) develop tools for management support, and 
(3) understand the impacts of forest and water policies on the poor. It is important 
to emphasize that the effects of forests on hydrological processes can be variable 
and are highly site-speci fi c. Integration of scientists, conservationists, and local 
populations will help to spread realistic expectations of what forests can and cannot 
do for water resources.  

    4.3.2   Controls on Water Yield 

 Paired watershed approaches have been used to experimentally determine the effects 
of afforestation/reforestation and deforestation. In general, with forest clearing, an 
increase in water yield   , or the runoff from the drainage basin, is observed and con-
versely, with reforestation/afforestation, water yield and/or runoff are reduced 
(Douglass and Swank  1972 ; Bosch and Hewlett  1982 ; Zhang et al.  1999 ; Andréassian 
 2004 ; Bruijnzeel  2004 ; Farley et al.  2005 ; Jackson et al.  2005 ; Sun et al.  2006 ; de 
la Crétaz and Barten  2007 ; Trabucco et al.  2008  ) . Decreased evapotranspiration 
and increased soil water content and subsurface  fl ow are likely responsible for 
the increased water yield following forest cutting (de la Crétaz and Barten  2007  ) . 
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In general, small changes in forest cover   , either afforested or deforested, are not 
suf fi cient to observe changes in water yield. The greatest responses occur when the 
basin is completely afforested or deforested. 

 While the effects of deforestation or afforestation are often realized throughout 
the watershed, the location of forest cutting/planting within the watershed and 
the size of the area converted can also in fl uence the effects on water resources. For 
example, clearing forests in the headwaters may be problematic because that region 
is dominated by erosional processes. Furthermore, clearing of riparian forest    directly 
along the stream channel, or near the source of stream fl ow, would intuitively have 
a greater in fl uence on streams than clearing forests further away from the stream 
(Bosch and Hewlett  1982  ) . The water requirements of trees along the channel will 
be eliminated upon clearing, thus increasing the stream fl ow. Additionally, the 
percent of basal area reduction, a surrogate for patch size, is roughly proportional to 
the change in water yield, with minimal effects observed with less than 20% change 
in forest cover (Bosch and Hewlett  1982 ; de la Crétaz and Barten  2007  ) . 

 Consideration of the temporal scale    is also important to the interpretation of 
forest-water study results. The rates of change in water yield will be different for 
afforestation/reforestation vs. deforestation (Douglass and Swank  1972  ) . The effects 
of deforestation should be readily apparent following cutting, while the effects of 
reestablishing vegetation may be a more gradual process as the forest develops 
(Douglass and Swank  1972 ; Andréassian  2004  ) . This inherently depends on the 
nature of the activity (deforestation is rapid vs. afforestation which occurs slowly 
over time). Therefore, it is important to consider the timeframe of these studies and 
determine if the effects were likely captured in the time recorded. This advocates 
for the study of the transition from non-forest to forest as opposed to merely the 
endpoints (Andréassian  2004  ) . Furthermore, Scott and Prinsloo  (  2008  )  found that 
the decreased stream fl ow following afforestation may not be permanent. After a 
forest has matured, stream fl ow may approach its pre-afforestation level. Therefore, 
this study suggests that with longer rotations, the negative effects of afforestation on 
water yield can be minimized. 

 Forest composition plays a signi fi cant role in how water resources are affected 
by changes in forest cover due to physiological and structural differences. When 
grouped by genus, there was a signi fi cant difference in stream fl ow changes; 
speci fi cally, eucalypts were found to reduce runoff more than pines  ( Farley et al. 
 2005  ) . Eucalypts and pines generally have greater in fl uence on water resources than 
deciduous hardwood trees (Douglass and Swank  1972 ; Bosch and Hewlett  1982  ) . 
As an example, with a 10% change in forest cover, a 40 mm change in water yield 
is predicted for pine and eucalypt forests, a 25 mm change in water yield is pre-
dicted for deciduous hardwoods, and a 10 mm change in water yield is predicted for 
scrub vegetation (Bosch and Hewlett  1982  ) . Pines and eucalypts have higher inter-
ception and transpiration than deciduous species which may account for the greater 
water use following afforestation with these species (Jackson et al.  2005  ) . 

 Climate    in fl uences the relative response of water yield to changes in forest 
cover. The greatest proportional effects are often observed in arid or semi-arid 
environments, while the greatest absolute effects may occur in more humid 
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environments with greater rainfall (Bosch and Hewlett  1982 ; Farley et al.  2005 ; Sun 
et al.  2006 ; Trabucco et al.  2008  ) . This suggests that land management in arid and 
semi-arid regions carries greater risk for altering the water cycle and thus would 
bene fi t from additional pretreatment assessments and application of site-speci fi c 
practices. The climatic regime must be considered when implementing changes in 
forest cover in order to anticipate the effects on the hydrological cycle. 

 There are indications that forest management within watersheds has the potential 
to exacerbate or buffer the effects of climate change    on water yield depending on 
the nature of the management technique (Ford et al.  2011  ) . As examples, conversion 
of deciduous cover to evergreen tends to reduce peak  fl ows during wet periods but 
may also reduce water yields during drought. Similarly, a conversion of evergreen 
species to eucalypts could reduce yields further (Ford et al.  2011  ) . 

 Other in fl uential factors in determining the effect of changes in forest cover 
include topographical, geological, and local and regional conditions. Soil properties, 
such as moisture holding capacity, can be important factors (Zhang et al.  1999  ) . 
Physical barriers and nutrient de fi ciencies in soils will limit plant root growth and 
thus in fl uence the plant water use (Zhang et al.  1999  ) . Regarding soil texture, one 
study found that intermediate-textured soils may be more inclined to salinization 
following plantation establishment (Jackson et al.  2005  ) . Soil depth is also important 
at the watershed scale   . “Watershed soils must be deep enough to allow deep-rooted 
trees to gain a de fi nite advantage over shallow-rooted grass species. Otherwise, the 
difference between forest and grass will be reduced to the impact of their different 
interception capacities” (Andréassian  2004  ) . The four case studies in Trabucco et al. 
 (  2008  )  in Ecuador and Bolivia displayed very different responses and the authors 
attributed these differences not only to changes in forest cover, but also to “climate, 
soil types, topography, land uses, population densities, existing infrastructures, 
and tradeoffs with coexisting demands for water”. Consequently, local and regional 
conditions are important for predicting changes in water yield in response to changes 
in forest cover.  

    4.3.3   Forest Cover and Peak Flows 

 Deforestation typically increases  fl ood peaks and volumes (Douglass and Swank 
 1972 ; Robinson et al.  2003 ; Andréassian  2004  )  but afforestation/reforestation may 
have little in fl uence on  fl ood peaks (Andréassian  2004  ) , may decrease peak  fl ows    
(Bruijnzeel  2004  ) , or may increase peak  fl ows (Robinson et al.  2003  ) . Implementation 
of reforestation/afforestation on account of reducing  fl ooding may therefore be 
misguided in some cases. However, with careful planning and implementation 
according to site characteristics, reforestation will result in enhanced ecosystem 
functioning and may result in decreased peak  fl ows without concurrent decreases in 
water yield. In addition to the reduction of  fl ooding events, many other bene fi ts of 
reforestation will be discussed below.  
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    4.3.4   Forest Cover and Low Flows 

 Effects on low  fl ow    may be more pronounced than the effects on water yield (Farley 
et al.  2005  )  with great reductions following afforestation (Andréassian  2004 ; Farley 
et al.  2005  )  and increases after deforestation (Andréassian  2004  ) . However, low 
 fl ow may be reduced after forest clearing if soil compaction and consequently 
reduced in fi ltration accompany deforestation (Bruijnzeel  2004  ) . In other cases, 
forest clearing may have little effect on low  fl ows. For example, very small responses 
were observed in low  fl ows in Europe at the regional scale and the authors speculated 
that the low  fl ows of these systems were more in fl uenced by physiography and geology 
(Robinson et al.  2003  ) . In summary, the effects of changes in forest cover on low 
 fl ows seem to be more variable than the effects on peak  fl ows.  

    4.3.5   Other Bene fi ts of Reforestation/Afforestation 

 Reforestation/afforestation practices can be bene fi cial to enhance ecosystem func-
tion   . For example, forests increase in fi ltration, decrease erosion, and reduce water 
pollution (Pizarro et al.  2006 ; Sun et al.  2006  ) . Forests are able to sequester and 
store more carbon than many other ecosystems and thus may be used as a climate 
regulation strategy (Farley et al.  2005 ; Jackson et al.  2005 ; Sun et al.  2006  ) . Riparian 
forests regulate OC export to estuaries (Naiman et al.  2005  ) . Forests also provide 
habitat for organisms and in the case of riparian forests, supply rivers with organic 
material that is critical in the aquatic food web (Naiman et al.  2005 ; Sun et al.  2006 ; 
Lockaby et al.  2008  ) . Lastly, forests are valued as systems of high biodiversity, 
which is one driving factor for forest restoration efforts, especially in the tropics 
(Lamb et al.  2005  ) .   

    4.4   Conclusions for Forest Landscape Restoration 

    4.4.1   Reestablishing Hydrologic Connectivity 

 Since hydrology controls the nature of all functions associated with forested wetlands 
(Mitsch and Gosselink  2007  ) , reparation of hydrologic connectivity    is critical to 
restoring the function of forested  fl oodplains (Steiger et al.  2005  ) . However, this 
is often not practical since restoration of original hydrologic regimes (i.e. periodic 
 fl ooding) would preclude many human activities such as agriculture or urban devel-
opment in some cases (Brinson and Verhoeven  1999  ) . An example is the restoration 
of forests in the southern Mississippi River  fl oodplain which consists of regeneration 
of bottomland hardwood species on land behind levees that was previously in 
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agriculture (Stanturf et al.  2003  ) . Although the  fl oodplain will become forested, the 
connectivity between the river and  fl oodplain will not be restored and, consequently, 
some key functions associated with  fl oodplains will not be reestablished. 

 Many restoration    efforts to date have focused on reestablishing the connectivity 
in order to repair the riparian and stream function. Removal of dikes, levees, culverts, 
and dams are methods to allow the resumption of  fl ood pulses. These practices 
enable  fl ooding provisions (e.g. nutrients, sediment, organic matter) to be reinstated 
and help to create a more natural  fl ooding regime, indicated by a less  fl ashy hydrograph. 
Examples of hydrologic restoration projects by the Natural Resources Conservation 
Service (NRCS) in the state of Rhode Island, including the removal of a culvert and 
a dike, are shown in Fig.  4.5 . Much progress has also been made with hydrological 
restoration efforts to reconnect the channel and the  fl oodplain of the Kissimmee 
River in Florida (Naiman et al.  2005  ) . However, as Kondolf et al.  (  2006  )  pointed 
out, establishing connectivity may not be appropriate in all cases. Some systems do 
not have high connectivity naturally, and establishing such conditions may exclude 
native riparian species (Kondolf et al.  2006  ) . Furthermore, it may be more important 
to restore the processes and  fl ows than just the connections between a river and its 
 fl oodplain (Kondolf et al.  2006  ) . Once the hydrologic connections are repaired, 
 fl uvial dynamics, such as rates of channel migration and sedimentation, can be used 
to predict habitat diversity in riparian zones (Richards et al.  2002  ) .   

    4.4.2   Forest Restoration 

 Reforestation of key areas such as riparian zones, buffers around protected areas, 
corridors connecting forest patches, and erosion-prone areas are common starting 
points for landscape restoration (Lamb et al.  2005  ) . Forests have the potential 
to meet a variety of needs through multiple uses and provide services for the envi-
ronment and humans simultaneously. Realistic expectations for forest restoration 
projects stem from a basic understanding of ecosystem processes, composition, 
structure, and function, as well as variability in these systems. For example, the 
potential for nutrient and pollutant  fi ltration and  fl ood regulation that forests 
provide must be weighed against the short-term reduction in water yield that occurs 
with reforestation. A major shortcoming of restoration projects to date is the lack 
of monitoring and evaluation of restoration efforts after implementation. This com-
ponent is often neglected due to budgetary limitations (DellaSala et al.  2003  ) . Without 
these assessments, the  fi eld of ecological restoration cannot advance. Failures or 
shortcomings of past restoration efforts should be documented along with detailed 
descriptions of restoration protocols to avoid encountering the same dif fi culties in 
future projects. 

 Scale, both spatial    and temporal   , is an important aspect in the processes that 
govern riparian systems, as well as their restoration (Hughes et al.  2001 ; Steiger 
et al.  2005  ) . Considering variation from the species or habitat scale to the community 
or landscape scale will help establish a range of acceptable restoration outcomes. 
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Also, the short- and long-term restoration goals and expectations must be de fi ned 
during project conception. Short-term objectives may be able to better address resto-
ration at the species or habitat scale, while long-term plans may be better suited 
for restoration at the landscape scale (Kuuluvainen et al.  2002  ) . Restoring function    
and processes to the landscape will likely take a long time (Steiger et al.  2005  ) . 

  Fig. 4.5    Rhode Island NRCS  fl oodplain restoration projects. ( a ) Meshanticut River Headwater (Janet 
Drive)  fl oodplain in West Warwick- removal of a culvert and creation of a new, open stream channel. 
( b ) Pawtuxet and Pocasset River con fl uence  fl oodplain in Cranston- removal of a dike and  fl oodplain 
 fi ll to restore connectivity (Photos courtesy of USDA Natural Resources Conservation Service, 
Rhode Island ( 2011 ))       
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 One of the main ideas emerging from restoration studies is the utilization of 
multiple methodologies during the planning stage. For example, cross-site comparisons, 
large-scale manipulations, and predictive modeling all have their own limitations 
(Holl et al.  2003  ) . However, when these methodologies are used in conjunction with 
each other, they provide a powerful toolset for evaluating and implementing restoration 
projects. Further, incorporating adaptive management    with research and experimenta-
tion will allow a range of restoration outcomes and will help make restoration efforts 
more successful in meeting the needs of humans and the ecosystem (Poff et al.  1997 ; 
Stromberg  2001 ; Downs and Kondolf  2002 ; Kuuluvainen et al.  2002 ; DellaSala 
et al.  2003 ; Hughes et al.  2005 ; Naiman et al.  2005 ; Chazdon  2008  ) . 

 Forest landscape restoration    efforts are underway globally and aim to enhance 
both the ecological and socioeconomic integrity of landscapes (UNEP  2009  ) . 
Successful restoration examples can be found in Table  4.1 . Restoration is an inherently 
interdisciplinary endeavor which must consider economic and social perspectives in 
the aim to repair and maintain ecosystem function. DellaSala et al.  (  2003  )  proposed 
three core principles in the ‘Citizens Call for Ecological Forest Restoration’: 
(1) ecological forest restoration, (2) ecological economics, and (3) community and 
work force. The interaction of humans with forests and water resources including 
current and historical contexts must be considered in forest restoration plans. 
Coupling scienti fi c research with community participation    and the involvement 
of stakeholders, interest groups, and agencies may increase the likelihood of success 
for restoration efforts (DellaSala et al.  2003 ; Lamb et al.  2005 ; Naiman et al.  2005 ; 
Chazdon  2008 ; UNEP  2009  ) . Further, local populations can bene fi t through incentives 
provided to landowners for restoration practices (Rodrigues et al.  2009  ) , as well as 
restoration programs that select plant species with known utility to local populations 
(Allen et al.  2010  ) .   

   Table 4.1    Successful forest restoration efforts   

 Location  Restoration practice  Bene fi ts of restoration  References 

 Southern India  Afforestation  Reduced runoff, reduced 
erosion 

 UNEP  (  2009  )  

 Australia  Afforestation  Reduced groundwater 
recharge and thus 
decreased salinization 

 UNEP  (  2009  )  

 Malaysia  Riparian reforestation  Decreased  fl ood impacts  Maginnis and Jackson 
 (  2008  )  

 North Carolina-
Duke Forest 

 Stream restoration 
and reforestation 

 Reduced stream NO 
3
  

and P 
 Richardson and Pahl 

 (  2005  )  
 Chesapeake Bay  Protection and riparian 

restoration 
 Reduced stream N, P, 

and sediment 
 Chesapeake Bay 

Program  (  2009  )  
 Ethiopia  Assisted natural 

regeneration 
 Increased plant diversity 

and density 
 Mengistu et al.  (  2005  )  

 Southern China  Reforestation- 
plantations and 
natural regeneration 

 Increased carbon storage/
climate regulation 

 Zheng et al.  (  2008  )  

 Northeast Asia; 
New Mexico 

 Afforestation  Improved local economy/
created jobs 

 Moon and Park  (  2004  ) , 
Forest Guild  (  2009  )  
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    4.4.3   Management Implications 

 Speci fi c management recommendations include:

   reestablish the hydrologic connection and attempt to recreate the ‘natural’ • 
 fl ooding regime  
  restore native riparian vegetation species that are well suited to that  fl ooding regime  • 
  be  fl exible and creative in your management approach and use management • 
actions as experiments (adaptive management)  
  learn from other successful restoration efforts (Table  • 4.1 ) and set realistic expecta-
tions for restoration outcomes with explicit criteria for success based on the site  
  involve local citizens in restoration efforts in order to enhance the probability of • 
success.          
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    5.1   Forest Loss and Ecosystem Services 

 Many formerly forested regions have been largely cleared and are now important 
crop and livestock producing lands (Fig.  5.1 ). This is true of many parts of the world 
including United States’ southeastern coastal plain, Brazil’s rainforests, Northern 
Europe’s lowlands, China’s northeastern plains, Indonesia’s lowlands, and  fl oodplains 
of most of the world’s large rivers. Through widespread conversion of forests to 
intensively-managed agricultural uses, these countries have created highly productive 
agricultural economies.  

 Environmental issues have arisen as consequences of the loss and fragmentation 
of forests, including soil erosion, water pollution, and  fi sh and wildlife population 
declines (Green et al.  2005 ; Schröter et al.  2005 ; Matson and Vitousek  2006  ) . The 
pre-existing forests provided the public with high levels of desired ecosystem services, 
including clean water, healthy  fi sh and wildlife, biodiversity, climate moderation, 
wood and food products, and aesthetic qualities (Fig.  5.2 ). Subsequent decline of 
these services has resulted in lower levels of social well-being, causing public concern 
(MEA  2005  ) . To regenerate them, restoration of large tracts of land back to forest 
may be a logical goal, but it may not be feasible. Doing so may put the supply of 
plentiful and affordable food at risk, and, convincing numerous farm workers, land-
holders, communities, and industries to change their social fabric woven around 
agriculture to one centered on forestry may pose a daunting social challenge. A more 
acceptable alternative might be to restore forest in only the most critical portions of 
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  Fig. 5.1    Forest clearing has produced highly-productive agricultural landscapes. However, ecosystem 
services provided by those former forest lands, such as clean water and forest wildlife have diminished. 
Restoration of forest ecosystem services to agricultural landscapes requires landscape planning that 
integrates knowledge of natural science and social science principles (Photo credit: NRCS)       

  Fig. 5.2    Ecosystem services are bene fi ts people obtain from ecosystems which in turn support 
components of human social well-being. Other human factors (e.g., economic, social, technological, 
cultural) also in fl uence social well-being and feedback to affect ecosystems and ecosystem services 
(feedback not shown) (Adapted from Millennium Ecosystem Assessment  2005  )        
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these landscapes, while maintaining most of the existing agricultural socio-ecolog-
ical system. In this way, forest restoration can provide a balance between social 
acceptance and alleviation of environmental issues.  

 In this chapter, we describe how natural science and social science principles can 
be integrated to help resolve the trade-offs and challenges of restoring forest ecosystem 
services to agricultural landscapes.  

    5.2   Integrating Natural and Social Sciences 

 Restoration of forest ecosystem services in agricultural landscapes may not require 
restoration of large forest tracts. Small forest patches and strips, and even individual 
trees, restored in the right places and con fi gurations can restore signi fi cant levels of 
forest functions that are associated with larger forest tracts (Garrett et al.  2000 ; 
Green et al.  2005 ; Nair et al.  2005 ; Breshears  2006 ; Manning et al.  2006 ; Benayas 
et al.  2008  ) . Consequently, restoration of forest in relatively small, strategic locations 
may enable  fi nding an acceptable balance among the many demands placed on agri-
cultural landscapes. 

 Finding that acceptable balance, however, requires integrating natural and social 
science principles with a planning process whereby people set goals and make decisions 
that most, if not all, can agree on. Decisions must be made about where restoration 
should take place in the landscape, the size of the restoration zone, and speci fi cs of 
vegetation design and management of these forest areas. Since successful restoration 
will require local landholders to be motivated to implement restoration plans, public 
goals for the provision of forest ecosystem services must be considered along with 
personal objectives of each individual landholder. Goal-setting, design development, 
and decision-making is facilitated by a participatory planning process involving 
local and public stakeholders that are informed with natural resource principles. 
Achieving restoration success, then, requires integrating natural and social sciences 
in a way that produces ef fi cient and effective landscape management plans and 
encourages their implementation. 

    5.2.1   Natural Sciences – Riparian Zones and Continuity 

 Riparian areas are portions of landscapes where forest restoration can be especially 
effective for enhancing important ecosystem services, including cleaner water, and 
more  fi sh and wildlife, among others (NRC  2002 ; Naiman et al.  2005  ) . Riparian 
areas are lands adjacent to streams and lakes. In riparian areas, there is a high degree 
of interaction with the adjacent waterways. Riparian areas are  fl ow-through zones 
for runoff from uplands, for channel-hyporheic interchange, and for overland  fl ow 
by  fl oodwaters that affect both water supply and water quality in adjacent waterways. 
Riparian vegetation contributes detritus to streams that creates structural habitat and 
fuels the aquatic food chain. Riparian areas have particularly high-value as habitat 
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for terrestrial wildlife because of the close availability of water and the network 
pattern through landscapes that promote migration of wildlife between seasonal 
habitats and dispersal from population centers. For example, riparian areas constitute 
probably less than 5% of the total land area in the U.S., but are disproportionally 
effective lands for providing forest ecosystem services (NRC  2002 ; Naiman et al. 
 2005  ) . Because of these special qualities, riparian zones are uniquely capable of 
producing high levels of multiple ecosystem services in otherwise nonforested 
landscapes. 

 A riparian forest buffer is a strip of forested area that separates and helps protect 
streams and other water bodies from negative impacts of adjacent land uses and for 
the provision of non-agricultural ecosystem services in agricultural landscapes 
(Welsch  1991  ) . It is a restoration practice commonly designed for and managed to 
enhance water quality, aquatic habitat, and to increase wildlife populations (NRC  2002  ) . 
Riparian forest buffers can also help to create visually pleasing landscapes and to 
provide erosion control among other bene fi ts (Ryan  1998 ; Naiman et al.  2005  ) . 
Even narrow buffers can have a large impact on water quality and wildlife in agri-
culture-dominated landscapes. For example, water quality and wildlife habitat can 
be substantially improved by forested buffers as narrow as 30 m (Welsch  1991 ; 
Sweeney  1993 ; Lowrance et al.  1995 ; Wenger  1999 ; Dosskey  2001 ; Kennedy et al. 
 2003  ) . Since riparian areas occupy only a small fraction of the total landscape, forest 
restoration through the establishment of forested riparian buffers represents an area-
ef fi cient strategy for restoring forest ecosystem services to agricultural landscapes 
(NRC  1993  ) .  

    5.2.2   Connecting Fragments Using Riparian Buffers 

 A key principle of enhancing ecosystem bene fi ts using riparian buffers is the resto-
ration of their continuity through the landscape. Continuity is critical for intercepting 
and  fi ltering polluted runoff water and for providing corridors for the movement of 
wildlife (Welsch  1991 ; Crooks and Sanjayan  2006  ) . In most agriculture-dominated 
landscapes, fragments of original or degraded forest remain; some in riparian areas 
and some in uplands. While these remnant forest patches may provide a modicum of 
ecosystem services, the gaps between them prevent them from achieving their full 
potential. By reconnecting existing forest fragments with a focus on restoring conti-
nuity through riparian zones, water- fi ltering and habitat-producing ecosystem services, 
as well as others, can be ef fi ciently restored in a developed landscape. 

 A few additional ecological principles can help to identify locations for and 
designs of riparian buffers that will restore speci fi c ecosystem services with even 
greater ef fi ciency (Boxes  5.1  and  5.2 ). Individual locations vary in their capability 
of restoring certain ecosystem services because of topography, hydrology, or other 
site factors so the design of a riparian buffer can also vary from one location to 
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  Box 5.1 Principles    for Guiding Riparian Forest Restoration for Water 
Pollution Reduction 

    Locate restoration areas where they will connect existing riparian forest frag-• 
ments and extend the length of continuous forest along waterways and shores.  
  Size restoration areas to be larger/wider at locations that intercept greater • 
runoff load (Fig.  5.3 ).   
  Size restoration areas to be larger/wider at locations that have steeper • 
slopes or that have soils with lower in fi ltration capacity.  
  Design forest plantings to promote denser herbaceous cover at locations • 
that intercept greater overland  fl ow.  
  Select tree species that tolerate  fl ooding for use on low  fl oodplains and to • 
stabilize eroding stream banks.    

  Fig. 5.3    Runoff is often non-uniform and  fl ow is either diverging or converging due to 
topography, tillage practices and other factors. A  fi xed-width buffer will be less effective in 
these situations ( a ). Riparian buffer areas receiving greater runoff loads should be enlarged 
to intercept these greater loads ( b )       

another. For example, a habitat gap may represent a particularly ef fi cient location 
for enhancing wildlife production (Box  5.2 ). However, a different location may 
intercept greater pollutant load and a widening of an existing buffer may be required 
for adequate water quality control (Box  5.1 ). Ecological principles for addressing 
other natural resource issues and ecosystem services can be added to these, if 
desired; the descriptions of which can be found in Dramstad et al.  (  1996  )  and 
Bentrup  (  2008  ) . While the ecological principles outlined here indicate  what  can be 
done to ef fi ciently restore important forest ecosystem services in developed land-
scapes, social science principles are necessary to determine  how  to encourage 
landholder acceptance and adoption in order to achieve implementation and 
sustainable results.        
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  Box 5.2 Principles for Guiding Riparian Forest Restoration for Terrestrial 
Wildlife Habitat Enhancement 

    Locate restoration areas next to existing forest fragments to enlarge existing • 
habitat areas and to connect fragments.  
  Locate and shape restoration areas so that, when combined with existing • 
fragments, they create block-shaped patches for promoting interior forest 
species, elongated patches for promoting edge species, or corridors for 
connecting habitat patches across the landscape.  
  Select tree species, spacing, and management that create appropriate forest • 
structure for enhancing desired species of wildlife.  
  Locate forest restoration areas away from important grassland habitat • 
areas.  
  Restore gaps along larger streams  fi rst to provide the greatest overall bene fi t • 
for wildlife (Fig.  5.4 ).     

  Fig. 5.4    Gaps in riparian vegetation along streams of all sizes are common in agricultural 
landscapes ( a ). Gaps along larger or higher-order streams should often be restored  fi rst to 
provide the greatest overall bene fi t for wildlife. These riparian zones have less negative 
edge effects and are more important regional corridors for wildlife movement ( b )       

    5.2.3   Social Sciences – Encouraging Acceptance and Adoption 
of Riparian Buffers 

 Human values, attitudes, and perceptions play a critical role in how people create 
and maintain the landscapes in which they live and work. Any effort to create and 
maintain riparian forests on agricultural lands must appeal to this local social dimension 
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in order to be successful (Parren and Sam  2003 ; Dutcher et al.  2004 ; Blay et al. 
 2008 ; Rosenberg and Margerum  2008 ; Schaich  2009  ) . For example, one commonly 
held value among farmers in the United States is that good land stewardship is demon-
strated by maintaining one’s property in a clean and manicured manner (Nassauer  1988  ) . 
Care for agricultural land is represented by visual cues such as straight crop rows, lack 
of weeds, mowed areas, and general landscape uniformity. Natural riparian forests 
with their meandering curves, downed woody debris and general lack of uniformity 
are often perceived by U.S. farmers as unmanaged and messy and hence do not 
represent the farmers’ concept of good land stewardship (Ryan  1998 ; Ryan et al. 
 2003  ) . Consequently, there is resistance from farmers to implement and maintain 
natural looking riparian forest buffers. To overcome this barrier, visual cues of care 
need to be incorporated into the design and management of a riparian forest buffer 
(Nassauer  1995  ) . 

 Different values and concerns may exist in local agricultural communities that 
can lead to opposing views of forest restoration efforts (Parren and Sam  2003 ; 
Sullivan et al.  2004 ; Schaich  2009  ) . For instance, riparian restoration is being used 
to create a network of forest corridors in West Africa to sustain isolated populations 
of forest elephants ( Loxodonta africana ). Some streamside villages showed strong 
interest in restoring riparian forest which they believe would resolve some of their 
water and  fi shing problems during the dry season while other villages in the area 
were opposed to any reforestation options as it means losing agricultural land 
(Parren and Sam  2003  ) . In addition, some villagers have negative attitudes towards 
creating elephant habitat because elephants raid crop  fi elds and can kill people 
(Gadd  2005  ) . Restoration planners need to be cognizant of the full range of values, 
attitudes, and perceptions that stakeholders can hold towards forests and forest 
restoration and avoid oversimplifying their social concerns if they have hopes of 
creating locally supported restoration plans. 

 Additional social considerations may also need to be addressed in order to facili-
tate acceptance and adoption of riparian forest buffers (Schrader  1995 ; Rhodes et al. 
 2002 ; Ryan et al.  2003 ; Sullivan et al.  2004  ) . Some countries have government 
agencies or non-pro fi t organizations who offer  fi nancial incentives to landholders to 
encourage adoption. However, many landholders have concerns that riparian forest 
buffers will not provide any productive value after the incentives are gone and that 
these landscape elements will hinder farming operations. A few common social science 
principles related to location and design of buffers that may overcome such resis-
tances to acceptance and adoption are listed in Box  5.3 . A more exhaustive list can 
be found in Kaplan et al.  (  1998  )  and Bentrup  (  2008  ) . By understanding these social 
dimensions, plans for riparian forest buffers can be modi fi ed to alleviate local social 
concerns while still creating a riparian forest design that is capable of providing the 
desired ecosystem services.   
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    5.3   Landscape Planning to Achieve Forest Restoration Goals 

 Enhancing ecosystem services by restoring forest on agricultural lands often requires 
a larger planning area than individual farms and other agricultural landholdings. 
Coordinated and cumulative action on several farms is often necessary to achieve 
desired levels of ecosystem services. To accomplish this task, a multi-scale planning 
process is needed to pull together concerns and goals of individual landholders and 
the general public while accounting for opportunities and constraints dictated by the 
existing landscape. A planning process facilitates setting goals and making decisions 
about actions that will achieve those goals. A planning process also helps identify 
speci fi c areas in the landscape to target riparian forest buffers where they will gener-
ate relatively greater ecological bene fi t at lower economic costs (Walter et al.  2007  ) . 

 There are many ways to go about planning. In agricultural landscapes, the decision 
about whether to implement and maintain any restoration action often rests with many 
independent farmers and landholders. Even if there are public regulations concerning 
the placement and design of riparian buffers, an effective planning process is still 
necessary to reconcile and balance public goals embodied in the regulations with 
different goals of landholders. Some characteristics of a planning process that will do 
this include comprehensiveness,  fl exibility, scalability, and stakeholder involvement. 
A planning process needs to be comprehensive to address a wide range of issues and 
landscape conditions while being  fl exible enough to accommodate each decision-
maker’s (i.e., landholder) unique set of circumstances. For example, landholders are 
more willing to accept and implement a riparian restoration plan that is tailored to 
their needs rather than to an arbitrary and rigid set of buffer width standards (Dutcher 
et al.  2004  ) . A multi-scale approach is required because each objective (e.g., farm 
economy, watershed water quality, landscape wildlife populations) is addressed at its 
own scale and each riparian buffer function operates at its own scale. 

  Box 5.3 Principles    for Guiding Riparian Forest Restoration to Encourage 
Landowner Acceptance and Adoption 

    Design the part of the restoration area viewable by public to be visually • 
pleasing while the interior can be designed to achieve the desired ecological 
functions.  
  Use selective mowing to indicate stewardship without greatly reducing the • 
ecological functions.  
  Provide visual frames to contain and provide order around the restoration • 
area (e.g., wooden fence).  
  Use interpretative signage and education programs to increase awareness • 
and preference.  
  Enhance visual interest and diversity by increasing seasonal color and • 
by varying plant heights, textures, and forms while maintaining an overall 
sense of order.  

(continued)
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  Provide options for landowners to derive economic or personal products • 
from the restoration area (i.e., fruit or nut products, hunting leases, decorative 
woody stems for  fl oral industry).  
  Allow the riparian zone to be “squared off” to facilitate farming operations • 
(Fig.  5.5 ).     

  Fig. 5.5    A curving riparian buffer can hinder mechanical farming operations ( a ). The 
riparian buffer zone can be “squared off” to facilitate farming operations without signi fi cantly 
reducing ecological functions ( b )       

 A key component of a planning process for forest restoration is local and public 
stakeholder participation throughout the planning, design, implementation, and man-
agement stages (Selin and Chavez  1995 ; Bentrup  2001 ; Blay et al.  2008  ) . Because 
riparian areas by their nature cross many landholdings and in fl uence factors well beyond 
their vegetative boundaries, stakeholders throughout the watershed or wildlife area 
need to be involved. One of the valuable aspects of a participatory-type planning process 
is to have face-to-face dialogue between stakeholders to learn about the commonalities 
and differences in their goals, expectations, and tolerances for riparian buffers (Gray 
 1989  ) . This dialogue is essential because of the inherent differences between stake-
holders. For example, the general public often desires wider riparian buffers while 
farmers desire narrower buffers (Sullivan et al.  2004  ) . These types of differences can 
often be resolved through collaborative interaction and an acceptable and shared vision 
can be established for a sustainable network of riparian buffers (Averitt et al.  1994  ) . 

 A multi-scale planning process that exhibits these characteristics has been sug-
gested speci fi cally for riparian buffer planning (Bentrup et al.  2003  ) . It involves 
three basic components: regional reconnaissance, landscape-scale assessments, and 
site-scale buffer plans. A series of questions assists stakeholders through the pro-
cess and provides speci fi c but  fl exible guidance for analyzing resources and devel-
oping plans (Steinitz  1990 ; Smith and Hellmund  1993  ) .    

Box 5.3 (continued)
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    5.3.1   Reconnaissance and Landscape Assessments 

 The regional-scale reconnaissance provides a quick overview of environmental 
conditions and resource issues. Often, riparian buffer planning efforts are focused 
on a single problem. However, by looking at the regional context, stakeholders are 
encouraged to consider multiple resource issues and to capitalize on capabilities of 
buffers to address several issues simultaneously. Some questions to answer with the 
reconnaissance include: What are the main resource issues in this region? What 
ecological and social processes are in fl uencing these issues? What forest ecosystem 
services need to be restored to address these issues? 

 Based on the reconnaissance, more detailed landscape-scale assessments are 
conducted to describe existing resource conditions and trends of interest and to 
identify opportunities to enhance ecosystem services with strategically-placed ripar-
ian buffers. Questions that need to be answered at this stage include: Is the riparian 
landscape functioning well? How might the riparian and upland landscape be altered 
to improve functions? The natural science principles described earlier can be used 
during the landscape assessment process to help identify locations to target riparian 
buffers to achieve effectiveness and economic ef fi ciencies. Geographic information 
systems (GIS) are useful for managing, processing, and analyzing spatial information 
in a visual manner that facilitates communication between stakeholders. With GIS, 
landscape assessments can be combined to identify locations where multiple objectives 
can be achieved with riparian buffers, allowing stakeholders to focus on potential 
opportunities rather than just resource problems (Fig.  5.6 ).  

 Armed with information produced through regional reconnaissance and landscape 
assessments, stakeholders can develop a shared vision for what they want to achieve 
and general options for how and where to attain their goals. These assessments 
provide the landscape-scale context for developing site-scale riparian buffer plans.  

  Fig. 5.6    Landscape assessments for sediment trapping, riparian connectivity, and woody  fl orals 
are combined to determine where all three objectives can be achieved with a riparian forest buffer 
(Source: Bentrup et al.  2008  )        
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    5.3.2   Site-Scale Buffer Plans 

 The site-scale planning and design component blends the public goals identi fi ed in the 
landscape-scale assessments with individual landholder objectives and site conditions. 
The site-scale process is guided by the same questions used in the landscape-scale 
assessments but are applied to a speci fi c landholder’s site. The natural and social 
science principles described earlier are used to craft riparian buffer design alternatives 
that solve landholder resource issues and that are also acceptable to a landholder’s 
set of attitudes, values, and perceptions. The design alternatives provide detailed 
recommendations on location, size, con fi guration, plant species and composition, 
and management practices. 

 An effective method for communicating and evaluating alternative riparian buffer 
designs is through photo-realistic simulations (Fig.  5.7 ). The communicative and 
non-threatening nature of simulations encourages stakeholders to actively participate 
in the design process and to offer feedback on the alternatives. Using simulations in 
participatory planning greatly increases a sense of ownership in the plan, which 
leads to enhanced acceptance and adoption of the proposed action (Al-kodmany 
 1999  ) . If there is no regulation requiring riparian buffers, landholders maintain the 
right to decide if they want to implement a riparian buffer or not on their landholding. 
Resources and tools for planning, designing, and managing riparian buffers, including 
GIS-based methodologies and visual simulation software are listed in the Restoration 
Planner’s Toolbox (Box  5.4 ).      

  Fig. 5.7    Existing agricultural stream lacking a riparian forest buffer ( a ). A visual simulation of a 
proposed riparian forest buffer ( b ) (Photo credit: NRCS Simulation by Robert Corry)       
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Box 5.4 Restoration Planner’s Toolbox

Natural and Social Science Principles

Landscape ecology principles in landscape architecture and land-use 
planning. Dramstad WE et al. (1996) Island Press, Wash DC

Conservation buffers: design guidelines for buffers, corridors, and green-
ways. Bentrup G (2008) US For Serv South Res Sta, Asheville, NC http://
bufferguidelines.net

With people in mind: design and management of everyday nature. Kaplan 
R et al. (1998) Island Press, Wash DC

Planning, Design, and Management Resources

Riparia: ecology, conservation, and management of streamside communities. 
Naiman RJ et al. (2005) Elsevier Academic Press, New York

Chesapeake Bay riparian handbook: a guide for establishing and main-
taining riparian forest buffers. Palone, R, Todd, A (1998) US For Serv 
Northeast Area, State & Private For, Nat Res Conserv Serv, Coop State Res 
Educ Ext Ser http://www.treesearch.fs.fed.us/pubs/10519

Conservation corridor planning at the landscape level: managing for 
wildlife habitat. Johnson CW et al. (2000) US Dep Agric, Nat Res Conserv 
Serv, Wash DC ftp://ftp-fc.sc.egov.usda.gov/WHMI/NBHpdf/nbh613.pdf

Designing greenways: sustainable landscapes for nature and people. 
Hellmund P, Smith D (2006) Island Press, Wash DC

The community visioning and strategic planning handbook. Natl Civic 
Leag Press http://www.ncl.org/pdfs/community%20visioning.pdf

Regional Reconnaissance: Online Atlas

National atlas of the United States. http://www.nationalatlas.gov/index.html

Landscape-Scale Assessments: GIS-based Methodologies

Improved indexes for targeting placement of buffers of Hortonian runoff. 
Dosskey M et al. (2011) J Soil Water Conserv 66:362–372

Where should buffers go? – modeling riparian habitat connectivity in 
northeast Kansas. Bentrup G, Kellerman T (2004) J Soil Water Conserv 
59:209–213 http://www.unl.edu/nac/research/2004riparianconnectivity.pdf

Agroforestry: mapping the way with GIS. Bentrup G, Leininger T (2002) J 
Soil Water Conserv 57:148A–153A http://www.unl.edu/nac/research/2002
agroforestrygis.pdf

(continued)
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    5.4   Management Considerations to Achieve 
and Maintain Goals 

 Since restored riparian forests are features in an agricultural landscape that are 
designed to yield speci fi c ecosystem services, some level of active management will 
be required to optimize and maintain these services. The type and intensity of 
management will depend on which services and the desired level of attainment of 
those services (Box  5.5 ). For example, obtaining a 30% reduction in sediment and 
nutrient transport through a riparian zone will require some harvesting and some 
sediment removal to achieve and maintain this level of functioning. Higher levels of 
sediment and nutrient reduction may require more frequent actions. Other services, 
like forest habitat creation, may require minimal management activity, such as occa-
sional pruning and weed control to maintain the necessary vegetation structure. 
Management activities may extend into existing riparian stands to enhance their 
function for those services as well. 

The role of GIS in selecting sites for riparian restoration based on hydrology 
and land use. Russell G et al. (1997) Restor Ecol 5(4S):56–68

Site-Scale Design: Resources and Tools

CanVis visual simulation kit. Software and guidebook for creating photo-
realistic visual simulations http://www.unl.edu/nac/simulation/index.htm

Buffer$. An economic tool for analyzing the costs and benefits of buffers. 
http://www.unl.edu/nac/buffer$.htm

Riparian buffer design guidelines for water quality and wildlife habitat 
functions on agricultural landscapes in the Intermountain West. Johnson 
C, Buffler S (2008) US For Serv Rocky Mtn Res Sta, Ft Collins, CO http://
www.treesearch.fs.fed.us/pubs/29201

A design aid for determining width of filter strips. Dosskey M (2008) J 
Soil Water Conserv 63:232–241 http://www.unl.edu/nac/research/2008
bufferwidth.pdf

PLANTS. An online plant database for the U.S. and its territories. http://
plants.usda.gov/

Productive conservation: growing specialty forest products in agrofor-
estry plantings. Josiah S (2001) U of Nebraska Ext, Lincoln NE http://www.
unl.edu/nac/morepublications/sfp2.pdf

Box 5.4 (continued)
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 Management needs to be coordinated so that a treatment activity used to achieve 
one goal does not inadvertently compromise the accomplishment and sustainability 
of another goal. For example, harvesting biomass for fuel could negatively impact 
forest habitat. Temporal and spatial considerations should also be factored into the 
development of a management plan. Management activities may need to be restricted 
during certain times of the year or limited to a part of the riparian zone each year to 
ensure some portions remain undisturbed at all times. Management must ultimately 
respond to the farmer’s or landholder’s attitudes, values, and perceptions so that the 
riparian restoration compels sustained management attention over time and gains in 
ecosystem services will not be lost (Nassauer et al.  2001  ) .  

    5.5   Conclusions 

 Restoring forest ecosystem services to agricultural landscapes is a daunting chal-
lenge that stems from the unfeasibility of converting large tracts of food-producing 
land back into forest, and, of converting farmers and farming communities to for-
estry. Resolving these issues requires  fi nding a balance between public goals for food 
and ecosystem services as well as landholder and community goals which often 
include continued farming. Natural science principles suggest that an appropriate 
balance may be possible through the use of riparian forest buffers. Riparian areas 
occupy a small portion of landscapes and can produce high levels of multiple ecosys-
tem services. Principles for guiding riparian restoration for water pollution reduction 
and for terrestrial wildlife enhancement are used to illustrate how natural and social 
science information can in fl uence design and management. Additional ecosystem 
services also can be effectively restored by applying similar sets of basic scienti fi c 
principles. Achieving those services, however, will require that landholders and com-
munities accept and adopt riparian forest buffers. Coordinated and cumulative action 
on several farms or other landholdings is often necessary to achieve desired levels of 
ecosystem services. A multi-scale planning process is important for integrating both 
natural and social science principles in a way that produces effective restoration 
plans and encourages their implementation and maintenance.  

    5.6   Management Implications 

 Restoration of forest ecosystem services in agricultural regions involves many 
challenges and tradeoffs. Successfully navigating these dif fi culties and achieving 
success often requires careful planning that includes:

   Recognition that the ultimate goal of forest restoration is improved social well-• 
being. Forest restoration is a means for restoring ecosystem services toward 
achieving that goal.  



1075 Connecting Landscape Fragments Through Riparian Zones

  Riparian zones can be particularly effective and ef fi cient for restoring a wide • 
variety of forest ecosystem services.  
  A restoration plan must be based on sound natural science principles.  • 
  A restoration plan must accommodate the needs of the farmers and landholders • 
who will implement and maintain the restored areas.  
  The optimum size, shape, and level of connectivity to which riparian zones must • 
be restored will depend on the speci fi c objectives, opportunities, and constraints 
presented by each landscape and social setting.           

Box 5.5 Principles for Managing Riparian Forest Restoration for Water 
Quality and Terrestrial Wildlife Habitat Enhancement

Remove any accumulated sediment that prevents runoff from flowing • 
directly into the riparian zone (Fig. 5.8).
Periodic harvest of green vegetation will remove nutrients captured in • 
the riparian zone and promote vigorous new growth for sustaining nutrient 
uptake.
Some overstory vegetation removal may be necessary to maintain dense • 
herbaceous cover to sustain filtering processes.
Avoid vehicle traffic in the riparian zone which can cause compaction and • 
reduce infiltration capacity.
Manage vegetation to create the vegetative structure to support the desired • 
wildlife species.
Avoid working in the riparian zone during peak breeding season.• 
Harvesting of vegetation should occur on a rotational basis to ensure that • 
some portion of the riparian zone remains undisturbed at all times.

Fig. 5.8 Remove deposited sediment that concentrates runoff flows (a). Remove any ditch 
or berm that prevents runoff from flowing directly into the buffer (b)
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          6.1   Introduction 

 Ecological restoration is de fi ned as “the process of assisting the recovery of an 
ecosystem that has been degraded, damaged, or destroyed” (Society for Ecological 
Restoration International Science and Policy Working Group  2004  ) . Restoration 
thus entails the identi fi cation of a reference ecosystem to serve as a benchmark and 
the implementation of management practices that move the forest toward a set of 
desired future conditions. Expanding the scale of forest restoration from individual 
stands to broader landscapes presents several challenges. The reference ecosystem 
concept must be extended to encompass reference landscapes consisting of multiple 
forest types and successional stages. Because of the pervasive in fl uence of human 
land use, it is often dif fi cult, if not impossible, to identify modern landscapes that 
can provide suitable benchmarks. Furthermore, scientists and managers often lack a 
clear understanding of how proposed restoration activities will impact disturbance 
regimes and forest succession across broad geographic areas. Because of these 
knowledge gaps, there is often considerable uncertainty about what the desired 
outcome of forest landscape restoration should be and whether management activities 
will actually move the landscape toward the desired state. 

 Forest landscapes encompass heterogeneous mosaics of physical environments, 
community types, disturbance histories, and land ownerships. Hierarchy theory 
posits that rates of change decrease with increasing spatial extent in ecological 
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systems (Urban et al.  1987  ) . Therefore, large landscapes must be studied over temporal 
extents ranging from decades to centuries. These broad spatial and temporal scales 
limit our ability to use traditional experimental and observational methods to study 
forest landscapes. In some cases, historical datasets can be used to study landscape 
changes (e.g., Wimberly and Ohmann  2004  ) . However, simply extrapolating past 
trends into the future is problematic because future landscape changes are likely 
to occur in the context of climates, species assemblages, and socio-economic 
conditions that have no historical analogues (Hobbs et al.  2006  ) . Despite our limited 
knowledge of landscape dynamics, land managers must still make decisions that 
will in fl uence future forest landscapes for decades to centuries. For these reasons, 
landscape simulation models are increasingly being used for scienti fi c research 
in the  fi eld of landscape ecology and as decision support tools to assist in the practice 
of forest landscape restoration. 

 Most forest landscape simulation models currently in use are spatially explicit, 
with discrete landscape units represented as spatial data structures such as raster 
cells or vector polygons (Fig.  6.1 ). The forest vegetation within each landscape unit 
is characterized by one or more variables such as dominant species, stand age, succes-
sional stage, or speci fi c stand structure measurements such as tree size and density. 
Mathematical or rule-based algorithms are applied to model successional changes 

Fire lgnition
Fire Spread

Fires Topography Climate

Succession

Fire Effects

Vegetation Ownership

Forest
Management

  Fig. 6.1    Major landscape patterns and process simulated in forest landscape models. The physical 
environment and vegetation patterns in fl uence the initiation and spread of wild fi res and other natu-
ral disturbances. The physical environment also in fl uences  fi re effects on vegetation and pathways 
of forest succession. Land ownership is a major driver of forest management practices, which in 
turn in fl uence vegetation patterns       
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in forest vegetation. Disturbance processes such as  fi re, windstorms, insects, and 
timber harvesting change forest vegetation and are also constrained by the spatial 
pattern of forest vegetation. Spatial relationships are explicitly modeled. They include 
vertical interactions among climate, topography, soils, and vegetation within landscape 
units and horizontal interactions such as seed dispersal and  fi re spread between 
landscape units and adjacency constraints on timber harvests. Given an initial land-
scape condition, landscape simulation models generate projections of landscape 
dynamics that re fl ect the underlying data and assumptions used to specify the model 
and estimate parameters.  

 Several papers have reviewed different types of landscape models, focusing on 
conceptual and technical aspects of model design (Baker  1989 ; Keane et al.  2004 ; 
Perry and Enright  2006 ; Scheller and Mladenoff  2007 ; He  2008  ) . In contrast, this 
review will examine  how  landscape models are applied in science and management. 
It will focus on three major applications of landscape simulation models in the  fi eld 
of forest landscape restoration. The  fi rst application involves using landscape 
models to reconstruct historical reference landscapes based on the characteristics 
of historical disturbance regimes. The second application uses simulation models 
to project forest landscape change to evaluate the potential effectiveness of forest 
restoration strategies. The third example applies landscape models in an exploratory 
framework to expand our understanding of the process of landscape change in disturbed 
landscapes. The three approaches will be illustrated using examples taken primarily 
from studies focusing primarily on the effects of timber harvesting and wild fi re in 
temperature forests in North America. However, we also note that forest landscape 
models can incorporate other disturbances such as insect outbreaks (Cairns et al. 
 2008  )  and windstorms (Scheller and Mladenoff  2005 ; Shi fl ey et al.  2006  ) , and are 
applied globally in locations ranging from Europe (Schumacher and Bugmann  2006  ) , 
to China (Bu et al.  2008 ; Leng et al.  2008  ) , to Australia (Perry and Enright  2002  ) .  

    6.2   Simulating Historical Reference Landscapes 

 Forest landscape restoration is predicated on our ability to de fi ne reference conditions 
to serve as benchmarks for restoration. However, because most forest landscapes are 
dynamic, mosaics of different forest types and successional stages, static reference 
conditions are often inappropriate. Therefore, the concept of a natural or historical 
range of variability (HRV) has emerged as a framework for land management and 
forest restoration (Hunter  1993 ; Landres et al.  1999 ; Allen et al.  2002  ) . At the simplest 
level, the HRV concept can be implemented by de fi ning a range or probability distri-
bution of the relative amounts of different successional stages under the historical 
disturbance regime. More sophisticated assessments of HRV may also consider 
the spatial arrangement of successional stages across the landscape. An important 
implication of the HRV concept is that there is no single “correct” reference condition 
at the landscape scale. Instead, there may be a variety of potential restoration targets 
that fall within the HRV. 
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 Although historical data can be used to reconstruct reference landscapes, 
“snapshots” of landscape characteristics at a single point in time are usually not 
suf fi cient for understanding the dynamics of historical landscape conditions in 
forest ecosystems impacted by wild fi res, insect outbreaks,  fl oods, windstorms, and 
other large-scale disturbances. Simulation models can be used to link data on the 
rates, sizes, and effects of historical disturbances with knowledge of forest succession 
to estimate the composition and con fi guration of forest landscape mosaics. Thus, 
the application of landscape models to simulate historical reference conditions is 
primarily a “predictive” approach to landscape modeling rather than an “explanatory” 
approach (Peck  2004 ; Perry and Millington  2008  ) . However, explanation of the under-
lying ecological phenomena is often an important secondary goal, in which techniques 
such as sensitivity analysis and uncertainty analysis can be applied to examine the 
in fl uences of model parameters and processes on simulated landscape dynamics 
(Wimberly  2004 ; Wimberly and Kennedy  2008  ) . 

    6.2.1   HRV of Old-Growth Forests in the Oregon Coast Range 

 In coastal Douglas- fi r forests of the Paci fi c Northwest, forest management controversies 
have focused on the logging of old-growth forests, the resulting fragmentation of 
the remaining old growth, and the effects that these changes have had on threatened 
and endangered species such as the northern spotted owl, marbled murrelet, and 
Paci fi c salmon. These concerns eventually led to the development of the Northwest 
Forest Plan (Forest Ecosystem Management and Assessment Team (FEMAT)  1993  ) . 
A key component of this plan is a network of reserves where management objectives 
focus on the development and maintenance of late-successional habitat conditions. 
However, there has also been growing recognition that wild fi res occurred for 
millennia prior to human settlement in coastal Douglas- fi r forests, and that these 
historical  fi re regimes encompassed a wide range of  fi re frequencies, severities, and 
spatial patterns (Long et al.  1998 ; Long and Whitlock  2002 ; Weisberg and Swanson 
 2003  ) . This evidence of historical wild fi res has raised fundamental questions about 
more recent declines in old growth. Are the current low levels of old-growth forests 
really an unprecedented effect of logging and other human activities? Or is it 
possible that old growth was actually an uncommon and highly variable component 
of the pre-settlement landscape?. 

 To address these questions, the LAndscape Dynamics Simulator (LADS) was 
developed to estimate the range of historical variability in the amount and spatial 
pattern of old-growth forests (Wimberly et al.  2000 ; Wimberly  2002  ) . Prior to Euro-
American settlement, the Oregon Coast Range was characterized by a gradient of 
disturbance regimes, ranging from large, infrequent, stand-replacing wild fi res in 
the North and along the coast to smaller, more frequent, mixed-severity wild fi res to 
the South and in the interior. Data on historical  fi re return intervals, severities, and 
sizes was obtained from dendro-ecological (Impara  1997  ) , paleo-ecological (Long 
et al.  1998 ; Long and Whitlock  2002  ) , and historical (Teensma et al.  1991  )  studies. 
These data were input into the LADS model to simulate the occurrence and spread 
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of wild fi res, the effects of these  fi res on forest vegetation, and the pathways of forest 
succession that occur after wild fi res. By running a large number of model simulations, 
it was possible to translate available information about the historical disturbance 
regime into estimated probability distributions of the relative abundances old growth 
and other successional stages (Fig.  6.2 ).  

 The results of simulation studies using the LADS model have demonstrated that 
present-day forest patterns in the Oregon Coast Range are far outside the range of 
historical variability (Wimberly et al.  2000,   2004 ; Wimberly  2002  ) . In the historical 
simulations, old-growth forests occupied an average of ~45% of the Coast Range, 
but were highly variable in both space and time (Fig.  6.3 ). Even after accounting for 
disturbance-driven temporal variability, current amounts of old growth (less than 
2% of the landscape) are much lower than would be expected under the pre-settlement 
disturbance regime (Wimberly et al.  2004  ) .  
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  Fig. 6.2    Flowchart illustrating the process of HRV simulation. A landscape simulation model is 
used to simulate a time series of landscapes using parameters based on the pre-settlement disturbance 
regime. Following a “burn-in” period in which the simulated landscape patterns overwrite 
the arbitrary initial conditions, spatial and temporal variability is summarized using a variety of 
methods       
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 Two major changes to the regional pattern of forest successional stages were 
also evident. First, there was a shift from a historical landscape that was usually 
dominated by at least one large (>400,000 ha) patch of old growth to a modern 
landscape in which old growth mostly occurs in much smaller fragments. Second, 
there was also a decrease in the total number of small, old-growth patches from the 
historical landscape to the present. Whereas historical landscapes often had many 
small remnant old-growth patches embedded in areas of younger forest, there 
are large portions of the current landscape that are highly isolated from the nearest 
old-growth patch (Wimberly  2002 ; Wimberly et al.  2004  ) .  

    6.2.2   Modeling Landscape Departure from Historical Reference 
Conditions 

 Landscape changes in the Oregon Coast Range and other areas of the coastal Paci fi c 
Northwest have occurred because the historical disturbance regime of relatively 
infrequent, large wild fi res has been replaced by a forest management regime domi-
nated by smaller and more frequent clearcuts (Wimberly et al.  2004  ) . In contrast, 
many forests in the interior West had historical disturbance regimes characterized 
by frequent  fi res that maintained fuel loads at relatively low levels, leading to a 
 fi re regime dominated by patchy, low-severity  fi res. In the current landscape,  fi re 
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  Fig. 6.3    LADS simulation of one hypothetical time series of historical landscape patterns in the 
Oregon Coast Range.  Dark gray  patches represent closed-canopy old-growth forests.  Light gray  
patches represent other forest structure classes (including early-successional, young, and mature 
forests)       
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suppression, selective logging, and grazing have contributed to a more homogeneous 
landscape of dense forests and high fuel loads, increasing the potential for unchar-
acteristically large and severe wild fi res (Hessburg et al.  2005  ) . The National Fire 
Plan, which is aimed at reducing the risk of wild fi re and restoring forest health, is 
applying HRV concepts to support  fi re and fuels management (Keane et al.  2007  ) . 
The prioritization of forest management activities is being based in part on the 
assignment of a  fi re regime condition class (FRCC), which assesses the degree to 
which the current  fi re regime, fuel loads, and vegetation structure differ from the 
conditions that occurred under the historical  fi re regime (Schmidt et al.  2002  ) . 

 The LANDSUM model was developed as part of the larger LANDFIRE project 
to serve as a tool for modeling the spatial distribution of  fi re regimes and the resulting 
vegetation patterns across heterogeneous forest landscapes (Keane et al.  2006  ) . 
The goals of the LANDFIRE project are to provide digital maps and datasets 
characterizing vegetation, fuels, and  fi re regimes across the United States (Rollins 
and Frame  2006  ) . Two of the national products being developed by LANDFIRE 
are the FRCC product and the FRCC departure index product. To produce these 
products, the LANDSUM model is used to simulate a probability distribution of 
historical reference conditions under the pre-settlement  fi re regime, and this simu-
lated HRV is compared with the current landscape conditions (Keane et al.  2007  ) . 
These comparisons are made at the scale of relatively small (e.g., 81 ha) landscape 
reporting units, which allows the resulting departure from historical reference con-
ditions to be mapped across the landscape to identify speci fi c areas of high departure 
from the HRV (Karau and Keane  2007  ) . 

 Although LADS and LANDSUM were both developed to carry out HRV simulation 
modeling and are conceptually similar in many respects, each was developed with a 
different application in mind. LADS was originally developed for use in regional 
ecosystem assessments. Therefore, many  fi ne-scale details were sacri fi ced to 
produce a model that could ef fi ciently simulate large areas (millions of ha) over 
long time frames (thousands of years) on a single-processor desktop computer. 
Results from LADS have primarily been used as baselines for broad-scale comparison 
with current and projected future landscape conditions when conducting regional 
assessments of forest policy (Nonaka and Spies  2005 ; Thompson et al.  2006 ; Nonaka 
et al.  2007 ; Spies et al.  2007b  ) . 

 In contrast, LANDSUM is more focused on making landscape-level assessments 
(simulation areas encompassing tens of thousands of hectares), with more emphasis 
on capturing relevant local variability in the environment and the resulting spatial 
patterns of  fi re and vegetation (Keane et al.  2002 ; Karau and Keane  2007  ) . This 
greater emphasis on local detail is necessary to support the goal of using LANDSUM 
to map the spatial patterns of deviation from historical reference conditions, and 
ultimately to apply the resulting information to help prioritize fuels management 
activities (Keane et al.  2007  ) . To this end, an accompanying set of analytical tools 
and methods has been developed for quantifying the departure of current conditions 
from the modeled HRV (Steele et al.  2006  ) . However, the cost of this additional 
complexity is high computational demand, necessitating the use of parallel processing 
to carry out simulations at regional to national levels.   
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    6.3   Projecting Future Landscape Changes 

 Scenario-based landscape modeling has proven to be a valuable tool for forest 
planning and environmental assessment. This approach involves developing a 
limited set of alternative future scenarios (usually 2–6) that encompass projections 
of future landscape conditions based on a set of assumptions about land management 
policies and the resulting environmental changes (Peterson et al.  2003 ; Nassauer 
and Corry  2004  ) . These hypothetical but plausible futures are intended to serve as 
structured narratives that outline the range of uncertainty about what the future 
may bring. Spatial simulation models are often applied as tools to project the 
changes in forest landscape pattern that will occur under alternative forest management 
scenarios. A frequent goal of these assessments is to contrast the future landscape 
conditions resulting from a continuation of current management practices with 
various alternatives strategies that aim to restore the forest landscape to a set of desired 
future conditions (Fig.  6.4 ).  

 These applications of landscape simulation models can be viewed as a hybrid 
of the predictive and explanatory modeling approaches (Peck  2004 ; Perry and 
Millington  2008  ) . They are predictive in that the scenarios are developed for real 
landscapes using a realistic set of alternative management strategies with an under-
lying objective of projecting future landscape conditions under the alternative 
scenarios. However, there is typically not an expectation that the models will predict 
the details of future landscapes with high accuracy or precision. Instead, the emphasis 
is typically on comparing and contrasting the results of the alternative scenarios 
to gain an understanding of the relative effects of alternative forest restoration 
strategies. In this context, the model application can be also viewed as a heuristic 
exercise in which a major goal is to gain insights into how the interactions of forest 
restoration activities with ecological processes lead to different trajectories of future 
landscape change. 

    6.3.1   Alternative Forest Policies in the Oregon Coast Range 

 The Coastal Landscape Modeling and Assessment (CLAMS) project used a model 
called the Landscape Management Policy Simulator (LAMPS) to project regional 
changes under alternative policy scenarios (Johnson et al.  2007  ) . Policy simulations 
accounted for different management practices in major land ownership classes, 
including federal forests managed by the USDA Forest Service and the Bureau of 
Land Management, state forests managed by the Oregon Department of Forestry, 
and private forests owned by the forest industry and nonindustrial private landowners. 
A unique characteristic of the LAMPS model, compared to most other forest 
landscape simulators, is that it can simulate forest dynamics over extremely large 
areas (millions of hectares) while at the same time providing extremely detailed 
information about forest conditions (individual tree lists for each forest stand) 
(Bettinger et al.  2005  ) . Under each policy scenario, the LAMPS model accounts 
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for multiple processes including the death of trees from competition and natural 
disturbances, the removal of trees through management activities, growth of trees, 
decay of snags and logs, and the establishment of new trees through either planting 
or natural regeneration. Because of these characteristics, the output of LAMPS can 
be linked with detailed habitat suitability models that are based on size distributions 
of live and dead trees and the spatial arrangement of various stand types across the 
landscape (McComb et al.  2007 ; Spies et al.  2007b  ) . 

 The outcomes of these types of alternative future assessments are dependent on 
the variety of scenarios that are examined. Two scenarios of particular interest were 
increasing the number of residual trees left following timber harvests on private 
lands, and eliminating the practice of thinning young forest plantations on federal 
lands (Johnson et al.  2007 ; Spies et al.  2007b  ) . Both scenarios were considered to be 
realistic policy alternatives that could potentially be implemented through changes 
to the Oregon Forest Practices Act (affecting private and state lands) or the Northwest 
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  Fig. 6.4    Flowchart illustrating the process of modeling alternative future scenarios. Starting 
with the current landscape con fi guration, change is simulated for multiple scenarios based on 
different forest restoration strategies. The resulting time series of projected landscape con fi gurations 
are evaluated using a variety of criteria, such as timber production, wildlife habitat suitability, 
and susceptibility to wild fi re       
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Forest Plan (affecting federal lands). These two alternatives were compared to a 
baseline scenario that modeled a continuation of current forest management policies 
across all ownerships. Distributions of forest classes based on tree sizes and 
hardwood/conifer composition were similar under the baseline and the two alterna-
tive scenarios (Spies et al.  2007b  ) . The projected area of old-growth forests in the 
Coast Range was not sensitive to either of the alternative policies, nor was the 
projected area of suitable habitat for late-successional species such as the northern 
spotted owl, the marbled murrelet, and the Paci fi c  fi sher (McComb et al.  2007 ; Spies 
et al.  2007b  ) . However, habitat for several other species such as the western bluebird, 
the red tree vole, the olive-sided  fl ycatcher, and the pileated woodpecker was 
higher under the scenario with increased live-tree retention following timber har-
vest on private lands. Overall, the results of the analyses indicated that modi fi cation 
of forest management practices on private lands has a greater potential to increase 
habitat for sensitive species than applying additional restrictions to timber harvesting 
on the federal lands. 

 Although there are important differences between the processes of wild fi re 
disturbance and timber harvesting, forest management activities can emulate certain 
effects of  fi re and other natural disturbances (Perera et al.  2004  ) . Another study of 
alternative future scenarios in the Oregon Coast Range used a broader range of 
forest policy scenarios aimed at restoring various aspects of the historical  fi re regime 
(Thompson et al.  2006  ) . The alternatives included increased retention of live trees 
following timber harvest to emulate the variable severity of historical wild fi res, 
increased rotation lengths to emulate the frequency of historical wild fi res, and 
increased aggregation of harvest units to emulate the size distribution of historical 
wild fi res. When comparing this set of scenarios, increasing live tree retention 
had a relatively small effect on the distribution of major forest structure classes. 
In contrast, lengthening the harvest rotation resulted in a signi fi cant reduction in 
the amount of early-successional forests, coupled with an increase in the amount of 
mature forests. Although it is unlikely that any of these “extreme” forest policy 
scenarios would be implemented exactly as modeled, they are still valuable for 
exploring the bounds of what could possibly be achieved by forest restoration efforts 
over the next century.  

    6.3.2   Strategies for Managing Forest Landscape Disturbances 

 Maintaining  fi re-dependent forest types while also reducing the landscape-wide risk 
of wild fi re by managing the landscape mosaic of forest conditions is an important 
goal for federal land managers, but is dif fi cult to achieve. Furthermore, public 
forests are inevitably surrounded by other lands over which agency managers have 
no control. Fire risk abatement on multi-owner landscapes containing  fl ammable 
but  fi re-dependent ecosystems epitomizes the complexities of managing public 
lands. The LANDIS (LANdscape DIsturbance and Succession) model was used to 
evaluate the relative effectiveness of four alternative  fi re mitigation strategies on 
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the Chequamegon-Nicolet National Forest (Wisconsin, USA), where  fi re-dependent 
pine and oak systems overlap with a rapidly developing wildland urban interface 
(WUI) (Sturtevant et al.  2009  ) . The potential  fi re-risk mitigation strategies included: 
(1) ban debris burning (i.e., reduce  fi re ignition rate by 25%); (2) reduce  fi re ignition 
rates by removing understory conifers next to roads on federal lands; (3) placement 
of permanent  fi rebreaks within  fi re-prone land types; and (4) redistribution of “risky” 
management treatments (i.e., those establishing pine or oak) to areas of the National 
Forest >1 km from housing developments (WUI). Of the risk mitigation strategies 
evaluated, reduction of ignitions caused by debris-burning had the strongest 
in fl uence on  fi re risk, followed by the strategic redistribution of risky forest types 
away from the high ignition rates of the WUI. Other treatments ( fi re breaks and 
reducing roadside ignitions) were less effective. Simulations also showed that some 
form of active management is required for long-term maintenance of  fi re-dependent 
communities (i.e., pine and oak), which also represent the greatest  fi re risk to homes 
in the WUI. 

 Multiple global changes such as timber harvesting in areas previously undis-
turbed by cutting and climate change will undoubtedly affect the composition and 
spatial distribution of boreal forests, which will in turn affect the ability of these 
forests to retain carbon and maintain biodiversity. To reliably predict future states 
of the boreal forest it is necessary to understand the complex interactions among 
forest regenerative processes (succession), natural disturbances (e.g.,  fi re, wind 
and insects) and anthropogenic disturbances (e.g., timber harvest). LANDIS was 
used to simulate various scenarios of global change on forest composition, biomass 
(carbon) and landscape pattern in south-central Siberia (Gustafson et al.  2010  ) . 
Scenarios simulated included: (1) current climate and disturbance (HRV); (2) cur-
rent climate plus timber harvest; (3) future climate (as predicted by the Hadley 
Global Circulation Model); (4) future climate plus outbreaks of the Siberian 
silk moth (currently climate limited); and (5) future climate plus timber harvest 
and silk moth outbreaks. 

 Most response variables were more strongly in fl uenced by timber harvest and 
insect outbreaks than the direct effects of climate change. Direct climate effects 
generally increased tree productivity and modi fi ed the probability of species 
establishment, but indirect effects on the  fi re regime generally counteracted the 
direct effects of climate on forest composition. Harvest and insects signi fi cantly 
produced changes in forest composition, reduced living biomass and increased 
forest fragmentation. The study concluded that global change is likely to signi fi cantly 
change forest composition of central Siberian landscapes, with some changes 
taking ecosystems outside the historical range of variability. However, the direct 
effects of climate change in the study area are not as signi fi cant as the exploitation 
of virgin forest by timber harvest and the potential increased outbreaks of the 
Siberian silk moth. Novel disturbance by timber harvest and insect outbreaks 
may greatly reduce the aboveground live biomass of Siberian forests, and may 
signi fi cantly alter ecosystem dynamics and wildlife populations by increasing forest 
fragmentation.   
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    6.4   Understanding How Landscapes Change 

 The previous two sections outlined model applications where a major goal is to 
make realistic predictions of historical or future landscape conditions within a 
particular landscape. Landscape models can also be applied in a more generalized 
experimental framework, with an objective of exploring hypotheses about landscape 
pattern-process relationships (Fahrig  1991  ) . Forest ecosystems often exhibit strong 
feedbacks in which disturbances in fl uence the spatial pattern of vegetation, and 
vegetation pattern in turn constrains  fi re spread and  fi re effects. Computer simulation 
models are particularly valuable for understanding these systems because they can 
be used to project the outcomes of complex interactions, and allow the modeler to 
observe outcomes that they may not otherwise have been foreseeable (Rykiel  1996  ) . 
Creating a landscape model requires development of a conceptual framework for 
representing the forest landscape, speci fi cation of mathematical equations and rule 
sets for modeling interactions between system components, and estimation of 
the parameters that control these interactions. Based on user-supplied inputs, the 
computer performs bookkeeping and computational tasks to track the multitude of 
state variables over space and time. Therefore, landscape simulation models can be 
used as “assumption analyzers” that allow scientists to see how their understanding 
of environmental gradients,  fi re regimes, and forest succession plays out over large 
areas and long time frames (Bart  1995 ). 

 This approach to landscape simulation modeling is primarily an explanatory or 
heuristic exercise, where the overarching objective is to enhance understanding 
of complex pattern-process interactions (Peck  2004 ; Perry and Millington  2008  ) . 
In comparison to the more predictive, scenario-based modeling approaches described 
in the previous section, heuristic modeling applications tend to be less realistic 
but have greater generality. For example, landscape models may be applied using 
hypothetical scenarios that would not be considered plausible alternative futures 
(e.g., the elimination of human in fl uences and the restoration of historical disturbance 
regime). Model implementation is often carried out using arti fi cial landscapes and 
may involve complex experimental designs rather than comparisons of a limited 
number of scenarios. These generalizations are analogous to the simpli fi cations that 
are necessary when carrying out a laboratory or  fi eld experiment (Caswell  1988  ) . 
Although the results of heuristic exercises are usually not directly applicable to 
speci fi c landscape restoration projects, the more general knowledge gained may 
become an important part of the underlying science that is applied in developing 
landscape restoration approaches. 

    6.4.1   Disturbance Regimes and Landscape Patterns 

 DISPATCH is a GIS-based model that was developed to simulate the spread of 
disturbances across forested landscapes and the resulting changes in landscape 
patterns (Baker et al.  1991  ) . The model was applied to study the effects of changing 
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 fi re regimes in the Boundary Waters Canoe Area (BWCA) in Minnesota using a 
simpli fi ed framework for modeling disturbances and landscape dynamics (Baker 
 1992,   1993,   1994  ) . Fires were all assumed to be stand-replacing and landscape 
patterns were modeled as age classes re fl ecting time since the most recent  fi re. 
Rather than replicating the exact patterns of environmental variability in the BWCA, 
DISPATCH was run on a homogeneous, rectangular landscape that had an area 
equal to that of the BWCA. Because of these simplifying assumptions it was not 
possible to link model results back to actual locations within the BWCA. However, 
the simpli fi ed modeling framework made it possible to generalize the results of 
landscape-level simulation experiments to other landscapes with similar disturbance 
regimes and successional pathways. 

 DISPATCH was used in several studies that compared alternative scenarios that 
considered different temporal patterns of changes in disturbance regimes (Baker 
 1992,   1993,   1994  ) . The  historical  scenario combined  fi re regimes from three time 
periods when  fi re return intervals in the BWCA remained relatively constant: The 
pre-settlement period (AD 1368–1867), the settlement period (AD 1868–1910), and 
the suppression period (AD 1911-present). The  pre-settlement  scenario utilized the 
 fi re regime from the pre-settlement period for the entire 1,000-year simulation. 
The  restoration  scenario was the same as the historical scenario through 1993, at 
which time the  fi re return intervals were reset to pre-settlement levels to simulate 
restoration of the historical  fi re regime. Another study used DISPATCH to examine 
climate change scenarios that affected  fi re return intervals and  fi re sizes, fragmentation 
and restoration scenarios that considered changes in disturbance regimes resulting 
from forest management, and the effects of alternative landscape con fi gurations 
at the beginning of the simulation (Baker  1995  ) . A variety of landscape metrics, 
including mean pixel age, mean patch size, mean shape, mean fractal dimension, 
Shannon diversity index, mean richness, fraction of old growth, and mean angular 
second moment, were used to evaluate the effects of these scenarios on landscape 
structure. 

 These simulation experiments led to a number of general hypotheses about how 
forest landscapes respond to changes in disturbance regimes. Landscape structure 
does not respond immediately to an altered disturbance regime, but requires a period 
of time for the new regime to overwrite existing patterns and generate a new quasi-
equilibrium. In general, landscape composition (e.g., Shannon’s diversity index) 
responds more rapidly to an altered disturbance regime than landscape con fi guration 
(e.g., mean patch size) (Baker  1992,   1994  ) . Landscape responses are spatially 
heterogeneous and scale dependent, with greater variability in response time as 
landscape extent decreases (Baker  1993  ) . The time lag in landscape response is 
also contingent upon the disturbance regime and landscape patterns prior to the 
change, and whether the change results in increased or decreased rates and sizes of 
disturbances. For example, simulation experiments demonstrated that landscapes 
with lower patch densities responded more quickly than landscapes with higher 
patch densities (Baker  1995  ) . Landscape structure also responded more quickly to 
climate warming scenarios in which  fi re frequency and size increased than to cooling 
scenarios in which  fi re frequency and size decreased. Landscapes typically adapted 
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to new disturbance regimes within 0.5–2  fi re rotations, suggesting that human activities 
or natural processes that change  fi re frequency cause landscape structure to exist 
in a constant state of disequilibrium with the disturbance regime because of these 
long response times.  

    6.4.2   Landscape Dynamics in the Oregon Coast Range 

 A more recent study used landscape simulation models to examine whether 
restoration of historical disturbance processes would be an effective strategy for 
restoring pre-settlement landscape patterns in the Oregon Coast Range (Nonaka and 
Spies  2005  ) . Starting with the landscape con fi guration in 1996, two scenarios were 
simulated. The  fi rst scenario assumed a continuation of current forest management 
practices that were simulated using the LAMPS model. The second scenario 
assumed that no forest management would take place and pre-settlement  fi re regimes 
would be restored, with wild fi re patterns simulated using the LADS model. 
Continuation of current land management practices for 100 years moved landscape 
patterns toward the HRV, but did not completely restore all aspects of the pre-
settlement landscape patterns. Restoration of the historical disturbance regime 
initially increased the departure of landscape patterns from pre-settlement 
conditions, and still required several centuries to create patterns falling within the 
HRV. These results supported the main conclusions of earlier studies applying 
DISPATCH in the BWCA; landscape patterns may take centuries to respond to 
changes in the disturbance regime, with different metrics of landscape patterns 
responding at different rates. 

 Current forest management policies in the Oregon Coast Range are based on 
static reserve-based strategies. Late-successional reserves on public lands are pro-
jected to be eventually dominated by old forests, whereas private landscapes are 
expected to remain dominated by younger managed forests (Spies et al.  2007a  ) . 
In contrast, pre-settlement  fi re regimes created a continuously shifting mosaic of 
forest age classes (Wimberly et al.  2000,   2004 ; Wimberly  2002  ) . To explore the 
ecological implications of changes in the rates and patterns of landscape dynamics, 
the LADS model was modi fi ed to incorporate a simple species occupancy model. 
Experimental model runs were conducted for several hypothetical species with a 
range of dispersal distances, colonization rates, and extinction rates (Wimberly 
 2006  ) . Experiments were designed to compare dynamic and static landscapes 
with similar landscape patterns and habitat amounts. Species exhibited a more 
rapid decline to extinction with habitat loss in dynamic landscapes than in static 
landscapes. However, in some cases, species occupancy was actually higher in 
dynamic landscape mosaics than in static landscapes with similar habitat amount 
and pattern. In these situations, habitat dynamics actually increased habitat connec-
tivity over space and time, even though the habitat pattern at any single point in 
time was highly fragmented.   
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    6.5   Summary and Conclusions 

 This review has outlined three examples of how landscape simulation models can 
be used to support forest landscape restoration. In the  fi rst type of application, 
landscape models of disturbance and forest succession are used to estimate historical 
variability in landscape composition and con fi guration based on information about 
the return intervals, sizes, and severities of historical disturbances. Assessments of 
the departure of current landscapes from the HRV can be carried out at a range of 
different scales, from coarse regional assessments to more detailed predictions 
of the spatial pattern of departure from HRV within individual landscapes. Key 
challenges in carrying out this type of assessment include selecting ecologically 
relevant landscape metrics to use in computing HRV and developing appropriate 
quantitative methods for evaluating the degree of departure from the HRV. Major 
limitations to this approach include a lack of reliable data on historical  fi re regimes 
in some landscapes; a scarcity of detailed information about historical landscapes 
patterns that could be used to validate model-based HRV estimates; and the fact that 
climate change, species invasions, and other human impacts have the potential to 
create novel ecosystems that have no historical analogue (Hobbs et al.  2006  ) . Despite 
these limitations, evaluating departure of the current landscape from the HRV is an 
important starting point for assessing forest landscape restoration alternatives. 

 Another common application of landscape simulation models is to project future 
landscapes under alternative landscape restoration scenarios. One of the most crucial 
elements of this type of assessment is the number and characteristics of the scenarios 
that are examined. Often a relatively small number of scenarios are considered, and 
the scenarios are selected to be realistic representations of plausible forest restoration 
strategies. However, there may be other, more effective strategies that are outside 
the solution space of the chosen scenarios. Conclusions about the potential effects 
of forest landscape restoration activities may also depend upon the amount of variability 
among the alternatives considered. Scenarios that consider only minor modi fi cations 
to current silvicultural practices will likely have only a minor effect on landscape 
structure and wildlife habitat when compared to a “business as usual” scenario. 
In contrast, examining a wider range of alternatives, including possible climate 
change effects, can help to outline the possible range of future landscape conditions. 
Validating the projections of landscape simulation models over time scales of 
decades to centuries remains a major challenge (Rykiel  1996 ; He  2008  ) . However, 
the absolute accuracy of model predictions may be less important than the ability to 
realistically portray the relative effects of different scenarios. 

 Simulation experiments with landscape models focus less on making predictions 
of historical or future landscape conditions, and place more emphasis on exploring 
general hypotheses about pattern-process relationships. For example, simulation 
experiments may examine purely hypothetical scenarios such as the restoration of 
historical  fi re regimes across large landscapes (Baker  1992,   1993,   1994 ; Nonaka and 
Spies  2005  ) , or consider a wide range of disturbance scenarios, initial conditions, 
and other parameter settings (Baker  1995 ; Wimberly  2006  ) . Important insights gained 
from these studies include the recognition that changes in landscape composition 
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and con fi guration lag behind shifts in disturbance regimes, and that temporal as well 
as spatial landscape heterogeneity is important to consider when assessing ecological 
responses to changing disturbance regimes. The general knowledge gained from 
these experiments can contribute to the conceptual foundation for developing forest 
restoration strategies, or can serve as a basis for developing more detailed and realistic 
alternative scenario assessments.      
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          7.1   Introduction: The Potential for Con fl ict in Forest 
Landscape Restoration 

 Researchers and managers de fi ne forest landscape restoration (FLR) as

  A process that aims to regain ecological integrity and enhance human well-being in defor-
ested or degraded forest landscapes. (Maginnis et al.  2005  )    

 FLR incorporates a broad array of highly complex issues, values, and no small 
amount of uncertainty. As an emerging  fi eld of research and practice there is an 
encouraging spirit, optimism, and enthusiasm regarding FLR. Certainly it is dif fi cult 
to oppose FLR as described in the de fi nition above. Who would not like to regain 
ecological integrity? Who would not like to enhance human well-being? Who would 
not like to turn degraded landscapes into green forests? Indeed, FLR is a noble 
endeavour with expansive aspirations. As laudable as the goals and values are in this 
de fi nition, the real bene fi ts stem from applications of FLR concepts and tools. 

 While forest managers and researchers may agree in principle when de fi ning 
FLR, there are many potential sources of con fl ict related to FLR in practice, 
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including tensions over speci fi c restoration activities, landscape boundaries, budget 
priorities, and the role of private property owners. Consequently, forest managers’ 
and scientists’ FLR proposals may encounter more resistance than they might 
anticipate. FLR plans, while grounded in strong science, may generate contro-
versy and scepticism. Moreover, if FLR advocates do not thoughtfully navigate 
the mine fi eld of social and political controversy, the likelihood of successfully 
implementing their projects is reduced. 1  

 The potential for con fl ict in relation to FLR is recognized and highlighted – and 
these con fl icts, like other con fl icts, can be founded in truly con fl icting interests – but 
also in factors such as miscommunication, strained relationships or struggles over 
power. Sayer  (  2005  )  notes: “There are countless examples of attempts at restoration 
failing because one person’s “restoration” is another person’s “degradation”” (p. 101). 
Similarly, Brown  (  2005  )  states that in most real-life FLR situations some will stand to 
win while others will lose in the wake of a given project. In addition, Jones and Dudley 
 (  2005  )  2  address the issue of negotiation and con fl ict management in relation to FLR, 
and provide some basic building blocks for the con fl ict management process, principles 
for successful negotiation, analytical tools for con fl ict management, and a selection of 
practical hints and advice for capacity building and effective communication. Their 
brief presentation of the topic provides a good point of departure for our endeavour. In 
this chapter we present a comprehensive discussion of natural resource con fl ict situa-
tions and offer con fl ict management principles and practices relevant to FLR. 

 The original charge for the chapter (and indeed the focus of the earlier version 
delivered at the 2007 Seoul conference, see Emborg  2007  )  was to look at the rele-
vance of  con fl ict management techniques  to FLR. This chapter incorporates ideas 
from that earlier conference presentation but offers a more expansive view of con fl ict 
and forest landscape restoration. In doing so, the discussion introduces “discourse” 
(the various forms of communication – verbal and otherwise-between and among 
the parties in a decision process) as a key construct in the management of FLR 
con fl icts. Our commentary highlights that a  discourse-based approach  to con fl ict 
and policy formation can be useful and productive. By discourse-based approaches 
we refer to processes in which stakeholders and actors (e.g., citizens, NGOs, policy 
makers, agencies) are involved in dialogue and deliberation 3  in order to address 

   1   Whether con fl ict is likely to emerge depends on many factors, e.g.: interdependence, interests, 
stakes, history, quality of relationships, trust, culture, values, land tenure, property rights, percep-
tions, bene fi ts, burdens, justice, jurisdiction, power, strategies. (c.f. Deutsch and Coleman  2000 ; 
Daniels and Walker  2001 ; Pruitt and Kim  2004  ) .  
   2   Sayer  (  2005  ) , Brown  (  2005  ) , and Jones and Dudley  (  2005  )  are all chapters in: “Forest Restoration 
in Landscapes. Beyond Planting Trees” (Mansourian et al.  2005b  ) . This is a state-of-the-art book 
on FLR in which many contributors from research and practice provide insight and identify future 
needs for this new and exciting  fi eld.  
   3   We distinguish between two kinds of communication and interaction among the parties:  Dialogue  
implying that the parties exchange their respective views and interests – implying a good deal of 
listening and sincere effort to try to mutually understand and empathize with each other; and  delib-
eration  implying efforts to develop possible options for action, identify constructive ways to move 
forward, succeeded by careful consideration of options in consecutive steps towards making decisions. 
For a more developed discussion, see Daniels and Walker  (  2001  ) .  
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con fl icted situations or help public decision making (Daniels and Cheng  2004  ) . 
This is a broader frame than common con fl ict management paradigms, and their 
more narrow focus on the con fl ict issues and episodes, which may limit how 
creatively and proactively we conceptualize the role for meaningful discourse in 
our efforts to restore forested landscapes. So by adopting a discourse-based focus, 
this chapter not only addresses con fl ict management issues, but also increases the 
potential for con fl ict prevention. 

 This chapter pursues four tasks. First, we highlight the nature of discourse in a 
natural resources management context. Second, we provide a rationale for viewing 
forest management as a deeply social and political process, not merely one of 
applied ecology and vegetation management. Doing so draws attention to human 
dimensions as well as ecological features, including sources of controversy. Third, 
we address speci fi c features of FLR that are probable sources of controversy and 
their manifestation in con fl ict and decision situations. With the  fi rst tasks providing 
the foundation, we lastly consider discourse-based approaches for managing con fl ict 
and negotiating natural resource management and environmental policy decisions. 

    7.1.1   Discourse De fi ned 

 In daily use “discourse” means verbal communication, talk, or conversation. “A dis-
course,” Australian environmental scientist John Dryzek explains, “is a shared way 
of apprehending the world. Embedded in language, it enables those who subscribe to 
it to interpret bits of information and put them together in coherent stories or accounts” 
 (  2005 , p. 9). Jürgen Habermas highlights that an important aspect of discourse is that 
everybody is allowed to express their viewpoints and ideally all participants intend to 
reach an un-forced consensus (Habermas  1984  ) . Discourse implies that reasons and 
arguments run back and forth to create shared meaning (Latin:  discursus - running 
back and forth) – a process where the better arguments (from either a rational or 
moral position) will guide emerging consensus. In a social constructionist view, dis-
course refers “to a systematic, coherent set of images, metaphors and so on that 
construct an object in a particular way” (Burr  2003 , p. 202). A major point in the 
social constructivist view is that many discourses can evolve around a certain event, 
as Burr  (  2003  )  explains:

  If we accept the view, …, that a multitude of alternative versions of events are potentially 
available through language, this means that, surrounding any one object, event, person etc. 
there may be a variety of different discourses, each with a different story to tell about the 
object in question, a different way of representing it to the world… Each discourse claims 
to say that the object really is, that is, claims to be the truth. (p.64–65)   

 This view certainly applies to a FLR context. At an aggregate level, decisions 
about forests (or health care or education or global warming) are a social negotia-
tion between the competing views of what a good decision would be; the various 
social constructions compete in the political marketplace of ideas for dominance. 
Communication and political science scholars (e.g., Foucault  1972 ; Fischer  2003  )  
have actually used the term  discourse  to refer to this kind of process in recent 
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decades. Understanding policy processes (successful implementation of FLR among 
them) is therefore a process of understanding the discourse, and – by extension – 
improving the discourse is a means of improving the policy outcome.   

    7.2   The Nature of Discourse 

 Any public policy situation may feature multiple discourses. As social constructions 
built collectively, discourses typically include (1) entities (e.g., objects, processes, 
rules) that are promoted or emphasized, (2) assumptions about relationships, natural 
and created, (3) agents and their motives, and (4) key metaphors and other rhetorical 
forms (adapted from Dryzek  2005 , pp. 17–18). 

 Discourses are bound up with political power, philosophy, and ideology. 
They compete for dominance and control; a preferred discourse in fl uences actions 
and decisions (Foucault  1972  ) . “In every society,” French philosopher Michel 
Foucault wrote, “the production of discourse is at once controlled, selected, orga-
nized and re-distributed according to a certain number of procedures, whose role is 
to avert its powers and its dangers, to cope with chance events, to evade its ponderous, 
awesome materiality”  (  1972 , p. 216). Discourse is the process through which 
reasons and arguments are exchanged to create shared meanings that will guide 
emergent consensus. One discourse may emphasize technical work and economic 
bene fi ts while another discourse may feature stewardship practices and conservation 
values, and while both are arguably incomplete, neither is wrong. 

    7.2.1   Understanding “Good” Forestry as a Social Construction 

 When viewed as an application largely of technical concepts, FLR may generate 
consensus among scientists and managers. When viewed as incorporating social/
cultural, ecological, as well as economic factors – three dimensions of sustainable 
forest management – FLR potentially becomes more controversial. The complexity 
and controversy are fuelled by the diverse perspectives, values, and interests of the 
stakeholders. Multiple stakeholders in a FLR project generate multiple interpreta-
tions of forest landscape restoration both in general and site-speci fi c terms. Each 
stakeholder constructs a reality of the forest management situation that emphasizes 
some features of the situation while minimizing others. For example, a forest prod-
ucts business owner may look at a landscape and see the potential for selective 
timber harvest. A local environmentalist may draw attention to the forest’s habitat 
conditions and species diversity. Both these constructions are legitimate and need to 
be communicated as part of the decision-making discourse. 

 Understanding good or bad forestry as a social construction casts an ecosystem 
as a human activity system in which the physical, biological, social, cultural, 
economic, and political dimensions interact. An ecosystem as a human activity system 
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is “discourse-based;” that is, it emphasizes human interaction and learning as part 
of ecosystem management. This integrated socio-ecological perspective and 
approach (which we explain in more depth later in this chapter), has the potential to 
create and sustain integrated socio-ecological solutions in practice. We have seen 
this approach work well in many natural resource management contexts. While 
these applications may not be easy or unproblematic, in appropriate situations they 
offer a constructive and promising way to meet an extremely dif fi cult task. 

 The core task of a discourse-based approach is to create a platform that stimulates 
constructive communication interaction and informal problem solving, where all 
interested and relevant stakeholders have access to express their views and argu-
ments. Part of the strategy is to improve the discourse and create a foundation of 
common understanding of a given problem situation (e.g., the need for a FLR 
project) and hopefully improve relationships as well.  

    7.2.2   Multiple Views of “Good” Forestry 

 Forest management is not just about technical aspects; ecosystems incorporate 
human dimensions as well as the physical and biological. By recognizing that forest 
management involves managing human activity on landscapes, insights from both 
natural and social sciences become paramount to good practice. As the earlier 
example illustrates, two parties can look at the identical landscape and see different 
forests (and advance different discourses). There is no single or best social construc-
tion of a forest or landscape. Quite the contrary; there may be as many constructions 
or interpretations of a forest and its best management practices as there are invested 
parties or stakeholders. As Ingram and colleagues note, “social construction is a 
world-shaping exercise or, at least, encompasses various ways in which the ‘realities’ 
of the world are de fi ned”  (  2007 , p. 95). 

 Each party interprets reality and  fi nds meaning through knowledge and experience 
in a social context at a given time and place. The constructions are in fl uenced by social 
norms, what others think, and one’s own values and beliefs. Through discourse parties 
can share, negotiate, and coordinate their constructions; what a forest means to them 
and how they think it should be managed. 

 Social construction offers insights into forest landscape restoration work. Even the 
term “restoration” is a highly value-laden concept, because it implies the current situ-
ation is somehow bad, damaged, or diminished. A construct of good forestry practice 
derived from the domain of ecologists may not be the same as one derived from the 
timber industry. The views and priorities of a conservation biologist working for a 
multi-national environmental NGO would likely be very different from those of a 
subsistence hunter/harvester. It is therefore necessary to move beyond a ‘one right 
view of good forestry’ perspective to one recognizing the legitimate existence of many 
different ways to value forests. 

 A case study of ecologically-based forest planning in Finland (Leskinen  2004  )  
illustrates the role social construction plays in the success of FLR. The Finnish 
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situation is typical for many countries: the regional forestry agency offered to 
prepare management plans for private forest landowners in order to achieve a broad 
range of ecological,  fi nancial, and timber supply objectives. Leskinen studied how 
various groups of people – forest owners, environmentalists, and forest professionals – 
could be viewed as distinct  discourse communities ; each with its own language and 
meanings regarding the very same objects. One common feature of the management 
plans was “retention trees,” which were to be left in cutting areas to provide habitat 
and structural diversity in the next stand. The study showed that within a very few 
years after implementing the plans, most of these retention trees had been removed 
by the landowners, thereby defeating a signi fi cant ecological objective. Leskinen 
learned through landowner interviews that they never really adopted the value of 
the trees as ecological legacies and were more likely to view them as  fi rewood, 
household wood, as messy or aesthetically unappealing (‘bad’ forestry), or even a 
waste of money. 

 Speaking more broadly, a tree can be variously viewed as an invasive species,  fi re 
hazard, part of my retirement savings, a cultural/historic artifact, a carbon sink, part of 
residential landscaping, streamside stabilizer, intermediate host for pests, and a religious 
symbol– or simply “ fi bre.” The combination of values we assign to trees is a process of 
socially constructing their meaning. If stakeholders (including forest managers) are not 
aware of such fundamental differences in “worldviews,” values, or perspectives, then 
miscommunication and misunderstanding seem likely, often without the parties being 
aware of any communication problems. Differing perceptions among stakeholders and 
succeeding miscommunication can easily cause or re-enforce con fl ict, as e.g. in this 
volume’s case-study of Indonesian conservation forest in Jambi (Siregar et al.  2012  ) .

  This analysis con fi rmed there were quite different perceptions among stakeholders about 
the nature of forest resources. These depended on the nature and intensity of the interaction 
each group had with the forest. Stakeholders’ perceptions were affected by past experiences 
as well as their knowledge, interests and values.    

 Within a given social context there may well be many different perceptions of 
possible costs, burdens, and bene fi ts of a particular FLR project and these differing 
perceptions are a seedbed for misunderstanding and potential con fl ict. Leskinen’s 
study  (  2004  )  illustrates that ecological value alone is not suf fi cient to ensure successful 
restoration projects – the work must have social value and political legitimacy as well 
(which again are perceived differently from person to person – each of us simply has 
different values and thus perceptions of what is legitimate). The Finnish foresters’ 
failure to understand the landowners’ values and to help them appreciate the reten-
tion trees resulted in a far less innovative and ecologically valuable outcome than 
might have been hoped for. Although the con fl ict may have been latent rather than 
overt, meaningful discourse could have fostered learning, understanding, and shared 
action. Similar patterns and effects seem to be in play in restoring broadleaved for-
ests in southern Sweden (Löf et al.  2012  )  where highly ambitious environmental 
goals for planting broadleaved trees turned out to be in con fl ict with the perceptions 
and attitudes among forest owners who preferred conifers for economic reasons. 
Such differences in the perceptions of ‘good’ and ‘bad’ forestry also explain the 
disappointing rate of restoration found in southern Sweden (Löf et al.  2012  ) .  
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    7.2.3   Changing Views of ‘Good’ Forestry 

 Some of the increasing interest in forest restoration stems from the changing social 
construction of the purpose of forestry. Our notions of what constitutes ‘good for-
estry’ change more frequently than does the underlying production period. There 
are many forests around the world that might need to be ‘restored’ that also repre-
sent what was at one time the most contemporary forestry thinking of the day (e.g., 
plantations with little species diversity that replaced more complex native forests). 
There are few other endeavours where the legacy of one’s decisions is as long lived 
and as visible as in forestry. 

 The construct of ‘sustainable forestry’ provides an illustration. The broad and deep 
discussion of the concept of  sustainability  emerged after the Brundtland Report (WCED 
 1987  )  was published. More speci fi c interpretations of  sustainable forestry  were coined 
for various regions of the world after the United Nations Conference on Environment 
and Development (UNCED) in 1992. As a result of regional international forest processes 
(e.g., the Montréal Process and the Pan-European Forest Process), a common frame-
work was established across all regions suggesting that sustainable forest management 
should balance ecological, social, and economic aspects into a more holistic approach to 
forestry. Sets of criteria and indicators for each of the three dimensions were developed 
for each region through regional processes involving experts as well as policy makers. 
Many forest restoration projects would indeed be legitimized by the idea of sustainabil-
ity and address those criteria and indicators. A social constructionist perspective of 
forestry weaves into the sustainable forestry movement in at least three ways: 

  First:  In recent years stakeholders’ perceptions of forestry have broadened. In 
Denmark for instance, the scope of forestry today includes wood extraction, economic 
revenue, hunting, nature protection, ecological function, recreation, amenity values, 
and much more. This Danish re-interpretation of forestry has implied an increased 
emphasis on biodiversity protection and ecological functioning of the forests. 
Consequently, non-intervention forest reserves have been established and nature-based 
forest management practices have evolved. Even though this might represent what 
most Danes consider as ‘good forestry practice,’ each individual has her/his own per-
sonal (maybe quite different) interpretation of ‘good forestry practice’ (e.g., in fl uenced 
by personal values, knowledge, judgment). Such general and individual interpretations 
of ‘good’ and ‘bad’ re fl ect current social and political contexts. Accordingly, rates of 
change in these attitudes likely will vary geographically (e.g., the discourse communi-
ties of Leskinen  (  2004  )  or the stakeholder categories of Siregar et al.  (  2012  ) . In Denmark 
the concept of sustainable forestry was constructed among scientists and policymakers 
years before it actually hit the ground among forest practitioners. 

  Second:  Changes in our understanding of the role and function of forests and 
forest management actually form part of the background for the increasing focus 
on FLR. The rationale for this postulate is that this broader scope of forestry in 
many cases leads to the perception of ‘something missing’ in a particular forest 
(e.g., biodiversity in the Danish forests – see Christensen and Emborg  1996  ) , or the 
almost complete lack of  wilderness  in the UK described by Convery and Dutson 
 (  2012  ) . In other places, the social and/or economic aspects of forestry have come 
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more into focus (e.g., community forestry, timber extraction, forest-based tourism). 
In any case, with the perception of ‘something missing’ a need for change arises 
and a need to restore functions or services provided from a given forest. 

  Third:  Another signi fi cant consequence of the changing social construction of 
forestry is that forests are increasingly perceived as embedded in broader social and 
landscape contexts. Forests are now mostly considered integrated elements in larger 
multi-functional cultural and natural landscapes. A straightforward result of this 
trend is that more people and groups perceive they have a stake in forests – and 
accordingly want to in fl uence and give input to forestry decision making. Establishing 
user boards, inviting the public to participate in forestry planning, and at least toler-
ating citizens who engage in public protests have become standard activities in the 
forest policy arena. Forest management has become ecosystem management in a 
social context. People and social situations have entered the forestry scene – and 
ecosystems and social systems are being linked more closely to one another. 
These changes are also manifested in the international forest policy arena, as 
exempli fi ed by suggested criteria for public involvement in the Pan-European 
Criteria and Indicators for Sustainable Forest Management (MCPFE  1998 , e.g. 
Concept area: “Public awareness” under Criterion 6 in the Resolution L2).  

    7.2.4   A Contemporary View of Good FLR Practice – An 
Integrated Socio-ecological Approach 

 The above discussion shows how forestry has become increasingly social in two 
important ways:  First,  there is recognition that a broader set of social values (includ-
ing biodiversity protection, multiple-use, and timber extraction) needs to be incorpo-
rated into our management regimes. This consideration of social values clearly needs 
to be consistent with the ecological attributes of the site; there are few advocates for 
practices that are ecologically unsustainable (although there certainly are places 
where they are occurring 4 ).  Second , there is more social visibility of forestry (and 
more broadly natural resource management) and people have a greater desire to 
become involved in it. Forestry is no longer the exclusive domain of ‘Herrn 
Forstmeister’ conducting management on behalf of the lord of the manor. Managing 
forests at a landscape scale impacts our everyday environments; relevant stakeholders 
scrutinize management practices. FLR projects must include and relate to various 
social and political processes – very similar to the case of sustainable coastal devel-
opment presented by Burbridge  (  2012  ) . 5  This increasing social orientation of  forestry 

   4   In this volume, Xi et al.  (  2012  )  provides an example from ‘the wood-basket’ of the USA (the exten-
sive pine plantations of SE US) where the southern pine beetle is spreading rapidly, causing massive 
economic loss and ecological destabilization. Löf et al.  (  2012  )  is another example that shows how 
poorly adapted tree species in combination with climate change and storms can cause ecologically 
unstable forests e.g., prone to wind-throw and other calamities (e.g., insects and root-rot).  
   5   This parallel illustrates well the potential for transfer of knowledge from one  fi eld of knowledge 
and experience to another – e.g., from coastal management to forestry, or from con fl ict manage-
ment and policy formation to FLR.  
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is clearly re fl ected as a need for a holistic socio-ecological approach to FLR, most 
clearly stated in the ‘Key points to retain’ of Chokkalingam et al.  (  2005  ) : 

 “Three key lessons have emerged from a Centre for International Forestry Research 
(CIFOR)-led study on reforestation/rehabilitation/restoration in six countries:

    1.    It is necessary to strengthen local organisation and participation in restoration 
projects.  

    2.    It is necessary to consider local socio-economic needs in choices of approaches 
and options.  

    3.    In the long run, it is necessary to ensure that clear and appropriate institutional 
support and arrangements are in place.” (p.405)     

 Similar integrated socio-ecological perspectives are echoed in the concluding 
chapters of Dudley  (  2005b  )  and Mansourian et al.  (  2005a  ) . These conclusions in 
combination with this book well express the current dominating perception of best 
FLR practice – requiring a combined ecological and social approach to be sustainable 
and successful in the long run. An integrated ecological and social approach is 
essential to effective FLR work, but as the social construction discussion highlights, 
where there are diverse interpretations among stakeholders there is the seeming 
inevitability of correspondent con fl ict. Con fl ict – tensions and incompatibilities 
among interdependent parties (Folger et al.  1997  )  – is inherent in forest manage-
ment generally and FLR projects speci fi cally.   

    7.3   Controversy in FLR 

 Many chapters in this book re fl ect the social construction/con fl ict emergence 
dynamic that we argue characterizes FLR. The case study from Wild Ennerdale 
(Convery and Dutson  2012  )  clearly illustrates how different perceptions of ‘good’ 
and ‘bad’ land use (e.g., forestry, farming, or wilderness) are socially constructed in 
a typical FLR case. The Wild Ennerdale Initiative launched a new vision of this 
rural valley community, namely “to allow the evolution of Ennerdale as a wild valley 
for the bene fi t of people, relying more on natural processes to shape its landscape 
and ecology,” which indeed is the core of many FLR projects. 6  How such a vision 
makes sense strongly depends on who you are, your values, goals, profession, lifestyle, 
and so on. The case documents how farmers had quite different p erceptions of the 

   6   Naturalness and authenticity are considered important measures of restoration success, as e.g., 
explained by Dudley  (  2005a  ) : “Impacts on authenticity or naturalness: On an ecosystem scale, 
measuring impacts on overall naturalness of forests is easier than surveying biodiversity and acts 
as a partial surrogate: generally the greater the naturalness of a forest, the more of its original 
constituent species are likely to survive”. Worldwide forest authenticity is declining fast. In most 
West European countries, less than 1% of forests are classi fi ed by the United Nations as “undis-
turbed (UNECE and FAO  2000  ) .” This partially explains the great interest for natural forest 
dynamics, ‘re-wilding’ in Europe and the force and enthusiasm by which re-establishment of 
(semi-)natural forests, non-intervention forests and strict forest reserves have taken place 
(e.g., Cost Action E4 and E33, Parviainen et al.  2000  ) .  
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project than did the people behind the Wild Ennerdale Initiative, as re fl ected in two 
farmers’ statements:

  Really we’re just paid to be park keepers aren’t we. Keep the place looking nice…we’re just 
paid to have it look nice for the tourists, but the thing is they’ve made us take all the sheep 
off the fell. 

 I think the farming activity in the valley is now considered to be fairly peripheral to the 
general sort of aim of Wild Ennerdale … we all get the impression that they would quite 
like us to go away.   

 This case shows that the ability of planners and managers to capture and 
understand such differences in stakeholder perceptions (including their own) is 
crucial for crafting effective FLR process design and successful implementation. 
Lack of such skills may lead to miscommunication, misunderstandings and possibly 
con fl ict. This is fundamental to competent con fl ict management: to listen, to 
understand the perspectives and worldviews of others (and one’s self), and to live 
with and handle more than one truth. 

 Han et al.  (  2012  )  present a case with signi fi cant potential for con fl ict. Clearly, the 
goal of recovering the populations of Amur tigers is a noble one. But as is often the 
case with species preservation efforts, the distribution of bene fi ts and costs are not 
equal: current and future generations around the world receive the bene fi ts, while 
the costs are borne by the residents currently living in the region. To the extent that 
farmland needs to revert to native vegetation, or that traditional forest uses must 
change, or that increased numbers of tigers create a safety issue for humans, or 
pastoral activities are more dif fi cult (e.g., tigers prey on domesticated animals or the 
tigers’ prey species compete with domesticated animals for forage) then the local 
support for tiger recovery will diminish. In short, it will be necessary to craft a new 
ethic of co-existence between the local residents and tigers, and community-level 
discourse could be a big part of the social process through which such an ethic 
might emerge. But if government conservation of fi cers and biologists attempt to 
institute sweeping changes based upon satellite imagery of forest canopy densities 
and computer models of predator–prey relationships – but no sensitivity to local life 
patterns and the cultural signi fi cance of forest-based activities – then their prospects 
for successful tiger recovery are diminished.  

    7.4   A Discourse-Based Approach to FLR 

 Ecological science undoubtedly serves as a guidepost for FLR by informing both the 
analysis of current conditions as well as providing the basis for restoration strategies. 
Without a theoretical foundation, the questions of what is somehow undesirable and 
what would be preferable become a value-driven popularity contest lacking rigor and 
rationale. By the same token, addressing the social con fl ict dimensions of FLR 
requires a similar theoretical foundation. Without comparable theory, our manage-
ment of the social components of FLR cannot match the rigor of our ecological 
thinking. Absent theory, con fl ict management techniques run the risk of devolving 
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into a set of disjointed facilitator tactics, with little guidance informing the decision 
of when or how to use them. 

 At an aggregate level, decisions about forests involve social negotiation as the 
various social constructions compete for dominance in the political marketplace of 
ideas. Understanding policy processes (successful implementation of forest land-
scape restoration among them) relies on understanding the pertinent discourses, and 
– by extension – improving the dominant and integrating discourse as a means of 
improving the policy outcome (Fischer  2003  ) . 

    7.4.1   What Are ‘Discourse-Based Approaches’ to Natural 
Resource Decision Making? 

 Two essays (Daniels and Cheng  2004 ; Walker and Daniels  2005  )  distinguish 
‘discourse-based’ con fl ict-management and decision-making approaches from 
‘technical-regulatory’ approaches that minimize or control discourse. While a 
discourse-based strategy emphasizes multi-stakeholder participation and commu-
nication interaction, a technical-regulatory method (or ‘tech-reg’) relies on tech-
nical solutions that are subsequently routinized and enforced through regulations. 
Daniels and Cheng contend speci fi cally that tech-reg has been the dominant natural 
resources decision-making and management paradigm over the past 50 years – 
seeking technical solutions to natural resource problems and then implementing 
those solutions through the regulatory authority of government bodies. Consider 
these examples: Are tropical forests in Borneo being high-graded? No problem – 
Foresters will develop harvest guidelines and caps, the state will pass regulations, 
the people will comply, and the forests will recover. So the birds in Greenland are 
being over-harvested? No problem: Biologists will determine the right harvest 
level, the state will pass requirements, the people will comply, and the birds will 
recover. The countless replications of this sequence around the world often fall 
short of management objectives; the tech-reg approach marginalizes stakeholders, 
and attempts to apply a management prescription that largely ignores the extent 
to which legitimacy is a precondition to effective implementations and is also 
socially constructed. When tech-reg approaches fail, it is often some combination 
of: (1) seeking a technical solution to what is fundamentally a question of values 
(i.e., the social construction discussed above), (2) relying solely on science to 
predict cause-and-effect relationships in complex, controversial, and dynamic 
contexts, and (3) assuming that the State has suf fi cient power to successfully 
impose regulations that people will readily comply with. That said, tech-reg 
approaches certainly seem appropriate in some circumstances, for example, in 
cases where immediate restoration action is needed in the wake of natural disasters 
(Conner et al.  2012  ) . The case of the Southern Pine Beetle (Xi et al.  2012  )  is an 
example of a common variation of the tech-reg approach in which education 
initiatives and information campaigns substitute for the regulatory part of the 
program. Similarly, interest in alternatives to tech-reg has grown, as re fl ected 
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repeatedly in this volume c.f., Indonesia (Siregar et al.  2012 ), and the Netherlands 
(Hendriks et al.  2012  ) . Even as tech-reg strategies have dominated the natural 
resources decision-making landscape, various discourse-based methods have 
emerged in the last two decades. Although these approaches go by many different 
names and have distinctly different formats and objectives, they all serve as platforms 
for bringing scienti fi c knowledge and social values together in a process that 
promotes innovation, joint learning, and integrative problem solving. Some of 
these methods are best used before con fl ict becomes pronounced, yet others have 
been crafted speci fi cally in response to highly escalated con fl ict.  

    7.4.2   Forest Landscape Restoration as a Con fl ict Situation 

 How might con fl ict manifest itself in FLR projects? It does so by exhibiting key 
attributes of con fl ict situations.  First,  FLR involves interdependence and interference. 
Interdependence implies that what one party decides to do will affect what the other 
party will be able to do – the parties cannot act independently. Goal interference 
implies the immediate goals of both parties cannot be achieved simultaneously. 
Further, this de fi nition presumes peoples’ perceptions (rather than some hypothetical 
truth) actually determine their chosen behaviour in a given situation.  Second,  parties 
often view con fl ict as negative. To most people con fl ict is something unpleasant, 
expensive, and stressful that distracts from more constructive endeavours (Carpenter 
and Kennedy  2001  ) . Additionally, con fl ict likely features some degree of miscom-
munication among the parties (Bush and Folger  2005  ) .  Third,  con fl ict may draw on 
a range of sources. Wehr  (  1979  )  characterizes the nature or source of incompatibility 
in con fl ict situations by distinguishing between: fact-based, values-based, interest-
based, jurisdiction-based, person-based, history-based, and culture-based con fl icts 
(see also Daniels and Walker  2001 , p.30). 

 Environmental and natural resource con fl icts have some special characteristics 
that should be added to the three identi fi ed above. Across huge differences in the 
social, economic and ecological contexts, environmental/natural resource and other 
land-use con fl icts have some common features (Daniels and Walker  2001  ) :

   Many stakeholders  • 
  Multiple issues  • 
  Strong and con fl icting interests  • 
  Complex ecological and social settings and dynamics – expert requirement  • 
  Formal/legal rights and informal historically agreed-to land-use rights/practices  • 
  Differing values and worldviews – some deeply held  • 
  Cultural differences  • 
  Overall and local concerns  • 
  Expert knowledge and traditional knowledge    • 

 These common features seem to echo what can be observed in numerous FLR 
cases presented in Mansourian et al.  (  2005b ; IUFRO  2007  ) , as well as in this v olume. 
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In light of the complex nature of con fl icts generally and natural resource con fl ict 
speci fi cally, the question is: How can a party (such as a decision authority) make 
decisions, induce change, implement plans and make progress in such a chaotic 
environment of multiple issues, people, and groups with differing values, con fl icting 
interests, and competing expertise? Answering this question includes two steps: 
 fi rst, determining the nature of the speci fi c natural resource con fl ict, and second, 
applying an appropriate discourse-based con fl ict management approach. These two 
areas are addressed in the remaining sections of this chapter.  

    7.4.3   Con fl ict Types Relevant to FLR 

 It is possible to categorize the nature of a speci fi c con fl ict into different types of 
con fl ict, which can be helpful for example when designing appropriate FLR decision 
making processes. Examples of such different types of con fl icts could be: 

    7.4.3.1   Interest-Based Con fl ict 

 Interest-based con fl ict arises when an FLR proposal will have negative impacts on 
individuals’ personally held goals (e.g., economic prospects). Some examples of 
interest-based con fl icts include: restoring a riverine system requiring that some farm 
land be taken out of cultivation; elimination of fertilizer or herbicide application to 
protect an endangered species; elimination of traditional forest uses (e.g., high-
grading tropical forests, fuel-wood gathering) to promote organized commercial 
forestry. Economic interests are part of the concerns of the farmers in the UK case 
provided by Convery and Dutson  (  2012  ) .  

    7.4.3.2   Values-Based Con fl ict 

 Values-based con fl ict emerges when there are different views of what comprises a 
‘good’ landscape. The con fl ict may be between science and local knowledge, or 
between different types of technical disciplines. It often develops from different 
value-weighting (e.g., private vs. public interest, current vs. future generations). 
Traditional ways of life can be extremely important to people, but a scienti fi c forest 
restoration policy grounded in ecology may not incorporate them. This type of 
con fl ict is certainly an ingredient in the case-example from the UK (Convery and 
Dutson  2012  ) . 

 Examples of values-based con fl ict include reintroduction of wild fi re as a disturbance 
element (scientists might think it is good, even inevitable, and local residents might 
think it foolishly dangerous); reintroduction of pest/predator species (prairie-dogs and 
wolves in the western United States); proposed conversion of existing plantations of 
non-native species back to native forests. Efforts at reforestation in Ireland generated 
considerable local con fl ict largely over values about landscape appearance (Carroll  2007  ) .  
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    7.4.3.3   Authority/Jurisdiction Con fl ict 

 Authority/jurisdiction con fl ict is salient when there are unresolved questions about 
which agency, level of government, or civic sphere (public v. private) has the appropriate 
authority to make the decisions. Often there are different management structures in 
place to produce different outputs, and their mandates and procedures may be incom-
patible to a greater or lesser extent. One common example is a situation in which one 
government agency might manage the forest, another controls wildlife, yet another 
regulates the waterways. A second example of jurisdictional con fl ict arises when there 
are multiple levels of government (municipalities, states, regions, nations, or interna-
tional treaties) all of which have enacted standards they expect to be met. A third 
example is when different branches of government (judicial, legislative, and executive) 
are simultaneously involved. Finally, there can also be the broader questions about 
whether the decision rightfully belongs in the public sphere at all, or whether private 
entities should be in control. Oftentimes, some or all of these four different types of 
jurisdictional con fl ict may be in play at the same time; certainly the American forest 
policy situation in recent years has been confounded by them all.  

    7.4.3.4   Legitimacy Con fl ict 

 Legitimacy con fl ict arises when the citizenry does not agree with the governance 
approach of the government - due to concerns based in ethics, rules, legislation, 
agreements, contracts or social norms. This is often a blend of values-based and 
authority-based con fl ict. Examples include when the government is viewed as 
corrupt and out of touch; when government is believed to be serving narrow private 
interests over the broad public interest; or when policy emerging from the govern-
ment does not have the support of the citizenry.  

    7.4.3.5   Cultural/Historical Con fl ict 

 Cultural/historical con fl ict can be considered as merely the latest chapter in a prob-
lematic on-going relationship. Tribal or ethnic differences would be typical elements 
of this con fl ict type. The decision about the forest could actually be a way for one 
group to exert dominance over others. The forest may be a proxy issue for the real 
long-term on-going relationship con fl ict. To illustrate, two villages of different ethnic 
origins compete over various issues and have been engaged in a long-standing power-
struggle; a foreign aid FLR-project around the villages turns into a new arena for the 
power-struggle; newcomers and old-time (over generations) residents in a rural com-
munity disagree on the future management principles for forests surrounding the com-
munity – should they be protected as non-intervention wilderness or should they be 
utilized to sustain the local supply of  fi rewood and other material goods? 

 These examples illustrate the range of possible FLR-con fl icts. Despite their 
differences, they have certain characteristics in common; they typically involve 
many individual actors, stakeholders and shareholders, individuals and organizations, 
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private enterprises, governmental agencies, non-governmental organizations, 
organized as well as non-organized individuals. All these individual persons (each 
with a speci fi c personality, background, attitudes, beliefs, values and emotions) 
will in fl uence the process, which must be taken into account. 

 Forest managers and other relevant stakeholders could use a tech-reg approach in 
these sample situations, but all the examples call for improving communication 
interaction among the parties listening to and learning from one another as they 
move on together towards joint decisions and actions. Such a process involves facil-
itated communication and mutual gains negotiation activity among the parties. 
Discourse-based methods emphasize constructive communication processes such 
as dialogue and deliberation, mutual learning, informal problem-solving, collaborative 
negotiation, and shared decision-making.   

    7.4.4   Discourse-Based Principles and Approaches: 
Methods for FLR 

 In this section, we take a closer look at various discourse-based approaches and how 
they work in practice. We have chosen the term discourse-based approach carefully. 
Doing so differentiates pluralistic public participation in forest restoration work 
from more technical and regulatory approaches. The former emphasizes shared 
decision space, meaningful communication interaction, the integration of technical 
and traditional knowledge, active learning, collaborative negotiation, and systems 
thinking. In contrast, “tech-reg” work exhibits command and control in decision-
making, participation, and communication; reliance on technical experts, adversarial 
relationships, and linear thinking (Walker and Daniels  2005 ; Daniels and Cheng 
 2004  ) . Discourse-based approaches seek to incorporate the best features of a technical 
method (such as information from technical experts) within an accessible and trans-
parent decision process and takes measures to make sure that the dialogue and 
learning goes multiple ways – is mutual. It is crucial that the technical experts listen 
to the concerns and ideas of the citizens and stay open to learn about other views 
and values and are able to meaningfully revise their thinking and planning. 

    7.4.4.1   Discourse-Based Principles 

 When mitigating a FLR con fl ict by a discourse-based approach, dialogue takes a 
central role. Dialogue is a means to unravel and understand the different ways of 
valuing and understanding the landscape. The stakeholders’ cognitive frames regarding 
the situation are critical in this context and the approaches for dealing with seemingly 
intractable con fl ict in Lewicki et al.  (  2002  )  and Coleman  (  2000  )  are particularly rele-
vant. Approaches to stimulate dialogue in order to increase the mutual understanding 
of others’ perspectives and interests could include sc ientist-citizen dialogues and the 
collaborative learning approach (Daniels and Walker  2001  ) . The principles of 
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interest-based (or principled) negotiation techniques introduced by Fisher and Ury 
 (  1992  )  can be very helpful because the underlying interests are probably not as 
con fl icted as are the parties’ rhetorical positions. 

 We believe that discourse-based approaches, while quite varied in form and 
practice, address a set of core principles that apply well to FLR efforts. A selection 
of those principles (or deeds) comprises a pneumonic: FAAITH – Fair, Accountable, 
Accessible, Inclusive, Transparent, and Honest – together forming a robust set of 
guiding principles for the design and facilitation of discourse-based processes 
(Walker et al.  2007  ) : 

  Fair:  The design and implementation of a discourse-based FLR process embod-
ies fairness; offering participants an impartial and egalitarian way to get involved 
in FLR activities. 

  Accountable:  A pluralistic FLR effort demonstrates to stakeholders who are the 
parties accountable and responsible for the project. Accountability is essential for 
building trust among the FLR parties. 

  Accessible:  For a FLR project to be collaborative and participatory, it must pro-
vide access to relevant and interested stakeholders. Stakeholder voices should be 
attainable without dif fi culty. 

  Inclusive:  FLR work should strive to include otherwise marginalized communities, 
including indigenous voices. Doing so should provide all parties with standing 
(Senecah  2004  ) . 

  Transparent:  Discourse-based FLR approaches exhibit procedures that stake-
holders can understand, critique, support, and improve. Information and its sources 
are provided without quali fi cation. Sound, valid, and reliable information provide 
part of a necessary foundation for FLR work. Relevant technical and traditional 
knowledge should be featured in any FLR project. 

  Honest:  In a discourse-based FLR project, agencies, businesses, and other stake-
holders are honest with one another and their community about their work. Honesty 
is the cousin of transparency; FLR projects are highly visible and conducted without 
hidden agendas. 

 Adhering to these core principles should increase chances for success, while viola-
tion of one or more principles may cause problems and/or con fl ict escalation. As the 
emphasis on pluralism in environmental policy and natural resource management 
has increased in recent years, so have methodologies that qualify as discourse-based 
approaches. In the following section, we present a selection of discourse-based 
methods we  fi nd particularly relevant in a FLR-context.   

    7.4.5   Discourse-Based Methods 

 Many frameworks exist for conducting discourse-based FLR agendas. We highlight 
a small set of well documented and tested methods that all seek to encourage dialogue, 
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improve discourse, and assist deliberation. All of these methods are capable of dealing 
with the range of con fl ict types discussed above. 

    7.4.5.1   Collaborative Learning 

 Collaborative learning (CL) is a framework for public policy con fl ict management 
and decision making. Its speci fi c applications to date have been in the natural 
resource arena including forest planning and ecosystem management. Collaborative 
learning (Daniels and Walker  2001  )  is a hybrid of soft systems methodology (SSM), 
alternative dispute resolution (ADR), adult and experiential learning theory, and 
participatory communication. It encourages systems thinking, joint learning, open 
communication, and focuses on appropriate change. It emphasizes continual, 
signi fi cant improvements in the management situation, through assessment, training, 
project implementation, and monitoring.  

    7.4.5.2   Mediated Modeling 

 Mediated modeling is an approach that uses models and simulations guided by 
facilitators. A mediated modeling process employs systems dynamics thinking 
and promotes “the integration of expert information and stakeholder participa-
tion in a dynamic framework to address complex problems” (van den Belt  2004 , 
p. 15). A mediated modeling process: (1) increases the level of shared under-
standing among stakeholders; (2) builds consensus about the structure of a complex 
issue and its dynamic nature; (3) provides a strategic and systematic foundation 
for investigating management alternatives; and (4) serves as a mechanism for 
sharing and disseminating insights stakeholders have generated (van den Belt 
 2004 , p. 17).  

    7.4.5.3   Constructive Confrontation (CC) 

 Designed to address intractable con fl ict situations, constructive confrontation 
employs a medical metaphor. This method “follows a medical model,” Burgess 
and Burgess report, “in which destructive con fl ict processes are likened to dis-
eases–pathological processes that adversely affect people, organizations, and 
societies as a whole” (1996, p. 307). As in medicine, Burgess and Burgess explain, 
CC utilizes an incremental approach. “Constructive confrontation alerts parties and 
intermediaries to pitfalls to be avoided, pathologies to be corrected, and opportunities 
to be exploited,” without specifying a speci fi c agenda or end result (1996, p. 308). CC 
consists of three general steps: diagnosis, treatment, and monitoring. Diagnosis 
starts with the development of a con fl ict map; treatment follows con fl ict diagnosis. 
According to Burgess and Burgess  (  1996  ) , treatment involves “the identi fi cation 
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and implementation of realistic, incremental steps for reducing as many of the 
overlay problems as possible” (p. 309). The last step, monitoring, evaluates the 
intervention and guides adjustments “as the con fl ict continues and changes over 
time” (p. 309).  

    7.4.5.4   Structured Decision-Making (SDM) 

 Employed by United States natural resource management agencies, SDM methods 
follow a linear decision-making path. It involves the following steps: (1) identify 
management objectives; (2) develop management alternatives; (3) generate models 
of potential outcomes; (4) populate models with appropriate scienti fi c data and 
information, (5) test the models’ credibility; and (6) monitor the program to assess 
its effectiveness (Kimball  2007  ) . As a discourse-based method, SDM in natural 
resource management situations (such as forest landscape restoration) displays a 
number of attributes. It provides a framework to integrate diverse perspectives, it 
relies on scienti fi c data while increasing internal and external stakeholder involve-
ment, it is policy relevant and requires transparency, it addresses uncertainty as it 
responds to complex problems, and it improves planning and the ef fi cient use of 
human resources (Kimball  2007  ) .  

    7.4.5.5   Search Conferencing and Participatory Design (SC-PD) 

 Developed by Diemer and Alvarez (1995) as a combination of two techniques, 
SC-PD is presented as an adaptive social process that can respond to value con fl icts 
in constructive ways. Neither search conferencing, or participatory design as tech-
niques are new, but Diemer and Alvarez see their combination as a public participa-
tion innovation compatible with ecosystem management and sustainable forestry. 
Search conferencing is designed to generate a “planning community” in three 
phases. First, SC participants brainstorm signi fi cant events, both globally and 
locally. Second, participants examine their particular system (e.g., organization, 
community, issue) and generate a “communal history.” They critique their “system” 
and determine its most desirable future. Third, parties integrate the information 
compiled during phases 1 and 2. They identify “desirable and achievable futures” 
and detailed action plans for reaching their goals (p. 13). After the search confer-
ence has produced a strategic plan, community members work together in a PD 
workshop to learn about organizational design principles necessary to organize for 
the long-term. Diemer and Alvarez emphasize that SC and PD need to occur con-
secutively; the search conference provides “adaptive relations between system and 
environment” (p.11) and the PD workshop contributes the organizational knowl-
edge needed to sustain the adaptive strategic plan. 

 These discourse-based methods are illustrative of the innovative approaches being 
applied in natural resource management and environmental policy decision situations. 
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For example, Fischer  (  2000  )  discusses the “consensus conference” and “participatory 
resource mapping,” while Weber ( 2003 ) features “grassroots ecosystem management.” 
FLR projects can work through challenging con fl ict situations and implement sound 
policies by involving stakeholders via an appropriate discourse-based approach.    

    7.5   Summary, Conclusions and Policy Implications 

 Restoration projects are fundamentally about change. Broadly speaking, the typical 
challenge of FLR is to change an undesired ecological situation (and its social 
dimensions) for the better (by some measure). Often the reform implies a change in 
current practices that produced the undesired situation. Therefore most restoration 
projects imply changing social systems, peoples’ behaviours, and current practices. 
Generally, people resist change – for example, due to increased uncertainty, lack of 
knowledge, potential loss of privileges, increased immediate burdens or many other 
possible good reasons. Occasionally opposition to change occurs simply because 
people are comfortable and happy with the current conditions. In short, the status 
quo always has a constituency. 

 Many foresters in research and practice have re fl ected over the recent changes in 
forestry and realized that nothing is certain except for change. As a forester it is not 
enough to know everything about trees, you have to know about people if you want 
your ideas manifested in the real world. There is a growing need for knowledge 
about how to handle the emerging social and human dimensions of forestry. This is 
a signi fi cant challenge for foresters as well as forestry research and practice. As a 
 fi rst step the forest management community can draw on theory and experience 
from other  fi elds (e.g., con fl ict management, watershed management, negotiation, 
policy) to  fi ll in some of this gap. 

 Given the complexity of landscapes and the controversies surrounding their 
management, FLR progress will bene fi t from a coalition of partners. It is a rare case 
where a single landowner has both complete control over a landscape and also the 
means to accomplish meaningful restoration. Large-scale restoration is more often 
going to require developing a cast-of-thousands approach to mobilize resources and 
build a broad-based constituency for a new vision for that landscape. That process 
cannot be based on ecological science alone. It must be as thoughtful and insightful 
in its treatment of social dynamics as it is in stand dynamics. It must be as cognizant 
of social and attitudinal diversity as it is in species diversity. With that in mind, three 
summary points encapsulate much of our message:

    1.     FLR confl icts are often deeply rooted in existing social systems:  Con fl ict man-
agement is about transforming analysis and understanding of social systems into 
appropriate and effective actions – to achieve desired outcomes and improve rela-
tions through fair procedures. Often con fl icts are deeply rooted in very old sys-
tems of social interactions that have to be addressed in order to achieve desired 
long-lasting change (Lederach  1997 ; Pruitt and Kim  2004  ) . Masters of con fl ict 
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management and process design must be equally good at (a) reading the cultural-
institutional context, (b) understanding people, and (c)  fi nding ways to create the 
right environment of power distribution and incentives. In FLR work all of this 
occurs in concert with effective ecological analysis and practice.  

    2.     Many people have mixed feelings and some resistance to change – for good 
 reasons:  In any case it is worth re fl ecting on the fact that the forces and causes that 
lead to the starting-point of a FLR process (e.g. degraded forest) most likely still 
will be active if nothing systemically is changed. Accordingly, a successful and 
long-lasting solution (or improvement) of the situation probably depends on the 
change of fundamental features and or dynamics of the current social and ecologi-
cal systems. Change usually means opportunity for some and threat for others – 
excitement and hope mixed with fear for the future, uncertainty, sentimentality 
are all normal reactions to change, together with emotions, alertness and maybe 
some degree of intuitive resistance and caution. Such reactions and behaviours 
will not always play out in a logical, rational or predictable manner. Often the mix 
of real interests at stake, perceived differences and emotions can lead to perceived 
con fl ict by the parties. Con fl ict escalation can easily be induced by the prospects 
of change (e.g., related to a FLR project) and the derived reactions and 
behaviours.  

    3.     FLR requires broad and holistic working knowledge – and condensed extraction 
of theory and literature from many  fi elds:  To change systems and design effective 
and constructive processes of FLR will require a solid understanding of the 
ecosystems in question as well as an equally solid understanding of the human 
and social systems involved. The processes designed should work ecologically 
as well as socially – which is a huge task that requires intelligent combination of 
knowledge and skills from indeed very different bodies of theory and practice. 
We believe that practitioners and researchers of FLR can learn and bene fi t from 
a rich base of scienti fi c literature about negotiation, con fl ict management, 
environmental con fl ict, social con fl ict, mediation, facilitation, etc. The challenge 
is that the literature and theory we want to bring into play is so vast, deep, and 
rich that it is dif fi cult to comprehend, condense, and communicate in a short and 
digestible format. This FLR con fl ict management chapter can only be regarded 
as an initial step in that process.     

 To conclude, as forest managers and stakeholders increasingly recognize the 
human dimensions of forest landscape restoration (and similarly, REDD projects), 
understanding relevant discourses and discourse-based con fl ict management and 
decision making methods seem paramount. Stakeholders want a voice in the FLR 
projects that affect them; tech-reg strategies may be suf fi cient to address ecological 
needs but discourse-based approaches engage both ecological and human needs. 
As the examples featured in this and other chapters in this volume reveal, under-
standing the conventional forest science of FLR is necessary but not suf fi cient; 
socio-cultural understanding and discourse-based con fl ict management applica-
tions are essential foundations for enacting the best practices of forest landscape 
restoration.      
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          8.1   Introduction 

 Ecological restoration incorporates land management principles and activities aimed 
at returning a damaged or degraded ecosystem back to a key historic trajectory in 
order to achieve goals of ecosystem health, integrity, and sustainability (Society 
for Ecological Restoration  2004) . Please consult Chap.   1     (Lamb et al. this volume) for 
additional perspectives. 

 In the United States, many restorationists look to ecological conditions present 
before the time of European settlement as the key historic landscape they are 
seeking to restore, and employ an approach to restoration management that has 
been called “classical ecological restoration” (Callicott  2002  ) . Nine attributes of 
successfully restored ecosystems identi fi ed in the Society for Ecological Restoration 
International’s  Primer   (  2004  )  conform closely to this classical management 
approach, and have been summarized by Ruiz-Jaen and Aide  (  2005  )  as falling along 
three major ecological dimensions: (1) diversity measured in terms such as the 
richness and abundance of native plants and other species; (2) structure measured in 
terms such as the age, distribution, and density of vegetation; and (3) processes 
measured in terms such as the presence of natural disturbance regimes such as  fi re. 
While these dimensions and their measures can help guide restoration efforts on 
a trajectory toward ecosystem health, integrity, and sustainability, the ultimate 
success of classical ecological restoration is judged by how well the measures 
fall within an historic range of variability found in closely matched reference sites 
(Ruiz-Jaen and Aide  2005  ) . Thus in a broader sense, the overarching goal of the 
classical approach is authenticity or  fi delity in how a restored site looks and functions 
like one before European settlers arrived, minimally in fl uenced by contemporary 
human impacts and values (Higgs  2003  ) . 

    Chapter 8   
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 While this classical approach to management has led to many successful restoration 
projects, ecologists and other environmental professionals are increasingly 
questioning its ef fi cacy in dealing with severely disturbed landscapes (e.g., Martínez 
and López-Barerra  2008  )  and unpredictable trajectories (e.g., Choi et al.  2008  ) . 
These concerns might be especially apparent in urban areas, where landscape 
fragmentation, soil and hydrologic alterations, and microclimatic patterns introduce 
novel and often substantially different effects than what may have occurred historically. 
Perhaps even more signi fi cant are concerns raised about people’s uses, perceptions, 
and values of the landscape and its restoration, which may pose formidable 
challenges for managing urban natural areas in socially acceptable ways (Gobster 
 2010 ; Ingram  2008  ) . 

 In this paper I examine these issues within the context of urban ecological resto-
ration, with an emphasis on incorporating social goals alongside ecological ones in 
managing natural areas. While the  Primer’s  nine attributes of restored ecosystems 
strongly imply the classical approach as a dominant model, its mention of additional 
goals suggests that other approaches could be considered as conditions warrant:

  For example, one of the goals of restoration might be to provide speci fi ed natural goods and 
services for social bene fi t in a sustainable manner. In this respect, the restored ecosystem 
serves as natural capital for the accrual of these goods and services. Another goal might be 
for the restored ecosystem to provide habitat for rare species or to harbor a diverse genepool 
for selected species. Other possible goals of restoration might include the provision of 
aesthetic amenities or the accommodation of activities of social consequence, such as the 
strengthening of a community through the participation of individuals in a restoration project 
(Society for Ecological Restoration  2004  ) .   

 In light of these additional goals, it is important to examine how restoration 
managers and stakeholders negotiate the implementation of restoration activities 
and practices for different urban natural area restoration sites and programs. In what 
follows, I describe restoration programs in two major North American cities and 
suggest that there may be a number of alternative approaches to restoration that 
could be applied to achieve social and ecological goals. From this work I outline a 
framework for how appropriate approaches to natural areas restoration in urban 
contexts might be identi fi ed for a given site or a system of sites. This framework, 
adapted from the USDA Forest Service’s  (  1982  )  Recreation Opportunity Spectrum, 
could provide restoration managers with a systematic way for matching ecological 
goals and management practices with people’s broader desires and expectations 
for urban nature.  

    8.2   Case Studies: Key Issues and Constraints 

 In order to better understand the diverse goals that underlie the restoration management 
of urban natural areas, I examined restoration activity in Chicago, Illinois and San 
Francisco, California to identify the key issues faced by practitioners and public 
stakeholder groups when restoration programs are implemented within metropolitan 
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areas (for details see Gobster  2000,   2001,   2007a,   b  ) . Both locations have signi fi cant 
amounts of protected open space within their metropolitan boundaries: there are 
more than 279,000 ha of open space in the 9-county “Chicago Wilderness” planning 
region (9% of land area; 12 ha/1,000 residents) and more than 400,000 ha (24.8% 
of land area, 65 ha/1,000 residents) in the 9-county Bay Area Open Space Council 
region (Gobster  2007a  ) . But while extensive restorative management is happening 
throughout these two metropolitan areas, I focused my case studies on sites within 
each city and its host county because of the diverse range of social and ecological 
issues that are being dealt with. In Chicago, there are 49 restoration sites in City of 
Chicago parks and another 70 sites in the Forest Preserve District of Cook County. 
The sites range in size from a fraction of a hectare to 1,500 ha in size and include 
prairie, savanna, woodland, and wetland communities. In San Francisco, there are 
30 restoration sites in City of San Francisco parks and another 12 sites in Golden 
Gate National Recreation Area within the County of San Francisco. These sites 
range in size from less than 1 ha to more than 160 ha in size and include coastal 
dune, scrub, grassland, wetland, and non-native forest communities (Gobster  2007a  ) . 

 The fragmented character of these urban natural areas imposes signi fi cant restric-
tions on what ecological conditions  can  be restored through management programs 
(e.g. Vidra and Shear  2008  ) . For example, a prairie restoration at the scale of even 
the largest of sites in Chicago or Cook County is unlikely to become home to an 
American bison ( Bison bison ). Instead, most restorations focus on recovering or 
reintroducing the key  fl ora of a target community and hope to attract smaller fauna 
such as butter fl ies and birds. By the same token, a dune restoration in the city or 
county of San Francisco cannot be given the freedom to shift across a park road or 
into a neighbor’s backyard. Instead, ecological communities are necessarily  fi xed in 
space and any movement of elements in the community must take place within site 
boundaries. And while prescribed burning may be used to manage the understory of 
open oak woodlands in Chicago or reduce woody shrub growth in coastal scrub area 
of San Francisco, setting back succession with an all-consuming  fi re is not in the 
urban restorationist’s playbook. Thus temporal dynamics are also more or less  fi xed 
and give the impression that such communities are stable and climax in character. 

 Along with these structural constraints there is a host of social and political 
issues that further de fi ne what conditions  should  be restored in urban settings 
(e.g., Trigger and Head  2010  ) . Demand for open space by a diverse range of user 
and interest groups not only limits the number and size of restoration projects within 
a program but also what other uses might take place, how sites are managed, and by 
whom. In San Francisco, designation of natural areas and concomitant restrictions 
on off-leash dog access have led to a major con fl ict between natural area restora-
tionists and dog owners and threatened progress toward adoption of the city’s 
Signi fi cant Natural Resources Area Management Plan (San Francisco Recreation 
and Park Department  2006  ) . Removal of exotic trees from restoration sites, especially 
Australian blue gum eucalyptus ( Eucalyptus globulus ), has also been a point of con fl ict 
in plan adoption, and, along with tight air quality restrictions and strong attitudes 
against the use of prescribed burning, public sentiment has forced restoration man-
agers to consider alternative ways for managing natural area sites. While restoration 
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in Chicago has also been contentious at times (e.g., Gobster and Hull  2000  ) , volunteer-
based restoration has long been a hallmark of the metropolitan region’s restoration 
movement and has been a model emulated in other cities nationally and inter-
nationally (Ross  1994  ) . Nonetheless, many of the Chicago Park District’s larger 
restoration efforts have been done under contract with professional  fi rms, with 
volunteers entering the scene to assist with maintenance only after the restoration 
design has been implemented. The magnitude and complexity of the transformation 
is a major reason for this, but desire for professionalism, accountability, warranty 
on plant materials, and time frame for implementation are also important consider-
ations (Gobster  2007b  ) .  

    8.3   Alternative Approaches to Urban Natural Areas 
Restoration 

 Constraints can often spark creativity, and in the case of natural areas management, 
practitioners and scholars are beginning to advocate for a broader conception of 
restoration and document a diversity of restoration approaches that are more in tune 
with the social and ecological goals they seek to achieve (e.g., Choi  2007 ; Gross 
 2003 ; Low  2002 ; Rosenzweig  2003a  ) . Based my case studies in Chicago and San 
Francisco, I have identi fi ed the following range of approaches as potential alterna-
tives to the classical approach for restoring urban natural areas in consideration of 
the various ecological and social constraints and opportunities present at different 
sites. The approaches are not intended to comprise a mutually exclusive or exhaus-
tive typology of possibilities, but rather to illustrate how social and ecological goals 
might be addressed at particular sites and, at larger scopes of concern, balanced 
across a system of sites. 

    8.3.1   Classical Approach, var. ‘boutique’ 

 The steep topography of San Francisco and broad  fl oodplains of Chicago have been 
good deterrents to prior development of many of the now-designated natural areas 
in these two cities, and while most of these sites have been damaged by overgrazing 
or other past alterations to vegetation cover, soil, or hydrology, some places still 
retain signi fi cant remnant populations of indigenous  fl ora (e.g., Chicago Region 
Biodiversity Council  1999 ; San Francisco Recreation and Park Department  2006  ) . 
Restoration of these sites conforms most closely to the classical approach to 
ecological restoration, where native plant diversity is maintained and enhanced 
through invasive species control and other management practices. However, restoration 
activities on small sites are sometimes carried out in unconventional ways to deal 
with environmental and social constraints. 
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 For example, Natural Areas Program gardeners in San Francisco, aided by a 
substantial force of volunteers, often resort to “boutique,” labor intensive methods 
(Hull et al.  2004  )  on many of their small sites that would be impractical in larger 
restorations. For invasive plant control, herbicide use is generally frowned upon by 
the public and prescribed  fi re is highly controversial as many sites are in close 
proximity to residential areas. Consequently, nearly all plant removal is done manu-
ally, pulling weeds by hand and using simple hand tools to remove larger speci-
mens. These techniques, along with hand planting and direct seeding of native 
plants, constitute the bulk of restoration management for sites such as Brooks Park, 
a 1.4 ha rocky hilltop grassland natural area (Fig.  8.1 ). For larger sites, such as the 
24 ha Glen Canyon Park natural area, managers have experimented with using 
goats to graze back unwanted vegetation, and have proposed using machinery 
such as “weed whackers” and power mowers (San Francisco Recreation and Parks 
Department 2006). Recent research suggests that while the classical approach’s 
prescription for reinstating natural disturbance processes such as  fi re may be prefer-
able, similar results might be achieved using these alternative methods and thus may 
be the most feasible in high risk situations (MacDougall and Turkington  2007  ) .  

 The classical approach maintains that the success of a restoration lies in part in 
its ability to sustain itself and follow a historical trajectory without substantial 
human intervention. Such a criterion, however, is simply not realistic for sites 
like these (Hobbs  2007  ) . Instead, some suggest that continued human intervention 
 is  the key ingredient to sustainability (Jordan  2003  ) , and in dense urban areas like 

  Fig. 8.1    At small urban restoration sites like Brooks Park in San Francisco, volunteers rely on 
“boutique” methods like hand weeding to maintain sites when other practices such as prescribed 
burning or the use of herbicides are risky or contentious (Credit: Paul Gobster)       
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San Francisco and Chicago restoration success lies in the ability of program managers 
to sustain a robust corps of volunteers to steward the sites in perpetuity (e.g., Ross 
 1994  ) . Boutique restoration may sound overly labor intensive, yet when viewed as 
a leisure activity on par with gardening it meets desired social and ecological goals 
for many people (Jordan  2000  ) . And in an urban setting, even non-participants 
understand the need for routine landscape maintenance to sustain the beauty and 
function of their yards and parks, and thus extending this level of management to 
urban restoration is perhaps not so unfamiliar.  

    8.3.2   Habitat and Sensitive Species Approaches 

 Many early land protection efforts were aimed not so much at preserving the diversity, 
structure, and function of native ecosystems and processes described by the classical 
approach of restoration as they were at setting aside and managing habitat such as 
wetlands and woodlands for timber and game production (e.g., Hall  2005 ; Jordan 
and Lubick  2011  ) . Society’s interests in wildlife and plant species diversity have 
since broadened considerably, but habitat conservation continues to be a dominant 
paradigm of natural land management. Reconceptualizing urban open space as 
habitat has also helped to underscore the key role that restoration can play in providing 
essential habitat patches and corridors to ensure the survival of species in an increas-
ingly human dominated landscape (e.g.,    Lundholm and Richardson  2010  ) . 

 In Chicago for example, local ornithologists and recreational birders have over 
the last decade been persuasive advocates for the need to manage parkland to 
provide bird habitat along the city’s 42 km Lake Michigan shoreline. The lake is an 
important branch of the Mississippi Flyway and more than 300 resident and migratory 
bird species have been documented as using the city’s shoreline across the seasons. 
Research has shown that in urban areas, migratory birds need habitat patches 
at regular intervals along their route where they can safely rest and refuel (e.g., 
Pennington et al.  2008 ; Seewagen et al.  2010  ) . The City of Chicago has responded 
to this new awareness by establishing a number of bird sanctuaries along its shore 
and is managing the vegetation and beaches to provide essential food and cover 
(City of Chicago  2006  ) . Because most of the lakefront parks were built on  fi ll to 
extend land holdings into what was originally open water, the classical approach 
to ecosystem restoration is already a considerable conceptual stretch. This ambiguity 
has given natural areas managers greater license in what they plant, and they use a 
range of natives along with native and introduced cultivars that not only provide 
food and cover but are adapted to the often harsh site conditions (Gobster  2001  ) . 

 The oceanfront beaches and bluffs in San Francisco are also important habitat 
areas for migratory birds, but the city’s unique geographic, climatic, and geological 
characteristics make some of its natural area sites additionally critical to the protection 
of a number of endemic species. These include  fl ora such as the Presidio manzanita 
( Arctostaphylos hookeri ssp. ravenii ) and Marin dwarf  fl ax ( Hesperolinon congestum ) 
and fauna such as the Mission blue butter fl y ( Plebejus icarioides missionensis ) and 
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San Francisco garter snake ( Thamnophis sirtalis tetrataenia ) (Gobster  2007a  ) . 
Because of the natural rarity and threatened existence of these species, site restoration 
is sometimes less focused on providing a classical ecosystem makeover than on 
providing optimal habitat conditions for the propagation of a sensitive species. 
The weight these species are given in restorative management invokes a kind of 
“ecological primacy,” which in some cases makes the existence of incompatible 
exotics such as blue gum eucalyptus and access for uses such as off-leash dog 
recreation relatively non-negotiable. Incompatibilities do not always happen, however, 
and in other cases sensitive species might be maintained under novel conditions 
(e.g., Hobbs et al.  2009  ) . For example, a 5.3 ha dune restoration was created at 
Lobos Creek in Golden Gate National Recreation Area to increase the dwindling 
population of the federally endangered San Francisco lessingia ( Lessingia germanorum ), 
a tiny sun fl ower. While the current boardwalk design discourages off-trail use of 
the site (Fig.  8.2 ), the plant requires periodic disturbance to perpetuate itself (U.S. Fish 
and Wildlife Service  2003  ) . To rectify this situation, designers have thought about 
scheduling fun activities like annual “dune dancing” (Terri Thomas and Michael 
Boland, personal communication, 5 May 2004).  

 As these examples show, habitat and sensitive species approaches could provide 
managers with a greater savings than that afforded under a classical restoration in 
terms of the cost or time devote to management or the maintenance of existing green 

  Fig. 8.2    While the presence of sensitive species often requires tight controls over recreational use, 
some species such as the San Francisco lessingia ( Lessingia germanorum ) at this Lobos Creek 
restoration site needs periodic disturbance for recovery. Understanding the conditions needed to 
meet ecological goals may enable managers to broaden allowable uses and allow users more direct 
interaction and exploration of nature (Credit: Paul Gobster)       
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space uses and functions. In this way, the approach parallels ideas described by 
Rosenzweig’s  (  2003a,   b  )  “reconciliation ecology,” where the outcome of saving 
species is given priority, opening up a variety of different and sometimes novel ways 
of achieving that outcome.  

    8.3.3   Hybrid or “Third-Way” Restorations 

 In most of the larger parks in San Francisco and Chicago, the landscape has been so 
thoroughly modi fi ed that few vestiges of indigenous nature remain. Yet in their 
quest to create a human habitat for aesthetic pleasure and recreational use, the original 
designers of these parks developed naturalistic landscapes that often had considerable 
ecological value (Grese  1992 ; Young  2004  ) . Restoration efforts in these parks thus 
sometimes attempt to integrate two (or more) periods of signi fi cance—one focusing 
on classical ecological restoration and another on restoration of the historic designed 
landscape. Successful projects of this type respect the goals and intent underlying 
both ideas of restoration yet can produce a hybrid landscape that is its own unique 
expression of human and ecological values. 

 One example of this “third way” restoration approach in Chicago is the Lily Pool 
(Fig.  8.3 ), a 2.5 ha naturalistic oasis in Lincoln Park designed in the 1930s by noted 
Prairie School landscape architect Alfred Caldwell, who used a primarily native 
plant palette to create a symbolic rendition of the Illinois landscape as it existed 
prior to European settlement. In the restoration effort, Chicago park historians 
worked with a diverse team of professional and civic interests to restore the integrity 
of this historic designed landscape while enhancing native plant diversity, bird habitat, 
and other ecological functions and accommodating access for disabled users as 
required under the Americans with Disabilities Act. The restoration received a 
2001 historic preservation honor award from the American Society of Landscape 
Architects and an innovative docent program has been established with the non-
pro fi t Lincoln Park Conservancy to interpret the site’s unique values and perpetuate 
Caldwell’s vision of the Lily Pool as a “hidden garden of the people of Megalopolis” 
(Maloney  2001  ) .  

 A larger scale example of third-way restoration is being realized at the Presidio 
of San Francisco, a 600 ha former military site now managed by the National 
Park Service under a new model that aims to protect and restore natural and cultural 
values while promoting sustainable economic development through adaptive re-use 
of the site’s substantial built infrastructure. Much of the non-native forest cover 
planted by the US Army in the 1880s over approximately 20% of the naturally tree-
less site was slated for removal as part of natural area restoration efforts until critics 
successfully lobbied to maintain it for the historic reasons why it was originally 
planted—as a windbreak and symbol of military presence. A revised vegetation 
management plan seeks to maintain and rehabilitate the structural characteristics 
of key historic forest stands in four highly visible areas and manage the remaining 
forest area to increase ecosystem health and biodiversity. Forest management 
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strategies outside of the key historic stands aim to increase the species, spatial, 
height, and age diversity of trees; encourage natural regeneration; and promote a 
varied understory and mid-story layer of native grasses, forbs, and shrubs (Presidio 
Trust  2001  ) . While critical natural and cultural areas are being restored to their 
original integrity, this third landscape between the two represents a new hybrid of 
nature and culture. 

 Green spaces perform many human-oriented uses in urban areas, from historic 
and recreational park areas to storm water retention basins, power and transporta-
tion rights-of-way, cemeteries and institutional grounds, among other functions. 
While it may not be the objective of the owners of these sites to manage them 
for ecosystem health, integrity, and sustainability, the hybrid approach has good 
potential in helping to demonstrate that such ecological goals can be successfully 
integrated with human goals and uses of the site.  

    8.3.4   Designer and Accidental Ecosystems 

 Humans have shaped the land for millennia, and studies of aboriginal subsistence 
hunting and agricultural economies have shown that land use practices in some 
cases expanded local and regional species diversity (e.g., Minnis and Elisens  2001  ) . 
Contemporary land use usually has the opposite effect, though in a few cases human 

  Fig. 8.3    Hybrid or “third-way” landscapes such as the Lily Pool in Chicago’s Lincoln Park blend 
ecological restoration other site goals, in this case the restoration of a 1930s historic designed 
landscape by Prairie School landscape architect Alfred Caldwell (Credit: Paul Gobster)       
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designs on the land have created novel conditions for valued species to  fl ourish that 
would have never occurred under “natural” conditions (Britt  2004  ) . By diverting from 
the template of classical ecological restoration, these “designer ecosystems” create 
an entirely new approach to nature restoration where habitat creation, endangered 
species recovery, or other ecological goals are a byproduct of dominant human goals 
such as recreation or  fl ood prevention (Palmer et al.  2004  ) . 

 In San Francisco, a famous designer ecosystem is the 9 ha Alcatraz Island 
(Fig.  8.4 ), a rocky island 1.5 km off the mainland that for more than a century had 
been used as a military fortress then high security prison before it was abandoned 
in the early 1960s. As the atmosphere of quiet isolation returned, seabirds such as 
Brandt’s cormorants ( Phalacrocorax penicillatus ) and pigeon guillemots ( Cepphus 
columba ) came to re-occupy the site, but the changed conditions of exotic vegetation 
and foundations of old prison buildings also provided new habitat for rare black-
crowned night herons ( Nycticorax nycticorax ) that was absent in the island’s 
original landscape (Hart et al.  1996  ) . While this example might more correctly be 
termed an accidental ecosystem, National Park Service ecologists who now manage 
the island as part of Golden Gate National Recreation Area have been keen to 
acknowledge that these created conditions serve an important ecological function as 
well as reminding visitors of the historic layers present.  

  Fig. 8.4    Designer and accidental ecosystems such as Alcatraz Island in San Francisco’s Golden 
Gate National Recreation Area create entirely new assemblages of species and conditions, in this 
case habitat for the endangered black crowned night heron (Credit: Paul Gobster)       
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 Environmental philosophers such as Katz  (  2000  )  and Elliot  (  1997  ) , who have 
argued that even the classical approach to ecological restoration is an exercise in 
human arrogance, would surely balk at the idea of designing partly or wholly 
arti fi cial ecosystems. Yet in urban settings where human control and cultivation of 
the landscape have long been the dominant paradigm, the designer approach may 
make sense for both human and ecological reasons. With radical changes predicted 
for many areas of the world due to global climate change, the arti fi cial nature of 
cities may make them ideal laboratories and testing grounds for new ecological 
assemblages (Fox  2007 ; Hobbs et al.  2009 ; Link  2008  )  and reservoirs for future 
adapted species through assisted migration (e.g., Minteer and Collins  2010  ) . Human 
population growth and land use changes are also driving ecologists to search for 
alternative restoration approaches that can maintain their ecological resilience 
while accommodating human preferences and impacts (Hitchmough and de la 
Fleur  2006  ) . 

 Under such imperatives, the designer ecosystem approach to restoration 
represents a bold yet serious alternative to the classical model for coming to grips 
species loss and continued degradation of historical ecosystems. In light of these 
impending changes, a growing group of ecologists (e.g., Choi et al.  2008  )  argues 
that restoration efforts should not be constrained by classical notions of historical 
authenticity but should look toward future-oriented approaches that will continue to 
sustain critical ecosystem functions.  

    8.3.5   Nature Garden Approaches 

 Contemporary urban garden design is increasingly sympathetic to classical restoration 
goals such as the use of native plants and other aspects that enhance site sustainability 
(e.g., Van Sweden  1997  ) . Such goals, however, are often accomplished in highly 
“unnatural” ways, and while ecological goals may form a rationale for design, the 
dominant focus is on human enjoyment, learning, and artistic expression. 

 One such example in Chicago is the 1.2 ha Lurie Garden (Fig.  8.5 ) in the city’s 
recently built Millennium Park, where designers used plant materials to create a 
highly symbolic landscape. “Dark” and “light” sections of plantings represent the 
Chicago region’s marshy past and prairie-farmland present landscapes, and are 
embraced by a hedge of trees symbolic of the northern boreal forest shaped to invoke 
poet Carl Sandburg’s image of Chicago as the “City of Big Shoulders.” Native and 
introduced plants are used in combination to accentuate these themes and provide 
variety within and across the seasons, and native species such as purple cone fl ower 
( Echinacea purpurea ) are juxtaposed with their cultivars of different colors 
and heights to reinforce the idea of the garden as a nexus of nature and culture 
(Amidon  2005  ) .  

 While the Lurie Garden may be an uncommon example, designed and vernacular 
nature gardens can provide key ways of bringing the functional, educational, and 
symbolic values of restoration into small urban spaces. One important variant of the 
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nature garden approach can be seen in school and community gardens, where 
participatory involvement, skills development, and community empowerment are 
often key goals (e.g., Feldman and Westphal  1999  ) . While many school and 
community gardens are focused on food production, native plants are sometimes 
used separately or in conjunction with vegetables and cultivated  fl owers to build 
small scale habitats for butter fl ies or other insects, or to grow natives for eventual 
transplanting into larger scale restorations. The connection between the two types 
of gardens may help in linking the ecological goals of restoration with broader 
social and economic goals, and could be a particularly effective way of introducing 
restoration to diverse urban audiences (Irvine et al.  1999 ; Palamar  2010  ) .  

    8.3.6   Unmanaged Sites: “Explorable Nature” 
and “New Wilderness” Approaches 

 Gardens by de fi nition are special use areas where the rules of engagement can be 
highly speci fi c as to what is allowed, how, when, and by whom. The fragility of 
some smaller classical restoration sites often turns them into gardens of sorts, and 
fencing and boardwalks needed to control use impacts can also limit the degree of 
interaction that those not actively involved in restoration have with nature (Gobster 
 2007b  ) . While these sites may have considerable aesthetic and educational value, 

  Fig. 8.5    The Lurie Garden in Chicago’s Millennium Park uses native plants and their horticultural 
variants to create a highly stylized nature garden, and exempli fi es how alternative approaches can 
help integrate restoration goals into highly formal urban settings (Credit: Mark Tomaras)       
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places must also be available that provide for more unstructured, active exploration 
of nature (Miller  2005  ) . 

 In San Francisco, Pine Lake natural area is a bowl-shaped 3.4 ha site surrounding 
a shallow, 0.7 ha lake. The rest of the park adjacent to the natural area contains a 
children’s day camp and a popular off-leash dog play area. Local residents have 
long incorporated their visits to the park with a walk around the eucalyptus-shaded 
lakeshore trail, often accompanied by their dogs. This tradition was about to change 
when an endangered western pond turtle ( Clemmys marmorata ) was sighted during 
a lake survey. A species recovery plan was developed calling for removal of many 
of the trees, fencing off the shore to access, killing non-native bullfrogs, closing 
the day camp during mating season, and outlawing dog access. Protests by neigh-
borhood and dog advocacy groups led to a revised plan that would allow greater 
access, minimize tree cutting, and relocate any endangered turtles that might be 
found to a larger lake nearby where a sustainable population could be realized (San 
Francisco Recreation and Park Department  2006  )  (Fig.  8.6    ).  

 Given the high-use recreation at the site, the example raises important questions 
about how urban natural areas should be restored to balance social and ecological 
goals in nature. Children as well as adults need places where they can explore, 
get muddy, catch insects or amphibians, and in other ways get in close contact 
with nature in the city. These places and opportunities for “explorable nature” might 

  Fig. 8.6    Nearby neighbors and dog advocacy groups successfully lobbied for an alternative 
approach to restoration of the Pine Lake natural area in San Francisco that allowed for greater 
recreational use than was originally proposed. Adults and children need places where they 
can actively explore nature, and marginal sites and buffers of more intact sites might provide 
opportunities for a range of explorable nature activities (Credit: Paul Gobster)       
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mean foregoing classical restoration ideals at smaller, recreationally-oriented sites 
or building opportunities for more active exploration into less ecologically intact 
buffers or transitional areas. 

 Some cities in North America and Europe have also seen the spontaneous 
revegetation of larger abandoned industrial sites, and while such areas offer 
signi fi cant opportunities for restoration, the “new wilderness” that has evolved has 
unique ecological and social values that also raise questions about how far the 
classical approach to restoration ought to be applied (Kowarik and Körner  2005  ) . 
In our efforts to make the most of the open spaces we have in cities, these unclaimed 
areas are often programmed out of existence, but we have to realize that they, too, 
are important parts of the ecology and experience of nature in the city (e.g., Foster 
 2010 ; Louv  2005 ; Miller  2005  ) .   

    8.4   Criteria for Selecting Alternative Approaches: 
A  Restoration  Opportunity Spectrum? 

 As the examples above illustrate, there are a variety of alternative approaches for 
how restoration might be conducted within urban settings to address particular 
ecological and social goals. Although they are diverse in many characteristics, the 
sites focused on in Chicago and San Francisco are also quite small in scale and 
when dealing with larger projects such as industrial and post-industrial sites there 
may be a fuller range of approaches than is indicated by this limited survey (Westphal 
et al.  2010  ) . Thus while it may be premature to construct a comprehensive typology 
or spectrum of alternative approaches, the examples above provide a suf fi cient basis 
for outlining some key considerations that might go into building such a framework. 

 A framework already developed by the USDA Forest Service for managing the 
recreational use of wildlands provides a useful starting point to help guide this 
effort. The Recreation Opportunity Spectrum or ROS (USDA Forest Service  1982  )  
uses various physical, social, and managerial criteria to identify which areas within 
national forests can best provide desired settings and experiences for recreation 
activities. Physical setting criteria identify the size, remoteness, and naturalness of 
areas, under the assumption that large, isolated, and undeveloped tracts of land have 
the best potential for providing wilderness type experiences for users while smaller, 
developed sites near population centers better serve intensive uses where nature is 
more of a backdrop for than a focus of the experience. Similarly, social criteria 
specify the uses and density of users and managerial criteria the degree of control 
and regimentation placed upon them. Together, these three sets of criteria are used 
by managers to delineate recreation opportunities within a spectrum of settings 
from primitive to developed. 

 While originally intended for wildland applications, others have adapted the 
ROS to more urban recreation situations (More et al.  2003 ; Bell  2008  ) . Because the 
system attempts to match people’s desired uses and experiences in natural settings 
with the inherent capability of sites to provide them or be managed to minimize 
con fl icts and inconsistencies, the basic ideas of the system also have applicability 
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to deal more generally with the integration of social and ecological goals (e.g., Raciti 
et al.  2006  ) . Based upon restoration efforts in Chicago and San Francisco, I have 
attempted to adapt ROS physical, social, and managerial criteria for identifying 
appropriate alternatives for urban restoration sites. These criteria are listed in Table  8.1  
and elaborated upon in the following sections.  

    8.4.1   Ecological Criteria 

 An urban site that contains remnant patches of native vegetation is a rarity in many 
cities and provides a powerful justi fi cation for site protection and restoration 
(e.g., McKinney  2006 ; Ranta and Viljanen  2011  ) . Assessment of species diversity, 
vegetation structure, and persistence of ecological processes will help to establish 
current site intactness and potential for restoration within the context of the classical 
approach. While a site that has little or no intactness opens up options for alternative 
restoration approaches that emphasize greater human use or serve functional values 
such as stormwater retention, attempts to recreate a classical landscape may still be 
justi fi ed for other reasons such as research or education. 

 Sites with low intactness might also be important for natural area protection 
and restoration if they provide critical habitat for species; host a rare, endangered, 
or threatened species; or contain species or community types that are locally rare or 
unique (e.g., D’Antonio and Meyerson  2002 ; Shapiro  2002  ) . As was seen in the 
description of the habitat and sensitive species approaches above, ecological 
goals for restoration might still allow considerable human activity, though this will 
vary from species to species. The value placed on local rarity and uniqueness may 
be justi fi ed ecologically to maintain genetic diversity, though in some cases managers 
might feel a responsibility to restore a community within their jurisdiction even 
though other and better sites occur nearby. Of course, there are many cases where 
disturbance to biophysical conditions (e.g., loss of seed bank, contamination of soil) 
will make some restoration goals formidable or even futile, thus managers must 
choose their approach to site management realistically (e.g., del Tredici  2010  ) . 

   Table 8.1    Framework of ecological, social, and managerial criteria for selecting approaches for 
urban natural areas restoration   

 Ecological  Social  Managerial 

 Natural values  Use values  Mission values 
and implementation 

  Intactness   Recreational   Protection vs. use balance 
  Biophysical conditions   Sense of place   Education/research 
  Functionality   Traditional   Sustaining partnerships 
 Criticality  Other opportunities  Acceptable practices 
  Sensitivity   Substitutes   Scale/severity 
  Rarity/uniqueness   Complements   Duration/noticeability 
 Size/Remoteness  Adjacent uses  Communication/Control 
  Zoning   Residential   Design/information 
  Buffers   Industrial   Access regulation 
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 The ROS places signi fi cant weight on the size and remoteness of sites in determining 
how they are best programmed to serve recreational use, and these same criteria might 
also usefully apply to urban restoration sites. Larger, more remote sites are less 
subject to exotic species invasion and more capable of hosting sustainable populations 
and ecological process such as  fi re; they also tend to be further away from adjacent 
and on-site uses that could generate con fl ict. Smoke from prescribed burns is 
less likely to drift into neighborhoods or cause panic among residents, and people 
making the effort to visit a large, remote natural area generally have nature appre-
ciation as a central goal and are less likely to  fi nd restoration management practices 
out of line with their expectations (Ryan  2000  ) . 

 In Chicago and San Francisco, many of the larger, outlying forest preserves and 
regional parks are successfully managed under a classical approach to restoration 
with minimal social con fl ict. But the remoteness criterion as applied in ROS can 
also be used to prescribe a compatible suite of approaches through the concentric 
zoning of larger sites in more densely populated urban areas. As with ROS where 
the interior zones are identi fi ed for primitive backcountry experiences surrounded 
by increasingly more intensive and developed uses, in San Francisco, a similar 
type of zoning has been applied to some natural areas under the Recreation and 
Park District’s (2006) Signi fi cant Natural Areas Management Plan. “MA-1” manage-
ment areas containing high quality remnants are the focus of intensive restoration 
activity and have more restrictions placed on recreational use. These are often 
surrounded by buffers of “MA-2” and “MA-3” zones that are of decreasing ecological 
importance, which receive less intensive management and can host a wider range of 
uses. Similarly in Chicago, Park District natural areas are often surrounded by zones 
of unmowed vegetation that buffer them from more intensively used and managed 
areas of the park. 

 In these ways, size and remoteness criteria could be used along with information 
on site intactness and priorities for species protection to zone areas for management 
under different restoration approaches. While the appropriate suite of approaches 
would vary depending on the goals and constraints of a particular site, a typical 
strategy might be to manage innermost areas under a classical or boutique approach, 
with restrictions placed on recreational access as needed. This zone would then 
be surrounded by a buffer managed under a habitat approach where species help 
support wildlife functions while allowing a greater variety of uses. Finally the outer 
zone would be managed as explorable nature, where largely unmanaged vegetation 
would still provide natural value while catering primarily to active, unstructured 
nature-recreation opportunities.  

    8.4.2   Social Criteria 

 The kinds of recreational uses that take place in urban natural areas are broad and 
include a range of active and passive activities where the natural environment is of 
both direct and indirect interest. These uses include active participation in restoration 
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stewardship activities such as planting and weeding as well as research and monitoring; 
sedentary activities such as picnicking and active activities such as walking, 
jogging, bicycling, and dog-walking on or off-leash where nature provides a desir-
able setting for exercise and outdoor enjoyment; non-consumptive nature oriented 
activities such as birding and nature photography that occasionally take visitors off 
trail; and highly interactive play, exploratory, and consumptive activities that may 
involve climbing, digging, and collecting. 

 Some activities such as restoration stewardship may help support ecological 
goals, other activities such as walking along trails are largely benign, and activities 
such as collecting and dog-walking may threaten ecological goals if done at the wrong 
place or time (Fernandez-Jurucic et al.  2001 ; Platt and Lill  2006  ) . All of these activities, 
however, may be legitimate and desirable social goals that people look to in urban 
nature and providing opportunities for them can help promote learning and build 
support for restoration programs (Miller  2006 ; Ryan et al.  2001  ) . 

 By understanding site capabilities and user desires, managers may be better 
equipped to choose an alternative restoration approach that best integrates ecological 
and social goals and best helps to cultivate a sense of place by restoring contact 
with the land. There may be times, however, when more lofty ecological restoration 
goals are proposed for sites where established uses will become incompatible. 
Without earnest public involvement and the provision of reasonable alternatives, 
restrictions on access and use of a site can become contentious (Phalen  2009  ) . 

 A thorough analysis of the social setting should also look beyond the immediate 
use of the site to adjacent land uses and potential concerns. Some restoration sites 
in Chicago and San Francisco lie directly adjacent to residential neighborhoods 
where homeowners have heightened concerns about activities that might reduce visual 
attractiveness and privacy in addition to risks from erosion,  fi re, and herbicides 
(Gobster  2000,   2007a  ) . Few such concerns may present themselves when adjacent 
lands are used for industrial or transportation functions, and thus natural area 
managers need to be cognizant of the social context before introducing restoration 
activities.  

    8.4.3   Managerial Criteria 

 An important consideration in selecting the appropriate natural area restoration 
approach is how restoration  fi ts within the mission of the managing agency or insti-
tution. For example, the primary mission of the Chicago Park District is to provide 
high quality recreation opportunities that respond to diverse customer needs, among 
which include opportunities for nature exploration, appreciation, and education 
(Chicago Park District  2011  ) . In contrast, the primary mission of the Forest Preserve 
District of Cook County is to acquire, protect and restore lands and their associated 
 fl ora and fauna as near as may be to their natural state, for the purposes of people’s 
education, pleasure, and recreation (Forest Preserve District of Cook County  2011  ) . 
While missions like the latter example may give an agency or institution greater 
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justi fi cation for managing lands according to a classical restoration approach, 
there may be instances where those with broader missions establish nature centers 
or possess certain habitats that also warrant classical restoration and restrictions on 
more intensive recreation. Like the ROS, the alternative approaches to restoration 
described above can help managers provide the best match of social and ecological 
goals across the various sites in their system as well as develop partnerships among 
different managing agencies and institutions. Other key partnerships in many urban 
restoration projects are with volunteer stewardship groups. These usually include 
ecological restoration groups but may also include recreation-oriented concerns 
such as off-road bicycle and birding groups, school and civic groups such as environ-
mental and garden clubs, and even animal welfare groups such as feral cat stewardship 
programs. Thoughtful consideration of how these groups relate to an agency’s mission 
can lead to building effective partnerships and minimizing potential management 
con fl icts (e.g., Newman  2008 ; Petts  2007 ; Shandas and Messer  2008  )  . 

 Once the management objective for a site is decided, guidelines should be estab-
lished for implementing management practices that best meet the mix of social 
and ecological goals. Some considerations here relate to the scale and timing of 
practices. For sites where aesthetic and recreational goals are important, restoration 
practices could be kept smaller in scale and implemented using less intrusive, 
“boutique” practices that minimize con fl icts with user expectations. Change might 
be introduced gradually, for example, by incrementally thinning canopy trees to 
restore more open conditions over time and by allowing aesthetically valued trees 
that are nonconforming but ecologically benign to live out their natural lives. 
Removal, relocation, or chipping and distribution of brush might appear less offen-
sive than having large brush piles in close view. While managers should not try to 
“fool the public” by hiding change behind vegetative screens and the like, practices 
should be implemented consistent with the perceived nature of the site and how it is 
used (Gobster  1999  ) . 

 Along with the implementation of socially acceptable restoration practices, man-
agers can work to help communicate ecological restoration goals to the public 
through design and information. The introduction of visual “cues to care” such as 
the planting of showy plants at entryways to restoration projects and mowing trail 
rights-of-way to provide a transitional edge can help to frame and call attention to 
the stewardship of a site that might otherwise be perceived as a product of manage-
ment neglect (Nassauer  1995  ) . Likewise, signage, other on- and off-site written 
material, self-guided nature trails, and hosted events are among a variety of ways in 
which information about a restoration project can help enhance understanding and 
appreciation of ecological goals that may not be directly perceivable. Finally, both 
design and information can help regulate access to sites to minimize ecological 
impact and direct user experiences. For example a narrow, wood chipped trail 
marked with a small sign can effectively limit access to more sensitive parts of a 
restoration area while broader, paved paths along the site’s perimeter can still allow 
large numbers of joggers and bicyclists to view and experience the restoration at 
higher speeds (Kaplan et al.  2007 ; Ryan  2000  ) .   
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    8.5   Conclusions 

 As the approaches and criteria described above suggest, the restoration of natural 
lands can be a highly interpretive endeavor in urban environments. While the classical 
approach assumes there is an “original nature” out there to be restored as authenti-
cally as possible, the social and ecological goals inherent in urban restoration often 
requires the restorationist to seek alternative approaches that are realistic and can be 
successfully implemented (Hobbs  2007  ) . 

 Given the examples identi fi ed in these case studies of Chicago and San Francisco, 
further investigation of alternative approaches to restoration is warranted. Indeed, 
evidence from other cities in the U.S. and other countries shows that approaches 
focusing on rehabilitation, utilization, and the provision of environmental services 
such as moderation of urban heat island effects, carbon sequestration, and phytore-
mediation are increasing in use (e.g., Westphal et al.  2010  ) . By further examining 
the social and ecological goals and constraints inherent in urban restoration projects, 
it may be possible to develop guidelines to advise practitioners and policymakers on 
which approach might be most appropriately applied to a given site. Such a “ restoration  
opportunity spectrum” could help to maximize sought-after values and minimize 
potential con fl icts. 

 Should all of the different approaches described here be referred to as restoration? 
Some have argued that the term restoration should be reserved only for uses that 
most closely parallel what I have referred to here as classical restoration (Jordan 
 2003  ) . But in their own unique ways each of these approaches contributes to the 
idea that in order to be successful, ecological restoration must respond to diverse 
and evolving social and ecological goals (e.g., Choi et al.  2008 ; Hobbs et al.  2004 ; 
Palmer et al.  2004  ) . My aim here is to clarify rather than confuse, and together these 
examples suggest that there are many approaches to natural areas management that 
provide promising foundations for restoration in urban areas (Hull  2006  ) .      
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          9.1   Introduction 

 The world is getting increasingly urbanized! By 2008 the proportion of urban dwellers 
across the globe passed 50% and is expected to reach 60% by 2030. In Europe, the 
percentage of the population living in urban areas is expected to rise from 73% in 
2000 to 80% in 2030 (United Nations  2004  ) . As urban structures grow, so does the 
area of forest under urban in fl uences (Rowntree  1995 ; Kowarik  2005  ) . In Denmark, 
afforestation close to urban areas has top priority (Jensen and Koch  2004  ) . In Sweden, 
urban and peri-urban forests are estimated to cover approximately one million ha by 
2008, which is more than four times the area of protected forests in the country 
(Hedblom and Söderström  2008  ) . In the United States, trees in urban counties account 
for nearly 25% of the nation’s total tree cover (Dwyer et al.  2000  ) . 

 The importance of urban forests has, from a forestry perspective, been widely 
overlooked and, as a result, undervalued. However, evidence is rising about the various 
environmental and social bene fi ts and potentials of forests and trees in populated 
areas to limit energy use, improve air quality, reduce noise, increase water storage, 
maintain fragmented ecosystems and positively contribute to society development 
and human health and well-being (Konijnendijk et al.  2005  ) . Today urban forests 
are widely regarded as the best strategy for providing green spaces for recreation 
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(Van Herzele  2006  )  and to preserve and develop urban ecosystems and biodiversity 
(Alvey  2006  ) . Therefore, the identi fi cation of forest landscape restoration strategies 
focusing upon forests in an urban and peri-urban context is crucial (Larsen  2005  ) : 
We have to restore forests and develop nature where people live. 

 Urban forest landscapes are here de fi ned as forested ecosystems of natural, semi-
natural or man-made origin wherein other landscape elements such as water, wetlands, 
semi-open and open nature types might be integrated. Urban forest landscapes are 
managed for a variety of purposes of which recreation and nature protection are the 
main functionalities while wood production is often secondary (Bell et al.  2005 ; 
Tyrväinen et al.  2005  ) . However, most urban forests have developed from commercial 
forests. In these situations managers have sought to incorporate social and environ-
mental functions in management systems oriented towards wood production thereby 
focussing upon the stand as the functional unit. When dealing with urban forests the 
higher functional level – the forest landscape – is much more in focus. This is neces-
sary to develop the intended recreational and ecological functionalities (Gustavsson 
et al.  2005  ) . Hence, long term goals and management strategies that give attention to 
forest landscapes as well as stands have to be developed when planning and managing 
urban forests. In this context, traditional forest management, with closed forest made 
up of blocks of homogeneous even-aged stands established by intensive plantings 
after clear-cutting, will not necessarily meet the need of urban societies to balance 
wood production with nature protection and recreation (Krott  1998  ) . Therefore public 
forest owners are increasingly paying attention to alternative forest management strat-
egies as a means of rehabilitating forest and meeting these challenges. 

 When managing urban forest landscapes for future generations we are, in essence, 
dealing with uncertainties in future requirements (population pressure and social 
values) and climate (climate change). Hence, the ambition for design and manage-
ment should be to develop landscapes with a robust functionality despite changes in 
ecological as well as social-economical settings. To achieve this, design must be 
 fl exible and inextricably linked to management. In this way the forest landscape can 
evolve and adapt to changing pressures, whilst at the same time, maintain and incor-
porate important recreational and ecological values and elements of the cultural 
heritage contained in the existing resource. In this context, keeping as close to nature 
as possible and using natural processes as the base for design and management is 
generally claimed to be one of the most promising approaches (Bell et al.  2005  ) . 

 Design with nature means achieving three objectives: conserving nature, estab-
lishing sustainable ecosystems, and achieving a natural appearance (Sepahi  2000  ) . 
This chapter aims to illustrate how these objectives can be achieved by incorporating 
silvicultural, ecological and landscape architectural expertise around the development 
of urban forest landscapes through a design-led approach that keeps as close to 
nature as possible. The variation in site conditions and topography and potential 
natural hydrological  fl ows are used as starting point for locating a variety of site-
adapted habitats and determining their composition. 

 The approach is described in three main sections. The  fi rst section introduces 
close-to-nature forest management as a silvicultural strategy for  forest  restoration. 
In relation to this, the Forest Development Type (FDT) is presented as a  fl exible 
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planning tool for locating site-adapted habitats and for describing the long-term 
goals. The second section focuses on the landscape level and presents the main 
vegetation types that characterises both ecologically and recreationally rich forest 
landscapes as basis for a design-led approach to  forest landscape  restoration. In the 
third section of the chapter, a case-study presenting a restoration plan for a part of 
Vestskoven near Copenhagen is used to illustrate how the approach can be used in 
practice. The plan has been developed by a group of students attending the interna-
tional master course in Urban Woodland Design and Management at the University 
of Copenhagen.  

    9.2   The Forest Restoration Perspective – Management 
with Nature 

    9.2.1   Close-to-Nature Management 

 From a forest restoration viewpoint, silvicultural strategies are required in order to 
develop urban forest with a high potential for nature conservation, ecosystem pro-
tection, and a natural appearance. This can be achieved by incorporating structural 
and functional features of natural forest ecosystems into the restoration program. 
This approach can be summarised by the term ‘nature-based silviculture’ or ‘close-
to-nature forest management’ .  The aim is to reform current practices so that they are 
still pro fi table but are more environmentally benign and more sensitive to nature 
conservation and the demands of sustainability. This can be done by mimicking 
natural forest structures, processes and dynamics (Larsen  2000 ; Lindenmayer et al. 
 2006 ; Hahn et al.  2007  ) . 

 Close-to-nature forestry in Central Europe promotes continuous-cover forests 
based upon the principle of supporting natural processes of forest ecosystems by 
facilitating site-adapted species mixtures through natural regeneration and making 
use of natural self-differentiation (Schütz  2006  ) . The concept requires a profound 
understanding of natural disturbance regimes and successional processes. 

 The disturbances and processes in natural forest ecosystems, which cause structural 
heterogeneity at both large and small scale are linked to regional characteristics of 
climate, soil, and species compositions. These disturbances include frequent small-
scale disturbances in Central-European forests, small and large-scale disturbances 
in boreal ecosystems caused by  fi res and infrequent but large-scale disturbances in 
some areas caused by storms. Hence, models describing the region-speci fi c distur-
bance patterns should be used in the development of applied silvicultural methods 
for those particular regions (Hahn et al.  2005  ) . In central and western Europe the 
forest cycle models have been successfully used to describe the temporal and spatial 
dynamics of speci fi c forest types in natural forest reserves (Leibundgut  1959 ; Meyer 
and Neumann  1981 ; Mueller-Dombois  1987 ; Jenssen and Hofmann  1996 ; Emborg 
et al.  2000 ; Christensen et al.  2007 ; Hahn et al.  2007  ) . Such models could serve as 
an adequate basis for close-to-nature forest management. 
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 The use of natural disturbance regimes to guide human disturbance regimes 
(i.e. thinning and cutting regimes) must, however, be complemented with other 
measures to restore naturalness in forest management. Lindenmayer et al.  (  2006  )  
emphasize the importance of maintaining aquatic ecosystem integrity for biodiver-
sity protection in managed forests. Maintaining and restoring natural hydrology in 
forests previously subjected to stand management operations such as drainage, and 
promoting species and forest structures that re fl ects and emphasis the variation in 
hydrology is an integral part of close-to-nature management, that can contribute to 
the development of habitat richness and experiential variation both of which are 
highly desired in urban forest landscapes. 

 Restoration of forests along ‘close-to-nature’ forest management principles will 
have major impacts on the forest ecosystem and their visual appearance and thereby 
greatly in fl uence recreational values as these are highly dependent on the visual 
aspects. The relationship between recreational preferences and forest characteristics 
is complex and different studies have identi fi ed different preferences, suggesting that 
these are strongly in fl uenced by cultural, regional, contextual, and subjective expec-
tations (e.g. Jensen  1999 ; Tyrväinen et al.  2003  ) . However, close-to-nature forest 
structures and related management practices are generally found to be recreationally 
preferable to monocultural stands managed through clear-cuts. This is the case 
simply because of higher visual variety and because fewer trees are removed at the 
same time and thus the forest keeps a more natural appearance (Nielsen et al.  2007  ) .  

    9.2.2   Forest Development Types 

 The complex nature of near-natural forest structures and dynamics requires integra-
tive and  fl exible management frameworks and tools. The concept of a Forest 
Development Type (FDT) provides one such framework for advancing and describ-
ing ideas about long-term goals for stand structures and dynamics in stands subjected 
to nature-based forest management. A FDT describes the long-term goals for forest 
development on a given locality (with particular climatic and soil conditions) in order 
to accomplish speci fi c long-term aims of functionality such as ecological-protection, 
economic-production, and social-/cultural functions (Larsen and Nielsen  2007  ) . 

 A major object of FDT scenarios is to describe nature-based silviculture at the 
stand level. For each FDT vegetation structure, species composition and regeneration 
dynamics are described both qualitatively (verbal descriptions) and quantitatively 
(numeric descriptions) for their mutual supportiveness, and the goal is speci fi ed with 
respect to conservation, recreation and production. Furthermore, to support the intui-
tive understanding and the communication of FDT scenarios, vegetation structure and 
composition is illustrated by means of pro fi le diagrams (Larsen and Nielsen  2007  ) . 

 In Denmark, a participatory process described by Larsen and Nielsen  (  2007  )  
resulted in the creation of 19 FDTs, which can be grouped into nine broadleaved 
dominated, six conifer dominated, and an additional four ‘historic’ types (Table  9.1 ). 
Whereas all ‘nature-based’ FDTs encompass a balance between productive, protective 
and recreational/social functions, the other four ‘historical’ types mainly serve the 
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protection of recreational, natural and cultural functions. Especially the historical 
Forest Pasture (FDT No. 92) and Forest Meadow (FDT No. 93) can be actively used 
to create habitat diversity and experiential richness in urban forest landscapes.  

 Each FDT is described as follows (see also Fig.  9.1    ):

    • Name:  The name encompasses the dominating and co-dominating species. 
The  fi rst digit in the FDT-number indicates the main species (1 = beech, 2 = oak, 
3 = ash, 4 = birch, 5 = spruce, 6 = Douglas- fi r, 7 = true  fi r, 8 = pine, and 9 indicating 
a “historic” FDT). The second digit is numbered at random.  
   • Structure:  A description of how the forest structure could appear when fully 
developed. This description is supplied with a pro fi le diagram depicting a 120 m 
transect of the anticipated forest structure at ‘maturity’ (In Fig.  9.7  the pro fi le 
diagrams of four FDT´s are displayed: No. 11- Beech, No. 21- Oak with ash and 
hornbeam, No. 71-Silver  fi r and beech, and No. 92-Forest pasture).  
   • Species distribution:  The long-term distribution of species and their relative 
importance.  
   • Dynamics:  The regeneration dynamics described in relation to the expected 
succession and spatial patterns (species, size).  

   Table 9.1    The 19 Danish Forest Development Types. The name encompasses the dominating 
and co-dominating species   

  Broadleaved dominated:    Species name (Latin name)  
 11 Beech  Alder ( Alnus glutinosa ) 
 12 Beech with ash and sycamore  Ash ( Fraxinus excelsior ) 
 13 Beech with Douglas- fi r and larch  Beech ( Fagus silvatica ), 
 14 Beech with spruce  Birch ( Betula pendula  and  pubescens ) 
 21 Oak with ash and hornbeam  Douglas- fi r ( Pseudotsuga menziesi)  
 22 Oak with lime and beech  Hornbeam ( Carpinus betulus ) 
 23 Oak with Scots pine and larch  Larch ( Larix kaempferi  and  x eurolepis ) 
 31 Ash with alder  Lime ( Tilia cordata ) 
 41 Birch with Scots pine and spruce  Mountain pine ( Pinus mugo ) 

  Conifer dominated:   Norway spruce ( Picea abies ) 
 51 Spruce with beech and sycamore  Oak ( Quercus robur  and  petraea ) 
 52 Sitka spruce with pine and broadleaves  Scots pine ( Pinus silvestris ) 
 61 Douglas- fi r, Norway spruce and beech  Sitka spruce ( Picea sitchensis ) 
 71 Silver  fi r and beech  Silver  fi r ( Abies alba ) 
 81 Scots pine with birch and Norway spruce  Spruce ( Picea abies  and  sitchensis ) 
 82 Mountain pine  Sycamore ( Acer pseudoplatanus ) 

  ‘Historic’ forest types:  
 91 Coppice forest 
 92 Forest pasture 
 93 Forest meadow 
 94 Unmanaged forest 

  The  fi rst digit in the FDT-number indicates the main species (1 = beech, 2 = oak, 3 = ash, 4 = birch, 
5 = spruce, 6 = Douglas- fi r, 7 = true  fi r, 8 = pine, and 9 indicating a “historic” FDT). The second 
digit is numbered at random. FDT 12 is described in Fig.  9.1  and FDT 11, 12, 21, 71, and 92 are 
illustrated in Fig.  9.7   
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   • Functionality:  Indication of the forest functionality (economic-production, 
ecologic-protection, and social/cultural functions).  
   • Occurrence : Suggested application in relation to climate and soil. For this 
purpose the country is divided into four sub-regions with each their typical 
climatic characteristics. Further, the application of the speci fi c FDT in terms of 
soil conditions is stated in relation to nutrient and water supply.      

  Fig. 9.1    Description and illustration of forest development Type 12: Beech with ash and sycamore       
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    9.2.3   Matching Forest Development Types to Site 

 While different forest development types possess different site requirements it is 
possible to address and utilise potential heterogeneities in site conditions by matching 
the FDT to particular sites. This requires a thorough site survey, analyzing environ-
mental conditions such as geology and soil types, nutrient and water supply, as well as 
speci fi c site factors such as compact soil layers and as insuf fi cient drainage. An analysis 
of the hydrological status of the site including existing drainage systems combined 
with a plan of the historical landscape with its former wetlands prior to draining could 
provide guidance for delineating the landscape into ecological functional units. The 
site classi fi cation map provides a framework for identifying appropriate FDTs for 
each site, thus facilitating the creation of forested landscapes where site-adapted stand 
and nature types re fl ects and emphasises variation in the landscape.   

    9.3   The Landscape Restoration Perspective – Planning 
with Design 

 For users of urban forests the variation between close, semi-open and open areas is 
important for orientating in the landscape and for the experience of unity and coherence 
(Sorte  1989 ; Kaplan  1995 ; Bell et al.  2005  ) . It is also the variation in vegetation 
structures that is the main source of habitat diversity. According to Lindenmayer 
et al.  (  2006  )  maintenance of landscape heterogeneity and connectivity (habitat frag-
mentation) is of outmost importance for biodiversity conservation in forestry. Thus, 
both recreationally and ecologically rich forest landscapes are composed of  fi ve 
main types of vegetation structures with each their distinct experiential values and 
habitat qualities:

   Forest interiors  • under  closed canopies.  
  The semi-open areas  • between  scattered trees  
  Glades  • inside  forested parts  
  Edges  • along  the boundary among forested and open parts  
  Open areas  • outside  forested parts    

    9.3.1   Forest Interiors 

 In a landscape perspective, the forest is unique as it is the only landscape element with 
an understorey environment. The intimacy one experiences when being enclosed 
under the canopy is a major recreational value of a forest when compared to other 
landscape elements. Similarly, the closed forest with its long continuity of ecological 
processes is of foremost importance for protecting biological values. However, 
emphasis is not only on the canopy trees, but rather placed on the vegetation structure 
as a whole. Canopy trees, undergrowth and the main characteristics of the perennial 
 fl ora are all of importance for biodiversity and for the human experience of character, 
size and atmosphere of forest interiors (Gustavsson et al.  2005  ) . 
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 Most urban forests have developed from commercial production forests that 
mainly consisted of even-aged monoculture types with forest interiors resembling 
pillared halls. However, users of any urban woodland are varied and so are their 
preferences for stand interiors. The habitat requirements of woodland species are 
correspondingly diverse. Therefore, to fully develop the recreational and ecological 
potential of urban forests these should include a wider range of forest interiors 
(Gustavsson et al.  2005 ; Lindenmayer et al.  2006 ; Nielsen and Jensen  2007  ) . 

 The form- and species rich forest stand types associated with close-to-nature forest 
management should be considered among the most valuable types to integrate timber 
production with high aesthetic and biological qualities (Larsen  2000 ; Gustavsson 
et al.  2005  ) . Historical/cultural forest management regimes, such as coppice forests 
and unmanaged/untouched forests (Table  9.1 ) can also assist in diversifying forest 
interior rooms and habitats in urban forest landscapes (see Box  9.1 ) for the bene fi t 
of people, plants and wildlife (Nielsen and Møller  2008 ; Gustavsson et al.  2005  ) .    

Box 9.1 Main Types of Forest Interiors

Pillared hall interiors
Forest interiors resembling the pillared hall types are associated with even-aged, 
single-storied monocultures, often established by shelterwood regeneration or 
intensive plantings after clear-cuts. Its best-known European example is beech 
(Fagus sylvatica) as illustrated in Fig. 9.7 (FDT 11). The pillared hall is highly 
appreciated by leisure seekers. The tall trunks and the absence of understory 
trees and shrubs articulate the topography of the forest floor. It articulates the 
experience of the inner room and offers long views and free movement beneath 
the canopy (Nielsen and Jensen 2007). From a biodiversity viewpoint these 
homogeneous single-layered forests have little importance although they can 
encompass quite unique and visual attractive ground flora as an example the 
Anemone nemorosa ‘carpet’ under the beech pillared hall.

Structurally and species-rich interiors
Forest interiors with a richness of forms, sizes and species are associated with 
uneven-aged, species- mixed stands, managed in group or single tree selection 
and natural regeneration as illustrated in Fig. 9.7 (FDT 71). The variety of spa-
tial patterns, such as areas with an under-storey of saplings and shrubs, a patchy 
distribution of species and stems, multilayered tree canopies and temporary 
canopy openings are regarded as basic requirements for the maintenance of a 
large proportion of the biodiversity in temperate forest ecosystems (Hahn et al. 
2005). Such continuous-cover forests are also assumed to be recreationally 
preferable to monocultural stands managed through clear-cuts, because of their 
higher visual variety and the continuous tree cover where fewer trees are 
harvested at the same time and thus the forest keeps a more natural appearance 
(Ribe 1989; Hummel 1992; Lindhagen 1996; Nielsen et al. 2007).

(continued)
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Low forest interiors
Low forest types are associated with various types of coppice management. 
The fundamental feature of coppicing is the periodic felling of small trees and 
shrubs, initiating re-growth from the stump or ‘stool’, i.e., the permanent 
woody base from which coppice shoots arise (Peterken 1993). This ability of 
many deciduous tree species to re-sprout after harvest has been widely used 
since ancient times, when coppice woods were important contributors of a 
great variety of wood and non-wood products. Coppicing has been practiced 
long enough to create its own ecosystem (Peterken 1993), where the periodical 
changes in light conditions form the basis for an exceptional flora of species 
which need the extra light following the coppicing to build up their resources. 
Yet these species also need the shaded phase of the coppice cycle to avoid 
competition from species of more permanent clearings (Larsen et al. 2001; 
Rackham 2003). After years of decline and neglect, low woodland types based 
on coppice management are the subject of renewed interest. In an urban 
context, low woodland types based on coppice are being suggested as holding 
potential for engaging local communities in the management of Neighbourhood 
Forests, where coppice can also offer inspiring environments for children’s 
play. The ‘small’ scale and multi-stemmed character of coppice creates 
mysterious environments, where the kids can use the cut wood or break off 
branches themselves for their play or for craftwork activities.

Wilderness interiors
The concept of wilderness is associated with unmanaged forests. The enhance-
ment of wilderness in urban and peri-urban forests is demanded in many 
places. Compared to managed forests, unmanaged forests are rich in old trees, 
trees with holes and cavities, dead standing trees, dead logs and branches, 
burned wood, and stumps with uneven-aged surfaces. These structural com-
ponents and especially the continuity of ecosystem processes including dead 
wood are important requirements for maintenance of large parts of the endan-
gered forest species (Hahn et al. 2005). In cities where the wilderness is an 
absent quality, leaving unmanaged areas in the core of larger forests or in the 
parts with limited use, will slowly allow the wilderness to develop.

Box 9.1 (continued)

    9.3.2   The Semi-open Forest 

 The semi-open forest types are closely associated with the traditional cultural land-
scape in many parts of the world. Many species that are now endangered have adapted 
to semi-open, cultural landscapes with scattered trees, such as grazing  forests, forest 
pastures and wooded meadows (Fry and Sarlöv-Herlin  1997  ) . However, due to regen-
eration problems and growing demands on  fi rewood and timber, grazing in forests 
was more or less abandoned in many European countries when industrialisation 
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commenced about 200 years ago. Today’s forests therefore often lack semi-open 
areas causing a lack of spatial and habitat diversity and the predominance of abrupt 
interfaces between open and closed parts (Gustavsson et al.  2005  ) . 

 Many preference studies have shown that the semi-open forest landscape is 
among those most appreciated by leisure seekers. The scattered trees and open canopy 
offer exploring potential in the landscape and feelings of safety while walking 
 between  trees rather than under a closed canopy or in an open area. The prospect-
refuge theory suggested in 1975 by the English geographer Jay Appleton (Appleton 
 1996  )  is widely used to explain human preference for semi-open landscapes. 

 The theory suggests that human responses to the landscape are linked to the evo-
lutionary bene fi ts of certain landscape views, especially those associated with early 
human evolution in the savannah landscape of sub-Sahara, a semi-open landscape 
with scattered trees. This landscape offers both prospect (an open view from which 
predators or prey/forage can be seen) and refuge (shelter and protection that shields 
the viewer from being seen). Preferences for semi-open landscapes are indirectly 
manifested in the design of many modern (i.e. post-Renaissance) park and garden 
landscapes, which have as their inspiration the half-open, grazed savanna-like  
landscape (Kaplan  1992 ; Olwig  2002  ) . Depending on the grazing pressure and soil 
conditions, browsing can be regulated to create a wide gradient of tree and shrub 
densities, with their associated differences in habitats (Nielsen et al.  2005  ) . Therefore, 
in urban forest landscapes restoration efforts, the re-discovery of semi-open pastoral 
landscapes can potentially enhance habitat diversity to be enjoyed by people and 
inhabited by a wide range of potential threaten biodiversity (Fig.  9.2 ).   

  Fig. 9.2    Picture from a semi-open grazing forest with oak and European bison, Eriksberg Sweden 
(Photo: J. Bo Larsen)       
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    9.3.3   Glades 

 The glade is the intimate open room  inside  the forest where the solitude of the forest 
can be enjoyed (Fig.  9.3 ). In older times, the glade was the secret meeting place for 
young lovers, and the place where hunters waited in the sunset for the deer. In a 
modern urban context, the glade is beloved by children and many people going for 
a picnic, or it is simply the place where people take a rest before continuing their 
walk (Hummel  1992  ) . Yet, the glade has hardly been given any attention in recent 
urban forestry research and practice. 

 The canopy openings created by glades allow a unique  fl ora to develop and 
include plants that are shade intolerant and so cannot live under the closed canopy. 
However, these are also woodland species and so will not be found in the open 
(Gilbert and Anderson  1998 ; Smidt et al.  2007  ) . In addition, glades provide habitat 
for many birds, insect and butter fl ies which rely upon their continued existence for 
their survival. In an afforestation perspective, the habitats of early successional 
stages, such as glades and open areas, can be created early in the developing wood-
land. Yet, if this is to be realised, the size of glades should be determined in a 
dynamic perspective and not as a constant which has been the traditional design 
approach. In young forest landscapes the intimacy and the unique glade microcli-
mate requires rather small glades which can then be increased gradually in line with 
height increment of the surrounding stands. For example, a glade with a width of 

  Fig. 9.3    A glade in Linnebjär forest surrounded by oak trees, southern Sweden (Photo: Anders 
Busse Nielsen)       
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60 m creates an intimate room when surrounded by mature stands with a height of 
30 m (Fig.  9.3 ). However, if the glade is surrounded by young stands with a tree 
height of only 5–10 m, this sense of intimacy and the special micro climatic conditions 
will be absent. In a design perspective, the location of a glade has also traditionally 
been regarded as continuous in time. Yet, introduction of dynamic glades (ca. 0.5 ha) 
can enhance habitat diversity in relatively uniform areas and increase the amenity 
value of forests (Gilbert  1989  ) . In forests managed along nature-based principles 
the small areas of group harvest, cleaned from slash could temporarily act as glades.   

    9.3.4   Edges 

 Few elements in the landscape have as high visual and ecological values per unit 
area as do forest edges. Forest edges and other transition zones between two adjacent 
ecological communities (ecotones) are generally claimed to be more species-rich 
than adjacent habitats, with species from the ‘parent communities’ (ecosystems) as 
well as species particular to the ecotone itself (Fry and Sarlöv-Herlin  1997  ) . Forest 
edges are habitats for many light demanding tree and shrub species many of which 
have a high biological and aesthetic value (e.g. insect pollination,  fl owers). Over 
time, forest edges have come to play an increasingly important role as refuges for 
many of the species appreciated by visitors as well as plant and animal species that 
have become endangered because of the loss of complexity at the landscapes level 
including the loss of cultural landscape types such as forest pastures, forest meadows, 
and hedgerows (Rizell and Gustavsson  1998  ) . 

 Most people visiting a forest for a picnic settle by the edge from where they have 
the forest at their back and have a free view over an open area. Forest edges are also 
a preferred zone for children and their play. Here they can  fi nd shelter and good 
climbing trees from where the more open surroundings can be viewed. Edges 
contribute positively to the aesthetic qualities of forest landscapes, and thereby also 
to the recreational potential. On the forest landscape level, the experiential values of 
forest edges are related to alternation between closed and open edges types (Tregay 
 1986  ) . Some of these different types of edge are described in Box  9.2 . At particular 
sites the recreational values are also related to the richness of blossoming species 
with berries and intense colours in the autumn, which attracts birds, mammals and 
invertebrates to be experienced by people (Gustavsson and Ingelög  1994  ) . 
Additionally, the edges of many older forests often contain old solitary trees and 
cultural remnants such as earth and stone banks, marking old ownership boundaries. 
Such elements add strongly to the experience of the cultural history of the landscape 
(Høyring  1995  ) . 

 Urban forests are often cut through by infrastructure or other urban land-uses 
which increases the amount of edges in comparison to most rural forests. Examples 
of this can be found in many urban forest landscapes such as Vestskoven at the edge 
of Copenhagen, Amsterdamse Bos near Amsterdam, and the Zoniënwoud near 
Brussels. When compared to rural forests, most urban forest landscapes are also 
rich on edges along internal glades and open spaces of varying size and character. 
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 Despite the abundance of external and internal edges, little attention has been 
paid to edge zones in design and management of urban forests (Gustavsson et al. 
 2005  ) . Edges have often been left without management which has homogenised 
their structure. When left unmanaged especially the outdrawn mosaic edges and the 
visually open one-step edges gradually disappear (these edge types are described in 
Box  9.2 ). However, through a changed attitude the abundance of edges in urban 
woodlands can be turned into an opportunity to work actively with the creation of 
varying edge structures incorporating more articulated and diverse visual and spatial 
qualities and richer  fl ora and fauna diversities at both site and forest landscape level. 
Consequently, edge restoration and differentiation can contribute signi fi cantly to 
recreational as well as ecological values in urban forest landscapes.    

Box 9.2 Main Forest Edges Types

The outdrawn mosaic edge
In uncultivated landscapes where the forest is allowed to expand into open 
parts of the landscape and in forest pastures with low grazing pressure, suc-
cessional processes often mean the transitions between closed and open parts 
grades through intermediate stages of clumps and groups of trees, patches of 
shrubs or younger trees, herbaceous plants and grass in mosaic patterns. 
However, since the introduction of systematic forestry by the end of the eigh-
teenth century the forest has predominately been strictly separated from the 
surrounding countryside by abrupt, straight edges of various profiles, as 
described below.

One-step edge
One-step edges are those with no shrub layer under the edge trees. They are often 
dominated by shade-tolerant forest tree species like beech (see Fig. 9.7, FDT 11). 
It has the best potential to develop in north and east facing edges (in the northern 
hemisphere) where the forest trees shade the edge zone. One-step edges are also 
associated with intimate glades, where they allow for visual contact with the 
interior under the surrounding canopies, and with forest pastures with high graz-
ing pressure, where the animals elevate the canopy by browsing.

Two-step edge
Two-step edges are those with shrubs under the canopy of the edge-trees. 
By creating a vertical green ‘wall’ two-step edges can be effective in guiding 
the direction of the human eye. In Versailles and many other Baroque park 
landscapes, alleys were often designed as two-step edges to direct the eye 
towards the point-de-vue.

Three-step edge
In three-step edges a diversity of mostly light-demanding shrubs and tree spe-
cies create dense, narrow edges with well-developed vertical structures (see 
Fig. 9.7, FDT 21). South and west-facing edges (in the northern hemisphere) 

(continued)
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    9.3.5   Open Areas 

 Integration of forested and open areas of varying sizes is a common characteristic 
for many of the most appreciated and well-known recreational forests landscapes in 
Europe (Nielsen et al.  2005  ) . Open areas are attractive for recreation and provide 
habitat diversity. This is especially the case if the structure of open spaces is varied 
in size and management regime, such as grassland, meadows, heath, wetland and 
open water (Bell et al.  2005 ; Gustavsson et al.  2005  ) . 

 General guidelines for extending open areas open areas in recreational forest 
landscapes exist. In the United Kingom, the extent of open spaces is generally rec-
ommended to not exceed around 30% of the area, as this is likely to diminish the 
feeling of being enclosed by the forest (Forestry Commission  1991  ) . Yet, experi-
ences from urban forest landscapes show that the structure of open areas and their 
interaction with the local topography, and especially the developmental stage of the 
surrounding forest, are more important for the feeling of enclosure and intimacy 
than the total amount of open areas. The size of the forest is also in fl uential on the 
experience of enclosure. As woodlands increase in size, their diversity increases, 
usually with an increasing likelihood of incorporating some open areas. 

have a higher potential to develop species richness than north or east-facing 
ones. Visually, the species richness of three step edges is especially noticeable 
in spring and autumn, as many of the typical edge species have attractive 
flowers and autumn colours. If local species are used, three-step edges can 
have high ecological and cultural-historical benefits. Yet, three-step edges 
seals off the visual contact and much flow of organisms and energy between 
forest interior and open areas.

Rising edge
In rising edges, trees and shrubs of decreasing size creates wide sloping edges. 
Rising edges are effective wind breaks for young plantations and help to 
maintain special microclimatic conditions in forest interiors. Because of this 
they have become integral parts of afforestation projects in many countries 
during the last part of the twentieth century. Yet, rising edges can blur the 
forest experience. An example of this is in ‘Vestskoven’ which was established 
to create a ‘green lung’ for the citizens in the urban sprawl spreading rapidly 
during the 1960s and 1970s in the western parts of Copenhagen, the capital 
city of Denmark. In Vestskoven, roads are separated from the forest by edge 
plantations of up to 30 m width and having the same visual appearance as the 
miles and miles of scrub plantations along road-sides in the open Danish 
landscape. Therefore, one does not have the experience of driving through a 
large urban forest landscape.

Box 9.2 (continued)
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 Jägersborg Deergarden (Dyrehaven) covers an area approximately 1,000 ha to 
the north of Copenhagen and is an example of an old, well-known recreational forest 
landscape which is appreciated for its rich variety of forest and open areas (Fig.  9.4 ). 
Here a hierarchy of open areas of varying sizes from the Eremitage plain (150 ha) 
over smaller open areas (2–4 ha) to glades (0.2–1 ha) and canopy gaps (less that 
200 m 2 ) is carefully integrated with a corresponding diversity in sizes of forested 
areas, tree clumps and solitary trees (Nielsen et al.  2005  ) . The large plains are situ-
ated where the local topography is more uniform. The smaller openings and glades 
are found in parts with pronounced small-scale topographical variations and in areas 
with rather  fl at terrain where they add spatial diversity. Jointly, the open areas in 
Jägersborg Deergarden amount to 50% of the area, but because the wooded parts are 
dominated by 30 m tall trees, and because of the rich variation in the structure of 
openings and their articulation of differences in the local topography, the sense of 
enclosure is always present while strolling around the landscape.   

    9.3.6   Designing with Nature 

 Today’s urban forest landscapes often lack structural complexity and are deprived 
of visual variation and habitat diversity (Gustavsson  1981 ; Kaplan  1995  ) . This is 
partly because traditional silviculture has, for centuries, endeavoured to improve 

  Fig. 9.4    Aerial  photo of Dyrehaven north of Copenhagen, showing the variety of open areas of 
different forms and sizes integrated in the forest (Photo: Peter Lassen)       
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and homogenise site conditions for tree growth by ameliorating soils and draining 
or ditching (Rune  1997  ) . On the landscape level, this has caused a pronounced loss 
of habitats and complexity and the disappearance of natural landscape characters 
and variations. In efforts to restore urban forest landscapes ‘inherited’ from produc-
tion traditions, much of the lost complexity and landscape character can therefore 
be restored if the potential natural hydrology and local variations in site condition 
and topography are used as starting points for locating a variety of site-adapted habi-
tats with distinct visual appearances and habitat qualities. 

 A thorough analysis of the landscape in its topographical variation, soil condi-
tions, natural and cultural values, and hydrological features including potential to 
re-establish wetlands give an excellent basis for a ‘nature-based’ re-design of the 
landscape. In this case different Forest Development Types combined with varied 
open and semi-open nature types and edge types can be used as planning tools.   

    9.4   Case Study: Vestskoven 

 In 1967 the gradual conversion of approximately 1,500 ha highly productive horti-
cultural and agricultural land at the urban fringe of greater Copenhagen commenced. 
The overall aim was to create a large recreational forest that could separate and 
structure the intense and rapid urban sprawl of the 1960s and 1970s and provide 
important recreational possibilities for the 300.000 new citizens in the western part 
of greater Copenhagen. 

 In the late 1990s the last cropland was acquired, and the landscape was completely 
converted to various woodland stands and open areas, with approximately half of 
the area forested and half of it being open grassland located primarily towards the 
centre of the area (   Olsen and Wiegersma  2005  ) . The topography in the area is only 
slightly undulating and to create variation, two arti fi cial hills were constructed in 
the open grasslands, using the excavated soil and building materials from the 
surrounding urban development. 

 The concept for Vestskoven was to create a romantic landscape with organically 
formed forests contrasting with open meadows (Olsen and Wiegersma  2005  )  – highly 
inspired by the Dyrehaven area north of Copenhagen (Fig.  9.4 ). Yet, the concept did 
not take into account the process of acquiring the land. The way the farmlands were 
acquired became the shaping factor for the structure of the forest. Fields were 
planted successively as they were purchased, with little further consideration for the  
composition and relationship between forested and open areas. Further, once 
acquired, the  fi elds were planted using monocultural stands or simple species mix-
tures, involving species that were then available at the nurseries. This was done 
without prior studies of the soil which had been intensively drained to improve the 
arable and horticultural production (Olsen and Wiegersma  2005  ) . The forest is 
therefore composed of small stands with abrupt species transitions and edges so that 
there is no inter-relationship between them and between the forest and the open 
areas. Today the forest appears as a traditional Danish timber production forest with 
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some large open areas for recreation inserted into it (Fig.  9.5 ). The gradual collapse 
of the arti fi cial drainage system is slowly restoring the natural hydrology creating 
potentials for integration of ponds and wetlands.  

    9.4.1   Educational Project: Re-designing the Vestskoven 
Forest Landscape 

 The above description demonstrates that the Vestskoven area incorporates most 
of the potentials as well as the problems of urban woodlands inherited from the 
commercial forest management tradition. This makes it useful as a case study for 
urban forest landscape restoration. Hence, the eastern most part of it (approximately 
150 ha) was used as the project area in the international master course Urban 
Woodland Design and Management at the University of Copenhagen, administered 
by the two authors. In what follows we give a short description of the project area 
with its problems and potentials and present how one of the student groups used 
the concept of Forest Development Types to re-design the area to create an urban 
forest landscape. 

  Fig. 9.5    Land-use map for the eastern part of Vestskoven, showing the fragmented composition of 
uniform blocks of geometrically shaped stands and open spaces       
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 Major roads separate the eastern part of the forest from the remaining forest and 
from the surrounding city (Fig.  9.5 ). Around 70% of the area is forested with blocks 
of even-aged stands, whereas the remaining 30% consists of large open areas with 
grassland and play grounds (foot ball, riding school, enclosure for dogs etc.). The 
landscape is only slightly undulating, and in the middle an arti fi cial hill rises 30 m 
above the surrounding plain (Fig.  9.6 ).  

    9.4.1.1   The Current Problems 

    Uniform stand structures, lack of habitats within the forest  • 
  Simple edge structures and no variation in edge types  • 
  Fragmented blocks of geometrically formed stands and open areas  • 
  Limited interconnection between forested and open areas and lack of connectivity • 
between open areas  
  Tree height does not match the size of the open areas causing the loss of forest • 
‘atmosphere’  
  Lack of smaller openings and glades  • 
  The forest surrounds the foot of the arti fi cial hill, thus blurring its topographical • 
effect.  
  Ponds and wetlands are not integrated within the forest landscape     • 

  Fig. 9.6    Arial photo of Vestskoven seen from East, showing the abrupt transitions between for-
ested and open areas, where the forest surrounds the foot of the arti fi cial hill. As the trees mature 
the topographical effect created by the hill will be blurred       
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    9.4.1.2   Potential Advantages of the Site 

    Stands containing many different species adapted to the site are present including • 
native broadleaved species  
  There are young stands potentially able to develop into forests with a variety of • 
structural types  
  The collapsing drainage system is slowly restoring the natural hydrology allowing • 
for the development of ponds and wetlands     

    9.4.1.3   The Restoration Plan 

 The students’ restoration plan (Fig.  9.7 ) includes four FDTs and is based on the 
existing values in the young plantations and adjacent plains. The four selected 
FDTs  (FDT 11, Beech pillar hall; FDT 71, Silver  fi r with beech and spruce; FDT 
21, Oak with ash and hornbeam; FDT 92, Grazing forest), have distinct experiential 
and ecological characteristics and unify the many small stands in larger units. The 
variety of sizes of open areas is increased by adding small glades in the forested 
parts. Some of the open areas incorporated within the plan add even further spatial 
variety and increase the overall coherence of the forested landscape. The larger 
central plain has been subdivided by additional planting of groups of trees and by 
breaking up some existing stands to form small groves. Visually, the tree groups are 
arranged to create fore-ground and middle-ground areas in the views across the 
plain where the surrounding forest acts as a framing back-ground. Parts of the for-
ested and open areas have been converted to grazing forest through heavy thinning 
and by planting additional trees. The borders between forested parts and open areas 
have been re-shaped by selective cutting in some of the existing stands and planting 
of edge species to create a better relationship between the forested and open areas 
by forming more diverse and complex edge structures. The arti fi cial hill is visually 
integrated in the landscape by extending the forest up on the north side of the hill. 
This underlines the rising topography and creates variation in the ecological condi-
tions from the sunny and dry southern aspect to the moist and shady northern slope. 
Ponds are restored in areas with emerging wetlands and integrated as attractions 
for people and biodiversity in relation to small glades, at forest edges, and in larger 
plains.     

    9.5   Conclusions and Outlook 

 The chapter has described a design-led approach to close-to-nature forest management 
as a strategy for the restoration of forest landscapes in urbanized societies like 
Denmark, where the importance of recreational and ecological values surpasses the 
classical timber production goals. In relation to this, the concept of Forest 
Development Types, as developed in Denmark, has been used as a planning and 
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  Fig. 9.7    The restoration plan for the eastern part of Vestskoven as proposed by a group of students 
attending the international master course in Urban Woodland Design and Management. The plan 
in combination with the pro fi le diagrams of the four FDTs  including examples of different edge-
types gives an instant impression of the anticipated goals for the urban forest landscape as well as 
for the development at the different forested parts, which can be used as a off-set for participatory 
planning approaches       

design tool for forest landscape restoration. The approach has value because it is 
able to describe both the development of speci fi c forest areas and also illustrate how 
the anticipated landscape will integrate different ecosystems including different 
forest types, semi-open forests, glades, edges, open areas and water bodies. The 
approach recognizes existing and potential variation in topography, geology and 
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hydrology and allows the development of robust and functional forest landscape for 
urban societies with high recreational, aesthetic, biological and productive values. 

 However, the debate about changing silvicultural practices and developing 
functional forest landscapes covers more than ecology, silviculture and landscape 
architecture. It is also linked to an on-going discussion within urbanized societies, 
implying that at the socio-political level urban woodland landscapes must be devel-
oped and restored in a transparent and participatory process. In this context, studies 
have indicated that communication of long-term goals for stand and landscape 
development through FDT scenarios and their illustration by means of pro fi le diagrams 
are easy to comprehend by both professionals and lay persons (Larsen and Nielsen 
 2007 ; Nielsen et al.  2007  ) . Correspondingly, they might serve to enable the active 
participation of local people in de fi ning and agreeing upon long-term goals for 
urban forest landscape development. 

 This approach has recently been conducted by the municipality of Aarhus, 
Denmark’s second largest city. The tools and considerations described in this chapter 
have formed the platform for the introduction of nature-based forest management in 
approximately 2,000 ha of urban forest. In this process the FDTs allow the develop-
ment of close links between planning, design and management and supported the 
communication between public, politicians and professionals in the process of de fi ning 
and agreeing upon long term goals for the urban forest landscape development.      
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          10.1   Introduction: A Social Perspective 

 Watersheds are physical realities, but the perception and understanding of those 
physical realities are human, and in particular social, activities. It is societies that 
de fi ne watersheds as entities, and social processes that determine goals for, and 
management actions within, watersheds. Information on the physical and ecological 
stresses on watersheds is acted upon by environmental/ resource managers in ways 
shaped by their societies. To understand watersheds, therefore, it is necessary to 
understand the values and needs of the people associated with watersheds. In this 
chapter we draw on understandings developed through our combined social research 
experience to suggest strategies to achieve truly adaptive management of watersheds. 

 Catherine Allan and Allan Curtis have evaluated a number of watershed-scale 
adaptive management projects in Australia, and Bruce Shindler has had extensive 
involvement with the Adaptive Management Areas in the Forests of the Paci fi c 
North West. We are particularly interested in the social, cultural and institutional 
aspects of adaptive management because management is  fi rst and foremost a social 
activity. As social scientists we emphasize the importance of considering context, 
and so offer a summary of the world view in which this chapter sits. We acknowl-
edge multiple ways of knowing the world around us, including local and indigenous 
knowledges. The notion of multiple forms of knowledge includes the relatively 
straightforward idea that assets can be viewed differently—one person’s nature 
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walk is another person’s source of lumber, for instance—but also acknowledges 
more profound differences in the ways in which people understand the world, the 
roles of humans in that world, and even the nature of knowledge and truth (for 
example, Roe  1996 ; Miller  1999  ) . We therefore understand planning as a political 
endeavor. There are social consequences from every planning decision because 
there are always winners and losers in some sense. ‘Successful’ resource management 
programs of any sort must enjoy social acceptability in addition to their bio-physical 
possibility and economic feasibility. Public judgements about the appropriateness 
(acceptability) of management activities are based on more than just physical or 
scienti fi c ‘facts.’ Judgments are made in response to a complex suite of factors, 
including knowledge of alternatives and their consequences, and levels of trust in 
decision makers (see for example Shindler et al.  2002 ; Howe et al.  2005  ) . 

 As social scientists we are also interested in how the watershed concept has been, 
and continues to be ‘constructed’ to serve the changing needs of our societies. Social 
discourse shapes the ways in which watersheds are understood, valued and managed. 
Watersheds are an obvious unit for managing water, but currently watersheds are 
also considered appropriate as the frame for managing other environmental assets/
natural resources, including forests. Although not a new phenomenon, using water-
sheds as planning units has become particularly popular in the last decade or two 
(Blomquist and Shlager  2005  ) . 

 The current focus on watersheds appears to follow from a desire for an integrated 
approach to natural resource management; not only integration of different 
landscape features such as surface and groundwater, soil and vegetation and other 
discipline-based knowledge of these landscape elements, but also the integration of 
the efforts/resources of governments, private corporations and individuals, and the 
roles of managers/planners, researchers and landholders (Curtis and Lockwood 
 2000  ) . Watershed organizations have been established as part of government initia-
tives to implement integrated natural resource management in both the US (where 
they are most often called watershed councils) and in Australia (where landcare 
groups perform many similar functions), although their organizational support 
structures are different in each country (Curtis et al.  2002  ) . Current discourses 
of ‘watersheds’ imply that people within a particular watershed will share some 
sense of ‘place’, through either ownership or an emotional attachment to the land in 
its broadest de fi nition (Kruger  2001  ) . A watershed thus becomes a space that links 
people with their environment, and with each other. The watershed concept has 
been used as a means of scaling-up very small, locally focused environmental 
management activities in both Australia and the US (Ewing  1999 ; O’Neill  2005  ) . 
Because watersheds can encourage and enable people to work together on larger-
scale projects while maintaining their sense of connection with the environment, 
watersheds also represent an important venue in which learning can be promoted 
and the results of that learning applied. 

 Watershed management occurs within the context of prevailing societal norms 
and practices. For the past century, scienti fi c management, a reductionist approach 
to understanding and controlling activity through rational planning, has dominated 
Western policy making regarding natural resource management (Smith  1997  ) . 
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Rational planners work from the premise that the world is knowable and predictable, 
that the goals of management are clear, and that there is one ‘right’ answer that can 
be found through objective, technical enquiry (Rittel and Webber  1973  ) . ‘Rational’ 
reductionist management of water, forests, agriculture and other natural resources 
worked well when the goals of management were narrowly de fi ned (exploitation, 
harvesting, human use, human protection), and while the ecosystem consequences 
of this narrow focus could be ignored (Holling  1995 ; Holling and Meffe  1996  ) . The 
environmental degradation that has resulted from this focus on exploitation in 
both the US  and Australia is sobering, even when only a partial reckoning of that 
degradation is possible. For example, Australia’s State of the Environment report 
notes that “ Comprehensive ecological information is available on at least 10% of 
mammal, bird and amphibian species, and partial ecological information is avail-
able on around 60% of known forest-dwelling vertebrate and vascular plant species. 
However, very limited information is available on forest-dwelling invertebrates, fungi, 
algae and lichens. A total of 1,287 forest-dwelling species are listed as vulnerable, 
endangered or threatened under the Environment Protection and Biodiversity 
Conservation Act 1999)”  (Commonwealth of Australia  2008  ) . 

 Similarly, it is noted that around one third of the US’s native animal species, 
including aquatic animals, are considered ‘at risk’ to some degree (The Heinz 
Center  2002  ) . These and other degradation problems are likely to be exacerbated 
by the predicted impacts of climate change, highlighting just how little knowledge 
we have as a basis for rational planning of future action. 

 Of course, natural resources managers have not been idle. There have been many 
management responses to ecosystem collapses, and numerous attempts to reduce 
negative impacts on water, forests, soils and biodiversity, and restoration  fi gures 
prominently in many of these. Often, however, these endeavors have been con-
strained by the growing recognition of complexity and uncertainty, along with some 
entrenched institutional habits of problem framing and response implementation. 
The attributes of current/traditional natural resource management organizations 
(including formal structures such as Federal and State government agencies) and 
institutions (including informal structures such as social movements and watershed 
citizen groups) exert a strong in fl uence on the responses that can be made. Current 
natural resource/ environmental asset managers (and the societies which encourage 
their employment) have a preference for activity—they like to be doing, and to be 
seen to be doing. In other words, this style embodies the ‘can do’ spirit which 
characterizes those in the natural resource professions. This preference is supported 
by government programs and projects which emphasize milestones, and targets, 
and rapid accountability in the form of activity audits (Allan and Curtis  2005  ) . 
Natural resource management organizations and institutions are also patently risk 
averse (Allan and Curtis  2003 ; Stankey et al   .  2006a    ) . Risk averse societies and 
their institutions and organizations fear doing, or being seen to do, something 
that turns out badly. This has a constraining effect on managers, making them 
unwilling, or even afraid, to experiment. The product of these pressures is a 
generation of agency staff who are always seeking to be active, but only in safe and 
predictable ways. 
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 Against this background is a growing appreciation of the limits of predictive 
models when faced with high levels of complexity and uncertainty, coupled with the 
challenges of dealing with a world full of surprises, secondary- and tertiary-effects, 
and social and political volatility (Herrick and Sarewitz  2000  ) . Over recent decades 
ecosystem collapses, combined with a broadening range of accepted human expec-
tations and understandings, have led to management impasse where, despite the 
strong desire to be active, in many places it seems impossible to undertake any 
management at all (Stankey et al.  2003  ) . Alternative management paradigms are 
needed to deal with high levels of complexity and uncertainty, and to accelerate the 
rate at which managerially relevant knowledge can be acquired. Adaptive management 
appears to promise to be one of those alternative paradigms.  

    10.2   Adaptive Management as a New Approach 

 Adaptive managers deliberately set out to learn from policy experiments to improve 
future practice. In a natural resource management context adaptive management 
involves learning from the outcomes—expected and unexpected—of implementing 
project activities. Adaptive management initially was conceived of and presented as 
a technical response to problems with ecological and social resilience (for example 
Holling  1978 ; Walters  1986 ; Walters and Holling  1990  ) , but has increasingly 
become as much a social and civic undertaking as a technical one (Lee  1993 ; 
Gunderson et al.  1995  ) . Adaptive management stands in sharp contrast to traditional 
reductionist scienti fi c inquiry because of its emphasis on learning from manage-
ment practice (Hillman et al.  2000  ) . Adaptive management is also different from 
traditional incremental, bumbling along approaches because it is planned and pur-
poseful, and has a focus on improving management through deliberate learning. 
While there are many different ways of interpreting and understanding adaptive 
management we suggest that watershed-scale adaptive management involves:

   management activities speci fi cally designed to test hypotheses through ecosystem- • 
scale, holistic experiments;  
  active re fl ection on the outcomes of those management activities;  • 
  provision of mechanisms for multi-disciplinary and multi-stakeholder involvement;  • 
  an emphasis on collaborative or participatory social learning;  • 
  provision of mechanisms for incorporating learning into planning and man-• 
agement; and  
  development and maintenance of appropriate communication fora for all project • 
participants.    

 In the US the theory of adaptive management is widely accepted, and it 
underpinned the development of the Northwest Forest plan (Stankey et al.  2006a, 
  b  ) . In Australia adaptive management has become formally embedded in watershed 
planning through the bilateral agreements between the Federal and State govern-
ments that underpin the National Action Plan for Salinity and Water Quality (NAP) 
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(Commonwealth of Australia  2003  ) . The management of forest resources, invasive 
plants, pest animals,  fl ow regimes in rivers, soil health and biodiversity maintenance 
are all supposedly guided by adaptive management principles; as an example 
adaptive management is applied to protect threatened species at risk from forestry 
operations in NSW (NSW Department of Primary Industries  2008  ) . The pervasiveness 
and acceptability of (at least the rhetoric of) adaptive management can be gauged by 
a casual browser search of the World Wide Web, restricting the search to ‘adaptive 
management’ and ‘environment’ or ‘natural resources.’ This will yield hundreds of 
thousands of results. Yet despite all of this interest, catching adaptive management 
in practice, especially at watershed-scales, has proven dif fi cult (Lee  1999 ; Allan and 
Curtis  2005 ; Stankey et al.  2006a,   b  ) . We suggest that the scarcity of operational 
adaptive management of natural resources is caused by social constraints, rather 
than technical dif fi culties.  

    10.3   The Challenges to Successful Implementation 
of Adaptive Management 

 Numerous constraints on undertaking adaptive management have been identi fi ed in 
the growing literature on adaptive management of natural resources. These con-
straints include risk aversion, inadequate protocols and inadequate resources. 

 Effective adaptive management embraces failures and shortcomings because 
they provide an opportunity to learn and change (Gunderson  1999  ) . Embracing, or 
even acknowledging, failure or surprise remains antithetical to many managers and 
policy makers. Wildavsky and Dake  (  1990  )  showed that cultural biases are a more 
powerful predictive tool for risk perception than either knowledge or personality 
type, and we appear to be particularly risk averse societies at present. Across 
society, there is a growing inability to portray the concept of risk in a socially 
acceptable manner (Slovic et al.  2004  ) . All actions, including ‘no’ action, involve 
risk, yet, increasingly, resource managers are called upon to avoid actions, policies, 
and programs that may lead to risk for species, conditions, and values. We suggest 
that aversion to failure also follows from the strong technological orientation 
developed in our cultures from over a century of reliance on the scienti fi c method; 
errors are seen as the result of shortcomings, incompetence and poor planning, 
rather than an inevitable result of working in the face of complexity and uncertainty 
(for more on this see Stankey et al.  2006a,   b  ) . In this cultural environment there are 
very few incentives and rewards to encourage risk-taking, failure-accepting behav-
iour. There is also the corrosive belief that adaptive approaches could reveal that 
past policies and practices have been  fl awed; publicly acknowledging such past 
shortcomings is anathema to many. Admitting to past ‘failures’ also highlights the 
need for conventional ways of acting to change, and such changes often are strongly 
resisted in organizations. Finally, vested interests and powers are often content with 
the way things are and adaptive management is viewed with suspicion and alarm 
because it could lead to changes inimical to those interests. 
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 That current and potential adaptive managers often feel constrained by institutional 
protocols and practices is suggested in the research literature focused on cultural 
conditions (Ison and Watson  2007 ; Jacobson et al.  2006  )  and institutional and 
legal practices (for example Thrower  2006  )  were echoed at practitioner workshops 
in Australia (Allan and Curtis  2003  )  and the US (Allan et al.  2008  ) . 

 The participants of both the Australian and US workshops also stressed that 
inadequate resources are a fundamental constraint. There does not appear to be the 
people, money or the political will to allow projects to mature, or for purposeful 
re fl ection and learning to be undertaken. 

 To illustrate and explore these constraints further we draw brie fl y on two examples 
with which we have been involved as participants and evaluators; the development 
and implementation of the adaptive management plan for the forests of the US 
Paci fi c Northwest, and the implementation of ‘Heartlands’ in southeastern Australia. 

 Ten adaptive management areas (AMA) were established in 1994 in the forests 
of Washington, Oregon and northern California as sites for ecological, social and 
organizational learning. Each area included districts with mixed forest ownership, 
including federal lands, and most AMA were associated with communities affected 
by reduced timber harvests from federal lands (Stankey and Shindler  1997a,   b  ) . 
The AMA provide an innovative institutional structure for achieving the goals of the 
Northwest Forest Plan, and for improving shorter and longer term understanding of 
the region’s biophysical and socioeconomic systems and the adaptive management 
process (Stankey et al.  2006a,   b  ) . 

 Operating between 2000 and 2003, Heartlands was a government initiated 
watershed-scale project which sought to design and implement landscape scale 
land-use change. Although on a much smaller scale than the AMA process described 
above, Heartlands had similar aims of learning about the landscape and how to 
restore its function. The project team de fi ned Heartlands as an adaptive management 
project (CSIRO    Heartlands Core Group  2000 ). Heartlands combined implemen-
tation of on-farm land management works with scienti fi c enquiry into farm forestry, 
catchment hydrology and biodiversity. One of the Heartlands sites was the 
Billabong watershed, located in southwestern slopes of the state of New South 
Wales. The Billabong is a foothills environment that currently supports forestry and 
grazing enterprises in the east and predominantly cropping enterprises in the west 
of the watershed. Over a 2-year period on-ground works under the Heartlands 
banner were funded by Federal and State programs, while the Murray Darling 
Basin Commission provided money for research. The Billabong Operations Group 
(BOG) comprising local landcare staff and members, CSIRO scientists, landholders, 
and representatives of State natural resource management agencies was created 
to steer the project, manage the funds, co-ordinate implementation and report on 
activities and  fi ndings. 

 Project management involves risks to both the resource and to management, and 
aversion to each type of risk can impact on different aspects of adaptive management. 
In one of the AMA in the Paci fi c Northwest a proposed evaluation of alternative 
forestry management prescriptions for enhancing old growth conditions along the 
riparian zone was opposed because the researcher was unable to give  fi shery biologists 
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and regulators a guarantee that the experiment would not jeopardize salmon. To put 
that another way, the experiment would only be able to take place if the outcome 
was suf fi ciently known to be able to make guarantees, and if that was the case, the 
experiment would not need to be conducted (Stankey et al .   2003  ) . In the Heartlands 
case aversion to the risk of losing future funding constrained the opportunities for 
sharing lessons with the policy group in the lead agency—lessons which could have 
been perceived as failures were carefully managed. For instance, in 2002, in response 
to severe drought, many landholders chose not to plant the tubestock trees and 
shrubs supplied through the project in the autumn period, holding off this work until 
suf fi cient rain had fallen for the plants to survive. However, the report to the funding 
body implied that planting had occurred in autumn to satisfy the funding agency’s 
requirements that the funds be expended and works completed on time. This little 
piece of information management resulted in achieving dual goals of living plants 
and satis fi ed funders, but there was no communication of the important lesson about 
the need for  fl exible planting times (Allan  2004  ) . 

 Adaptive management requires broad based participation and involvement. 
Research  fi ve years after the establishment of the AMA suggests that the internal 
operation of management agencies is a major stumbling block for successful public 
engagement in adaptive management. In this case, there were very low levels of 
organizational support for personnel in adaptive management functions (Shindler 
et al.  2003  ) . 

 The Heartlands project provides a clear example of the importance of  fi nancial 
commitment for the medium- to longer-term. Heartland was launched as a grand vision 
that was to have involved medium- to long-term evaluation of implemented activities. 
However, initial funding for the project was only for three years, guaranteed 
one year at a time. Shifts in priorities for environmental management led to funding 
for the project being stopped in 2003. On ground changes had occurred as a result of 
project activities, but the opportunities for learning from them and the monitoring 
regimes established were greatly reduced by the sudden end to the project. Many of 
the local participants were disappointed, and felt let down by the way the project 
was concluded (Allan  2009  ) .  

    10.4   Building Effective Adaptive Management 
Or g anisations and Processes 

 Adaptive management is proposed for many different resource sectors, at a variety 
of scales and a range of social contexts, so it is inevitable that there is a variety of 
ways that effective adaptive management can be accomplished. Indeed, one of the 
key lessons identi fi ed in a recent book in which adaptive managers re fl ected on their 
practice was the importance of recognizing and understanding the context in which 
the adaptive management develops (Allan and Stankey  2009  ) . However, we propose 
some general strategies for adaptive managers to consider. 



208 C. Allan et al.

 Strategy 1- De fi ne adaptive management, focus and be purposeful. As a pre-requisite 
for other actions, watershed-scale adaptive management must be recognized as a 
radical departure from established ways of managing natural resources. Adaptive 
management is not ‘business as usual’, nor should it be seen as an excuse to muddle 
through management problems. 

 Grint  (  2005  )  suggests that leaders create the conditions for managers by de fi ning 
the context in which appropriate management actions can occur. There is a role for 
effective leadership to create the institutional conditions that will enable and encourage 
experimental and re fl ective management. Sound leadership, not just in a hierarchical 
sense, but throughout an organization, is required to support this radical departure 
in thinking and practice (Shindler et al.  2002  ) . In other words, adaptive management 
needs champions who have (or who have been given) the time, resources, capacities 
and power to in fl uence the ways in which policy is devised and its tools are imple-
mented. When such leadership is in place purposeful activities can be developed 
and implemented. 

 Strategy 2- Encourage and support evaluation. Evaluation, an activity that 
involves learning rather than simple auditing, is central to the adaptive management 
cycle. There is an excellent body of work on effective program evaluation (for 
example Cook and Shadish  1986 ; Guba and Lincoln  1989 ; Rossi and Freeman 
 1993 ; Weiss  1997  ) . However, to be able to apply these or other evaluation approaches 
space must be actively created in a project or program to allow genuine re fl ection on 
processes and outcomes. Creating such space may require a serious reassessment 
of institutional rewards and punishments. There must be an acceptance of the limits 
of knowledge and the possibility of errors and mistakes. Even the most rigid and 
conservative  status quo  management can produce major errors (i.e., there is no such 
thing as a ‘no action’ alternative; no action  is  an action). Acceptance of evaluation 
as an integral part of implementation needs to extend beyond scientists and managers 
to include citizens, policymakers, and politicians. Adaptive management relies on 
acknowledging that because we are dealing with uncertainty and complexity, it often 
will prove necessary to pause, re fl ect and maybe even start over, as new knowledge and 
understanding reveal that the intended course is unsuitable or undesirable. 

 Strategy 3- Collaborate and integrate. For multi-disciplinary, collaborative and/
or participatory approaches to operate effectively there must be recognition and 
acceptance of multiple ways of knowing and understanding the world. Again, there 
is a wealth of theory and experience available to guide managers who are willing to 
use participatory approaches, ranging from collaboration (for example Allen et al. 
 2001 ; Poncelet  2004  )  through to full participatory methods (for example Spencer 
1989) and social learning (Ison and Watson  2007 ;    Roling et al.  2001 ; Schusler et al. 
 2003  ) , as well as useful warnings about potential disbene fi ts (for example Kapoor 
 2001 ; Rahnema  1997 ; Swanson  2001  ) . However, these approaches cannot be simply 
lifted from a text and applied; ideas surrounding the creation and legitimacy of the 
knowledge that underpins management decisions need to be discussed, clari fi ed and 
acted on in the areas in question, especially when integration of scienti fi c and other 
information is proposed. For example, there are legitimate concerns with the ques-
tion of local capacity in terms of the ability to interpret scienti fi c work; if nothing 
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else the work and language of scientists is unfamiliar to many non-scientists. There 
are also problems related to belief systems and assumptions about scienti fi c inquiry; 
scientists (and many non-scientists) might  fi nd it dif fi cult to accept that local/expe-
riential knowledge is both legitimate and useful. All people who create and /or use 
knowledge must be diligent in efforts to achieve real communication. Researchers 
and managers alike must work together at the watershed-scale to bridge the gaps 
between theory and practice, and between social and technical understanding of com-
munities dependent on watersheds. The challenge is to use their combined knowl-
edge and skills to engage potential supporters among administrative, legal, and 
political actors to build commitment to adaptive management. Underpinning all of 
this is the need for well informed and committed leaders.  

    10.5   Conclusion 

 Adaptive management uses greater resources than conventional management, and is 
not necessarily needed in every situation. Adaptive management is useful when 
there is uncertainty about the nature of the resource base and the outcomes of potential 
management activities, combined with multiple and/or changing societal goals for 
the resource base. Once a decision is made to use adaptive management, however, 
it should be undertaken in a purposeful and conscious manner. Anyone planning to 
use adaptive management needs to consider the cultural contexts of the project. 
Firstly, it is important to understand which activities are most valued and rewarded 
by the wider society, as some may be conducive to adaptive management (for example 
questioning, re fl ecting, and embracing complexity) while others may constrain 
its use (for example achieving milestones, embracing simple solutions to manage 
complexity). Secondly the cultures within governments and their bureaucracies 
should be understood, with a commitment to modifying them if needed. Commitment 
to supporting the essential qualities of adaptive management within these organiza-
tions is necessary to ensure that adequate resources are available for adaptive 
management; this includes money, but just as importantly, time and intellectual 
resources. Planners and managers require educational, administrative, and political 
support as they seek to understand when and how to implement adaptive management. 

 Adaptive management encourages scrutiny of prevailing social and organiza-
tional norms and this is unlikely to occur without a change in the culture of natural 
resource management and research. Formal links between monitoring, evaluation 
and learning and policy development could be developed through formalized 
documentation protocols or mandatory learning summaries, much like those used 
effectively on the Applegate AMA in Oregon to capture lessons learned from each 
project (Shindler et al.  1999  ) . New structures may be required to reduce the current 
barriers between ‘researchers’ and ‘implementers’. Different power sharing struc-
tures may also need to be developed and maintained, in particular allowing power 
to be shared between technical and non-technical experts. Finally, new educational, 
training and skill development structures are required, both within management 
institutions and formal education venues. 



210 C. Allan et al.

 Once suitable structures are developed, there will be a need for appropriate, 
possibly new, institutional processes. 

 We suggest the following processes for the facilitation of adaptive management:

   Training and support for staff and other participants in watershed organizations. • 
In Australia this may include support for staff in the new Catchment Management 
organizations and for Landcare participants. In the US, there is a need to make 
adaptive management an essential element in natural resource planning at the 
national, regional, and state level;  
  Re fl ective practice should be part of natural resource management related • 
tertiary learning and training;  
  Rewards in performance management reviews for taking risks, and for taking • 
time to learn from activities;  
  A genuine commitment to evaluation as well as to mere project auditing;  • 
  A commitment to multi-party monitoring and evaluation;  • 
  Establishment of appropriate community fora to facilitate social learning;  • 
  Particularly in the US, there is a need for some form of relief from statutory • 
prescriptions that act to limit experimentation, particularly under conditions of 
high uncertainty; and  
  In both countries, there is a need to examine critically the educational curricula • 
of natural resource management programs to encourage critical thinking skills to 
support professionals as we move away from a high dependence on rule-based 
decision making.    

 Is adaptive management simply too hard for us humans to do? We suggest that 
adaptive management will not occur spontaneously, and that it will require the efforts 
of leaders and others to overcome entrenched social constraints and institutional 
structures. Mobilizing resources and energy for adaptive management will not always 
be sensible or appropriate. When it is sensible and appropriate, however, genuine 
commitment to adaptive management should bene fi t both physical watersheds and 
the people who depend on them.      
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    11.1   Economics and the Environment 

 The main premise of economics is simply the ef fi cient allocation of scarce resources. 
Scarcity occurs when the needs and wants of an individual (or that of a group) 
exceed the resources available to satisfy them. Because of scarcity, competition may 
arise and the available resources have to be rationed (either through price adjust-
ment or through management of production, distribution, exchange and consump-
tion of goods and services). As a consequence of this rationing, choices and 
allocation decisions must be made, and trade-offs are inevitable. 

 Macroeconomics is concerned with how the economy works as a whole, which 
is generally measured as the sum total of economic activity, dealing with the issues 
of growth, in fl ation and unemployment, and the effects of government actions 
(such as changing taxation levels or interest rates) on these factors. Macroeconomic 
policy occurs at two scales – at the scale of country-level  fi scal and monetary policy 
and at the international scale. In its simplest form, macro-economic policy at a 
country-level is aimed toward achieving the maximum in fl ation-acceptable (usually 
3% per annum) growth rate of real gross domestic product (GDP). Economists are 
therefore, predominantly concerned with the level of production of an economy at a 

    K.  A.   Wilson    (*)
     School of Biological Sciences ,  The University of Queensland ,
  St. Lucia, Brisbane ,  QLD   4072 ,  Australia    
e-mail:  k.wilson2@uq.edu.au  

     M.   Lulow   •     J.   Burger  
     Irvine Ranch Conservancy ,   4727 Portola Parkway ,  Irvine ,  CA   92620-1914 ,  USA     

    M.  F.   McBride  
     School of Botany ,  University of Melbourne ,
  Parkville ,  VIC   3010 ,  Australia    

    Chapter 11   
 The Economics of Restoration       

      Kerrie   A.   Wilson      ,    Megan   Lulow   ,    Jutta   Burger,    and    Marissa   F.   McBride             



216 K.A. Wilson et al.

whole, and the indices that estimate its health, such as the economic growth rate, the 
unemployment rate, and the in fl ation rate (the rate at which the average price of 
the goods in the economy increases over time). 

 Macroeconomics affects biodiversity conservation and natural resource manage-
ment activities, such as landscape restoration, through the decisions made to invest in 
such activities (versus other societal priorities such as health and defence) and the 
development of policies that in fl uence this macro-allocation. For example, the 
Organization for Economic Co-Operation and Development (OECD) (2007) reported 
that for member countries for the years 1990–2004 environmental expenditure for 
pollution abatement and control was in the range of 0.2–2.7% of national GDP and 
public research and development (R&D)  fi nancing for environmental protection was 
in range of 0.1–4.8% of the total R&D budget allocations (  http://www.oecd.org/
dataoecd/37/45/38230860.pdf    ). Local governments in Australia receive over AUD$1.5 
billion in revenue for natural resource management activities, which equates to 8% of 
their total revenue. These funds are then allocated to issues as diverse as the manage-
ment of parks and reserves, to that of water supply (Australian Bureau of Statistics 
 2004  ) . Macroeconomic decisions associated with restoration are likely to entail an 
analysis of the costs and bene fi ts to the economy, society and the environment of the 
investment and an evaluation of the international obligations related to the decision 
(such as the Convention on Biological Diversity or the Kyoto Protocol). 

 Understanding the key components of allocations at a macro-level is useful for 
estimating the bene fi ts of expenditures. In macroeconomic terms, goods and 
services are considered to be delivered through resources, and economists generally 
divide resources into three types: land, labour, and capital. Macroeconomists 
typically view the environment as capital. Two types of macro-level activities 
involving natural capital can be distinguished – those that increase the total volume 
of the goods and services delivered and those that maintain the existing  fl ow of 
goods and services. Ecologists and natural scientists typically refer to ecosystem 
goods and services. Ecosystem goods and services are the direct or indirect bene fi ts 
that humans obtain from ecosystems and can be categorized as provisioning 
(e.g. of food, medicines,  fi rewood), regulating (e.g. of climate and  fl oods), supporting 
(e.g. pollination) and cultural (e.g. of religious signi fi cance) (Costanza et al.  1997 ; 
Millennium Ecosystem Assessment  2005  )  

 Property rights or tenure system arrangements represent an important consider-
ation in the allocation of resources to ensure the correct functioning of markets. Such 
arrangements may entail rights and privileges to use a particular resource, or policy 
to regulate or control access to a resource. In theory, the owner of a resource with a 
well-de fi ned right to that resource has an incentive to use the resource ef fi ciently in 
order to minimise the decline in its value. Property-rights are therefore a key issue 
for marketable goods obtained from the environment, particularly in a free-market 
economy. The key characteristics of property rights to produce ef fi cient and effective 
allocations of resources are:

    1.    Clearly de fi ned – to remove ambiguity about the asset, owners, and penalties for 
illegitimate use,  

http://www.oecd.org/dataoecd/37/45/38230860.pdf
http://www.oecd.org/dataoecd/37/45/38230860.pdf
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    2.    Exclusive – all bene fi ts and cost as a result of owning and using the resources 
should be accrued to the owner,  

    3.    Transferable – all property rights should be transferable, and  
    4.    Enforceable – all property rights should be secure.     

 The extent to which environmental goods and services are accounted for in 
national accounting systems is an important consideration. Environmental econo-
mists argue that the scarcities of natural resources and the externalities that arise 
through economic activity be accounted for to avoid market failures. An externality 
is an unintended and uncompensated loss or gain in the welfare of one party result-
ing from an activity by another party (Daly and Farley  2010  ) . Contemporary eco-
nomic policy with inadequate cost-internalisation (incorporation of negative external 
effects) is generally viewed as unsustainable and contributing to the loss of biodi-
versity and environmental degradation (Lawn  2008  ) . When this occurs the damage 
to natural capital is not accounted for nor is the costs of repair or maintenance. 
A possible solution is that the use and misuse of natural resources and the environ-
ment should be measured and accounted for at a national scale (i.e. Green 
Accounting). Under such a scenario, the value of resource use would be accounted for 
in the determination of a nation’s GDP. The basic argument for accounting for the 
environment in the determination of national accounts is that by not doing so and 
treating such services as free goods, the value of the natural environment will remain 
at zero and provide no incentive for its preservation either now or in the future. 
Achieving compatibility between economic decisions and the environment is the 
basis of the concept of sustainability. 

 Microeconomics is a branch of economics that studies how individuals or 
organisations make decisions to allocate limited resources and typically concerns 
how one part of the economy works. It is often viewed that an alignment with 
sustainable development and environmental protection goals will occur at the 
microeconomic level. That is, the increased scarcity of natural resources will result 
in high resource prices (particularly for those which have a market value and the 
rates of regeneration and depletion are quanti fi ed), which will result in greater 
ef fi ciency of resource use and thereby lessen demands on natural resources. From 
a restoration perspective, the role of microeconomics might be to identify the best 
signals (e.g. prices, incentives) to encourage landholders to restore their land. Here 
the role of ecologists is to identify the point where ecosystem goods and services 
are threatened (i.e. ecological thresholds) and the preferred approach to management, 
protection and/or amelioration of the ecological system. 

 Environmental degradation (and restoration) often affects a large area and 
can entail substantial off-site impacts (e.g. land clearing and over-irrigation in a 
catchment may result in salinisation of the immediate catchment and also impact 
downstream catchments). A distinction is often made between private bene fi ts 
and public bene fi ts. Private bene fi ts refer to the bene fi ts that are accrued to the indi-
vidual landholder or organisation. Public bene fi ts are the bene fi ts accrued to society 
and not just the individual making the decision. Any particular project or decision 
can have a combination of both direct and indirect private and public bene fi ts that 
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are both positive and negative and therefore entail externalities (bene fi ts and costs) 
that are not re fl ected in market transactions and not borne by the decision-maker 
(Mercer  2004  ) . Many ecosystem goods and services possess the characteristics of 
being non-exclusive and non-rival, meaning that it is impossible to exclude the 
people that do not bear the costs of providing these and that they offer collective 
(private and public) bene fi ts (e.g. clean air, aesthetic values) (Ostrom et al.  1999  ) . 
Such characteristics can lead to free-rider problems and undervaluation in a free-
market economy in which it is recognised that market based methods alone will not 
facilitate their provision.  

    11.2   The Economics of Forest Landscape Restoration 

 While our general preference might be to prevent further habitat loss, in many areas 
there is a need to reverse the negative impacts of habitat clearing and degradation 
(Carroll et al.  2004 ; Brooks et al.  2002 ; Tilman et al.  1994  ) . Globally it is estimated 
that between 40% and 50% of original forest cover has been removed or degraded, 
and in tropical regions alone it is estimated that 850 million hectares of previously 
forested land is degraded (Bradshaw et al.  2009  ) . 

 Restoration refers to the process of assisting the recovery of an ecosystem that 
has been degraded, damaged, or destroyed (Mansourian  2005 ; Gann and Lamb 
 2006  )  and may entail re-establishing the composition, structure and function of 
the pre-degraded ecosystem (Hobbs and Norton  1996  ) . Restoration projects 
typically occur at a site or property scale, however, the bene fi ts delivered and 
costs incurred are likely to occur at a landscape scale. Forest landscape restoration 
refers explicitly to the restoration of land at a landscape scale and aims to regain 
ecological integrity and enhance human-wellbeing in deforested or degraded 
forest landscapes (see Lamb et al. Chap.   1    ). 

 The objective of restoration projects can be diverse, aimed for example, at 
re-establishing ecosystem services (e.g. to reduce the impact of salinisation by 
restoring the hydrological balance, see    Harper et al. Chap.   14    ), recreating native 
habitat (see Davis et al. Chap.   15    ), and improving livelihoods and human well-
being (see Rosengren Chap.   17    ). As a consequence, forest landscape restoration can 
be essential for providing a suite of ecosystem goods and services. Some of these 
can be valued including the carbon sequestered (measured through carbon market 
prices); improvements in water quality (measured through avoided costs of treat-
ment plants); and amenity value (measured through hedonic price models). 

 The funding for restoration projects is often provided by governments through 
regionally-based natural resource management organisations. The Australian gov-
ernment for example, invested AUD$16.5 million in revegetating approximately 
650 ha of rainforest in north Queensland, which does not account for the opportunity 
cost of foregone protection on the revegetated land. A favourable economic and policy 
setting is also required to strengthen the capacity of restoration delivery agents, 
R&D institutions, and reform incentives that result in land degradation or restoration 
projects that fail to deliver desired environmental bene fi ts at the desired scale.  

http://dx.doi.org/10.1007/978-94-007-5326-6_1
http://dx.doi.org/10.1007/978-94-007-5326-6_14
http://dx.doi.org/10.1007/978-94-007-5326-6_15
http://dx.doi.org/10.1007/978-94-007-5326-6_17


21911 The Economics of Restoration

    11.3   Valuing Forest Landscape Restoration 

    11.3.1   Accounting for Restoration Costs 

 The cost of a restoration project is determined by the cost of delivery, implementa-
tion, and maintenance of the restoration approach employed (Table  11.1 ), and the 
opportunity costs of land no longer available for other forms of productive or income-
producing uses (Harrison et al.  2001 ; Bryan et al.  2009  ) . Delivery costs relate to the 
dif fi culty in restoring an area and achieving biodiversity and ecological services 
bene fi ts. Implementation and maintenance costs vary by the approach to restoration 
taken, with passive restoration (e.g. through removal of grazing stock and allowing 
for natural recolonisation) potentially being inexpensive (depending on the oppor-
tunity costs) and intensive planting of diverse species over large areas potentially 
being more costly. Different restoration approaches also take different amounts of 
time to achieve their biodiversity and ecosystem service goals, and often the biodi-
versity and ecological services bene fi ts are unlinked.  

 The costs and bene fi ts of restoration are unlikely to be evenly distributed, but 
instead are likely to vary spatially. Such variation is important for considerations 
of equity and necessitates a need for taking a landscape-scale perspective when 
planning site-based restoration projects. The costs and bene fi ts are also likely to vary 
through time and decisions made now will also have a consequence for decisions 

   Table 11.1    Relative costs of restoration, and indicative rates of recovery of biodiversity and the 
ecosystem service bene fi ts of different approaches to restoration   

 Method  Cost 
 Rate of recovery 
of biodiversity 

 Ecosystem 
services bene fi t 

 Prime focus on biodiversity 
 Passive restoration  Low  Slow  High 
 Enrichment planting  Low-medium  Slow-medium  High 
 Direct seeding  Low-medium  Medium  High 
 Scattered plantings  Low  Slow  Medium 
 Close plantings of a few species  Medium  Medium  High 
 Intensive planting after mining  High  Fast  High 
 Prime focus on productivity and biodiversity 
 Managing secondary forests  Low-medium  Medium  High 
 Enrichment plantings  Low-medium  Medium  Medium-high 
 Agroforestry  Medium-high  Medium  Medium-high 
 Monoculture plantations with buffers  High  Slow  Medium 
 Mosaics of monocultures  High  Slow  Low-medium 
 Mixed species plantations  High  Slow  Medium 
 Enhanced understorey development  Low  Slow  Medium-high 

  Adapted from Lamb and Gilmour  (  2003  )  
 The ranks allocated are examples only as the costs and bene fi ts would depend on the initial conditions 
of the land  
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that are able to be made in the future. Present value cost calculations (known as 
discounting) explicitly incorporates the time value of any amount of money  X , 

which is calculated as     
+(1 )n

X

r
  , where  r  is the discount rate and  n  is the time period 

of interest. Discounting accounts for the fact that while restoration costs are incurred 
immediately, the bene fi ts are unlikely to be realised for several years. The appropri-
ate discount rate should re fl ect the opportunity cost of resources not being available 
in the short-term and is likely to vary with an individual’s needs, their personal time 
preferences, and their available resources. For example, a person who is not meeting 
their basic needs, may place higher value on receiving bene fi ts from goods or 
services in the immediate future, and place a lower value on receiving these bene fi ts 
later (translating to a high discount rate). A more af fl uent person who has less 
concern for resourcing their immediate needs may have an enhanced capacity to 
give consideration for the needs of future generations and therefore may chose a 
lower discount rate. 

 The opportunity cost of restoration is the difference in value of the land in its 
highest and best use and its value following restoration. It can strongly affect a land-
holder’s land use decisions. In some cases compensation may be required to avoid 
perverse ecological and social outcomes arising from foregone economic opportu-
nities, but opportunity costs can be minimised if restoration is targeted to marginal 
or degraded lands where alternative land uses or capability are limited or commer-
cial uses are not sought (Bryan et al.  2009  ) . To ideally calculate the opportunity 
costs of restoration, one needs to identify all feasible alternative activities and esti-
mate the net income of each. However, areas with low opportunity costs (e.g. moun-
tainous rangelands, areas suffering from deserti fi cation), may coincide with greater 
restoration costs as a result of dif fi cult accessibility or a requirement for more inten-
sive restoration approaches to be implemented.  

    11.3.2   Accounting for the Bene fi ts of Restoration 

 Given the landscape-scale focus, forest landscape restoration has the potential 
to deliver a diverse array of goods and services to a wide range of stakeholders 
(see Box  11.1 ). While some ecosystem goods and services can be provided from 
highly transformed landscapes (e.g. large scale food or timber production through 
planting monoculture crops or stands), others are best delivered by more diverse 
and natural as well as cultural, novel or successional ecosystems (e.g. good quality 
water supplies). 

  Forest restoration can produce a mix of ecosystem goods and services that have 
both private and public bene fi ts. For example, while the revegetation of riparian 
vegetation might be costly to a landholder, the public bene fi ts could be great, due to 
improved water quality and habitat connectivity for wildlife. In comparison, the 
bene fi ts to the landholder of converting grazing land to a Eucalypt plantation may 
exceed the public bene fi ts due to reduced water  fl ows in the catchment. In general, 
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the bene fi ts of restoration are received by the community at large (e.g. habitat 
provision, carbon sequestration, reduction in  fl ooding damage) and the opportunity 
costs are typically borne by the landholder. The extent to which ecosystem goods 
and services are public goods determines the need for additional incentives and 
mechanisms for restoration (see    section below on mechanism and incentives Section 
 11.5 ) and the extent to which individuals or organisations may free-ride on the deci-
sions of others (Pannell  2008  ) . 

 The value of a resource can be split into three main components (1) the use value 
re fl ecting the direct (e.g. timber or non-timber forest products, recreation) or indirect 
use (e.g. water puri fi cation); (2) the option value re fl ecting the value people place 
on the ability to use an ecosystem good or service in the future; and (3) the existence 
value, the value attributed to the mere existence of a good and re fl ects the circum-
stance that people might be willing to pay for improving or preserving resources 
that they will never use. Existence values are therefore typically the least tangible. 

 In the conservation and natural resource management literature, much attention 
has been given to valuing ecosystem goods and services, recognizing that ecosystem 
services are best communicated to policy makers and managers in the currency of 
their concern (Daily  1997 ; Nelson et al.  2009  ) . Some goods and services that arise 
from forested landscapes can be directly valued in money terms if they are traded in 
markets (such as timber and non-timber forest products), or if there is a market that 
regulates the supply and demand for the goods or service (e.g. voluntary and regulatory 
markets for carbon and water). Not all goods and services are directly marketable 
however, and therefore valuing these in monetary terms is complex and can involve 

  Box 11.1 Forest Landscape Restoration in the Shinyanga Region of Tanzania 

 Extensive clearing of Miombo and Acacia woodlands in the Shinyanga region 
of Tanzania for agricultural development led to a deterioration of ecosystem 
goods and services provided by the woodlands, such as fuelwood and fodder. 
In 1986 the government of Tanzania established a program of reintroduction 
and restoration of traditional managed woodland and forage enclosures (known 
locally as  Ngitili ). The reduced grazing pressure and natural regeneration 
of trees and grasslands within these enclosures resulted in the restoration 
of between 300,000 and 500,000 ha of land by the year 2000. The human-
wellbeing and livelihood outcomes of this restoration included up to 6 hours 
saved per day by households in collecting fuelwood, thatch or fodder, the 
 Ngitili  were reported to have a monthly value per person of US$14 (with the 
rural average monthly consumption in Tanzania equating to US$8.5 per per-
son) and 14% of local households were reported to collect medicinal herbs 
from the restored lands. 
   http://www.uicn.org/about/work/programmes/forest/fp_resources/fp_
resources_publications/fp_resources_newsletters/?611/arborvitae-Issue-28     

http://www.uicn.org/about/work/programmes/forest/fp_resources/fp_resources_publications/fp_resources_newsletters/?611/arborvitae-Issue-28
http://www.uicn.org/about/work/programmes/forest/fp_resources/fp_resources_publications/fp_resources_newsletters/?611/arborvitae-Issue-28
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non-market valuation techniques. There exists a variety of non-market valuation 
tools, each with their advantages and challenges associated with their application. 

 For such goods and services indirect valuations can be made by measuring the 
marketable resources that are sacri fi ced to obtain or access the goods or services. 
For example, the travel cost method of valuation is used to value sites that have 
recreational potential and inferring value by  revealed preferences  – i.e. how much 
time visitors spend getting to a site and how many times they visit the site. 

 The contingent valuation method is an alternative valuation approach and 
involves asking respondents what they will be willing to pay for an environmental 
bene fi t (e.g. preservation or avoided damage) based on a hypothetical scenario of 
the terms under which it will be provided (Mitchell and Carson  1989  ) . For example, 
using this approach, respondents might be asked what value they would place on an 
environmental change or whether they would be willing to pay $X to prevent the 
change or instigate an action. The name of the contingent valuation approach is 
derived from its nature – the willingness to pay response elicited is contingent upon 
the initial information provided and therefore the way the information is framed 
and who responds is a key determinant of the reliability of this method. Another 
limitation of this valuation approach is that there is often inconsistency between 
hypothetical responses ( stated preferences ) and actual commitments ( revealed 
preferences ) (Wills  2006  ) . Costanza et al.  (  1997  )  also reported that the values of eco-
system goods and services that they elicited were conservative due to the potential 
for irreversibilities or thresholds in ecological systems, and failure to account for the 
infrastructure value of ecosystems. 

 The replacement cost method of valuation re fl ects the cost if the naturally occurring 
service did not exist (e.g. for  fl ood control or water puri fi cation) and therefore to some 
extent accounts for the infrastructure value of ecosystems. 

 For those goods and services for which there is market failure there can be an 
attempt to measure and value the goods and services and create a market for them. 
Alternatively, or more commonly in combination, property rights can be allocated 
(e.g. goods and services can be privatised) so that there is a vested interest in adopting 
strategies to maximise the value of the asset. Valuation however remains the most 
common method adopted by governments to ensure the sustainable management 
of ecosystem goods and services. While we have focussed on economic methods of 
valuation, it is important to note that methods for valuation also originate from ecology, 
psychology, and philosophy.     

    11.4   Evaluating and Prioritising Restoration Projects 

 Generally speaking, the funds available for natural resource management are 
small relative to the required funding to achieve everything that we would like to do 
everywhere all at once (James et al.  2001  ) . Restoration for example, is often a costly, 
time-intensive process that typically takes many years to achieve the desired out-
comes. However, increasingly funding agencies are seeking transparency in funding 
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allocation decisions and in the evaluation of outcomes in order to confi rm that an 
expenditure has been effective and appropriate (Ferraro and Pattanayak  2006  ) . 

 With multiple sites requiring restoration, and a variety of restoration approaches 
that could be implemented, the effective and ef fi cient allocation of resources for 
restoration becomes even more pivotal. The scarcity of resources combined with the 
spatial and temporal heterogeneity in the costs and bene fi ts of restoration drives a 
need to prioritise the allocation of restoration funds. At a micro-level (project 
planning) there is a need for transparent procedures that help with minimising 
misallocation of funds, minimising inequities, distributing expenditures most effec-
tively, and maximising success for a given investment. 

 Economics provides tools for decision making, once a clearly speci fi ed objective 
has been stated and an objective function developed in order to compare alternative 
strategies or outcomes has been identi fi ed. The objectives of restoration projects can 
be as diverse as reducing salinisation, improving water quality, improving habitat 
for fauna, producing timber and  fi rewood, producing food, sequestering carbon, or 
stabilising land. Forests also have substantial cultural values for local communities. 
Given these multiple objectives, forest landscape restoration will often entail 
multiple stakeholders with differing and potentially competing needs. When there 
are multiple objectives for a restoration project there is both the potential for synergy 
and con fl ict (Higgins et al.  2008  ) . 

 Given such context, the identi fi cation of socially, environmentally, and economi-
cally acceptable options for forest landscape restoration through an explicit analysis 
of trade-offs and participatory processes are likely to be particularly important 
(Polasky et al.  2005  ) . In the previous section methods were described to value the 
costs and bene fi ts of restoration, in this section we discuss the most commonly used 
approaches to evaluate the priority of restoration projects, and how this information 
may be used in spatial and temporal planning of restoration activities. 

    11.4.1   Cost-Effectiveness Analysis 

 Cost-effectiveness analysis allows the determination of the least-cost means of 
achieving an objective. This may not be the most ef fi cient allocation, since the 
predetermined objective may not be the most ef fi cient and effective, but the least-cost 
means to achieving the objective will be identi fi ed. Common guidance for setting 
objectives is to make them SMART (i.e. Speci fi c, Measurable, Achievable, Relevant 
and Time-bound) (Tear et al.  2005 ; Wilson et al.  2009  ) . There are several examples 
of restoration activities within a single site, or for a handful of sites, being prior-
itised on the basis of cost-effectiveness analyses (Dymond et al.  2008 ; Macmillan 
et al.  1998 ; Petty and Thorne  2005 ; Hyman and Leibowitz  2000 ; Goldstein et al. 
 2009  ) . Pannell et al.  (  2009  )  have developed a general tool for planning and prioritis-
ing public investments in natural resource management, where the aim is to protect 
or enhance speci fi c assets in a cost-effective manner. The process entails identifying 
a measureable goal for the assets of concern, on-ground actions that will achieve the 
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goal, risks to the success of the projects to deliver the actions, and their associated 
costs. A cost-effectiveness index is then used to compare alternative projects and to 
guide the selection of associated policy mechanisms and instruments. 

 In its simplest sense, cost-effectiveness analyses can provide a static evaluation 
of restoration priorities but fail to account for spatial dependencies between sites 
and not provide a temporal sequencing of restoration projects. There is however 
a growing body of theory and associated tools for prioritisation in the context of 
spatial and temporal dynamics (Wilson et al.  2009 ; Moilanen et al.  2009 ; Bryan 
and Crossman  2008 ; Crossman and Bryan  2009 ; Wilson et al.  2011  ) . Spatially and 
temporally explicit cost-effectiveness analysis can ensure that restoration projects 
are designed and implemented at a landscape scale, rather than on a piece-by-piece 
basis and can allow other important factors such as the likelihood of success 
(e.g. willingness of local communities to participate) and stochastic events (e.g.  fi re) 
to be accounted for (for an example, see Box  11.2 ). 

  Box 11.2 Restoration Planning on the Irvine Ranch Natural Landmark in 
Southern California (Wilson et al.  2011 ; McBride et al.  2010  )  

 The Irvine Ranch Natural Landmark is a collection of permanently protected 
wildlands and parks located near the Santa Ana Mountains in Southern 
California. The circa 17,600 ha of wildlands and parks contain some of the 
largest remaining stands of coastal sage scrub, oak-sycamore woodland, 
native grassland, and chaparral vegetation types left in southern California. 
However, much of it has been degraded by agriculture, intensive grazing, 
woodland clearance, adjacent development, invasive species, and too-frequent 
 fi re and is in need of restoration. The Irvine Ranch Conservancy, a local non-
pro fi t conservation organisation, is managing most of the protected portions 
of the Natural Landmark. Existing levels of degradation and vulnerabilities 
to further disturbances from  fi re and invasive species, mean they face the 
important problem of determining how best to target funds available to ensure 
the recovery and preservation of the signi fi cant ecological values of the area. 
A prioritisation model has been developed to prioritise their future habitat 
restoration activities with a limited budget. The objective of the restoration 
program is to maximise the overall area restored and the habitat of species of 
special concern, while also enhancing the resilience at both population and 
landscape scales. 

 A total of 923 sites have been identi fi ed as potential candidates for restoration 
action, and an annual budget of $700,000 is targeted each year over a 20 year 
time period for restoration. The contribution of restoration to enhancing resil-
ience is measured in terms of the achievement of a set of additional criteria 
that target particular indicators or processes, such as a decrease in the risk of 
 fi re ignition on a landscape scale, and representation and recruitment among 
functional groups important to succession on a community scale. At the Irvine 
Ranch Natural Landmark the cost of restoration at a site is dependent on the 

(continued)
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  Mapping tools such as Geographical Information Systems (GIS) are likely to 
be of value when planning restoration at a landscape scale, particularly if the goal 
is to deliver a mosaic of land uses, as is the case with forest landscape restoration. 
Crossman and Bryan  (  2009  )  for example identi fi ed spatially-explicit priority 
locations for ecological restoration to cost-effectively restore natural capital in the 
Lower Murray region of southern Australia. Locations for ecological restoration 
were selected based on their ability to improve biodiversity, mitigate dryland 
salinity and soil erosion, sequester carbon, and do so in a cost-effective manner 
(i.e. have least impact on farm income). In order to achieve restoration targets, 
Crossman and Byran found trade-offs to exist between the delivery of bene fi ts 
and average farm pro fi tability. This is an example of con fl icts arising between 
multiple objectives.  

    11.4.2   Cost-Utility Analysis 

 Cost-utility analysis represents an extension of cost-effectiveness analysis, which 
places a value on a better outcome. Cost-utility analysis considers multiple objec-
tives and aggregates them into a single utility function. Utility curves can be simple 
or complex and can potentially involve ecological threshold effects. Indifference 
curves can be used to estimate the marginal rate of substitution of one objective 
for another and multi-criteria decision analysis can be used to elicit weightings for 
different objectives (Maron and Cock fi eld  2008  ) . 

Box 11.2 (continued)

desired habitat type, the restoration technique to be employed, and the area, 
slope, and accessibility of each site. The likelihood of success, and therefore 
the delivery of the expected bene fi t, varies depending on the restoration action, 
degradation state, and desired habitat type. It also varies with the slope of 
the site, its aspect, and the condition of neighbouring sites. Sites undergoing 
restoration on the Irvine Ranch are also vulnerable to  fi re, on average, once 
every 15 years. 

 A dynamic simulation approach has been used to determine a close-to-
optimal restoration schedule – i.e. the combination of restoration sites and 
activities and the schedule for their implementation that will be the most cost-
effective by providing the greatest and most resilient improvement in habitat 
coverage given a  fi xed budget and operational constraints. The approach is 
spatially and temporally-explicit and accounts for the likelihood of restoration 
success, the probability of a major catastrophic  fi re event, the bene fi t of spatial 
connectivity, and the relative contribution of restoring a given site towards 
enhancing ecologic resilience of the broader ecosystem. 
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 Multi-criteria evaluation is a commonly used approach to evaluate restoration 
projects and is often driven by expert opinion and ranking systems (Bryan and 
Crossman  2008 ; Cipollini et al.  2005 ; Twedt et al.  2006  ) . With such approaches 
the potential restoration sites are scored against multiple social, ecological, and 
economic criteria and priorities are evaluated by ranking sites based on a sum of the 
weighted scores for each criterion. Preferences from stakeholders can be incorpo-
rated via speci fi cation of the relative weights given to each criterion. 

 While commonly employed, weighted scoring systems tend to suffer from a lack 
of transparency and repeatability. Choice of ranking criteria is often arbitrary and 
not well de fi ned, and as a result the assignment of weights to the different criteria 
tends to be value-based, although there are a multitude of quantitative and semi-
quantitative methods to assist with their assignment (e.g. the Analytic Hierarchy Process 
(Saaty  1980  )  where weights are derived though paired comparison of criteria).  

    11.4.3   Cost Bene fi t Analysis 

 A fundamental economic tool is to evaluate the costs and bene fi ts of different projects 
(Hanley and Spash  1994  ) . The measurement of bene fi ts and costs is typically from 
an anthropocentric perspective, measured in dollar terms and valued according to 
the effects on humanity. We have already learnt that this will be dif fi cult when the 
bene fi ts are non-marketable and/or intangible, or where the assignment of rights 
is not clear, and therefore, there is the potential for issues of inequity to arise. Cost 
Bene fi t Analyses have been criticised for inadequately accounting for bene fi ts of 
ecosystem goods and services by focusing only on market values or economic 
bene fi ts, and for failing to account for the costs associated with the irreversible loss 
of ecosystem goods and services (Hunt  2008  ) . In the simplest case, if the bene fi ts 
exceed the costs then the project is favourable, that is, if the restoration project 
should proceed. Naturally if the information on costs and bene fi ts are uncertain 
(that is the con fi dence interval on the estimate of costs overlaps that of the bene fi t) 
then a decision based on such an evaluation cannot be made with certainty, and a 
sensitivity analysis to explore the robustness of decisions to key uncertainties should 
be undertaken. In a restoration context, we might determine what the ef fi cient 
amount of restoration would be to maximise the net bene fi ts.     

    11.5   Economic Instruments and Policy Mechanisms 
to Facilitate Forest Landscape Restoration 

 We have learnt that forest landscape restoration may entail signi fi cant opportunity 
costs, and under such circumstances a range of economic instruments and policy mech-
anisms can be used to encourage participation. This is particularly so on private lands, 
where there is the potential for mismatch between the public and private bene fi ts and 
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costs. These instruments include a range of positive and negative incentives, exten-
sion activities, and technology development (Table  11.2 ). Such instruments can be 
used to internalise externalities and be imposed in either a mandatory or voluntary 
manner (Mercer  2004  ) . Pannell et al.  (  2006  )  identify that voluntary adoption of land 
management practices by landholders is likely to occur when they have a high rela-
tive advantage and when they are readily trialable. Impacts on pro fi tability, asset 
value and lifestyle have also been identi fi ed as motivators for on-farm vegetation 
management (Mallawaarachchi and Szakiel  2007  ) . The general key is that the land-
owner must perceive some gain or at least no net loss from participating (Mercer 
 2004  ) .  

 A challenge with implementing such approaches is determining the appropriate 
instruments, and the appropriate level of subsidy or incentive required (Mercer 
 2004  ) . Pannell  (  2008  )  illustrated that the choice of instrument can be determined by 
the relative levels of private and public bene fi ts. For example, positive incentives 
might be employed where public bene fi ts are highly positive and private bene fi ts 
are close to zero. Negative incentives might be employed where public bene fi ts are 
highly negative and private bene fi ts are slightly positive. Extension on the other 
hand might be favoured where both bene fi ts are positive. Another challenge is targeting 
the sites and individuals that are most crucial (both a high likelihood of participation 
and also high possible bene fi ts). 

 There are a range of support mechanisms and policies that might be associated 
with the delivery of such instruments, such as conservation easements and market-
based instruments. Conservation easements are a legally binding agreement between 
a government agency or land trust organisation and landowners. The landowner 
foregoes the right to use the land in speci fi c ways (or agrees to manage the land in 
particular ways), in exchange for tax bene fi ts or other monetary compensation 
(Mercer  2004  ) . Conservation easements provide a mechanism to deliver positive 
incentives, in a way that has the potential to be long-lasting, particularly if the ease-
ment is attached to the title of the land. 

 Market-based mechanisms are economic policy instruments that can be applied 
where there has been market failure, that is, where a change in the way resources are 
managed would enhance ef fi ciency but this is unlikely to arise spontaneously from 
the market, deeming government intervention necessary. Conservation tenders or 
reverse auctions are an example of a market-based mechanism, where amenable 
landowners offer environmental services from their land in return for  fi nancial 
support for delivering improved land management practices (Stoneham et al.  2003 ; 

   Table 11.2    Economic instruments for facilitating forest landscape restoration.   

 Instrument category  Examples 

 Positive incentives  Subsidies, grants, tax or rate concessions, payments for ecosystem 
services, and reduced or removed subsidies for competing 
land uses 

 Negative incentives  Regulation, taxes 
 Extension  Technology transfer, education, awareness raising, pilot programs 
 Technology development  Research and development programs, infrastructure support 
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Hajkowicz et al.  2007 ; Connor et al.  2008  ) . Agencies rank and select bids for funding 
based on some measure of cost-effectiveness. Like conservation easements, such 
an approach requires monitoring and enforcement to ensure desired outcomes are 
delivered. 

 Schemes for trading in carbon dioxide emissions reductions have relevance 
for restoration activities and investment in carbon sequestration may present an 
opportunity to  fi nance future restoration activities (Harper et al.  2007  ) . The devel-
opment of regulatory carbon sequestration markets depends on the establishment 
of national emissions policies and targets and a statutory basis for the ownership 
and protection of carbon rights is required in order to facilitate trading. The pro fi tability 
of restoring land in response to opportunities presented by markets for carbon 
sequestration depends on the price of carbon, on the type of land restored (particu-
larly in the context of opportunity costs), and on the species used (Hunt  2008  ) . 
The biodiversity outcomes of such programs are also determined by the species 
used (Caparros and Jacquemont  2003  ) . Harper et al.  (  2007  )  estimate that 2200 Mt 
CO 

2
 -e could be sequestrated by reforesting 16.8 million hectares of cleared farmland 

in Australia, but with carbon sinks only likely to become pro fi table when carbon 
prices exceed AUD$15/t CO 

2
 -e. 

 Mitigation and biodiversity/vegetation offsets can also play a role in facilitating 
forest landscape restoration, particularly if implemented at a landscape scale and if 
outcomes are monitored. Such policies support the creation, enhancement or resto-
ration of habitats in response to an action that negatively impacts an ecosystem. 
“Banks” can be established which constructs a market in which restored ecosystem 
values are quanti fi ed as credits and later purchased by developers or landowners 
when compensation is required for loss of values elsewhere.  

    11.6   Conclusions 

 Forest landscape restoration can provide a diverse array of ecosystem goods and 
services – timber for housing and fuel, paper from wood  fi bre, sequestration of carbon 
dioxide, habitat for  fl ora and fauna, and improvements to the quantity and quality of 
water supply. While economic tools exist to value the goods and services that arise 
from restoring forest landscapes, not all goods and services are amendable to market 
solutions, either because there is no market and/or a way to quantify the goods and 
services. It is clear from analyses of the value of ecosystem goods and services that 
they do however make an important contribution to national incomes and human 
wellbeing, providing a strong case for modifying systems of national accounting at a 
macro-level to better re fl ect the non-monetary (less directly quanti fi able) value of 
ecosystem goods and services. We have also learnt that forest landscape restoration 
may entail signi fi cant opportunity costs to the landholder, and under such circum-
stances a range of economic instruments and policy mechanisms can be used to 
encourage participation. A variety of economic tools exist for evaluating restoration 
projects and prioritising the allocation of limited funds between projects. A  potentially 
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useful framework for prioritising investments in restoration is identify and target 
those activities that will restore highly valuable goods and services that are otherwise 
scarce or threatened, and for which social, economic and environmental bene fi ts can 
be achieved at a reasonable cost (Pannell et al.  2009 ; Hobbs and Kristjanson  2003  ) . 

    11.6.1   Management Implications 

 The costs of restoration may entail operational costs and that of foregone • 
opportunities. 
 The bene fi ts of restoration may re fl ect biodiversity outcomes or the provision of • 
ecosystem goods and services, some of which can be valued. 
 The economic aims of restoration (for example, to produce timber or restore • 
watersheds) may be at odds with other aims of restoration (such as to enhance 
biodiversity). Trade-offs will likely exist and identifying and targeting synergies 
between stakeholder objectives can be important. 
 There are a variety of approaches to measure the costs and bene fi ts of restoration • 
projects each with their strengths and limitations. Taking an economic perspec-
tive encourages valuable analysis of the ef fi ciency of restoration actions. 
 There are a range of economic instruments and policy mechanisms available to • 
encourage participation in restoration, particularly on private lands where there 
is potential for mismatch between the public and private bene fi ts and costs. 
 Restoration prioritisations can establish and de fi ne unique and fairly complex • 
utility functions, thereby allowing planning to be driven by a suite of bene fi ts and 
thresholds to bene fi ts, tailored to a region or organisation.       
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          12.1   Introduction 

 The concept of cultural landscape within the context of the Northern UK uplands 
has been outlined by Convery and Dutson  (  2006  )  and Dutson and Convery  (  2007  ) , 
who emphasize the complex dynamic that exists between people and place, and 
explore how elements in the cultural landscape of upland Northern England might 
contribute to community sustainability. As both Kirby  (  2003  )  and Blackshall et al. 
 (  2001  )  note, the countryside of England is very much a cultural landscape, a product 
of human management of one form or another. Thus whilst upland areas in England 
contain most of the remaining semi-natural habitats in the country, which often 
contain vegetation communities that are similar to natural communities in structure 
and function (Blackshall et al.  2001  )  their distribution is the product of thousands of 
years of human activity (Fielding and Haworth  1999 ; Carver and Samson  2004  ) . 

 Yet despite the almost total lack of wilderness in England, there has been an 
increase in interest in the concept of ‘wild land’ and ‘rewilding’ 1  over recent years 
(Green  1995 ; Fenton  1996 ; Fisher  2003  ) . The concept of wild land or wilderness has 
been used to good effect, both nationally and internationally, for conservation 
management (Habron  1998  )  and for tourism (Hall and Page  2002  ) , though developing 
wild areas presents signi fi cant challenges for policy makers and practitioners alike 
(Höchtl et al.  2005 ; Waitt et al.  2003 ; Jerram  2004  )  and is frequently contentious. 

    I.   Convery   (*) •     T.   Dutson  
     National School of Forestry ,  University of Cumbria ,   Cumbria ,  UK    
e-mail:  ian.convery@cumbria.ac.uk   

    Chapter 12   
 Wild Ennerdale: A Cultural Landscape       

       Ian   Convery       and    Tom   Dutson       

   1   Editors’ Note: The concept of wilding as applied to a cultural landscape does not comfortably  fi t 
the notion of “ecological restoration” in the sense of minimum human intervention. But it does 
represent an attempt to restore to a previous, pre-industrial state that is considered more natural. 
In our view, this only illustrates that restoration is a social choice informed but not determined by 
ecological reality.  
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For example, Höchtl et al.  (  2005  ) , reporting on the decline in land-use in the Val 
Grande National Park, Italy, note how the main impacts on the inhabitants are 
psychological and economic in nature. They state that in the surrounding villages 
the effects of abandonment are viewed in a very negative light. However, visitors 
to the area judge the consequences of land abandonment differently. While they 
regard the resulting landscape’s wildness positively, they also regret the cultural 
losses suffered by rural communities. 

 In the UK, the post-productivist period of agriculture has been typi fi ed by 
wide reaching changes in land use policy and support structures. As Green  (  1995  )  
indicates the overcapacity in agriculture and changes to Common Agricultural 
Policy (CAP) subsidies, together with the poor market in timber are driving a new 
approach to our landscape, dominated by an ethos of environmental management 
and community access. In the forestry sector, the UK Forestry Commission aims to 
increase access to woodland, improve the quality of information about access, 
enhance the nation’s forest estate and promote better understanding. 

 The Forestry Strategy (Forestry Commission  1998  )  also emphasizes ‘forestry’s 
role in the wider countryside including its contribution to the rural economy … 
There will be a focus both on the role of new woodlands and on how existing 
woodlands can be managed to deliver more bene fi ts to local economies, including 
the need to ‘work in partnership to deliver … objectives’. Signi fi cantly for this study, 
the strategy recognizes that new initiatives should be sensitive to stakeholder 
interests and history as well as being economically, culturally and environmentally 
sustainable in the longer term. 

 The North West Regional Forestry Framework Partnership  (  2005  )  highlights a 
holistic and participatory approach to forest management in England. Under Action 
Area Six ( supporting and resourcing the sector ) the partnership highlight the need 
for an integrated landscape scale approach to woodland and forestry development 
(Priority b) delivered through broad, cross-sector Partnerships (Priority c). 

 This chapter focuses on Wild Ennerdale (WE), a ‘wilding’ initiative in a relatively 
remote valley in the Western Lake District, Cumbria, North West England (Fig.  12.1 ). 
The Ennerdale valley is 14.5 km long, 5.6 km wide (at its widest) and extends to an 
area of 4,711 ha. The valley narrows from west to east and is surrounded by some 
of the Lake Districts highest summits: Green Gable, Great Gable, Pillar, Kirk Fell 
& Steeple.  

 Habitats range from the agricultural land and riparian zones of the valley bottom, 
through the coniferous and broadleaf woodland of the lower and middle slopes, to 
the heather moorland and rock of the upper slopes. The highest ridges and summits 
are characterized by a low growing montane heath. The valley is important for 
conservation, with over 40% of the WE area designated as Site of Special Scienti fi c 
Interest (SSSI) and Special Area of Conservation (SAC), and also contains a number 
of Biodiversity Action Plan (BAP) habitats and species. These designated represent 
areas of value for nature conservation, geology and archaeology. According to Wild 
Ennerdale Partnership (WEP) these sites are designated for their regional, national 
or international importance (WEP  2006  ) . In terms of human settlement, the identi fi ed 
archaeological remains at Ennerdale span a time-scale from the Bronze Age to the 
Pre-medieval period (Oxford Archaeology Unit  2003  ) . 
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  Fig. 12.1    Location of Wild Ennerdale.  Inset map  indicates location of Cumbria ( lighter shad-
ing ) & West Cumbria ( darker shading ) within UK (Adapted from Cumbria County Council 
 2006  )        
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 Ennerdale Ward 2  is sparsely populated and is serviced by relatively poor road 
and rail links. Further west from Ennerdale, along the lower lying coastal strip, are 
urban communities built on a tradition of manufacturing industries (coal mining & 
ship building) which include the towns of Cleator Moor, Egremont and Whitehaven. 
Accordingly, manufacturing is the dominant employment sector in the ward 
(accounting for the employment of 100 people, most of whom work outside the 
ward), followed by Health and Social Work (76 people). Agriculture and forestry 
employs 50 people (WEP  2006  ) . 

 The valley has been managed as coniferous plantation forest since the 1920s by 
the Forestry Commission. In the early twentieth Century, UK timber stocks were so 
depleted by the demands of the First World War that the Forestry Commission 
(which was established in 1919) was given a good deal of freedom to acquire and 
plant land. During the 1920s, the Forestry Commission acquired part of Ennerdale 
valley (some 3,642 ha) as part of this emerging national strategy. Planting, of mainly 
high yielding exotic species such as Sitka spruce, began in Ennerdale in March 1925 
and continued through the twentieth Century (WEP  2006  ) . The afforestation caused 
a general outcry at the time and was one of the issues that prompted the establish-
ment of the Lake District National Park (Oxford Archaeology Unit  2003  ) . 

 Figures  12.2  and  12.3  show aspects of this forest plantation history. Figure  12.2  
indicates remaining areas of plantation forestry, areas of clear fell and improved 
pasture. Figure  12.3  also indicates areas of plantation forestry, along with areas that 
have been cleared of spruce and some evidence of spruce regeneration.   

 WEP was established in 2002 between the three main landowners in the valley: 
The Forestry Commission, 3  National Trust 4  and United Utilities. 5  This was in part a 
response to the post Foot & Mouth rural recovery agenda (Cumbria was the most 
affected county in the UK, with over 95% of cases), ongoing agricultural reform, 

   2   Electoral wards are the base unit of UK administrative geography.  
   3   The Forestry Commission is the government department responsible for the protection and expan-
sion of Britain’s forests and woodlands. Founded in 1919, they are the largest land manager in 
Britain, with an estate covering some 258,000 ha.  
   4   The National Trust is a charity established in 1895 by three Victorian philanthropists – Miss 
Octavia Hill, Sir Robert Hunter and Canon Hardwicke Rawnsley. Concerned about the impact of 
uncontrolled development and industrialisation, they set up the Trust to act as a guardian for the 
nation in the acquisition and protection of threatened coastline, countryside and buildings. 
The Trust now protects over 300 historic houses and gardens, 49 industrial monuments and mills, 
and a range of open air properties including forests, woods, fens, beaches, downs, moorland, islands, 
archaeological remains and nature reserves, all of which are open to the public. The Trust has 
3.5 million members and 52,000 volunteers. During 2007, 15 million people visited Trust pay for 
entry properties, while an estimated 50 million visited open air properties (National Trust  2008  ) .  
   5   United Utilities (UU) is the UK’s largest listed water company. They are a FTSE 100 company 
with a turnover of £2 billion. Alongside owning and operating the water network in north west 
England, UU are also a major landowner in the region of England, with 58,000 ha of catchment 
land. Nearly half of the land is in three National Parks, and nearly one third is designated as Sites 
of Special Scienti fi c Interest (SSSIs).  
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changing trends in UK forestry and a growing interest generally regarding the 
concept of ‘wild land’ in Britain (Convery et al.  2005  ) . According to The Wild 
Ennerdale Stewardship Plan (WESP) the partnership developed a vision  ‘to allow 
the evolution of Ennerdale as a wild valley for the bene fi t of people, relying more on 
natural processes to shape its landscape and ecology’  (WEP  2006  ) . 

 The WESP asks what will Ennerdale look like in 50, 100 or 200 years time?  ‘The 
reality is we don’t really know. Based on our hopes and aspirations, we can however 
make broad assumptions; that we will have a series of naturally evolving and inter-
acting ecosystems across the valley that are far more robust in the face of stresses 
such as climate change. Farming and forestry will continue to have a role in the 
valley, but with the aim of maximizing ecology and landscape value… we cannot 

  Fig. 12.2    Plantation forestry in Ennerdale Valley (Adapted from WEP  2006  )        

  Fig. 12.3    Ennerdale landscape post-spruce removal (Adapted from WEP  2006  )        
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predict exactly how bio-diversity may develop as natural processes take greater 
hold’  (WEP  2006  )  .  In short, the process of change in Ennerdale will be slow, with 
no  fi xed end point. Indeed, the process of change may well prove as important as 
any end result (Oxford Archaeology Unit  2003  ) . 

 The chapter starts by discussing the farming landscape of Cumbria post Foot 
and Mouth Disease before then examining the relationship between the farming 
community and WE. Finally, it discusses WE within the broader cultural landscape 
of Ennerdale valley and the future role of the farming community. This chapter is 
based in part on a study undertaken by the National School of Forestry, University 
of Central Lancashire, which received funding from Cumbria Rural Enterprise 
Agency. 6   

    12.2   Methodology 

 Following an initial orientation visit, a desk-based review was completed. Respon-
dents from the relatively small farming population of Ennerdale were purposefully 
recruited (all farmers within the WE project area were interviewed). For some 
respondents, agricultural links to the valley span several generations. Seven semi-
structured interviews (six with farmers and one with a tourism provider) and 
one group meeting (including various sectors 7  of the Ennerdale community) were 
completed. 

 Amongst other things, respondents were asked about the opportunities and 
constraints for farm business development; their level of involvement with WE; 
opportunities for collaboration linked to WE; their thoughts regarding wilding 
the Ennerdale valley and the future of farming in the valley. Interviews and group 
meetings were taped and transcribed and data were analyzed using the grounded 
theory – constant comparison method, where each item is compared with the rest 
of the data to establish and re fi ne analytical categories (Pope et al.  2000  ) . All 
interview transcripts have been anonymised and a coding system has been used to 
differentiate between respondents (for example, I01 indicates interview 1, I02 indicates 
interview 2 and so on).  

   6   The views expressed in the study are those of the authors and not necessarily those of Cumbria 
Rural Enterprise Agency.  
   7   Twenty-fi ve people attended, this included representatives of the Parish council, local business 
owners and tourism providers, local residents and ‘incomers’ to the valley. This was an open meet-
ing, all members of the community were invited and it had been publicized locally by the Parish 
Council.  
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    12.3   Findings 

    12.3.1   Agricultural Change Post Foot and Mouth Disease 

 The 2001 Foot and Mouth Disease (FMD) disaster is a watershed period in recent UK 
farming history. As Convery et al.  (  2008  )  indicate, FMD created deep  fi ssures in the 
lifescapes of Cumbria, so that much of the taken-for granted world, identity and sense 
of meaning within the farming community changed. Prior to FMD, the last decade 
had been very dif fi cult for UK agriculture in general and hill farming in particular 
(   Franks et al.  2003 ; Lowe et al.  2001 ; Curry  2002 ; Royal Society  2002 ; Ministry of 
Agriculture Fisheries & Food (MAFF)  1999  ) , to the extent that by the mid-1990s, 
‘much of the pro fi tability has drained from the industry’ (Royal Society  2002  ) . By the 
time of the FMD epidemic, farm incomes were ‘on the  fl oor’ (Curry  2002  ) . 

 More broadly, UK (and European Union) agriculture over the last 30 years or so 
have been characterized by a move from a production oriented countryside to a 
consumption oriented countryside (Marsden  1999  ) , and an increasing emphasis on 
the provision of public goods by farmers. 8  This is perhaps particularly true of upland 9  
areas, where ‘multifunctionality’ is often used as a lobbying point to secure funding 
for agriculture at a European level (Potter and Tilzey  2005  ) . Commentators 
(e.g. Mans fi eld  2008 ; Burton et al.  2008  )  identify that there is strong public demand 
for upland landscape and biodiversity, whilst the returns from upland agricultural 
outputs are unreliable and rarely suf fi cient to generate pro fi t. Indeed, Ennerdale valley 
is classi fi ed as ‘severely disadvantaged’ under the European Union Less Favored 
Areas (LFA) program, which means that farmers in the area qualify for additional 
support to compensate for permanent natural handicaps (e.g. short growing season, 
steep slope, poor soils & high rainfall). The LFAs are predominantly in the northern 
and south western areas of England and in areas of the Welsh Borders. 

 Recent debates around stocking levels and the introduction of programs like the 
English Nature Sheep and Wildlife Enhancement Scheme (SWES), the 2007–2013 
Rural Development Plan for England (RDPE), changes in the structure of Department 
for Environment Food and Rural Affairs (DEFRA) agri-environment schemes and 
the introduction of the Single Farm Payment (SFP) have created further uncertainty 
within the farming sector (Conyers et al.  2008  ) . 10  

   8   We use the term public goods to refer broadly to resources from which all may bene fi t, regardless 
of whether they have helped provide the good. Public goods are also distinguished by the fact that 
they are non-rival in that one person’s use of the good does not diminish its availability to another 
person (Kollock  1998  ) .  
   9   There is no statutory UK de fi nition for the uplands. In an agricultural context the term is generally 
used to refer to areas above the upper limits of enclosed farmland containing dry and wet dwarf shrub 
heath species and rough grassland, where management is predominantly through sheep grazing.  
   10   The recent decision by DEFRA to roll the existing Hill Farm Allowance (HFA) over for a further 
3 years is, however, being viewed as a positive move by the National Farmers Union. NFU uplands 
spokesman Will Cockbain  (  2006  )  states that ‘the fact that in 2010 we will move to an uplands entry 
level scheme is also important as it means all farmers in the uplands will be eligible and can be 
rewarded for the hugely important role they play in the delivery of public goods.’  
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 Slee et al.  (  2009  )  provide a concise overview of the current situation facing 
people and communities in the uplands. 11  Highlighting the importance of upland 
ecosystem goods and services for the rest of society, they state that land use and 
environment in the uplands are not uniquely multifunctional, but are exceptionally 
multifunctional; and the bene fi ts to society arising from that multifunctionality 
are undoubtedly compromised, especially by agricultural change, but also by many 
other pressures. As the expectations that society have of the uplands increase, addi-
tional input is needed to support upland communities in delivering what is required. 
The recent turbulence in the rural economy and the economy as a whole caused by 
global events, from the rising food and energy costs of 2007 to the rapid and largely 
unforeseen major economic downturn in the last year are uncertain but potentially 
profound, especially if social and environmental tipping points are reached. 

 An equally stark picture of upland land use is also painted by Smyth  (  2006  ) , who 
argues that regardless of policy, socio-economic forces are what drive change. 
She predicts an uplands future which is likely to include the abandonment of sheep 
farming across marginal areas; the colonization of attractive areas by lifestyle farming; 
non-governmental organizations buying run-down farms with high biodiversity or 
landscape value and activity tourism thriving in a variety of places. 

 The experience in Scotland, reported by various bodies including the Royal 
Society of Edinburgh  (  2008  ) , National Farmers Union  (  2008  )  and the Scottish 
Agricultural College  (  2008  )  of ‘farming’s retreat from the hills’ gives rise to serious 
concern about the future of livestock farming in the English uplands should such 
trends move southwards. 

 Respondents were asked their opinion regarding the future of farming. Similar to 
other recent studies in England (for example, Burton et al.  2005  ) , their responses 
revealed a range of emotions, from bitterness and cynicism through to guarded 
optimism. Farmers frequently saw their future role related much more closely to 
environmental management (I01):  ‘Really we’re just paid to be park keepers aren’t 
we. Keep the place looking nice … we’re just paid to have it look nice for the tourists, 
but the thing is they’ve made us take all the sheep off the fell.’  

 There was a corresponding sense of being unwanted and undervalued, particu-
larly in relation to WE (I03): ‘ I think the farming activity in the valley is now 
considered to be fairly peripheral to the general sort of aim of Wild Ennerdale … 
we all get the impression that they would quite like us to go away.  But there was also 
evidence of resilience and a determination to continue (IO3):  It looks as though 
we’ve got one more generation that’s going to keep it going and I feel quite strongly 
about it really.’  

 There was also a view that if farmers were to be involved in public goods provision, 
they would need to be paid appropriately (I05): ‘ And if they want to look at this 
landscape they’ll have to pay for it … and pay well. I know my generation a lot of 
them they’re sick to the back teeth of what’s going on.’  

   11   In reality the ‘upland community’ comprises a number of diverse groups, with different sets of 
interests and varying capacities to voice those interests.  
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 The interviews also revealed the complexity of farming households in the valley, 
indicating changing gender roles and the importance of off-farm employment (I04): 
‘ My husband actually works away from the farm so I may be in a situation where 
I choose to do that more. I’m a trained X so I do have other things that I can do, so 
it’s balancing up the time involved. You get less situations now where you’ve got 
your farmer’s wife at home – in the past the farmer, the man, would be out working 
and the woman, the wife was in the house so there was always somebody there for 
eventualities such as bed and breakfast or people popping in or whatever, but more 
and more … people have part-time jobs or the other partner has a full-time job even 
in many cases. Purely because of the  fi nancial uncertainty of farming, not many 
people go into farming now if they haven’t got some sort of back-up.’   

    12.3.2   Farming Perceptions of WE 

 The WESP (WEP  2006  )  states that  ‘Wild Ennerdale is not about abandoning land, 
excluding people or trying to create a past landscape. On the contrary, human activ-
ity is a crucial part of the process, along with the need to provide quanti fi able eco-
nomic, social and environmental bene fi ts which are sustainable’ . The strategic plan 
outlines the long history of human in fl uence in Ennerdale valley, stating that 
 ‘Ennerdale has provided for people’s needs for many centuries. The range of monu-
ments and features within the valley demonstrates how the landscape has been 
in fl uenced and altered by man for over 3500 years  …  during the Bronze Age low 
intensity pastoral farming was introduced to the fells.’  However, the WESP also 
states that  ‘historic grazing levels have reduced species composition on the fells and 
suppressed upland heath communities’  (WEP  2006  ) . Thus whilst Ennerdale has a 
long history of farming, 12     overgrazing has been identi fi ed as an important manage-
ment issue by the WEP. 

 Respondents were asked how they viewed WE and its vision for the future of the 
valley and were also invited to discuss the implications of WE for their farm 
management. The views expressed indicate both scope for collaboration and 
compromise with WE integration and concerns over practical dif fi culties related 
to merging forest with pasture. Some farmers who use forest tracks for access to 

   12   Archaeological evidence suggests that the Ennerdale valley has been subject to low intensity 
farming since the Bronze Age (WEP  2006  )  though the present-day farming landscape is largely the 
product of evolution since the Norse colonization of Cumbria around AD 900. Oxford Archaeology 
Unit  (  2003  )  state that the post-medieval period saw the increasingly intensive pastoral exploitation 
of the valley sides (in common with other upland areas), adding that the increasing numbers of 
sheep on the fell inevitably had a considerable impact upon the vegetation, preventing the prolif-
eration of heather moors. The practice of transhumance (summer grazing of stock on the common 
fell land) continued into the sixteenth and seventeenth centuries but was often  fi rst documented in 
the twelfth and thirteenth centuries (Oxford Archaeology Unit ( 2003  )  provide a detailed historical 
account of human settlement, agriculture & land use in the valley).  
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pasture expressed concern over proposals to  ‘allow sections of the forest track 
network to revert to vegetated tracks’  (WEP  2006  ) . One farmer (I02) stated that 
 ‘I would prefer from my point of view that they didn’t start blocking off the access 
roads.’  However, the main focus of farmers concern was linked to a proposal in the 
(WEP  2006  )  to  ‘remove redundant boundary fencing to move towards extensive 
grazing regimes within existing forest boundaries.’  There was widespread anxiety of 
serious implications for shepherding if the boundary fences between forest and open 
fell were allowed to deteriorate:

   ‘The bit that potentially affects us in a major way would be the taking down of boundary 
fences … They haven’t been terribly sympathetic to our concerns about the breakdown of 
our hea fi ng and shepherding systems, if we haven’t got some physical barrier to keep them  
[sheep]  out of the woods … you can only shepherd them if you can  fi nd them.’  (I03) 

  ‘… if they take them fences down, all the stock will go out of that valley, it’ll go tomorrow, 
because you can’t shepherd it. A lot of stock would harm their selves walking through  
[the woods] …  the knock-on effect of that is if you don’t gather you start getting parasites 
and you can’t get in to treat your animals. But you can’t get that through to them  [WE]. 
 Well, once they take them fences down they’ll push the farmers out …’  (I05)    

    12.3.3   Working Together 

 There was, however, also a sense that WE and farming could co-exist. One farmer 
(I03) offers a pragmatic view as to striking a balance, which again focused on the 
importance of maintaining boundary fences:

   ‘I think that the two things  [sheep farming and wilding]  can run side by side, but they’re 
going to have to make certain concessions to farming activity … from our point of view as 
long as the boundary fence remains fairly sound it shouldn’t necessarily affect us to a great 
extent in the near future.’  (I03)   

 Another farmer (I02) suggests that if the boundary fences do come down, there 
was still the possibility of reconciling the interests of farming and wilding if 
WE pursued a more active policy towards removing the Sitka spruce, retaining 
(and actively planting) semi-natural oak woodland and opened up glades within 
the woodland:

  ‘Inside the forest … there’s one or two real old oak woods up there, hundreds of years old, 
now they’re nice … that’s natural, they want kept. And if they go back to that … get that 
spruce cleaned out, but don’t let a lot grow in the woods, make it so it’s green underneath 
and then you can eat it with stock and it’d be like a parkland sort of … now that’ll blend in 
with the valley.’   

 I03 also offered grounds for optimism, stating  ‘it  [WE]  must be positive if at 
least one farming business has bene fi ted considerably  [through working with WE 
on a cattle grazing initiative]  if it’s increased the pro fi tability of at least one farm in 
the valley that gives a better chance of that farm surviving in the future, so anything 
that does that has got to be positive really.’   
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    12.3.4   De fi ning Wilding 

 A debate with clear relevance for WE is whether wild areas should be left untrammelled 
or be manipulated toward a more ‘natural’ state (Cole  2001  ) . There are dif fi culties 
associated with de fi ning the concept of wilding (Alexander  1996  ) , and more 
speci fi cally re-wilding, which as Fenton  (  2004  )  indicates, risks falling into a ‘value 
trap.’ The WE use of ‘wild’ denotes ‘a philosophical approach to managing the valley’ 
(WEP  2006  )  encompassing two key areas: (1) the degree to which natural processes 
in fl uence the environment (physical attributes) –  which might be broadly interpreted 
as leave it and see what happens ; and (2) the sense of wildness which people experi-
ence/perceive (emotive reactions) –  the social representation of wilderness.  

 There is clearly some resonance with Nash  (  1982  )  and his ‘if it looks wild it is 
wild’ de fi nition of wilderness:  ‘to accept as wilderness those places people call 
wilderness … not so much on what wilderness is but what men think it is.’  Carver 
et al.  (  2002  )  describe Nash’s views on wilderness as one extreme on a continuum 
from the paved to the primeval. The position along the continuum at which wilderness 
occurs has more to do with perceptions than it does with ecological conditions. 

 Thus the WE process will not create wilderness  per se , but rather an addition to 
the wide range of altered or non-natural ecosystems found in England. Nevertheless, 
the resulting landscape will contain attributes of wildness including remoteness 
(from settlement and access) and naturalness (both perceived and ecological). 
To some this will be wild, to others it will be a glori fi ed picnic site. 

 The wilding approach adopted by WE was perceived by several respondents as 
being unclear, with one farmer (I02) stating that ‘ the planners are just taking a step 
back and say we’ll suck it and see which way it’s going, cos they don’t know exactly 
what’s going to happen.’  Others were suspicious about the factors behind the estab-
lishment of WE:

   I would say that quite a lot of the driving force behind Wild Ennerdale is the fact that none 
of the timber up there is commercially viable and to me it seems like an awfully good way 
of not doing anything else, you know, not spending more money on it really … it’s quite a 
nice way of getting rid of a bit of a liability to be honest, just badge it as something else and 
walk away and leave it … they’ve just created this Wild Ennerdale, gone barging right into 
it.  (I03)    

    12.3.5   Tidy Up the Mess 

 Farming respondents were particularly concerned about the perceived ‘mess’ of the 
WE area, and how this might look in the future. The potential for con fl ict over 
landscape preferences, particularly between a wild/managed landscape, has been 
highlighted by van den Berg and Koole  (  2006  ) , who note that there are broadly two 
sub-populations with relatively extreme landscape preferences: ‘environmentalists’ 
and ‘farmers’. Environmentalists have been found to display relatively strong 
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preferences for wilderness settings as compared to more managed natural settings. 
By contrast, farmers have been found to display relatively strong aesthetic preferences 
for managed settings. Interviews with farming respondents in Ennerdale supported 
this position, as the following extracts indicate:

   If you go up that valley now and you look at the topside of the fences on both sides that we 
have and we have sheep on, that’s the nice bit that everybody looks at, down in the scrow  
[mess]  that the forestry have, that’s the bit that needs tidies up to encourage people to come 
if that’s what they want to do. Like our bit is all right, they want to get up off their backsides, 
tidy the mess up.  (I05) 

  ‘Tidy up the scrow that they’ve left behind now, which again is a complete contradiction, 
we were always told not to make any mess and the Forestry Commission left a nuclear 
landscape behind them when they’d  fi nished.’  (I03)    

    12.3.6   Project Engagement 

 Respondents were asked about their current level of engagement with WE. Many of 
the respondents did not feel that there had been adequate communication. For 
example, I04 stated that ‘ they’ve kept us up to date with what they’ve decided but 
I don’t feel they’ve necessarily open about what they were planning to do at the 
start … I didn’t feel necessarily included in decisions.’  In the focus group meeting, 
a tourism provider noted that  ‘I’m amazed as a newcomer to the area, I’ve only been 
here since March, I seem to know a lot more about it than people who’ve been here 
all their lives!’  

 A farmer (I03) highlighted the need for deeper, farm-level engagement with the 
project, stating that  ‘if they’ve got any ideas of what they’re wanting to do they need 
to put the actual proposals in their entirety to each farmer and how it might link in 
their business, rather than just decide what they’re doing, get one volunteer to do it.’  
However, another respondent (I02) felt that there had been relatively good commu-
nication, and argued that  ‘all the farmers in the valley were invited to an initial 
consultation where the idea was put forward. And from then it was taken forward, 
and as far as I’m aware, everyone was included or had the opportunity to be 
included, so, we can’t all say that we didn’t know that it was happening.’  

 As stated earlier, the WEP  (  2006  )  outlines a vision which aims ‘to allow the 
evolution of Ennerdale as a wild valley for the bene fi t of people, relying more on 
natural processes to shape its landscape and ecology’. The vision is quali fi ed with 
an assertion that ‘the valley will sustain the livelihoods of local people in keeping 
and enhancing the valley’s special qualities and that a broader section of local 
people will have a greater sense of involvement in its future.’ This vision is undermined 
by a sense of exclusion felt by some farmers, who saw themselves as important 
stakeholders in the valley. One farmer (I07) noted bluntly that  ‘it’s between the 
Forestry Commission, National Park, United Utilities and the National Trust isn’t it 
and they’re not involving  [farmers]’. 

 There was consensus amongst respondents that WE should include what might 
be broadly termed the ‘farming cultural landscape’ in their vision for the future of 
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the valley. For example, I03 stated that ‘ I think that it would be really good if this 
Wild Ennerdale partnership actually included within the partnership the farming 
activities as well as just the wilderness activity, because it’s all part of the whole 
picture isn’t it?  But he also thought that WE presented opportunities for community 
development:  ‘I think if I was going to see it developed for the bene fi t of the commu-
nity it would be good if any sort of development involved the locals, get the people 
from the village involved … because there’s too many of these things are actually 
developed by people from outside the area.’  

 Höchtl et al.  (  2005  )  assert that decision makers should be aware of the positive 
and negative aspects of (re)wilding and all stakeholders, especially those affecting 
local communities, should be included in any process that concerns the establishment 
of protected areas which are left to develop without human control. As a member of 
the Parish Council noted in the focus group meeting  ‘Any project in this valley has 
got to be hot-wired into what’s going on in the valley, into the community, it has to 
celebrate it and sustain it, not cut across it.’   

    12.3.7   The Cultural Landscape of Ennerdale 

 Whilst livestock–farming relations may be socially constructed and dynamic, thus 
engendering particular sets of farming practices at particular times and places, they 
nevertheless form lifescapes of social, cultural and economic interactions between 
humans, livestock and landscapes and is what Gray  (  1998  )  refers to as ‘consubstan-
tiality’. There was a deep sense of connection between the farmers of Ennerdale 
interviewed for this project and the physical environment of the valley – a sense of 
being part of the evolving cultural landscape. Höchtl et al.  (  2005  )  highlight how 
the main impacts on inhabitants of change from rural landscape to wilderness are 
psychological and economic in nature. They describe how the wilding process can 
lead to a perceived loss of historical experience, cultural knowledge and local identity. 
One farmer (I03) stated that ‘ you know I’ll be disappointed, I’ll be bloody annoyed 
actually if something caused the farming activities that’s gone on for … certainly in 
my case for 5 generations, pretty much the same thing you know, I probably now 
wear polartec and they used to wear woolen long-johns or summat  [something]  but 
you know the activity is just the same sort of stuff … the heritage side of the thing is 
as important to me as the actual physical state of things.’  

 This link to heritage and cultural landscape was also emphasized by I07, who 
noted that  ‘agricultures been here for hundreds and hundreds of years, it’s what 
makes it. I mean we’ve been here in this valley about 128 years, how many years has 
agriculture been in the fells now? Before the National Park and the Wild Ennerdale 
initiative that’s for sure.’  Another farmer (I01) noted simply that ‘ I feel like they  
[WE]  own it but it’s our heritage.’  As Slee et al.  (  2009  )  note, in the past the uplands 
have been sustained by people whose actions are not driven exclusively by narrow 
economic motives. Custodianship, tradition, socially and culturally valued actions 
have all in fl uenced decision-making.  



246 I. Convery and T. Dutson

    12.3.8   Farmers as Interpreters of Landscape 

 The role of farmers as interpreters of landscape has been highlighted by a number 
of projects in Cumbria (Burton et al.  2005  ) . Most recently, the Flora of the 
Fells project (Flora of the Fells  2006  )  has involved farmer-led walks to ‘explore the 
biodiversity’ of the Lake District National Park (indeed, one of the interview respon-
dents had participated in this scheme). The Fells & Dales local action group of 
the European Union rural development project LEADER is also keen to explore the 
potential for this role in the future. A farmer interpretation role could therefore 
potentially offer opportunities for collaboration between the farming community 
and WE, and farmers were asked whether they would be interested in participating 
in such projects. One farmer (I02) noted that he already spent time informally dis-
cussing his job with the public:  ‘They’ll lean over wall and  [say]  ‘good morning’ 
and ‘what are you doing?’ and they’re interested in what you’re doing. You don’t 
mind spending 10 min with people to do that if they’re interested in what you’re 
doing.’  I04 agreed, stating that ‘ I think they’re most of them are always interested 
when you’re gathering sheep out of the fell, they’ll want to talk to you.’  I06 remarked 
that ‘ they want to come and see how we live, they want to see our way of life they want 
to come and look and they ask you … sometimes you get nothing done for telling them!’  

 Convery and Dutson  (  2006  )  indicate how such conversations and insights were 
an enriching part of a visitors’ experience of an area, but that the informal nature of 
such interactions was often important. The transition to a more formalized arrange-
ment presents a number of obstacles, and whilst there was a clear willingness 
expressed during most interviews for farmers to engage with visitors in this way, 
there were also concerns expressed regarding time demands and perceived health 
and safety problems. 

 The attitude of the farming respondents towards a future interpretation role is 
neatly summed by one farmer (I02), who stated that whilst  ‘I’m farming, my goal 
is farming…   it would still be possible to get involved in tourist activities , “He 
suggested that  ‘you could certainly do a walk a month, something like that, or a 
couple of walks a month. And it’s surprising how many people that came in March 
would probably come again in summer or the back end to see what’s changing. 
To see the seasons change. Because it is a beautiful valley with all the different 
colours of the different trees and everything.”    

    12.4   Discussion 

 The evidence from this small study suggests that the social consequences of a policy 
to create wild land require careful consideration. In a worst case scenario, MacDonald 
et al.  (  2000  )  argue that such policies risk creating a continuing cycle of increasing 
rural depopulation, deprivation, further land abandonment and loss of traditional 
land management skills. To counter such problems, Höchtl et al.  (  2005  )  and Kirby 
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 (  2003  )  recommend a wide ranging consultation process amongst stakeholders 
regarding the establishment of wild areas. As Matouch et al.  (  2006  )  indicate,  ‘a 
participatory approach is of particular signi fi cance in upland areas in Europe 
where there tends to be an intimate association between communities and the areas 
in which they live…  [and which support]  their livelihoods – either directly through 
agriculture and forestry or indirectly through upland tourism .  Any project initiative 
which does not fully consider the aspirations, welfare and economic activity of 
upland communities has little chance of success.’  

 There is evidence from this study that WE has not fully considered the sensibili-
ties and complex livelihoods of the farming community, and as a consequence, a 
group of signi fi cant stakeholders feel alienated from the project. Of course, even 
with meaningful participation (for example, full joint decision-making) it still may 
not be possible to keep all stakeholders happy, particularly in relation to wilding 
projects, which tend to be dif fi cult, contentious and complex. 

 Whilst terms such as ‘public goods’, ‘ecosystem services’ and ‘multifunctionality’ 
are gradually gaining credibility within the British hill farming community, many 
farmers still ‘just want to farm’ (Convery and Dutson  2006  ) ; a ‘post-productivist’ 
position for upland agriculture is far from universally accepted. Despite  fi nding it 
ever more dif fi cult to sustain their livelihoods, upland farmers and (other land 
managers) are increasingly being called to respond to new policy imperatives and 
manage the environment for the bene fi t of wider public goods (Long et al.  2009  ) . For 
example, in recognizing the importance of uplands for biodiversity, the Government’s 
Public Service Agreement strives to upgrade 90% of upland SSSIs into favorable or 
improving condition by 2010. This has driven signi fi cant recent investment in 
upland restoration, but in places, some would argue, has compromised effective 
farming practice. 

 Land managers whose natural inclination is often to want to produce food or 
timber have been asked to make a sometimes uneasy transition to managers of a 
suite of environmental services and public goods. There is no magic bullet to ease 
this transition; ultimately, this is likely to come down to local level dialogue, 
patience, cooperation and trust. There also needs to be an economic incentive 
(‘what’s it in for us?’ as one respondent remarked) for the farmer. Nevertheless, the 
involvement of one farmer in WE, through grazing cattle in the forest, has demon-
strated that this project can successfully involve the farming community and this 
gives some optimism for the future.  

    12.5   Conclusions 

 Whilst many aspects of the natural economy of Ennerdale have been subject to 
research and investigation, there is a need to deepen understanding of the nature of 
enterprises linked with this valley and in particular to consider how best to develop 
a model of management that is in harmony with the special qualities of the valley 
and the aspirations of those who live in and depend upon it. 
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 The farming lifescape of Ennerdale represents a complex interrelationship of 
people, place and production system, and the research detailed in this chapter reveals 
a wide and interrelated set of themes and issues that include cultural landscape, 
social capital and farming/landscape lineages. Ennerdale valley has a long history 
of management; some members of the farming community have ties to the land 
spanning several generations. In contrast, the extensive conifer plantations are 
relatively recent, yet form the starting point for the WE initiative. WE has devel-
oped to such as stage that the partnership must fully consider its future role and 
impacts. In particular, the partnership should embrace wider partnership working 
with the various communities of Ennerdale and a much greater appreciation of the 
role farmers have played, and continue to play, in shaping the cultural landscape 
of the valley. This is true for WE as it is for any multi-stakeholder wilding project.  

    12.6   Management Implications 

     • A socio-temporal perspective is important  – Ennerdale valley has a long history 
of agriculture and management. The extensive conifer plantations are relatively 
recent, yet form the starting point for the WE initiative  
   • Cultural landscape  – the farming lifescape of Ennerdale represents a complex 
interrelationship of people, place and production system, creating a speci fi c 
cultural landscape. How will the project affect this landscape? In developing 
project goals the cultural landscape needs to be fully considered  
   • Effective participation  – wilding projects need to fully consider, and work with, 
the aspirations, welfare and economic activity of all local stakeholders if there 
are to have any chance of success         
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          13.1   Introduction 

 Coastal areas are under great pressure from development throughout the world. 
Various estimates indicate that some 60% of the world’s population lives within 
100 km of the sea and some 75% of urban areas with more than 1.5 million inhabitants 
are located in estuaries or open coastlines (Bodungen and Turner  2001  ) . Poorly 
planned and managed development in coastal areas has led to wide-scale degradation 
of coastal systems, including forests. Estimates suggest that more than 70% of 
Europe’s coastal areas have been degraded (CEC  1999  ) . In tropical regions major 
pressures to develop coastal areas have, in many cases, proved non-sustainable. 

 It is anticipated that coastal regions will be the focus for future development and 
that the resulting pressures will increase competition for access to and use of coastal 
areas. Unless major advances are achieved in coastal area planning and management, 
and in watershed management, there will be increased stress on coastal systems. 

 Coastal forest systems in the tropics, and to a lesser extent in temperate regions, 
have been a major focus for conversion to other uses. Many of these developments 
have proven non-sustainable. Examples include conversion of tidal swamp forests 
for irrigated rice cultivation in Sumatra (Burbridge et al.  1981 ; Collier  1979  ) , con-
version of  Melaleuca  wetland forests for agriculture in Vietnam (Maltby et al.  1996 ; 
Safford et al.  1997,   2009  ) , and conversion of mangrove forests to shrimp mariculture 
in areas of Asia and Latin America (Stevenson and Burbridge  1997  ) . In Thailand 
some 70% of the mangrove found along the Gulf of Thailand has been degraded 
through the development of shrimp ponds, urban development, infrastructure devel-
opment, and placer mining of tin deposits in mangrove systems (Kongsangchai 
 1984 ; Stevenson et al.  1999  ) . The destruction of these coastal forests has led to the 
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loss of a wide range of economic and environmental goods and services that could 
sustain many different forms of economic and social development (Burbridge  1994 ; 
Burbridge et al.  1981 ; Dixon and Burbridge  1984 ; Turner et al.  2000,   2003  ) . 

 The destruction and mismanagement of coastal forests and other coastal ecosys-
tems has resulted in many coasts being in a state of almost continuous dis-equilibrium 
(Burbridge and Pethick  2003  ) . As a result of this dis-equilibrium combined with 
impacts resulting from poorly planned and mismanaged development in watersheds 
upstream, including the clearance of forests to accommodate alternative forms 
of development, the vulnerability of human settlements in coastal areas to natural 
hazards such as  fl ooding has increased. Although increased international funding 
has been directed toward better understanding of the relationships between watershed 
management and coastal development, forest landscape restoration (FLR) does not 
appear to play a central role in such efforts. 

 There are initiatives to rehabilitate tropical coastal forest systems. However, the 
success of these initiatives will depend heavily upon a wide range of factors, 
including:

   Competition for access to and use of coastal systems  • 
  Public support from stakeholders  • 
  Adverse interactions among coastal development activities  • 
  Sectoral based management of coastal development  • 
  Poor watershed management  • 
  Failure to link watershed management with coastal area development  • 
  Global change, including climate change and the in fl uence of man on hydrology, • 
sediment budgets, energy and nutrients reaching coastal systems from upland areas    

 Ecosystem management concepts and principles, including FLR, could help to 
sustain the rehabilitation of coastal forest systems and reduce the vulnerability of 
coastal development from natural and human-induced hazards, such as  fl ooding.  

    13.2   Concepts and Principles of Integrated 
Coastal Management 

 During the past 35 years increasing recognition of problems associated with poorly 
planned and managed development in coastal regions has led to the development of 
concepts and principles to support more integrated forms of coastal development, 
including the conservation of coastal ecosystem functions. A new discipline termed 
Integrated Coastal Management (ICM) 1  has been adopted by many countries as a 
means of promoting more sustainable use of coastal areas and natural resources 

   1   The term Coastal Zone is also used to de fi ne the zone of transition from purely marine to purely 
terrestrial environments, however this has lost favour as a result of growing recognition of the 
trans-boundary management considerations, such as changes in hydrology due to development in 
river catchments, that have a major impact on the management of coastal areas and human activi-
ties. The term Integrated Coastal Management (ICM) is used instead of Integrated Coastal Zone 
Management in recognition of the linkages between catchments, coastal areasand ecosystems, and 
marine areas and ecosystems. The term ICM will be used in this paper.  
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(Chua  2004 ; Sorenson  2000,   2002  ) . This has been complemented by the development 
of watershed management concepts and principles and more recently by the principles 
and good practices of Forest Landscape Restoration (Aldrich et al.  2004 ; ITTO 
 2002 ; Maginnis and Jackson  2005  ) . 

    13.2.1   The Concepts of ICM 

 Integrated Coastal Management (ICM) describes a framework and process for for-
mulating and implementing plans and management strategies to promote wise and 
sustainable use of coastal areas and resources. The basic objective of ICM is to 
maximise long-term economic and social bene fi ts from the wise use of coastal 
resources. At the same time, it is very important that ICM be seen as a practical 
means of meeting short-term development objectives, such as helping to diversify 
economic activities in rural areas.  

    13.2.2   ICM as an Iterative Process 

 ICM is based on an iterative cycle of actions designed to help develop a robust and adap-
tive process for improving the planning and management of human activities in coastal 
areas. There is no Golden Rule or universal framework for promoting ICM and in appli-
cation, ICM is an iterative process whereby it is possible to start with speci fi c problems 
and issues and to develop increasingly comprehensive and sophisticated ICM initiatives. 

 The main steps in this process are:

    • Increase Awareness -based on traditional knowledge and user friendly scienti fi c 
information  
   • Stimulate a Dialogue  among key stakeholders  
   • Foster Cooperation  among stakeholders including sectoral governmental 
agencies  
   • Encourage Coordination  among stakeholders in the formulation and imple-
mentation of policies, plans, investment and management strategies  
   • Work towards Integration  of policies, plans, investment and management ini-
tiatives for coastal areas and human activities (Humphrey and Burbridge  1999  )     

 The main elements of the management process include:

   Comprehensive assessment of environmental, social and economic issues that • 
in fl uence the sustainable development of coastal areas and associated natural 
resources  
  Setting of objectives that meet local, regional and national social and economic • 
needs and aspirations  
  Formulation of plans and management strategies designed to anticipate and respond • 
to issues as well as the development needs and aspirations of coastal societies  
  Monitoring the success of ICM plans and management strategies and incorporating • 
improvements to those plans and strategies as part of a cyclical process.     
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    13.2.3   Adopting a Functional Approach to ICM 

 The most common causes of stress and degradation in coastal tropical forests are 
changes in hydrology- mainly in the form of reduced surface and ground water 
 fl ows into the forest system, changes in materials  fl uxes (sediments and nutrients) 
and changes in the energy required to maintain the health and productivity of coastal 
forest systems. 

 The Land Ocean Interactions in the Coastal Zone (LOICZ) project published a 
synthesis of its  fi rst 10 years of research (Crossland et al.  2005  )  in which a number 
of conclusions concerning coastal systems and their relationship with river basin 
systems, marine systems and the global ecosystem have a bearing on FLR; namely:

   The coastal domain is the most dynamic part of the global ecosystem and the • 
realm most subject to natural and man-induced global change  
  At a global scale, coastal systems (including forests) play a signi fi cant role in • 
regulating global change  
  Although major river systems have a profound in fl uence on coastal and near-• 
shore marine systems at a regional level, the mounting pressures from human 
development and their effects on coastal systems are felt most acutely at small to 
medium catchment scales  
  Changes to coastal systems cannot be con fi ned within administrative boundaries. • 
Instead, studies need to be oriented towards watershed and catchment based 
perspectives to understand coastal dynamics and to integrate the results into 
human management activities (Crossland et al.  2005  )     

 These  fi ndings from the LOICZ project reinforce the emerging concepts of inte-
grated coastal management where the “coastal zone” is treated as part of a dynamic 
continuum linking terrestrial and marine components of the Earth’s ecosystem, rather 
than an isolated “zone” in which systems such as coastal forests can be managed 
without reference to natural and man-induced changes in hydrology, or  fl uxes of 
materials in upland and oceanic systems (Burbridge et al.  2005  ) . 

 Adopting a functional landscape approach logically links river basin systems 
and coastal systems. Key factors to consider are the standards of planning and 
management of human activities in the broader landscape and their in fl uence on 
the hydrology, sediment budgets, nutrient  fl uxes and energy  fl uxes that maintain 
the health and productivity of coastal forests downstream. The vulnerability of 
coastal forest systems to poor planning and management of development in upland 
catchments is illustrated in Table  13.1 .    

    13.3   Complementarity Between ICM and FLR 

 It is therefore critically important to integrate coastal forest systems into the frame-
work of FLR and related efforts such as River Basin Restoration into a broader 
framework that couples the management of human activities within river basin 
systems and the management of forest systems in coastal areas. A more detailed 
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examination of FLR is provided elsewhere in this volume (   Lamb et al.  2012 ) and the 
main principles of FLR can be summarized as:

   Restoration of a balanced and agreed package of forest functions  • 
  Active engagement, collaboration and negotiation among a mix of stakeholders  • 
  Working across a landscape  • 
  Learning and adapting    • 

 Because FLR is a  fl exible concept it has been applied at various scales from the 
individual site through to larger geographic areas and a variety of principles have 
developed (see Elliot  2002 ; Lamb et al.  2012 ; Maginnis and Jackson  2005 ; Mansourian 
et al.  2005 ; Oregon Department Forestry  2001  ) . Pfund and Stadtmüller  (  2005  )  
identi fi ed similarities in the goals and components between FLR and other innovative 
approaches to development, including the Ecosystem Approach, the Sustainable 

   Table 13.1    Vulnerability o   f coastal tropical forest systems to development in coastal areas 
and from upland development   

 Development activity 

 Coastal forest type 

 Mangrove  Melaleuca 
 Tidal swamp 
forest 

 Agriculture and farming                   

 Aquaculture and mariculture                   

 Dredging and  fi lling             

 Harbours             

 Roadways and causeways                   

 Shipping                   

 Electric power generation                   

 Heavy industry                   

 Upland mining                   

 Coastal mining                   

 Oil and gas development                   

 Military facilities, training and testing                   

 Sanitary sewage discharges                   

 Solid waste disposal                   

 Water development and control                   

 Coastal Defence and Shoreline 
management 

                  

 Tourism and Recreation                   

  Potential impacts:  
 Signi fi cant adverse effect 
 Likely               

 Adverse effects possible       

  Sources: Abdeldayem et al.  (  2005  ) , Bassoullet et al.  (  1998  ) , Burbridge  (  1988  ) , Burbridge  (  1996  ) , 
Burbridge et al.  (  2005  ) , Maltby et al.  (  1996  )   
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Livelihoods Approach, Farming Systems (“Gestion de Terroir”), and Integrated 
Natural Resources Management. There are also potentially powerful links between 
FLR and Integrated Coastal Management (ICM), as indicated in Table  13.2 .   

    13.4   Integrating FLR and ICM Processes 

 The focus of FLR is on restoring forest functionality in terms of enabling the forest 
system to generate goods, services and ecological processes at a broader landscape 
level rather than promoting increased tree cover within a particular location (FRIS 
 2006 ; ITTO  2002 ; IUCN  2005 ; Lamb et al.  2012 ; Maginnis and Jackson  2005  ) . 

   Table 13.2    Examples of complementary principles of ICM and FLR   

 ICM principles  FLR principles 

 Water is the major integrating force in coastal 
resource systems 

 Restoration of the hydrologic linkages among 
natural systems 

 Coastal zone land and water uses must be 
jointly planned and managed 

 FLR emphasises integration of land uses 

 Sustainable development of coastal resources 
is a major purpose of coastal management 
and planning 

 Sustainable use of forest systems and forest 
functions is emphasised 

 Multiple use of renewable coastal resources is 
emphasized by coastal management and 
planning 

 Restoration of the multiple functions of forest 
ecosystems 

 The focus of coastal management and planning 
is on common property resources 

 FLR attempts to rehabilitate degraded 
common property resources 

 Integrated, multiple-sector involvement is 
essential to coastal management and 
planning 

 Is a multi-sectoral approach extending the 
decision-making process to all key 
stakeholders 

 Coastal management and planning boundaries 
are issue based and adaptive 

 FLR boundaries are adaptive 

 Coastal management and planning is structured 
for incremental implementation 

 FLR can be applied in an incremental 
manner, moving from small scale to 
larger scales within a functional 
landscape 

 Coastal management and planning emphasises 
the nature-synchronous approach to 
development 

 FLR seeks to work with natural system 
processes, including seasonal variations 
in hydrology 

 Ensure the support and involvement of all 
relevant bodies 

 FLR seeks to integrate stakeholders in 
developing a consensus on restoration 
priority actions 

 Use participatory planning to develop 
consensus 

 FLR involves stakeholders and encourages 
participation as well as it secures the 
long-term existence of the bene fi ts for the 
society 

 Adaptive management is the basis of the ICM 
cycle 

 FLR embodies adaptive management 
principles and practices 

  Sources: Aldrich et al.  (  2004  ) , Oregon Department Forestry  (  2001  ) , IUCN  (  2005  ) , Pfund and 
Stachmuller  (  2005  )   
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 The ICM process described above also seeks to promote sustainable use of the 
diverse functions and natural resources generated by coastal ecosystems at a broad 
landscape level. The ICM process is built around the concept that the coastal zones 
represents a transition between marine and terrestrial components of the earth and 
gives emphasis to developing specially adapted “integrated planning and management 
measures” that respect and work with the natural processes that support the inter-
linkages among coastal ecosystems and the human activities they sustain. The ICM 
process can also be applied at different scales within the coastal landscape from a 
speci fi c site through to the mosaic of natural systems and human activities. At the 
same time, the process of developing ICM is embodying a broader landscape 
perspective that links river catchments and near-shore marine systems. 

 As illustrated in Table  13.2  ,  there are a number of principles that are essentially 
the same and/or complement one another that are central to both the FLR and ICM 
development planning frameworks. This provides major opportunities to strengthen 
the integration of the two approaches. To some extent this is already being attempted 
in international initiatives such as the Hill to Ocean (H2O) programme, BASIN, 
EUROBASINS, LOICZ and the EU Water Framework Directive. 2  

 The question I would pose is “Are we giving enough emphasis to stronger integra-
tion of FLR and ICM?” The answer is NO. The coastal domain is the most dynamic 
part of the global ecosystem, and is the realm most vulnerable to natural and man-
induced global change. Human development in coastal regions represents a powerful 
catalyst for direct changes in coastal systems, including coastal forests, and more 
broadly at a global system scale. At a global scale, coastal systems play a signi fi cant 
role in regulating global change. By developing stronger integration of FLR at a catch-
ment scale with ICM, there is a major opportunity to substantially reduce the negative 
impacts of human activities and so have a positive in fl uence on Global Change. 

    13.4.1   Examples of Coastal Forest Degradation 

 Two examples of non-sustainable development of coastal forest systems are presented 
in Boxes  13.1  and  13.2  below to illustrate how FLR would have served the conservation 
and sustainable management of these coastal forests and other inter-related coastal 
ecosystems if it had been employed. Each example demonstrates the need to understand 
the forest ecosystem, the functions they perform and the activities they can sustain. In 
both examples the integration of FLR and ICM could help to resolve issues affecting 
their sustainable use.     

   2   BASIN (  http://na-basin.org/    ) 
 EUROBASINS (  http://eurobasin.dtuaqua.dk/eurobasin/index/index.html    ) 

LOICZ (  http://www.loicz.org/    )  

 EU Water Framework Directive (  http://ec.europa.eu/environment/index_en.htm    )  

http://na-basin.org/
http://eurobasin.dtuaqua.dk/eurobasin/index/index.html
http://www.loicz.org/
http://ec.europa.eu/environment/index_en.htm
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  Box 13.1  Melaleuca quinquenervia     Wetland Forests in the Mekong Delta, 
Vietnam 

 Vietnam has two major river systems the Red River and the Mekong. There has 
been a long history of agricultural development of the  fl oodplains and other 
alluvial lands bordering the Red River. Today, the Red River and associated 
river basin lands form the “Food Basket” of Vietnam. 

 The Mekong river system and its extensive delta have very different soils 
from the Red River system. For example there are extensive areas of potential 
acid sulphate soils (PASS) in the Mekong that are not common in the Red 
River delta. The dif fi culty of exploiting the PASS for agriculture has meant 
that extensive areas of  Melaleuca quinquenervia  (Cav.) S.F. Blake forest 
remained until the 1970s (Fig.   13.1 ). During that period war led to the draining 
of the wetland forest areas, use of defoliants and use of  fi re to destroy the 
forests and deny a safe haven for combatants. Following cessation of hostilities, 
the Vietnamese attempted to extend the drainage canals and to convert large 
tracts of  Melaleuca  wetland forest into irrigated agricultural lands (Fig.  13.2 ). 
Most of these agricultural conversions failed due to exposure of the PASS to 
the atmosphere and the resulting high acidity in the groundwater, irrigation 
water and soils once the water table was lowered. There was subsequent large-
scale abandonment of the agricultural areas.  

Fig. 13.1 Intact Melaleuca quinquenervia swamp forest in the Mekong Delta, Vietnam 
(Photo Peter Burbridge)

(continued)
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 In the early 1980s the World Conservation Union (IUCN) was asked to 
help the Vietnamese Government  fi nd ways of rehabilitating some 260,000 ha 
of degraded former  Melaleuca  forests in the Long Xuen Quadrangle and  fi nd 
ways of helping landless farmers to make a living. The Vietnamese of fi cials 
had come to realise that the rehabilitation of the wetland forest would sustain 
a wide variety of economic goods and services as well as restoring valued 
environmental services. This presented a major challenge as any management 
solution would require restoration of the hydrology of the wetland forest sites 
to submerge the PASS and curtail the exposure of these soils to the atmo-
sphere. The complex network of drainage and irrigation canals had been 
adopted as major means of access by boats which made it dif fi cult to  fi ll in or 
block canals and other man-made water channels (Fig.  13.3 ). At a broader 
scale, there are major plans to dam the Mekong and divert waters for agricul-
ture in countries upstream.  

 The solution proposed by IUCN was to modify an agrosilviculture 
model adopted by the Vietnamese Forestry authority, which had 10 ha units 
with a core area of 7.5 ha for Melaleuca replanting and 2.5 ha for agricul-
ture, including a house for the farmer and family. It was reasoned that if 
agriculture based on  fi eld crops failed because of the PASS, then it would 
make sense to reduce the areas for crops and to develop alternative forms 
of livelihood for the farmers participating in the agrosilviculture system. 

Fig. 13.2 Drainage canals constructed in the Melaleuca forest for access and to drain the 
swamp to allow agricultural development (Photo Peter Burbridge)

(continued)

Box 13.1 (continued)
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 The modi fi ed model incorporated an area devoted to a nursery for stocks to be 
replanted in the expanded reforestation area, and the area set aside for agricul-
ture was reduced to to 0.5 ha. A system of raised beds covering 0.25 ha was 
developed to leach out the acid from the soils and to form the basis for acid 
tolerant cash crops, such as coffee, citrus and pineapple, and for the cultivation 
of medicinal plants and food crops for the household (Burbridge  1995  ) . 

 Arrangements were made with the regional agricultural cooperatives to 
help market the cash crops. New forms of income generation were developed 
based on on-site distillation of essential oils from the leaves and bark of the 
 Melaleuca , and honey production. Seed trials were introduced to  fi nd early 
 fl owering varieties of  Melaleuca  to accelerate the production of honey. 

 There remained the problem of restoring the hydrology while maintaining 
access to and from the rehabilitation sites. A simple system of hand-operated 
locks was suggested as an alternative to  fi lling in canals and using pumps to 
re-establish the water table. The ideas and preliminary development work for 
the rehabilitation of the  Melaleuca  wetland forests by the IUCN was then 
taken over by an Australian Aid (AusAid) project. A Darwin initiative was 
also undertaken to help re fi ne the work by the IUCN (see Maltby et al.  1996 ; 
Safford et al.  1997,   2009  ) . 

 Major progress has been achieved in the rehabilitation of a large area of the 
wetlands and in re fi ning the rehabilitation model and techniques. However, 

Fig. 13.3 Drainage canals serve as boat access to the area (Photo Peter Burbridge)

(continued)

Box 13.1 (continued)
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Box 13.1 (continued)

this success at the local scale must be seen within the broader context of 
government plans for major dams on the Mekong to store and abstract water 
throughout the Mekong river system. Such changes in the regional hydrology 
of the river system will likely reduce base water  fl ows locally that will 
adversely affect the rehabilitation of the wetlands. 

 The challenges faced in rehabilitating the  Melaleuca  wetland forests in the 
Mekong Delta are common to those faced today in lowland and forest systems. 
The principles and practices that have been developed for FLR would have 
been of great help to those of us struggling to integrate watershed management, 
restoration of local hydrologic conditions as a basis for rehabilitation of soils 
and re-creation of  fl ooding and humidity conditions conducive to the successful 
replanting of  Melaleuca , as well as developing agro-silviculture systems that 
landless farmers could adopt and manage as the basis for sustainable use of 
the wetland forests. 
 Sources: Beilfuss and Barzen  1994 ; Burbridge  1995 ; Burbridge and Scott 
 1990 ; Le  1989,   1993 ; Maltby et al.  1996 ; Safford et al.  1997,   2009 ; Takahashi 
et al.  2004 . 

  Box 13.2 Freshwater   , Tidally In fl uenced Peat Swamp Forests 
in Indonesia 

 Indonesia has extensive areas of tidally in fl uenced, freshwater swamp forests 
(Fig.  13.4 ). These forests are capable of yielding some 25 m 3  ha −1  of high 
value timber and timber products from Dipterocarps and other species 
(Abell  1979  ) .  

 During the 1960s and 1970s these forests were considered suitable for con-
version to agricultural lands to support the Transmigration Programme where 
landless farmers and people displaced by the development of dams, industry 
and urban development in Java could be relocated (Figs.  13.5  and  13.6 ). An 
elegant scheme for using the tidal regime in estuaries to “pump” freshwater 
into irrigation channels during rising tides and then drain the wastewater as 
the tide fell was developed by the Dutch in the 1930s and adopted by the 
Transmigration Programme (Fig.  13.7 ).    

 Large-scale clearance of tidal swamp forests and excavation of primary, 
secondary and tertiary canals was undertaken to form transmigration sites. 
However, advice from soil scientists and water resources specialists was 
largely ignored in the drive to meet political targets for the resettlement of 
people. This resulted in the development of areas of deep peat and potential 
acid sulphate soils (PASS) and consequent problems of release of sulphurous 

(continued)



Fig. 13.5 The swamp forest was drained and developed under the Transmigration 
Programme to provide land for landless farmers and others who needed to be relocated due 
to development pressures in Java (Photo Peter Burbridge)

Fig. 13.4 Freshwater, tidally influenced peat swamp forest in Indonesia (Photo Peter 
Burbridge)

Box 13.2 (continued)

(continued)
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Fig. 13.7 The Transmigration Programme was based on an irrigation and drainage scheme 
using tidal movements to “pump” freshwater in and drain wastewater out. Development in 
the upland catchment basin has increased seasonality of water flows causing a landward 
shift in the saltwater wedge in the dry season and flooding during the wet season

Fig. 13.6 Landless farmers were moved to the Transmigration Sites from elsewhere in 
Indonesia but farms on deep peats and potentially acid sulphate soils have proven unsus-
tainable (Photo Peter Burbridge)

Box 13.2 (continued)

(continued)
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acids, carbonic acids, subsidence of soils, and shrinkage of the interstitial 
spaces in the soil matrix. This led to poor crop production and large areas 
became unsuitable for the continuation of agriculture (Fig.  13.8 ) and conse-
quently it resulted in the abandonment of agriculture as well as growth of 
illegal logging in surrounding production forests and areas set aside for nature 
conservation.  

 A further set of problems arose as the watershed above the estuaries was 
developed for urban, industrial and agricultural purposes. These develop-
ments altered the hydrology of the river systems to the point where the tidal 
irrigation system was disrupted. In the dry season there was reduced base 
water  fl ow in the river which resulted in greater penetration of saline waters 
into the estuary. Further, it forced brackish water into the irrigation canals and 
led to salinization of groundwater and soils (Fig.  13.7 ). During the rainy 
season, accelerated surface water runoff resulting from changes in land use in 
the catchment led to  fl ooding in the areas converted from wetland forest. The 
extent, duration and severity of impact on crops and homes were increased 
due to the erosion, subsidence and shrinkage of the soils in the transmigration 
sites. The dif fi culties of maintaining any form of agriculture led to large scale 
abandonment of areas converted for transmigration. 

 A second stage of transmigration development was embarked upon in the 
early 1980s where consultants were asked to examine sites where agriculture 

Fig. 13.8 Poor rice production on potentially acid sulphate soils has led to land abandon-
ment (Photo Peter Burbridge)

Box 13.2 (continued)

(continued)
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       13.4.2   Potential Bene fi ts from Integrating ICM and FLR 

 There are potential environmental, social and economic bene fi ts that could be 
derived from integrating Forest Landscape Restoration into the principles and 
practice of Integrated Coastal Management. These include:

   Maintaining the hydrology and material  fl uxes essential to the health and produc-• 
tivity of coastal ecosystems;  
  Restoring the functions and natural resources generated by riparian ecosystems, • 
coastal ecosystems and marine ecosystems;  
  Reducing the adverse effects of natural and man-induced hazards;  • 
  Ameliorating Global Change;  • 
  Supporting the expansion and diversi fi cation of economic activities in the coastal • 
realm and within watersheds;  
  Protecting the health and welfare of communities;  • 
  Helping nations meet international obligations under conventions, protocols, • 
treaties and other legally or morally binding instruments.    

 In the case of the rehabilitation of the  Melaleuca  wetlands in Vietnam, FLR in 
the upper reaches of the Mekong river system would help to maintain base water 
 fl ows in the lower Mekong. This would help to maintain groundwater levels in the areas 

Box 13.2 (contiuned)

had proven unsustainable and to make recommendations for their rehabilitation 
for new forms of agriculture, rehabilitation as forest systems, or conversion to 
an alternative use. The author was involved in developing the system for 
determining the causes that led to non-sustainable use transmigration sites, 
and to determine what options might be available for their rehabilitation. The 
system was based on a reversal of the environmental impact assessment 
process where the impacts were identi fi ed along with the causal factors and 
then examination of the transmigration planning and management arrange-
ments to determine what led to the creation of the adverse impacts. 

 The  fi ndings from this process were used to improve the planning and 
management of transmigration, and to identify options where carefully 
planned and implemented measures could lead to successful rehabilitation of 
the transmigration sites (TSSD reports). 
 Sources: Abell  1979 ; Brown and Burbridge  1999 ; Burbridge  1989,   1990 ; 
Burbridge and Mar agos  1985 ; Collier  1979 ; Crisman  1990 ; Halls  1997 ; 
Hardjowigeno  1985 ; Houterman et al.  2005 ; ITTO  2002 ; Koesoebiono et al. 
 1982 ; Silvius and Giesen  1992,   1996 ; Silvius and Suryadiputra  2005 ; Sorensen 
 1993 ; Sukardjo and Toro  1988 ; Wignyosukarto  2008 ; World Bank  2006 . 
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of Melaleuca that are being rehabilitated, reduce the risks of  fi re and damage to 
replanted sites, reduce the exposure of the potential acid sulphate soils, and reduce 
pollution of the river waters from acid drainage. In turn this would help improve 
riverine  fi sheries and the transition towards more sustainable use of the Melaleuca 
wetland forests. However, given the population pressures in the countries upstream 
of Vietnam and the demand for hydro-electric power and for the abstraction of water 
for irrigation in the region, there will be limited scope for linking FLR and ICM 
until the economic and social bene fi ts that could result are built into development 
planning of the Mekong system. 

 FLR could have a series of powerful bene fi ts in Indonesia. For example, 
improved watershed management upstream of the transmigration areas would 
reduce  fl ooding of agricultural  fi elds, maintain base water  fl ows in the rivers and 
reduce the ingress of saline water into estuaries which is causing salinization of 
tidal irrigation waters, and would improve the economic and social welfare of the 
transmigrants. FLR would also help maintain the economic bene fi ts of previous 
investment in Transmigration projects where sites have been abandoned, but could 
be rehabilitated. This would also reduce the burden of repayments of loans from 
international banks. 

 As in the case of Vietnam, the adoption of FLR as a means of supporting a transi-
tion towards more sustainable use of coastal areas and ecosystems in Indonesia will 
require some very effective economic analyses of the costs and bene fi ts that could be 
derived from FLR as an economic, environmental and social development tool. 

 It will also be important to create the enabling conditions to support FLR. 
Pokharel et al.  (  2005  )  provide a comprehensive discussion of the conditions that 
help to enable effective rehabilitation of forest systems and related landscapes and 
the economic, social and environmental bene fi ts that can be gained. 

 The examples of the conversion and both the  Melaleuca  wetland forest in 
Vietnam and the tidal swamp forests in Indonesia demonstrate the need for a much 
broader perspective on the relationship among coastal forest development and reha-
bilitation and the management of watersheds than is commonly adopted in making 
decisions for their development. These examples also demonstrate the potential 
bene fi t of integrating FLR concepts into the evolving concepts of ICM.      

    13.4.3   Management Implications 

 There are potentially powerful synergies between the concepts and principles of FLR 
and ICM that can be applied and developed at different levels of landscape from an 
individual forest system level, such as a mangrove, to a much broader river basin 
level. There are a number of good practices embodied in FLR and ICM that we 
should give stronger emphasis to in reducing the negative effects of human develop-
ment in river basins and coastal regions. For example, the context for management 
for major development and conservation initiatives has shifted from doing things for 
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people to engaging stakeholders in the conceptualisation, planning and management 
of those initiatives. A brief summary of these good practices include:

   Start at the local level and focus on priority issues in developing linked ICM and • 
FLR initiatives  
  Work at both the national and local levels with strong linkages between levels;  • 
  Where political systems allow, develop and open, participatory process, involving • 
all stakeholders in planning and implementation;  
  Build programmes around issues that have been identi fi ed through the partici-• 
patory process  
  Build constituencies and political support for resource management through • 
public education programmes  
  Develop “ownership” of the ICM and FLR plans and management strategies, • 
involve the stakeholders/constituents in the examination of issues and problems 
and so developing a common understanding of how each is affected and how 
they could bene fi t from working together in deriving a common solution  
  Build capacity at the national, regional, and local levels to practice integrated, • 
community based management of FLR and ICM through training, learning-
by-doing and cultivating host country colleagues who can forge long-term 
partnerships based on shared values  
  Treat FLR and ICM management processes as complementary learning by doing • 
processes (adaptive management) and aim to complete the loop between the for-
mulation of plans and management strategies and their implementation, monitor-
ing and, where necessary, adjustment as quickly as is feasible. This will help to 
demonstrate the effectiveness of innovative policies, plans and management 
strategies  
  Encourage the adoption of policies which lead to economically and ecologically • 
sustainable and equitable resources management  
  Strengthen existing mechanisms for cross-sector cooperation, coordination and • 
integration of policies, management plans, investment and resources utilisation 
associated with both ICM and FLR  
  Integrated Coastal Management must be seen as an iterative process in which • 
incremental improvements in cooperation among agencies is one of the most 
important achievements we should look for. Cooperation then forms the basis for 
coordination and integration  
  Adopt an incremental, adaptive and long-term approach to linking FLR and ICM, • 
recognising that ICM initiatives must undergo cycles of development, imple-
mentation and re fi nement, building on prior success and adapting and expanding 
to address new of more complex issues  
  Develop national ICM and FLR policies, strategies, and management • 
guidelines  
  Encourage improved coordination and integration of donor assistance programs    • 

 Based on Aldrich et al.  2004 ; Bodungen and Turner  2001 ; Burbridge  1998 ; 
Carter and Gronow  2005 ; Chua et al.1996; Clark  1992 ; DellaSala et al.  2003 ; UNFF 
 2004 ; Sorensen  1997,   2000,   2002 .  
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    13.4.4   Conclusions 

 With increasing understanding of the powerful forces driving and being driven by 
Global Change, it will be increasingly important to adopt a strategic perspective on 
the power of integrating FLR and ICM as essential elements in the search for more 
sustainable uses of terrestrial and near shore marine ecosystems. Given the increasing 
importance of coastal areas and natural resources in sustaining human populations, 
and the increasing hazards posed by natural and man-induced global change the 
integration of FLR and ICM at all scales could yield powerful long-lasting envi-
ronmental, social and economic synergies and bene fi ts, including:

   Rehabilitation and then maintenance of the hydrologic and other environmental • 
linkages between upland, coastal and marine systems  
  Reduction in the risk to human activities from natural and man-induced hazards, • 
such as  fl ooding  
  Amelioration of climate change  • 
  Increased effectiveness of public and private investment  • 
  Improved achievement of international norms of environmental management    • 

 These and other bene fi ts would all be effective in supporting a transition 
towards more sustainable forms of coastal development. However, the synergies 
and potential bene fi ts that can be derived from improving the integration of FLR 
and ICM need to be clearly spelled out through appropriate economic analyses 
before they will be more broadly understood.       
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          14.1   Introduction 

 A number of major environmental issues currently confront Australia. These include 
the relentless salinization of agricultural land and water resources, recurrent wind 
and water erosion and the prospect of climate change due to increases in the concen-
tration of greenhouse gases in the atmosphere. For example, in 2000 in Australia it 
was estimated that 5.7 million hectares of land was affected by shallow water tables 
or salinity, with this likely to increase to 17 million hectares by 2050 (National Land 
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and Water Resources Audit  2001  ) . Respective estimates for 2000 and 2050 for 
south-western Australia (Fig.  14.1 ) were 4.4 and 8.8 million ha. Various assess-
ments have suggested that all inland watersheds will be salinized (National Land 
and Water Resources Audit  2001  ) , up to 450 species are at risk of extinction 
(Keighery et al.  2004  )  and apart from signi fi cant loss of farmland productivity 
(Kingwell et al.  2003  )  there is signi fi cant threat to infrastructure (State Salinity 
Council  2000  ) . Wind erosion is also a major concern, with regular recurrent events 
(Harper et al.  2010a ; Select Committee into Land Conservation  1990  ) . This region 
comprises one of 25 global biodiversity conservation hotspots (Myers et al.  2000  ) .  

 Salinization in this region is caused by the remobilization of salts stored in deep 
regolith by groundwater that rises following the replacement of deep-rooted perennial 
plants with shallow rooted, annual agricultural species, and consequent groundwater 
recharge (Peck and Williamson  1987  ) . There is evidence that salinity has been a cyclical 
phenomenon in this landscape, albeit at millennial timescales, with previous periods of 
salinization and recovery (Harper and Gilkes  2004  ) . It has long been known that 
reforestation of watersheds will restore the hydrologic balance (Wood  1924  )  and 
thus reverse salinization; however the scale of investment required is immense, and 
likely to be limited from public funds. 

  Fig. 14.1    Map of south-western WA, with locations described in the text       
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 In an early example of payment for environmental services, Shea and Bartle 
 (  1988  )  and Bartle and Shea  (     1989  )  advocated the approach of providing favourable 
economic and policy settings for afforestation. This was considered likely to result 
in forestry’s widespread adoption by external investors, with consequent collateral 
environmental bene fi ts. This has in fact occurred, with private timber companies 
establishing 280,000 ha of  Eucalyptus globulus  plantations in the region since 1990 
(Parsons and Gavran  2007  ) . Hydrological analysis suggests that where extensive 
afforestation has occurred in previously salinizing watersheds, such as those of the 
Denmark and Collie Rivers, that there has been either a stabilization (Mauger et al. 
 2001  )  or reduction (Bari et al.  2004  )  of salt loads. 

 Broadscale afforestation has, however, been restricted to the >600 mm rainfall 
zone of south-western Australia, as it is in this zone that forestry is pro fi table in its 
own right. Salinity is also a major issue in the 300–600 mm rainfall zone, a region 
that comprises around 15 million ha of cleared farmland (State Salinity Council 
 2000  ) . The climate of this region is Mediterranean in nature, with rainfall occurring 
during the cooler winter months and an annual summer drought. Land use com-
prises rotations of cereal cropping and annual improved pastures, with farmers 
having replaced a range of natural vegetation communities including woodlands 
(Burvill  1979  ) . Conventional forestry species and practices have not achieved wide-
spread adoption in this region. Compared to the >600 mm rainfall zone, yields are 
lower, there are large transport distances to processing and export facilities and 
forestry is consequently not as pro fi table as the existing agricultural activities. 

 Two complementary strategies are being used to restore landscape function 
across this drier region, through increased afforestation. The  fi rst is to shift from the 
paradigm of forestry comprising tall trees grown in relatively long rotations and 
producing timber to the production of a range of biomass products (bioenergy, 
chemicals, sequestered carbon), and environmental services such as restoring water-
shed function to provide fresh water. The second strategy is to integrate these new 
systems into the dryland farming systems. These strategies are described in this 
chapter along with a case study that values the multiple products (wood, water, 
carbon) that would  fl ow from the afforestation and repair of an agricultural 
watershed.  

    14.2   Strategy 1: New Species and Products from Trees 

 The commercially driven expansion of plantations in the >600 mm rainfall zone was 
catalysed by early Government investment in 7,000 ha of  Eucalyptus globulus  
plantations, with this demonstrating the viability of the concept (Harper et al. 
 2009b ; Shea  1999  ) . Almost all of the subsequent investment in afforestation has 
been  privately funded. 

 A similar approach has been taken in the areas of the region with 500–600 mm/
year of rainfall. A pilot program, termed Strategic Tree Farming, commenced in 
2005 with funding from the Australian and Western Australian Governments, and 
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this has resulted in 18,000 ha of plantations being established on farms. These 
plantations are aimed at producing timber from species such as  Pinus pinaster , 
 Eucalyptus saligna  and  E. cladocalyx . Private investment has subsequently 
 commenced in the region. 

 Developing forestry programs in regions with annual rainfall of between 300 and 
500 mm/year is particularly challenging and a large investment has been made to 
evaluate potential new woody crop options and practices, both in Western Australia 
and similar regions elsewhere in Australia (Consortium  2001  ) . Examples of prod-
ucts that have been evaluated include sawn-timber,  fi rewood, biomass for electricity 
and eucalyptus oils (Zorzetto and Chudleigh  1999  ) . Hobbs et al.  (  2007  )  describe the 
systematic assessment of the native  fl ora of southern Australia to identify species 
with commercial potential. 

 Widespread afforestation will be required to restore landscape hydrology over 
broad areas, and the strategy has been to seek species for which large markets could 
potentially exist. Some species such as Western Australian sandalwood ( Santalum 
spicatum ) are often quite pro fi table in their own right, as they produce high value 
products including incense. Such species, however, may be limited as a treatment of 
broad-scale land-use problems as widespread planting may result in an oversupply 
of markets and a future reduction in prices. 

 The main approach to the problem of lower pro fi tability for forestry in areas with 
limited rainfall has been to break the paradigm that forestry has to result in the har-
vest of single bole logs that are used for pulp or timber (Table  14.1 ). Investigations 
have consequently been made of: 

    1.    Producing several new products from a single stand of trees (e.g. timber, carbon, 
biomass, eucalyptus oil),  

    2.    Harvesting whole trees, independent of their form (e.g. biomass), and  
    3.    Producing stands of trees with harvest cycles that are much shorter than normal 

(e.g. coppiced bioenergy crops), are phased with agriculture (biomass) or are not 
harvested at all (e.g. carbon, water, biodiversity plantings).     

   Table 14.1    New tree species and products in the 300–600 mm rainfall zone   

 Species  Products 
 Target area 
(mm annual rainfall) 

  Pinus pinaster   Timber, carbon sequestration, 
bioenergy, water quality 

 >500 

  Eucalyptus saligna, 
E. cladocalyx  

 Timber, carbon sequestration, 
bioenergy, water quality 

 >500 

  Mallee eucalypts   Carbon sequestration, 
bioenergy, activated carbon, 
wood  fi ber, water quality 

 300–600 

 Various species  Carbon sequestration, 
biodiversity restoration 

 >300 

  Santalum spicatum   Sandalwood for fragrance 
products and oils 

 400–600 
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 As a consequence of breaking this paradigm, silvicultural practices such as 
planting densities, thinning and pruning, can also be rede fi ned. If, for example, the 
aim is to produce the maximum volume of biomass in the shortest possible time-
frame (say 3–4 years), traditional approaches of managing a stand of trees within 
the  constraints of long-term climate extremes may not apply. For other systems, 
however, they do, and the main aim of silvicultural management is to avoid deaths 
that occur from droughts, which regularly occur in this region. Not only is there an 
annual summer drought, but also periodic droughts associated with periods of lower 
rainfall (Harper et al.  2009a  ) . Typical dryland forestry approaches have been to 
select species that are parsimonious with water, and avoiding the development of 
large leaf areas through reduced planting densities or fertilization. 

 Mallee-form eucalypts such as  Eucalyptus kochii  ssp.  plenissima, E. vegrandis  
and  E. polybractea  have attracted most of the development effort so far, and 
13,000 ha of tree belts have been established (URS Australia  2008  ) . These are coppicing 
species with a large lignotuber, multiple stems and branches, with multiple products 
including carbon, biomass and eucalyptus oils (Bartle  2001 ; URS Australia  2008  ) . 
The cropping systems in this region are often rotated with pasture phases and it is 
essential to protect young trees from grazing animals. As the cost of fencing is 
 prohibitive, this is managed through the use of unpalatable species. 

 There have been preliminary attempts to develop environmental services markets 
based on payments for water restoration and biodiversity conservation both in this 
region and eastern Australia. The Strategic Tree Farming project contains an 
environmental service payment, recognising the contribution of these plantings 
towards restoring landscape hydrology. 

 Although there has been some consideration of payments for the restoration of 
biodiversity (Myers  1996 ; Stoneham et al.  2003  ) , major issues include how to de fi ne 
the nature of the bene fi t and quantify their economic value. Purchase of biodiversity 
protection services is essentially voluntary and a problem of such markets is that 
they often do not generate signi fi cant amounts of funding (Jack et al.  2008  )  as many 
bene fi ciaries receive a ‘free-ride’. 

    14.2.1   Carbon Sequestration 

 Increased concentrations of greenhouse gases have been linked to global warming. 
The international response to this warming, the Kyoto Protocol to the United Nations 
Framework Convention on Climate Change, includes provisions that enable green-
house sinks, or the sequestration of carbon in soils and vegetation to be used by 
Parties to ful fi l their obligations (Watson et al.  2000  ) . The Kyoto Protocol also 
allows for trading in emission reductions, and this opens the possibility that investment 
in carbon sinks may help underwrite broader natural resource management objectives 
(Harper et al.  2007 ; Koziell and Swingland  2002 ; Shea  1998  ) . 

 Consequently, and in order to facilitate trading, the Western Australian 
Government passed the  Carbon Rights Act 2003  which establishes a statutory basis 



280 R.J. Harper et al.

for the ownership and protection of carbon rights. Widespread carbon investment, 
however, will require a national approach. Australia rati fi ed the Kyoto Protocol in 
late 2007 and has developed a blueprint for a national emissions trading scheme, the 
Carbon Pollution Reduction Scheme (CPRS) (Department of Climate Change 
 2008  ) . This includes provision for producing carbon permits from farmland 
 reforestation, broadly based on the treatment of forestry in Article 3.3 of the Kyoto 
Protocol. The  fi nal design of the scheme, and con fi rmation of reforestation as an 
allowable activity, will depend on passage of the legislation through the Australian 
Parliament. 

 Under the CPRS afforestation will only be considered if it occurs on land that 
was cleared prior to December 31, 1989. Forests are de fi ned as being greater than 
0.2 ha in size, have the potential to be more than 2 m high and comprise >20% land 
cover. Afforestation that would be eligible for inclusion can thus range from plantations 
where timber production is the primary aim, through to mixed plantings of native species 
for biodiversity protection (Table  14.1 ), as long as they meet the appropriate de fi nitions 
of land-use change and forests. 

 The maximum amount of carbon that could be sequestered on cleared land in 
Western Australia by afforestation using Article 3.3 rules, is around 2.2 billion 
tonnes CO 

2
 -e, with the amount sequestered decreasing in a general fashion with 

rainfall, and also depending on the amount of farmland actually planted (Harper 
et al.  2007  ) . The pro fi tability of carbon sequestration not only depends on the 
sequestration potential of a particular site and the carbon price, but also on the cost 
of the land. Thus, carbon farming is not necessarily most pro fi table in the highest 
rainfall areas (Harper et al.  2007  ) . 

 Carbon investment in biodiversity plantings will provide a direct route to 
 landscape and biodiversity restoration, although the rates of sequestration with 
native species may be less than those produced by plantation systems using exotic 
species. The underpinning data for such carbon sequestration in biodiversity plantings 
is generally poor, with most development work having occurred with exotic plantation 
species (Harper et al.  2005 ; Ritson and Sochacki  2003  ) .  

    14.2.2   Biomass 

 Woody plant materials can be used either as a direct feedstock for electricity 
 production or for liquid fuels (Bartle  2001 ; Schuck  2006  ) . Where these replace fossil 
fuels they represent a means of reducing net greenhouse gas emissions. Australia has 
developed a national Renewable Energy Target (RET), with an initial target of 20% 
of generating capacity. This will provide an incentive for the use of biomass from 
forestry projects. Unlike the CPRS, legislation for the  Renewable Energy (Electricity) 
Amendment Bill 2010  has passed through the Australian Parliament. 

 A 5 MW trial plant has been built and evaluated near Narrogin, in south-western 
Western Australia, with this also producing other products such as eucalyptus oils 
and activated carbon (Schuck  2006  ) . The technology for industrial-scale production 
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of liquid fuels from woody materials is still under development (Yuan et al.  2008  ) , 
as is the development of new products using biomass as a feedstock. The rate of 
adoption of biomass will depend on renewable energy policies, the cost competi-
tiveness of biomass compared with fossil fuels and alternative renewable energy 
sources, and the demand for co-products that may provide greater revenue than 
energy products.  

    14.2.3   Water 

 Water in south-western Australia is derived from surface watersheds, groundwater 
and desalination, and is used for urban, agricultural and industrial purposes. 
The surface watersheds from which water is derived are almost completely 
forested. A major feature of the region is that deforestation of lower rainfall portions 
of watersheds results in the salinization of water, as it is in these areas that salt stores 
are the highest. As described earlier, afforestation restores water quality (Bari et al. 
 2004 ; Harper et al.  2001  ) . 

 Water demand is increasing with increasing population and growth in the 
 economy. Several watersheds that have been partially cleared for agriculture and 
several with slightly salinized water have been identi fi ed for recovery to potable 
levels through afforestation and other interventions (State Salinity Council  2000  )  
(Fig.  14.1 ). A feature of these watersheds, such as those of the Collie, Warren-Tone, 
Denmark and Kent Rivers is that their headwaters have rainfalls of around 
500–600 mm/year. 

 Afforestation in these watersheds could result in the production of fresh water, 
which could have a considerable economic value. The value of improved water 
quality is explored later in this chapter for the Warren-Tone River, where the esti-
mated value of reforestation is measured in terms of the returns from water, wood 
and carbon sequestration. 

 Although afforestation may result in an overall reduction in water yield, the 
water will be less saline (Bari and Smettem  2006  ) . This is in contrast to the situation 
in other regions of Australia where widespread afforestation of watersheds results 
in a reduction in run-off (Vertessy  2001  )  or reduction of recharge to freshwater 
aquifers (Benyon et al.  2006  )  and this competition for water between forestry and 
other land-uses is consequently seen as a dis-bene fi t.   

    14.3   Strategy 2: Integrating Forestry with Agriculture 

 The major approach in the 300–600 mm rainfall zone has been to integrate forestry 
with agriculture and thereby maintain agricultural production. This is in contrast to 
higher rainfall areas where in some cases there has been a replacement of farming 
with forestry. Hatton et al.  (  2003  )  question whether it is possible to obtain a land-



282 R.J. Harper et al.

scape water balance similar to that which occurred prior to deforestation on the 
basis that the restored systems will not have leaf areas approaching those of the 
natural vegetation. George et al.  (  1999  )  similarly suggest that up to 80% of water-
sheds might have to be planted to restore landscape hydrology to the  pre-deforestation 
state. A key question for southwest Western Australia is thus whether it is possible 
to restore or stabilize landscape hydrology, without resorting to very high proportions 
of afforestation in the landscape. 

 Four main approaches for integrating trees into farming systems appear  promising. 
The aim of these systems is to obtain a similar aggregate leaf area from trees planted 
over a relatively smaller proportion of the farming landscape as:

    1.    Belts of trees interspersed amongst cropland,  
    2.    Blocks of trees targeted to speci fi c soils and landscape positions, such as planting 

trees on those sites that could be used to maximize the control of recharge or on 
identi fi ed zones of water accumulation,  

    3.    Matching species to site conditions, and  
    4.    Alternating short phases of trees with annual crops or pastures.     

 Paradoxically, for systems that are attempting to stabilize landscape hydrology, 
a major issue in drier areas is managing the supply of water to the trees. South-western 
Australia is a region where the Mediterranean climate is characterized by winter 
droughts with a return frequency of around 10 years (Harper et al.  2009a  )  and strong 
prospects of future climate change (CSIRO and Australian Bureau of Meteorology 
 2007  ) . If inappropriate species or planting densities are used in relation to a site’s 
water supply, the trees would be expected to die. Although this may not matter for 
the phase farming system, lessening the impact of drought is a major aim of systems 
that involve permanent afforestation with long rotations, such as with  P. radiata . 
Strategies to achieve this include site selection procedures that avoid shallow soils 
and silvicultural management, particularly through the management of leaf area, 
and the selection and breeding of species with better tolerance to these conditions. 

    14.3.1   Belts of Trees 

 The  fi rst option is to use belts of trees, arranged across the landscape, with  agriculture 
practiced in the alleys between. Belts open the option for spatial dispersal to achieve 
an ef fi cient integration of land and water use. This is similar to agroforestry systems 
practiced elsewhere in the world. 

 Belt layout can be designed in a manner that is compatible with large scale 
 cropping. The inter-belt or ‘alley’ width will usually be a multiple of the width of 
the largest machine used in cropping operations. Layouts can be rectangular, or follow 
the contours on sloping land. The  fl exibility of belt layout is able to accommodate 
emerging precision agriculture techniques. 

 Despite soil pro fi les that often comprise clays with bulk densities of up to 
2.0 Mg/m 3  the roots of mallee eucalypts can penetrate to depths of 5–10 m within 
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7 years of planting and 12–40 m laterally (Robinson et al.  2006  ) . Although this 
extensive exploration of soil pro fi les provides access to additional moisture and 
will boost tree productivity it may result in competition for moisture with crops, 
particularly in drier years (Oliver et al.  2005  ) . Ripping of lateral roots should 
reduce this problem. 

 A key issue with belts is whether the extensive and deep root systems will 
 intercept water moving through the regolith from the hills to the valley  fl oors, and 
thus reduce groundwater pressures and saline discharge in valley  fl oors. It would be 
presumed that belts planted on contour lines would be most effective in this regard, 
however there is no evidence that this is the case. The most dif fi cult design objective 
is to arrange tree belts to optimise interception of both surface and sub-surface 
waters and other land management issues. For example, south-western Australia 
has large areas of sandy-surfaced soils that are susceptible to wind erosion (Select 
Committee into Land Conservation  1990  )  and tree belts will help reduce this problem 
by reducing surface wind speeds. 

 Species that can be used in this system include coppiced eucalyptus mallees 
(Bartle  2001  ) , producing biomass and sequestering carbon particularly in the roots, 
or eucalyptus species such as  E. cladocalyx  or  E. saligna . The latter species are suit-
able for both timber production and carbon sequestration and would be based on 
longer rotations than systems designed for maximising biomass production.  

    14.3.2   Targeting Areas of Greatest Recharge 
and Water Accumulation 

 This strategy involves identifying soils and landscape positions that contribute greater 
amounts of recharge to groundwater systems, or accumulate surface waters and allow 
greater productivity. Harper et al.  (  2005  )  for example combined soil and climate data 
with a simple water balance model (AgET) to identify areas in a watershed that con-
tributed a disproportionate amount of recharge to groundwater, in relation to their areal 
extent. AgET (Raper et al.  2001  )  is a one-dimensional model and disregards lateral 
through- fl ow and capillary rise. This approach identi fi es those soils that are contributing 
most to groundwater recharge and these can be  preferentially planted. 

 Relatively fresh water can accumulate in lower landscape positions, both as a 
result of surface  fl ows in response to peak rainfall events (Gregory et al.  1992  )  or as 
seepage from perched groundwaters (George  1990  ) . Higher growth rates often 
occur in lower slope positions relative to those upslope, such as reported in  Pinus 
radiata  plantations by McGrath et al.  (  1991  ) . 

 Access to these water stores, in addition to that provided by rainfall, may extend 
the pro fi table range of different forest enterprises (Cooper et al.  2005  ) . Similarly, it 
may be possible to enhance water supply to trees by the capture and diversion of 
water on slopes. However, care is required in this environment to ensure that these 
areas are not also affected by salinity. These are avenues for further investigation.  
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    14.3.3   Matching Species to Sites 

Restoration  strategies can also be adjusted to match site conditions (Ryan et al. 
 2002  ) . Some soils have intrinsic limitations and trees grow poorly or die. For example, 
some soils have water holding capacities inadequate to allow tree survival over 
the recurrent summer droughts. Harper et al.  (  2009a  ) , for example, report markedly 
different survival of  E. globulus  on soils <2 m deep to bedrock compared to those >2 m 
deep (22% vs. 70%). Afforestation should be avoided on such soils. 

 Large areas of land have salinized soils and tree growth on these soils is strongly 
reduced compared to non-saline soils (Bennett and George  1995  ) . Such soils can be 
relatively easily identi fi ed prior to establishment using techniques such as electro-
magnetic induction meters. Tree species adapted to salinized soil conditions can be 
preferentially planted (Marcar and Crawford  2004  ) . Growth rates are likely to be 
lower on such sites, compared to non-saline areas, due to both water logging and 
salinity (Archibald et al.  2006  ) . Such salinized land is often poorly productive for 
agriculture and may thus be readily available for afforestation. A bene fi t-cost analysis 
of such restoration, that includes bringing the carbon value of such plantings to 
account, has yet to be performed.  

    14.3.4   Phase Farming with Trees 

 Woody phase crops could provide an option for temporal dispersal to achieve 
ef fi cient integration and water use. Phase farming with trees (PFT) is a concept that 
would involve inserting short rotations (3–5 years) of trees into existing agricultural 
systems on a 20–25 year cycle (Harper et al.  2000,   2010b  ) . The premise is that the 
trees will rapidly de-water soil pro fi les to several metres depth and thus create a 
buffer of dry soil, with this being re fi lled during the subsequent agricultural phase. 
The buffer of dry soil would prevent recharge to groundwaters during the tree phase 
and indirectly during the subsequent cropping or pasture phase. This approach is 
expected to stabilise landscape hydrology. Deep soil pro fi les are widespread across 
the region (McArthur  1991  ) . 

 This is analogous to phase farming systems with perennial legumes such as 
lucerne ( Medicago sativa ), differing in terms of likely rates of water use and depth 
of soil water depletion. The material from the forestry-cropping phase farming systems 
would be suitable as a bioenergy feedstock. Short rotations of tree plantations have 
been used for bioenergy production in North America and in green fallow systems 
in Africa, with the latter producing  fi rewood whilst improving soil fertility through 
nitrogen  fi xation (Sanchez  2002  ) . 

 This premise has been modelled (Harper et al.  2000  )  and subsequently evaluated 
at an experimental site near Corrigin, that has 300 mm annual rainfall and is typical 
of the broad-scale dryland farming systems of the region. Soil water content was 
depleted to wilting point to depths of 6.5 m beneath high density (4,000 stems/ha) 
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plantings of  E. occidentalis  within 3 years of planting (Harper et al.  2010b  ) . This 
was equivalent to soil water depletion of 440–780 mm, and assuming a recharge rate 
of 40 mm/year this could result in a rotational system with 3 years of trees followed 
by between 11 and 20 years of agriculture. With this approach, rates of total dry 
biomass production varied with species, planting densities and slope position. 
Biomass yields of 15–22 t/ha/3 year are possible (Sochacki et al.  2007  ) , or around 
8.6 million tonnes of biomass a year on a sustainable basis, when trees are planted 
on suitable land across the region. 

 To optimize biomass production and water use in this system a balance is required 
between planting density and water availability. Modelling suggests that the system 
is not suitable for soils that are relatively shallow (<5 m deep), contain saline or 
fresh regional water-tables, or have clayey surface textures (Harper et al.  2000 ; 
Hatton et al.  2002  ) . In these situations the system will not work as the dry soil buffer 
is inadequate or soil water is replenished from the regional aquifer. For soils with 
clayey surfaces the rate of recharge is relatively small and the system is thus not 
required. 

 There are several unresolved issues that need to be addressed before phase 
 farming systems using trees can be implemented. These include the development of 
cost-effective establishment and harvesting techniques and the realisation of markets 
for these products. While the lack of a payment for salinity bene fi ts is common to 
all salinity treatments, the markets for biomass-based products, such as bioenergy, 
are currently uncertain. However in Australia, this should be resolved with the 
implementation of both the CPRS and national renewable energy target. Large 
future markets may also arise when enabling technologies, such as the conversion 
of woody biomass to liquid fuels or industrial feedstocks, are developed.   

    14.4   Case Study: The Role of Plantation Forestry in Watershed 
Recovery: The Warren-Tone Catchment, Western Australia 

 Various studies have assessed the pro fi tability of establishing carbon sinks on 
 farmland in this region (Flugge and Abadi  2006 ; Harper et al.  2007 ; Petersen et al. 
 2003  ) . For example, Harper et al.  (  2007  )  show that the combined returns from timber 
and carbon can increase the overall pro fi tability of a forestry enterprise. Moreover, 
this results in a lower cost per unit of carbon sequestered compared to situations 
where only carbon is produced. 

 Here, we extend this style of analysis by not only taking multiple products (wood, 
carbon, water) into account, but also the costs of externalities, such as the damages 
associated with agriculture, based on the study of Townsend et al. ( 2012 ). The con-
cept of obtaining multiple economic products from reforestation has been explored 
for the Warren-Tone Catchment (Fig.  14.1 ) by comparing the returns from affores-
tation with agriculture. 

 The Warren-Tone Catchment covers an area of 408,000 ha and is made up of 
several base- fl ow and land surface discharge systems. The watershed’s headwaters 
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arise near the town of Kojonup, where average rainfall is approximately 500 mm/
year, and  fl ow in a south-westerly direction towards the coast, where the rainfall 
exceeds 1,200 mm/year. The end-of-watershed water yield and salinity are mea-
sured at the Barker Road Crossing gauging station, and are currently 260 GL/annum 
and 1,000 mg/L total dissolved solids (TDS), respectively. This watershed has been 
identi fi ed by the Western Australian Government as being recoverable (State 
Salinity Council  2000  ) , with the aim being to reduce the end-of-watershed salinity 
to 500 mg/L TDS by 2030. 

 As elsewhere in the region, replacing deep-rooted native vegetation with annual, 
shallow-rooted species has caused groundwater recharge rates to increase, water 
tables to rise and the mobilization of salt stores within the soil. By the mid-1970s, 
the effects of salinity were evident in terms of increasing stream salinity and the 
salinization of soils throughout the farmed landscape. When clearing controls were 
introduced for the watershed in 1978, the total area of land converted from forest to 
agriculture was around 105,000 ha. Although the clearing controls prevented any 
further replacement of native forests with pastures and crops, the watershed’s salinity 
levels continued to rise, as previously dry soil pro fi les  fi lled with water and salt was 
mobilized. 

 Since 1990, agriculture in the middle portion of the watershed has been  gradually 
replaced by plantation forestry, with 25,000 ha established by 2006. The impacts of 
plantations on the watershed water yield and the subsequent salinity bene fi ts are 
described by the hydrological model, LUCICAT, that was initially developed for 
another watershed (Bari and Smettem  2006  ) , but has since been calibrated for the 
Warren-Tone Watershed. The LUCICAT model predicts that plantations established 
between 1990 and 2006 will cause the salinity levels to fall to 700 mg/L with a 
water yield of 245 GL/year at Barker Road Crossing by 2035 (Smith et al.  2006  ) . 
Based on the existing land uses, the watershed salinity will remain considerably 
higher than the original levels and well above the watershed recovery target. 

 The main options being considered to meet the watershed recovery target include 
(a) engineering solutions, (b) changes in landuse from annual to perennial species 
and (c) the establishment of more plantations. This case study focuses on the potential 
role of plantation forestry in the areas of the watershed with between 500 and 
700 mm annual rainfall. 

 For the purposes of this exercise, two forestry regimes were evaluated in terms of 
the  fi nancial bene fi ts of replacing agriculture with forestry. Included in the economic 
analysis are the potential returns from selling wood and carbon credits. These carbon 
credits are sold as plantations sequester carbon dioxide and bought back when 
plantations are thinned or harvested. The analysis also considers the value of 
improved water quality resulting from afforestation. 

 Economic input variables are summarized in Table  14.2 , and these were  developed 
into a linear regression model. The forestry regimes were  Pinus pinaster  and 
 Eucalyptus saligna  in the 500 and 700 mm rainfall zones (Table  14.3 ). For the pur-
poses of this exercise these are assumed to be grown in block plantings with several 
thinnings from multiple rotations over 100 years, with growth rates of 10 and 16 m 3 /
ha/year of wood, respectively. It is estimated that the two sites would sequester 
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around 17 and 27 t CO 
2
 -e/ha/year, respectively. It is further assumed that carbon 

would be pooled across many forestry projects.   
 The wood yield and carbon sequestration estimates were combined with the 

 economic variables to project the annualised bene fi ts for the two different forestry 
regimes. The opportunity costs of forestry were deducted from these values 
(Table  14.3 ). LUCICAT was used to predict the impacts of forestry on water yields 
and in-stream salinity at the end of the watershed. 

 In the Warren-Tone Catchment, the gross margins for agriculture are between 
$150 and $190/ha/year (Table  14.3 ). After taking into account the externality costs 
due to salinity, the net value of agriculture is reduced to $100 and $160/ha/year. 
The returns from afforestation are clearly identi fi able for the watershed, with forestry 
being more pro fi table than agriculture, when both timber and carbon values are 
included. At the 500 and 700 mm/year sites, forestry had a net bene fi t over  agriculture 
of $54 and $84/ha/year, respectively. 

 The water quality bene fi t to the watershed was estimated using the LUCICAT 
model. Each 1,000 ha of afforestation resulted in a decrease in stream salinity of 
approximately 7.2 mg/L at the 500 mm/year rainfall site and 4.0 mg/L at the 

   Table 14.2    Values for economic variables used in the forestry linear 
regression model   

 Most likely value 

 Discount rate (real)  6% 
 Annual land rental (% of purchase price)  60% 
 Starting carbon price ($/t CO 

2
 -e)  $16 

 Annual change in carbon price (%)  1.5% 
 Variation from standard silvicultural costs (%)  0% 
 Annual costs ($/ha)  $65 
 Change from reference log prices (%)  0% 

   Table 14.3    Agricultural returns and externalities 
and forestry returns from both timber and carbon 
($/ha/year)   

 Annual rainfall 
(mm/year) 

 500  700 

 Agricultural returns  150  190 
 Externality (salinity) 

costs of agriculture 
 −50  −30 

 Net value of agriculture  100  160 
 Timber return  −200  −113 
 Carbon return  354  357 
 Timber + carbon  154  244 
 Net bene fi t of forestry 

over agriculture 
 54  84 
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700 mm/year site. A further 27,800 ha of afforestation would be required in the 
drier parts of the watershed to return the stream salinity to a potable value of 
500 mg/L. At this stream salinity concentration it would be possible to dam the river 
and market this water. With this level of afforestation, the watershed could produce 
237 GL/year of water. If 100 GL of this water was sold each year, this value could 
be spread over the total 52,800 ha of plantations. With an assumed value of $150,000/
GL, this would result in a net water value of $285/year for each hectare of afforestation. 
This is in addition to between $154 and $244/ha/year for timber and carbon 
(Table  14.3 ).  

    14.5   Discussion and Conclusions 

 Widespread forest landscape restoration has occurred in the higher (600 mm/year) 
rainfall areas of south-western Australia as a result of the development of various 
afforestation investment options. Approaches that consider the production of multiple 
products from afforestation, including carbon sequestration, appear promising for 
the 300–600 mm rainfall zone, given the current widespread concern with climate 
change and the emergence of an emissions trading scheme. Recent investigations 
of how Australia can reduce its net greenhouse emissions suggest a large role for 
afforestation (Garnaut  2008  ) , and investment of this scale could also have an impact 
on other landscape-scale problems such as hydrological imbalance, erosion and 
loss of biodiversity (Harper et al.  2007  ) . Afforestation represents a method of 
mitigation that can be implemented immediately, whereas other procedures such as 
 geo-sequestration are awaiting technological innovation. 

 A restoration strategy aimed at restoring landscape function would thus  combine 
several approaches by (a) identifying and planting those areas that contribute the most 
recharge and thus to the underlying cause of the salinity problems, (b) identifying 
those areas where water will accumulate and tree growth will be greatest and (c) 
identifying differences in soil conditions and tailoring species selection to take this 
into account. The strategy pursued will also depend on what products are being 
sought from the reforestation. 

 It is likely that increased afforestation will occur with  fi nancial mechanisms that 
recognise and value land, water and biodiversity conservation bene fi ts. In the example 
from the Warren-Tone Catchment, the agricultural, forestry, water, salinity and carbon 
markets were all linked. Where there is a potential return from water, the value from 
afforestation ($285/ha/year) is clearly in excess of the returns that can be achieved 
from the existing agricultural land-use ($100–$160/ha/year) and even from a joint 
carbon and timber venture ($154–$244/ha/year). Land-use change is therefore 
socially desirable from both economic and environmental points of view. 

 Although the Warren-Tone Catchment case study shows that the value of water 
exceeds the value of both timber and carbon as products, not all watersheds have the 
prospect of being restored to produce fresh water (State Salinity Council  2000  ) . 
This does not remove the imperative of tackling salinity across all watersheds in the 
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region and an additional source of income for afforestation may come from 
payments for the public good salinity bene fi ts that they provide. 

 Products from forestry appear to cluster around three broad groupings. In the 
 fi rst group is wood, for which yields can be readily predicted and there are existing 
markets. The second group comprises carbon, bioenergy and water. The yields of 
each can be quanti fi ed through existing models. The existence of markets for these 
products depends on regulation and the establishment of appropriate trading regimes. 
Importantly, there are emerging buyers for these products. The third group com-
prises the protection of land from salinity and biodiversity. Here the response to 
afforestation is harder to quantify and the development of a market may also require 
regulation. These environmental services have few direct buyers. 

 The role of Government can thus vary, based on the different types of products. 
For carbon and bioenergy, the markets are dependent on the Government setting 
emissions and renewable energy targets and establishing formal trading schemes. 
For other environmental services markets may not emerge and the Government may 
have to provide subsidies or payments. Such a market and regulatory framework 
may be important should the effects of climate change lead to existing plantations 
becoming commercially unviable in terms of the returns from wood production and 
carbon sequestration. In this case the bene fi ts of retaining the existing plantations 
for water quality purposes could be quanti fi ed and appropriate payments made. 

 An emerging debate relates to the use of farmland for the mitigation of climate 
change, either through the production of biofuels or the sequestration of carbon, and 
the danger of displacing food production. Both the alley and phase farming systems 
offer the prospect of achieving climate change mitigation without either using food-
grains or displacing farming production. Importantly, such afforestation could occur 
at a scale that will increase sustainability and lead to the restoration of landscape 
function.      
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          15.1   Introduction 

 The world’s forests are disappearing at an alarming rate. Between 2000 and 2010 
the net annual loss of the world’s forests was 6.4 million ha (0.13%). While the rate 
of forest cover loss has slowed compared to the period of 1990–2000 (net annual 
loss of 8.3 million ha year −1 ) (FAO  2011  ) , it is still severe enough to warrant a 
concerted effort to slow or reverse this trend. This is especially true in the tropical 
regions, where net forest losses increased from 6.3 million ha year −1  in the 1990s to 
8.0 million ha year −1  between 2000 and 2005 (FAO  2011  )  

 Tropical forests, which represent 44% of the world’s forested area (FAO  2011  )  
and contain much of the world’s biological diversity (USAID  1992  ) , are cleared 
mainly for agricultural purposes (García-Montial and Scatena  1994 ; Brothers  1997 ; 
Leopold et al.  2001 ; Pearce et al.  2003 ; Gibbs et al.  2010  ) . Timber harvest (Islam 
and Weil  2000  )  and collection of fuel wood (Wilcox  1995 ; Islam and Weil  2000  )  
also contribute to the removal of forest cover. Natural disturbances, including  fi res 
and hurricanes, add to the loss of forest cover, but forest recovery from natural 
causes tends to be more rapid than from anthropogenic disturbances (Myster and 
Pickett  1990 ; Finegan  1992  ) . Deforestation is de fi ned as the removal of forest cover 
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and withdrawal of land from forest cover, whether deliberately or circumstantially 
(NRC  1995  ) . Given estimates that over half of tropical forest area has been lost 
(Myers  2003  ) , it is not surprising that tropical deforestation is considered the leading 
factor in worldwide biodiversity loss (   Sánchez-Azofeifa et al.  2003  ) . 

 In this chapter, the current state of tropical forestry is described, as are global 
experiences with the use of exotic species and monocultures in plantation establish-
ment, and experiences to date of afforestation and reforestation in tropical countries. 
The purpose of this chapter is to draw attention to potential afforestation (establishing 
trees where forests have been absent for an extended period) and reforestation 
(regeneration of forests after harvesting) strategies that would improve the state of 
tropical forest management by conserving biological diversity in tropical regions 
and increasing potential economic bene fi ts to local communities. The global and 
local bene fi ts from adopting these strategies are economic and environmental; they 
can be accomplished through the cooperation of researchers and forestry-related 
practitioners working toward establishment of compositionally diverse, economically 
viable plantations of native species.  

    15.2   Land Conversion and Plantation Establishment 

 Land converted from forest to agriculture and pasture is often abandoned soon after 
conversion (Aide et al.  1995 ; Finegan  1996 ; Wright and Muller-Landau  2006  ) . 
Reasons for abandonment include shifts in the economy (Deitz  1986  ) , invasion of 
grasses (Aide et al.  1995  ) , and degradation of soil (Aide et al.  1995 ; Simmons  1997  ) . 
Soil degradation, which may cause an immediate and lasting reduction in pro-
ductivity (Milham  1994  ) , results from a decrease in microbial biomass associated 
with burning (García-Oliva et al.  1999  ) , nutrient runoff (Malmer  1996  ) , erosion 
(Kaihura et al.  1999  ) , and/or hydrologically mediated nutrient loss (Malmer  1996  ) . 
In some cases cultivation further degrades soil quality (Islam and Weil  2000  )  
such that it becomes necessary for farmers to clear new land to maintain agricultural 
productivity. 

 Farmlands are often characterized by low species richness (Fujisaka et al.  1998 ; 
Zapfack et al.  2002  ) , and are often dominated by exotic species (Rivera and 
Aide  1998 ; Chinea  2002  ) . Slashing and burning can greatly alter the seed bank 
composition in tropical deciduous forests (Miller  1999  ) . Consequently, the bio-
logical communities regenerating on these farmlands after abandonment do not 
resemble those on similar sites with low anthropogenic disturbance (Zou et al.  1995 ; 
Oosterhoorn and Kapelle  2000 ; Chinea  2002 ; Marcano-Vega et al.  2002  ) . Planting 
trees and shrubs, both exotic and native, to create microhabitats that facilitate the 
establishment of native tree species may be effective in increasing native forest 
cover. Several authors (Aide et al.  1995 ; Parrotta  1999 ; Feyera et al.  2002  )  argue 
that plantations established with exotic species can act as nurse trees to facilitate 
natural forest regeneration. However, plantations established to accelerate natural 
succession must be done with careful consideration of species selection, as Healey 
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and Gara  (  2003  )  found that plantations of non-native teak ( Tectona grandis  Linn.f.) 
limited the development of native species compared to natural succession on 
abandoned  fi elds in Costa Rica. Additionally, Haggar et al.  (  1997  )  found that woody 
regeneration beneath plantations, in terms of species richness and abundance, was 
related to the species planted. A study conducted by Cusack and Montagnini  (  2004  )  
af fi rmed that timber species established in plantations accelerated understory 
recruitment when compared to abandoned pasture in Costa Rica, and that the 
effectiveness of species at recruiting understory plants varied by site. Even so, such 
transformations may be slow; Honnay et al.  (  2002  )  determined that it takes at least 
a century for the understory of European temperate forest plantations to attain a 
similar understory composition as that found under a natural forest. 

 Approximately 5% of the world’s forests are plantations, comprising a total area 
of 187 million ha (FAO  2001  ) . While most plantations are located in industrialized, 
non-tropical nations, a growing number are found in developing tropical countries 
(Pandey and Ball  1998 ; Evans  1999  ) . Plantations account for as much as 90% of the 
wood supply in countries including New Zealand and Chile (Park and Wilson  2007  ) . 
In the future, an increased proportion of the world’s wood supply will come from 
tree plantations (Pandey and Ball  1998 ; Hartley  2002  ) . Based on high productivity 
and successful experiences with plantation management to date (Wright et al.  2000 ; 
Montagnini  2001  ) , it is probable that tropical regions will host many of these planta-
tions. While potential bene fi ts of tropical plantation establishment, such as erosion 
control (Lugo  1997 ; McDonald et al.  2002  ) , carbon sequestration (Wright et al. 
 2000  )  and ef fi cient timber production (Montagnini  2001 ; Healey and Gara  2003  )  
are well known, the continued high rate of loss of forest cover implies that additional 
economic incentives are required for many tropical landowners to maintain forests 
on their land. Further, if  fi nancial bene fi ts are realized from the development of a 
carbon sequestration and credit system, then demand for, and motivation to establish, 
tropical forest plantations would increase (Wright et al.  2000  ) . Evidence suggests 
that increased short-term  fi nancial incentives could be effective in increasing the 
number of plantations established, as well as ensuring their continued management, 
as Piotto et al.  (  2004  )  found with Costa Rican and Nicaraguan farmers. These 
landowners, with continued subsidization from their governments, were willing to 
reforest their properties. 

 Globally, plantation forestry is a controversial subject, with concerns about 
establishment of monocultures being a primary objection. Commonly stated risks 
include high susceptibility to damage by pests and pathogens (Jactel and Brockerhoff 
 2007  ) , changes to hydrological processes, and the perceived inability of plantation 
forests, with their inherent compositional and structural characteristics, to facilitate 
ecological processes associated with naturally-regenerating forests. However, Gadgil 
and Bain  (  1999  )  argue there is no substantial evidence showing plantation forests 
are more susceptible to pathogen and pests than managed natural forests. In addition, 
research in the USA found that hydrological processes in young poplar plantations 
were similar to those of young natural forests (Perry et al.  2001  )  and, in China, that 
plantations on degraded sites decreased annual runoff and its coarse sediment content, 
which contributes to the restoration of natural hydrologic processes (Zhou et al.  2002  ) . 
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Although horizontal and vertical structure (Cannell  1999  )  and species composition 
of  fl ora (Thomas et al.  1999 ; Ross-Davis and Frego  2002  )  and fauna (Lambert and 
Hannon  2000 ; Lomolino and Perault  2000 ; Erdle and Pollard  2002  )  are signi fi cantly 
different in plantations and natural forests, establishment of plantations can 
ultimately lead to succession of natural understory communities (Haggar et al. 
 1997 ; Powers et al.  1997 ; Parrotta  1999 ; Otsamo  2000 ; Senbeta et al.  2002  ) . 
Management for speci fi c objectives in plantations can provide habitat for many 
plant and animal species (Cannell  1999 ; Cawsey and Freudenberger  2008  ) , and 
incorporating indigenous tree species in plantation establishment helps maintain 
species and genetic diversity and allows for continued interactions between indig-
enous animal and plant species (Montagnini  2001  ) . In fact, O’Neill et al.  (  2001  )  
recommended plantation establishment to maintain genetic diversity in the Peruvian 
Amazon; plantations reduce high-grading in natural forests and well-planned 
plantations can decrease harvesting pressure placed on natural forests, which will 
continue to be exploited if needs for forest products are not met on lands managed 
for production of forest products (Buckman  1999  ) .  

    15.3   Global Experiences with Exotic Species and Monocultures 

 Establishing plantations to help mitigate effects of deforestation is logical. Lamb 
 (  1998  )  and Paquette and Messier  (  2010  )  highlight the variable degree to which 
plantations can be successful at achieving restoration objectives; a sliding scale 
dependant on myriad factors ranging from ownership issues to environmental 
conditions. Afforestation and reforestation are important contributors to natural 
resource management through their provisions to local and global economies, and 
by alleviating pressures placed on natural forests (FAO  2011  ) . To date, most affor-
estation and reforestation projects in tropical regions of the world have used exotic 
species with inherent fast growth rates (Leopold et al.  2001 ; Montagnini  2001  )  to 
establish monoculture plantations (Hartley  2002  ) . Globally,  Pinus  and  Eucalyptus  
are the most commonly-planted genera, comprising 20 and 10% of the total area 
in plantations, respectively (FAO  2001  ) . In tropical regions, approximately 85% of 
forest plantations consist of the genera  Pinus ,  Eucalyptus , and  Tectona  (Montagnini 
 2001  ) . 

 Monocultures of exotic species in the tropics are often, at the time of establishment, 
viewed as a ready solution to the apparent need to cover the land. The selected 
exotic species frequently have exceptional growth rates and standardized management 
plans that can be easily implemented (Montagnini  2001  ) . With the existing high 
rate of deforestation in tropical regions, many observers welcome plantation estab-
lishment as a means of returning stability to the land. The act of increasing forest 
cover worldwide to compensate for loss through agriculture, settlement, and other 
anthropogenic disturbances is an important and noble goal. 

 The bene fi ts and costs associated with exotic species and monoculture plantation 
management have been experienced globally. Given an objective of maximizing 
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timber and  fi ber production, forest plantations established as monocultures of exotic 
species appear to be most productive. It is important to recognize that most of 
the plantations now being established will differ from naturally-regenerated forests 
in both composition and structure. This means they will be sustained by different 
ecological processes and will generate different functional outcomes. Moreover, as 
conservation values change and new forest policies and management objectives 
are developed and re fi ned, monocultural plantations of exotic species may no 
longer meet the needs of society. There are increasing numbers of examples where 
managers have sought to modify silvicultural practices to take account of these 
changing social goals. For example, forest management practices that associate 
harvest schedules with natural disturbances regimes are considered to be ecologically 
sustainable (Mönkkönen  1999  ) , and mimicking natural systems in the humid tropical 
lowlands can lead to the design of sustainable land-use systems (Ewel  1999  ) . In Israel, 
a country without extensive natural forests, forest management practices have 
shifted from the establishment of large, even-aged monoculture blocks to the use 
of small, uneven-aged multi-species blocks in an effort to increase ecological stability 
and biological diversity (Ginsberg  2002  ) . Koch and Skovsgaard  (  1999  )  posited 
that the European approach to forestry has shifted from a single-use management 
objective (wood production) to management for multiple values, and that greater 
focus has been placed on protection of natural forests and minimizing stand conver-
sion. Furthermore, plantations should be established in a manner that minimizes the 
time necessary to develop into a semi-natural forest. 

 These objectives aim to thwart the loss of biological diversity and authenticity 
that occurs with establishment of monocultures of exotic species, as has been noted 
in Britain (Peterken  2001  ) . In Australia, the spread of Monterey pine ( P. radiata  
D. Don) from plantations to natural forests has resulted in a decrease in native plant 
and animal diversity (Gill and Williams  1996  ) . Increased understanding of the 
consequences of species introduction has resulted in many industrialized countries 
with well-developed forest management strategies now preferring forest composi-
tions closer to those that preceded large-scale human intervention; forest restoration 
is often used to facilitate return of natural ecosystem components and/or processes 
(Harrington  1999  ) . For example, forest restoration projects in the United States aim 
to reintroduce stand-driving events (i.e.,  fi re) as a means of maintaining natural 
species compositions and facilitating natural processes (Blake and Schuette 
 2000 ; Bailey and Covington  2002  ) , while in Central Europe projects are underway 
to re-convert non-native conifer forests to more characteristic deciduous forests 
(Zerbe  2002  ) . 

 Lodgepole pine ( P. contorta  Dougl. ex. Loud.), extensively planted as an exotic 
species in Scandinavian countries, is being thoroughly studied given concerns over 
its potential to escape plantations and invade native forests (Sykes  2001  ) , and 
subsequent strict management plans have been suggested to reduce the potential 
impact of this exotic species (Engelmark et al.  2001  ) . In Sweden, for example, 
Engelmark et al.  (  2001  )  suggest management plans should include maintaining 
strict control over the locations and total area of lodgepole pine plantations established 
to reduce the incidence of this species spreading beyond plantations, and to de fi ne 
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zones where lodgepole pine should not be planted as a means of promoting growth 
of native species. It has been argued that exotic species are free from natural 
pests and pathogens when  fi rst introduced, and that there is little evidence of native 
pests and pathogens adopting them as hosts (Gadgil and Bain  1999  ) . However, one 
concern associated with the introduction of lodgepole pine in Sweden is the transfer 
of exotic pathogens along with the species, and the potential for these pathogens to 
spread from the exotic lodgepole pine to the native Scots pine ( P. sylvestris  L.) 
(Ennos  2001  ) . The effect of such disease transmission can be devastating. 

 In the United States, the once-dominant American chestnut ( Castanea dentata  
(Marsh.) Borkh.) was decimated by the introduction of an aggressive diffuse canker 
disease,  Cryphonectria parasitica  (Murrill) Barr (Anagnostakis  1987  ) , which was 
likely introduced through the importation of chestnut seedlings from Europe 
(Marchant  2002  ) . Since 1920, Dutch elm disease ( Ophiostoma ulmi  (Buisman) 
Nannf. and  O. novo-ulmi  (Brasier)), a wilt disease originally identi fi ed in Holland, 
has spread across Europe, North America, and Central Asia, and resulted in the 
death of most mature elms ( Ulmus  spp.) in the northern hemisphere (Brasier and 
Buck  2001  ) . Introduction of Dutch elm disease into Britain and North America was 
likely by importation of infested timber (Brasier and Buck  2001  ) . Lack of pests and 
pathogens adapted to exotic species as natural population controls is not always the 
case; in lowland humid tropics, pests and pathogens have limited the productivity 
of  Eucalyptus , a genus comprising approximately ten million ha of tropical planta-
tions (Turnbull  1999  ) . 

 With these problems associated with monoculture plantations of exotic species, 
stricter controls are being placed on the new use of exotic species. For example, in 
the Forest Stewardship Council’s (FSC  2012  )  Principles and Criteria, Principle 6.9 
mandates that exotic species be ‘carefully controlled and actively monitored to 
avoid adverse ecological impacts.’ For this reason, it is paramount that recom-
mendations for afforestation and reforestation strategies come from researchers 
and practitioners in countries with experience in plantation and exotic species 
management; their experiences can help land managers in developing countries 
avoid making similar mistakes. The best approach, however, may be to change the 
plantation paradigm and place more emphasis on plantations comprised of native 
tree species.  

    15.4   Establishing Tropical Plantations Using Native Species 

 Evidence shows that since 1995, the diversity of species planted globally has 
increased (FAO  2001  ) ; this is due in part to more research (e.g. Butter fi eld  1995, 
  1996 ; Haggar et al.  1998 ; Leopold et al.  2001 ; Montagnini  2001 ; McDonald 
et al.  2003 ; Pedraza and Williams-Linera  2003  )  investigating the suitability of 
indigenous tropical species for afforestation and reforestation. In many of these 
studies, native species have been identi fi ed as being at least as productive as exotic 
species. Montagnini  (  2001  )  reported a number of native Latin American species 
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that achieved greater biomass than plantations of exotic species, and Leopold et al. 
 (  2001  )  found that growth rates achieved by mixed-species plantations of native 
hardwoods in Costa Rica compared favorably with those reported for exotic species. 
In Australia, mixed-species plantations including native species were found to be 
more productive than monocultures (Erskine et al.  2006  ) . Haggar et al.  (  1998  )  
determined that selected native species in the lowland humid tropics of Costa Rica 
could produce similar growth rates to exotic species grown in plantations, and 
that the native species showed higher survival and required less intensive site prepa-
ration for establishment. In the Jamaican Blue Mountains, McDonald et al.  (  2003  )  
identi fi ed native species that, based on growth rate, would be preferable for refores-
tation. In Costa Rica, plantations established with native species are able to produce 
value-added products such as furniture and construction wood (Wightman et al. 
 2001  ) . A comparison of monetary gains between native Indian rosewood ( Dalbergia 
sisso o Roxb. ex DC.) and exotic eucalyptus ( E. tereticornis  Sm.) in India found that 
Indian rosewood had net annual gains of almost twice that of eucalyptus (Jalota 
and Sangha  2000  ) . While in many cases exotics have shown to be better able to 
establish, under heavy competition, than indigenous counterparts (e.g. Otsamo et al. 
 1997  ) , it is possible that further research into appropriate plant materials, or alternative 
nursery cultural practices (e.g. Dumroese et al.  2009  ) , may lead to more acceptable 
indigenous species for plantation establishment in many regions for which exotic 
species are currently the primary component. 

 For the use of native species in afforestation and reforestation efforts to become 
accepted by landowners and government agencies, suitable species and their 
management requirements must be correctly identi fi ed and described. Both the 
management protocols and plant material must be made readily available for public 
consumption (McDonald et al.  2002  ) . In Panama, the provision of materials and 
technology has led to increased tree planting by small producers (Simmons et al. 
 2002  ) . Continued extensive research and dissemination of knowledge at the local 
level will help to accomplish these requirements. Species performance in planta-
tions cannot always be predicted by that in natural forests, as evidenced by work in 
the Jamaican Blue Mountains by McDonald et al.  (  2003  )  where no relationship 
between the growth rates of native species in a plantation trial and their mean growth 
rates in natural forests was detected. As is the case in all plantations, site selection 
is important, as it is dif fi cult to infer performance across a variety of sites (Turner 
et al.  1999  ) . Further variation between development in natural stands and in plantations 
may be explained by interspeci fi c interactions that are lacking in monocultures. 

 In tropical northern Thailand, where many native tree species have not been 
grown in nurseries, successful nursery production of native species is limited by 
lack of knowledge of propagation requirements (Elliott et al.  2002  ) ; minor changes 
in nursery cultural practices can have major implications for seedling quality and 
suitability for establishment (Dumroese et al.  2009  ) . For production of seedlings, or 
other plant material where appropriate, of native species to become more common, 
it must be simple enough to be completed by community members with little or no 
training in this  fi eld. Research to identify suitable nursery practices to cultivate 
seedlings of native tropical species is needed before quality seedlings will become 
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available (Blakesley et al.  2002  ) . Increased availability of seedlings will advance 
afforestation and reforestation efforts. Traditional use and familiarity with the 
species, a bene fi t provided by working with native species as opposed to exotic spe-
cies (Montagnini  2001  ) , may help with the development of practical and effective 
propagation techniques.  

    15.5   Future Directions and Potential Bene fi ts 

 Dependence on forest products for livelihood is common in tropical forest communities 
(Byron and Arnold  1999  ) . Diversi fi cation of assets is a necessary practice in 
economic spheres to reduce risk. Application of this same concept to species 
diversity in tropical plantations would serve land managers well. In addition to 
decreasing the likelihood of catastrophic pest outbreaks, the effect of  fl uctuation in 
the market value of tree species would be minimized. As timber values can deviate 
temporally (Trømborg et al.  2000  ) , it is important not to invest solely in one particular 
species. Plantations established with mixed species reduce economic risk by increasing 
the potential end-products (Butter fi eld  1995  )  and decreasing dependence on any 
one species. Plantations established in parts of Costa Rica with native species are 
used for value-added products of greater economic bene fi t than pulpwood production 
(Wightman et al.  2001  ) . 

 Production of non-timber forest products (NTFPs) for use as food, medicinal 
treatments, and household items can be a major contributor to community income 
(Narendran et al.  2001  ) . A stand managed for revenue beyond that provided by 
timber production will be of greater economic value (Tewari  2000  ) . Added to revenue 
generated through timber production, NTFPs could increase interest in maintaining 
forest cover, as well as provide short-term revenue. Effective marketing to ensure 
fair prices and commercial accessibility could increase the economic bene fi ts of 
NTFPs. Many factors, including the distance to market and product value, must be 
considered and can have a major in fl uence on the value of the product to the local 
community (Shanley et al.  2002  ) . Establishment of plantations with native species 
will enable production and collection of many of these NTFPs, many of which are 
culturally signi fi cant, which may be precluded through the use of exotic species. 

 As forests are cleared for agriculture or pasture, carbon is released into the 
atmosphere, an additional problem associated with deforestation (Deacon  1995  ) . 
A strategy that may help to diminish the rise in atmospheric carbon is to increase 
global forest cover, which would use trees as ‘biological scrubbers’ (Richards and 
Andersson  2001  ) . The issue of how a system of credits for carbon sequestration 
could affect the practice of forestry is important. Fearnside  (  1999,   2000  )  stated that 
stemming the rate of deforestation yields greater potential for arresting global 
warming, but acknowledged that increasing the area in plantations is more feasible. 
A meta-analysis conducted by Silver et al.  (  2000  )  identi fi ed that afforestation of 
abandoned  fi elds in the tropics can serve effectively as a carbon sink for at least 
40 years, not surprising given that forest ecosystems contain up to 100 times the 
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carbon found in agricultural systems. Species selection for carbon sequestration is 
important as biomass accumulation and carbon uptake is known to vary by species 
(Schroth et al.  2002  ) . Forests have the potential to store carbon beyond current 
levels (Harmon  2001  ) , and capitalizing on this will help ameliorate climate change. 
Schroth et al.  (  2002  )  found that multi-strata plantations (i.e., agroforestry) had greater 
potential to store carbon than even-aged monocultures. Cannell  (  1999  )  reported that 
trees in plantations managed for maximum timber volume contain considerably less 
carbon than the same area of unmanaged forests, based on the strategy of harvesting 
plantations at the maximum mean annual increment. 

 Genetic modi fi cation of common tropical plantation species such as Monterey 
pine has led to an increase in carbon sequestration by as much as 22% (Jayawickrama 
 2001  ) . Should future efforts to increase the sequestration ability be concentrated 
only on those species that are already commonly used for reforestation in tropical 
areas, a decrease in the diversity of species being planted is likely. Furthermore, 
should there be a  fi nancial bene fi t to having species that are more adept at sequestering 
carbon, this would likely lead to an increase in the percentage of forests containing 
those particular species. While this could be bene fi cial to conservation efforts if 
those species were native, it could hinder attempts to foster diversity in reforestation 
programs if they were exotic. 

 The potential economic bene fi ts of the aforementioned practices could create 
great opportunities for tropical regions of the world through plantation estab-
lishment. Revenue from a carbon-credit system could provide tropical landowners 
with  fi nancial justi fi cation to maintain forest cover on their land. Ramirez et al. 
 (  2002  )  determined that forest conservation to sequester carbon in Costa Rica would 
be economically sensible. With adoption of the REDD+ program, or reducing emis-
sions from deforestation and forest degradation, carbon sequestration has become a 
signi fi cant international policy objective (FAO  2011  ) . 

 Because potential carbon sequestration is another example of why the rate of 
establishment of tropical forest plantations may increase, it is important that before 
added pressure to establish plantations is applied to tropical countries, a better 
understanding of species selection be developed. NTFPs in India’s forests are largely 
unaccounted for in terms of the economic value they provide (Chopra  1993  ) . 
In Indonesia, farm-households that participated in tree-growing projects bene fi ted 
from diversi fi ed revenues and added cash incomes (Nibbering  1999  ) . The incorpo-
ration of NTFPs with traditional farming and forestry practices appear to be leading 
to  fi nancial and environmental bene fi ts that may provide a basis for sustainable 
land use (Leakey and Tchoundjeu  2001  ) . A combination of management for NTFPs 
and carbon sequestration could provide long-term bene fi ts to local communities 
as well as the environment. Furthermore, these practices would be more likely to 
gain certi fi cation, which could otherwise lead to a loss of market access if, for 
example, European producers chose to purchase certi fi ed temperate forest products 
over uncerti fi ed tropical forest products (Ruddell et al.  1998  ) . In 2007, Norway 
banned tropical timber from public procurement programs (FAO  2011  ) . Actions 
like these increase pressure on tropical forest plantation managers to consider the 
economic and environmental consequences of plantation practices.  
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    15.6   Summary and Recommendations for Future Progress 

 To conserve biological diversity and increase potential economic bene fi ts to tropical 
communities, a global focus on establishment of tropical forest plantations should 
consider the impacts of species selection and stand composition. Such a careful  a 
priori  consideration of species selection could increase the long-term ecological 
contribution of resulting plantations. Mixed stand management using native species 
is recommended to conserve biological diversity and increase local economic 
opportunities. The ability of native species to sustain natural ecological processes 
and provide proper habitat for native animal and plant species far exceeds that of 
exotic species. Furthermore, mixed stand management provides diversity to offset 
damage associated with pest outbreaks. Therefore, a plantation comprised of a mix 
of native species is far more likely to: (1) facilitate processes associated with natural 
ecosystems, (2) meet local cultural needs, (3) maintain traditional forest values, 
and (4) produce traditional forest products, while minimizing biological, economic, 
and environmental risks (i.e., pests and pathogens, and dependence on a single 
forest product). Increased species richness in plantations ensures the potential 
for future development and diversi fi cation of forest products that will bene fi t local 
communities. 

 An increase in global consumption of wood products, potential  fi nancial gains 
from carbon sequestration, and acceptance of the need for erosion control to maintain 
clean water and ground structure will lead to enlargement of tropical forest plantation 
area. Addressing concerns over future stand composition prior to plantation estab-
lishment facilitates the potential to maintain key components of natural ecosystems. 
Over time, ecological restoration by humans will become increasingly important 
toward the conservation of biodiversity (Dobson et al.  1997  ) . Currently, practices 
are being developed to rehabilitate and restore habitat for a multitude of species. 
These practices, however, are expensive and experimental. By limiting the estab-
lishment of sites which, in the future, may need to be restored, future costs can be 
avoided through present actions. 

 We propose four key points of consideration for future tropical plantation 
establishment:

    1.    Plantations are a necessary part of resource management, both for wood supply 
and for ameliorating pressures placed on natural forests  

    2.    Plantation composition and structure can greatly impact both monetary and 
ecological values  

    3.    Diversi fi cation of species (i.e., multi-species management) may reduce risks 
associated with disease and market  fl uctuations, while increasing contributions 
to ecosystem diversity  

    4.    Use of native species does not preclude obtaining the same remuneration as 
exotic species, increases provision of ecosystem services, and maintains cultural 
traditions associated with indigenous forest trees     
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 As a method of conserving biological diversity, maintaining natural ecosystem 
processes, and increasing local and global bene fi ts, we recommend the following 
guidelines for tropical forest plantation establishment:

    1.    Use native species, within their native range (with attention to matching species 
to suitable site conditions)  

    2.    Use multiple species to allow for access to traditional (including timber and non-
timber and non-timber products) and emerging (such as biofuels and carbon) 
markets  

    3.    Select species that facilitate, or at minimum do not restrict, native understory 
development     

 Recent research in tropical regions toward identi fi cation of native species suitable 
for plantation establishment is encouraging and necessary. Dedication of  researchers 
from around the world to assist with development of strategies to conserve tropical 
forests will decrease the chance of repeating mistakes made in boreal and temperate 
ecosystems. Partnerships like the Model Forest Network, which involves cooperation 
between government, indigenous people, practitioners, researchers, non-government 
organizations, and other stakeholders, appear to be more effective than traditional 
means in creating sustainable resource management practices (LaPierre  2002  ) . 
Individuals and organizations with experience in developing new market products 
could prove to be an invaluable resource for the economic production of NTFPs. 
Implementing the aforementioned recommendations will likely lead to a more 
desirable future forest plantation composition, but it is paramount that landowners 
understand the reasons for the actions they are taking. Whitmore  (  1987  )  recom-
mended that a global network of plantation researchers and practitioners would 
‘overcome barriers to plantation success.’ This still holds true, and we would all 
bene fi t from striving to attain this goal. Through proper management, tropical affor-
estation and reforestation can bene fi t society locally and globally while maintaining 
key ecosystem components and providing important services currently threatened 
or degraded by anthropogenic use.      
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          16.1   Introduction 

 This chapter will argue that restoration science has proven far better at solving the 
problems of ‘how’ to restore various sorts of degraded land than at addressing the 
problem of “what” to restore. The establishment and maintenance of vegetation on 
degraded sites and the use of land preparation techniques, cover and nurse crops and 
the management of natural successional processes are all standard tools of foresters 
and watershed and range managers. There is a considerable literature on how to 
manage and restore landscapes and excellent reviews are provided by Mansourian 
et al.  (  2005  ) , Perrow and Davy  (  2002  )  and many others. Current thinking of issues 
of landscape approaches are reviewed by Lafortezza et al.  (  2008  ) . The literature on 
determining the ‘how’ of landscape scale interventions is less rich. 

 The interest in Forest Landscape Restoration (FLR) and the emergence of the 
Global Partnership on Forest Landscape Restoration (GPFLR) were to a large extent 
motivated by the fact that civil societies in various parts of the world have been critical 
of large scale restoration programmes undertaken by public forest agencies. Such 
public rejection of reforestation programmes has occurred in places as far apart as 
the Mediterranean basin, Scotland, the Uplands of Vietnam and the loess plateau in 
Northern China. The ethical issues surrounding reforestation at a landscape scale 
are discussed by Whisenant  (  1999  ) . 

 The generic criticism has been that such schemes has used too few species, have 
planted them in even-age monocultures, have used excessively heavy mechanical 
land preparation techniques and have retained ownership of the trees in the hands of 
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the government agencies who planted them. A lot of progress has been made in 
recent years in addressing these concerns of society. In all of the examples cited 
above there has been considerable progress in ensuring that restoration schemes do 
indeed restore conditions that yield the multiple bene fi t  fl ows that local societies 
require. 

 This chapter will therefore review some recent initiatives to ensure that restora-
tion programmes do indeed address the question of ‘what’ to restore and where. Our 
basic hypothesis is that multi-stakeholder mechanisms have to be in place to allow 
for consensus-based decision making on what the objectives of restoration should 
be. We believe that the landscape is an appropriate scale at which to conceptualize 
restoration programmes as it is at this scale that trade-offs are best addressed and it 
is at the landscape scale that it is important to get the distribution, dispersal and 
nature of tree cover correct in order to optimize the balance of bene fi t  fl ows. Our 
concepts are those that have driven the work of the GPFLR in recent years and our 
examples come from the network of landscapes where the GPFLR members have 
been active.  

    16.2   Why Restore at Landscape Scales? 

 We are using the term ‘landscape’ to describe a mosaic of different land-cover types 
that have properties that differ from the simple sum of the properties of the individual 
cells of the mosaic. The cells are in general areas of land under private management 
or under the control of sectoral administrative agencies. These owners or sectoral 
agencies legitimately focus on narrow production functions. Landscape approaches 
attempt to mediate the activities of the individual owners and managers in ways that 
lead to an optimization of the broader  fl ow of environmental, social and economic 
bene fi ts that emerge at the landscape scale and underpin the quality of life of society. 
We therefore like to understand the word landscape not as a spatial planning unit 
but rather as the scale at which it is necessary to intervene in order to balance trade-offs 
and optimize all bene fi t  fl ows. There are numerous formal de fi nitions of the word 
landscape but the one that we have used and that best describes our concepts is 
adapted from Farina  (  2006  ) .

  A landscape is a geographical space in which the process or object of interest is completely 
expressed or functions. It includes not only the biophysical components of an area but also 
social, political, psychological and institutional attributes (Sayer  2007  )    

 We are thus de fi ning the landscape in functional terms. It is the area within which 
one has to intervene in order to achieve some desired outcome or set of outcomes. 
In its simplest terms this might be the maintenance of forests on hillsides to improve 
water supplies and prevent erosion of agricultural lands lower down those slopes. 
However in our experience, and even in relatively uniform landscapes, there are 
usually many more values and bene fi ts that have to be addressed and the dif fi culty 
comes from the fact that there are almost always trade-offs between them. An example 
would be the conservation of an endangered forest dependent bird or mammal in a 
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landscape where poor people are practicing subsistence agriculture. The needs of 
the endangered species would be best met by conserving as much contiguous, 
undisturbed forest as possible whereas the needs of the poor people would be best 
met by maximizing the area available for their agriculture and providing them 
with access to the best quality land. To achieve a landscape-scale reconciliation of 
this trade-off would require that representatives of the conservation interest group 
negotiate with representatives of the poor farmers to  fi nd a compromise. An equitable 
compromise might require that the conservationists pay the farmers for the opportunity 
costs that they incur through forgoing cultivation of some areas of land. 

 The examples of upland watersheds and lowland agriculture and of endangered 
species and extensive agriculture are quite simple. However in our experience in 
real life there is always a high diversity of people with different interests in what 
happens in landscapes. This is for the self-evident reason that people’s lives are 
impacted by far more than what happens on the land that they own or where they 
have their primary economic activity. They are also impacted by their access to 
areas for recreation, by visual amenity, by the infrastructure and level of economic 
activity in their community and a wealth of other landscape attributes. This means 
that an initiative to restore large areas of land may impact upon the landscape which 
is the living space of many people with contrasting and con fl icting interests. 

 We have used a variety of techniques to bring people together to explore 
scenarios for mediating landscape changes. In our experience the initial stages of 
this process are critical to success and creating trust and collegiality must be a major 
objective of this process of stakeholder engagement. A number of approaches that 
have been used by the Worldwide Fund for Nature as part of its New Generation 
Plantations initiative are appropriate for dealing with landscape restoration projects 
(WWF  2009  ) . One recent example does not strictly concern restoration but rather 
the establishment of extensive forest plantations in an area where forest has not been 
present in the recent past. The example is a plan to establish industrial plantations in 
grassland areas in Uruguay and of the social and environmental issues that this 
would raise. The techniques used to initiate a multi-stakeholder process could 
however be applied in any situation where large scale landscape change is being 
planned.  

    16.3   An Example of Afforestation in the Pampas of Uruguay 

 A multi-national pulp and paper company began buying land in central Uruguay in 
2005 and began establishing plantations in 2006. Operations were on a small scale 
and up until 2008 70,000 ha had been purchased, 3,500 ha leased and 12,000 ha 
planted, with a relatively even split of eucalyptus and pine. The medium-term target 
was to plant 13,000 ha per year but up until the present the actual area planted has 
been somewhat less. The project is still in its initial stages and no investment deci-
sion regarding the construction of a mill has been made. However one long-term 
scenario is that 118,000 ha of plantations would be established of which 75% would 
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be eucalyptus and 25 % pine and that this would feed a single line pulp mill that 
would be established in the centre of the Country. The company has proceeded 
slowly in order to build local capacity in the area of operations and to ensure local 
support for its plans. 

 An exhaustive environmental and social impact study of the potential plantation 
area has been conducted. It identi fi es few sensitive issues although there are local 
concerns about enhanced  fi re risk, possible impacts to water sources and the disrup-
tion of the open pampas landscapes by plantation blocks. Biodiversity concerns are 
modest and could easily be addressed in plantation design and by use of set-asides. 
There is strong local support for both the establishment of plantations and of a mill 
as people see these as providing jobs and local revenues that would support local 
infrastructure. Opportunities for young people in the area are at present limited. 
On the other hand, the controversy surrounding some other mills in the region has 
in general heightened political and civil society sensitivities to such investments in 
Latin America. There is an urban-based environmental lobby that is critical of the 
environmental and social impacts of large scale plantations of exotic species. 

    16.3.1   A Multi-Stakeholder Mediation Process 

 In September 2008 a team from WWF conducted a preliminary exercise at two loca-
tions in the potential plantation areas around the town of Durazno. The intention 
was to test approaches to stakeholder engagement in a plantation establishment situ-
ation. The company organized two workshops in two different parts of the planta-
tion landscape, the  fi rst with 35 participants and the second with 25. The participants 
represented those people most likely to be impacted by the plantations and those 
best able to shape local opinion. They included farmers, teachers, local of fi cials, 
media representatives, unemployed people, students, contractors, other local entre-
preneurs and other rural workers. 

 It became apparent that obtaining the participation of such a broad group for 
more than a short time was going to be dif fi cult hence the decision was made to 
limit the main workshop to a single day. Staff members of the company were treated 
as participants in the workshop which was run by a team of four external facilitators 
from WWF. Each of the workshops started with an evening dinner and social event 
during which the subject was brie fl y introduced and some ice-breaking exercises 
were used in order for participants to get to know each other. On the day of the 
workshop the following exercises were run:

   Heterogeneous groups of 5–7 people were asked to write on cards  fi ve opportu-• 
nities that would be provided by plantation expansion and  fi ve threats that might 
result. The cards were posted on the walls, similar ideas clustered and the facili-
tators led a discussion of the issues raised. Participants scored the opportunities 
and threats by voting with sticky dots for the issues of greatest concern to them 
personally – we refer to this process as ‘dotmocracy’.  
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  Homogeneous groups of 5–7 people (farmers, teachers, workers etc) were asked • 
to represent their present appreciation of the landscape on  fl ip chart paper. A small 
number of geographic features were marked on the paper to provide scale and 
reference points. Groups were encouraged to indicate features of value or that 
were subject to threat. Each group then presented its assessment of the present 
situation to the entire group of workshop participants (Fig.  16.1 ).   
  The same groups were then asked to draw their vision of an ideal landscape • 
10–20 years in the future and to present this to the plenary. In other exercises we 
have also invited participants in these exercises to present worst case scenarios 
but in this case we had insuf fi cient time for this. The drawings produced by the 
groups were notable for their richness and for the fact that whilst the different 
categories of stakeholders produced different pictures the overall message from 
each group was similar. All saw scenarios with improved physical and social 
infrastructure and a mosaic of plantations and farmlands. The message was of a 
desire for balance and not for extreme scenarios although a group of younger 
workers and one of local of fi cials clearly favored heavy investment and were 
strongly supportive of the construction of an industrial facility as it would provide 
jobs and tax revenues (Fig.  16.2 ).   
  The drawings were photographed and manipulated using a variety of visual soft-• 
ware and reproduced at the end of the day in ways that allowed different visions 
to be compared, contrasted and discussed. We did not encourage the meeting to 

  Fig. 16.1    Examples of visual representation of the present situation by a group of urban dwellers 
and a group of rural dwellers ( a ) Urban (teachers and media representatives) and ( b ) Rural (farm-
ers, ranchers and plantation workers)       
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move towards a single desired scenario but rather used the exercise to provoke 
discussion of the variety of scenarios that were possible.  
  Heterogeneous groups of 5–7 persons were invited to debate attributes of the • 
landscape that might be used as indicators against which progress towards desired 
outcomes might be measured in a participatory way. Lack of time prevented this 
exercise being run to the point where a broad set of indicators could be established 
but in the short time available a number of ideas for indicators were identi fi ed 
and preliminary discussion held on ways in which they might be measured.    

 In the space of two 1-day workshops we were able to generate a rich discussion 
of future landscape scenarios re fl ecting the views of a wide variety of stakeholders 
in the landscape. Although it clearly was not possible to achieve consensus in such 
a short period it was possible to engage people in the debate and to lay the ground 
work for a continuing dialogue. The meetings defused some latent hostility to the 
industrial projects amongst local people and sensitized the company to the issues 
that it would have to address in order to have its plans accepted by the communities 
concerned.  

  Fig. 16.2    Examples of visual representation of scenarios for the future by heterogeneous groups. 
The  fi rst group favored expanded plantations and the second favored maintenance of the status quo 
( a ) Expansion of forest plantations and ( b ) Maintenance of the traditional cattle economy       

 



31516 Forest Landscape Restoration: Restoring What and for Whom?

    16.3.2   Challenges and Dif fi culties 

 As in any exercise of this type it was dif fi cult to select a group of participants that 
were genuinely representative of all potential stakeholder groups. By choosing 
certain individuals over others, one is inevitably empowering them as actors in the 
process and therefore disempowering others. Notwithstanding this, for a preliminary 
exercise the workshop groups were representative and were not constituted in a way 
that excluded any groups or issues. 

 If the company were to signi fi cantly expand its operations in the area then land-
scape scale issues would probably have to be addressed through more formal and 
democratically constituted stakeholder gatherings. However a continuation of small 
informal meetings such as those that we held would provide a good basis for gradu-
ally proceeding to a more formal arrangement that could provide a more continuous 
and systematic dialogue with communities. At an exploratory phase of the work 
these short informal workshops were probably appropriate for engaging a represen-
tative group in a debate and identifying the big issues. 

 It was generally accepted that the two workshops provided a good entry point for 
a broader stakeholder discussion of the social and environmental issues that would 
need to be addressed in a plantation programme of this nature. Participants clearly 
believed that this was an indication that the company was acting in “good faith”. 
Such workshops should prevent concerns festering and should provide an escape 
valve for any frustrations that local actors might harbor. The events also sent a 
strong signal to the communities that the company was willing to listen to their 
views and to involve them in the process of developing the industry in the area. 

 The workshops enabled the balanced representation of various stakeholders from 
the local community. The company had an opportunity to learn from the workshops 
and identify actions that could help to strengthen local civil society support for 
future plantation and milling operations. A number of potential actions and inter-
ventions that the company might make to strengthen the integration of its activities 
with local communities were identi fi ed. 

 The use of independent facilitators was undoubtedly a large element of the suc-
cess of these workshops but it was important that the facilitators were well briefed 
and had a good basic understanding of the issues that might arise in large scale 
plantation operations. 

 The use of small group exercises and facilitation techniques that encouraged 
social interaction resulted in the meetings being very friendly. Everyone had a 
chance to express themselves and all left feeling that their views had been heard. 
The use of drawings to visualize landscape scenarios is a very powerful tool that 
works well in a diversity of cultures and situations – but making full use of this 
technique requires skills in graphic design and computerized image manipulation. 
A fundamental element of success in these endeavors is not going too far or too fast. 
Taking time to listen, learn and share is vital. Moving cautiously from informal, ad 
hoc events to more formal ones is essential.   
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    16.4   Restoring What and for Whom? 

 The example from Uruguay provides a simple account of how a process of 
stakeholder engagement might be initiated. We ourselves have used a variety of 
other techniques to mediate such stakeholder processes and to engage for the long-
term with diverse stakeholder groups. We draw a distinction between our gradual 
long-term approaches to “engagement” and more conventional landscape planning 
where there tends to be heavy stakeholder involvement up-front in a process of 
de fi ning a landscape plan – the plan then being implemented by a technical agency. 
We take the view that landscapes are complex systems that evolve continuously 
under the in fl uence of many drivers of change. Plans will only enable us to in fl uence 
a sub-set of all the potential factors that are driving change in the landscape. We 
therefore favor the concept that is explored by Easterly  (  2006  )  of not planning but 
rather ‘seeking’. In the context of landscape restoration this means engaging for the 
long-term with the broadest possible range of people whose actions will impact on 
the landscape and attempting to in fl uence their behavior in ways that will lead to 
better landscape scale outcomes. This logic has led us to avoid the word ‘planning’ 
that tends to be associated with formal ex-ante technically-driven processes and 
instead to practice ‘muddling through’ (Lindblom  1959,   1979  ) . The way in 
which the muddling through approach applies to forest landscapes is explored in 
detail in Sayer et al.  (  2008  ) . 

 The GPFLR has invested in the process of ‘how’ to in fl uence forest landscapes 
and has documented a number of case studies of processes to in fl uence rather than 
plan landscape change. Some of this work has formed part of an initiative of the 
International Union for Conservation of Nature (IUCN) known as the Landscapes 
and Livelihoods Strategy (LLS). Both the GPFLR and LLS are in the early stages of 
their landscape scale interventions but some lessons are already emerging. In the 
following section we review some of the techniques that have proven most useful 
and propose a generic conceptual framework for the application of these techniques 
in a coordinated way within restoration landscapes.  

    16.5   Techniques for Optimizing Landscape Scale 
Restoration Outcomes 

    16.5.1   Convene a Multi-stakeholder Platform 

 A transparent process through which different stakeholders can voice their opinions 
and concerns is fundamental and is widely recognized (Lynam et al.  2007  ) . However 
the convening and facilitation of such platforms is challenging. People differ in their 
willingness to engage with these processes. The time costs of participation can be 
high. Extreme views tend to dominate the discussion and the differences in power 
of different stakeholders can make it dif fi cult to ensure equity in the processes. 
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Our experience is that multistakeholder processes are best conceived of as 
‘coalitions of the willing’ and that one usually has to be pragmatic and engage 
with a subset of motivated potential participants. As conservationists we tend to 
 fi nd it easiest to work with stakeholders who at least to some extent share our 
views of desirable future landscapes. We recognize therefore that it is essential 
to pro-actively seek the participation of at least some persons who can represent 
contrasting interests. We have found it easiest to work with groups of less than 
40 people and preferably around 20. The groups that we have facilitated have 
often drawn heavily on participants from local NGOs and government technical 
agencies. We always seek continuity in participation but have found this dif fi cult 
to achieve and have often worked with a core group enriched by the periodic 
involvement of an ‘outer circle’ of less engaged but nonetheless concerned persons. 
One such group that we have facilitated in a Congo Basin landscape has been 
meeting annually for 8 years and has its own list server and web site. Over 60 people 
have attended one or more of the meetings but each meeting has had less than 
30 attendees. Considerable interaction amongst the stakeholders occurs between 
meetings. This group has built a strong shared vision of the desired future of the 
landscape and we believe that it has in fl uenced the decisions and programmes of 
all participants. 

 There is almost unanimous agreement that local participation and multi-
stakeholder processes are fundamental to any landscape scale intervention 
(Salt and Lindenmayer  2008  ) . While not contesting this conclusion our experience 
has been that such processes are in reality dif fi cult to conduct – they are always 
highly imperfect. At a landscape scale the diversity of stakeholders and interests 
is high and there are legitimate differences between people. Notwithstanding 
this such processes have to be engaged but they will inevitably consist more of 
‘muddling through’ (Lindblom  1959  )  or ‘seeking’ (Easterly  2006  )  than conven-
tional planning.  

    16.5.2   Visualization 

 Of all the techniques that we have used to attempt to build understanding and 
consensus around landscape scenarios by far the most powerful have been a variety 
of visual techniques. Participatory mapping and the use of GIS overlays as nego-
tiation support tools are well tried and tested in rural development at local scales. 
Lewis and Sheppard  (  2005  )  and Sheppard  (  2006  )  have reviewed experience of using 
GIS techniques to visualize and negotiate landscape scenarios. Our own preferred 
approach to initiate the participatory exploration of landscape scenarios has been 
the use of simple drawing exercises such as those described above for the Uruguayan 
Pampas. We set small groups the task of drawing their understanding of the present 
state of the landscape and its values and then lead them to draw best and worst case 
future scenarios. The examples given in Fig.  16.3  are from an IUCN LLS landscape 
in the badly degraded areas in Eastern Sudan. We have on some occasions maximized 
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the internal heterogeneity of the groups who do the drawing in an attempt to move 
rapidly towards consensus. On other occasions we have divided stakeholders into 
interest groups in order to emphasize the divergence of interests amongst the stake-
holders. On this occasion we separated men and women in order to explore the very 
different perceptions of landscape of the two gender groups.  

 As outsiders we have always found that these drawing exercises teach us a lot 
about the landscape. We are always surprised by the wealth and diversity of issues 
and features that emerge. The drawing exercises lead to rich and intense discussions 
about potential future situations. We sometimes simply use the drawings as a foun-
dation for discussion and negotiation but on other occasions we have been able to 
move towards a degree of consensus amongst participants and to achieve drawings 
that genuinely provide a guide for landscape interventions. When this occurs we 
print the images and laminate them and use them as a reference point for tracking 
change in the landscape. These images de fi ne priorities and activities for the short 
term. Since the drawings are made by a diversity of people with varying levels of 
artistic skill and in short spaces of time we often scan the images and then manipu-
late them using a variety of visual software. An example of a “positive” scenario is 
given in Fig.  16.4 . We have used visualization with multi-stakeholder groups and 
have found it useful to use the images from an initial consultation to initiate future 
rounds of negotiation. In general we attempt to convene these groups annually and 

  Fig. 16.3    A landscape at Hawata in Sudan visualized by a mixed stakeholder group and digitally 
manipulated       
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to initiate each meeting with a review of the images from the preceding year. 
The techniques we use are similar to the ‘Rich Pictures’ used by Bell and Morse 
 (  2010  ) .   

    16.5.3   Participatory Simulation Modeling 

 A third technique that has proven powerful in exploring landscape scenarios is the 
building of simple computerized simulation models of the processes of landscape 
change. A skilled facilitator discusses potential landscape change processes and 
works with local stakeholders to help them build models that simulate the changes 
that might occur. The models require quantitative data to enable them to run and so 
stakeholders have to have access to data on the main determinants of change and on 
the resulting  fl ows of costs and bene fi ts. An example might be changes in the price 
of timber or cost of transport driving changes in intensity of logging. Establishment 
of a protected area might drive down the income of households of people dependent 
on harvesting forest products etc. Such models have the value of making explicit the 
costs and bene fi ts to different stakeholders of different landscape strategies. Such 
models are widely used in landscape scale conservation and development pro-
grammes but have not to our knowledge yet been used in restoration programmes. 

  Fig. 16.4    A desirable future scenario for the Hawata area as represented by a women’s group and 
subsequently manipulated digitally       
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Detailed discussions of case studies and basic principles of participatory modeling 
are given in Sayer and Campbell  (  2004  )  and Sandker et al.  (  2007  ) .  

    16.5.4   Development of Outcome Indicators 

 Stakeholders must have a means of assessing the extent to which the landscape is 
evolving in the direction of the desired scenarios (Salt and Lindenmayer  2008  ) . 
We have found it effective to draw such indicators out of the participatory activities 
outlined above. Visualization in particular provides a good basis for identifying 
indicators to which local participants can relate. Our usual approach is to ask individual 
participants to write on  fl ash-cards the attributes of the landscape that are susceptible to 
change and which for them would constitute good indicators of the direction of 
change. The cards are then pinned onto charts and similar ideas are grouped. 
The facilitator then leads a discussion of the validity and measurability of each 
indicator. When the number of plausible indicators has been reduced to a manage-
able number and they have been expressed in measurable ways the participants are 
asked to vote for those that for them are most important and meaningful. Voting is 
with sticky dots – dotmocracy. The facilitator then leads a process of further de fi ning 
the post popular indicators and elaborating a scoring matrix. An example of this 
process in a Central African landscape is given in Sayer et al.  (  2007  ) . The process 
is also described in more detail in Aldrich and Sayer  (  2007  ) . A variety of approaches 
to the development of such indicator sets are possible and there is a wealth of ways 
in which they can be aggregated and presented in the form of indices. The issues to 
consider in making choices are discussed in Bell and Morse  (  1999  ) .   

    16.6   Conclusions 

 Many problems can be avoided and the effectiveness of landscape restoration pro-
grammes can be greatly enhanced if they are designed in ways that address the full 
range of interests and generate the support of the civil society stakeholders whose 
lives the programmes will impact. This appears to be such an obvious conclusion 
(Salt and Lindenmayer  2008  )  that it is surprising how often large scale restoration 
schemes miss out this fundamental step. Too many restoration programmes are 
designed by technical agencies or special interest groups and miss out on opportuni-
ties to provide their full potential range of bene fi t  fl ows to society. We have found 
that facilitated participatory multi-stakeholder processes, with all their imperfec-
tions, are fundamental. These processes can be greatly enhanced by the use of a 
number of facilitation techniques of which visualization of scenarios and participa-
tory simulation modeling have proven particularly effective. Both of these tech-
niques require special skills on the part of facilitators. Visualization is greatly aided 
by having facilitators with good drawing skills and the ability to manipulate images 
using computer software. Participatory modeling can use simple off-the-shelf 
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software such as STELLA but still requires that the facilitator is familiar with the 
use of the software but also has suf fi cient understanding of the dynamics of the 
landscape to be able to de fi ne the parameters of the model. Lastly sets of indicators 
that enable stakeholders to track progress towards their desired scenarios and debate 
this progress are a valuable tool. 

 All of the above techniques must be seen as part of a process of shared learning 
by facilitators, experts and local stakeholders. The principles of adaptive manage-
ment must be applied and it is essential to anticipate that stakeholders’ views of 
desirable outcomes will change over time. There is rarely a  fi nal end point for res-
toration where no further management intervention is required. An effective multi-
stakeholder process will reveal the constant need to adapt and redirect restoration 
efforts as the needs of society evolve (Fig.  16.5 ).  

 Figure  16.6  attempts to represent in the form of a  fl ow chart the different steps 
that we have used in our landscape interventions. As outsiders we listen and learn in 
the early stages and practice the principles of appreciative enquiry (Cooperrider 
et al.  1995  ) . We consider it important to ensure that we are fully aligned with 
national level development priorities. We then deploy the range of techniques for 
exploring scenarios and understanding the overall context of the intervention and 
we do this with a multi-stakeholder group. We establish general goals – a desirable 
future scenario and then work with stakeholders to establish indicators of the 

  Fig. 16.5    A desirable future scenario for the Hawata area as visualized by a men’s group and 
subsequently manipulated digitally       
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progress that is being made towards achieving the scenario. The stakeholder 
platform analyses and re fl ects upon the learning from the indicators and other 
participatory exercises and adapts its plans accordingly. The central arrow that turns 
back upon itself indicates that we are applying the principles of action research. 
Overall the concept is of a continuing process of re fl ection, action and observation. 
It recognizes that there is no end point to the process and that restoration is just one 
phase of a never ending process of landscape management.       
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