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  Abstract   How can we plan more effective conservation networks in the face of 
climate change, urbanization pressure and fi nancial and policy uncertainty? We 
have developed and present here a strategy which we call “spatial resilience plan-
ning” or SRP. The method is an extension of “alternative futures” scenario planning 
(Steinitz et al. 2003) and builds from the same social and technological infrastructure. 
It relies on stakeholder-based participatory simulation to generate a set of scenarios 
which encapsulate the major uncertainties and choices faced within a geographi-
cally-bounded area. It also uses formal spatial impact models to assess the conse-
quences of scenarios to species, habitats and to people. The difference between SRP 
and conventional scenario planning is in the way the scenarios are organized and 
tested. SRP draws a clear separation between “planning actions” (which are within 
the domain of infl uence of participating stakeholders) and all other “drivers of 
change.” It asks the question: which are the planning actions under stakeholder 
infl uence that might best accomplish stated goals in the face of signifi cant and 
uncertain exogenous forces? This can be considered a form of “policy sensitivity 
testing.” This chapter presents a fi rst example of this approach, in the context of 
Florida conservation planning under climate change.    
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    1   Overview 

    Scenario-based planning and “alternative futures” impact analyses have been show 
to be an effective way to organize divergent views in considering a range of options 
for future (Schwartz  1996 ; Schoemaker  1995  ) . These methods have been widely 
deployed in landscape and transportation planning (Baker  2004 ; Godet  2001 ; Hulse 
et al.  2004 ; Pellier and Fiorino  2004  ) . Conservation planning, however, operates in 
a slightly different context – a world in which it exerts very limited control. This 
domain requires less of a single fi xed plan and more of an adaptive strategy. How 
can we effectively transition from one to the other? 

 Our research group has begun to develop an integrated climate adaptation plan-
ning approach we call “spatial resilience planning” (SRP). SRP is designed to 
generate plans and strategies which are robust relative to uncertainty. While moti-
vated by the need to plan for climate change adaptation, the approach can also 
accommodate multiple types of variability, including uncertainty about future polit-
ical choices or human behavior. The method is an extension of “alternative futures” 
scenario planning (Steinitz et al.  2003  )  and builds from the same social and techno-
logical infrastructure. It relies on stakeholder-based participatory simulation to gen-
erate a set of scenarios which encapsulate the major uncertainties and choices faced 
within a geographically-bounded area. Just as in alternative futures planning, spatial 
impact models are used to assess the differences between plans or policies. The dif-
ference lies in the ways in which the scenarios are organized and tested. SRP draws 
a clear separation between “planning actions” and all others, and it uses a sensitivity 
testing approach to explore the relationships between plan performance and a vari-
ety of exogenous forces. By doing so, it clarifi es and quantifi es the likely perfor-
mance of plans which control only a few things, in a world where many other things 
may be changing simultaneously. It goes beyond the traditional stopping point of 
physical planning to investigate the question of strategy in the context of geographic 
knowledge. 

 To illustrate the approach, let us consider here the issue of conservation network 
design for Florida under the combination of sea level rise and human land use 
changes. We use as the basis for this investigation the “alternative futures” gener-
ated by the broader Everglades study described in the preceding chapter by Vargas-
Moreno and Flaxman ( 2012 )   . Our study area is the Greater Florida Everglades, and 
contributing upstream areas – a 30 county region extending from Central to Southern 
Florida (see Fig.  4.1 ).  

 We consider here two distinctly different conservation strategies for a 30 county 
region in South and Central Florida over a 50 year period. The baseline conservation 
model emulates current practices, which focus on piecewise preservation of the land 
of highest current conservation value regardless of development pressure or land 
cost. An alternative “proactive” strategy uses forward estimates of climate change 
and human development patterns to conserve lands well in advance of potential 
need. Both strategies are simulated spatially and temporally using a range of conser-
vation budgets, and variations in biophysical and political climates. 
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 How can we tell which strategy is more effective? The standard formulation 
might be to create one scenario for each strategy, then consider how each impacts 
various species and habitats. However, this common practice has a deep and signifi -
cant fl aw – it implicitly evaluates performance relative to a single model of the 
future. For such a comparison to be meaningful, we need highly accurate models of 
that single future, in this case 50 years in advance. As experienced planners and 
modelers, we fi nd this notion somewhere between naïve and dangerous. Instead, we 
prefer to be extremely humble about our ability to project the future, and to invest 
signifi cant energy in systematically exploring major points of uncertainty or policy 
disagreement. Only when we assess our strategy against a realistic range of condi-
tions can we have any confi dence in its likely performance. 

 In addition to being technically more sensible, this approach has numerous ben-
efi cial social side-effects. Because the process is anticipatory and inherently multi-
disiplinary, it creates an opportunity for people to think about how forces which 
they don’t typically control affect their area of responsibility. Essentially, it gives 

  Fig. 4.1    Study area       
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people time and mandate to put aside their daily work and think longer term and 
more strategically. Second, because it can simultaneously accommodate very differ-
ent points of view, it avoids political and values fi ghts which frequently characterize 
other single-future processes. There is no need to achieve artifi cial consensus on one 
view of the future – several ideas can be pursued simultaneously. Finally, the pro-
cess supports adaptive planning by seriously considering a range of conditions and 
actions. When people have already considered major uncertainties, they are better 
prepared when trends or policy decisions begin to favor one particular set of contex-
tual scenarios over others. For example, when the political and economic environ-
ment swings in a direction challenging to conservation, they can have some practical 
advantage from having already considered this and designed strategies likely to be 
as effective as possible in this circumstance. 

 This work was inspired by the concept of “resilience” was fi rst elaborated by the 
ecologist C. S. (Buzz) Holling in 1973 and extended by himself and others in multiple 
papers (Hulse and Gregory  2004 ; Plummer and Armitage  2007 ; Folke et al.  2004  ) . 
Holling defi ned resilience as a measure of how far a system could be perturbed 
without shifting to a different regime. His description went beyond strictly ecological 
systems and considered those in which human management was integral. We use 
the term in a related fashion but from dual vantage points. First, like Holling, we 
think it is unarguably important to consider natural systems as (a) dynamic and 
(b) systems. Conventional planning based on static map overlay can easily miss both 
of these points. We must begin to develop methods which work on a “shifting basemap.” 
This point was most memorably made by someone working in a very dynamic fi eld 
not usually associated with planning, hockey star Wayne Gretzky: “I skate to where 
the puck is going to be, not where it has been.” In our opinion, too much of current 
conservation planning is chasing after the puck, and not enough in fi guring out where 
we need to be. SRP assumes that the future is uncertain and dependent on the actions 
of others who do not necessarily share the same goals. However, by explicitly 
simulating possible futures, we can literally generate maps of where conservation 
needs to be. By testing our own strategies under realistic resource constraints, we 
are also able to judge how best to get there. 

 The second aspect of Holling’s thinking – consideration of the resilience of 
coupled human and natural systems – remains highly challenging. The impact 
measures which we deploy in this study are relatively comprehensive, but individually 
and collectively simplistic. Our approach is able to accommodate more detailed 
and elaborate consideration of adaptive mechanisms, but working regionally, we 
are drawn to consider large-scale, essentially irreversible decisions such as whether 
and where development is permitted. 

 In an important sense, we go beyond Holling’s original focus on ecological resil-
ience, and consider resilience in a specifi c form of human activity not normally 
associated with fl exibility or adaptability – the process of plan making. We fi nd 
virtue in plans and planning processes themselves being resilient. Plans are critical 
to effective conservation, and more generally to joint long-term societal actions. But 
they are typically closely argued and very time consuming and diffi cult to modify or 
re-create. A plan which cannot accommodate a contextual change is either a “dead 
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plan” (not taken seriously and therefore not functioning), or perhaps worse a “faulty 
plan” (continuing to operate and infl uence decisions even though its premises are 
known to be wrong). 

 This chapter is organized as follows. First we consider our planning context and 
how prior methods have attempted to deal with land use, ecology, climate change 
and their interactions. Then we will describe the methods we have deployed, how 
these play out in the specifi c context of Florida. Finally, we will explore which more 
general lessons can be taken from this example.  

    2   Early Twenty-First Century Planning Context 
and the Florida Case 

 The primary challenge in conservation planning is that of competing land uses. In 
the nineteenth and twentieth centuries, these included agricultural, forestry and 
industrial uses. However in the twenty-fi rst century it is already clear that the major 
competing uses are related to human settlement and transportation. In particular, 
internet and communications technologies together with historically low automo-
bile and air transportation costs continue a long term trend toward lower density 
settlement at the fringes of major urban areas. This combines in the U.S. context 
with two demographic trends: the retirement of the relatively-affl uent and healthy 
post-war baby boom, and a general shift in populations from historic manufacturing 
centers towards the “sunbelt” and generally into coastal zones According to an anal-
ysis of census data, these trends have been relatively consistent over a 40 year period 
(Conway and Rork  2010  ) . A good summary of these compounding forces can be 
found in a recent Pew Center report (Beach  2002  ) . The key issues to note are that 
(1) coastal areas by Pew’s defi nition constitute 17% of the nation’s land area, but 
over half of its population, and that (2) the number of miles driven per person has 
consistently increased by 4x the rate of population growth over a 50-year period. 

 Even without considering climate change, these socioeconomic factors combine 
with fragmented land use and transportation systems to pose a serious conservation 
governance challenge. Essentially, the full value of conservation is not recognized 
in our economic system, either at individual or institutional levels. This is generally 
true for most private lands, including the many of the most ecologically-important. 
The only legal barriers to development are based on zoning constraints, or the docu-
mented presence of particular endangered species or wetlands. This regulatory 
system is for the most part fragmented, weak and easily outfl anked. For example, 
despite an offi cial policy of “no net loss” of wetlands, in recent years the U.S. Army 
Corps of Engineers has granted over 99% of wetland fi ll permit requests in Florida, 
with more than 100,000 acres of loss offi cially permitted (Pittman and Waite  2009  ) . 
The result is a familiar catalog of ecological decline, depressingly similar whether 
measured in terms of species, habitats, water or other resources. 

 Therefore the general purpose of broad-scaled conservation planning is to help 
develop strategies which can inform both public and private voluntary conservation 
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activities. On the public sector side, these should tie into existing fee-simple conserva-
tion acquisition, comprehensive planning, endangered species habitat planning and 
wetlands planning efforts. On the public-private partnership side, these should help 
guide individual and voluntary land stewardship activities, including land manage-
ment practices and conservation easements. In both cases, it is of great benefi t to oper-
ate well-ahead of market pressures and to attempt to link conservation activities into a 
strategy which considers comprehensively which activities occur when, where, and by 
whom. These have different time windows depending on investor risk tolerance, but 
are generally less than 5 years for private developers, and somewhat longer for agri-
culturalists and ranchers with major land assets (Chicoine  1981 ; Goldberg  1974  ) .  

    3   Drivers of Change 

 Recent work in conservation planning has concentrated on how shifting habitats and 
species populations may affect biodiversity conservation (Burkett and Kusler  2000 ; 
Feagin et al.  2005 ; LaFever et al.  2007 ; Parmesan  2006  ) . This is clearly important, 
but unfortunately addresses at best only half of the challenge. It is equally important 
to recognize that ecological stressors are now themselves being altered by climate 
change. First, there is every reason to believe that human populations will adapt and 
shift in response to climate change (Stephenson et al.  2010 ; Moser  2005 ; Plummer 
and Armitage  2007  ) . Those responses potentially affect not only settlement patterns, 
but also many other sectors and land uses impacting conservation, for instance includ-
ing fi sheries, agriculture and forestry. Second, as supplies of natural resources such as 
water become less reliable, ecological systems will likely face additional competition 
from human consumptive uses (Burkett and Kusler  2000 ; Diamond  2005  ) . Third – 
and more positively – human choices and policies for climate change mitigation pro-
vide an opportunity to alter economic, transportation and land use decisions in ways 
which might much better support conservation (Sheppard et al.  2011  ) . 

 The infl uences of urbanization, climate change and land use planning constraints 
are all individually well-studied within conservation planning, yet interactions 
between these driving forces are rarely considered. This situation has led to repeated 
calls over at least a decade for integrated analyses, as well as a recent review which 
concludes “studies that include only one or the other driver are likely to inadequately 
assess impacts (de Chazal and Rounsevell  2009  ) .” 

 One possible approach is to attempt to “downscale” global climate scenarios not 
only in terms of their impacts on regional climate, but also in their assumptions 
about regional socioeconomic trajectories. Solecki and Oliveri simulated how cli-
mate change might impact urban growth in terms of assumed infl uence on land use 
demand (Solecki and Oliveri  2004  ) . However, the great diffi culty with this approach 
is that there are myriad regional and state-level scenarios which are consonant with 
a global scenario, and a direct interpolation of global trends across all spatial scales 
can be counter-factual. National population shifts are driven by forces not consid-
ered in global estimates. Therefore, while it might make sense to craft U.S. national 
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scenarios to be nested within global ones in terms of total population, it makes little 
sense to think about Florida’s future population as a simple proportional downscal-
ing of U.S. population. Florida’s percentage share of the U.S. domestic population 
has not remained constant for the last 50 years, and there is no plausible reason to 
believe it will do so for the next decades (Flynn et al.  1985 ; Conway and Rork 
 2010  ) . Conventional demographic analyses developed by University of Florida 
researchers are available. These estimates have been conducted over a 40 year 
period and are typically accurate to within better than 2% per decade, with more 
recent estimates being even more accurate (Banko 2011). The bigger issue this 
points out is methodological: how can “top down” scenario planning methods be 
melded with “bottom up” regional scenarios? In the specifi c case mentioned, the 
overall population equation balances because of domestic and international migra-
tion. However, this is not necessarily the case. 

 The question of likely human adaptation measures is clearly an important one. 
However, the literature in this regard remains surprisingly limited. An outline of the 
major challenges was developed by Tol and colleagues in 1998: “Most of the studies 
of climate change impacts tend to make simple assumptions about adaptation. They 
either ignore adaptation completely, or assume arbitrary measures or complete 
changes in behavior, infrastructure, and institutions without examining the costs and 
feasibility of changes.” (Tol et al.  1998  ) . There is no shortage of vulnerability assess-
ments, but these fall short of projecting likely responses, in large part because they 
ignore behavioral issues, costs, or both. Since there are few appropriate example 
cases to draw from, we are left to reason by analogy to other types of risk/response, 
or to consider qualitative typologies of recommended actions. The most recent and 
relevant study of climate change risks in Florida was produced by Tufts University 
(Stanton et al.  2007  ) . Among its major fi ndings are that sea level rise and storm 
surge in particular could threaten billions of dollars in coastal development and 
associated infrastructure. What people choose to do will likely have much to do 
with not only how much climate change occurs, but also who pays for what, and 
which rules govern.  

    4   Conservation Consequences of Changes 

 In terms of ecological responses, the challenge of climate change planning for 
conservation was well characterized by Opdam and Wascher ( 2004 ). They developed 
a conceptual model which makes the point that key interactions occur at two scales. 
At biogeographic scales, climatic factors are well known to limit species ranges, 
either directly through biological sensitivities or indirectly through impacts on habitat 
and intraspecifi c competitive advantage. Meanwhile, at landscape scales, species 
metapopulation theory indicates that the availability and organization of habitat can 
infl uence species viability. In a habitat-constrained, climate-changing world, these 
two scales interact. As Opdam and Wascher put it “the response chain from climate 
change to distribution pattern is mediated by landscape cohesion. (idib)” 
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 Using very different techniques, Iverson and Prasad ( 1998 ) came to similar 
recommendations. They used regression tree modeling techniques to predict 
future vegetation ranges under various climate change scenarios, concluding that 
“given these potential future distributions, actual species redistributions will be 
controlled by migration rates possible through fragmented landscapes.” Finally, 
recent work in a very different region re-affi rms the potential importance of cli-
mate-land use interactions at landscape scales. Working in the Andes, (Feeley and 
Silman  2010  )  predicted the distributional responses of hundreds of plant species 
to changes in temperature incorporating population density distributions, migra-
tion rates, and patterns of human landuse. In this landscape, they found an “over-
riding infl uence of land-use on the predicted responses of Andean species to 
climate change.” 

 At a very detailed level, there are numerous studies which consider how indi-
vidual adaptation or mitigation mechanisms might impact biodiversity. Of particu-
lar relevance to Florida are studies which investigate the impacts of existing 
mechanisms for coastal “armoring.” This is a potentially likely response in certain 
parts of Florida, although its utility is severely limited in many cases by very pervi-
ous limestone geology. (In such areas, measures such as installing rip-wrap can be 
somewhat effective in mitigating storm surge, but not base tidal inundation.) An 
example of the known effects, based on a paired “natural experiments” method, 
show signifi cant effects on shorebirds (2x less species richness and 3x less abun-
dance on armored segments) (Dugan et al.  2008 ). Birds which use beaches primar-
ily for roosting showed even strong effects (ranging from 4x to 7x reductions on 
armored segments) (ibid.). Clearly, there is room for concern that single-purpose 
adaptation mechanisms designed to protect property could have signifi cant inadver-
tent impacts on wildlife. While specifi c results are likely to vary highly dependent 
on local context, the combination of climate change and land use change are perva-
sive enough to merit the development of a consistent set of methods.  

    5   Strategy of Selected Simulation Approach 

 A detailed elaboration of the AttCon simulation modeling process and its application 
to Florida can be found elsewhere (Flaxman and Li  2009   ; Vargas-Moreno 2011). 
In basic terms, we chose to deploy a rule-based deterministic land use allocation 
model. The choice was motivated by two primary factors. The fi rst was that the 
research team felt that future land use changes in the region would vary 
signifi cantly from historic trends based on scenario constraints. Therefore, statisti-
cally-based models would not be appropriate, since we wanted to be able to 
investigate the relationship between rules and responses. The second was that the 
model had pedagogical as well as predictive purpose, and needed to be run at least 
24 times across a very large region. This argued for use of a deterministic model 
which accepted exogenous predictions of population growth, rather than a micro-
simulation approach. 
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 In the AttCon modeling formulation, potential development units are allocated 
based on an estimate of relative suitability for a specifi c purpose, and confl icts are 
resolved using an explicit prioritization scheme which defaults to economic willing-
ness to pay under “business as usual” scenarios. Under proactive scenarios, public 
purposes are allowed fi rst right of refusal within the allocation scheme, under the 
assumption that government can choose to intervene. This allows a single consistent 
method for allocation of conservation lands, given a prioritization and an 
acquisition budget. 

 The major refi nement required relative to prior implementations was an integrated 
submodel simulating sea level rise and human response to it. This task is somewhat 
simpler in Florida than in other areas because most coastal areas are very fl at and 
composed of pervious limestone geology. This means that adaptation options are rela-
tively limited, since sea walls and dikes are infeasible. This made it feasible to use a 
simple “bathtub” model of mean high tide sea level to estimate tidal inundation based 
on projected SLR. It should be noted that two important sources of risk and their rela-
tion to climate change were not accounted for due to modeling limitations. We were 
unable to consider storm surge, since this requires dynamic modeling considering 
near off-shore bathymetry. We also could not consider changes to hurricane frequency 
or intensity, since data linking these phenomena to climate change are not spatially 
available for the region. Both of these factors would likely compound the effects 
which we are able to estimate using simple SLR modeling. 

 The SLR model provided the basic environmental hazard information needed to 
project human response. Our AttCon model is able to track and project the major 
physical structure and socioeconomic characteristics which would likely be relevant. 
Because the model simulates the allocation of different real estate submarkets, it 
understands both the income characteristics of a given location and the age and type 
of built structures. We might expect to fi nd different responses based on median 
income and physical structure characteristics. However, because actual empirical 
response data are not available, we were faced with the dilemma identifi ed in our 
literature review – how to account for varied but realistic responses to coastal inun-
dation. Dozens to hundreds of potential adaptation responses have been suggested 
in the literature and each of these individually and collectively could have wildlife 
impacts. Because of the wide variety of potential mechanisms and lack of literature 
on preferred responses given issues of cost, practicality and institutional barriers, 
we chose abstract the options. 

 In spatial terms, there are basically four coastal climate adaptation strategies 
available. The fi rst is “adapt in place.” This means that the basic form of activity 
remains in the same location, with whichever adjustments are needed to buildings, 
conservation, infrastructure or current land use practices. The second is “shift 
locally.” This means that the same activity continues in the nearest available loca-
tion, which strong preference to those areas under the same management authority 
as the original location. The third is to “move regionally.” An existing use continues 
to persist, but is forced to relocate within the same region. The forth is to “quit or 
move long distance.” In this case, a function either disappears entirely, or moves 
entirely away from the region in question. 
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 The fi rst-order task in considering human land use responses to climate change 
is to consider likely responses relative to this spectrum of basic adaptation types. 
For a given biophysical or socioeconomic condition, this could be a single 
response, or a probability distribution. For example, consider coastal condomin-
ium buildings under historic to current levels of coastal hazard, sea level rise and 
storm surge. Something close to 100% of this land use type adapts in place, typi-
cally rebuilding unless legally prohibited. Under a sea level rise scenario in which 
the same use is inundated at every high tide and insurance rates rise dramatically 
or insurance is no longer available, the response curve is likely to shift 
considerably. 

 Pending further empirical research into the likely values for such basic adapta-
tion types, we chose to implement a simplifi ed decision rule which is described 
below. For now, we simply note the dilemma faced in such a circumstance: there are 
many cases in simulating alternative futures where human attitudes towards future 
events and circumstances are important but unknown. The scenario formulation 
does not avoid this, but does allow us to press forward with clearly stated assump-
tions. Using spatial resilience planning methods, we can also test the relative impor-
tance of these assumptions, and direct future research toward their clarifi cation. For 
example, we could survey appropriate groups about their likely response within 
scenario conditions. 

 Such changes are in detail unpredictable, and subject to signifi cant uncertainties. 
This has led some to adopt a “wait and see” position, attempting to defer such analyses 
until more definitive science is available. However, we believe that this is a 
fundamental strategic mistake. Conservation planning is a social learning process, 
not simply a matter of technical analysis. New issues and information must be delib-
erated within a number of public and private decision-making processes before 
actions can be initiated. The key challenge of conservation planning under climate 
change is not to come up with single decision based on new information or analysis. 
The challenge is to develop planning methods and decision-making structures which 
are able to routinely incorporate uncertainty, changes in science and confl icting 
human values. While climate science is improving rapidly, human adaptation and 
political decision-making is integral and will remain inherently unpredictable. 
Therefore, we must develop and test planning methods now which are capable of 
routinely incorporating new information and which are robust in the face of both 
scientifi c and political uncertainty.  

    6   Methods 

 Spatial Resilience Planning or SRP can be considered a technique for using scenarios 
to generate and refi ne plans. Two basic steps are required. The fi rst is to separate 
“exogenous” and “endogenous” scenario variables. Exogenous variables are used to 
develop “contextual” scenarios, and the endogenous factors to develop “designs” or 
“plans.” In the context of stakeholder-based planning, exogenous variables are those 
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which the group does not have substantial power to change or infl uence. In most 
locations, these include global climate change, national and international econom-
ics, and population in- and out-migration. Endogenous variables are the opposite: 
these include aspects of management discretion and policy in which there is signifi -
cant choice. In our case study area, these decisions included how to manage current 
conservation areas, which additional lands to conserve, and which types of conser-
vation actions to deploy. These decisions are not unconstrained: managers have lim-
ited legal discretion, jurisdiction and budgets. But within these constraints, very real 
decisions must be made. 

 The second step of SRP is to explicitly “stress test” plans against exogenous 
contexts. This can be done for plans as a whole, or for specifi c plan elements or 
parameters. In this case, we bundled a set of conservation strategies into a group we 
term “proactive,” but varied the level of fi nancial resources provided. Because both 
aggregate scenarios and their component elements do not have explicit probabilities 
assigned to them, we are limited in the degree to which we can quantify resilience. 
Here we deploy a basic, but effective mechanism: we spatially identify the fre-
quency and nature of confl icts between an endogenous scenario element and the full 
scenario set. 

 In our specifi c case, we summarize the area in which conservation is possible 
given exogenous constraints. At an aggregate level, such “confl ict analyses” are an 
indicator of plan performance. By this measure, a resilient plan is one which is relatively 
robust in the face of a wide range of scenarios, but still accomplishes its objectives. 
This dimension of plan performance is complementary to more traditional ecological 
performance metrics, which can also be computed from the same input data. 
Therefore, an “effective” plan may be one which scores highly according to multiple 
ecological or social criteria  and  is resilient. Finally, an important aspect of spatial 
planning is that our confl ict analysis and resilience measures are themselves spatially 
variant. They can therefore indicate which areas or regions are relatively more or 
less impacted, and where strategies are effective or not. This provides important 
opportunities to geographically tailor policies so as to improve plan performance 
across different socioeconomic and environmental conditions. In this example, we 
only look at a single round of conservation strategy design. But the results from 
confl ict mapping could be used in detail to look for other areas which met the same 
goals, in a process of iterative refi nement.  

    7   Contextual Scenarios 

 Our contextual scenarios were scoped and developed using an in-depth participa-
tory spatial simulation modeling approach. For our purposes here we only outline 
the major driving variables considered in the process – a detailed description of 
the scenarios and modeling process is provided in the previous chapter (Vargas-
Moreno  2011 ). Participants in this process created a set of scenarios which recog-
nized four top-level dimensions: climate change, human population demographics 
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and preferences, availability of fi nancial resources, and land and water policies. 
For each dimension, stakeholders developed a bounded set of parameter values or 
assumptions. For example, qualitative descriptions of climate change included 
low, medium and high groupings, each quantitatively defi ned in terms of sea level 
rise, temperature, and precipitation based on IPCC 2007 model outputs (IPCC 
 2007 ). The land, water and conservation rules dimension was the most complex, 
with over 100 separate policies considered and packaged into two major group-
ing: “business as usual” (B.A.U) and “proactive.” 

 The “alternative futures” portion of the study developed and discussed fi ve priority 
scenarios, which refl ected managers’ priorities for the most important multidimen-
sional combinations. In order to limit the potential propagation of scenarios, stake-
holders were encouraged to strictly limit the number of dimensions and choices 
along each dimension. Based on the stakeholder’s allocation of these resources, 
this had the consequence of reducing consideration of moderate water and land 
use planning assumptions and fi nancial resources. Also note that stakeholders 
chose to include one climate change scenario that was higher than IPCC standard 
2007 scenarios and refl ected the possibility of non-linear melting of the Greenland 
ice sheets. 

 In order to conduct the sensitivity testing required by this approach, we simu-
lated every logical combination of the major driving variables, leading to a total of 
24 scenarios. This set incorporated three levels of climate change, two levels of 
human population change, two sets of land and water management policies, and two 
levels of public fi nance. While signifi cant additional setup and computing time was 
required, we were able to use the same AttCon simulation model (Fig.  4.2    ) (Flaxman 
and Li  2009  ) .   

Assumption
Type (Variation
from Current)

Climate Change
(SLR shown)

Water & Land
Use Planning
Assumptions

Availability of
Financial
Resources

Low Low

Medium

High

Individual
Possibilities

3

Cumulative
Possibilities

Population

“Business as
Usual”

Trend (+28m)9” by 2060

- -Doubling (30m)18” by 2060

High“Proactive”-36” by 2060

241263

222

  Fig. 4.2    Contextual scenario parameter matrix       
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    8   Simulation Modeling Using AttCon 

 After initial scenario assumptions and parameters were validated with stakeholders, 
we constructed a spatial simulation model projecting future changes in land use for 
the region. In this case, we simulated seven land use types: high, middle and low-
end urban residential housing, rural residential development, agriculture, ranching 
and conservation. 

 We also included a simulation of sea level rise (SLR). We used a simple “bath-
tub” model based on projected sea level in 2020, 2040 and 2060, terrain elevation 
and contiguity with the ocean. All areas under mean sea level and contiguous with 
ocean were considered permanently inundated. Our overall terrain surface was 
obtained from USGS’s National Elevation Dataset. We refi ned this terrain by over-
laying LIDAR-based bald earth terrain elevation data from NOAA and from the 
Everglades Depth Estimation Network (EDEN) where available. 

 Since we were unable to fi nd scientifi c literature providing more appropriate 
guidance on human responses to sea level rise,, we simulated two logical possibili-
ties. In our “business as usual” scenarios, we allowed building wherever economic 
pressure and zoning allowed it. Where developed land was inundated, we assumed 
that a certain percentage of previous residents would stay within our study area, and 
the rest would leave it. Those who stayed would exhibit the same land use prefer-
ences as prior to inundation, and would essentially be displaced within the region. 
In our “proactive” scenarios, we implemented a form of zoning which blocked any 
new development from areas subject to future sea level rise. Where current residents 
were displaced by SLR, we made the same assumptions about redistribution as in 
the other scenarios – for example that 85% would stay and 15% would leave. 

 The outputs of the model are projected land uses (and inundation) over time, in 
the form of raster GIS grids. Typical model outputs are shown in Fig.  4.6   .  

    9   Conservation Design and Plan Simulation 

 There have been multiple generations of plans for the conservation of the Greater 
Florida Everglades, and for Florida as a whole. Our interest is this study was not to 
replicate such efforts, but instead to consider how resilient they may be to climate 
change, urbanization and other pressures. To estimate conservation attractiveness 
under current plans, we blended two proposals: the Critical Lands and Waters 
Identifi cation Project (CLIP)(Oetting and Hoctor  2007  )  and the Florida Ecological 
Greenways Network (Hoctor and Center  2004  ) . CLIP was developed by researchers 
at the University of Florida and the Florida Natural Areas Inventory for the Florida 
Fish and Wildlife Commission (Oetting and Hoctor  2007 ). The Greenways network 
was developed by the University of Florida GeoPlan Center and Florida Dept. of 
Environmental Protection (DEP), Offi ce of Greenways & Trails (Hoctor  2001  ) . 
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 Both existing plans have been published electronically in GIS form by their 
respective authors, greatly facilitating this kind of analysis. However, both plans 
exceeded likely short-run conservation resources by a very wide margin. We there-
fore found it necessary to develop temporal “phasing” in order to make the plans 
and their relative priorities explicit in our simulations. For this reason, the resulting 
analyses refl ect our estimation of the likely implementation of these plans, based on 
the priorities expressed within them. 

 In our composite conservation attractiveness model, we used CLIP priorities as 
our top priority areas, passing through their rankings directly. Therefore, our top 
priority areas are identical in location and extent to CLIP’s. We then underlayed the 
Florida Greenways priorities, ranking them as “next most” attractive while main-
taining their relative internal ranking order. All analyses were conducted using 
50 m × 50 m (1/4 ha) grid cells. In our conservation allocations, we used distance to 
existing conservation as a “tie-breaker” between identically-ranked grid cells. 

    9.1   Conservation Strategies 

 Our key “endogenous” variable was conservation strategy. This took one of two 
forms. Under “business as usual” scenarios, we attempted to replicate current 
conservation practice. Based on review of the Florida Forever program and CLIP 
prioritization, we used a so-called “greedy” algorithm. This took each potential 
conservation acquisition in rank priority order, based on availability of land and 
funds. We did not attempt to replicate a portfolio-based method, because that did 
not refl ect what we had observed occurring in practice. 

 In the “proactive” conservation scenarios, we simulated a rather different 
strategy, but for fairness in comparison using the same greedy algorithm. We used 
the contextual scenarios to grant the proactive method full forehand knowledge of 
future land use, and allowed it to re-prioritorize acquisitions based on this knowl-
edge. In particular, the proactive scenario placed as its highest priority lands which 
would otherwise become urbanized, and lands which formed potential “climate cor-
ridors” connecting habitat likely to be inundated under SLR to the nearest large 
protected natural areas.  

    9.2   Conservation “Demand” 

 Conservation “demand” estimates varied by scenario based on both policy and fi nan-
cial resources availability. We began by considering this history of land conservation 
over the last 50 years. For the most recent decade, we used a full parcel-scale GIS 
database of acquisitions provided to us by the Florida Natural Areas Inventory 
(Oetting J  2010 , Personal communication). This was “clipped” spatially to our study area 
to provide a relatively exact measure with purchase prices, acreages and acquisition 
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dates. For the period from the 1960s to the 1990s, we were only able to obtain pro-
gram-level aggregations of total acreages and costs over a project lifetime (Oetting J 
 2010 , Personal communication). We pooled all of this data, estimating annual acquisi-
tions for project-level data using simple averages. 

 For “business as usual” scenarios under typical resource availability, we extrapo-
lated mean historic conservation acquisition rates over the last 50 years forward 
50 years. For proactive conservation demand, we used multipliers of historic rates 
based on fi nancial resource availability. These estimates do not include other con-
servation activities such as fully-private conservation efforts. However, fully private 
conservation in the last decade in Florida has accounted for only approximately 
10% of total acreage (Oetting 2010, Personal communication). Our dataset did include 
all public-private partnerships and Federally-funded acquisitions such as those 
undertaken as part of the Comprehensive Everglades Restoration Project (CERP). 

 The main current conservation lands program within the state is known as “Florida 
Forever.” While originally budgeted at $300 million per year, this program has recently 
been underfunded because of the Florida state budget crisis. Over the last decade, 
however, the program achieved just under two-thirds of its original intended scope. 
Relative to other state acquisition programs, this accounted for a still-impressive 
$1.8 billion dollars in conservation lands acquisition; purchasing 621,000 acres. 

 Predicting future conservation budgets is obviously very diffi cult, and subject to 
substantial uncertainty. Annual plots show considerable variation over the last 
decade, with a very negative recent trend. However, this is also an advantage of a 
scenario-based approach, since we can simultaneously consider multiple possibili-
ties (Fig.  4.3 ).  

 Note that our formulation of conservation “demand” embeds the notion of soci-
etal “willingness to pay” based on empirical estimates. This varies from ecological 
optimization-based concepts such as “irreplaceability” and “functional redundancy” 
(Margules and Pressey  2000  ) . This is a measure of likely available conservation 
resources scaled to a particular place, not a conservation goal. The difference is very 
dramatic in the case of Florida. The total land area included in the CLIP and Florida 
Greeways prioritizations covers more than 50% of the total land area of the state, 
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  Fig. 4.3    Historic conservation land acquisition in South Central Florida       
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and the current total fraction of conservation land across the state is 28%. This 
difference represents millions of acres and billions of dollars. Therefore, our con-
servation simulation results are sensitive to which decisions are made “within” the 
overall prioritization schemes in actual active use, as well as to variations in overall 
conservation budget. For example, our current conservation simulations refl ect 
actual practice in which the prioritization schemes used are biologically-driven and 
do not explicitly consider land cost. In recent conservation efforts, the average land 
cost was just under $3,000 per acre. However, the most expensive parcels acquired 
were approximately $2,000,000 per acre (occurring mostly in the Florida Keys).   

    10   Results 

    10.1   Overall Urban Pattern 

 Our contextual simulations projected a wide range of urban land use drivers over the 
next 50 years, depending on the population estimates, level of fi nancial resources 
and land use policies in effect. What kind of variations did this cause? The simplest 
aggregate measure is development frequency. In raw form, this is simply the count 
of scenarios in which a particular location was urbanized, ranging in this case from 
0 to 24. This can obviously be normalized to a percentage score, but for simplicity 
in representation, we chose to reclassify it into three categories: land not urbanized 
under any scenario, land urbanized in less than 50% of the scenarios, and land 
urbanized in more than 50% of the scenarios. This classifi cation can be seen in 
Figs.  4.4  and  4.5 .   

 In general, allocations remained relatively faithful to existing spatial patterns, 
which is a refl ection both of the conservative nature of the rules used to generate 
them and the lack of new geographic limits, transportation corridors, or ownership 
constraints. For example, all scenarios showed continued population growth along 
both coasts. However, the major change evident relative to historic trend is the vast 
amount of development in the Northwest and Northcentral portions of our study 
area (Fig.  4.6   ).   

    10.2   Conservation Amount and Pattern 

 Our most striking fi nding is that sea level rise under most scenarios may inundate 
much more land than is being added to the conservation network. For example, 
under our high climate change scenario (1 m SLR by 2060) with “business as usual” 
conservation, 0.28 million acres of conservation are acquired. However, under the 
same scenario, 1.25 million acres of conservation land are lost to sea level rise. The 
effects of sea level rise vary across the region, but are particularly pronounced in the 
Florida Keys, and in the Southwestern corner of the state (see Fig.  4.6 ). 
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 It is perhaps not surprising that coastal wildlife refuges are at risk from SLR. 
However, the proportions of land lost are striking. In all but the lowest SLR sce-
narios, upwards of 50% of the existing coastal national wildlife refuges will be 
inundated (Fig.  4.7 ).    

  Fig. 4.4    Urbanization pressure across 24 scenarios       

Development Cells Hectares Acres % Total

None (0 scenarios) 26,598,366 6,649,592 16,889,962 85%

Moderate (1-12 scenarios) 2,470,182 617,546 1,568,566 8%

High (12-24 scenarios) 2,161,654 540,414 1,372,650 7%

Total 31,230,202 7,807,551 19,831,178 100%

  Fig. 4.5    Development pressure across multiple scenarios       
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  Fig. 4.7    Percentage of key conservation areas potentially inundated by sea level rise       

  Fig. 4.6    Detail of projected sea level rise, land use and conservation change       
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    11   Conservation Resilience to Urbanization 

 The second component of conservation plan resilience is performance relative to 
urbanization. To assess this, we extracted urban developed areas from each scenario 
and spatially intersected them with conservation plans to form “confl ict maps.” To 
further characterize the conservation signifi cance of such confl icts, we also over-
laid predicted future urban growth on various environmental resource maps. For our 
sampling universe, we limited our consideration to those areas within the study 
region which have been identifi ed under current conservation planning as priority 
areas, and which are not currently protected. These represent the opportunity areas 
for future conservation. Thus the measures of impact presented here are measures of 
future performance of current plans under varying exogenous conditions. 

 We considered several individual species as well as a broader habitat-based mea-
sure (endangered natural communities). The species considered were picked in con-
sultation with our stakeholders to represent a range of life history characteristics and 
habitat requirements. The species were constrained to those for which recent pub-
lished digital estimates of actual habitat we available. We utilized the most recently 
available revisions of the Florida State Wildlife Commission’s “Potential Habitat by 
Species” (2009) since these had been peer reviewed and were based on a recent 
depiction of underlying land cover consonant with our other data. In order to repre-
sent broader-scale natural habitat types, we used two datasets from the Florida 
Natural Areas Inventory: “Under-Represented Natural Communities” and “Fragile 
Coastal Resources” (Oetting J  2010 , Personal communication). In order to provide 
a synoptic index, all subcategories of these data sets were reclassifi ed into a single 
mask, which we collectively term “Rare or Fragile Natural Communities.” 

 In order to compactly illustrate and discuss these results, we turn again to two of 
the more extreme scenarios. In Scenario C, we have the highest rates of population 
growth and sea level rise, “business as usual” public policies and limited public fi nan-
cial resources. Under these conditions, urbanization would impact several hundred 
thousand acres of habitat. For the Scrub Jay and for rare natural communities, direct 
impacts from urbanization would convert almost one fi fth of remaining habitat. For 
the Florida Panther and Caracara, potential confl icts are lower in percentage terms, but 
still represent tens of thousands of acres. 

 Under Scenario B, we have some of the best likely future conditions for conser-
vation. Climate change and consequent sea level rise are low. Population growth is 
similar, but because of extensive redevelopment of transit-oriented development 
nodes identifi ed by the counties, the total amount of green fi eld development is 
reduced. At the same time, “proactive” land conservation policies are adopted and 
are supported with signifi cant levels of public funding. In these circumstances, habi-
tat losses due to urbanization are relatively minor, in no case exceeding 4%. This 
still amounts to a total of over 50,000 acres of habitat conversion in aggregate, so 
there is room for improvement. A drill-down analyses of these data could specify 
exactly which natural communities or which patches of habitat are at risk and 
roughly when, allowing experts in those species or areas to undertake more detailed 
planning (Fig.  4.8 ).   
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    12   Overall Conservation Confl ict Mapping and Plan 
Resilience to Urbanization 

 Using the development frequency classes described above, we can ask the conserva-
tion confl ict question in from a land-based perspective. Of the total study region, 
what percentage and absolute amount of land is under highest development pressure 
considering all scenarios? Overall less than 7% of the total study area is at highest 
risk of development, amounting to roughly 540,000 ha or 1.4 million acres. A very 
similar fraction (8%) is at moderate risk of development (620,000 ha or 1.6 million 
acres were urbanized in half or less of the scenarios). 

 How well did the two conservation strategies perform overall relative to this 
range of urban pressure? To answer this question, we must consider the alternative 
“fates” of grid cells urbanized under one or more scenarios. For example, we can 
compare the “business as usual” and “proactive conservation” strategies under the 
assumption of high public fi nancial “resources    across” the range of climate change 
scenarios. In order to focus this further, we can narrow our consideration to only 
those lands of relatively high biodiversity conservation values. By defi nition, both 
conservation strategies were given the same budget. Which strategy worked better? 
There are a myriad of ways of characterizing the “better” portion of the question, 
since this could be asked from the point of view of any species, or habitat. It turns out 
that perhaps the most useful aggregate measure to look at is the difference between 
the high-value conservation areas which would otherwise have been urbanized. 

 To compute this measure, we extract those cells which were conserved under 
“proactive high” but which would otherwise have been urbanized (despite normal 
conservation practices). This area represents roughly 15,000 acres (6,000 ha) if you 
consider only the portions of the land of highest conservation value. Since much of 
these areas are on ranch and forestlands with large lots, these fi gures can vary con-
siderably if the purchase of the full surrounding parcel is considered. For all such 

Conservation Element Potential
Conservation

Conflict with Scenario B Conflict with Scenario C

Acres % Acres %

Area (ac)

Black Bear 13.0%385,5030.9%25,5762,976,602

Florida Panther 1,021,181 10,080 1.0% 95,106 9.3%

108,493 3,980 3.7% 20,201 18.6%Scrub Jay

5.2%105,0600.5%9,1422,009,025Caracara

Rare or Fragile Natural
Communities

616,794 14,495 2.4% 114,766 18.6%

Proposed Florida Greenways
Corridors

1,676,713 78 0.0% 57,451 3.4%

  Fig. 4.8    Conservation/urban confl ict analysis       

 



774 Using “Spatial Resilience Planning” to Test Climate-Adaptive Conservation Strategies   

areas, the area required increases to just over 208,000 acres (82,000 ha). If only the 
priority portions of parcels could be purchased, their 2009 fair market value would 
be 65 million dollars. However, if the full parcels would require purchase, the price 
tag would increase to 882 million dollars. In reality, a fi gure between these two is 
most likely, especially for larger parcels. 

 Where are these lands? Well, they range from the Florida Keys up to the Northern 
boundary of the study region, but are primarily located at the fringes of existing 
rural residential development in the North and Northcentral portions of the study 
area. They form a proportionally very small, but very critical portion of Florida’s 
conservation future. Essentially, these are the areas which current conservation 
strategy misses, and which can be projected with relatively high confi dence to oth-
erwise be urbanized. With the exception of the Keys and some sites around Charlotte 
Harbor, most of these sites are not directly subject to sea level rise (Fig.  4.9 ).  

 A more detailed zoom into the same data provides an example of how such 
information might be used. For example, consider the areas outlined in white in 

  Fig. 4.9    Areas conserved under ‘Proactive’ strategy but developed under ‘Business as Usual’ 
( dots  represent the predicted habitat for Florida state-listed species)       
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Fig.  4.8 . These represent 33 parcels with some of the highest species richness in the 
state. In particular, they contain potential habitat for seven Florida-listed species 
plus the general assemblage “wading birds.” Our analysis shows that they would not 
be conserved under current strategies and budgets in time to avoid their develop-
ment. From the parcels database, we can see that the land is currently ranchland, 
totaling 4,600 acres. It is owned largely by three people and one development 
company, with a current assessed value of just over 100 million dollars, or about 
$22,000 per acre (Figs.  4.10  and  4.11 ).    

  Fig. 4.11    Perspective view of parcels and predicted state-listed species habitat (Note open water, 
wetlands to uplands gradient and adjacent development)       

  Fig. 4.10    Example of exceptionally high conservation value areas predicted to be developed 
under current conservation practices, but protected under “proactive” strategies       
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    13   Limitations and Caveats 

 While we believe the overall SRP methodology to be relatively robust given existing 
available input data and models, in the case of Florida several major limitations are 
important to acknowledge. The fi rst is that while we have dynamically simulated sea 
level rise and human settlement patterns under climate change, we have not been able to 
incorporate dynamic models of vegetation under such changes. Similarly, because we 
did not have access to the underlying data sets and model logic used to create potential 
habitat maps, so we could only consider the direct replacement of current habitat by 
urban uses. It is important to note that these analyses did not consider adjacency or popu-
lation fragmentation impacts which may have existed in the original models. At the time 
this work was conducted, essentially all of the biological resource maps and models 
available in this region embedded assumptions of climate stationarity. 

 Climate envelope and vegetation succession modeling work is currently being 
undertaken by other research groups in this region (Best R 2010, Ongoing climate 
change-related projects in the Greater Everglades, Personal communication )  and 
its integration using the SRP method would be a very important improvement. In 
other regions where such work has been done, the projected spatial shifts in vegetative 
communities have been signifi cant. The SRP methodology would easily accommodate 
such information, but the process of updating hundreds of vegetation and species 
models to be climate-sensitive will literally take years. 

 A second general set of limitations relate to terrain and hydrology. While we 
would like to be able to use high-resolution LIDAR-derived terrain elevation infor-
mation to assess sea level rise, such information is not uniformly available across 
the study area. In particular subregions, we have compared LIDAR-derived terrain 
elevations with our USGS National Elevation Dataset data. While magnitudes differ 
slightly, the overall pattern described here remains. 

 Similarly, dynamic modeling of storm surge using models such as SLOSH 
(Mercado  1994  )  can yield a signifi cantly more detailed picture of the risks in coastal 
areas. Initial indications are that such methods can yield signifi cantly more chal-
lenging circumstances, much further inland than static coastal sea level rise meth-
ods might indicate. A more detailed investigation of sea level affects would also 
likely include an integrated ground and surface water model. Again, such modeling 
could not be incorporated because it was not uniformly available across the region. 

 The level of spatial modeling conducted here is indicative of vulnerabilities, and 
has the considerable virtue of being feasible to implement for this and most regions 
using only existing public data sources. With this comes the danger of underestimat-
ing complex wildlife habitat responses and hydrological issues which represent 
serious knowledge gaps in the literature.  

    14   Discussion 

 SRP methods vary signifi cantly from prior work in this fi eld in that we seek fi rst to 
simulate and understand the spatial context within which conservation planning 
must act, and only then simulate conservation activities. We consider multiple forms 
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of land use and land cover change, as well as sea level rise. Unlike methods which 
seek to optimize conservation networks in terms of biotic conservation and static 
land cost or urbanization pressure (Ferrier and Wintle  2009 ; Watts et al.  2009  )  we 
use a rule-based allocation method with fi xed conservation budgets and a simple 
“greedy” algorithm. It is clear that application of a more elaborate conservation 
optimization method could yield more effi cient conservation strategies for the 
region. However, we note that our results are more dependent on our major initial 
assumptions than on subtleties of conservation strategy. 

 Conceptually, the SRP method is very distinct from other conservation planning 
approaches in that it does not presuppose that conservation intent is a uniformly-
held social goal. Instead, we simulate a variety of actors, some potentially acting at 
cross-purposes to conservation. For example, our model for high-end housing 
asserts that such development is attracted to the fringe of conservation areas. If real 
estate market demand is present and other policies or legal interventions absent, our 
model predicts that allocation will occur relative to “willingness to pay.” To us, 
conservation is more similar to the game of chess than to that of solitaire – the 
actions of others must be considered. 

 Our work extends systematic conservation planning to spatially and temporally 
simulate two of the most severe and common threats to biodiversity: climate change 
and human settlement patterns. Our initial hypothesis was that both of these factors 
were likely to be signifi cant infl uences on conservation success in South Central 
Florida, and their joint simulation is appropriate. Based on the high percentages of 
coast refuges inundated, the human population displacements simulated and the 
impacts of both on simple ecological indicators, we believe that our results validate 
this hypothesis. More broadly, we have shown that a spatial resilience planning 
approach can provide information not available from methods which consider only 
biophysical changes. 

 When spatial simulation is used to allocate conservation and development deci-
sions over time, it is clear that optimal strategies must consider not only space (the 
eventual proposed conservation network), but also time and management institu-
tions. Under realistic estimates of conservation budgets and land prices, the phasing 
of conservation purchases becomes a key component of strategy: the purchase of 
lands absent development pressure wastes resources better spent elsewhere, but 
lands under such pressure are signifi cantly more expensive. 

 In our simulations, several critical aspects of human behavior are also simulated. 
The fi rst is human preferences for locating various non-conservation activities on 
the landscape, especially various densities of housing. The second is human behav-
ior in the face of permanent inundation. Here, we used a simple model in which all 
socioeconomic classes retreat equally from SLR. However, the same modeling 
approach could also be used to model different social responses to SLR. For exam-
ple, under some scenarios, one could imagine wealthy people remaining largely 
along the coastline and re-enforcing existing buildings, middle income segments 
moving inland, and lower income groups staying in place and being at highest risk. 
A more positive aspect of human behavior to contemplate is generosity in support-
ing conservation, in the form of voluntary conservation practices. In recent years, 
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private conservation has blossomed. For example, in the case of the Nature 
Conservancy, voluntary conservation easements rather than purchase agreements 
now account for the majority of conservation lands acquisition. This practice pro-
vides signifi cantly more land per dollar, but also has different restrictions than con-
ventional free simple purchases. There is a strong need to consider these aspects 
more carefully in future conservation simulation work. 

 While we unavoidably must make some important simplifying assumptions, our 
results nonetheless reveal some strategically signifi cant fi ndings. First, we fi nd that 
the land area likely to be lost to sea level rise exceeds historic and current conserva-
tion budgets. This implies that only to maintain current levels of gross land under 
conservation management we must signifi cantly increase the rate and the effective-
ness of conservation acquisition. Second, we fi nd that existing conservation 
strategies lack the temporal detail necessary to organize strategic interventions 
into land markets before other forces convert land to development. In particular, 
we show that under existing and likely resource constraints, current strategies 
do not maintain a cohesive conservation network likely to be robust under 
climate change. 

 The framework used here produces outputs in two forms which can be imme-
diately incorporated into current management and planning. It produces carto-
graphically mapped information which indicates priority areas which are sensitive 
and well as insensitive to varying scenario assumptions. And it generates locally-
scaled strategic information on the relative effectiveness of particular conserva-
tion strategies. In other words, it produces “actionable information” in forms 
currently used by current institutions, but based on dynamic rather than static 
analyses.      
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