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Abstract Iran is experiencing rapid population growth coupled with the negative
impacts of global warming and land-use change. These impacts pose significant
challenges for water managers and planners trying to match supply and demand. The
twin challenges of land-use management and planning for climate change are
exemplified in the case of Lake Urmia—situated in a closed basin in northwestern
Iran. The basin supports agriculture from water stored in several reservoirs. Lake
Urmia was once the largest saltwater lake in the Middle East and North Africa. It has
recently become an environmental concern due to shrinking by 80% within the last
30 years. The dropping water level is exacerbated by a combination of declining
precipitation and land conversion practices. Water loss provokes severe socio-
environmental consequences (including chronic health impacts, child mortality
risks, and agricultural threats) that are similar in magnitude to those seen in the
Kazakhstan—Uzbekistan Aral Sea disaster. This chapter explores the interactions
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between climate and land use, and reveals the difficulties faced by short-term land-
use policies that favor urban expansion and agricultural productivity over long-term
protection of ecosystems. Lessons from indigenous water management practices in
Iran are drawn upon to assess the long-term social sustainability of common pool
resource management in the region.

Keywords Climate change - Land-use change - Iran - Lake Urmia Basin - Water
management - Wicked problems

9.1 Introduction

Environmental degradation of arid and semi-arid ecosystems is exacerbated by
global warming and land-use change, both of which alter the provision of water
and natural resource, resulting in thirst and hunger challenges that undermine
progress toward Sustainable Development Goals (Ghanian et al., 2022; Winslow
et al., 2004). This interconnected set of environmental challenges constitutes a
super-wicked problem, based upon compounding positive feedbacks that reinforce
changes in environmental systems from human activities (Ghanian et al., 2020;
Eskandari-Damaneh et al., 2020). Urgent action is required to avoid a tipping
point of non-reversible environmental harm, yet the people generating the changes
are the same people seeking a solution. Land-use governance practices commonly
discount long-range futures in a way that fails to address the core environmental
challenges of water, climate, and food productivity within an ever-narrowing win-
dow of opportunity (Levin et al., 2012). In this chapter, we consider the intersection
of two environmental policy domains—one concerning climate change adaptation
and the other concerning land-use change and economic productivity. The
reinforcing interactions of an ongoing global land grab for agriculture, increasing
pressure on water resources in arid and semi-arid regions, global population
increase, and economic growth, create a deepening vortex of environmental degra-
dation in certain regions. This chapter explores the interactions between global
heating-induced changes, land-use decision-making, and the role of indigenous
knowledge at an environmentally sensitive site experiencing decline—the Lake
Urmia Basin (LUB) in Iran, among the threatened saltwater lakes of the Middle
East and North African (MENA) region. This assessment provides insight into the
management of threatened lake ecosystems globally.

9.1.1 The Global Hunger Challenge

Global population is expected to grow from approximately seven to nine billion
people by 2050 and will be a key challenge for sustainable development (Bene et al.,
2015). Almost one billion people suffer malnourishment, primarily in Asia (578 mil-
lion) and Sub-Saharan Africa (239 million). Alleviating chronic hunger is one of the
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biggest sustainable-development challenges (Dahimavy et al., 2015; Ghoochani
et al., 2017a; Wheeler & Von Braun, 2013). Agricultural productivity and food
distribution must outpace population growth to resolve hunger and malnutrition
(Azadi et al., 2015). An additional 200 million extra tons of livestock products and
1 billion tons of cereals per annum are needed and the growing wealth of people in
middle-income countries necessitates a 60-70% increase in annual agricultural
output is required; such growth would be unprecedented in human history
(Ghoochani et al., 2017b). The growth of agricultural capacity is vital for the
improvement of standards of living and for the avoidance of the Malthusian trap
of using food abundance to further population growth (Kogel & Prskawetz, 2001).
The imperative for such agricultural growth and modernization is strongest in
developing countries, where the challenge is not just to provide food but to make
sure that distribution networks ensure food access and encourage food security
(Abbasi et al., 2016) in line with Sustainable Development Goal #2—to end hunger,
achieve food security, improve nutrition, and promote sustainable agriculture
(Behera et al., 2019).

One person in 20 continues to be in danger of undernourishment in developing
countries, irrespective of whether agricultural production doubles by 2050. This is
equivalent to 370 million hungry people. Most of these people live in Sub-Saharan
Africa and Central and Southern Asia (Dubois, 2011). The agricultural sector is the
engine of social development and economic growth, particularly within the poorest
regions, though sustainable agriculture is vital to ensure the long-term provision of
ecosystem services like water quality, biodiversity, and carbon management
(Powlson et al., 2011). The demand for food commonly prompts a shift toward the
intensification of food systems (Garnett et al., 2013; Godfray & Garnett, 2014).
However, expansion of agricultural land use is often a central cause of environmen-
tal degradation—commonly through deforestation (Barbier, 2004; Fuller et al.,
2019). Economic globalization shrinks cropland availability and sometimes triggers
land-cover conversion and deforestation under conditions of land scarcity, and few
developing countries have managed a transition that simultaneously increases agri-
cultural production and forest cover (Lambin & Meyfroidt, 2011; Zambrano-
Monserrate et al., 2018). To maintain ecosystem services produced by forests and
simultaneously remedy food scarcity, improvements to agriculture must be made
through sustainable forms of intensification involving integrated assessments of
natural resources and the drivers of food demand.

The twentieth century achieved agricultural intensification through high-yield
crop varieties, new fertilization technologies, irrigation, genetic modification, and
pesticide use. Collectively, these have contributed to enormous gains in food
production, though they also altered ecologies and the patterns of resource avail-
ability with serious adverse consequences for local, regional, and global environ-
mental quality and socio-economic impacts on vulnerable communities (Rasmussen
et al., 2018). Cropping patterns and land management practices have an enormous
effect on freshwater availability, biogeochemical cycles, and soil quality (Palatnik &
Roson, 2009). Land use plays a very important role in methane generation, carbon
cycling, and carbon storage (Azadi & Barati, 2013), strongly impacting atmospheric
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composition (World Bank, 2008). Land-cover and land-use change is a serious
driver of global environmental change (See et al., 2015). The pursuit of food security
is both subject to and the cause of environmental pressures and is a key challenge
this century (Ghoochani et al., 2017b). Accelerated global warming confounds the
prediction of climate change trends and coupled with the direct destruction of natural
habitats threatens terrestrial biodiversity (Anderson et al., 2016) and agricultural
productivity (Gornall et al., 2010). These will be acute challenges for sustainable
development under the climates of the MENA region (Kaniewski et al., 2012;
Sowers et al., 2011; Hameed et al., 2020), and in Iran in particular (Amiri &
Eslamian, 2010; Mahdavi Damghani et al., 2019).

9.1.2 Anthropogenic Climate Change

Greenhouse gases are increasing in atmospheric concentration. Carbon dioxide
(CO,) levels have now exceeded the 400-ppm benchmark (the concentration is
over 418 ppm in early 2022), and the global mean temperature has risen by 0.8 °C
since the 1850s. The warming has been evidenced by three independent terrestrial
and maritime temperature records (Pachauri et al., 2014). The globally averaged
combined land and ocean surface temperature data as calculated by a linear trend
reveal a warming of 0.85 °C [0.65—1.06 °C] between 1880 and 2012 (Wheeler &
Von Braun, 2013). The interactive effects of carbon-based fuel use and land-use
changes upon anthropogenic warming are described as a super-wicked problem
(Levin et al., 2012) that has complex and interrelated impacts on both human and
natural systems (Foley et al., 2005). Changing climates driven by anthropogenic
warming of the atmosphere are bringing myriad socio-environmental impacts:
including changes in rainfall patterns, reduced global snow and ice coverage
(including glacial retreat), increased frequency and severity of weather events, rising
sea levels, and ocean acidification (Wheeler & Von Braun, 2013). There will be
disproportionately greater changes to spatial and temporal patterns of precipitation
and temperature on land than over oceans, toward the poles than near the equator,
and in arid regions more than humid regions (Rogelj et al., 2012).

Food productivity is consequently dependent upon agricultural resilience in the
face of changing climates, both in the short and long terms (Ghoochani et al., 2018).
Though some regions may benefit in the immediate future from longer growing
seasons or a shift to more temperate climates, the influence that global warming will
have on feed, fodder, or food production, on livestock health, and on the patterns of
trade of food and food products will be profoundly negative (Wheeler & Reynolds,
2013). Impacts will vary with the degree of change in regional climates (i.e., the
associated changes in precipitation and thermal patterns compounded by local and/or
regional drivers of micro-climates). But changing climates disrupt both food pro-
duction and food demands locally, where communities rely on local farmers’
markets and their own food production (Wheeler & Von Braun, 2013). The net
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effect of global warming is probably going to weigh down or reverse any progress
we have made toward a world without hunger.

9.1.3 Land Use Change

‘Land-grab’ concerns have been raised about acquisitions of large agricultural
properties and resulting in the destruction of natural ecosystems and displacement
of local communities (Teklemariam et al., 2015). Others have conceptualized trans-
national land acquisitions within the widely evolving global capitalist development
framework, and the relationships among political economies working toward
confronting the converging global crises in food, energy, financial capital, and global
warming. Large portions of developing countries are cultivated by smallholders,
often families based within indigenous communities. The International Fund for
Agricultural Development—IFAD (2013) estimates that about two billion people in
developing countries are small landholders and they produce about 70% of the
developing world’s food. This is, however, an increasingly precarious livelihood
strategy (Murshed-e-Jahan & Pemsl, 2011) that returns low yields (Chamberlin
et al., 2014). Under conditions of rapid population growth and urbanization, agri-
cultural policymakers frequently seek external investment and trade agreements to
meet domestic national and regional food demands (Kalamkar, 2009; Hallam, 2009;
Lavers, 2012), and Iran is particularly harassed by external economic sanctions.
Many smallholder farmers also suffer from uncertain legal rights and face the
prospects of dispossession (Palmer et al., 2009). Unmitigated land-use instability
is pushing the global agricultural sector to a tipping point for subsistence and small-
holder farming societies (Anseeuw et al., 2012). Interrelated processes of economics
and land conversion are also driving toward this tipping point (Azadi et al., 2011).
Although land-use practices vary greatly internationally, their outcome is usually
susceptible to land-grabbing. This universal problem—the acquisition of natural
resources for immediate human needs—frequently occurs at the expense of the
environment and this is often viewed to be a global tragedy of the commons
(Dell’ Angelo et al., 2017).

The magnitude, pace, and spatial reach of alterations of Earth’s surface are
unprecedented (Nunes & Rezende, 2016). Key aspects of the functions of environ-
mental systems are severely impacted globally by changes of land covers and land
uses (Lambin et al., 2001). We are seeing: declines in biodiversity globally; chang-
ing climates that are impacting locally, regionally, and globally; and degradation and
desiccation of soils. These changes affect the capacities of biological systems to
support human needs by altering and disabling ecosystem services (Chhabra et al.,
2006), with knock-on impacts to livelihoods and economic development opportu-
nities. Since 1850, about 6 million km? of forests and woodlands and 4.7 million km?
of savannas, grasslands, and steppes have been converted due to the expansion of
croplands around the world. Approximately 1.5 million km? of cropland have since
been abandoned in formerly wooded areas and 0.6 million km? have since been
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abandoned in grassland environments (Lambin et al., 2001). Land-cover changes to
short-term transitional conditions (such as forest succession under slash-and-burn
cultivation) also are widespread (Agrawal et al., 2014) as are the most severe
conversions of expanding cropland and pastoral land into pristine natural ecosystems
(Power, 2010). From 1980 to 2000, concerns grew about environmental services and
global biodiversity because approximately half of new agricultural lands of the
tropics derived from intact forests, and another 28% came from disturbed forests
(Gibbs et al., 2010). Rapid deforestation throughout the tropics, in turn, has global
implications for sustainable development, global warming, and biodiversity conser-
vation (Lasco, 2008) because of the alteration of precipitation and regional temper-
ature patterns by land conversion and changes to transpiration rates.

9.1.4 The Interaction Between Land Use and Climate Change

Land-use and land-cover change is profoundly disturbing to terrestrial ecosystems,
interacting with anthropogenic heating of the atmosphere which drive climates to
change (Azadi & Barati, 2013; Lambin & Meyfroidt, 2011). This is specifically
relevant to uncontrolled land conversion for agriculture (Backlund et al., 2008). This
is principally driven by economic growth, increasing population density, and urban-
ization (Azadi et al., 2011) which make it almost certain to happen to many parts of
the developing world (Putro et al., 2017). The trends, intensities, and drivers of
agricultural land conversion vary by country, however. Land conversion has multi-
ple driving factors operating over a variety of temporal and spatial scales, each with
differentiated impacts on the human environment (Verburg et al., 2013; Bryan et al.,
2016): these include the use and demands of natural resources; cultural, political,
aesthetic and moral values; and economic and technological processes and policies.
Managing the complexity of land conversion for agriculture requires the mixing of
diverse stakeholder values through sustained engagement and policy construction to
form appropriate strategies that will preserve and prevent conversion of agricultural
lands to other uses (Lohr, 2010). Authorities throughout the developing world have
used such measures to prevent conversion of agricultural land to other uses with
varied success (Azadi et al., 2011).

The interaction between land-use decision-making and global-warming mitiga-
tion efforts is key. Rapid anthropogenic warming is driven by activities that produce
greenhouse gases (principally carbon dioxide and methane) and from changes in the
conditions of land covers that can also augment greenhouse gas emissions such as
the drying of wetlands and peatlands (Vitousek et al., 1997) and the drying out of
forests that increases their susceptibility to wildfires. Land-cover changes also affect
local climates by changing surface energy and water balance. Humans have simul-
taneously transformed the hydrological cycle to produce freshwater for irrigation,
industry, and domestic consumption (Cunha et al., 2015) which can alter the
characteristics of wetlands and their capacities as carbon sinks. Furthermore, anthro-
pogenic nutrient inputs to the biosphere from airborne and waterborne pollution and
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fertilizers exceed the natural capacities to absorb them and have widespread impacts
on maritime, estuarine, and freshwater ecosystems (David & Lal, 2013). Land
conversion also drives declining biodiversity through the destruction, modification,
and fragmentation of habitats, the degradation of soil and water, and the
overexploitation of native species (De Las Heras, 2014). Each type of land-cover
change is tied to other secondary environmental impacts. Wetland drainage, for
example, can affect biodiversity, trace gas emissions, soil, and hydrological balance.
But the secondary impacts of land-cover changes are difficult to differentiate from
natural variation. Climatic change and water flows are a case in point (Meyer &
Turner, 1992). Environmental changes of either kind become global changes in
either of two ways: either through top-down impacts as the global effect of net GHG
emissions causes warming that influences local conditions, precipitation patterns,
sea-level rise, salinity intrusion, or bottom-up impacts wherein drying due to
warming interacts with micro-climatic conditions, and land types are altered by
broader macro-trends in environmental change. The latter generates an accumulation
of localized land-use changes that sum to global significance (Pachauri et al., 2014).
Land-use change contributes to both kinds of global environmental change. It can
cause global systemic changes through trace-gas accumulation and generates local
cumulative impacts like soil degradation, biodiversity loss, and hydrological change
that have broader regional-national-international scale interactions with global cli-
mate systems. It is the interaction between the macro-and micro-scale effects that
yield global environmental impacts with negative outcomes for humans and natural
systems.

9.1.5 Climate and Land Use Change in Iran

Like many other developing countries, Iran’s climates and land uses are both
changing rapidly. These changes pose significant challenges for water managers
and planners working to match supply and demand (Barati et al., 2018). Iran is
29.2% arid, 20.1% semi-arid, 35.5% hyper-arid, 5% Mediterranean, and 10% wet.
Water and environmental management are among the foremost challenges for
policy-makers (Jowkar et al., 2016). The population of Iran has increased rapidly
since 1950, reaching approximately 75 million by 2011. It is projected to exceed
100 million by 2050. This growth has increased resource scarcity within the
semi-arid regions of Iran. Water is particularly scarce due to the high levels of
consumption in petrochemical industries, for agriculture, and domestic use. Drought
frequency has increased and has been exacerbated by changing climates.

Changing climates and land uses are the principal environmental challenges Iran
faces (Tahbaz, 2016). Their impacts on hydrological and bio-geological functions
impact the behavior of the terrestrial components, and rapid growth increases the
severity of impacts from anthropogenic global warming (Stephenson et al., 2010;
Mahdavi Damghani et al., 2019; Karimi et al., 2018). The primary impacts are
decreased snowpack, earlier snowmelt, altered patterns of precipitation including
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watershed desiccation, increased winter precipitation that causes flooding, drought,
and higher summer and lower winter temperatures. When these exogenous factors
are augmented by rising water demand, it becomes increasingly difficult for author-
ities to plan for and meet future water needs. Historically, annual rainfall in Iran has
been approximately 250 mm, less than one-third of the global average (860 mm).
Sparse precipitation combines with erratic rainfall patterns (Abbasi et al., 2016) that
significantly increase flood risk in populated areas (Taherei Ghazvinei et al., 2016).
Despite low average annual rainfall, peak-flood intensity continues to increase
(Panahi et al., 2010). Analysis of daily rainfall confirms that extreme events occur
across the country, and areas with impermeable surfaces are very likely to flood in
the wake of extreme rainfall (Darabi et al., 2020).

While changing climates impact the stability and productivity of farmland, the
acreage of farmland in Iran has expanded by more than 900% (from 2.6 to 24.5
million ha) and natural forests, rangelands, and bare lands have decreased. Forests
have shrunk by about 6.6 million ha between the 1950s and the 1990s (Bahrami
et al., 2010) and more is predicted to occur in the 2020s and 2030s as forests are
consumed for residential areas, agricultural lands, and grassland for animal produc-
tion (Joorabian Shooshtari et al., 2020). The projection for 2030 indicates that
agricultural land will be converted to urban uses, will be lost to salinization of
soils, and will be fragmented to support infrastructure. Flooding has increased
substantially in Iran while freshwater reserves have diminished (Abbaspour et al.,
2009; Darabi et al., 2020). Natural resource stocks, ecosystem services, and resource
demands are increasingly imbalanced. Iran is therefore exemplifying the super-
wicked interaction between natural resource management decision-making, agricul-
tural land productivity, food security, water quality and supply, forest cover, and
wetland biodiversity under conditions of increasing aridity, more frequent and more
widespread droughts, and increasing flood risk.

9.2 The Case of the LUB

The LUB is an example of how changing land uses and global warming interact in an
environmentally threatened ecosystem. Lake Urmia is located between the Iranian
provinces of East Azerbaijan and West Azerbaijan and has a catchment area of
51,876 km?> (Hassanzadeh et al., 2012b). The LUB contains fertile land that is used
for agriculture supported by several reservoirs. Seventy-six million people live
within a radius of 500 km of the LUB. The LUB has 12 seasonal rivers and
39 streams, and 11 sub-basins with 17 main rivers (Hasemi, 2011). Its continental
climate has temperatures that range between -20 and 0 °C during the winter months
and can rise to 40 °C in summer (Eimanifar & Mohebbi, 2007). These are predicted
to increase by the end of the twenty-first century (Doulabian et al., 2021). Lake
Urmia was once the biggest saltwater lake within the MENA region. However, its
water level has been declining continuously since the 1990s, having shrunk by some
80% (Faramarzi, 2012; Shadkam et al., 2016; Balkanlou et al., 2020). The depth of
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2007 2014 ' 2021

Fig. 9.1 The changing water levels of Lake Urmia from 2007 to 2021. Source: USDA Foreign
Agricultural Service (2021)

the lake had declined to 1271.58 m in 2008 from its most recent record of depth at
1277.80 m in 1994. Salinity has also increased (Hassanzadeh et al., 2012a). Since
2017 there has been an observable increase in water level and a relative improvement
in Lake Urmia’s condition, but controversy remains over whether this has been due
to active restoration or due to temporary increases in rainfall in the basin (Nikraftar
et al., 2021). Longer-term observable conditions like increased salinity from 205 to
338 g/l due to evaporation and reduced inflow indicate degradation (Faramarzi,
2012; Mohammadi et al., 2019). Ghale et al. (2017) showed that salts and salination
of soils have increased dramatically from 1995 to 2014, and over 5000 km? of Lake
Urmia’s water area was converted to salt pans and/or highly saline soils significantly
impacting the lake’s biodiversity, ecosystem services, and usefulness for irrigation.
Desertification and salinization are not limited to the increasingly exposed lake
bottom. Though hectares of irrigated lands have more than doubled during the
studied period, soil salinity has also increased within the vicinity of Lake Urmia
(Fig. 9.1).

The lake’s decline is driven by multiple factors. Most significant are the destruc-
tion of Zagros forests and Iranian government water policies that have consistently
diverted water from the LUB to politically-connected agricultural land users. As
Henareh Khalyani et al. (2014) show, this process of water system governance
exacerbates existing social inequity, particularly to indigenous peoples, and prompts
further deforestation, creating a vicious circle of land and water degradation.
Responsibility rests partially with the commercial agricultural sector and resource
over-exploitation by farmers (Pouladi et al., 2019, 2020; Abadi et al., 2018; Sadeghi
et al., 2020; Shojaei-Miandoragh et al., 2020). It is notable that unlike in other
regions of Iran, where indigenous knowledge practices of water management pro-
vide adaptive capacity in the face of drought, farmers in the LUB have little
historical experience or memory of water scarcity (Azizzadeh & Javan, 2018;
Amirataee et al., 2018). Unlike community-based water sharing practice inherent
to indigenous communities in Iran (Ghorbani et al., 2021), historically, the farmers
in the LUB region used the techniques of water supply and distribution based on the
continuous availability of sufficient water resources. Only by refashioning water
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governance through organized indigenous collaboration can water resources be
equitably and sustainably shared (Azarnivand & Banihabib, 2015).

Studies of farmers’ perception of the LUB water crisis have found changing
cultivation patterns, the expansion of profitable cultivation, overproduction at the
expense of subsistence-indigenous needs, and disregard for land and water resources
potential, leading to water depletion (Abbaszadeh et al., 2020). Cultivation patterns
are perceived as a supra-regional process: national economic goals shape crop
cultivation practices. Whereas independent indigenous farmers would cultivate
diverse crops according to the needs and local market for produce, contemporary
farming practices are driven by national agricultural policy of the Iranian Govern-
ment. The changing scale of agricultural management from indigenous knowledge
and local governance to national policy is a core aspect of this crisis. Farmers in the
LUB have taken collective action to adapt to climate change in recent years; such as
‘the increased desire for cultivation of cash crops’; ‘using more fertilizers and
pesticides’; ‘cultivating multi-crops’; ‘renting their lands to others’; ‘replacement
of agriculture and horticulture by animal husbandry’; and ‘sale of land and migration
to urban areas’ (Ghanian & Mohaamdzadeh, 2019). However, analysis of the
structure of social relations of local farmers showed their low desire to reduce
their water consumption through individual actions. In fact, farmers’ ambiguity
and distrust of the usefulness and effectiveness of their action to protect water
resources is the result of three factors. First, the wide radius of the population
involved and affecting the catchment area of Lake Urmia and the lack of a collective
consensus based on public respect at the expense of personal interests. Second, the
wide radius of the population involved and affecting the catchment area of Lake
Urmia and the lack of a collective consensus based on public respect at the expense
of personal interests. Third, is distrust of the major water resources management
institutions of the basin and their lack of seriousness and support, and consequently
failures of individual impact. The reality of the region shows that the shrinkage of the
lake has led to acute water scarcity for surrounding settlements (Fathian et al., 2014).
Ghale et al. (2017) revealed that drought, environmental degradation, and increases
of agricultural activities were the most significant drivers of the shrinking of the lake
and have caused severe socio-environmental consequences including infant mortal-
ity, chronic malnutrition, and diminishing profits for farmers. This is very similar in
scale and scope to the disaster connected to the depletion of the Aral Sea (Shadkam
et al., 2016)—a similar endorheic basin located between Uzbekistan and
Kazakhstan.

The impacts of land use and climate change in the Urmia basin are of interest to
scholars who are examining a diverse array of environmental drivers (Ghale et al.,
2017, 2018; Shadkam et al., 2016; Balkanlou et al., 2020; Hassanzadeh et al.,
2012b). The average temperature and mean maximum temperature in the southern
basin of Lake Urmia increased by 1.8 °C and 3.5 °C, respectively, over the last three
decades (Ghanian & Mohaamdzadeh, 2019). Mean minimum temperature, mean
precipitation, and humidity have decreased by 1.3 °C, 10.3 mm, and 5% over the
same period. Ghodousi et al. (2014) showed that the volume of Lake Urmia has
decreased by 51% and the actual evapotranspiration rate increased by 13%, with the
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rate of water loss accelerating in recent years. They predicted increasing frequency
droughts that will intensify the shrinking volume despite recent signs of rising levels
(Mirgol et al., 2021). These trends will change the ecological matrix of the lake
region. Areas of dense grass, sparse grass, and woodlands have declined sharply in
the southern part of the basin. Forests have diminished to only 5% of the region.
Growing pasturelands and diminishing soil cover are similarly problematic. By the
year 2027, the intensification of irrigated agriculture is expected to grow by nearly
9000 ha and rain-fed agriculture is expected to grow by 1000 ha, further threatening
the region’s biodiversity. Shakeri (2021) reports that the land-use change and water-
resource challenges emerging in the basin are exacerbated by increased residential
land use (increasing 40% over 20 years), creating multiple and compound threats to
ecological stability.

The considerable expansion of salt pans to the south and west of Lake Urmia may
have further consequences like intrusion of salts into aquifers and salt storms that
will yield social consequences like those experienced around the Aral Sea. Within
the last decade, most of the land around Lake Urmia Lake has been rendered
unusable; causing serious problems for northwestern Iran’s agriculture and industrial
productivity (Ghale et al., 2017). The increasing stress from droughts, dams, envi-
ronmental degradation, and rapid growth of agriculture in the basin have created a
state of perpetual environmental crisis and the socio-ecological system is rapidly
losing resilience (Fathian et al. (2014). Yet agricultural and water plans don’t seem
to be sufficiently robust to counter the negative impacts of the interaction between
climate and land-use change on residential development, ecosystem services, or
biodiversity (Shadkam et al., 2016). Managing these complex interactive effects
requires an integrated sustainable land-use management approach that draws upon
indigenous and other forms of community knowledge, beyond the agricultural
productivity gains asserted through national-scale land-use policy.

Within land-use policy networks in Iran, the controversy has centered upon the
urban fringes (the spaces where agricultural land meets urban and residential devel-
opment). This is also referred to as the urban hinterland. Policy debate around
settlements within the LUB focuses on whether agricultural land in the fringe should
be maintained, expanded, or converted to other uses. This debate may be regarded as
either pro-rural or pro-urban policy perspectives. The pro-rural viewpoint sees
conversion of land to urban uses as having negative impacts: reducing agricultural
jobs, destroying prime agricultural land, displacing indigenous peoples and liveli-
hoods, and wasting investments that have been made on irrigation infrastructure.
This change could affect agricultural production and threaten national/regional food
security. Pro-ruralists conclude that agriculture should be protected and expanded to
increase food production. Pro-urbanists, however, argue that land conversion could
be a logical consequence of urban growth. Reduced food production, they argue,
could be solved by agricultural intensification and improved technologies for food
production. Land conversion, in their view, is not a threat, but an opportunity for
agricultural innovation. The result of this debate is that the solution to the super-
wicked problem for sustainable ecology and water management is stymied by a
framing conflict created by the competing visions for social development, land
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productivity, and technology. In both cases, land-use policy ignores the long-term
risks that land conversion will have on the ecological system in favor of the
immediate goals of fulfilling acute human needs. Without agreement on the core
goals of a sustainable management strategy, there will be no consensus upon an
answer and environmental degradation will accelerate to the detriment of all in the
region.

9.3 Discussion

The gradual drying of Lake Urmia and interactions between climate change and
land-use change have created significant regional socio-environmental challenges
that include the destruction of agricultural lands and pastures, inadequate potable
water, deteriorating air quality, and increased migration away from communities
near the lake. Land-use change and climate change generate substantial negative
impacts on biodiversity and rural livelihoods within the LUB though there is little
research into the interaction of these two drivers. Their combined effects compound
one another and make current adaptive solutions and conservation management
strategies insufficient to sustainably manage the ecosystem services of the basin.
This chapter finds that the evidence of droughts, decreasing precipitation, and
increasing temperature collectively demonstrates that the climates of the LUB are
changing (Balkanlou et al., 2020). Its interaction with land-use change presents
significant challenges for local and provincial planning authorities and national
natural resource managers. Focusing only on environmental matters like greenhouse
gas emissions reduction is not enough. The poor levels of environmental monitoring
and regulation, the failures of agricultural and land management stakeholders to
follow scientifically based rules, the inappropriate enforcement of protections for
biological resources, and the weak coordination within the Iranian state together
promote adverse socio-environmental outcomes. From the farmers’ point of view,
with the collapse of traditional irrigation systems and the disappearance of local
sovereignty, both water resource reserves have been destroyed, and social capital
and the most fundamental ethics have been infiltrated. A practice that seeks to
maximize individual profit and gain regardless of the possibility of future resource
availability and severely undermines local governance, and ultimately the outcome
of all these were water crisis conditions over the past few decades. Although farmers
use their strategies in the absence of a legitimate governance system to manage the
status quo and try to establish individual or collective order on a micro-kinship-
neighborhood scale, the results are counterproductive in two ways. Consequences
that will intensify the crisis in the form of conflict and divergence will lead to the
withdrawal and transfer of agricultural lands, and or as a group that will try to
overcome the current crisis with resistance and hope. Stronger focus on policies that
build community resilience includes changing to knowledge and attitudinal perspec-
tives amongst farmer-stakeholders to longer-term views that support
pro-environmental agricultural practices and that minimize their vulnerabilities
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through education and awareness. They can improve adaptation and overall climate
literacy in the face of these threats (Milef & Sladek, 2011). However, following the
Islamic revolution in 1987, Iran has been deeply affected by multilateral (UN) and
unilateral (USA) international economic sanctions, reducing the socio-economic and
political capacities of national and regional authorities to plan for a sustainable
future. They are forced to simply strive to extract food and water and to manage
land in the LUB to meet short-term needs at the cost of longer-term ecosystem
stability.

International best practices for land-use planning and climate-change response in
the USA and China involve operational and integrative approaches premised on
extensive financial and research support. In the USA, this includes integration of
satellite-based remote sensing with ground-based observational networks, and multi-
agency coordination (between the Department of Energy, Environmental Protection
Agency, and Department of Agriculture, among others) using integrative analysis of
comprehensive scientific and ecological information to form coherent policy (Wang
et al, 2016). In China, the Organization of Environmental Protection
(in coordination with 30 other government agencies) provides extensive financial
and research support to prevent the degradation of pastures and other productive
lands, as well as for climate dynamics and land-use modeling efforts from which
global socio-economic development planning is based. Though these exemplars
provide a basis from which to understand best practices, the smaller pool of
resources for environmental monitoring in Iran, the lack of integration across
government departments, and the lack of political will toward sustainable planning
remain key barriers to the sustainable management of the LUB.

9.4 Conclusions

Land-use change is intertwined with changing climates as both are consequences of
and promoters of increasing global warming (Dale, 1997). Building dams for
electricity, water storage, or irrigation water is land-use change that affects hydro-
logic processes and spawns other direct impacts upon regional and global atmo-
spheric conditions (Taherei Ghazvinei et al., 2016). Other land-cover changes like
deforestation, road construction, and agricultural cultivation on steep slopes produce
similar local-to-global impacts (Santika et al., 2017). Yet a changing climate is often
considered to be a factor driving land-use and land-cover changes (Marshall et al.,
2018). As many have demonstrated, climate change has prompted land-use changes;
there is a positive feedback for both of these facets of environmental change (Peters
et al., 2019; Hohmann et al., 2018). The importance of this interaction and the role of
the aquatic ecosystems (wetlands, mudflats, natural and artificial basins, lagoons,
ponds, and swamps) become increasingly significant over time as we collectively
undermine the ecosystem services that support human development. These chal-
lenges are most acute in lake systems and other wetland habitats as these delicate
socio-ecological systems rapidly lose their resilience to multiple interacting changes
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(Faramarzi, 2012). Modern land-use practices and policies in Iran and beyond focus
too strongly upon increasing the short-term supply of material goods to meet acute
(often local) human needs and undermine the fundamental ecosystem services that
support regional to global needs over the longer term. Land-use policies that
emphasize either urban (construction) or rural (agricultural) land allocation have
an enormous impact on ecosystem sustainability and this is a global issue that
reaches far beyond local decision-makers and indigenous communities (Delattre
et al.,, 2015). Confronting the worldwide environmental challenges of land use
would require assessing and managing inherent trade-offs between meeting and
maintaining the capacity of ecosystems and the immediate human needs for goods
and services well into the future.

The LUB is an important and valuable ecosystem; one that is deeply significant to
local, national, and international environmental protection communities. We need a
new integrative management approach (e.g., Esmaeilnezhad et al., 2021) to address
the challenges of the basin to reach sustainable water use and ensure conservation of
the lake ecosystem. A new strategy must be holistic in its approach to understanding
the interaction of climate and land-use change: it must have the capacity to mediate
competing land--use perspectives against long-term ecosystem-service provision,
changes in agricultural capacity, and changes resulting from long-term climate
change, and should aim to directly halt and reverse ongoing processes of degrada-
tion. Consequently, policymakers must improve their understanding of the water
resources system and its different components within the basin by striving to
understand the socio-hydrological elements of the lake system (Pouladi et al.,
2021). Lessons from indigenous knowledge practices elsewhere in Iran provide
particular insight. Water sharing and long-term management practices within indig-
enous Iranian communities have shown long-term sustainability across multi-
generational timeframes (Ghorbani et al., 2021), primarily because water resources
are managed within socially prescribed limits to meet local agricultural needs
without exceeding the carrying capacity of the local common pool resource
(Hosseini et al., 2011). Learning from such cases can assist in the development of
new water management plans. The most recent plan to rescue the lake involves
rapidly decreasing irrigation water use by 40% (Shadkam et al., 2016). This will
create, however, social and economic pressure for the residents that depend on water
access for sustainable livelihoods. The LUB is gaining increased public scrutiny,
with civilian dialogue on the potential environmental threat and the unwanted
economic, social, and cultural consequences of new management plans on the
area’s inhabitants. An integrated approach to land-water use planning and climate
change adaptation that learns from indigenous knowledge elsewhere in Iran would
improve agricultural development in the region and reduce the desiccation of this
hyper-saline lake. But the approach must be one that all stakeholder groups, includ-
ing agricultural water users, can agree with.

Finding a balance between what is needed for both settlements and regional or
national food systems and for longer-term ecosystem stability is critical for the long-
run sustainability of water resources. Prediction of water-balance components could
be a valuable component of water supply analysis and watershed management, and it
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could help to prevent land degradation, to estimate water availability for irrigation, to
enhance food security, or to calculate the amount of groundwater withdrawal that
would be sustainable. While international assistance remains an important aspect of
future environmental management policy and practice, Iranians, as those who live
with developing economies, must lead regional restoration of Lake Urmia and
provide their insights into the management of other major fresh and saltwater bodies.
In fact, without a pragmatic action plan, the country faces severe water stress that is
increasing the already considerable problem of hunger within the country. Land use,
climate change, water management, and human development policy cannot be
separated into discrete problems for policy formation or planning. Any sustainable
long-term management plan must be based on a strong assessment of the interactions
of land-use change and climate change and their effects on natural resource avail-
ability and resilience, and on the stability of ecosystem services. The allocation of
agricultural and urban land uses must be accomplished in ways that reduce long-term
risks by placing basin restoration at the heart of future planning in a way that
indigenous approaches to water management have done for centuries, if there is to
be a concerted effort to maintain and increase the recent gains in water availability in
the LUB.
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