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Abstract: This paper examines the linkage between desertification and security,
focusing on Central Asia. The first part of the paper discusses the theoretical
background and the second half concentrates on the situation in Central
Asia. The paper concludes with recommendations for policy options to prevent
desertification induced threats to security in the region.
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1. Definitions and aspects of security

The term “security” is a very general civil understanding of a value, a uni-
versally applied normative concept, which has different meanings. Basically
it is a political value which is strongly linked with individual and civil value
systems (Brauch, 2005a, 2005b). Security can be generally defined as the
absence of a threat towards a commonly understood value.

The traditional concepts of security based on national sovereignty and
territorial security were reviewed during the 1990s. A broader definition includes
non-traditional threats into the characterization of security (Kepner and
Rubio, 2003; Kepner, 2003a). A change could be observed from solely
military threats towards an inclusion of various other challenges: less
urgent and non-violent, soft security problems such as migration and
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TABLE 1. Broadened security concepts

Label

Reference object

Value at risk

Sources of threat

National security
Societal security
Human security

Environmental
security
Gender security

The state
Societal groups
Individuals,
mankind
Ecosystem

Gender relations,

Territorial integrity
National identity
Home, group
survival
Sustainability

Equality, identity,

State, substate actors
Nations, migrants
Nature, state,

globalization
Mankind

Patriarchy, totalitarian

indigenous people, solidarity institutions

minorities (governments,
churches, elites),
intolerants

Source: Brauch, H.G. 2003

starvation (Brauch, 2005a). The fundamental changes of the international
political setting observed during the 1990s resulted in new vulnerabilities
and risks which are differently understood and interpreted (Brauch, 2005d).
Simultaneously, the concept of security was deepened in the sense of a shift
from state (national security) towards the individual (human security) — dif-
ferentiations are nowadays made between international, regional, national
and civil security (Brauch, 2003) Hence, new points of reference were added.
Additionally, a sectoral classification was introduced; terms like energy secu-
rity, food security, water security etc. are nowadays commonly applied and
understood. Table 1 summarizes some of the broadened security concepts as
explained above.

Besides objective criteria for security definitions, the perception of the
affected people is of fundamental importance because they will act accord-
ing to their interpretation of the situation rather than the objective condi-
tion. Therefore, A. Wolfers already distinguished in 1962 between objective
and subjective security. Objectively, security measures the absence of threats
towards acquired values — the actual situation is being measured. On the other
hand, the objective security may not necessarily correspond to the security
situation as people perceive it. The subjective security therefore means the
absence of the fear that acquired values are under threat (Brauch, 2003).

2. Environmental Security

According to Brauch (2005d), environmental security is understood as a
so called soft security challenge. Until today no common understanding
has been found regarding the definition of environmental and ecological
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Resource Scarcity
v Disaster,
A _ Social, Migration,
Environmental Stress Economic, > Socio-political
Y Political Process Crisis,
Desertification Conflict

BOX 1. Conceptional relationship between environmental stress and social, economic, politi-
cal and demographic consequences
Source: Myers (2005), adapted from Brauch (2003)

security. Desertification and Droughts are increasing soft security challenges
causing environmental and social vulnerabilities. Under specific global,
national, regional and local conditions they may lead to considerable civil
consequences, for example, general strikes or revolts caused by starvation
(Brauch, 2003).

Especially poor people, who base their livelihood more or less directly
on the use of local natural resources, are fundamentally affected by proc-
esses decreasing environmental quality and deteriorating the availability of
natural resources. Indeed it is a vicious circle because poverty contributes to
degradation of natural resources and a degradation/deterioration of natural
resources on the other hand again intensifies poverty.

Box 1 depicts the conceptional relationship between environmental stress
and social, economic as well as political and demographic consequences.
Especially under situations of dense population and direct dependence of
people on natural resource use, resource scarcity and desertification both
may lead to environmental stress. This again may directly lead to security
consequences e.g. due to disasters or migration or have an impact on the
social, economic and political situation. If the situation of the people consid-
erably deteriorates, it again may lead to an increase of crises and/or conflict
potentials.

3. The Connection between desertification and security

As desertification goes hand in hand with negative environmental changes,
there is a linkage between environmental changes and social, economic as
well as demographic problems'. This linkage has been researched in four
phases since the beginning of the 1980s. Much is known about the individual
factors leading to drought, migration, crisis and conflicts but the knowledge

!'See also Kepner and Rubio, (2003)
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about the linkages and intertwinements of the disastrous consequences is
still incomplete.

Nevertheless, we know that desertification creates a challenge for security
and livelihood especially for poor populations. It affects individuals, fami-
lies, villages, regions and their security in a vicious circle, because poverty
contributes to desertification and desertification processes again intensify
poverty (Brauch, 2003). The consequences for the population are diverse and
may include increases in water scarcity, malnutrition and starvation, migra-
tion and deterioration of social status.

As it is one contributing factor for political, social and economic instability,
desertification is tightly connected to some of the sectoral security concepts:

e Desertification affects the food security because it may cause starvation,
which again may lead to migration.

e Desertification affects the health security because it may lead to malnu-
trition and undernourishment leading to increased sensitivity towards
diseases and illness; increase child mortality.

e Desertification influences the livelihood security because it may force peo-
ple to leave their homes and migrate as the degraded land can not provide
their base of livelihood anymore.

e Desertification has an affect on the national security because riots and
turmoils due to starvation pose a risk for stability of the countries’
regime and the survival of the government.

e Desertification affects social security because large scale immigration and
scarce resources (water, soil and food) represent a threat for the national
identity.

e Desertification concerns the international security because cross-bound-
ary mass migration induced by environmental factors may lead to ethnic
clashes.

In conclusion, it may be stated that desertification and other environmental
damages contribute to economic marginalization of parts of the rural popu-
lation and therefore are crisis intensifying factors in a commonly complex
arrangement of numerous conflict and crisis factors.

4. Situation in Central Asia — competition for scarce environmental resources

All Central Asian countries have very limited abundance of the three basic
natural resources ‘fertile land’, ‘clean water’ and a clean and healthy environ-
ment. At least one of those resources, often two, is in short supply in many
areas of the region as they are very unevenly distributed.
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TABLE 2. Natural geographical and demographic factors

Kazakhstan

Kyrgyzstan

Tajikistan

Turkmenistan Uzbekistan

Area
Population
Population
growth, p.a.
1980-2000,
in %
Population
growth, p.a.
2000 - 2015,
in %
(forecast)
Geography

Arable land
Rural

2.717.300 km?
15 million
0,0

0,2

=~ 90%
steppe

11%

22

198.500 km?
5 million
1,5

1,1

~90%
mountains

7%

236

143.100 km?
6,5 million
2,2

1,5

=~ 90%
mountains

5%

611

488.100 km?
5,5-6 million
3,0

1,3

= 90%
desert

4%

173

447.400 km?
25 million
2,2

1,3

~ 90%
desert

11%

342

population
per km?
arable land
Freshwater
resources
per capita/
1000m?
Freshwater % 31 0 17 98 86
from other
countries

7,4 9,5 12,9 11,7 4.6

Source: Gravingholt (2004), page 75 (data from EBRD (2002a); EBRD (2002b, 2002c, 2002d); EBRD
(2001a, 2001b); World Bank (2002a); in part own calculations of Grévingholt)

Many different pressures are put upon the already scarce environmental
resources and sensitive natural ecosystems of the region. Considerable popu-
lation growth and hence increase in densely populated areas (e.g. Fergana
Valley) combined with inadequate land use activities lead to widespread
land degradation, water pollution and general degradation of the ecological
situation. Given a high dependency especially of the poor rural population
on environmental resource quality and availability, those different pressures
create a dangerous mix increasing the potential for (violent) conflicts over
land and water resources, migration activities induced by a loss of natural
livelihood basis and general food and health crises.

Desert, steppes and high uninhabitable lands are widespread in Central
Asia and leave only very limited place for agricultural activities and urbani-
zation. Especially Turkmenistan and Uzbekistan built up large irrigation
systems to sustain agricultural production too often based on monoculture,
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inadequate for the given natural system and conditions and consuming large
quantities of water while this resource is scarce, its inflow coming from
neighboring countries like Kyrgyzstan and Tajikistan.

According to Grévingholt (2004) Uzbekistan must be considered to be the
country with “the largest long-run socioeconomic risk potential” in Central
Asia due to its demographic background, its central geographic location and
the lack of a plausible development strategy. Nevertheless, Kyrgyzstan and
Tajikistan likewise are at risk of encountering strong socioeconomic challenges
due partly to their environmental situation, the lowest per capita incomes of the
region and because of their direct linkage with developments in Uzbekistans’
most densely populated area in the Ferghana Valley.

Kazakhstan has been improving its economic development and manage-
ment of the economic transformation more successfully mostly due to its wealth
in natural resources. Nevertheless, this should not divert the attention from the
continued difficult social situation of the large part of the rural population. The
transformation of the agricultural sector still remains incomplete, which leads
to widespread problems of land degradation especially due to an inadequate
legal and institutional settings and performance. Especially small scale farmers
often overuse common land areas leading to intense land degradation around
villages. With regard to environmental migration, tens of thousands of people in
the region of the Aral Sea and other degraded land areas of Central Asia were
displaced due to the changes of environmental settings (Myers, 2005).

All in all the question whether those environmental security factors due
to desertification problems in the region will lead to an open outbreak of
crises and conflicts, depends largely on the setting of other conflict potentials
of Central Asia.

According to Gravingholt (2003) one should investigate three different
problem areas:

1. Structural conflict causes

2. The ability (or lack of ability) of a society or state to overcome conflicts
in a constructive way without applying violence and to find a solution
which is legitimate and generally accepted.

3. Conflict aggravating general security risks.

Table 3 summarizes the situation in Central Asia as worked out by
Griavingholt (2004). This provides a picture of a high complexity of conflict
potentials in the region and shows that environmental changes due to deser-
tification processes are regarded as substantial additional factors potentially
weakening the rather sensitive security situation. Nevertheless, the situation
differs in several cases between the countries, which should be kept in mind
when interpreting the data.
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5. Policy Options to prevent desertification induced security problems
in Central Asia

Several recommendations can be derived from the existing security hypoth-
esis for policy options with regard to desertification. All of those aim at
creating long-term sustainable livelihood conditions and, hence, contribute
to prevent conflicts and crises due to negative environmental changes.

The regional planning in rural areas should take into account and har-
monize both agricultural production and development of urbanization
(development of villages and towns). Furthermore, a strong focus should be
placed upon sustainable land use planning and management of desertifica-
tion prone areas concentrating on vegetation, soil and water conservation
strategies and agricultural practices which are in line with the former.

Participation of the local population in planning activities and consid-
eration of traditional knowledge is of utmost importance to achieve long-
term sustainable and generally accepted and legitimate results. These should
therefore be actively promoted and supported. Legislative, institutional and
regulatory measures and performances should be reviewed and adapted to
reform land tenure, conservation strategies, harvesting, land use and water
management practices and empower local rural communities such that they
may actively participate in the recommended changes in land management.

A review and adaptation of federal response plans to open crises (e.g.
migration) related to desertification problems should take place such that
each country is prepared to manage and overcome desertification related
conflicts in a constructive and legitimate way leading to commonly accepted
solutions.

An increase of regional cooperation and agreements with regard to
transboundary desertification problems (e.g. Aral Sea Crisis; transboundary
conflicts over water use) has to be undertaken.
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CHAPTER 3
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Abstract: Agriculture in Central Asia was mismanaged for decades under
a centralized command economy. The continuing legacy of this period is
severe land degradation in the form of soil salinization and erosion, elevated
groundwater levels caused by poorly managed irrigation systems, the drying
of the Aral sea, and the chemical and nuclear pollution of water and soil.
This paper provides an overview of how these failures occurred and describes
some of their negative social and economic impacts.

Keywords: land degradation, salinization, Central Asia, Uzbekistan, irrigation

1. The causes of desertification in Central Asia

Widespread desertification occurs in many parts of Central Asia. This envi-
ronmental degradation is caused by socio-economic factors, the main rea-
son being the overall incompatibility between regional production systems,
which were formed in the past, and the regional ecosystem. This mismatch
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has occurred as a result of ignoring both the laws of nature and economics,
as evidenced by the wasteful exploitation of water, land and other natural
resources under the centralized economic and administrative system. This
overexploitation has taken several forms.

The monoculture of cotton destabilized both the environment and the
regional agricultural system by constraining the growth of other agricultural
subsectors such as horticulture and grain, forage and livestock production.
Monoculture and the expansion of irrigation also lead to shortages of irriga-
tion water, the drying of the Aral Sea, and eventually to the Aral ecological
crisis and the spread of desertification processes across a large territory. The
diversion of water for irrigation needs from Amu Darya and Syr Darya riv-
ers disturbed the balance between the flow of water into the Sea and the loss
of water to evaporation, which has been disastrous not only for the sea itself,
but for the whole Aral basin, leading to large scale and potentially irrevers-
ible environmental transformations.

An additional important factor leading to desertification in Central Asia
has been inappropriate irrigation which has lead to salinization. Large-scale
dams were built starting in the 1960s. These have promoted salinization
and increased ground water levels in low lying areas characterized by poor
natural drainage. The expansion of areas of irrigated land at higher eleva-
tions has also damaged the productivity of older irrigated areas in the valleys
of rivers or on the margins of plains adjacent to mountains, which are being
waterlogged by underground flows from higher areas of newly developed
cultivation. A clear example of this process is the declining productivity
of older irrigated lands in the Andijan region of Uzbekistan after people
started to irrigate surrounding areas up slope. Cotton yields decreased from
30-35 centners/ha in the 1960s and 1970s to 20-22 centner/ha in the 1980s,
and it is possible to give many such examples.

Unfortunately, specialists engaged in developing new irrigation systems
also did not consistently implement scientifically recommended practices.
Research in Turkmenistan, Uzbekistan and other regions demonstrated that
increasing salinization was caused both by the construction of an insufficient
network of water collection and drainage facilities and by the uniform appli-
cation of technologies that were unsuited to the diversity of landscape and
ecological conditions. Deterioration of these facilities and uncontrolled water
use over a protracted period of time has also contributed to the problem.

Human population growth has exacerbated the situation. The population
in the Central Asia in 1913 was 7.27 million people, in 1980 26.8 million, in
1990 33 million, and now is over 45 million people, i.e. the population has
grown by 5-6 times in the past century. This growth has taken place in arid
and semi-arid areas prone to desertification. For example the population of
Uzbekistan grew by 3.5 times between 1913 and 1979. In Turkmenistan, in



CAUSES AND SOCIO-ECONOMIC CONSEQUENCES 35

1913 the population was 1.04 million people and in 1995 4.48 million people
— an increase of more than four-fold in less than a century.

Feeding this expanding population was possible only on the basis of fur-
ther expansion of the area of irrigated land or improvements in the system
of irrigated agriculture. Since technical improvements gave results only after
a period of time, primary attention was concentrated on the development of
virgin and fallow lands, through the construction of dams, water reservoirs
for regulation of water flow, and canal construction to divert the flows from
the Amu Darya and Syr Darya into the basins of other rivers with low water
or to arid districts. Reconstruction and improvement of the irrigation net-
work took place, but it was insufficient to prevent large losses of water from
canals due to leakage and infiltration.

Thus, the potential capacities of land and water resources for many years
were used extremely irrationally and the condition of the land deteriorated
due to technical mistakes, dictatorial approaches to choosing the strategic
direction for water development, and agricultural mismanagement. The
result has been the aggravation of the ecological situation and declining liv-
ing standards.

2. Socio-economic consequences of desertification processes
in Central Asia

Desertification in Central Asia is becoming more serious and more extensive.

The Aral Sea catastrophe has had a negative impact on the living condi-
tions and the quality of life of 45 million inhabitants of the Aral Sea basin.
High levels of unemployment, declining incomes, out-migration, reduced life
expectancy, and increased child mortality are some of the indicators of this
continuing ecological and social catastrophe.

Many publications are devoted to the problem of the Aral Sea; a number
of regional and international meetings and seminars have addressed the topic,
and special organizations have been established to deal with the problem. At the
present time it is appropriate the think of the entire zone as a region in ecologi-
cal crisis, which involves not only desert districts and the area adjoining the Sea
itself, but also oasis, plains and nearby mountains. It is possible to predict that
with time this crisis will continue to grow and that its coverage will expand.

From the perspective of the region’s natural ecology, the vast irrigated
areas of Central Asia constitute a qualitatively new natural-technological
system with unknown properties. Due to the revolution in agriculture that
has occurred in the last forty years, the region has been turned into a large
source of salt, dust and moisture. What should be recognized is that the
ecological and socio-economic conditions in the Aral basin are deteriorating
across many parameters.
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For over 60% of irrigated land in Central Asia the level of underground
water exceeds the critical ceiling of 2 meters. As a whole the Central Asian
region is therefore characterized by very high levels of salinity for irrigated
land. At present, out of 8 million hectares of irrigated land in the Aral basin,
over 60% is salinated to some degree and around 70% of this land is natu-
rally poorly drained and requires complicated technical improvements if it is
to be used on a sustainable basis.

According to the opinion of the majority of specialists, the most acute
problem of the region is secondary salinization of lands and, related to this,
the diversion of mineralized agricultural drainage water. However, out of
8 million hectares of irrigated land only 4.5 million hectares are provided
with a system for collecting and disposing of used irrigation water. Drainage
discharges into the Amu Darya and Syr Darya have resulted in mineraliza-
tion which reaches more than 2 g/liter of water during selected periods in the
middle and downstream sections of these rivers. The discharge of drainage
waters into natural lowlands has created 2,300 lakes in the Aral Sea basin
covering a total area of 8 thousand km?.

The most intensive development of irrigated land took place in the 1970s
and 1980s, when around 1.4 million hectares of new land were developed,
which is why gross agricultural output increased. However, as the result of the
extensive nature of these developments, the salinization of agricultural land,
and population growth, agricultural production per capita decreased from 1980
to 1993 by 24%. This circumstance aggravated food supply problems, increased
dependence on imported foods, and promoted unbalanced diets dependent
upon cereals (Alibekova, 2000). Total loss of agricultural output from irrigated
land in Uzbekistan has been 30%, in Turkmenistan 40%, in Tajikistan 18%, in
Kazakhstan 30%, in Kyrgyzstan 20% (Glazovsky and Orlovsky, 1996). These
figures allowed the American scientist H.E. Dregne to estimate in 1986 that in
Central Asia 70% of land already could not be improved.

One of the main problems of irrigated agriculture of the Central Asia is
the environmental impact of discharged irrigation drainage water. Irrigated
agriculture takes around 90% of the flow of the Amu Darya and Syr Darya.
At this rate of extraction, the volume of drainage waters is over 35km?. On
the basis of the analysis of aerospace data it has been established that during
last 30 years in Central Asia agricultural drainage water has flooded around
800 thousand hectares of land, effecting 930 thousand hectares where fodder
crops were replaced by low value grass. For example, due to declining water
availability, the area of haylands between the Talas and Assa rivers decreased
by 75%, while the productivity of pastures was reduced to 1-1,8 centner/ha.
As a result the cost of producing livestock products — meat, wool and astra-
khan fur — sharply increased. Productivity of saigas decreased from 18 kg per
animal in 1961 to 15kg in 1984.
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One of the most dangerous phenomena which lead to various socio-eco-
nomic consequences in recent decades is a significant increase in atmospheric
dust and the development of powerful sand and salt storms.

Drying of the Aral Sea has lead to the creation of large territories of
open sea bottom, which are enriched with salts, fertilizers, pesticides, rep-
resenting a very strong and virulent mix which is dangerous for people and
for the environment. Small particles are very soluble and prone to wind
erosion. It was calculated that annually 70 million tons of salts are taken
off the Aral Sea basin and deposited over an area of one and a half to
two million km?, damaging farms significantly. Agricultural regions, such
as Tashauzski and Karakalpakstan, located close to the former shores of
the Aral Sea, have in particular experienced the impact of salts from this
source.

Intensiveness of dust deposition depends first of all on the level of
remoteness from sources of withdrawal, but numerous observations of dust
on the surfaces of mountain glaciers are evidence of its intensiveness. The
pollution of snow cover in the mountains of the Central Asia covers all high
altitude zones, including the highest peaks. Increasing pollution on the sur-
face of mountain glaciers acts as a melting catalyst. As a result, from 1959
to 1980 glaciers in Central Asia decreased in size by 19%.

Thus the problem of desertification in Central Asia is more serious than
previously thought. 60% the territory of Uzbekistan and Kazakhstan and 66%
of the territory Turkmenistan are prone to anthropogenic desertification.

Now we will briefly examine the processes of desertification, the eco-
logical situation and their socio-economic consequences within individual
republics in Central Asia.

3. National trends

Kazakhstan is a country especially prone to desertification. For Kazakhstan
the coincidence of unfavorable natural and anthropogenic impacts has accel-
erated desertification. At the present time 63 million ha. of degraded pas-
tures have been reported, which makes up over 30% of total pastures, as well
as significant areas of pollution caused by nuclear test sites in the country. In
the 20 million ha designated for the military, over 500 nuclear tests were car-
ried out. According to expert opinion, the impact of military-space complex
and effected not less than 1 million people (Yakovlev and Yakovleva, 1996).
Arable land has lost 20-30% of its humus, 12 million ha. are subject to wind
erosion and 50% of irrigated land is prone to secondary salinization.

In Kyrgyzstan processes of soil erosion cover an area of 5.5 thousand km
and the salinization of irrigated land effects one thousand km?. As a result of
pasture degradation, grassland productivity has decreased by 30-40%. In the

2
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last half century the forested area has declined by half and today the total
area of forests is less than 4% of the territory of the country.

In Tajikistan secondary salinization and erosion have been observed in
many agricultural areas and the productivity of pastures has decreased by
40-60% in the last 25 years. Areas of eroded land in the country comprise
98% of total area of agricultural land. Land slides are increasing in moun-
tain districts due to economic activities such as tree cutting, uncontrolled
irrigation, and the leakage of water from dams.

One of the most important ecological problems of Turkmenistan is
salinization of soil as a result of irrigation and dam construction, which
has caused the water logging and created alkali soils. Almost 90% of irri-
gated land of Turkmenistan presently is in unsatisfactory condition due to
salinization. Total average annual accumulation of salts on the plains of
Turkmenistan, for instance in the area of the Karakum channel, totals 9-10
million tons per year.

Ninety-nine percent of land is irrigated predominantly through surface
irrigation through furrows. Total losses of water in irrigation systems com-
prise around 12km?, i.e. a half of total volume of water used in the coun-
try. The greater part of this water is lost through filtration, as the result of
which large areas of land along channels become useless. Losses from the
Karakum Canal are particularly high and are visible from the air because
the numerous lowlands filled with water can be easily identified due to dense
growths of reeds. For many kilometers back from the canals valuable fodder
crops have been replaced by poor species. Thus, agriculture in Turkmenistan
is currently facing and in will face in the future desertification problems in
irrigated zone.

For the republic Uzbekistan, over 80% of the territory of which is occu-
pied with deserts and semi-deserts, the issue of combating desertification
is very relevant. Due to human activity 60% of the territory of Uzbekistan
has been exposed to desertification of various stages, which damages the
national economy.

The bulk of all crops (95%) are produced on irrigated land, which occu-
pies 15% of all cultivated land of the country. The area of irrigated land
in the republic is 4.3 million ha. and Uzbekistan spends around 90% of its
available water resources on irrigation. According to data collected by the
Uzdaverlioha Institute, salinated lands in the republic in 2003 comprised
66% of agricultural land (24,463 thousand ha.) and very-salinated land areas
constituted around 35 percent. Cotton productivity decreases from 32-42
centners/ha. to 18-25 centner/ha. with increasing salinization. Soil saliniza-
tion also has a negative impact also on quality of raw cotton. Annual eco-
nomic losses due to salinization are large and are estimated at around 1,000
million USD (Mahmudov et al., 2002).



CAUSES AND SOCIO-ECONOMIC CONSEQUENCES 39

It is necessary to emphasize special problems of the Syr Darya and
Dzhizak regions of the Republic Uzbekistan, where ecological conditions
have worsened dramatically during the last decade. Areas of low and medium
levels of salinization expanded from 30-50% in 1991 to 75-80% in 1999. This
deterioration is related to the transformation in 1991 by Kyrgyzstan of the
hydrological regime of the Toktogul water reservoir from production of
water for irrigation to energy production, which has shifted the timing of the
Syr Darya floods from spring to winter.

Thus, the main cause of salinization of soils and decreased productiv-
ity of the most important crops in the Syr Darya and Dzhizak regions of
Uzbekistan has been increased soil water logging as a result of the flooding
of the Aidarkul lakes and Syr Darya River in the autumn and winter period.
The total economic damage for Uzbekistan has been over one billion USD
(Mahmudov et al., 2002).

Ignoring local landscape in the design of irrigation schemes has also con-
tributed to elevated groundwater levels and salinization in areas character-
ized by poor natural drainage. For example, the level of ground water is 1.5
meters for 70% of irrigated land in downstream Amu Darya areas, and for
50% of irrigated land along downstream sections of the Zarafshan River.

Inappropriate crop rotations also contributed to the problem. The area of
land under perennial legumes in crops rotations was reduced in favor of cotton
monoculture. This required excessive irrigation, and the heavy use of fertilizers
and led to the gradual reduction of the humus content of the soil to 40-50%
over the course of 40 years. Starting in the 1980s, these processes have produced
declining crop yields and an estimated total yield loss of 30% in Uzbekistan.

Pastures in Uzbekistan occupy 85% of agricultural land or 23 million ha.
and are the main source of support for over 10% of population. However,
the economic and productive potential of these pastures is not realized. As
a whole across the country over the last fifteen years the productivity of
pastures has decreased on average by 23%, and average output of dry edible
forage for grazing has been reduced from 2.4 to 1.8 centner/ha.

Pollution of natural environment of Uzbekistan due to excessive use of
chemicals in the 1970s and 1980s has produced what could be called chemi-
cal desertification. In this respect Uzbekistan led the former Soviet Union.
Around 80 different types of preparations were used in cotton production, at
levels of up to 50kg and over per hectare, which were fifteen to twenty times
the average application rates in the USSR. The huge costs for the use of
agricultural chemicals and expanding the area under irrigation were not eco-
nomically justified, and also did irreparable damage to the environment and
to the health of the population. Before the collapse of the USSR, Uzbekistan
had the highest morbidity in the Union; child mortality exceeded 32%, and
was even higher in the worst effected areas of the Aral basin. From 1990 to
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1993 the use of pesticides was reduced by half and fertilizer by a third, but
the benefits were slight because of the already high levels of environmental
pollution. In recent years the deteriorating ecological situation in Uzbekistan
has lead to a dramatic rise in morbidity among children and women, due
largely to insufficient supplies of good potable water.

Ecologically driven population migration is a social and economic conse-
quence of worsening of environmental situation in Uzbekistan. For example,
the drying of the Aral Sea forced the out migration of several thousands of
families from the Muinak District of Karakalpakstan, reducing the district’s
population from the mid-1970s to the mid-1980s from 45,000 to 22,000
people (Glazovsky and Orlovsky, 1996). This pattern has continued up to
the present. Shortage of water during 2000-2001 due to drought sharply
decreased the living standards of the population, especially in the northern
districts of Karakalpakstan, and many people left the area.

Migration caused by ecological problems has also been observed in the
downstream along the Zarafshan River (Bukhara region), where desertification
was acute and annually tens of thousands of people are leaving agricultural
districts and relocating in towns. A needs assessment of the rural population in
this area showed that most income (80-85%) was spent on buying food.

Environmental deterioration has also effected infrastructure. Soil salin-
ity has reduced the period of service of poles for high voltage electric power
lines, leading to frequent interruptions in electrical service and high repair
costs. The mineralization of groundwater has also caused the deterioration
of the foundations and walls of many buildings constructed only 30-50 years
ago. It has also threatened the ancient archeological monuments of the lower
Amu Darya. According to data collected by S.Kamalov (1998), until recently
in the Ellikkalansky District there 50 ancient monuments, while now only ten
remain. The observatory of Koikyrylgan-Kala, attributed to the IV century
B.C., was destroyed completely in Turtkulsky District (Kamalov, 1998).

4. Conclusion

The risk from desertification is very serious for countries in Central Asia, as a
result of many years of economic development within the USSR and without
consideration for the long-term ecological consequences of these developments.
Poor environmental conditions in the region have undermined living standards.
At a time when many parts of the world are subject to social and
interethnic conflicts, environmental threats are frequently seen as a second-
ary problem. Nonetheless, desertification in Central Asia covers vast areas
and is growing despite investment in environmental improvement activities.
In our opinion, numerous environmental protection programs and projects
have been unsuccessful because they were based on faulty premises. Up to the
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present, successes in combating desertification in Central Asia are uneven and
unsatisfactory, and in a number of districts the situation even worsened.

This is why it is very important to review former assessments, approaches
and actions, despite their limitations. Practice shows that private activities
alone do not produce an appropriate result in fighting against desertification.
Only a comprehensive approach to the economic development of an entire
country and region based on scientific geographical, ecological and socio-
economic research will open opportunities for the management of a complex
natural process like desertification, which is caused by number of natural
and anthropogenic factors.

Desertification takes place within naturally delimited geo-systems; it
must also be studied and prevented within the framework of these natural
geo-systems. In order to achieve reliable results in combating desertification
it is necessary to raise the level of knowledge and ecological thinking. As
Academician V.I. Vernadsky demonstrated, the status of nature in the mod-
ern world is increasingly determined by human knowledge.

For an understanding of the dynamics of desertification, as well as for
the development of ecological and development policy, information and sys-
tematic observations must be coordinated on global, regional, national and
local levels, and based on material provided by scientific research. Hence, the
role of research increases, while science itself becomes an extremely impor-
tant component in the search for ways to provide for sustainable develop-
ment in conditions of vulnerable ecosystems.

States of Central Asia, share deep cultural, historical and economic
commonalities as well as a single ecological space, are connected by com-
mon water arteries, and — being located in the arid zone — are in practice vul-
nerable to mistakes of an ecological nature. A significant part of our natural
resources has been exhausted, while the ecological situation becomes more
and more unfavorable, and it is therefore necessary to undertake urgent
measures.
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Abstract: Pastoral ecosystems in Central Asia have been undergoing many
changes, with important implications for their sustainability. Pastoralists
traditionally moved over large distances, either following regular migrations
between seasonal pastures or opportunistically following forage; however,
the ranges of pastoral movements have been reduced. Remote sensing meth-
ods were used to assess 1) whether these changes in pastoral land use have
promoted or reversed affected rangeland degradation, and 2) how spatial and
temporal variations in forage biomass might affect livestock movements and
productivity. The remote sensing approach involved measurements of an
index of plant productivity, the NDVI, over broad geographic areas. The
relationships of plant production to precipitation over time and space were
examined in order to differentiate the potential effects of precipitation from
the potential effects of livestock grazing on rangeland condition. This was
accomplished by assessing “rain use efficiency” or “RUE”, which is an index
of the amount of plant production per unit of precipitation. Four study
sites or regions were assessed; two in Turkmenistan and two in Kazakstan.
Each of the four case studies revealed a different situation with respect to
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the distribution of resources, the importance of movement, the degree to
which movements have been altered, and the consequences for rangeland
condition. The analyses revealed spatio-temporal patterns of precipitation,
forage, water, and topography which necessitate movement and adaptability.
Although traditional regional scale migrations have been lost, the analyses
suggested that smaller scale movements, coupled with appropriate stock-
ing rates, can partially avert the negative consequences of complete seden-
tarization for pastoral production and rangeland condition. To maintain or
improve pastoral productivity and sustainability in Central Asia, it will be
essential to integrate the spatial distributions of forage, water, climate, and
the effects of alternative livestock movements on the condition of the live-
stock as well as the condition of the rangelands.

1. Introduction

Pastoral ecosystems in Central Asia have been undergoing many changes,
with important implications for their sustainability. In Kazakstan and
Turkmenistan, pastoralists traditionally moved over large distances, either
following regular migrations between seasonal pastures in a transhumant
system, or opportunistically following forage in a more nomadic fashion.
The ranges of pastoral movements have been reduced in both countries.
During the Soviet era, beginning in the 1930’s, pastoralists were sedentarized
into a collective system of state-run farms. Livestock production systems
were intensified, including the provision of state subsidized fodder produc-
tion and distribution systems. The intensified, sedentarized systems likely
experienced higher stocking rates, and rangelands likely had fewer rest peri-
ods for regrowth, possibly leading to rangeland degradation in some areas.

When Kazakstan became independent, during the break up of the
former Soviet Union, the system shifted from a collectivist to a privatized,
open market system (Kerven 2003, Behnke 2003). State subsidies for fodder,
transportation, and maintenance of wells ended. As a result, livestock
populations declined markedly between 1993 and 1998. Livestock had to
be sold, and rangelands destocked, because the pastoral systems could not
be sustained economically. Furthermore, it was not possible to revert to the
traditional transhumant or nomadic systems had long ago been disrupted as
pastoralists had been sedentarized and traditional grazing rights had been
lost. There is evidence that in response to the decline in livestock numbers in
Kazakstan, there has been a trend of increasing rangeland condition com-
pared to the degraded state of many areas during the intensified livestock
production systems of the Soviet era (Alimaev 2003).
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In contrast to the rapid shifts in Kazakstan after independence, the transitions
in Turkmenistan have been more gradual. Livestock production systems and
grazing lands were transferred to leasing associations and private individu-
als (Kerven 2003, Lunch 2003). The leasing system has provided pastoralists
with economic opportunities to build up and maintain their herds. Grazing
land and herds are held by farmers associations. The associations lease ani-
mals to individual herders, who meanwhile try to obtain their own livestock
through their incomes. The leasing system is a step-wise approach to privati-
zation and pastoralists are increasingly faced with economic pressures as
government support for the associations is withdrawn.

As in Kazakstan, however, livestock mobility has been reduced. During
the Soviet era, traditional long-range movements were abandoned, and
nomads were encouraged to settle around service centers in the desert
(Khanchaev et al. 2003). Collective state-run farms were formed, and they
were subsized with supplementary winter feed, veterinary services, and
transport. Movements of sheep and camels to northern pastures were also
subsidized by the state. In particular, sweet water from the Kara Kum Canal
was trucked into the northern desert, allowing pastoralists to use that area
in the winter. Wells in that area are also falling into disrepair. With the loss
of state support following the Soviet breakup, many pastoralists are no
longer able to make the migratory moves to northern pastures in the winter.
An increasing threat is the potential loss of the remaining government sup-
port for the farmers associations due to the instability of the Turkmenistan
economy (Kerven 2003).

Due to the state subsidized development, more people and livestock
were concentrated near settlements. This resulted in degradation near the
villages (Khanchaev et al. 2003). Since the reforms in the state farm system
in the 1990’, increasing privatization, reduced state subsidies have placed
financial stress on pastoralists, making it more difficult for them to move
longer distances, thereby resulting in further concentrations of livestock near
settlements. Meanwhile, the reduction in water supplies in the northern
deserts has resulting in reduced grazing pressure in those areas.

The objectives of this study were to use remote sensing methods to assess
1) whether these changes in pastoral land use have promoted or reversed
affected rangeland degradation, and 2) how spatial and temporal variations
in forage biomass might affect livestock movements and productivity. The
remote sensing approach involves measurements of an index of plant pro-
ductivity over broad geographic areas. The study will also examine how plant
production is related to precipitation over time and across the landscape, in
order to differentiate the potential effects of precipitation from the potential
effects of livestock grazing on rangeland condition. This will be accom-
plished by assessing “rain use efficiency” or “RUE”, which is an index of
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Figure 1. Locations of the four Central Asia study areas in Turkmenistan and Kazakstan and
country boundaries overlain on a map of annual average NDVI for 1989-2003. Green means
more green biomass

the amount of plant production per unit of precipitation. If a rangeland has
been degraded, RUE will be reduced.

Four study sites were assessed on the DARCA (Desertification and
Regeneration: Modelling the Impact of Market Reforms on Central Asian
Rangeland) project, two in Turkmenistan and two in Kazakstan (Figure 1).
These study sites will be examined here on a case by case basis, following a
description of the overall methodology.

2. Methods

The normalized difference vegetation index (NDVI) was used to assess green
biomass. The NDVI is computed from two spectral bands as

NDVI = (Near Infrared - Visible Red)/(Near Infrared + Visible Red)

This vegetation index has in use since the early 1980’s globally, across a wide
variety of vegetation types and levels of green biomass, from deserts and
desert margins in the Sahel, to tropical rainforests (Tucker and Sellers 1986,
Justice et al. 1998, Prince et al. 1998). Green vegetation has a high reflect-
ance in the near infrared band and a low reflectance in the visible band of
the spectrum. Thus, the greater the difference, the more green biomass. The
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difference is normalized to the sum of the reflectances to scale for differences
in total reflectance caused by variations in illumination intensity.

NDVI has usually been computed from the NOAA Advanced High
Resolution Spectroradiometer (AVHRR) instrument on board a series of NOAA
polar orbiting satellites since 1982. The satellites orbit the globe many times every
day while the earth revolves below it, thus providing global coverage every day.
Daily data are usually composited on a 10 day or 15 day basis to obtain a single
scene with minimal cloud cover. The resolution of the data is approximately 1 km
X 1km. These data are referred to a LAC or local area coverage data. NOAA also
aggregates the data to approximately 4km X 4km to provide a global area cover-
age or (GAC) data set, which may also be obtained from NOAA.

To achieve the aims of this study, it was necessary to use the higher
resolution 1km LAC data. The Kansas Applied Remote Sensing Program
(KARS) obtained LAC data from NOAA. For 1982-1984 the only AVHRR
data that were available were the GAC data. For 1985, NOAA had a limited
set of LAC scenes. LAC data were available from NOAA for 1985-1988, but
they had to be purchased at a prohibitive cost. Data from 1989-present were
available on line from the NOAA data access center at no cost. Thus, the
current study covers the period 1989-2003.

The data that were downloaded included that portion of Central Asia
which included all four of the DARCA study areas (Figure 1). After down-
loading the data from the NOAA site, KARS used the techniques used by
EROS Data Center to correct for water vapor, ozone, and surface geometry,
and to then compute the daily NDVI scenes. The daily scenes were compos-
ited biweekly. The biweekly composites were georectified to a common map
base using a manual method of selecting ground control points and building
a transformation model to “rubber sheet” each image to a common geo-
graphic coordinate system (latitude and longitude). KARS then used a set of
algorithms to compute the vegetation phenology metrics “date of onset of
greenness” and “data of maximum NDVI”. Spatial coverage in the NOAA
AVHRR data were not 100% In particular, data for 1989, 1990, 2000, 2001
were missing for important portions of Kazakstan (Coughenour 2005). In
the year 2000, the NOAA 14 satellite orbit was degrading and the NOAA 16
satellite did not come on line until March 2001. The biweekly NDVI, and the
two phenology metrics based upon all available LAC data from 1989-2003
comprised the final data set that was delivered to Colorado State University.

The scenes were then converted to the IDRISI geographic information
system. The scenes were further georectified to a higher level of accuracy
against hydrological ground control points in the hydrology layers for
Turkmenistan and Kazakstan in the Digital Chart of the World (ESRI).
This process involved using mathematical transformations available in the
IDRISI “resample” procedure.
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Country boundaries, roads, and hydrology coverages were obtained from
the Digital Chart of the World (ESRI) and converted to IDRISI. The digital
elevation model used in the precipitation interpolations was based on the
5-minute global DEM ETOPOS, created by NOAA and available at the
National Geophysical Data Center.

Annual precipitation data were obtained for weather stations in each of
the four study areas from local sources. There was nearly complete cover-
age from these stations for the entire period 1989-2003. Additional data for
weather stations in Kazakstan and Turkmenistan were obtained from the
Global Historical Climatology Network (GHCN).

The precipitation data were used in a spatial interpolation program
(PPTMAP, Coughenour unpublished) to generate annual precipitation
maps. The interpolation program is based upon algorithms first developed
for use in the SAVANNA ecosystem model (Coughenour 1992). The algorithm
uses inverse distance weighting, correcting for the elevation difference
between the weather station and the point in question with a linear regression
of precipitation on elevation in the local area.

Rain use efficiency (RUE) maps (Prince et al. 1998) were generated by
dividing the average NDVI map for February-September by the annual precipita-
tion map. The average NDVI is viewed as being mathematically equivalent to
the time integral of NDVI, which is theoretically related to total intercepted
radiation by green leaves, and thus net primary production.

3. Case studies

3.1. THE GOKDEPE STUDY AREA, WEST CENTRAL TURKMENISTAN

The Gokdepe area of west central Turkmenistan consists of a north-south
transect approximately 200 km long from a zone in the south with settlements
near the Karakum canal north into the desert (Figure 1). The DARCA project
surveyed 20 villages along the transect, holding 23,000 sheep and 2,500 camels
in total. Most of the sheep are based in the south and move north-south every
year. Winter wells, which are saline, are located mostly in the north. Summer
wells, apart from those in settlements, are fresh, and are located mostly in the
south. Sheep in the north also move east to west in response to water salinity.
Permanently settled communities in the north are located near fresh water
sources where animals summer while their water requirements are high. Forage
is depleted in the settled areas during summer, at which time they move out-
wards to utilize more saline wells in the winter, where grazing pressure is less
intense. Thus, one might expect that the areas around settlements could be
heavily grazed and thus degradated (Behnke et. al, this volume).
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The major questions at this site are:

1. How does forage biomass vary seasonally along the north-south gradient
of livestock movement?

2. Is there evidence of decreased range condition in areas near settlements
or wells?

3. Have forage productivities and rangeland conditions improved or
degraded over time since 1989?

The study area is located in one of the lowest elevation regions of Central
Asia. Elevations range from 60—150m for the most part (Figure 2). Elevations
begin to increase in the far south to approximately 600m. Most of the area is
covered with deserts, plains and melkopsopochnik (a type of denuded relief
comprised of hills and depressions). In the southwest there are peidmont
and mountain deserts, savannoids, and a small amount of phryganoids (open
woodlands and shrublands). In the southwest, irrigated agricultural fields line
the Karakum canal where it runs through the study area. Mean annual rainfall
for 1989-2003 for this study area ranged from approximately 102-114mm in
the northeast to approximately 165mm in the southwest. Most of the region
received less than 150mm per year on average. Mean rainfall in the most
prevalent vegetation zone (deserts and plains) was125mm with a CV of 0.25
Mean annual NDVI distribution largely followed the precipitation distri-
bution (Figure 3A), with higher NDVI in the southwest. However, NDVI was
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Figure 2. Elevations (meters) of the DARCA Turkmenistan sites. Gokdepe (left), Ravnina
(right)
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Figure 3. Gokdepe site. A) Mean annual NDVI*100 1989-2003 with roads (black), hydrology
(white), villages (black squares), winter water sources (black), and summer water sources
(red). B) Mean RUE 1991-2003. The white irregular polygons are Solochaks (hypersaline)
depressions

not lower in the dry area of the northeast. The effect of irrigation along and
near the Karakum canal is evident in the southwest. The NDVI is elevated
along the canal, then it decreases further to the southwest while precipitation
continues to increase in that direction. Rain use efficiency (RUE) was highest
in areas with the highest NDVI (Figure 3B). RUE was markedly higher in the
vicinity of the Karakum canal, due to irrigation and ground water subsidies
(Figure 3B). There was a notable band of low RUE running east-west across
the central part of the study area (Figure 3B). This is an area of hypersaline
desert and solochak depressions. There were some areas near villages that
appeared to have lower RUE. This was less evident near the villages in the
far north and far south.

NDVI and RUE values were examined in relationship to villages along
a north-south gradient (Figure 4). Village grazing areas were defined as the
area within a 10km radius of the village. The village areas were ascribed to
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Figure 4. North-south village grazing areas (1-6) and zones outside of the village grazing
areas (7-13) in Gokdepe, Turkmenistan

6 north-south zones, numbered from north to south. The adjacent areas out-
side the village grazing areas were also numbered from north to south. The
southernmost area outside the village grazing area was split in two, because
of obvious differences in NDVI on the east vs. west sides.

The mean NDVIs outside village grazing areas 1-4 were notably higher
than inside the village grazing areas (Table 1). NDVI was higher outside
areas 5-6, but the relative difference was less marked. There were significant
trends for increasing NDVI (p<0.1) inside village grazing areas 1 and 2, and
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there were weak trend (p < 0.16) in areas 3 and 4. Outside the village areas,
there were increasing trends outside areas 2 and 3 (p < 0.1), and there was a
weak positive trend (p = 0.11) outside area 1.

RUE was higher outside all of the village grazing areas except that of
village 5 (Table 2). It was 0.002 units higher outside of village areas 1 and 3,
0.003 units higher outside village area 2, 0.001 units higher outside village
area 4, and 0.011 units higher outside village area 6. Unlike NDVI, there
were no significant trends in RUE in the village areas or outside the village
areas. There was a weak trend (p = 0.014) inside village area 1, and outside
village areas 1,2, and 4 (p<0.016). Thus, trends in NDVI were primarily
caused by trends in rainfall (Table 2).

There were significant (p < 0.1) positive trends in NDVI in all distance
classes from winter wells (Table 3). Trends were positive but not as significant
for villages and non-winter wells. Trends were less significant for RUE (Table 4).
Thus, some of the trends in NDVI were likely due to trends in RUE, but
most of the trends in NDVI were due to trends in rainfall.

Seasonally, NDVI increased from February through April in this region.
The peak was in April except at village grazing area 6 and the area outside it

TABLE 1. Trend analysis and means of NDVI inside and outside of north-south village

Inside Village Outside Village
Grazing Area Grazing Area
Village
Grazing Area 2 P Mean 2 P Mean
1 0.45 0.09 0.26 0.43 0.11 0.71
2 0.45 0.10 —-0.12 0.46 0.09 0.12
3 0.42 0.12 -0.27 0.45 0.09 —-0.60
4 0.38 0.16 -0.69 0.38 0.16 0.82
5 0.34 0.22 0.79 0.38 0.21 0.82
6 0.21 0.44 8.75 0.25 0.38 9.61

TABLE 2. Trend analysis and means of RUE inside and outside
of north-south village

Inside Village Outside Village
Village Grazing Area Grazing Area
Grazing Area 2 P Mean 2 P Mean
1 0.39 0.14 0.001 0.39 0.15 0.003
2 0.37 0.18 -0.003 0.39 0.15 0.000
3 034 021 -0.006 0.38 0.16 —0.004
4 032 0.25 -0.009 0.32 024 -0.010
5 031 024 0.002 0.32 0.24 0.001
6 0.23 041 0.061 0.36 0.19 0.072
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TABLE 3. Trend analysis and means of annual average NDVI*100 in
distance zones from wells and villages in Gokdepe

Location Type and Distance r2 P Mean
Village 0-3km 0.37 0.17 0.59
Village 3-5km 0.40 0.14 0.70
Village 5-10km 0.36 0.13 1.02
Summer well 0-3km 0.38 0.16 1.56
Summer well 3-5km 0.37 0.15 1.25
Summer well 5-10km 0.40 0.14 1.35
Winter well 0-3 km 0.44 0.10 0.42
Winter well 3-5km 0.45 0.09 0.38
Winter well 5-10km 0.45 0.09 0.33

TABLE 4. Trend analysis and means of annual average RUE
(NDVI/mm precipitation)in distance zones from Gokdepe wells
and villages

Location Type and Distance r2 P Mean
Village 0-3km 0.330 0.225 0.003
Village 3-5km 0.359 0.190 0.003
Village 5-10km 0.382 0.160 0.006
Summer well 0-3km 0.359 0.189 0.009
Summer well 3-5km 0.362 0.185 0.007
Summer well 5-10km 0.382 0.160 0.008
Winter well 0-3km 0.401 0.138 0.002
Winter well 3-5km 0.404 0.135 0.002
Winter well 5-10km 0.398 0.141 0.001

to the west (area 12). There was, on average, a decline in NDVI from April to
a minimum in July, followed by a slight increase between July and September.
The onset of greenness occurred later in the south, by as much as 90 days. This
was likely due to higher elevations and thus colder and longer winters. Over
most of the lower elevations, however, there was very little difference in green-
up date. The data of maximum NDVI was also later in the southerly locations,
in early to mid-May. However over most of the lower elevations there was a
patchy assortment of maximum NDVI dates in February and March. Dates
of onset and maximum greenness by village area revealed little differences
amongst village areas 1-5. Village area 6 was clearly delayed, however.

3.2. THE RAVNINA STUDY AREA, EAST CENTRAL TURKMENISTAN

The Ravnina study area is also located along the Karakum, canal, but is at
slightly higher elevation than Gokdepe (Figure 1). Elevations ranged from
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approximately 180m in the north to just under 400m in the south (Figure 2).
Vegetation of the northern two thirds of the area is mostly comprised of
deserts, plains, and melkosopochnik. The Karakum canal runs east and
west, with meadow vegetation over much of its length, flowing into a large
area of oasis vegetation in the southeast. There is an area of tugais (riparian
woodland). The higher elevation areas in the south are mainly covered with
savannoid mountain and peidmont vegetation.

Rainfall was estimated to be highest in the southwest, generally decreas-
ing to the northeast. The gradient spans approximately 125-190mm/year.
Higher elevations occur in the south, so precipitation is likely to be greater.
Temporally, there was a cycle of 5-6 years, with peak rainfall years in 1982
and 1998, and minimum rainfall years in 1995 and 2000. This was similar to
the pattern observed in Gokdepe. Mean annual precipitation in the village,
winter, and summer grazing areas was 133, 159, and 162mm, respectively,
with CV’s of 0.26, 0.25, and 0.25, respectively.

The Ravnina study area has experienced increased sedentarization and
intensified grazing near villages and water sources. The Ravnina village
area is located just north of the canal between three village wells (Figure 5).
There, private flocks of sheep are kept. South of the canal is an extensive
area utilized by grazing associations. This area is defined by the locations of

Figure 5. Mean annual NDVI*100 1989-2003 in Ravnina, Turkmenistan. Location of grazing
areas are shown, along with village wells (white), winter wells (red) and summer wells (blue),
and comparative sites outside the village and beyond the summer range
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wells used previously in winter vs. summer. The winter grazing area is located
just south of the canal, while the summer area extends outwards to the east,
west, and especially to the southeast.

The primary questions at this study site are:

1. What is the seasonal forage availability at the three grazing areas (village,
winter, summer)?

2. Are summer pastures better forage sources in summer?

3. Are private flocks kept north of the canal at a disadvantage with respect
to forage?

4. Is there any evidence of degradation or recovery in any of these areas?

The area south of the Karakum canal had higher NDVI than the area north of
it and NDVI increased gradually to the south (Figure 5). The meadows lining
the canal had higher NDVI than other nearby areas due to the water subsidy.
Similarly, the oasis and tugai areas had markedly higher NDVT’s. The distribution
of NDVI differed from the rainfall distribution in that the rainfall map did not
show uniformly higher values across the southern portion of the study area.
Nevertheless, precipitation was estimated to be greater in the area of summer
wells than in the area of the village wells. RUE was higher in the south than
the north and it was highest in the water subsidized areas (Figure 6).
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Figure 6. Mean RUE 1991-2003 in Ravnina. The two areas encircled in polygons are areas for
which means are reported in the text
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NDVI in the village grazing area was similar to that in the winter grazing
area while NDVI in the summer grazing area was greater than in the village
or winter grazing areas (Table 5). Differences in NDVI between these grazing
areas were very small in comparison to differences among years. The sum-
mer grazing area is located in higher precipitation zones at higher elevations.
RUE in the summer area was not proportionately higher than in the village
or winter grazing areas (Table 6, thus, the higher NDVI in the summer graz-
ing area could be attributed to greater precipitation.

NDVI in an adjacent area outside the village grazing area was slightly
lower than in the village grazing area, the opposite of what might be expected
if there was degradation in the village (Table 5). The difference could have
been due to a lower RUE in the vegetation outside the village area. It is also
possible that there was some irrigation in the village area supported by water
from the canal. A comparison of the summer area and the area beyond the
summer area showed no notable difference in NDVI or RUE, suggesting
there were no negative effects of grazing in that area.

TABLE 5. Trend analysis and means of annual average NDVI*100
in various Ravnina locations

Location r2 P Mean
Village grazing area 0.32 0.26 5.92
Outside village grazing area 0.31 0.28 4.74
Winter grazing areas 0.35 0.22 5.94
Summer grazing areas 0.37 0.19 7.57
Beyond summer grazing areas 0.39 0.17 7.75
0-5km from winter wells 0.38 0.17 6.36
5-10km from winter wells 0.41 0.14 6.67
0-5km from summer wells 0.40 0.16 7.01
5-10km from summer wells 0.39 0.16 7.56

TABLE 6. Trend analysis and means of annual average RUE
(NDVI/mm precipitation) in various Ravnina locations

Location Type 2 P Mean
Village grazing area 0.30 0.30 0.040
Outside village grazing area 0.31 0.31 0.035
Winter grazing areas 0.36 0.20 0.038
Summer grazing areas 0.33 0.25 0.047
Beyond summer grazing areas 0.37 0.20 0.046
0-5km from winter wells 0.37 0.19 0.038
5-10km from winter wells 0.41 0.15 0.041
0-5km from summer wells 0.33 0.25 0.047

5-10km from summer wells 0.38 0.18 0.046
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A comparison of areas inside and outside the village grazing area on a
monthly basis showed why the area outside the village area had lower NDVIs
than inside the village area (Coughenour 2005). NDVI in both areas reached
the same maximum value, but after April, the area outside the village area
declined to a greater extent. A comparison of NDVI in the summer grazing
area to areas outside the summer grazing area showed no differences.

Certain areas south of the canal had notably lower RUE (Figure 6). For
example just south of the canal and just east of the oasis vegetation in the
southwest, particularly near the roads, the RUE appeared to be lower than
other areas to the south and east. RUE is notably lower in the small area east
of the oasis that is encircled by roads. In the polygon east of the road RUE is
0.0065+0.0021 while in the polygon west of the road it is 0.011£0.0017. The
lower RUE suggests that these areas may be in poorer condition.

There were no significant (p < 0.1) time trends in NDVI in any of the
grazing areas (Table 5). However there were weak positive trends (0.14 < p
< 0.17) in areas within 10km of winter and summer wells. Similarly there
were no trends in RUE in any of the grazing areas (Table 6), but there were
weak trends for increasing RUE 0-10km from winter wells and 5-10km
from summer wells. This would be a pattern that would be observed if range
condition and basal plant cover were increasing.

An important conclusion to be drawn from the NDVI and RUE fluc-
tuations is that a large portion of the fluctuations in NDVI was due to
fluctuations in RUE, which was illustrated by the similarity of fluctuations of
the two variables (Coughenour 2005). This is not to discount the effects of
annual variation in precipitation, which also contributed to NDVI varia-
tions. However, since RUE tended to be higher in high precipitation years,
there is evidence that higher precipitation contributes to increased NDVI
in a complex, synergistic fashion by influencing both RUE, which can be
considered a measure of rangeland condition or basal plant cover, and by
influencing the production produced by that amount of basal cover.

Seasonally, the pattern was for NDVI to increase February-April, reach-
ing a peak in April, followed by a gradual decline from April to July (Figure 7).
Mean monthly NDVI values in February-May were considerably higher in
the summer area than in the village area. NDVI in the winter area was inter-
mediate. Interestingly, NDVI was not higher in the summer area in summer.
Since NDVI only senses green biomass, it is likely that there was still more
forage on the summer range in summer although most of it would have
senesced. In the preceding spring period NDVI was higher on the summer
range and, thus, biomass production would have been higher.

The date of onset of greenness increased gradually from north to south.
In the village area, the onset date was approximately early February. On the
winter grazing area it varied from early February to late February, while on
the summer grazing area the onset occurred in early to mid March.
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Figure 7. Average monthly NDVI for the three primary grazing areas in Ravnina

3.3. THE MOIYNKUM/CHU/BETPAK-DALA STUDY AREA, SOUTH-
CENTRAL KAZAKSTAN

The traditional large-scale pastoral grazing system in the Moiynkum/Chu/
Betpak-Dala area included seasonal north-south movements, with winter
grazing in the southern Moiynkum desert, spring and autumn grazing in
Betpak-Dala, and summer grazing further north (Robinson and Milner-
Guilland 2003). These movements persisted until the mid 1990’s in some
places, and may be coming back in the next few years. The current system
is much reduced in scale. However, there are still seasonal redistributions to
take advantage of green forage when and where it becomes available. Grazing
is heavily focused proximally to village centers, indicative of increased seden-
tarization and reduced mobility (Robinson and Milner-Guilland 2003).

Within the DARCA study area there are three villages located along the
Chu River, which were headquarters for collective farms during the Soviet era.
The villages were sited at spots which could support a large number of
people and where flocks crossed the river on their annual migrations. The village
of Sary Ozek is located in a broad floodplain which provides a wide variety of
grazing resources throughout the year, while the village of Malye Kamkaly
is located where the river flows through a single channel (Kerven et al. 2004).
Furthermore, Malye Kamkaly is located on the north side of the river where
there is only seasonal grazing. The village of Ulanbel is intermediate between
these two extremes. Since independence in 1991, the human populations of
Sary Ozek and Ulanbel fell but then stabilized and increased a bit. However,
the population of Malye Kamkaly decreased steadily down to only a few
families and the village appears to be dying. The few remaining families persist
by practicing large scale seasonal migrations (Kerven et al. 2004).
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Research by DARCA investigators has shown the following (Behnke and
Temirbekov 2005). In Sary Ozek, a significant number of livestock are able to
graze near the village all year long (50% of 2,800 sheep and goats), and the village
is thriving. In Malye Kamkaly, most of the remaining livestock (88% of 3,100
sheep and goats) graze south in the Moiynkum Desert or move seasonally to
the north. Only 22% of the grazing (625 sheep and goats) is near the village. The
pastoralists say there is little forage near the village. Furthermore, there are few
opportunities for cash income. In Ulanbel, the intermediate case, village-based
pastoralism is not possible but there are many other opportunities for cash income.
There are about 10,000 sheep and goats in total. A few livestock (6%) are able to
graze near the village for some of the year, but the majority graze further afield.
Livestock have access to a series of Soviet era wells 30-50km south of the village.

The main questions at this site are:

1. Isthere any evidence of reduced NDVI or reduced RUE in grazing areas,
particularly in village grazing areas, compared to other areas?

2. Have there been any trends in NDVI or RUE over the period 1989-2003?

Is there evidence of increased forage availability near the village of Sary
Ozek, which would permit year around grazing by livestock?

4. Does low forage production near the village of Malye Kamkaly make
village-based grazing unsustainable?

5. What are the spatial and temporal distributions of NDVI and green-up
over the broader region of traditional long-range pastoral migrations?

Elevations are lowest in the Chu River valley with higher elevations to the
north and south (Figure 8). The region is primarily desertic. A zone of tugais
(floodplain forest), shrubs, and meadows occurs along the Chu River. Most
of the area north of the river (Betpak-Dala) is vegetated with sagebrush
(Artemesia spp.) and perennial saltwort shrubs (Salsola spp.) and desertic
plains on fine textured soils. Scattered throughout are halophytic deserts
(areas of high salinity) and solochak’s depressions (depressions where salt
accumulates on the soil surface). The southern portion, the Moiynkum Desert
is a sandy desert comprised of plains and melkosopochnik (denuded hills and
depressions). Vegetation is dominated by psammophytic (sand loving) shrubs
(e.g. Calligonum spp. Artemesia spp.) and saxual (Haloxylon spp.) woodland.
Annual precipitation increases from approximately 155mm in the west
central portion of the study area to approximately 225mm in the northeast
and southeast (Figure 9). Over the broader area studied by Robinson and
Milner-Guilland (2003), there is a low precipitation area centered just west of
the Moiynkum study area, with increasing precipitation in all directions. The
Moiynkum study area includes some of the driest areas of the larger Robinson
study area. Rainfall has varied annually from a minimum of approximately
90mm in 1995 to a maximum of approximately 320mm in 1993. Mean annual
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Figure 8. Elevation (meters), DARCA Kazakstan study regions (boundaries in yellow), Robinson
and Milner-Guilland (2003) study region (boundary in cyan), the traditional seasonal migration
areas and migration routes of M.G. Sakarov (Federovich 1973, Kerven et al. 2004) (in red), and
hydrology (blue). Based upon a 2-minute resolution DEM of the world obtained from NOAA
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Figure 9. Mean annual precipitation (mm) across the Robinson and Milner-Guilland (2003)
study area and the DARCA Moiynkum/Chu/Betpak Dala study area (smaller rectangle). Also
shown are the historical pastoral grazing areas of M.G. Sakarov (Federovich 1973, Kerven et
al. 2004). Seasonality of use is based upon Robinson and Milner-Guilland (2003)
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precipitation was 170mm over all. In the village grazing areas, mean annual
precipitation was 185, 195 and 205mm, going west to east. The CV’s of the
three areas were 0.34, 0.32, and 0.30.

NDVI generally decreases from south to north (Figure 10A), with much
higher NDVT’s in the tugai vegetation surrounding the Chu River. There is also
a weak gradient from the southwest to the northeast. This pattern is similar to
the pattern of topography (Figure 8), with higher elevations to the south and
southwest. There is no apparent effect of increasing elevation to the north,
however. The NDVI pattern was different from the precipitation pattern in
that precipitation increased in the west and northwest, while NDVI did not.

The mean NDVI in Malye Kamkaly village grazing areas was not much
greater than the mean NDVI values in the northern desert (Table 7). NDVI in
the Sary Ozek area was considerably higher, while that of Ulanbel was interme-
diate. Higher values were due to the inclusion of greater portions of the flood-
plain. The amount of floodplain included in village grazing areas was highest
in Sary Ozek, followed by Ulanbel, and then Malye Kamkale. There were
positive trends in NDVI, in the Ulanbel and Malye Kamkaly areas. There was
a stronger positive trend in NDVI at the Sary Ozek area. Stronger and more
positive trends were likely due to changes in the level of water subsidization,
since stronger trends occurred in areas with greater amounts of floodplain.

The spatial distribution of RUE indicated that the RUE of southern
sandy desert was more productive for a given amount of rainfall than
northern fine-textured desert (Figure 10B). Despite the northwest-southeast
gradients in precipitation, there were no such patterns in RUE. There were
no clear patterns of reduced RUE in the grazing areas compared to other
areas nearby. RUE in remote grazing areas 1 and 2 were similar, although the
vegetation species composition is different (Behnke and Temirbekov 2005).
Vegetation in area 2 is considered to be overgrazed and weedy. There were
also clear zones of altered reflectances around water points in this area in a
Landsat scene from September 2003 (Behnke and Temirbekov 2005).

The larger study region examined by Robinson and Milner-Guilland
(2003) covers the range of traditional long range pastoral movements.
Across this broader region, it is clear that there is relatively more forage
available north of the Moiynkum study area, where pastoralists historically
moved in Spring through Autumn (Figure 11). This distribution of NDVI is
generally in line with the distribution of precipitation (Figure 9). The area
of high NDVI in the far northeast is also a high precipitation area. This is
the fringe of a mountain range (Figure 2B). There is a low NDVI area to the
west of the Moiynkum study area, where precipitation is low.

To understand the basis of the traditional large scale movements, it was
informative to examine the timing of the onset of greenness along a north-south
gradient. The broad scale pattern indicated early onset of greenness across
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TABLE 7. Trend analysis and means of NDVI for Moiynkum/
Chu/Betpak Dala grazing areas

Grazing Area 2 P Mean
Southern Remote - 1 0.22 0.145 7.30
Southern Remote - 2 0.29 0.088 7.91
Northern Remote - 3 0.21 0.153 4.96
Northern Remote - 4 0.22 0.147 5.56
Ulanbel 0.44 0.019 8.35
Malye Kamkaly 0.31 0.058 5.63
Sary Ozek 0.58 0.004 11.17
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Figure 11. Mean annual NDVI 1991-2002 across the central Kazakstan study area of
Robinson and Milner-Guilland (2003). Also shown is the Chu/Moiynkum/Betpak-Dala study
area (smaller square), and the historical pastoral grazing areas identified by M.G. Sakarov
(Federovich 1973, Kerven et al. 2004)
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the south-central portion of the region (Coughenour 2005). To the north, the
onset date was later, as it was to the south. Along two south-north transects,
it could be seen that onset date declines from south to north until the Chu
River. In the east, the onset date remained approximately level for some
distance while in the west, the onset date began to advance. Along both
transects, the onset date increased and reached a plateau in mid March in
the north. This explains why summer pastures were located further north.
The date of maximum NDVI exhibited a very weak pattern across the larger
region. The date of maximum NDVI tended to be later in the northeast, and
earlier in the southeast and across a band north of the Chu River. Elsewhere
the date of maximum NDVI was sporadically distributed.

3.4. THE BALKASH BASIN/ALMATY OBLAST STUDY AREA,
SOUTH-CENTRAL KAZAKSTAN

The easternmost Kazakstan study site covers a broad region from the moun-
tain ranges in the south, north through the desert and into the Lake Balkash
Basin. The traditional pastoral system involved large scale nomadic and
transhumant movements along the north-south gradient with winters being
spent in the areas that were less subject to cold and winds such as sandy
dunes, spring grazing on the semi-desert, and summer grazing on the high
meadows of mountains in the south and east or in the northern steppes,
well north of the study area (Alimaev 2003). According to M.G. Sakarov,
grazing in the Balkash area was mainly in the winter, with movements to
the far north in summer (Kerven et al. 2004, Federovich 1973). Movements
were compressed by the Russian administration in the late nineteenth
century, followed by the formations of collective state farms in the 1930’s.
Long distance migrations run by the state were reinstated during the 1950’s.
During the Soviet era the state greatly intensified the system by adding
some 150 new state sheep farms in previously little used areas, planting of
improved forage species, fertilizer inputs, and mechanization to produce
fodder. Since decollectivization private livestock holders cannot afford to
produce such fodder. As a result, livestock populations plummeted, and
potentially, rangelands have begun to recover from the intensive utilization
during the Soviet period. (Alimaev 2003)
The primary questions for this study site are:

1. How does forage availability vary along a north-south transect across the
region?

2. Is there evidence of rangeland recovery in terms of increased forage pro-
duction and RUE?
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This region supports a broad range of vegetation types, most likely due to the
wide range of elevations (Figure 8) and resultant climatic conditions. Most
of the northern, low-lying half of the study area is referred to by Alimaev
(2003) as: “sands” or sandy deserts, or deserts, plains and melkosopochnik
(Khramtsov and Rachkovskaya 2000). South of that, at low elevations,
are the “plain desert” (Alimaev 2003) or desert, piedmont and low moun-
tains (Khramtsov and Rachkovskaya 2000). “Semi-desert” (Alimaev 2003)
is transitional between plain desert and steppe. Steppe vegetation occurs
at intermediate elevations in the south. Subalpine vegetation is at higher
elevations and is transitional between steppe and high mountain vegetation.
Runoff from the mountains in the south feeds a river that flows northwards,
fanning out in a deltaic system on the desert, and ultimately draining into
Lake Balkash (Figure 8). Tugai, shrub, and meadow vegetation surround
this system of rivers and tributaries. The vegetation is described in greater
detail by Alimaev (2003).

Annual precipitation across the study area ranges from in excess of 950 mm
at the highest elevations in the southeast to approximately 140-160 mm at low
elevations in the northwest. The precipitation gradient is steep, reflective of
the rapid change in elevation in the southern portion of the study area.

The southernmost sites at higher elevations received more moisture,
reaching peaks of 650-750mm in some years, while the driest sites received
at most 200-250mm per year and in dry years as little as 100-125mm. CV’s
increased from 0.23 in the south to 0.35 in the north.. There were significant
positive trends in annual precipitation over time in the southern portion of
the study area (Coughenour 2005).

The spatial distribution of NDVI corresponded to the precipitation dis-
tribution, except for the water-subsided tugai and meadow vegetation zone
(Figure 12), and the lower NDVT’s at highest elevations that are due to cold
temperatures and shorter growing seasons. Areas of exceptionally low NDVI
(black areas) are water bodies, snow, or rock..

The spatial distribution of RUE was similar to the spatial distribution
of NDVI (Figure 13). RUE was higher further south in areas with higher
precipitation, except at high elevations. RUE showed a somewhat patchy
distribution in the southern half of the study area, particularly in the semi-
desert and steppe vegetation zones. Upon close inspection, it was clear that
around some, but not all of the populated places there is lower RUE than
further away. It cannot be ascertained what this is due to, but livestock graz-
ing is one possibility.

There were positive trends in NDVI in most of the seven vegetation zones.
Trends were highly significant in all vegetation zones except the northern
sandy deserts and high elevation mountain vegetation (Coughenour 2005).
However, there were no significant trends in RUE across the broad vegetation
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Figure 12. Mean annual NDVI 1991-2003 in the Balkash region, Kazakstan. Also shown are
roads, the study areas of Ellis and Lee (2003) in red, and the study areas of Alimaev (2003) in
white. Numbers on the right of the points are the Alimaev site numbers, numbers on the left
are the Ellis and Lee site numbers
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Figure 13. Mean annual RUE 1991-2003 in the Balkash region. Also shown are roads, popu-
lated places in black, and study sites of Alimaev (2003) in red
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zones. The increases in NDVI at this scale could thus be attributed to increases
in annual precipitation rather than an increase in basal plant cover.

The upwards trend in NDVI was also apparent at the study sites of
Alimaev (2003) and Ellis and Lee (2003). In general, the more productive the
site, the stronger the trend, with the southern sites exhibiting stronger trends
than northern, more arid sites. The trends were highly significant (p < 0.001)
at most sites (Table 9). At the driest sites, the trends were still significant (p < 0.5)
however. In contrast, site RUE’s showed fewer trends (Table 10). There was
a significant upwards trend at sites 3, 4, and 6 of Alimaev. These sites are
located in plains desert, semi-desert, or steppe.

The spatial distribution of changes in NDVI between 1991-1993 and
1999-2003, calculated as the difference in mean values of those two periods,
showed general increases throughout the area with larger increases in the south
(Figure 14). The magnitude of the increase is expected to be proportional to
the mean NDVI, which increases to the south. As indicated above, the increase
in NDVI was due largely to greater precipitation in the later period. However,
RUE corrects for the difference in precipitation (Figure 15). The change in

TABLE 8. Trend analysis and means of RUE for
Moiynkum/Chu/Betpak Dala grazing areas

Grazing Area 2 P Mean
Southern Remote - 1 0.09 0.333 0.043
Southern Remote - 2 0.02 0.675 0.040
Northern Remote - 3 0.08 0.382 0.026
Northern Remote - 4 0.08 0.374 0.024
Ulanbel 0.087 0.353 0.049
Malye Kamkaly 0.166 0.189 0.030
Sary Ozek 0.344 0.045 0.056

TABLE 9. Trend analysis and means of annual
average NDVI*100 within a 15km radius of the
study sites of Alimaev (2003). Slope is change in
NDVI*100 per year. Sites are arrayed north to

south

Site 12 P Mean
1 0.48 0.14 2.0
2 0.61 0.048 6.5
3 0.82 0.002 9.5
4 0.87 <0.001 6.5
5 0.89 0.001 14.0
6 0.73 <0.001 17.6
7 0.87 0.001 28.8




70 M. COUGHENOUR ET AL.

TABLE 10. Trend analysis and means of annual
average RUE (NDVI/mm) within a 15km radius of
the study sites of Alimaev (2003). Slope is change in

RUE per year. Sites are arrayed north to south

Site r2 P Mean
1 0.38 0.24 0.010
2 0.16 0.64 0.035
3 0.82 0.002 0.035
4 0.62 0.04 0.038
5 0.36 0.28 0.043
6 0.40 0.02 0.044
7 0.22 0.50 0.045

Figure 14. Difference in mean NDVI in the Balkash region between 1991-1993 and 1999

2003 (positive indicates increases). Also shown are roads and villages

RUE was less pronounced, but there were widespread areas where RUE clearly
increased (light green and dark green areas). In other areas there was little
change (yellow areas). Interestingly, the areas where there were increases cor-
responded to denser concentrations of population places (villages) and roads.
This likely reflects rangeland recovery in those areas that were more likely to

have experienced heavy livestock grazing in the Soviet era.
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Figure 15. Difference in mean RUE in the Balkash region between 1991-1993 and 1999-2003
(positive indicates increases). Also shown are roads and villages

4. Discussion

4.1. GOKDEPE

Forage biomass varied seasonally along the north-south gradient of livestock
movement, however all of the village areas exhibited similar seasonal NDVI
patterns, with respect to the time of green-up, and time of maximum NDVI.
Thus, north-south movements cannot be driven by vegetation phenology. This
is in agreement with the finding that north-south movements are driven mainly
by water quality, with use of fresh water sources in the summer in the south
and more saline sources in winter in the north (Behnke et al. this volume).
Sedentarization has probably led to some degree of range degradation
near some, but not all villages. NDVI and RUE was higher outside than
inside the northern four village grazing areas. On average, there was a gra-
dient of decreasing NDVI and RUE with decreasing distance to individual
villages. Furthermore, there was visibly lower RUE around some, but not all
of the villages (Figure 3A). These results are in agreement with the findings
of Khanchaev (2005), who found about half as much forage biomass 1km
from villages wells as 5Skm from village wells. He also found normal species
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composition Skm from village wells but a degraded species composition
1 km from village wells. Although he found evidence of degradation 1km
from winter wells, the NDVI/RUE data did not detect differences between
0-3km and 3-5km from winter wells.

The gradient of decreasing NDVI and particularly RUE from the far
north to the south (Figure 3) coincides with the lack of water in the north,
and decreasing distance to water towards the south. This may not be coinci-
dental. Khanchaev (2005) noted that the productivity of an important forage
species, Carex physodes, declines to the south and is eventually replaced with
annuals. This species also declined within 1km of wells compared to Skm
from wells. Thus it is possible that at a larger scale, grazing in the Gokdepe
area has induced species shifts and reduced productivity. Further research
would be needed to confirm this suspicion.

There was no strong time trend one way or the other in rangeland condition
at this site. Although NDVI did show an increasing trend, RUE did not show
any clear trends in any of the village grazing areas or within 10km of any type
of well. The increasing trend in NDVI was therefore due mainly to an increase
in precipitation, rather than fundamental rangeland recovery. There were weak
positive trends in RUE in some locations, suggesting improved rangeland
condition (Table 4). Within 10km of winter wells, P values for trends were less
than or equal to 0.14. At 5-10km from summer wells and villages P values
were 0.16. The results are suggestive, but a longer time series will be necessary
to firm up any conclusion that range conditions are improving.

The results indicate that the pastoral system is generally sustainable, and
that livestock movement is likely key to this sustainability. There is very local-
ized degradation near settlements, but otherwise livestock grazing pressure
appears to be relatively well distributed. Water-driven movements between
summer wells and winter wells have likely contributed to improved livestock
distributions, in the sense that livestock cannot use winter wells in summer,
thus reducing grazing pressure there to some extent. Similarly, movements to
utilize forage near winter wells in winter reduces grazing pressure in the sum-
mer well areas. Livestock numbers also appear to be distributed in propor-
tion to forage productivity (Behnke et al. this volume), implying that grazing
pressure is also well distributed rather than being concentrated at unsustain-
able densities in certain areas. Nevertheless, at a larger scale, grazing may be
influencing rangeland condition.

4.2. RAVNINA

There were strong seasonal variations in green forage availabilities in the
three grazing areas (village, winter, summer), with greenup occurring in early
February in village areas and late February in summer areas. The difference
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in onset of green-up dates between winter and summer use areas suggests
that the timing of usage of these areas is logical, because green-up in summer
areas occurs later.

Summer pastures are likely to be better forage sources in summer. They
are not much better than the winter pastures in April, and if anything they
have equal or less green biomass than winter pastures in June through
August (Figure 5). However, while green biomass may be comparable in sum-
mer on winter vs. summer use areas, the total amount of biomass on summer
pastures is likely to have been greater, due to the higher NDVI’s earlier in
the growing season. Mean annual NDVI, equivalent to the time integral of
NDVI, was also higher in summer grazing areas than winter grazing areas
(Table 5). It must be remembered that NDVI senses only green biomass,
rather than total biomass. Green biomass produced earlier in the season
was likely converted to senescent biomass during summer, and this biomass
would not have been sensed by the NDVI. Therefore, the reason for using
summer pastures in the summer may due partly to the later onset of green-up
further south, and partly due to the greater quantity of forage produced in
those areas. Other factors such as colder weather in the south may have also
made those areas less desirable to use during winter

Because forage production is likely higher in the summer ranges in the
south, private flocks kept north of the canal are likely at a disadvantage
with respect to forage. NDVI values were highest in the summer use areas,
followed by the winter use area, and after that by the village areas. The impli-
cations are that privatized livestock herds restricted to the village areas are
indeed at a disadvantage with respect to foraging conditions, which could
potentially lead to lower rates of intake and reduced weight gain. An impor-
tant advantage of moving to the summer range, however, is to access far
more land area, and thus far more forage in total. Thus, livestock managed
by grazing associations south of the canal have greater forage production
available to them. The higher NDVI values further south were likely mainly
due to higher precipitation amounts at higher elevations. However, RUE’s of
summer grazing areas in the south were also higher than RUE’s in the village
grazing area (Table 5).

There did not appear to be any evidence of change in range condition
based upon NDVI or RUE over the 1989-2003 time period. There was an
increase in NDVI between 1989 and 1994 due both to increases in RUE
and precipitation. However, the droughts of 1995 and 2001 reversed these
increases. As a result there were no consistent trends in NDVI or RUE over
the whole time period except in meadows along the canal, which could have
been due to increases in irrigated crops or flows in the canal. Comparisons of
NDVI and RUE inside and outside the village grazing area and the summer
grazing area also showed no evidence of degradation or reduced production



74 M. COUGHENOUR ET AL.

due to grazing. The only areca where there might have been reduced RUE
was along the southern border of the canal in the west. It is possible this
reduction could have been due to greater livestock grazing pressure close to
the canal. However, other explanations cannot be ruled out without further
study of possible soil and vegetation differences.

Thus, on the whole, it appears that pastoralists in this area have done well
in distributing their livestock throughout the area, and livestock densities
appear to have been kept to sustainable levels in terms of rangeland condi-
tion. The formation of grazing associations which share common grazing
resources at distance from villages has apparently been a successful solution
to resource utilization in this area. Notably, it has not led to a “tragedy of
the commons”. In contrast, flocks owned by individual herders kept within
the village area are likely at a disadvantage due to lack of access to a more
expansive and richer forage base in the south. The associations in effect,
enjoy an economy of scale, in that access to a larger and more varied pool
of resources can more efficiently be used by larger collective herds. More
herders likely provide an increased range of options for grazing, and greater
adaptability. It cannot be determined here if an individualized, but more
expansive and mobile system may be a viable alternative to the associations.
However, it would be a complex and unwieldy problem to try to allocate
specific small-scale grazing areas to individual flocks.

4.3. MOIYNKUM/CHU/BETPAK-DALA

There was no substantial evidence of range degradation in the form of
reduced NDVI’s or RUE’s in any of the grazing areas, in comparison the
mean NDVI’s or RUE’s of the vegetation zones as a whole. Increases in
NDVI in response to higher precipitation after 1996 occurred in grazing areas
as well as entire vegetation zones. This suggests that stock numbers are limited
by forage to levels that do not reduce plant productivity. However, the NDVI
and RUE do not sense changes in plant species composition or forage quality.
Evidence from ground observations and satellite-based vegetation classifica-
tion have shown that species composition is different in remote grazing area
2, where there are numerous wells and thus historically high livestock densi-
ties. Shifts in species composition may also have occurred some time ago, for
example during a period when livestock were subsidized with fodder.
Although there were significant increasing trends in NDVI in the desert
vegetation zones, there were no significant trends in RUE. Therefore the
NDVI trends were due to increased precipitation. NDVI and RUE both
increased in the floodplain (tugai) vegetation along the river, possibly reflect-
ing increases in irrigation or increased flows in the river. These increases
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would provide increased forage in village grazing areas, particularly in villages
with more extensive floodplain availability. Results showed that NDVI and
thus forage availability are strongly linked to precipitation (Coughenour
2005). Drought years are an inherent feature of arid environments, conse-
quently it would be important to find ways to ameliorate drought when it
does occur. One possibility might be to make increased use of floodplain
vegetation at a broader scale to create a drought fodder reserve.

Differences in NDVI and RUE among the three villages potentially
explain their divergent histories. It was clear the forage availability would be
much lower in Malye Kamkaly than the other two villages. This would explain
why village-based pastoralism is untenable there. NDVI data suggested that
limited access to floodplain vegetation was likely the primary cause. Not only
does floodplain access improve forage availability in general, it also provides a
buffer in drought years such as in 1995. In 1995 the NDVI in Malye Kamkaly
dropped to very low levels, which would have severely limited livestock, result-
ing in mortality or outmigration to other areas. The few remaining pastoral-
ists there only survive through seasonal movements to distant pastures in the
desert (Kerven et al. 2004). In contrast, Sary Ozek is highly suited for village-
based pastoralism due to high access to floodplain vegetation (Kerven et al.
2004). This undoubtably explains why a high percentage of livestock graze in
the village grazing area year around. Furthermore, NDVI and thus forage, did
not drop to extremely low values in the drought year of 1995 so there would
have been more surviving livestock. Despite the possibility for village-based
pastoralism in Sary Ozek, the total number of livestock based there is small
compared to Ulanbel (Behnke and Temirbekov 2005). There, the majority
of the livestock utilize remote grazing areas which are much more extensive,
therefore containing a greater total quantity of forage. In particular, access to
the southern grazing areas where there are wells is probably a key reason why
many more livestock can be supported. At the same time, a sufficient degree
of village-based pastoralism is possible due to access to floodplain vegetation.
The village-based livestock likely provide an important supplementary source
of income for village families.

Movements to remote grazing areas provide increased forage availability
simply because a greater area of land is utilized. A wider range of forage
resources is also to be expected, given the diversity of plant communities
throughout the region. Although no temperature data were available, it is
likely that it is significantly warmer in the south than the north during win-
ter, and this could be a reason for utilizing northern pastures in summer.
Although forage production is lower in the north, it is still a worthy resource
if it can be utilized under suitable environmental conditions.

However, at the scale of movements exhibited currently in the study area,
there are relatively limited options for moving in response to seasonal forage
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availability. A precipitation gradient exists, but it is a small gradient com-
pletely within the desertic range. Seasonality of vegetation is likely to be pri-
marily determined by temperature rather than precipitation within the study
area. North-south movements could be timed in response to date of onset
of greenness, but there was no north-south gradient in the time of maximum
NDVI. A gradual movement of livestock northwards beginning from the
Chu River would follow the progressive later dates of green-up. Vegetation
that is just greening up is likely to have higher protein and digestible energy
content, so forage quality could be maximized by such a movement.

A richer range of opportunities for movement would have existed in the
broader scale traditional pastoral range. Across the broader region, the onset
of green-up is about 30 days later than the furthest north areas of the smaller
study area. The north-south range of temperatures would be considerably
greater. More importantly perhaps, is the fact that traditional summer pas-
tures in the far north receive significantly higher precipitation (300-350 mm/
year, see Figure 9). It would be logical for pastoralists to have moved north-
wards in the spring as the green-up advances. Perhaps more important rea-
sons for them to have moved north would have been to take advantage of
the higher productivity in those areas (NDVI was higher further north, see
Figure 12), and simply to be able to utilize the greater quantity of forage
afforded by utilization of a greater land area. While livestock were migrating
to the north, the pastures in the southern deserts would have been ungrazed,
leaving a more ample forage base for winter grazing at warmer temperatures.
The contracted migration pattern that we see today omits the former transi-
tional and summer pastures areas to the north, thus resulting in considerably
less forage available to livestock. An interesting question to ask is whether
the total number of more sedentarized and less mobile livestock supported
throughout the broad region is now greater than the number that could be
supported under the traditional system of long-range mobility?

4.4. BALKASH/ALMATY OBLAST

Rangeland recovery in terms of increased forage production and RUE might
be the expected response to the massive destocking that occurred in the early
1990’s. There was evidence that forage production in 1998-1999 was greater
in steppe, semi-desert and plain desert than in 1974-1986 (Alimaev 2003).
The NDVI data here do not permit comparisons to conditions prior to 1991
in this area. However, given that the destocking occurred through the early
1990’s, trends could still be expected 1991-2003. Indeed, there were very sig-
nificant positive trends in NDVTI in all vegetation zones except the northern
sandy desert and the alpine (Coughenour 2005). However, a large part of this



FORAGE DISTRIBUTIONS, RANGE CONDITION 77

increase was due to an increasing trend in precipitation. Positive precipita-
tion trends were significant at the semi-desert, steppe, and alpine sites studied
by Alimaev, but not in the sandy desert or plain desert.

A more fundamental measure of range condition is the RUE, since it cor-
rects for precipitation differences. The map of RUE over the region (Figure
13) showed a patchy distribution in the south central part of the study area.
Averaged over the entire vegetation zones, there were no trends in RUE.
However, there were significant upward trends in RUE at 3 of the sites stud-
ied by Alimaev (2003) and Ellis and Lee (2003). These sites were located in
the plains desert, semi-desert and the steppe. There were no trends at sandy
desert or subalpine sites. The map of RUE change between 1991-1993 and
1999-2003 showed considerable areas of increased RUE as well as consider-
able areas of no change. These did not correspond to particular vegetation
types. Instead, the areas of increases were largely in areas where there were
populated places and denser road networks. This is the pattern that might
be expected if rangeland degradation occurred primarily on the former col-
lective farms, or near the mechanized feeding stations, watering points, and
settlements. Therefore, RUE and range condition has probably increased
somewhat over this time period in areas that were formerly more heavily
grazed, irrespective of vegetation type.

The traditional pastoral system in this region involved long distance
movements from winter use areas in the sandy deserts of the north to sum-
mer use areas in the steppes and mountain meadows in the south, as well as
east of the study area. Pastoralists were first settled into collectives begin-
ning in the 1850’s, but long distance moves were reintroduced in the 19307,
(Alimaev 2003). This seasonal use pattern was quite productive for a period
of time, until sedentary sheep farms were established in the semi-deserts and
deserts where there was previously only seasonal use in the winter (Alimaev
2003). The traditional movement system would have allowed regrowth in
the drier portions of the region during the growing season with little or no
grazing pressure. Sedentarized pastoralism in contrast, does not. The pro-
vision of fodder and other subsidies from outside local areas would have
supported livestock densities that are above the levels that could be sustain-
ably supported by the local pastures. With the end of these subsidies and
resultant destocking, pasture condition may recover, as discussed above, but
the question is: Would it be more sustainable as well as productive to rein-
state the traditional movement system? Mean NDVI in the deserts was very
low, indicating that only very low livestock densities could be supported,
and the livestock may be relatively unproductive. In contrast, NDVI in the
steppes, mountain meadows and alpine was 24 times higher. Alimaev (2003)
similarly found that forage production in the steppe was roughly two times
greater than in the semi-desert and forage production in the sandy desert was
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roughly 80% of that in steppe. Thus, by moving south and to higher eleva-
tions in summer, livestock could gain weight much more rapidly and build up
body reserves that could carry them through the winter in the less productive
but warmer deserts. Thus, with respect to rangeland sustainability as well as
livestock productivity, the traditional system was very rational.

5. Conclusions

Each of the four case studies revealed a different situation with respect to
the distribution of resources, the importance of movement, the degree to
which movements have been altered, and the consequences for rangeland
condition. The analyses revealed spatio-temporal patterns of precipitation,
forage, water, and topography which necessitate movement and adaptability.
Although traditional regional scale migrations have been lost, the analyses sug-
gested that smaller scale movements, coupled with appropriate stocking rates,
can partially avert the negative consequences of complete sedentarization for
pastoral production and rangeland condition. North-south movements in
the BalkashAlmaty region of Kazakstan were driven by climatic gradients of
precipitation and winter weather. Access to the more productive rangelands
in the south in summer and to pastures at lower and warmer elevations in
winter is vital. Sedentarization of pastoralists onto collective farms cou-
pled with fodder and other subsidies contributed to rangeland degradation.
However, since the end of subsidies, the decline in livestock numbers have
resulted in rangeland regeneration. Similarly in the MoiynkumChuBetpak-
Dala region, traditional movements between higher, more productive range-
lands in summer and lower elevation pastures have been mostly abandoned.
Smaller scale movements to pastures located at distance from villages is
sustaining the pastoral system, with some sacrifice in range condition around
water points. Village based pastoralism has proven to be viable only where
there is ample access to floodplains along the Chu River. However these
systems, while viable, are likely to be marginally productive as they do not
make use of the more productive high elevation pastures used previously.
Reestablishing these movements would probably lead to increased productiv-
ity and sustainability. Smaller scale movements also proved to be important
in Turkmenistan. At the Gokdepe site, livestock movements driven by water
as well as forage distribution are important to the sustainability of the
pastoral system as a whole. Increased sedentarization in villages has led
to localized degradation at Gokdepe. Localized degradation around water
points may be inevitable. However, seasonal, albeit smaller scale, movements
driven by water as much as forage, have largely distributed grazing in propor-
tion to resources, at least partially averting further degradation. At the Ravnina
site, good mobility is achieved through the formation of grazing associations
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which utilize common pastures remote from villages. Village-based pastoral-
ists in Ravnina are at a disadvantage compared to more mobile herders.
Thus, to maintain or improve pastoral productivity and sustainability in
Central Asia, it will be essential to integrate the spatial distributions of for-
age, water, climate, and the effects of alternative livestock movements on the
condition of the livestock as well as the condition of the rangelands.
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