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The project focuses on multiscale synthesis analyses of land cover and land use changes and major 

climatic, environmental and socioeconomic changes that have been occurring since the 1950s in drylands 

of Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan). The proposed 

research leverages on past and ongoing work conducted by the team as part of the NEESPI and several 

other national/international projects. The general question driving the project is “How have human 

drivers, combined with climate variability and change, changed the landscapes of the region over the past 

~50 years, especially in the post-Soviet period since the 1991? 

The main goal of the project is to synthesize (map, document and understand) changes in land cover and 

land use, to determine trajectories of change and the role of human and natural drivers, and to assess the 

consequences to food and water security in the region. Our specific objectives include (1) synthesis of the 

scope of changes in LCLU and related institutional, socio-economic, and climatic factors, (2) analyses of 

LCLU change trajectories and the relationship with major human and natural drivers, and (3) assessment 

of consequences of land use changes on food and water security in the context of socioeconomic 

transformations. 

During the project term, we have been focusing on the development of the synthesis of the LCLU 

dynamics and its diverse impacts on the water availability and food productions, on the economics of the 

region, and its general impacts on the environment and human of the Central Asia region. Below we 

summarize the major accomplishments of the project. 

 

 

 



Synthesis of the LCLU dynamics and its implications for the dust emission, including the 

assessment of an anthropogenic fraction of dust. 

We have reconstructed the historical (since 1950s) LCLU data in the region. This data set has 

been incorporated into the WRF_DuMo (dust module) that has been developed by the Sokolik’s group. 

The model has been used to assess the anthropogenic fraction of the dust emission, i.e., the fraction of 

dust, which has been emitted due to various human activities. The model explicitly takes into account the 

historical LULC changes that have been reconstructed for the entire region of the study 

The newly developed regional dust model system was applied to quantify the anthropogenic dust 

emission in the post-Soviet Central Asia from 2000 to 2014. Two physically based dust emission schemes 

suggest that a proportion of 18.3–32.8% of total dust emissions is contributed by agricultural land use and 

the desiccation of Aral Sea, whereas a simplified dust scheme yields higher estimates in the range of 

49.7–56.5% , depending on whether a static or dynamic preferential dust source function is used. The dust 

schemes also differ greatly in the spatial distribution of anthropogenic dust and the sensitivity to the 

consideration of the land use intensity in separating natural and human-made source areas, suggesting that 

the model representation of the erosion threshold velocity, especially the role of vegetation, is a key 

source of the model uncertainty in quantifying the anthropogenic dust fraction. The relative importance of 

agriculture and dried Aral Sea bed (Aralkum) differs greatly among the dust schemes. Despite the 

increased dust from the expansion of the Aralkum, there is a negative trend in the anthropogenic dust 

proportion, indicating a shift of the dust emission toward natural source areas. All dust schemes show a 

decrease in anthropogenic dust in response to land cover changes over agricultural lands. 

Based on five experiments using three dust emission schemes (including two physically based 

and one simplified), two soil size distribution data sets, and two preferential dust source function data 

sets, we demonstrate large model disparity in  

(1) an estimated anthropogenic proportion of total dust emissions ranging from 18.3% to 56.5%, 

(2) the spatial distribution of anthropogenic dust, 

 (3) the sensitivity of anthropogenic dust to the use of land use intensity in separating natural and 

human-made source areas  

(4) the relative importance of agriculture versus the desiccation of Aral Sea to the region’s dust 

emission. 

Our findings suggest that the model parameterization of erosion thresholds, particularly the 

vegetation effect on the threshold friction velocity, is a key source of the model uncertainty in quantifying 



the contribution of human land use to the dust emission. Nonetheless, all model experiments show a 

negative trend in the anthropogenic dust proportion from 2000 to 2014, despite that the continuous drying 

of the Aral Sea leads to the enhanced dust activity in recent years. The decreasing trend suggests a shift of 

the dust emission toward natural source areas. The model experiments also show consistent responses of 

anthropogenic dust to land cover changes. Specifically, anthropogenic dust increases in response to the 

gain in the land type of open shrublands and decreases in response to the losses in grasslands and 

barren/sparsely vegetated. The combined effect is a net decrease in the anthropogenic dust associated with 

land cover changes over agricultural lands. It should also be pointed that in addition to the impacts of land 

cover changes on the dust emission, dust may also alter land cover by influencing dryland ecosystems via 

radiative and deposition processes, highlighting the need for an integrated understanding of human-dust-

ecosystem interactions [e.g. Farmer, 1993; Xi and Sokolik, 2016]. 

Synthesis of LCLU  and its implication for smoke emissions from wildfires.  

The developed synthesis LCLU data have been used in the building of a smoke emission 

climatology in the region. This work has used various NASA satellite products, i.e, MODIS FRP, MODIS 

aerosol optical depth, etc. We have performed an assessment of the smoke emission on a case-by-case 

basis, considering actual fires evens that have been occurring in the region of study.  The WRF-Chem-

SMOKE model that has been developed by the Sokolik’s group. It has been used to generate the smoke 

emissions. Driven by actual meteoroidal data, the model reproduces accurately all fire events. The results 

of this work have been presented at the Fall AGU meeting and published [see Park and Sokolik, 2016b].  

Most burning occurs in shrub and grassland areas from the spring to fall, in which the NDVI is about 0.2 

to 0.4, as seen  in Figure 1, below. 

To evaluate the calculated burned areas based on Randerson et al. [2012], we have compared the 

values with the Fire INventory from the NCAR (FINN) data. The FINN provides fire burning estimates 

with the daily and high resolution (1km x 1km) for the use in regional and global models. To be 

consistent in the comparison, we re-gridded the FINN data (1 km) to the WRF_Chem domain grids (10 

km). While burned areas using the Randerson equation for April and May showed still decreasing values 

compared to the FINN data, the statistics in other months are comparable to the FINN data.    



 
Figure 1. Calculated monthly burned area based on the Randerson approach. Each symbol 
represents the range of burned areas [ha] 

 

Synthesis of regional water availability  

During the project, several important components related to water availability have been 

investigated and summarized:  

(1) Synthesis of results for the quantification of climatic and anthropogenic drivers affecting land 

cover and land use change in the region based on the analysis of multiple data sources including 

observational, census, and modeled data;  

(2) Synthesis of results for a regional assessment of changes in the regional water and food 

security, using multiple indicators characterizing water availability, land use, and food production;  



(3) Improved estimates of the regional agricultural water use, based on simulations from the 

upgraded UNH hydrological model - WBM with new functionality and components, taking into account 

the unsustainable water withdrawal.  

Based on our analysis of multiple data sets for regional climate, land cover/use, water resources 

and water use, we evaluated contemporary changes in these components and created a set of maps and 

tables synthesizing these results for individual countries, administrative units, elevation bands and land 

cover types. These outcome products were produced using the data from remote sensing, in situ 

measurements, regional censuses and modeling experiments incorporated in our Regional Integrated 

Mapping and analysis system (RIMS, http://neespi.sr.unh.edu), which currently contains more than 20000 

various data layers [Shiklomanov et al., 2016].  

We integrated the results of multiple simulations on the University of New Hampshire - Water 

Balance Model - Transport from Anthropogenic and Natural Systems (WBM-TrANS) for natural and 

anthropogenic conditions with census based time series of the land and water use to characterize changes 

in the regional water security since 1990. We created a numerous gridded layers for various indexes 

characterizing the regional water availability and water use and their changes after USSR breakup.  

We added a new functionality in the UNH hydrological model WBM to quantify contributions of 

individual drivers/anthropogenic factors to river flow. This can be now done by assessing and tracking the 

major water source components in every modeled water storage and surface water flow. A water tracking 

capability recently developed for WBM have already demonstrated its potential for hydrological studies 

in dry land areas with significant water withdrawal for irrigation  [ Shiklomanov et al., 2016; Zaveri et al., 

2016]. The WBM’s flexible and expandable internal tracking system allows “fingerprinting” of water at 

all steps in the water cycle such as in soils, groundwater pools, lakes, reservoirs, and fluxes such as 

snowmelt, rain, glacier runoff, and baseflow. We can also track changes in the agricultural water use from 

surface and ground water pools (Figure 2) and provide more reliable assessments for the regional water 

security.    



 

Figure 2. General structures of the UNH Water Balance Model and new water storage/flux tracking 
system   

The analysis of climate change on some components of water security for Central Asia has been made 

using data collection and tools from Regional Integrated Monitoring System (RIMS) developed for the 

Northern Eurasia under this and earlier NASA LCLUC projects. We applied a set of WBM simulations to 

understand the consequences of changes in climate, water use (Figure 3a), demography, and economy on 

various variables and indices characterizing regional water security. The WBM accounts for sub-pixel 

land cover types, glacier and snow-pack accumulation/melt across sub-pixel elevation bands, 

anthropogenic water use (e.g., domestic and industrial water consumption, irrigation for most of existing 

crop types), and hydro-infrastructure for large inter-basin water transfer (e.g. Karakum Canal in the 

Central Asia) and reservoir/dam regulations [Grogan et al., 2015]. The map (Figure 3b) shows Central 

Asian countries and sub-country administrative units. The census data about land use, crops and irrigated 

area from 1980 to 2012 for the administrative units have been combined with gridded MIRCA2000 

rainfed and irrigated crop data [Portmann et al., 2010] to provide land use inputs for WBM simulations. 

The dynamics of water use for domestic, industrial and livestock needs have been simulated in WBM 

using country-based statistical socio-economic information along with spatially distributed population 

density. All WBM inputs and outputs parameters were integrated into RIMS to facilitate data analysis.  

The map (Figure 3a) demonstrates changes in the water use (irrigation, domestic, industrial, livestock) 

across Central Asia between 2000-2014 and 1980-1985 based on WBM simulations. Inserted plots show 

annual changes in the irrigation water demand over 1980-2014 for two sub-regions (pixels). Since 1980, 



the irrigation water use significantly increased in Uzbekistan – where the highest population growth rate 

has been observed – and declined in East Kazakhstan (Figure 3a). The barographs on Figure 4b present 

the official data about changes in areas of irrigated lands for administrative units. There are different 

patterns of these changes over 1980-2012, which reflect various socio-economic, demographic, and 

political aspects. For example, significant drops in irrigated areas around 1990 in the Osh region – 

Kyrgyzstan and Fergana-Uzbekistan – is probably related to the so-called Osh riots (a conflict with 

numerous victims). Water Scarcity Index (WSI) [Brown and Matlock, 2011] was estimated in the RIMS 

calculator based on the WBM simulations using only locally generated water resources (Figure 3e,f) and 

total available water resources (including inflow) (Figure 3c,d). The index combines information about 

water abstractions and water availability. It is defined by the intensity of water resource use, i.e. the gross 

freshwater abstractions as percentage of the total renewable water resources or as percentage of internal 

water resources. This indicator is defined by the ratio WSI=W/Q, where W are the annual freshwater 

abstractions and Q is the annual available water. The severity of water stress is classified in several 

categories (from high water stress – red to abundance of water – blue Figure 3c-f). This indicator neglects 

temporal and spatial variations as well as water quality data. We also analyzed a number of other indexes 

and variables characterizing the water availability and water use in the region. There is general tendency 

towards significant decline in water availability by 2014 compared to 1990 (Figure 3c-f). The water 

security situation in 2014 across the region is more stressful even despite significant political and socio-

economic transformations in the region in 1990s, which led to decrease in water use. This is primarily 

related to change in climatic conditions and population growth.  

All estimates of the water stress and the water availability in the Central Asia, as well as computations of 

various water security indicators have been made within the RIMS environment, using new regional data 

supplied by our collaborators from Central Asian countries.  



 

Figure 3 shows deviations in water use (irrigation, domestic, industrial, livestock) between 2010-2014 
and 1980-1985 for 6 minute grid cells based on WBM simulations; the embedded plots show opposite 
changes for two subregions (pixels) in annual water demand for irrigation (a); The map of administrative 
units of Central Asia and plots showing the dynamic of irrigated lands for several regions based on 
census data (b). Maps of Water Scarcity Index (WSI) based on only locally generated (c, d), and total 
available water resources including inflow from other sub-regions (e ,f) for 1990 and 2014. (Shiklomanov 
et al, 2016) 

 

 

 

 

 



Multiscale synthesis of land cover and land use, climatic, and societal changes in drylands of 

Central  

Land surface phenology metrics allow for the summarization of long image time series into a set 

of annual observations that describe the vegetated growing season. These metrics have been shown to 

respond to both climatic and anthropogenic impacts. We have assembled a time series (2001-2014) of 

Moderate Resolution Imaging Spectroradiometer (MODIS) Nadir BRDF-Adjusted Reflectance (NBAR) 

data at two spatial resolutions (0.05º and 500 m) and land surface temperature data at two spatial 

resolutions (0.05º and 1000 m). We then derived the land surface phenology metrics, focusing on the peak 

of the growing season by fitting convex quadratic regression models connecting the NDVI time series 

with the progression of Accumulated Growing Degree-Days (AGDD) derived from the land surface 

temperature data. 

 

Figure 4: Land Surface Phenology metrics linked that are linked with the large scale climate oscillations  



 

Figure 5: Average peak of the growing season for Central Asia. High values are found in irrigated areas 
and in the mountains. Higher NDVI values can also be found in the northern croplands of Kazakhstan. 

 

We linked the annual information on the (1) peak timing, (2) thermal time to peak, and (3) peak 

magnitude with three important climate oscillations—the Atlantic Multi-decadal Oscillation (AMO); the 

North Atlantic Oscillation (NAO); and the East Atlantic / West Russia pattern (EAWR)—and evaluated 

the effects of the different spatial resolutions. We discovered several significant correlations between the 

climate oscillations and the land surface phenology peak metrics for a range of different bioclimatic 

regions in the drylands of Central Asia, and we linked these correlation results to changes in ambient 

population modeled by LandScan (see Fig. 4,5). 

 
Synthesis of Impacts of climate change on agroclimatic conditions for cotton production  

For evaluation of current thermal conditions during cotton crop season in the Central Asia the 

ERA-Interim reanalysis for surface air temperature blended with observational data spanning 30 years 

from 1979 to 2009 (the baseline period in relation to future climate change projection period from 2050 to 

2059, see chapters 2.2 and 3.2 below) has been used. Using this data the agroclimatic indicators such as 

(1) the number of active and effective temperatures for the period with temperature above 10°С, (2) the 

dates when temperature goes above or below 10°С, (3) the duration of that period, and (4) the period 

without frosts have been calculated. Calculations are not conducted for mountainous areas where 

extrapolation procedures have been used.  



The duration of a period, when surface air temperature is above 10°С, was found in the range of 

160 days in the north to 250 in the southern regions. An exception is the region in the north from Lake 

Balkhash (the south part of Kazakh Upland) where the duration of that period decreases to 120 days. 

Spatial distribution of period lengths without frost is more complicated since it strongly depends on 

conditions of underlying surface. Generally, in the considered area frost-free period increases from 130-

135 days in the north to 225-230 in the south. The duration of the frost-free period as well as that with air 

temperatures above 10°С tend to decrease in the region of Kazakh Upland and constitutes there 105 days. 

The frost-free period tends to be longer in the coastal regions (in the regions adjacent to Caspian sea the 

length of such periods amounts to 270 days). On the coast of Aral Sea the frost-free period is about 180 

days, however, such durations can be found only in the narrow coastal line. Comparison of the frost-free 

period with the period when surface air temperature is above 10°С (crop season) shows that on the major 

part of territory the frost-free period is shorter than the crop season and thus there is a danger for cotton to 

be harmed by frost. 

To evaluate impact of global warming on conditions for cotton growth, agroclimatic indicators 

have been calculated for the period of 2050-2059 using MGO Regional Climate Model. Three member 

ensemble of model simulations at 25 km resolution have been carried out for the territory of Central Asia 

using ‘aggressive’ IPCC RCP8.5 scenario. Each of the decadal long simulations started with different 

initial conditions in the atmosphere to generate full range of interannual climate variability (3×10=30 

years in total). The ensemble averaged output is used as an input for evaluation of future changes in 

agroclimatic conditions. 

It has been shown that the active temperature sums are expected to increase by the mid-21st 

century by approximately 1000°C across Central Asia resulting in sums ranging from 4000°C at 50°N to 

6600-6800°С in the southern regions. Thus, the sums of active temperatures will shift by 5° northwards as 

compared to baseline period. The spatial distribution of effective temperatures will change similarly and 

increase accordingly by 500°C or more so that the latitudinal shift will be around 5°C, as well (Fig. 6). 

For quantitative assessment of spatiotemporal variability of accumulated temperatures, the 

relative difference between projected period and baseline simulation has been used. The largest changes 

in the amounts of active temperatures will occur in the area of the Aral Sea, Kazakh Upland and foothill 

areas of the southeast. In these areas, the sum of active temperatures will increase by 30% or more (Fig. 

3). Spatial distribution of changes in the amount of effective temperatures generally resembles the 

distribution of changes in the amount of active temperatures but the magnitude of changes in effective 

temperatures is 5-10% larger than that of active temperatures. 



To evaluate impact of global warming on conditions for cotton growth, agroclimatic indicators 

have been calculated for the period of 2050-2059 using MGO Regional Climate Model. Three member 

ensemble of model simulations at 25 km resolution have been carried out for the territory of Central Asia 

using ‘aggressive’ IPCC RCP8.5 scenario. Each of the decadal long simulations started with different 

initial conditions in the atmosphere to generate full range of interannual climate variability (3×10=30 

years in total). The ensemble averaged output is used as an input for evaluation of future changes in 

agroclimatic conditions. 

It has been shown that the active temperature sums are expected to increase by the mid-21st 

century by approximately 1000°C across Central Asia resulting in sums ranging from 4000°C at 50°N to 

6600-6800°С in the southern regions. Thus, the sums of active temperatures will shift by 5° northwards as 

compared to baseline period. The spatial distribution of effective temperatures will change similarly and 

increase accordingly by 500°C or more so that the latitudinal shift will be around 5°C, as well (Figure 7). 

For quantitative assessment of spatiotemporal variability of accumulated temperatures, the 

relative difference between projected period and baseline simulation has been used. The largest changes 

in the amounts of active temperatures will occur in the area of the Aral Sea, Kazakh Upland and foothill 

areas of the southeast. In these areas, the sum of active temperatures will increase by 30% or more (Fig. 

3). Spatial distribution of changes in the amount of effective temperatures generally resembles the 

distribution of changes in the amount of active temperatures but the magnitude of changes in effective 

temperatures is 5-10% larger than that of active temperatures. 



 
Figure 6: Sums of active air temperatures (1000×°С) calculated over the period with temperatures above 
10°С for 1979-2009 (upper) and 2050-2059 (lower). 

The estimation of changes in the length of period with surface air temperatures above 10°C and 

frost-free period plays very important role for assessment of the prospects in the development of cotton 

production. Both of the periods on the entire territory of Central Asia by the middle of the 21st are 

projected to increase by approx. 10-15 days in northern areas to 30-35 days in the southern regions (Fig. 

5, 6). However, the areas with relatively small changes in the periods (below 15 days) occur primarily due 

to changes in the frost-free periods rather than changes in the base growth temperature periods. Increase 

in the periods with temperatures above 10°C and, therefore, an increase in the sums of temperatures for 

this period makes it possible to shift the northern boundary of area of cotton cultivation in the future 

further northwards. At the same time, an increase in the length of the frost-free period reduces the risk of 

damaging the cotton by devastating frosts. 

Different ripening varieties of cotton require different thermal conditions. According to the length 

of growing season (from germination to maturation of bolls), the breeds of cotton can be divided into four 



kinds, namely, early-ripening (100 - 110 days), middle-ripening (115-120 days), middle-late (130-135 

days) and late (150-170 days) groups of cotton breeds. The late breeds consist of fine-filamented cotton. 

For the growth of different breeds certain values of effective temperature sums are required. 

According to the Table on Figure 6 and maps of the distribution of effective temperature sums for the 

baseline and future periods (Figure 6), one can easily define the boundaries of cultivation of specific 

breeds of cotton for both periods. 

Provided at 99% exceedance probability level, for early-ripening and late cotton the average 

amount of effective temperatures will be 2070°C and 2450°C, respectively. That evaluation of 

exceedance probability 99% is given for the extreme values of average amounts of effective temperatures 

(1720 and 2100°C). Figure 7 displays four contour lines: the first and the third ones are for 99% 

exceedance probability of thermal resources for early-ripening cotton (2070°C) in the baseline (1979-

2009) and future (2050-2059) periods, respectively; the second and the fourth lines are the same 

probabilities for very late (fine-filamented) cotton. The first and the third contours are also related to 

relative provisions of thermal resources for the middle-ripening and late cotton at 90% and 75% levels. 

The figure clearly indicates that the projected change in the thermal regime by the mid-21st century results 

in the considerable shift of cultivation boundaries of both early and late breeds of cotton northwards and 

generally implies significant increase in the cotton-growing area in future. 



 
Figure 7: Evaluation of changes in potential thermal resources for cotton 

  

Synthesis of the impact of climate change on agroclimatic growing conditions of spring wheat in 

Central Asia 

Spring wheat is not much demanding for heat. The seeds begin to germinate at temperature of 3-

5°C; seedlings appear viable at 5-7°C. The optimum temperature for growth and development is 15-20°C; 

the temperature of above 30-35°C causes depressing effect on the plants. Spring wheat is quite frost 

resistant, its seedlings can withstand freezing down to 9-10°C below zero. 

Spring wheat of both the early and late ripening breeds in the plains and foothill areas is provided 

annually with heat. The amount of active temperatures required for the maturation of wheat during the 

growing season 85-120 days is 1200-1700°C. Thus, with a sufficient amount of heat under extremely arid 

conditions, a limiting factor for rainfed agriculture is the amount of precipitation. Therefore, to describe 

agro-climatic resources of cultivation of spring wheat in this study a quantitative assessment of conditions 

of heat and moisture availability during wheat growing season is performed. Heat availability is 



determined here by the sum of active temperatures during the growing season of 85 and 120 days. As the 

first date there was accepted the date of sustainable transition of temperature above 7°C. Adding to that 

date 85 and 120 days, the last dates of the periods have been calculated. 

Humidification of the region depends not only on precipitation but also on the thermal regime. 

The higher the temperature is, the greater quantity of precipitation evaporates. Evaluation of water 

availability can be accomplished through a variety of indicators of humidification. A major indicator can 

be described by a relationship between rainfall totals and evaporation potential. The latter is estimated 

using the temperature, dew-point deficit or other parameters. To estimate the degree of humidification and 

its changes in the future one can find convenient to use Selyaninov hydrothermal coefficient (HTC) 

calculated as follows: 

 
HTC = Σ Р / 0.1 Σ T, 

 
where Σ Р is the sum of precipitation during the crop season simulated by regional climate model, Σ T – 

the sum of simulated temperatures for the same period. The HTC calculated for growing season of spring 

crops takes into account the amount of heat and moisture during this particular period so that it is critical 

for harvest of spring crops. 

During the growing season of early breeds of spring wheat (85 days), on the most part of the 

territory of Central Asia the HTC is very low (<0.3 or less). Small values of HTC (0.2 or less) cover an 

area southwards of the Aral Sea. Towards the north (in the southern part of Kazakhstan at latitude 50N), 

the HTC increases up to 0.4-0.5. An increase of HTC also takes place towards the mountain ridges. In the 

foothills in the south of the Central Asia the HTC increases up to 0.8. The sharp increase in the value of 

HTC occurs in the foothills and mountain valleys in the southeast, where it exceeds values of 1.0. 

During the crop season of late breeds of spring wheat (120 days), HTC throughout the territory of 

Central Asia reduces in comparison with the period of 85 days, and the area with HTC value of less than 

0.2 already comprises a significant part of the territory (Fig. 8). This is due to the growing season of 120 

days includes summer months (June-July) when precipitation decreases sharply and droughts occur. Thus, 

the climate conditions in Central Asia are more favorable for early breeds of spring wheat rather than for 

the late breeds. 

Vast areas of Central Asia will experience a significant warming due to global temperature rise by 

the mid-21st century. The monthly mean temperatures in some regions will be well above 7°C throughout 

the year. However, despite of presence of favorable conditions including sufficient humidification and 

heat supply for spring wheat, the sum of active temperatures over crop period might be still insufficiently 



low for ripening. Therefore, to determine the beginning of the crop season the condition of accumulated 

heat amount has been taken into account. In the areas where the projected monthly mean surface air 

temperature in spring is below 7°C, for the first date of the crop season of wheat the date of first 

sustainable rise of the temperature above this threshold is used. 

The values of HTC have been calculated for the crop seasons of 85 and 120 days over future 

period (2050-2059) and compared to that for baseline simulation. It has been shown that during the crop 

season of early breeds of spring wheat (85 days), HTC will increase over the most territory of Central 

Asia (Fig. 8). The magnitude of HTC increase is larger in the southern regions. In the northern part of 

Central Asia the HTC will increase by 10-20% while in the southern regions it will increase by a factor of 

1.5. During the crop season of late spring wheat (120 days) the HTC is expected to generally increase, as 

well (Fig. 8). Spatial distribution of changes in the values of HTC for this period to a large degree 

portrays changes in the period of early breeds of spring wheat.  

An increase in values of hydrothermal coefficient shows that by the middle of the 21st century on 

the territory of Central Asia the agroclimatic conditions of spring wheat growth on the rainfed soil will be 

more favorable than in the past. Under climate warming the sums of temperatures will increase sharply in 

the region while precipitation totals are not expected to change much. This will cause drier climate and 

some decrease of HTC during warm seasons. However, due to temperature increase the length of crop 

season of spring wheat (and consequently the entire crop season) will start earlier so that there will be 

more water available for growth because annual maximum of precipitation falls in the Central Asia on 

winter and spring. 



 
Figure 8: Evaluation of changes in potential hydrothermal resources for wheat 

 

 

 

Synthesis of the socio- economic research   

This research component focused on both water and land related issues.   

During the duration of the project, Prof. Laruelle and our Central Asia collaborators worked on 

the synthesis of water privatization processes in Kazakhstan, Kyrgyzstan and Tajikistan. The research on 

such a topic is difficult: in some countries, because very few official documents are available, and the 

limited data on the ground do not allow to develop a full picture without in depth fieldworks. The gap 

between official narrative and on the ground practices is important and noticed as a concern by external 

funders such as the USAID and the World Bank. Lists of indicators and targets in official reports are 

unrealistic and the data collected on the ground show another, more pessimistic, picture on the impact of 

water privatization processes. 



In the theory, the Central Asian region should not have to endure major water shortages; 

however, as in many other regions of the world, the water issues in Central Asia result not from a natural 

lack of water, but rather from a complex interplay of political, geopolitical, economic, and social causes. 

The water management in Central Asia has become more complex in the last 25 years, owing to growing 

demands of various economic sectors upon its use, varying development trajectories of the region’s 

countries following the fall of the USSR, as well as the aggravation of ongoing environmental problems 

and effects of climate risks.    

Water issues were long understood as purely technical and logistical, but over the past decade, 

researchers have begun to consider water as a holistic issue that has social, political, cultural, and, 

obviously, environmental aspects. Several conclusions may be drawn from this analysis. First, the water–

energy nexus in Central Asia is multi-layered. It is international, because the prospect of exporting 

electricity, in particular to South Asia, is a potential that the Central Asian governments intend to turn to 

their advantage in the decades to come. It is regional, because the regulation of electricity exchanges 

between Central Asian countries depends on the ability or inability of the governments to reach 

agreements, and today constitutes the main reason for interstate tensions. It is the national, because the 

overlapping of the networks between republics and the lack of connections between regions within a 

country raise the issue of securing the national sovereignty over the power circulation, and create large 

domestic disparities as well. It is local, because the public administrations and the populations, in rural as 

well as urban areas, are unable to cope with consumption needs and traditional misuse of water.  

Water use is a holistic question. It cannot be addressed only as a technical issue, but needs to take 

into consideration a broader context, ranging from the governance mismanagement to land reforms and 

farmers’ opportunities for autonomy. In many respects, water use is deeply related to farmers’ perceptions 

of their duties. All over Central Asia, and in particular in Turkmenistan, Uzbekistan, and Tajikistan, the 

lack of secure private property in farmland impacts the reasonable use of water. Farmers are not willing to 

pay for the costs associated with water-delivery infrastructures and do not want to invest time and labor 

into canal maintenances; they consider it to be the state’s duty to take care of rehabilitation costs. Many of 

them are unable to earn profits from their production and even a symbolic fee is considered an 

unacceptable weight on the household economy. Individual farmers, often on the brink of the food 

insecurity, may divert water clandestinely in order to irrigate sections of private lands; collective farms 

may illegally irrigate new plots that often go unreported to authorities. The proposal to introduce full cost 

pricing of irrigation water would thus be received with foreboding and would accelerate informal patterns 

of water diversion and barter transactions. 



Decentralization is an illusion: in fact, it is a process of the state agencies continuing to make 

decisions without any involvement of water users, but no longer taking responsibility for the water 

management, and passing the costs on to the farmers. The cost of maintenance, however, is higher than 

the income from irrigated agriculture, which is bought by the state at artificially low prices. If they are to 

succeed, WUAs need not only the right institutional framework, but also a change in the top-down culture 

of Central Asian states and societies. Public participations in the water governance can be found so far 

only in rare and localized cases. The WUAs’ financial sustainability needs to be supported and shaped by 

autonomy in decision-making, information sharing, and transparency of the water-management system—

conditions that none of the countries currently display. Thus, the overly centralized mechanisms of the 

Central Asian governments are counterproductive. The standard depreciation period has expired for most 

systems and the state budgets made available for massive rehabilitation needs are unable to cope with the 

rapid deterioration. 

Despite the widening from an irrigation efficiency/agriculture/environment standpoint to include 

IWRM, IMT, governance, energy, security, legal, climate change, macroeconomic, and other 

perspectives, the employment of this body of the knowledge in advocacy is often limited by a narrow 

scope and/or mistrust and skepticism of the results by decision-makers. 

Main conclusions of this work: 

• Improvement in quality drinking water and wastewater services 

• Lack of secure private property in farmland impacts the reasonable use of water.  

• Farmers are not willing to pay for the costs associated with water-delivery infrastructure and do 

not want to invest time and labor into canal maintenance; they consider it to be the state’s duty to 

take care of rehabilitation costs.  

• Many of them are unable to earn profits from their production and even a symbolic fee is 

considered an unacceptable weight on the household economy.  

• Individual farmers divert water clandestinely in order to irrigate sections of private land; 

collective farms may illegally irrigate new plots that often go unreported to authorities.  

• The proposal to introduce full cost pricing of irrigation water would be received with foreboding 

and would accelerate informal patterns of water diversion and barter transactions. 

• WUAs’ financial sustainability needs to be supported and shaped by autonomy in decision-

making, information sharing, and transparency of the water-management system—conditions that 

none of the countries currently display. 



• Not really local autonomy: local representatives (maslikhats) and executive (akimats) bodies 

continue to set the rules for common water use. 

 

We have performed the synthesis of the land reforms across the Central Asia region. We have 

also investigated the climatic impacts vs. anthropogenic changes impacts on the agriculture production. 

This work has been presented at the fall AGU meeting [see Shemyakina et al., 2016]. The climatic data, 

including precipitation, surface and air temperature, have been generated using the WRF (Weather 

Regional Forecast) model that is maintained by NCAR. We use daily-level data on temperatures to 

calculate growing season degree days between April 1 and September 20. We also include the January, 

April, July and October daily temperature means, calculated for each year and region separately, as 

independent variables in the analysis. Regression results estimated for Kazakhstan indicate that degree-

days during growing season is negatively and total precipitation is positively associated with the 

agricultural output. Both coefficients are not statistically significant. Further analysis will include data 

from other countries and by the region. An increase in degree days negatively affects gross agricultural 

output through plant growing. An increase in average temperatures in: 

• January: has a negative impact on agricultural production;  

• July: same as above, and the transmission seems to stem from the negative effect on animal 

husbandry; 

• October: seems to positively impact output from plant growing; no effect on overall output 

An increase in precipitation in 

• April: improves agricultural output from plant growing; 

• July: has a negative impact on plant growing. 

Overall precipitation in the growing season: 

• No impact on output when precipitation in Jan, April; July and October is included 

 

 

 

 

 

 



Remittance dynamics 

Remittances, here the transfers of money between family members across national boundaries, 

are a significant source of income in many developing economies. Most remittances are sent by workers 

who have immigrated to countries with stronger economies. They remit a portion of their earnings to their 

families back home. A smaller fraction of remittances flow from weaker economies to stronger 

economies to assist dependent family members, e.g., students studying aboard, emigrants in distress. 

Understanding bilateral flows of remittances can shed light on informal linkages between nations. 

I have used the World Bank data on remittances to explore the linkage networks in Central Asia. 

Remittances are very important for some Central Asian countries and not others. Tajikistan, 

Kyrgyzstan, and Uzbekistan are more reliant on remittance inflows than Kazakhstan or Turkmenistan 

(Table 1). Note that while Uzbekistan receives more in remittances than either Tajikistan or Kyrgyzstan, 

these funds form a much smaller piece of Uzbekistan’s Gross Domestic Product. The two highly 

mountainous Central Asian countries are most dependent on remittance inflows: more than a quarter of 

their GDPs are based on remittances. Only Nepal (32%) and Liberia (31%) have economies more 

dependent on funds sent back home by expatriates (data not shown). 

 
Table 1.  Remittance inflows in 2015 for selected Central Asian countries. 
(Source: http://www.worldbank.org/en/topic/migrationremittancesdiasporaissues) 

World 
Rank 

Recipient 
Country 

 
2015 US$B 

 
% of World 

% GDP of 
Recipient 

3 Tajikistan 2.3 0.39 28.8% 
         4 

4 
Kyrgyz Republic 1.7 0.29 25.7% 

40 Uzbekistan 3.1 0.53 4.7% 

The magnitude of remittances has changed through time, largely in response to the economic 

strength of the sending country (Figure 9). However, remittance data for CAC-5 prior to 2000 may 

not be reliable [Abdih et al., 2012]. 

Remittances make highly dependent recipient countries susceptible to economic shocks 

in sending countries [Abdih et al., 2012]. The asymmetric linkage between the sender and the 

recipient countries makes economic downturns in the economically strong sending country 

resonate through the recipient country by affecting the level of consumption and thereby tax 

revenues [Abdih et al., 2012]. 

http://www.worldbank.org/en/topic/migrationremittancesdiasporaissues


The Russian Federation is the leading sending country for Central Asia. It is apparent in 

Figure 9 that there is a close correspondence between the outflows from Russia and the 

inflows to the CAC-5. The immediate impact of the 2009 global financial crisis is evident in 

these data, but the effect is transitory. In contrast, after 2013 there is a sharp and continued 

decline in remittance outflows from Russia and corresponding decreases in remittance 

inflows to Central Asia.  

 
 

 

 
 
 
 
 
 
 

 

Figure 9: Remittance outflows from the Russian Federation (red) and inflows to the CAC-5 as a whole 
(black), and individually to Tajikistan (green), Kyrgyzstan (brown), and Uzbekistan (blue). 
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