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Abstract: Ongoing global climate change, which manifests itself in the greater
inter-annual variability of precipitation, rising summer temperatures, and increasing
periods of droughts, is likely to affect the pace of arid land urbanization in three
distinct ways: (a) increasing migration of desert nomads into urban areas; (b)
restructuring of regional economies towards reducing the relative share of traditional
water-intensive agriculture, and (c) increasing the number of urban settlements in
arid regions due to expansion of deserts towards arid land fringes. The present
paper looks into the interaction between the climate change and urbanization in
arid regions and formulates recommendations for urban and regional development
policy aimed at a more sustained urban growth in arid regions.
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The Earth's climate is mainly influenced
by the solar energy, but also by the amount
of greenhouse gases and aerosols in the
atmosphere (O'Hare et al., 2005). The
concentrations of greenhouse gases such
as carbon dioxide (COz), methane (CH4)
and nitrous oxide (NzO) in the atmosphere
significantly increased since the beginning
of the Industrial Revolution, mostly as a
result of human activities, such as fossil
fuels burning, biomass utilization and
deforestation (Houghton, 2004). The
burning of fossil fuels has also resulted
in emissions of aerosols that absorb and
emit heat, and reflect light. These additions
of greenhouse gases and aerosols have
changed the composition of the atmosphere
and led to climatic changes that influence
temperature, precipitation, winds and sea
level on global and regional scales (EPA,
2007). It seems that climate change
processes are already happening, being one

of the greatest environmental, social and
economic threats facing the planet (IPCC,
2007a; ED Environment, 2008). According
to the prediction results of various global
climate models (see inter alia Wigley and
Raper, 2001; Stott and Kettleborough, 2002;
Knutti et al., 2003; Furrer et al., 2007),
without further actions to reduce green-
house gas emissions, the global average
surface temperatures are likely to rise by
a further 1.8 to 4.0°C by the end of this
century, and by up to 6.4°C in the worst
case scenano.

Climate change affects human systems
In three principal ways: first, it provides
a context for climate-sensitive human
activities, such as water shortage for
irrigation. Second, it affects the cost of
maintaining climate-controlled environm-
ents for human life and activity, and, third,
it interacts with other types of stresses on
human systems, such as rural-urban
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migration as a result of drought. In most
cases. climate change exacerbates the stress
that human activity imposes on the natural
environment (IPCC, 2007a).

Rapid urbanization in arid regions,
especially susceptive to climate change, is
a special concern, because it concentrates
people and economic assets in
environmentally high-risk areas and thus
increases global and regional vulnerability
to climate change impacts (Scott et al.,
200 I). Urban area in developing countries
is a good example of this impact, where
low capacity drinking water systems are
unable to deal with periodic droughts and
increased evaporation as a result of climate
warming, concomitant with rapid population
growth (IPCC, 2007b).

Today, more than a half of the world
population lives in urban centers, depending
on industry, services and infrastructures for
personal income, well-being and day-to-day
mobility (UN, 2006). According to the UN's
recent estimates, major population growth
in the next decades will take place in urban
areas, mostly in medium-size cities of I
to 5 million residents (or even in smaller
cities of less than 500,000 people). The
majority of these cities are located in the
developing countries, especially in Asia and
Africa, a sizable part of which are classified
as arid and semi-arid countries (UN-Habitat,
2003; IPCC, 2007b).

The present paper looks into the
interaction between the climate change and
urbanization in arid regions. It starts with
a brief review of climate changes on the
global scale and in different regions of
the world, especially those susceptive to
aridity. The analysis is followed by a brief
review of potential trends in urban

development patterns attributed to both
ongoing and potentially forthcoming climate
change. In particular, we discuss population
movements to and within arid regions and
their interaction with the urban environment.
Two types of population movements into
arid regions are evident today: migration
into permanent settlements (urbanization)
and short-term visits (tourism); both
urbanization and short-term migration
increase the pace of population growth in
the arid zones. Recommendations for urban
and regional development policy conclude
the discussion.

Climate Change Impacts on Arid
Regions

Arid regions and their climatic
characteristics

Arid regions are one of the largest
terrestrial biomes, where the potential
evaporation ratio exceeds the amount of
precipitation (Nicholson, 2002; Warner,
2004; Smithson et al., 2002). Their types
range between regions with sufficient
moisture (semi-arid, semi-desert regions),
where the precipitation is around 300 mm
per year, to hyper-arid regions (extreme
deserts), where the rainfall is 50 mm per
year or even less (Nicholson, 2002; Warner,
2004; Reid et al., 2005).

The core areas of the dry lands are the
subtropical high-pressure systems. Sinking
air from high altitudes, as a part of the
Hadley cell, tends to warm and dry during
us subsiding, which minimizes the chance
of rainfall (as in the Sahara desert). Mountain
ranges may also play a role, causing a
"rain shadow" on their lee side. For instance,
in Asia, the great Himalayan chain prevents
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the summer monsoon flow of the Indian
Ocean air from reaching the interior. Other
natural factors causing aridity are large
distance from water source (one well-known
example is the Gobi deselt) and the location
near a cold ocean current (e.g. Peruvian
coasts) (Smithson et at., 2002).

Due to their low agricultural
productivity, the deserts support no more
that 10 people per km2

, with the lowest
population density across all eco-regions
f the world (Reid et at., 2005).

Drought

Drought, commonly associated with
aridity, is a complex, multifaceted
phenomenon which is difficult to define
precisely. According to O'Hare et at. (2005)
and Heim (2002), it is a prolonged period
of abnormally dry weather, which causes
a serious hydrological imbalance. It has
number of facets: "meteorological drought,"
which is mainly a prolonged deficit of
precipitation; "hydrological drought," which
is related to below-normal stream flow,
lake and groundwater levels, and
"agricultural drought" that relates to
moisture deficits in the topmost layer of
soil (the root zone) that impacts crops (ibid).
Droughts occur in most countries, in both
dry and humid regions alike, and their spatial
extent and severity vary on seasonal and
annual timescales (WMO, 2006). Following
the Palmer Severity Drought Index-PSDI
(Palmer, 1965; Heim, 2002), evapotran-
spiration and drying are important factors
that contribute to droughts. Climatic models
predict that drought processes are
encouraged by an increase in temperatures
associated with a decrease in precipitation
(lPCC, 2007a).

Desertification

The transition zones surrounding deserts
have very fragile, delicately balanced
ecosystems. In these marginal areas, human
activities may stress the ecosystem beyond
its tolerance (or carrying capacity) limits.
By pounding the soil with their hooves,
livestock compact the substrate, increase the
proportion of fine material, and reduce the
percolation rate of the soil, thus encouraging
erosion by wind and water. Grazing and
the collection of firewood reduce or eliminate
plants that help to bind the soil. The result
is degradation of the land, causing
desertification, which leads to the expansion
of deselt-like conditions into non-deselt area
(USGS, 1997; Tarbuck and Lutgens, 2005).
Recent studies estimate that between 10-20%
of the dry lands are degraded because of
human intervention, creating an imbalance
between demand and supply of ecosystem
services. These critical services include water
for humans and livestock, water for sanitation
and irrigation, fuel, building materials, wild
food sources, forage and grazing, and genetic
resources, particularly of arid-adapted species
(Adeel et at., 2005; Hassan et at., 2005).

Desertification is a global phenomenon
that is spurred by climate variations,
especially by drought (Houghton, 2004;
O'hare et at., 2005). The progress of
desettification in drylands is likely to increase
in the next decades due to more frequent
and intense droughts, as a result of expected
climate change (Houghton, 2004).

Global climate change impacts on
arid regions

Global climate change is likely to affect
arid regions in several ways. According
to IPCC (2007b), theses influences, together
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PROS:

Unique mineral
resources

Healthy climate

Abundant land

Low demand - low
land cost

+
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EXOGENOUS FACTORS

CONS:

Remoteness

Isolation

Harsh environmental
conditions

Lack of previous
development

+• Growing shortage of land
for development in core
areas (specifically for
territory consuming
enterprises)

• Exhaustion of mineral
resources in non-desert
regions

• New knowledge about
desert climate and its effect
on human health

• Improvement in the
means of transportation

• Possibilities of local
production of fresh
water and its
transportation from
external sources;

• Network technology and
telecommunication

• Climate change

Fig. 2. Factors affecting urbanization in desert regions (after: PorlllOV and
Safriel, 2004)

L

resources are concemed. The "low-
resource" societies will thus require
substantial exogenous aid to achieve the
economy-transformation goal or will
otherwise sink even deeper into the vicious
circle of famine and poverty.

The expected global warming may also
accelerate the pace of desertification or
the process of geographic expansion of
deserts, which is already evident today
(Middleton and Thomas, 1997). This process
will draw the desert frontier closer to many
existing population centers, located today
in semi-arid zones, thus bringing more cities
currently located in desert fringes closer

to the desert; some of them will become
desert cities eventually. Thus, as a result
of climate change more non-desert people
of today are likely to become desert dwellers
of tomorrow, not by their own free choice,
but by the merciless forces of nature.

Conclusions

Two major factors hamper the
attractiveness of desert settlements for
newcomers limited employment
opportunities and remoteness from major
cities outside desert regions, which are major
national foci of employment, services and
cultural life. However, if these drawbacks
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are mitigated (e.g., as in Tucson and
Phoenix, AZ), desert cities may exhibit
impressive growth, outranking even
long-established non-desert communities
(Fig. 3). Although successful desert cities
such as Tucson and Phoenix are rather
unique cases, their success factors (that
is, the combination of infrastructure
development and employment creation) may
be emulated in other desert areas, thus
leading to more sustained urbanization
trends in the arid zones.

Achieving this goal will, however, require
a major change in the existing regional
development paradigm.

In our view, a main reason for the failure
of regional policy to achieve a desirable
interregional population shift towards urban
areas in arid zones is the so called
"compensatory approach" to selecting
development incentives. For instance,
regional policy makers may try to compensate

relative disadvantages of arid regions (e.g.,
a lack of previous urban development, harsh
environment, inferior infrastructure and
communication networks) by tax benefits
or more affordable public housing. These
measures may, however, have only a limited
effect on the interregional population change.

In contrast, the "counter-balanced"
approach we advocate assumes that relative
disadvantages of peripheral regions should
be counter-balanced rather than compensated
(Portnov and Etzion, 2000). For instance,
a lack of previous urban dev~lopment in
a peripheral arid region can be reduced by
creating dense urban clusters in which small
urban settlements share some essential urban
functions - employment, educational, cultural
and recreational services and facilities - where
each of the small localities cannot individually
sustain (POItnov and Safriel, 2004).

In order to diversify the employment
base of peripheral areas, another strategy
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- the strategy of redirecting prioritIes -
can also be employed. Such a strategy
assumes that development resources should
be primarily concentrated on a limited
number of selected urban communities in
the frontier areas (Portnov and Erell, 1998).
This should be done until these communities
become sufficiently attractive to both
migrants and private developers. Such
support can then be redirected, on a stage-by-
stage basis, to other frontier settlements.
Combined with traditional compensatory
policy mcasures (provision of public
housing, tax incentives, etc.), the
aforcmentioned development strategies may
improve substantially the quality of urban
life in arid regions by attracting more
migrants and private developers there.
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