
Chapter 18

The Aralkum Situation Under Climate Change

Related to Its Broader Regional Context

G. Winckler, E. Kleinn, and S-W. Breckle

18.1 The Background of Desertification and Land

Degradation in the Central Asian Region

The ecological and social situation in the Aralkum area is only understandable in

its regional context. Dry areas (arid, semiarid and subhumid zones) represent

nearly 80% of the five land-locked countries Kazakhstan, Kyrgyzstan, Tajikistan,

Turkmenistan and Uzbekistan, and Afghanistan as another Central Asian country

should not be ignored. The ecological conditions of the region (geography, climate

and natural resources) are highly diverse. As in many other dry regions of the world,

problems related to desertification and degradation of natural resources are increas-

ing in Central Asia. Although the situation of the Aralkum is particular, many of its

background features are symptomatic for the general land use situation in most of

the Central Asian region (Bot et al. 2000; Zonn et al. 2009).

18.1.1 The Underlying Problem: The Dimension
and Consequences of Land Degradation

In eastern Central Asia the Tien Shan and Pamir ranges represent some of the

world’s largest glaciers and freshwater reserves. Western Central Asia consists of

arid lowland plains. Most of the area (68%) is occupied by sparsely vegetated

deserts (including the Karakum and the Kyzylkum), semideserts and steppes.

Annual precipitation is generally much less than 400 mm, with variable and

uncertain rainfall and periodic droughts. Around 65% of the total land area is

dedicated to pastures and rangelands. Forests cover approximately 4%. Roughly

one third of the agricultural land is irrigated, with the remaining land supporting

rain-fed agriculture (Fig. 18.1).

Historically, the fragile dryland ecosystem of Central Asia – arid and semiarid

areas of very low natural productivity – has long sustained small populations of
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nomadic pastoralists and, in more favourable areas, subsistence farmers. Under the

agricultural production system of the Soviet era, large-scale collective and state

farms controlled 95% of agricultural land and produced most of the commercially

marketed output. Since their independence, Central Asian countries have continued

to design agricultural practices for maximum production, with limited regard for

their sustainability. In lowland areas agricultural production largely depends on

irrigation (Fig. 18.1). Water use has been badly managed and resulted in water-

logging and increasing salinity (Table 18.1), rendering an increasing portion of land

useless or with little remaining productivity. Poor irrigation management has

resulted in falling river levels, with less available water downstream. In upland

areas, unsustainable crop and animal production has caused erosion and reduced

fertility of cropland and pastures; areas under forests and their productivity have

decreased.

After independence, land reforms focused mainly on the “decollectivization” of

the large state-owned enterprises and privatization of holdings. In the 1990s, the

pressure on pastures diminished somewhat owing to migration of the rural popula-

tion to urban areas. In the meantime, however, people have been returning to rural

areas, many of them lacking basic knowledge of sustainable agriculture and pasture

management. Reduced mobility in pasture management leads to serious degrada-

tion close to human settlements caused by heavy overgrazing.

Presently, cereals (mainly wheat) are grown on 40% of the arable area of Central

Asian countries. Cotton production was the main target of irrigation infrastructure

development during the Soviet period and cotton is today still the dominant cash

crop. Income inequality between the agricultural and nonagricultural population is

growing in most of the countries because of low economic efficiency of agricultural

production, low capital investments in agriculture and slow institutional and infra-

structural development (IFPRI 2008).

During the Soviet era, the rural population used to be supplied with coal for

household energy. Now most people depend on wood, shrubs and animal dung for

cooking and heating, which considerably accelerates desertification in Central

Asian countries.

What is desertification in this respect? Desertification describes a process in

which desert-like conditions develop as a result of degradation processes, most

notably because soil productivity declines significantly. Worst affected are regions

with arid, semiarid and dry climatic conditions, which are highly sensitive to

overuse by people and animals, but also to climate change. The outcome is that

soils become eroded and salinized (Table 18.1), they lose their capacity to store

Table 18.1 Percentage of

land with soil degradation
Country Salinity Erosion

Kazakhstan 7.91 2.87

Kyrgyzstan 0.50 28.2

Tajikistan 4.89 25.9

Turkmenistan 14.9 1.43

Uzbekistan 14.1 2.92

Based on Bot et al. (2000)
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water, groundwater levels fall and the remaining plant cover is further reduced or

disappears altogether. In short, the land becomes infertile and degraded (GTZ

UNCCD Project 2007a).

Land degradation is a serious economic, social and environmental problem in

the transition economies of the Central Asian countries of Kazakhstan, Kyrgyzstan,

Tajikistan, Turkmenistan, and Uzbekistan. A reduced productivity of land resources

and weakening services derived from natural systems directly affects the livelihood

of the rural population. Across the region, agricultural yields are reported to have

declined by 20–30% over the last decade. Annual losses of agricultural production

from salinization alone are estimated at $2 billion (ADB 2006). The abuse and

overexploitation of the natural resource base is the main cause of land degradation,

largely attributable to inappropriate and unsustainable agricultural practices,

overgrazing, deforestation and forest degradation. By remote sensing techniques,
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Fig. 18.1 Land use in Central Asia, indicating the very small portions of arable rain-fed and

irrigated land and the much bigger portions of pastures and rangelands as well as of unproductive

and very arid lands (other lands). (Source IFPRI-ICARDA 2008 based on FAO 2006)
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the degree of desertification of various land use categories is nowadays easily

detectable (Bai et al. 2008).

What are the root causes of land degradation? Today, Central Asia is one of the

regions of the world that is most severely threatened by desertification. In all

Central Asian countries land degradation can be traced to three sets of issues.

The first includes inappropriate agricultural and water policies, regulations and

incentives. These relate to land tenure insecurity resulting from incomplete land

reforms, crop-growing such as the promotion of irrigated cotton production with

inadequate drainage and continued subsidies for irrigation, market restrictions, and

limited access to production factors.

Second is the inability of governments to adopt and implement sustainable land

management because of a relatively weak capacity of central and local governments

as well as private or civil society to formulate and monitor integrated sustainable

land use development initiatives, and the lack of incentives for land managers

(farmers, pastoralists, communities) to invest in protecting and improving the

long-term productivity of the land.

Third, there is a whole set of environmental problems – forest degradation and

deforestation, water pollution and natural resource management and biodiversity

conservation in general. In part, these result from environmental laws across the

Central Asian countries that suffer from inadequacy, inconsistency and weak

implementation (CACILM 2006).

The principal forms of land degradation currently experienced across the

Central Asian countries are (a) erosion, salinization and water logging (b) deterio-

rating fertility of pasture land (c) decrease in fertility of the arable drylands of

the steppes (d) decreased area and productivity of forests (e) negative impacts

of mining operations (f) risks from landslides and flooding owing to poor water-

shed management (g) reduced ecological stability of desert, mountain, wetland

and riparian ecosystems and (h) inadequate assessment and monitoring of land

degradation.

Thus, the main cause of the degradation of agricultural land is ruthless overex-

ploitation of natural resources by humans. But in doing so, humans themselves

become the primary victims. Since the dissolution of the Soviet republics, the

rural populations have become more desperate to sustain their livelihoods, thus

accelerating the degradation of the unique dryland and mountain ecosystems. The

sustainable livelihoods of millions of farmers and pastoralists in this region are

threatened by reduced productivity and services of ecosystems.

Land degradation processes are also causing significant social costs. Mainly, the

increased salinity and presence of agricultural chemicals in drinking water supplies

may be having negative health effects on humans and livestock, further affecting

productivity. In some downstream areas, groundwater salt levels exceed by far the

maximum limit of 1 g/L recommended by the World Health Organization (IFPRI

2008). High levels of dioxins have been found in the breast milk and blood of

pregnant women and recent mothers in Karakalpakstan (Médicines sans Frontières

2003). Another study found that DNA from inhabitants of this region showed

evidence of genetic damage among some inhabitants, leading to large increases in
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cancer rates (Blua 2004). Environmental pollution and child health is strongly

correlated (Jensen et al. 1997).

One of the most renowned cases of the consequences of subsidizing production

at the expense of the environment is the reduction of the volume of the Aral Sea due

to diversion of irrigation water from the Syr Darya and the Amu Darya. The sea has

lost 90% of its original volume, and the level of salinity in the sea has increased

tremendously. This has caused an increase in poverty and subsequent migration

from the region owing to the breakdown of the local fishing industry. Dust storms

(see Chaps. 5 and 7) have become a widely recognized source of air pollution. They

carry particulates from millions of hectares of openly exposed salt- and pesticide-

contaminated dust on the dry seabed hundreds of kilometres away (CACILM 2006,

see Chaps. 5 and 7). High rates of respiratory and tuberculosis infections in the

surrounding Karakalpakstan region, particularly among children, can be observed

(Médicines sans Frontières 2003).

Water consumption per capita in Central Asia is among the highest in the world,

with the rate of per capita water consumption in Uzbekistan being ten times the

rate in Jordan, whereas Turkmenistan’s rate of consumption is more than twice

Uzbekistan’s rate. The Central Asian countries are dry countries that depend on the

snow and glaciers of the high mountains for their water needs. The glaciers of

Central Asia are the only main source of freshwater in the region, and whereas two

thirds of the water is generated in the mountains, two thirds is currently consumed

downstream. Therefore, the economies of the Central Asian states are highly

interconnected by water discharge of the Syr Darya and the Amu Darya and other

transboundary rivers. During the Soviet Union era, regional institutions regulated

the use of water resources on an interstate basis, contributing significantly to the

stability in the region. However, in the post-Soviet era the region is facing a number

of challenges:

• A common framework on water and energy management does not exist.

• The Central Asian states do not have binding agreements for regional water

management. The mandates and responsibilities of regional institutions for

water management need to be reformed (Fang et al. 2005).

• The river basin approach is still in its infancy in Central Asian countries.

Especially for transboundary rivers, joint water management would be required

(Fang et al. 2005). However, river basin management plans are not yet been

developed owing to lacking qualifications of the administrative structures.

Consequently, projects or measures with impacts for the whole basin (based

on environmental and social impact assessments) have not yet been developed

• The impacts of climate change on water availability are not yet really predictable

The cropland area under irrigation has almost doubled from 4.5 million hectares

in 1960 to nearly 8 million hectares today. With the projected scenarios of climate

change in Central Asia, the crop demand for water will grow because of rising of

temperatures. On the other hand, the availability of water in the Syr Darya may

decrease by up to 30% and in the Amu Darya by up to 40%, leading to increased

drought stress and lower crop yields.
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Excessive irrigation and poorly designed and maintained irrigation and drainage

systems have already led to severe land and water degradation in Central Asia

(Saiko and Zonn 2000). Only 50–70% of the irrigation water used reaches crops

because of water losses in irrigation pipes, with 10–25% of the water lost in the

interfarm irrigation network and 20–30% lost in the intrafarm network (Bekturova

and Romanova 2007). In irrigated cropland areas, salinity and waterlogging are the

major problems undermining agricultural productivity. Between 40% and 60% of

irrigated croplands in Central Asia are salt-affected and/or waterlogged (Qadir et al.

2009). In some regions the share of waterlogged lands is as high as 92%. Saliniza-

tion is particularly acute in the downstream areas closest to the Aral Sea. In

Turkmenistan, nearly all of the irrigated area is affected by salinity. Even the

availability of drinking water is a problem; new technologies could help

(Khaydarov and Khaydarov 2007; Larchet et al. 2002).

The impacts of waterlogging and salinization include decreased agricultural

productivity and adverse health and environmental effects. Salinity slows the

growth of plants by inhibiting their ability to absorb water (Chap. 12). For cotton,

the Central Asian Scientific Research Institute for Irrigation estimates yield losses

of 20–30% on slightly salinized land, 40–60% on moderately salinized land and up

to 80% or more on severely salinized land (Table 18.2) (Bucknall et al. 2003).

Rangelands represent 77–95% of the agricultural area in the five Central Asian

countries, the world’s largest contiguous area of grazed land (Fig. 18.1). Many

rangeland areas in the region are poorly managed, leading to poor feed, land

degradation, loss of plant biodiversity, and desertification.

Central Asian rangelands are expected to be affected by climate change. Signifi-

cant decreases in forage biomass production are to be expected, except in mountain

rangelands, where the rise in temperatures could positively influence pasture

productivity. Rangeland degradation in Central Asia is not only threatening the

livelihoods of local populations, but can also have global implications in affecting

climate change since it will result in significant releases of CO2 and other trace

gases to the atmosphere, with possible effects on the global climate.

The Central Asian Countries Initiative for Land Management (CACILM)

National Programming Frameworks for the Central Asian countries provide a

comprehensive list of causes of rangeland degradation, including poor pasture

management, overgrazing, cutting of shrubs, lack of maintenance of rangeland

infrastructure, difficult conditions for mobile grazing, insufficient introduction of

Table 18.2 Salinization

of irrigated areas in Central

Asia

Country/region Irrigated area affected

by salinization (%)

Kyrgyzstan 11.5

Tajikistan 16.0

Kazakhstan 33.0

Turkmenistan 95.9

Uzbekistan 50.1

Central Asia 47.5

From Bucknall et al. (2003)
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rangeland rotation, unclear regulations about leasing, limited awareness of range-

land degradation issues and approaches, weak policy and institutional capacity

to manage rangeland sustainably, increased demand for other land uses such

as agriculture, industry and infrastructure development, and insufficient supply of

water.

The above list shows not only the complexity of the problems related to

rangeland management in Central Asia, but also the huge financial dimension of

investments needed if the situation should be reversed (Table 18.3).

18.1.2 All Countries in Central Asia Face Similar Challenges

All Central Asian countries are still undergoing transitions following the dissolu-

tion of the Soviet Union. They are still in the process of developing the appropriate

capacity to secure sustainable land use. The present agricultural and water policies,

regulations and incentives (with respect to land tenure, decisions on crop choices

and marketing, access to factors of production, etc.) have to a large extent been

inherited from the past and are often inappropriate for current conditions. In all

countries inconsistent environmental laws and regulations contribute to the agri-

cultural problems.

Land degradation is spreading without regard for national borders; common

water resources are being overexploited. The reasons for desertification are similar

in all Central Asian countries. More than 80% of the Central Asian countries (over

four million square kilometres) consists of dry zones. Frequently, common land use

strategies are inappropriate for the prevailing ecological conditions. In addition,

water resources are unevenly distributed – Kyrgyzstan and Tajikistan hold about

two thirds of the total reserves, whereas Uzbekistan, Turkmenistan and Kazakhstan

are more or less dependent on these. Conflict seems inevitable.

Large areas of the Central Asian countries are already been severely degraded

for a number of reasons: decades of centrally planned economy during the Soviet

era; state-dictated sedentarism; legal and institutional uncertainties; poverty result-

ing from high unemployment following independence. The fact that all Central

Asian countries are now suffering from the consequences of overexploitation of

Table 18.3 FAO estimates

of land area degrading and

population affected

Country Area

degrading (%)

Population

affected (%)

Kazakhstan 17.9 13.3

Kyrgyzstan 11.7 12.7

Tajikistan 5.9 2.4

Turkmenistan 0.3 0.3

Uzbekistan 1.3 2.2

Central Asia 13.2 6.0

Based on Bai et al. (2008)
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their natural resources is aggravated by the effects of population growth and social

biases in policies and in the allocation of public goods.

In all Central Asian countries, land degradation processes lead to negative

socioeconomic problems such as increasing poverty and negative population shifts,

reduced food security and life expectancy, increases in healthcare costs, social,

economic and political instability, and deterioration of environmental quality

(CACILM 2006). In all Central Asian countries, the paradigm of “production at

all costs” continues to be expressed through numerous government decrees

maintaining two essential barriers for sustainable land use:

1. A low level of consciousness on the part of decision makers, who are still not

aware of the costs of land degradation in real terms.

2. The countries have yet to develop the capacity to develop comprehensive action

programmes that will lead to the necessary policy reforms in each country,

including the mainstreaming and simplification of diverse and often conflicting

policies. This is aggravated by weak capacity in key ministries and agencies at

central government level together with an unclear definition of tasks, structures,

commitments and duties, procedures, and human resource deployment.

In the future these problems will be accentuated by the effects of climate change.

18.2 Climate Change and Land Use Development

in the Central Asian Region

18.2.1 Climate Change Scenarios and Predictions

The assessment report “Climate Change 2007” of the Intergovernmental Panel

on Climate Change (IPCC) states that climate change is already under way. Even

if immediate mitigation action is taken, the consequences of climate change are no

longer reversible.

The IPCC also concludes that Central Asia is one of the regions of the world

that is most threatened by climate change. According to the IPCC’s forecasts, in

Central Asia the temperature will rise, precipitation will be reduced and, in the long

term, melting glaciers will threaten water supply in the region. Experts are already

warning that no region in the world outside North Africa will be more badly hit by

water shortages due to climate change than Central Asia. Between 1957 and 1980,

glaciers in Central Asia shrank by 19%, and the glaciers surrounding Lake Issyk-

Kul in Kyrgyzstan shrank by about 8%. The small lower glaciers may completely

disappear in the middle of the twenty-first century if melting continues at the same

pace.

According to the IPCC 2007 Assessment Report, the Central Asian region in

detail is likely to warm on average by 3.7 K by 2100 if CO2 levels double; this is

well above the global mean prediction of 2.8 K. This phenomenon can be explained
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according to Giese and Moßig (2004) by the anthropogenic influence – mainly

diversion of the water resources on a very large scale in whole of Middle Asia, and

specifically by the desiccation of the Aral Sea and the formation of huge dust clouds

in many parts of the Aralkum (see Chap. 4). This hypothesis looks reasonable, but

to clarify the situation many more data are needed from large-scale studies in the

area and special research with remote sensing techniques.

Winter precipitation is likely to increase and summer precipitation is likely

to decrease in Central Asia. All models predict temperature increases, ranging

between 3 K and 6 K. Most models predict an increase of precipitation in

Kyrgyzstan, Kazakhstan and Uzbekistan and a decrease in Turkmenistan.

Emissions per capita range from around 1 t CO2 per person per year in Tajikistan

and Kyrgyzstan to 13.3 t per person per year in Kazakhstan. In global terms, Central

Asian countries are low emitters but they are high carbon intensity economies,

meaning that emissions are high per dollar of gross domestic product. In most

republics, energy consumption and industrial processes make up between 80%

and 90% of all emissions, the rest coming from agriculture and waste. In the agri-

cultural sector, most emissions are from enteric fermentation and manure storage;

Tajikistan and Uzbekistan show significant N2O emissions from fertilizer applica-

tion. Since 1990 greenhouse gas emissions have decreased in Kyrgyzstan,

Kazakhstan and Tajikistan and increased in Turkmenistan and Uzbekistan. In

some countries a trend towards lower carbon sequestration can be observed. This

trend is due to cutting of trees and shrubs for fuel and ploughing up of pasture land

to grow subsistence crops. In Kazakhstan, on the other hand, abandoned cropland

has led to an increase in carbon removal from the atmosphere by fallow vegetation.

18.2.2 Potential Consequences of Climate Change in Central Asia

As a result of the predicted climate change, climate zones will shift and hence

agricultural land, pasture and forest will very likely move northwards by up to

400 km. A new hyperarid zone will be created by this process.

In the short term, runoff peaks will increase and occur earlier in the spring as a

result of glacial melting and warmer springtime, whereas the summer runoff will be

lower than at present. This presents a serious problem for low-level Central Asian

countries such as Uzbekistan, Turkmenistan and part of Kazakhstan for which

runoff is critical for irrigation during the spring period. Over the long term, total

annual runoff is predicted to decrease in most basins, particularly those fed pre-

dominantly by snowmelt and small glaciers. The Amu Darya and Syr Darya basins

may see runoff decreases of up to 40% and 28%, respectively, if CO2 levels double.

Under worst-case scenarios, Kazakhstan basins may experience losses of between

30% and 70%.

On the one hand, an increase of CO2 in the atmosphere may benefit crop growth

provided that soil nutrients are not limiting; longer growing seasons may improve

the possibility to grow certain types of vegetable at higher altitudes or more
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northern latitudes. On the other hand, extreme prolonged periods of high tem-

peratures in the south will have negative effects on cotton production even if

irrigation is maintained. Negative effects on animal and pasture productivity will

have to be expected when temperatures increase.

In the event of failure to adapt land use to these changes, degradation will

increase sharply, particularly in the semiarid and arid areas of Central Asian

countries. The IPCC assumes an overall loss of productivity of 40–90% in the dry

zones of Central Asian countries. In the long term the availability of water resources

will decline, although in the medium term river runoff in summer will increase

owing to increasing melting of glaciers. However, some regions of Central Asian

countries might benefit from climate changes, at least in the short term.

Forests in the mountainous regions, for example in Kyrgyzstan, could spread and

forest density could increase owing to the higher temperatures and improved water

availability. Higher yields are also expected in arable farming. In Kazakhstan,

on the other hand, freshwater resources will decrease by 20–30% in the longer

term, and grain yields and pasture productivity are expected to fall by up to 90%.

Expectations are similar for Turkmenistan.

In Tajikistan, summer pastures are expected to benefit from climate changes, but

winter pastures, on the other hand, will become degraded. In the medium term, a

reduction in glacier ice volume of up to 30% is expected, with a likely significant

reduction in water runoff from the rivers in the longer term. This could have

catastrophic consequences for irrigation agriculture, water supply and hydropower

generation (ADB 2006).

In the Aralkum itself, the migration and dispersal of desert shrubs and the

formation of semidesert pastures, at least on the areas of the desiccated seafloors

from the 1970s and 1980s, can be expected.

18.2.3 Priority to Stabilize Agricultural Production

Against this background, combating desertification and promoting sustainable land

use takes on even greater significance, because climate change, desertification

processes and land use are intimately interconnected. It is certain that the predicted

climate change will lead to a decline in the productivity of agricultural land,

particularly if current patterns of intensive and inappropriate land use continue.

The consequences of climate change – water shortage, decline in soil fertility, loss

of harvests and incomes, and scarcity of food and drinking water – will affect a

region where rural poverty is already widely spread. The social consequences, such

as loss of food security, conflicts over water and migration to more fertile areas, are

presently impossible to predict but seem to be inevitable.

Since the demands for wheat and rice are projected to increase, and with wheat at

the upper limits of its temperature threshold because of global warming, planning

for investment in productivity will be required to enable an increase in domestic

production on a limited and deteriorating land base. The World Development
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Report 2008 of the World Bank recommends a future concentration of the agricul-

tural production in Central Asian countries. It will be inevitable to modernize the

agricultural production systems in Central Asian countries in order to be compatible

with the international and increasingly globalized markets. The protection and

sustainable use of their natural resources is an essential prerequisite for the stabili-

zation and modernization of the agricultural production systems in Central Asian

countries.

18.3 International Treaties Governing Land Management,

Biodiversity and Climate Change in Central Asia

The following international conventions and regimes are relevant for the manage-

ment of natural resources in Central Asia, and are also relevant for the special

situation of the dry seafloor of the former Aral Sea:

• The United Nations Convention to Combat Desertification (UNCCD)

• The United Nations Convention on Biological Diversity (UNCBD) together

with its principles for the sustainable use of biodiversity (Declaration of Addis

Ababa)

• The United Nations Framework Convention on Climate Change (UNFCCC)

• The Convention on Access to Information, Public Participation in Decision-

Making and Access to Justice in Environmental Matters (Aarhus Convention)

• The Convention on Migratory Species, and the Convention on International

Trade in Endangered Species of Wild Fauna and Flora

• The Framework Convention on Environmental Protection for Sustainable

Development in Central Asia (Ashgabat Convention)

All Central Asian countries have ratified the UNCBD, UNCCD and UNFCCC,

as well as the Aarhus Convention, except Uzbekistan.

Especially, the adoption of the UNCCD in 1996 meant that for the first time there

was an instrument enabling Central Asian countries to find common solutions to the

problem of desertification, which had worsened dramatically following the demise

of the Soviet Union. National action programmes (NAPs) provided a strategic

instrument for combating desertification at national level; a subregional action

programme (SRAP) to combat desertification for Central Asia covered the regional

and transborder issues related to desertification (Winckler and Wucherer 2003).

Within the framework of the SRAP, the following priority lines of subregional

cooperation were chosen:

• Monitoring and assessment of desertification processes and environmental

impact assessment in the region

• Improving water use in agriculture; combating erosion, soil salinization and salt-

marsh formation
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• Development of forest amelioration and forest resource management in both

the plains and the mountains; watershed management

• Range management

• Nature protection and biodiversity conservation; ecological tourism development

• Establishment of early warning system for drought and drought mitigation

Government funding for these NAPs remained uncertain, however, and the

necessary investment for the implementation of both NAPs and the SRAP did not

materialize as envisaged. For this reason, the Central Asian countries and a number

of their international partners decided to create the CACILM, as a multi country

partnership framework, and the CACILM programme.

CACILM represents the first ever attempt by a group of donors to support a

whole region to implement the UNCCD and undertake concrete measures to

combat desertification and improve land management. The Global Environment

Facility (GEF) as the financial mechanism of UNCCD has therefore made Central

Asia a priority region and, as a result, CACILM could become a worldwide model.

Most of the measures will be conducted at the country level. Some activities,

for example training and education or information exchange, are planned for the

regional level.

CACILM pursues a “bottom-up” approach to planning. The rural population

and government institutions and nongovernmental organizations are encouraged to

develop their own structures and strategies. In the countries themselves, implemen-

tation is to be managed by an interdisciplinary working group with the participation

of civil society and development organizations operating in the country. For the

overall CACILM process, a steering committee has been established through which

implementation of the initiative is managed by country representatives together

with the group of donors (CACILM 2006).

Significant progress has been made in achieving expected outputs during the

inception phase, which started in 2006. Some national programme areas and at the

same time multi country activities (activities spanning the Central Asian countries)

were formulated:

• Knowledge management and information dissemination (Fig. 18.2)

• Capacity building for mainstreaming sustainable land management and ensuring

that it is integrated into planning and management

• Development of a sustainable land management information system

• Sustainable land management research (Cai et al. 2003)

It is expected that over the 10-year CACILM programme period, the goal of

restoring, maintaining and increasing the productivity of land and improved eco-

nomic and social well-being will be attained, for example through:

• Increases in productivity of lands and pasturelands, decreases in the amount of

waterlogged and salinized land and increases in forest cover

• Increase in the size of biodiversity conservation areas

• Improved capacity of institutions in Central Asian countries to adopt integrated

land use planning and management (Fig. 18.3)
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18.4 The Role of Science in Combating Desertification

and Improving Land Management in Central Asia

18.4.1 Scientific Potential of the Area

Scientific structures dealing with the desert and desertification problems originated

in Central Asia in the 1960–1970s. First of all, the Desert Institute in Ashgabad,

Turkmenistan (now the National Institute of Deserts, Flora and Fauna, Ashgabat),

in the former USSR became the centre of scientific research in the sphere of desert

problems in the Soviet Union. It has held scientific meetings, organized interna-

tional training courses and published a monthly periodical (Problems of Desert
Reclamation). The situation changed in the 1990s with the independence of the

Central Asian countries. The scientific research funding was drastically reduced,

Fig. 18.2 The abandoned

terskent biological research

station north of Saksaulsk

(47�N17,20 – 60�E 59,50)
should be urgently restaured

for capacity building (photo:

Breckle)

Fig. 18.3 Saving old

scientific books from wet

cupboards from the

abandoned Terskent

biological station by Liliya

Dimeyeva and Walter

Wucherer (photo: Breckle)
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and many skilled specialists left their institutes. Nevertheless, the still existing

scientific potential in the region provides a basis for carrying on the necessary

research on desertification problems.

In Central Asia there are several field research stations where fundamental

and applied research was conducted, such as the Terskent research station in the

Aral basin zonal deserts (see Figs. 18.2 and 18.3), which is now deteriorating,

the Kyzylkum station in Uzbekistan, the Nebit-Dag and Karryh-Kul stations in

Turkmenistan, the Kazalinsk ecological station in the Kyzyl-Orda region of

Kazakhstan and the Muinak ecological station in Karakalpakstan (Uzbekistan).

Today the condition of all these stations is very poor, and their future is unclear.

There is no doubt that these field stations can only continue to serve as strong points

in the future regional arid research network if they are adequately supported.

The proposed CACILM research programme takes into consideration the

requirement for broad stakeholder involvement. It will also take into account the

numerous ongoing research programmes whose results are often difficult to obtain

and to adapt to practical use. The proposed research programme will strongly

support scientific capacity building, especially fostering the training of young

scientists.

Fig. 18.4 Vegetable

cultivation as an alternative

source of income in Nokhur,

Turkmenistan (photo: Kleinn)

Fig. 18.5 After

deforestation, the forest near

Barvoz is slowly recovering

as a result of forest

management (photo: Kleinn)
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A number of gaps concerning knowledge of land degradation and sustainable

land management practices have been identified which will become priority areas

for further research:

• Improved agronomic, soil and water conservation practices (Fig. 18.4). Especially,

the rational use of water to minimize risks of salinization and at the same time to

save water is a big challenge (Abdullaev 2008, 2009; Martius et al. 2009).

• Diversification of cropping and livestock production systems for increased

income generation.

• Germplasm collection and improvement particularly for stress tolerance to

drought, salinity and extreme temperatures.

• Improved water-use efficiency.

• Better rangeland and livestock management (Gintzburger et al. 2003).

• Improved forest and woodlot management (Fig. 18.5) (Khamzina et al. 2008).

• Adequate methods of land degradation assessment and monitoring (Figs. 18.6

and 18.7).

Fig. 18.6 Aralsk, the former

harbour basin is full of

rubbish and garbage, saline

soils and a source of

contamination and health

problems (photo: Breckle)

Fig. 18.7 Sand dunes cross

the village of Bugun and

destroy house walls by sand

blasting (photo: Breckle)
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18.4.2 Barsa-Kelmes: An Example for a Strategic Change
in Nature Protection in the Aralkum Region

There is only one nature reserve in the Greater Aral Sea area: Barsa-Kelmes (see

Chap. 14, Sect. 14.2). It was founded in 1939 and its area amounts to about 17,000 ha

Fig. 18.8 Barsa-Kelmes Nature Reserve: the old map, shown at the nature reserve’s administra-

tive site in Aralsk, indicating the former situation (photo: Breckle)

Fig. 18.9 Barsa-Kelmes Nature Reserve. New posters and boards indicating prohibition of

hunting and penalties are prepared by the nature reserve’s administration. Hunting saiga antelopes

will cost 183,800 tenges, hunting a gazelle will cost 367,600 tenges and uprooting a saxaul shrub

will cost 3,400 tenges as a penalty. Hunting a wild ass is even more expensive, it will be punished

with 1,838,000 tenges (1€ is equivalent to about 190 tenges). It is not known how many

prosecutions there have been (photo: Breckle)
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(Fig. 18.8). Until 1998 Barsa-Kelmes was an island in the Aral Sea. Between 1996

and 1998, as a consequence of the falling water table of the Aral Sea, a “bridge” was

formed between the island of Barsa-Kelmes and the mainland at the eastern coast.

Because of its natural isolation, Barsa-KelmesNature Reserve used to be one of the

best protected nature reserves in Central Asia (Wucherer and Breckle 2005; Breckle

2011). Shortly after Barsa-Kelmes became accessible via the mainland in 1998,

hunting activities started, particularly for antelopes and wild boars (Fig. 18.9).

In the meantime, wildlife (mainly antelopes and wild boars) have spread to a

larger, freely accessible space between the former island of Barsa-Kelmes and the

eastern coast. This change as well as economic factors compelled the relevant

Fig. 18.10 Hot spring at

Akbasti with 49�C water, day

and night (photo: Breckle)

Fig. 18.11 The restored

mosque at Turkestan, an

impressive building and park,

famous for tourist visits

(photo: Breckle)
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government services to abandon the strict approach of nature reserve and develop a

buffer zone model instead (see Chap. 14).

The example of Barsa-Kelmes Nature Reserve demonstrates how changing the

system of nature protection can link biodiversity conservation and economic

interests of the local population in the Aralkum region. In future, ecotourism

could be developed since there are several hot springs in the area (Fig. 18.10) as

well as famous historical sites (Fig. 18.11).

18.4.3 Desertification, Water Supply and Energy Supply

In 2001 the GTZ-CCD project group, together with the individual Central Asian

countries, initiated pilot projects in each Central Asian country, which later became

part of a regional network for exchange of experience and information on partici-

patory approaches as well as technical and structural solutions for sustainable land

management and combating desertification. In the meantime, most of them have

developed into more substantial subprojects.

Fig. 18.12 Harvesting

teresken in the Pamir

Mountains (photo: Kleinn)

Fig. 18.13 Dung from cows,

dried in front of a farm house

and stable, north of Aralsk,

used as the main energy

source for cooking and

heating (photo: Breckle)
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Two of these subprojects in Tajikistan and Turkmenistan will be briefly men-

tioned. Both tackle the Aralkum basin in its wider sense. In Tajikistan the project

dealt with “Combating poverty on the roof of the world: Desertification driven

by poverty and energy crisis” (CACILM 2006; GTZ CCD Project 2008). The

riparian forests indigenous to the river valleys and the teresken bushes (Ceratoides
papposa)—a plant not only required for yak rearing—in the mountainous regions

are severely threatened, as the energy crisis has meant that local people are using

them intensively as fuel (Fig. 18.12) for heating and cooking (Ahmadov et al.

2006); thus, the demand for this slow-growing bush is high. By using this plant as

fuel, people are burning their livestock’s fodder and their only natural defence

against erosion. This specific situation is called “teresken syndrome” and is

paralleled in Bolivia by the “tola syndrome” (Breckle and Wucherer 2006).

Often dung from cows is collected, dried and used as an energy source for cooking

and heating (Fig. 18.13).

Fig. 18.14 Preliminary

pontoon bridge over the Syr

Darya (photo: Breckle)

Fig. 18.15 Fishing boats on

the North Aral Sea, near

Bugun, indicate the recovery

of fish populations after the

construction of the dam. The

main fish population is

European plaice

(Pleuronectes platessa), a
commercially important

flatfish introduced by a

Danish consortium (photo:

Wucherer)
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A pilot project in Turkmenistan delivered the basis and starting point for a

UNDP/GEF/GTZ cooperation project which started in 2006 and which is part of

the CACILM implementation process in Central Asia. The project aims at creating

a partnership for sustainable land management between the Government of

Turkmenistan, local government structures, communities and the civil society.

On the ground, investments by the project will focus on three ecologically

different regions in the country: the mountain area of Kopet-Dag; the sandy desert

region of the Karakum and the area of intensive irrigated agriculture of Mary. In

these regions, the project will enhance sustainable pasture management practices,

identify and support alternative sources of income for the population and install

technical measures to prevent further damage through wind and water erosion as

well as salinization processes (GTZ CCD Project 2007b). Thus, it places strong

importance on the water dependence of the Karakum Canal on the Amu Darya as

the main source for water in Turkmenistan and improved water management.

Environmental and economic river basin assessments will be made which will

include water demands for irrigation and drinking water and aspects related to

safety of hydrotechnical facilities and dams, including bridges (Fig. 18.14).

In most subprojects value chain promotion is a key component of the pro-

gramme. The value chains are set so as to generate explicit environmental

benefits, for example, by applying principles of sustainable resource use and

management in agriculture, by introducing integrated pest management – including

the use of so-called beneficial organisms – and by adopting product quality

standards. The value chain promotion focuses on developing the potentials of the

following subsectors: melons and sugar melons, greenhouse products, fodder crops,

livestock, aquaculture and fisheries (Fig. 18.15 and 18.16). Furthermore, the

programme promotes energy efficiency as well as decentralized renewable energy

technologies.

Fig. 18.16 The fruit market

at Aralsk (photo: Breckle)
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18.5 Main Challenges for Sustainable Land Management

in the Central Asian Region

18.5.1 Three Big Basic Challenges

Natural resources – forests, pasture, arable land and water – form the basis for

subsistence of most people living in the Central Asian countries. Poverty, however,

often drives them to put even greater strain on natural resources that are already

overexploited. That means that environmental and social problems have to be

tackled simultaneously. There are three main challenges lying ahead for the Central

Asian countries:

1. The first crucial challenge consists of breaking the vicious circle of poverty and

desertification. Only if people learn to use natural resources sustainably and

if their living conditions improve at the same time can this vicious circle be

broken. What is needed first and foremost is the active participation of the

resource users in all field activities aiming at sustainable land use. Only if people

in Central Asia are able to continue to derive benefits from the use of their land

will they be motivated to use their land resources sustainably. That means that

activities aiming at sustainable land use have to take technical and socioeco-

nomic aspects into consideration at the same time.

2. Adapting land use to the declining productivity of agricultural and pastoral

land induced by desertification and climate change is another main challenge.

To ward off the increasing risk of degradation, it is vital to make land use more

flexible, for example by planting new types of crop, making pasture use more

mobile, introducing other types of livestock and protection measures against

erosion

3. Central Asia is a region with scarce water resources that are used intensively

for hydropower and irrigation, often with conflicting claims for use. The econo-

mies of the five independent Central Asian countries and Afghanistan are highly

interconnected by water discharge of the Syr Darya and Amu Darya and other

transboundary rivers. The inhabitants along the lower reaches of the rivers in

Central Asia need substantial quantities of water for their irrigated agriculture.

The inhabitants of the upper reaches, however, are aiming to use hydropower

more intensively as a source of energy. One of the crucial challenges therefore

is sustainable and equitable water management in the region, in order to avoid

conflicts over water issues, and integration of water issues with energy and

climate issues.

The essential preconditions to meet these challenges are enhanced policy coher-

ence through mainstreaming of sustainable land management principles into

national policies and legislation; country ownership of sustainable land manage-

ment; improved interaction between state agencies and land users through human

resource development and capacity building (MCB, 2009); strengthening policy,
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legislative and institutional frameworks in each country; operational land manage-

ment information systems; development of sustainable land management research

programmes; learning and knowledge sharing; and sufficient financial resources for

on-the-ground project investments.

Measures already under way, such as the implementation of the regional initia-

tive CACILM and the numerous projects in the Central Asian countries themselves,

form a good basis for an adaptation strategy of this sort. It will be important,

however, that they provide the people directly affected by the consequences of

climate change with competencies for combating desertification and managing

increasingly scarce resources more flexibly.

18.5.2 Adaptation Strategies

Major adaptation strategies should try to make land use more flexible and less

vulnerable to more extreme weather conditions:

• Interventions in the water management sector are necessary to minimize evapora-

tion, reduce losses from the irrigation network, reduce water consumption through

modern irrigation techniques, introduce community water management schemes

and regional quotas, etc. The introduction of water-saving technologies could be

ameasure for adaptation to climate change in the region. For example, introduction

of water-saving technologies in cotton cultivation in Turkmenistan, allowing the

use of 7,000m3 ofwater instead of the usual 12,000m3, could allow savings of 20%

of the country’s current water use. However, effective extension and training

approaches are needed to disseminate these technologies. Beyond this, some

technologies require investments in new types of equipment or materials

that farmers lack access to, and that are expensive (IFPRI/ICARDA 2009)

• In agriculture, proposals include mulching, use of cover crops, crop switching

and introduction of drought-resistant varieties. There is a good basis of a great

variety of crops which are cultivated in a traditional way, which serve for the

local markets (Figs. 18.4 and 18.16) and which have great potential for improved

and sustainable yields.

• Pasture management proposals include control of animal numbers and more

mobile pasture, for example through rotation and introduction of better adapted

types of livestock. Possible options for addressing rangeland degradation

could be, especially for the Aralkum, controlled grazing, rotational grazing,

water harvesting, establishing protected area, reseeding rangelands, planting

salt-tolerant and drought-tolerant species, fertilizer application, water harvest-

ing, and the creation of an enabling institutional and policy environment

• Intensive research on climate change and vulnerability is needed; monitoring

and communication systems have to be developed to establish early warning

systems for drought and other extreme climatic events in the whole Aral Sea

basin and in the Aralkum region.
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• Public awareness campaigns are also necessary to win public support for climate

change measures.

The adaptation strategies have to integrate politically challenging issues such as

land reform, pasture reform and other measures to facilitate livestock mobility, and

the consequences of demographic development.

18.5.2.1 Water-Saving Technologies

Many water and land management technologies and practices are available that can

substantially improve the efficiency of irrigation water use in Central Asia. Among

these are drip irrigation, sprinklers or microsprinklers, cutback and alternate furrow

irrigation, raised bed planting, field levelling, contour furrows, microfurrows,

mulching, plastic chutes for conveying water, reuse of drainage water for irrigation,

and planting of more and more-water-efficient crops. Numerous experiments have

been conducted with such technologies in Central Asia, with most showing very

promising results. In almost all cases, substantial savings in water use were

achieved (as much as 60% reduction with drip or sprinkler irrigation), and the

efficiency of water use (production per unit of water) was increased substantially. In

most cases, crop yields were also increased, indicating that there were generally no

trade-offs between yields and water use efficiency for the technologies tested.

Irrespective of the prevailing image and economic difficulties at present, the

regional vision shows that the water resources of the Aral Sea basin as a whole are

sufficient to provide adequate nutrition and use for a population twice the size of the

present one. Water supply and sanitation can be improved without excessive cost,

with the inherent substantial reduction of child mortality. Furthermore, enough cash

crops could be produced to sustain diversified economic growth and still save

enough water for a healthy environment. The main condition is that agricultural

productivity per cubic metre of water must increase considerably along with the

careful selection of cropping patterns and varieties (UNESCO 2000; Breckle and

Wucherer 2007; Breckle and K€uppers 2007).
In Turkmenistan, Uzbekistan and Kazakhstan the major potential for reducing

emissions of greenhouse gases lies in power generation. Consequently, most future

investments are planned here. There is little potential for the development of

renewable energy, except in Kazakhstan, where wind energy and hydropower

investments are planned. In Tajikistan and Kyrgyzstan major investments will be

undertaken in the field of hydropower, in order to produce more electricity for the

national market and for export. Particularly in Tajikistan investment in hydropower

will ease the energy crisis, which is a source of land degradation and loss of

vegetation. Other proposals include:

• Production of biogas from manure as a method of reducing emissions, and

particularly rational use of industrial fertilizer to reduce N2O emissions

• Capturing of methane emissions from waste for fuel through recycling schemes

or waste-disposal plants
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• Reforestation schemes to increase sinks

• Legislative measures to regulate greenhouse gas emissions such as taxes,

subsidies and emission permits

18.5.2.2 Nature Protection and Conservation as an Element of Sustainable

Land Use and Combating Desertification

Biodiversity conservation is particularly important for Central Asia. Long-term

biodiversity conservation, however, implies an effective balance between protec-

tion goals and the interests of the local population. Protection of biodiversity will

only be accepted by members of the local population if their economic interests are

taken into account. Therefore, creating alternative sources of income through sus-

tainable use of natural resources and biodiversity is of particular importance.

Effective biodiversity protection can only be implemented by simultaneous

changes at the national, regional and local levels. Here the following aspects have

to be taken into account:

• Participation of all interest groups in decision-making processes

• Decentralization of decision making and participation of the local population

• Development of adequate incentives for the user groups and ensuring their user

rights, among others by creating an appropriate legal framework and through

integration into land use planning

• Coordination with other sectors (agriculture, tourism, nature conservation, etc.);

improvement of transboundary cooperation

18.6 Conclusions

The situation in the Aralkum region is basically a consequence of problems and

complex processes having their seeds outside the region. They crucially influenced

the development of the Aralkum region in the past. One of the most important

influencing factors is the national and regional management of water resources and

its association with aspects of energy supply as well as agricultural and pastoral

production. The impact of climate change has to be added.

However, as pointed out, the complex problems of the Central Asian region will

continue to have a decisive influence on the ecological and socioeconomic situation

in the Aralkum and determine its economic future. In other words, the situation in

the Aralkum will only have a chance of a positive evolution if solutions for the

structural problems which threaten the future of the Central Asian region as a whole

can be found.

Research results from the last decade in the Aralkum are distinctly important

because they identify concrete possibilities and limits for adjusting to ecological

change at the local level. A choice of possible actions on various levels in the region

will arise from these results. Many other small bricks are necessary to provide an
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overall improvement of the living conditions of the local people, and to switch local

and regional administrations to active projects in the whole Aralkum region to find

new ways to adapt and to take responsibility for positive actions, new perspectives

and even use of advantages of the new situation in the Aralkum.
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Gr€uninger F (eds) Ökozonen im Wandel. Passauer Kontaktstudium Geographie 11: 91–100

Breckle S-W, K€uppers W (2007) Water conserving plants for agriculture in arid and semi-arid

areas. In: Lozan Jl et al. (eds) Global Change: Enough water for all? Wiss. Auswertungen/GEO

Hamburg, p.310–314 (3rd ed. 2011, p. 518–528 in German)

Breckle SW, K€uppers M (2011) Wassersparende Nutzpflanzen in ariden und semi-ariden gebieten.

In: Lozan JL, Graßl H, Hupfer P, Menzel L, Sch€onwiese Ch-D (eds) Warnsignal Klima: Genug

Wasser f€ur alle? Wissenschaftliche Auswertungen, in Kooperation mit GEO, 3rd edn (in press)

Breckle S-W, Wucherer W (2007) What will be the future of the Aral Sea? In: Lozan Jl et al.

(eds) Global Change: Enough water for all ? Wiss. Auswertungen/GEO Hamburg, p.142–146

(3rd ed. 2011, p. 210–219 in German)

Bucknall J, Klytchnikova I, Lampietti J, Lundell M, Scatasta M, Thurman M (2003) Irrigation in

Central Asia: social, economic and environmental considerations. Europae and Central Asia

Region. Environmentally and Socially Sustainable Development Division. World Bank,

Washington (English, Russian). Also available at http://www.worldbank.org/eca/environment,

(accessed July, 19th, 2011)

CACILM (May 2006) Central Asian Countries Initiative for Land Management (CACILM

brochure)

Cai X, McKinney DC, Rosegrant MW (2003) Sustainability analysis for irrigation water manage-

ment in the Aral Sea region. Agric Syst 76:1043–1066

Fang L, Wang LZ, Hipel KW (2005) Securing fair water allocation in the Aral Sea Basin. Systems

and human science – for safety, security, and dependability. Pp.159–170. Elsevier/Amsterdam

Giese E, Moßig I (2004) Klimawandel in Zentralasien. ZEU Discussion Papers No. 17

18 The Aralkum Situation Under Climate Change 455

http://www.worldbank.org/eca/environment


Gintzburger G, Toderich KN, Mardonov BK, Mahmudov MM (2003) Rangelands of the arid and

semi-arid zones in Uzbekistan. CIRAD-ICARDA, Montpellier/France; Syria

GTZ CCD Project (2007a) Acting locally – cooperating regionally: combating desertification in

Central Asia

GTZ CCD Project (2007b) Capacity building and on-the-ground investments for sustainable land

management in Turkmenistan (A project leaflet)

GTZ CCD Project (2008) Climate change and land degradation in Central Asia: scenarios,

strategies and funding opportunities

IFPRI (2008) Annual report. Supported by the GGIAR. (http://www.ifpri.org), accessed july, 19th,

2011)

IFPRI/ICARDA (2009) Economic analysis of sustainable land management options in Central

Asia (Second Progress Report)

Jensen S, Mazhitova Z, Zetterstr€om R (1997) Environmental pollution and child health in the Aral

Sea region in Kazakhstan. Sci Total Environ 206:187–193

Khaydarov RA, Khaydarov RR (2007) Solar powered direct osmosis desalination. Desalination

217:225–232

Khamzina A, Lamers JPA, Vlek PLG (2008) Tree establishment under deficit irrigation on

degraded agricultural land in the lower Amu Darya River region, Aral Sea Basin. For Ecol

Manage 255:168–178

Larchet C, Eigenberger G, Tskhay A, Tastanov K, Nikonenko V (2002) Application of electro-

membrane technology for providing drinking water for the population of the Aral region.

Desalination 149:383–387

Martius C, Froebrich J, Nuppenau EA et al (2009) Water resource management for improving

environmental security and rural livelihoods in the irrigated Amu Darya lowlands. In: Brauch
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