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ABSTRACT. We analyzed inter-annual trends in annual and seasonal vegetation activities in Central Asia from 1982 to 2003 and
their correlation to climate variability using the NOAA/AVHRR Normalized Difference Vegetation Index (NDVI) dataset and a
gridded climate dataset. The results indicate a significant increase in NDVI with a value of 11.35% over the growing season during the
22-year period. Totalled over the entire vegetated area, about 35% of all pixels exhibited significant upward trend in growing season
NDVI. We found that NDVI increase in spring was the main contributor to the general upward trend, the spring NDVI increased in
more than 50% of all pixels and showed an average value of 13.58%. Correlation analysis indicated a gradual rise in temperature as the
only factor controlling trend in spring NDVI. Significant increase in vegetation activity was also identified for summer season, but its
amplitude (9.23%) and comprising area (25.13% of all vegetated pixels) were less than for spring. Downward trends in growing season
NDVI occurred in 2.17% of the total vegetated area. The greening trends of spring, growing season and summer NDVI strongly related
with the climatic parameters: for each land cover type, we found significant correlation with spring temperature and total precipitation;
75% of all upward trends in growing season NDVI were explained by the combination of these both variables. We found that the
NDVI trends and their climatic correlates demonstrate great spatial variability at the scale of individual land cover types and at
per-pixel scale and proofed that the land use change caused by the constitutional change in the 1991 has substantial control on the
vegetation trends. Increased vegetation growth indicated through the analysis of NOAA AVHRR NDVI time-series suggests an
increasing carbon stock in biomass of ecosystems in Central Asia.
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1. Introduction

From recent published studies it is clear that the vegeta-
tion on the surface of the Earth is rapidly changing. Change is
occurring to the phenology, to distribution of vegetation on
the Earth surface and to the annual dynamics of photosynthe-
tic activity by vegetation. For example, recent studies have
demonstrated linear increase in plant growth over the last two
decades especially in the northern high latitudes of Eurasia
and North America between 40°N and 70°N (Muneni et al.,
1997, 1998; Tucker et al., 2001). This inter-annual increase in
photosynthetic activity has been associated with a lengthened
plant growing season due to an earlier green-up of vegetation
(Potter and Broocks, 1998; Tucker et al., 2001; Tateishi and
Ebata, 2004). Further, inter-annual trends in vegetation active-
ties have been also analysed at global scale (Kowabata et al.,
2001; Yang et al., 2005; McCloy et al., 2005), and at regional
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scale for China (Xiao and Moody, 2004) and in the Sahel
(Anyamba and Tucker, 2005).

Climate is the most important factor affecting vegetation
condition and its development over the time. Much of the
changes in photosynthetic activity by vegetation is being dri-
ven by climate change, especially global warming. According
to the Intergovernmental Panel on Climate Change (IPCC,
2001), the Earth’s climate has warmed by 0.6°C over the past
100 years. Certainly, global warming controls vegetation dy-
namic and its inter-annual change (Chen et al., 2004). Thus,
increases in spring temperatures following by an earlier start
of vegetation growing season are reported to be the main dri-
ving force for increase in vegetation growth in the northern
high latitudes of Eurasia and North America (Tucker et al.,
2001). For China, temperature also plays a major role in ex-
plaining the greening pattern (Xiao and Moody, 2004). In
other cases, increase in vegetation growth over the last two
decades is controlled by rainfall increase (Tucker and
Nicholson, 1999). But changes in vegetation activity can also
result from a variety of other environmental factors, such as
El Nino-Southern Oscillation (ENSO) events (Anyamba et al.,
2001; Gutmann et al., 2000) or human activities (e. g. land-
use).
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The most recent studies of changes in vegetation activity
at global or regional scales have been based on the using of
data time-series from Advanced Very High Resolution Radio-
meter (AVHRR) launched by the National Oceanic and At-
mospheric Administration (NOAA) in 1981. The AVHRR pro-
duct commonly used for these investigations is the Norma-
lized Difference Vegetation Index (NDVI). The vegetation ab-
sorbs a great part of incoming radiation in the visible portion
of the spectrum (VIS =380 to 730 nm) and reaches maximum
reflectance in the near-infrared channel (NIR = 730 — 1100
nm). The NDVI, defined as ratio (NIR — VIS) / (NIR + VIS),
represents the absorption of photosynthetic active radiation
and hence is a measurement of the photosynthetic capacity of
the canopy. Negative NDVI values indicate non-vegetated
areas such as snow, ice, and water. Positive NDVI values in-
dicate green, vegetated surfaces, and higher values indicate
increase in green vegetation. The NDVI is established to be
highly correlated to green-leaf density, absorbed fraction of
photosynthetically active radiation and above-ground biomass
and can be viewed as a surrogate for photosynthetic capacity
(Justice et al., 1985; Tucker and Sellers, 1986).

In this study, we examine changes in vegetation activity
seasonally and annually at a regional scale for Central Asia
using the NDVI dataset derived from Pathfinder AVHRR
Land from 1982 to 2003. The inter-annual changes were map-
ped and measured for all vegetation pixels, and for each vege-
tation type. In addition, climate effects on NDVI trends over
the period 1982-1998 were examined using air temperature
and precipitation gridded dataset (New et al., 2000).

2. Background

2.1. Study Region

Kazakhstan and the other republics of the former Soviet
Union in the region of Central Asia (Uzbekistan, Turkmenis-
tan, Kirgizstan and Tajikistan) comprise more than 5.5 million
km=of territory. In spite of climate aridity, the ecosystems of
the Central Asia represent a gigantic reservoir of carbon, and,
on the one hand, they play a very significant role in the global
change, on the other hand, they are very sensitive to the con-
temporary climate change (Lubimtseva et al., 2005). Both the
climatic conditions and physio-geographic patterns vary signi-
ficantly within this region. Climatic type, soil properties, ve-
getation type, and landforms show a high variance within the
region’s eco-geographic zones.

Most of the Central Asia’s territory is occupied by dry
lands. The deserts, semi-deserts and steppes of Central Asia
and Kazakhstan have a strongly continental climate. The re-
gion is usually divided into two sub-regions: northern (mainly
Kazakhstan) and southern or Iran-Turanian (Petrov, 1976).
The boundary between these sub-regions is rather poorly de-
fined but it lies at approximately 45 to 46°N. Summers in the
southern sub-region are hot and substantially dry, winters are
moist and relatively warm. The northern sub-region is charac-
terized by hot and moist summers and very cold winters. The
temperature amplitude in this sub-region is relative high:
average January temperature is below —20< C and average
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July temperature is about 26 to 28<C. The annual amount of
precipitation ranges here from about 200 mm to more than
450 mm. The most part of precipitation falls during warm pe-
riod from March to October. In the southern sub-region win-
ters are milder with the minimum winter temperature between
—10 and 0<C. The average July temperature is about 30 to
32<C. Precipitation in this sub-region has an annual amount of
80 to 200 mm and a spring maximum.
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Figure 1. Dynamics of the major types of agricultural
production in the three largest central Asian countries: (a) the
total animal production; (b) the crop production.

2.2. Brief Overview of the Recent Environmental Change
in Central Asia

In the beginning of the 1990s, a rapid environmental
change was caused by the collapse of the Soviet Union and
the collapse of the planed economic system. Following these
political events, a massive land-use changes expressing in a
decrease of human pressure on the ecosystems occurred over
the whole region. The most significant changes are associated
with Kazakhstan, the area largest country in the region.
Kazakhstan has been also characterized by the largest do-
mestic and agricultural production among the Central Asian
countries. For example, wheat area and production in Kazakh-
stan dropped dramatically from about 15 Mha and 18 MMt to
less than 8 Mha and 5 MMt, correspondingly (Figure 1). The
number of cattle and sheep is declined by about 60%. Uzbe-
kistan and Turkmenistan have not experienced any significant
change of the stock number during the 1990s, and even in-
creased their production of crops. Cotton production in the
region dropped drastically from about 6.2 to 3.0 MMt in
Uzbekistan and from 3.35 to about 1.60 MMt in Kazakhstan.
Turkmenistan remained their production value of cotton on
the level of 1.20-1.30 MMt. The environmental change in
Tadjikistan and Kyrgizstan, two area smallest countries, did
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not experience any notable changes in land use. Most of their
territory is mountainous and has been only poorly used for
agricultural extensive production.

All environmental changes should be reflected in the ve-
getation conditions and their time-trends. De Beurs and
Henebry (2004) reported that the institutional and land use
changes in Kazakhstan affected land surface phenology at
spatial resolution and extend relevant to meso-scale meteoro-
logical models. Robinson et al. (2002) investigated land de-
gradation and desertification in pasture lands of desert and
semi-desert zone of the central Kazakhstan and found very
good conditions of the pastures: “the pastures are now either
ungrazed, or grazed by a tiny fraction of the animals which
would previously have used them, than overgrazed”.

The region of Central Asia has experienced a warming
trend in order of 1-2<C since the beginning of the 20" century.
This might have a strong impact on the regional temperature
and precipitation regimes and also on vegetation cover. Great
spatial variability in temperature and precipitation trends can
be observed at the landscape scale and seems to be controlled
by land use change and land cover characteristics (Lubimt-
seva et al., 2005). A better understanding of the interrelation-
ships between climate, vegetation cover and land-use changes
will help improve our understanding of the role of Central
Asia’s ecosystems in the global carbon cycle and global cli-
mate change.

3. Data and Methods

3.1. NOAAAVHRR NDVI

To monitor temporal variations and trends of vegetation
activities we used the Global Inventory Monitoring and Mo-
delling System (GIMMS) NDVI dataset compiled at 8 km
spatial resolution from the NOAA AVHRR satellite data by
the Global Inventory Monitoring and Modelling Studies
(GIMMS) research group. The data are originally processed
as 15-day composites using the maximum value procedure to
minimize effects of cloud contamination (Holben, 1986). For
this research, we created monthly composites from the 15-day
composites. These monthly NDVI data for consecutive three
and noun months were averaged to generate seasonal and
growing season NDVI for each year. The data cover the pe-
riod from 1982 to 2003.

Unfortunately, the long-time series of satellite data al-
ways remain noises associated with residual atmospheric ef-
fects, orbital drift effects, inter-sensor variations, and strato-
spheric aerosol effects (Myneni et al., 1998; Tucker et al.,
2001) that can produce significant errors by applications.
These noises have been already significantly reduced in the
GIMMS dataset by a series of corrections, including temporal
compositing, spatial compositing, orbital correction, calibra-
tion for sensor differences, and atmospheric correction
(Pinzon et al., 2004). In order to improve the dataset further,
we have made additional calibration of the GIMMS NDVI
data using a method described by Los (1993): the NDVI time-
series were calibrated against three time invariant desert tar-

gets located in the Big Arabian Desert, Nubian Desert and
Taklimakan Desert. The vegetation-free surface of these de-
sert targets considered to be stable throughout the analyzed
time-period and should exhibit NDVI with value of near zero.
Any temporal deviations of the NDVI value from zero have to
be attributed to a non-vegetation noise and are to be corrected.
This method removes effects of sensor degradation remaining
in the original GIMMS data and corrects drift between di-
fferent sensor systems. In addition to that, we removed noisy
pixel areas characterized by exceptionally low NDVI values
relatively to their pixel neighbourhood. These pixels were
replaced by a mean value calculated from their spatial neigh-
bourhoods.

3.2. Climate Data

Global data set of air temperature and precipitation were
used (New et al., 2000). This grid raster data are interpolated
from climate station records and has a spatial resolution of
0.5< These data are available from the Climatic Research
Unit (CRU), School of Environmental Sciences, University of
East Anglia (http://www.cru.uea.ac.uk/). For this work, the
monthly precipitation data were resized to 8-km resolution to
get a regional vision and to match the 8-km NDVI dataset. In
order to minimize information distortion and loss during the
conversion process, we used an interpolation method known
as kriging with external drift (KED). A tile plot for the study
area of the GTOPO30 digital terrain model was used in the
KED process as the second variable representing the elevation
(http://edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html).
The original GTOPOB3O0 tile plot was resampled to 8-km reso-
lution. The use of an additional variable, altitude significantly
decreased all negative consequences on the resizing of the
source 0.5°dataset. To assess the accuracy of this data prepa-
ration, we randomly reserved 10 weather stations from the in-
terpolation for one of the monthly records and compared in-
terpolated and recorded values. Average error was less than
6%. It means that the interpolation approach worked effec-
tively.

3.3. Land-cover Data and Approach to Treat Them

The land cover data in the study area were taken from the
digital land-cover map derived from Moderate Resolution
Imaging Spectroradiometer (MODIS) by Friedl et al. (2002)
that have been accessible in the United States Geological
Survey (USGS) archive centre. Originally, this map has 1 km
spatial resolution and was resampled to 8 km resolution.
There are 10 mean land cover types in the study area (Figure
2, Table 1).

We were aware of the problem that the map represents a
distribution of the land covers and their areas corresponding
to the baseline year 2001. Certainly, land cover parameters
were not constant during the whole study period and may
exhibit significant alterations from year to year. As the study
period spanned over twenty years, there could be significant
land cover changes due to both human activities and natural
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factors. A classic example of land cover’s area oscillations
controlled by climate has been shown for Sahara’s boundaries
by Tucker and Nicholson (1999). However, in this work and
in other related studies on vegetation trends it has been not
possible to obtain individual maps for every year from the
time-period to be studied. Thus, the studies by Yang et al.
(2005) and Xiao and Moody (2004) have performed their
research both at the global and regional scale also using only
one map of land covers associated with a baseline year and
have traced vegetation trends of individual land cover types
operating with their areas computed for the baseline year. In
these on other related studies any change in land cover has
been assumed to represent vegetation change associated with
increasing or decreasing photosynthetic activity and consi-
dered to represent vegetation dynamics within a certain land
cover type. For example, if any area of cropland has been
abandoned and is undergoing a restoration process, this area
belongs further to cropland even though its vegetation trends
may distinguish from the surrounding cropland areas. How-
ever, the vegetation trends observed in this area and in other
similar abandoned areas influence significantly the magnitude
of the general trend associated with this land cover type and
influence our interpretation of that. In order to detect vari-
ability of vegetation trends within each land cover type, we
carried out corresponding analysis also at the per-pixel scale.

Table 1. The Total Number of Pixels within Each Land-Cover
Type, Its Area, and Percentage in Central Asia Based on the
2001 MODIS Land-cover Map (Friedl et al., 2002)

Land-cover type Number Area, million  Percentage, %
of Pixels  km=

Cropland 9008 0.609 10.92
Irrigated cropland 4163 0.266 4.79
Cropland mosaic 18535 1.186 21.67
Grassland 26951 1.725 31.32
Shrubland 13186 0.844 15.20
Savanna 2077 0.133 2.30
Wetland 3135 0.201 3.61
Forest 6616 0.423 7.59
Tundra 332 0.021 0.38
BSV" 2771 0.177 3.13
Total 86774 5.578 100

*BSV = Barren or sparsely vegetated.
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Figure 2. Land-cover distribution in Kazakhstan and the
middle Asia based on the MODIS land-cover map.
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3.4. Methods

This study objected to analyse inter-annual vegetation
change and its relationship to climatic factors. Any change
may be detected with sufficient statistical significance only
than when the time-period of observation is enough long.
High oscillations of a variable to be analysed show a strong
negative influence on the results of the inter-annual analysis.
Great amplitude of the variable variance reduces the proba-
bility of trend determination. The higher is the amplitude of
the oscillations of the variable around the mean value the low-
er is the statistical significance by trends with a similar ampli-
tude but a different variability of the variable to be analysed.
It means that for a certain determination of trends by variables
with high amplitude of oscillations one needs to analyse a
longer time-period than by low-oscillating variables. Unfortu-
nately for trends detection, the vegetation cover in dry-
lands’ecosystem is characterized by high inter-annual variabi-
lity which is caused by high variance of climatic factors,
particularly precipitation (Mainquet, 1999; Herrman and Hut-
tchinson, 2005). However, the length of the time-period ana-
lysed in this study (1982 to 2003) was limited through the
length of the USGS data archive. We used the whole period of
the existing time-series of the NOAA AVHRR data available
at the time of work. An extension to recent years could be
possible by using data from other satellites such as SPOT-
Vegetation or MODIS. These data with the original spatial
resolution of 1-km might be combined with the 8-km AVHRR
dataset only after a very serious analysis and modelling their
compliance to the last (Tucker et al., 2005). Our work did not
object any extensions of the available AVHRR dataset, there-
fore, we focused the trend analysis to the period 1982-2003.
While interpreting the results of the trend analysis we took
into account high variability of spring season NDVI which
was reflected in relatively low values of trend’s R? and low
values of statistical significance but a high change magnitude
(see Part 5.1.2, Table 3).

We generated spatially averaged time series of mean
NDVI, mean temperature, and total precipitation for all vege-
tated pixels, and for each individual land-cover type presented
on the map in Figure 2. Each time-series was standardized by
subtracting the mean of the series from the original data and
then dividing by the standard deviation of the series in order
to constrain the variance of these time series to the same range
and make their inter-comparison. The linear trends of spatially
averaged NDVI were determined by linearly regressing these
variables as a function of time over the period from 1982 to
2003 for each category of spatial aggregation. We than ana-
lysed the correlations between NDVI and climate data to as-
sess the associations between vegetation changes and climate
changes on a land cover type basis. These analyses were re-
peated for spring (March to May), summer (June to August),
autumn (September to November) and for the whole growing
season (March to November) using seasonal mean NDVI, sea-
sonal mean temperature, and seasonal totals of precipitation.
A p-value of 0.05 was used as the test criteria for significance
of all correlation statistics. The results of these analyses for
each land cover type (trend slope, total increase/decrease from
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the beginning of the study period, the determination coeffi-
cient R=for the trend, correlation coefficient between NDVI
and climatic parameters) were presented in tables.

However, the trends of spatially aggregated NDVI may
hide the geographical variability of NDVI trends over space.
The computation of a spatial average over certain geogra-
phical regions is a very convenient tool for the analysis of
time series of remotely sensed data which has been often used
in related studies (Wang et al., 2003; Xiao and Moody, 2004).
It eliminates almost all noise contained in a dataset and allows
an easy visualisation of time series and its interpretation toge-
ther with other datasets. A disadvantage of a regional aver-
aging is that it also excludes from analysis possible local vari-
ations of the relationship to be analysed and is appropriative
only to describe a general character of relation between de-
fined variables (Foody, 2003; Propastin and Kappas, 2008).
We thus analysed the spatial patterns of the NDVI trends from
1982 to 2003. We identified the vegetated pixels with linear
trends in NDV1 that are statistically significant (p < 0.05) over
the study period. For these pixels, we further analysed the cor-
relations between NDVI1 and the climate variables. These ana-
lyses were repeated for each season and for the entire growing
season. The local variances in the linear NDVI trends as well
as the relative strength of associations between NDV1 and the
climate variables were highlighted and mapped. For each land
cover type we also evaluated areas (in % and in km3 that ex-
hibited significant linear NDVI trends and areas where these
trends were supported by climate change. The spatial resolu-
tion of the NDVI and climate data (8 km) enabled us to look
into local circumstances of the relationships between vegeta-
tion and climate dynamics. Hence, in the terms of the analysis
scale we obtained results at three different spatial scales: at
the regional scale - averaged over the entire region, at the
scale of individual land cover types, and for each pixel (the
per-pixel scale).

In order to find out to what degree observed general
trends of NDVI were driven by the compound effect of rain-
fall and temperature, we computed multiple correlation coeffi-
cient with growing season NDVI1 as a dependent variable and
spring temperature, summer temperature, and precipitation as
independent variables. We repeated this correlation analysis
for every pixel with significant trend in NDVI and measured
areas occupied by pixels with significant trend and significant
multiple correlation coefficient. After that a percentage of
pixels whose NDVI trends had been driven by the combine
climate effect were calculated in each land cover type.

Certainly, the trends of vegetation were not monotonic
increasing or decreasing over the period of 1982-2003, parti-
cularly in those areas where substantive changes of human ac-
tivity occurred. Considerable local fluctuations (e.g. within
just a several years, particularly associated with the years im-
mediately after the collapse of the socialistic economic system)
could be expected in these areas. In order to demonstrate such
fluctuations we analysed and discussed local NDV1 profiles at
a number of key sites whose evolution of vegetation cover is
characteristically for this transition period.

4. Results

4.1. Trends in Spatially Integrated NDVIs
4.1.1. Trends in Growing Season NDVI

The spatially averaged time-series of growing season
NDVI exhibited a significant upward trend with a slope of
0.0019 and an increase of 11.35% for all vegetated pixels over
the period 1982-2003 (Table 2, Figure 3a). The determina-
tion coefficient of the trend is very high, R=2= 0.70. NDVIs
also exhibited significant upward trends for every land-cover
type. The magnitudes of NDVIs trends varied by land-cover
type, with the highest total increase value of 16.92% for wet-
land, and the lowest value of 7.92% for forest. For cropland
mosaics, grassland, the total increase of NDVI during 22
years was a little below 10%, while for cropland, savanna and
BSV, that was a little over 10%. For irrigated cropland, the
growing season NDVI increased by 14.42%, for shrubland, it
increased by 11.10%, and for tundra vegetation by 13.46%.
The determination coefficient of the trend regressions, R=
ranged from 0.47 (barren or sparsely vegetated areas) to 0.76
(tundra).
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Figure 3. Spatially averaged time series of growing season
NDVI, mean temperature, and total precipitation: (a) all
vegetated pixels; (b) grassland.
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4.1.2. Trends in Seasonal NDVI

The spatially averaged time-series of seasonal NDVIs
showed upward trends in spring and summer in the most land-
cover types (Tables 3 and 4). The total increase averaged for
all vegetated pixels was 13.58% for spring (Figure 4a), and
9.23% for summer, with R2= 0.17 and 0.57, respectively. The
significance of the spring NDVI trends was substantially
lower than that of the summer trends, p-value of the spring
trends in different land cover types ranged between 0.03-0.08.
However, the trends of spring NDVI were generally charac-
terized by a relatively high magnitude. The trend magnitude
of spring NDVI ranged from 11.91% to 16.70%; that of sum-

mer NDVI ranged from 7.83% to 16.92%, for BSV and tundra.

The reason for the relatively low significance of the spring
NDVI trends may be a high inter-annual variability of the
spring NDVI. We computed coefficient of variation (CV) for
inter-annual and inter-seasonal NDVI time series in each of
the land cover type and found that the CV computed with the
spring NDVI showed values which were higher than the CV
for other seasons. An example is presented in Figure 4b.
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Figure 4. Spatially averaged time series of spring NDVI and
mean temperature: (a) all vegetated pixels; (b) cropland.

Forest showed the highest increase in spring NDVI, sug-
gesting its trend in vegetation activity is primary attributed to
spring rather than the whole growing season, summer or au-
tumn season. This is consistent with results from previous

80

studies undertaken in similar latitudes at global and regional
scales. The reason for the higher change rates of forest vegeta-
tion activity in spring corresponds to general upward trends in
winter and spring temperatures (Kawabata et al., 2001; Tucker
et al., 2001; Xiao and Moody, 2004). Cropland, cropland mo-
saic, irrigated cropland, savanna and wetland, also showed
high values of the trend in spring NDVI over 1982 to 2003,
with a total increase of 14.91, 16.62, 15.57, 14.75 and 12.09%,
respectively. The most land-cover types, except irrigated crop-
land, wetland and tundra, exhibited trends in summer NDVI
with a total increase over the study period <10%. Autumn
NDVI exhibited an upward trend only in wetland and tundra
with a magnitude value of 8.96% and 12.40% respectively.
Other land-cover types demonstrated no significant trend in
NDVI for autumn (data not shown).

Table 2. Trends of Spatially Averaged Time-Series of
Growing Season NDVI over 1982-2003

Land-cover type Trend slope  Total increase, % R=2
Cropland 0.0023 10.61 0.57
Irrigated cropland 0.0026 14.42 0.68
Cropland mosaic 0.0019 9.65 0.51
Grassland 0.0013 9.07 0.52
Shrubland 0.0012 11.10 0.62
Savanna 0.0015 10.54 0.61
Wetland 0.0042 16.92 0.71
Forest 0.0022 7.92 0.57
Tundra 0.0011 13.46 0.76
BSV 0.0009 10.01 0.47
Total 0.0019 11.35 0.70

*BSV = Barren or sparsely vegetated.

Table 3. Trends of Spatially Averaged Time-Series of Spring
NDVI over 1982-2003

Land-cover type Trend slope  Total increase, % R=2
Cropland 0.0028 14.91 0.18
Irrigated cropland 0.0019 16.62 0.21
Cropland mosaic 0.0022 12.09 0.13
Grassland No significant trend

Shrubland 0.0012 11.91 0.15
Savanna 0.0018 14.75 0.18
Wetland 0.0022 15.57 0.18
Forest 0.0037 16.70 0.15
Tundra No significant trend

BSV 0.0012 11.91 0.17
Total 0.0019 13.58 0.18

*BSV = Barren or sparsely vegetated.

4.2. Spatial Patterns of NDVI Trends

Since spatial averaging hides the geographical variability
of NDVI, it is to expect that the NDVI trends will exhibit
some spatial patterns within every land-cover type. These spa-
tial patterns may be highlighted through calculation of trends
on a pixel-by-pixel basis. We identified all vegetated pixels
with linear trends in NDVI that were statistically significant.
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This analysis was repeated for each season. It was also to ex-
pect that not all pixels should show upward trends in NDVI,
some pixels may exhibit downward trends. That was sup-
ported by the statistical analysis. Over the entire study region,
the results of our calculations show that 34.47% of all vege-
tated pixels for the growing season exhibited significant up-
ward trend over the study period, and only 2.17% of all pixels
exhibited significant downward trend (Table 5). Greening pat-
terns are mostly observed in the northern and southern por-
tions of the region (Figure 2). Downward trends in growing
season NDVI were mainly concentrated in the middle part, a-
round the Aral See and in the space between the Aral Sea and
the Caspian Sea.

Table 4. Trends of Spatially Averaged Time-Series of
Summer NDVI over 1982-2003

Land-cover type Trend slope  Total increase, % R=2
Cropland 0.0021 7.97 0.39
Irrigated cropland 0.0027 11.99 0.58
Cropland mosaic 0.0020 8.41 0.36
Grassland 0.0014 9.11 0.37
Shrubland 0.0008 7.91 0.36
Savanna 0.0013 7.89 0.44
Wetland 0.0055 16.43 0.67
Forest No significant trend

Tundra 0.0017 16.95 0.77
BSV* 0.0008 7.83 0.36
Total 0.0017 9.23 0.57

*BSV = Barren or sparsely vegetated.

The percentage of pixels with upward NDVI trends vari-
ed substantially by land-cover type. Most of the pixels with
positive trends have been found within the following land
covers: cropland (49.52%), irrigated cropland (55.65%) and
cropland mosaics (42.68%). These land cover types were the
major contributors to the general greening trend in Central
Asia. For grassland, the area largest land cover type, 20.61%
of all pixels had positive trend. Essential area of positive
NDVI trend was also observed in shrubland (1907 pixels or
14.5% from the entire shrubland’s area) and forest (1985 pi-
xels or 30.03% from the forest area).

In the most land cover types percentages of pixels with
downward trends are very small: 1.68% in cropland and irri-
gated cropland, 1.53% in cropland mosaics, 1.41% in grass-
land, and 1.50% in tundra. The other land cover classes ex-
hibit some higher percentage, between 2.26 and 5.42%. In spi-
te of the little individual percentage, cropland, grassland and
shrubland were the major contributors to the entire area taken
by the negative NDVI trends.

The percentage of pixels with upward or downward
trends also varied from season to season (Table 5). The high-
est percentage of pixels with upward trend is observed for
spring NDVI, 50.31%. The greening pattern in spring is more
immense than in any other season (Figure 5b). Particularly
high percentage showed cropland, irrigated cropland and
cropland mosaic with a value of 70.45, 73.50 and 55.58%,

respectively. Pixels with positive trends in spring NDVI are
densely distributed across the whole study region, except its
middle part. There, over the swath between the Caspian Sea
and the Balkhash Lake, pixels with negative trend are located.
Altogether, 4.70% of all vegetated pixels had the negative
trend in spring.

In summer, 25.13% of all vegetated pixels showed posi-
tive trends in NDVI over 1982 to 2003. These areas are main-
ly distributed in the northern part of the study region, and
sparsely in the southern and eastern parts (Figure 5c). Even
though the highest magnitude of the summer NDVI increase
was associated with tundra (about 60% from the beginning of
the period), but cropland, irrigated cropland, cropland mosaics,
and grassland were the major contributors to the area charac-
terized by the increasing photosynthetic activity of vegetation.
The summer season revealed the highest percentage of pixels
with downward trend, 10.12% of total pixel amount. These pi-
xels occupied large areas in central swath of the region. The
most part of them is located in the space between the Aral Sea
and the Balkhash Lake. Speaking about the individual contri-
bution of the seasons to the general growing season vegetation
trend, summer season was the major contributor to the nega-
tive trends in growing season NDVI, whereas grassland,
shrubland, savanna and barren were the major contributors in
terms of the area occupied by the downward trends.

In autumn, positive NDVI trends were observed only for
a small part of the total pixel number, 16.11%. Relatively high
increases in NDVI accounted for 20.34, 24.05, 21.67 and
39.53% of the total area of savanna, forest, wetland and
tundra. For other land-cover types, percentage of pixels with
positive trend is low. NDVI increasing trends were mostly
found in the southern stripe of the region, and only densely in
the north (Figure 5d). On the whole, 4.96% of all vegetated
pixels had negative trend in autumn NDVI. Vegetation acti-
vity decreased in some parts of the central area, even though
the majority of pixels with downward trends are concentrated
in the westernmost part.

4.3. Effects of Precipitation and Temperature on NDVI
Trends

4.3.1. Relationship between Spatially Averaged NDVI Time-
series and Precipitation

According to recent studies, precipitation has a strong ef-
fect on inter-annual variability of vegetation activity especial-
ly in dry regions (Yang et al., 1997; Richard and Poccard,
1998; Wang et al., 2003). It is likely that any trend in NDVI
may reflect trend in precipitation amount over the time. For
example, the contemporary greening patterns in the Sahel are
supported to be driving by an increasing trend in rainfall
(Anyamba and Tucker, 2005). Existence of high correlation
between inter-annual vegetation activity and precipitation has
been used to detect areas of land degradation and desertifi-
cation in the Near East and in Senegal (Evans and Geerken,
2004; Li et al., 2004). The degree of the control on NDVI
through precipitation, however, depends on vegetation type,
soils, and management practices (Nicholson and Farrar, 1994;
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Table 5. Percentage (%) of Pixels with Significant upward or downward Trends in NDV1 within Each Land-cover Type

Growing season Spring Summer Autumn

Land cover upward downward upward downward upward downward upward downward
Cropland 49.52 1.68 70.45 1.57 27.15 7.08 17.65 454
Irr. cropland 55.65 1.53 73.50 1.39 27.47 7.05 20.17 4.62
Crop. mosaic 42.68 1.43 55.58 171 31.56 6.52 14.56 3.59
Grassland 20.61 141 38.89 5.74 21.75 14.47 12.42 5.19
Shrubland 14.63 3.48 44.22 7.05 15.94 14.60 16.14 4.81
Savanna 33.41 4.35 54.70 6.56 26.90 13.18 20.34 5.61
Wetland 21.43 4.88 46.52 10.25 29.56 14.95 21.67 7.95
Forest 30.03 2.26 50.91 8.82 27.63 12.10 24.04 5.78
Tundra 22.28 151 26.74 21.39 60.85 1.93 39.53 3.10
BSV 21.17 5.42 43.27 13.03 27.15 18.59 20.81 10.73
Total 34.47 2.17 50.31 4,70 25.13 10.12 16.11 4.96

*BSV = Barren or sparsely vegetated.
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Figure 5. Spatial distribution of linear trends over 1982-2003 (in % from the beginning of the period): (a) for growing
season NDVI; (b) spring NDVI; (c) summer NDVI; (d) autumn NDVI. Coloured areas show statistically significant (p <
0.05) trends in NDVI. Grey areas indicate pixels with no significant trends in NDVI.

Lietal., 2002).

In order to find how much trends in spatially averaged
NDVI can be explained by trends in precipitation we carried
out correlation analysis between these variables. For all vege-
tated pixels with significant trends in NDVI, correlation be-
tween synchronous data of growing season NDVI and grow-
ing season precipitation was significant with r = 0.60. For the
individual land-cover categories, there was a strong statistical
relationship between time-series of NDVI and precipitation
(Table 6). Thus, the correlation coefficient was significant at
0.95 level and exhibited values > 0.50 for cropland, irrigated
cropland, cropland mosaic, savanna and BSV. Low values <
0.50 are observed in forested areas (r = 0.11) and in wetland (r
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= 0.34). This result agree with the results obtained from other
regions (Li et al., 2002; Li et al., 2004; Wang et al., 2003),
where NDVI in woody areas exhibit low sensitivity to inter-
annual precipitation variability. An explanation may be that
tree root system is capable to hold a great deal of moisture
that can be released over time. This makes possible trees to
grow without to be immediately affected by precipitation
shortage in a dry year. Grass and shrub vegetations have much
smaller root systems and can not hold moisture over a longer
time. Greening patterns in wetland are only little controlled by
precipitation on the locality, but more controlled by water
charge in river system and overland run off.

We also analysed correlation between seasonal NDVI
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trends and trends in seasonal climate variables. Correlation
analysis utilized the time-series of mean values of NDVI and
precipitation amounts for spring (March to May), summer
(June to August), and autumn (September to November). We
found significant positive correlation coefficients for the time-
series of summer NDVI and summer precipitation (Table 6).
Any combinations of data for other seasons did not exhibit
any statistically significant relationships. Correlation coeffi-
cient between summer precipitation and summer NDVI values
varied depending on land-cover type (Table 6). For cropland,
cropland mosaic, shrubland and savanna, the correlation co-
efficients for summer season were higher than those calcu-
lated for the entire growing season.

4.3.2. Relationship between Spatially Averaged NDVI Time-
series and Temperature

Temperature often serves as an indirect measure of avai-
lable energy for plant growth. This energy is indispensable for
plant growth. However, temperature also is a factor strongly
limiting plant growth. Above a certain base temperature, a
plant’s rate of growth is found to be proportional to tempera-
ture until temperature reached an optimum value. If tempera-
ture overcomes this optimum value plants reduce the stomata
or fully close them. Therefore, we have to expect positive co-
rrelations between temperature and NDVI in spring, early
summer and autumn seasons but high summer, - when tem-
perature climbs to its maximum values, - should be associated
with negative correlations. We investigated and quantified
temporal inter-relationships between vegetation dynamics and
temperature on the inter-annual and inter-seasonal time-scales
using corresponding time series of mean NDVI and mean
temperature.

A strong significant relationship exists between time-
series of spring NDVI and spring temperature for all land-
cover classes and for all vegetated pixels (Table 6, last co-
lumn). For the most land-cover types with exceptions of
shrubland and BSV, the correlation coefficients exhibited va-
lues > 0.70. This result is in agreement with the results of
other studies suggesting that productivity in northern high la-
titudes is increasing in response to increased temperatures es-
pecially during spring (Tucker et al., 2001; Xiao et al., 2004).
The increase of spring temperature affects the spring NDVI
values in two ways: first, through an earlier start of the grow-
ing season; and second, through a rapider climb of NDVI va-
lues during the spring months. For the most vegetation types
with exception of shrubland and BSV, compared with tempe-
rature, precipitation plays a minor role as an explanatory fac-
tor for trends in NDVI over the study period. Shrubland and
barren or sparsely vegetated areas (BSV) demonstrated higher
dependence on rainfall than on temperature. It is clear that
precipitation is the main climatic factor limiting vegetation
development namely in these areas where evapotranspiration
is more times higher than precipitation through the year. For
the spatial average over all vegetated pixels, the weights of
precipitation and temperature in explaining greenness patterns
are in balance with correlation values of 0.75 and 0.76, res-
pectively.

Table 6. Correlation Coefficients between NDVI and Climatic
Variables

Correlation Correlation

Land-cover NDVI-precipitation NDVI-temperature

Growing season  Summer  Spring  Summer
Cropland 0.62 0.79 0.83 -0.53
Irr. Cropland  0.54 * 0.83 *
Cropland 0.63 0.72 0.76 -0.47
Mos.
Grassland 0.69 0.63 0.69 -0.53
Shrubland 0.52 0.63 0.55 -0.51
Savanna 0.56 0.76 0.82 -0.43
Wetland 0.34 0.34 0.73 *
Forest * 0.34 0.79 *
Tundra 0.49 0.31 0.71 *
BSV 0.57 0.34 0.39 -0.55
All pixels 0.60 0.75 0.76 *

* means insignificant; the table only presents the combinations of the
data which exhibit statistically significant relationship.

The analysis of the summer data revealed the presence of
significant relationship in cropland, cropland mosaic, grass-
land, shrubland and savanna. The correlation coefficient
showed negative values which were relatively low in com-
parison with the analysis of spring relations. In these cover
types, temperature was assumed to be the factor influencing
negatively the plant growth and its inter-annual dynamics.
Any long-time increase of summer temperature reduces the
photosynthetic activity of vegetation during the summer mon-
ths. It is not surprisingly, that only land-cover types domi-
nated by non-tree vegetation (grassland, shrubland) or by
sparse tree vegetation (cropland mosaics, savanna) were
proofed to be more or less affected by summer temperature.
The adaptation of cultural crops, grasses and dwarf shrubs to
the air moisture deficit caused by high temperatures is signify-
cantly worse than by tree plants. They start to reduce photo-
synthetic activity through closing stomata much earlier than
trees. Therefore, forest did not exhibit any significant reaction
to inter-annual variability of temperature in summer. So are
wetland and tundra where moisture is available in sufficient
amount throughout the growing season.

For autumn seasons and for the data averaged throughout
the growing season we found no statistically significant rela-
tionship between temperature and the corresponding NDVI
time-series.

4.3.3. Spatial Patterns in Climate Effects on Trends in NDVI

The results of the multiple correlation analysis revealed
that most of the greening trends over Central Asia were driven
by the climate change (Table 7). Over the entire region, about
75% of all pixels with statistically significant upward trend of
the growing season NDVI exhibited strong correlation with
the climate parameters. The percentage of explained trends
was very high in cropland, irrigated cropland, cropland mo-
saic and savanna, with the value of 82.47, 81.82, 84.36 and
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Table 7. The Total Number of Pixels with Significant upward/downward Trend and Number of Pixels Which Trends are

Explained by Climate Change within each Land-Cover Type

Upward growing season trends

Downward growing season trends

Land cover type

Trends explained by climate

Number of pixels

Trends explained by climate

Number of pixels

Pixels % Pixels %
Cropland 4718 3891 82.47 161 38 23.60
Irr. cropland 2317 1896 81.82 70 16 22.85
Crop. Mos. 7912 6675 84.36 284 59 20.77
Grassland 5557 4035 72.61 381 192 50.39
Shrubland 1907 1045 54.79 459 186 40.52
Savanna 677 451 67.71 87 16 18.39
Wetland 672 279 41.57 153 50 32.67
Forest 1985 1190 59.90 150 59 39.33
Tundra 74 30 40.54 5 2 40.00
BSV 578 209 36.15 148 31 20.94
Total 26387 19701 74.66 1898 647 34.08

72.61%, respectively. These four land cover types have a
decisive contribution to the total area of the explained trends.
The lowest percentage of pixels with the climate-induced po-
sitive trends was observed in barren and sparsely vegetated
areas, 36.15%. Certainly, the weak influence of climate on the
vegetation change in these areas is explained by a generally
low correlation between the remotely sensed derived NDVI
and climate parameters there. This problem has been good
elucidated in recent studies (Wang et al., 2003; Li et al.,
2002).

The results demonstrated a generally poor explanation of
the downward NDVI by the climate factors. Only about 35%
of all negative vegetation changes were coincided with signi-
ficant coefficients of the multiple correlation (Table 7). The
one third of these pixels were observed within grassland, and
another one third in shrubland. This relatively low influence
of climate on the negative trends allows us to assume a strong
role of other factors driving the decrease of NDVI. One of the
major from them should be a human activity. In spite of the
strong reduce of the anthropogenic impact across the Central
Asia, some local areas have experienced an increase of human
impact during the study period. Such “hot spots” of the exten-
sive human activity appeared particularly in the neighbouring
environment of permanent settlements. After the collapse of
the socialistic economic system the crop fields and pasture
lands located a long way off from settlements have been aban-
doned as first, and the activity has been transferred to the
lands located immediately near the settlements (Robinson et
al., 2002). This tendency in the land use change caused an in-
crease of human pressure on the environmental resources and
started a degradation process at these places.

5. Discussions

In spite of the fact that the Central Asian Republics of the
former Soviet Union occupy a great territory with an area of
about 5.5 million km=and represent a gigantic reservoir of or-
ganic carbon playing an important role in the global change,
there is a lack of reports from this region in recent literature.

84

The entire contemporary knowledge about dynamics of cli-
mate and the vegetation change in the formerly Russian Cen-
tral Asia has been based on the Russian-speaking publications
from the Soviet era and a few modern reports by western
scholars (DeBeurs and Henebry, 2004; Lubimtseva, 2005;
Propastin and Kappas, 2008). However, the both scientific
schools have been aware of the potential importance of this
region in regards to the current climate change. The present
study is one of the first works investigating the link between
the inter-annual climate dynamics and vegetation change in
Central Asia over the last two decades of the 20 century. The
study used 22-years time series of the remotely sensing deri-
ved Normalized Difference Vegetation Index to discover re-
gional and local responses of vegetation cover to global cli-
mate change and to reveal to what degree the local trends are
caused by land use changes.

The results of our study revealed a general significant in-
crease of vegetation activity across the most part of the Cen-
tral Asia’s territory. The results indicate an 11.35% increase in
growing season NDVI in Central Asia between 1982 and 2003.
The magnitude of the greening trend in the study region is
consistent with similar trends reported for the northern high
latitudes in Eurasia and North America by Tucker et al. (2001)
and by Zhou et al. (2001) as well for China by Xiao and
Moody (2004). However, the results demonstrated that the
greening patterns are more widely extended as it has been re-
ported from other regions. About 35% of all vegetated pixels
exhibited positive trends in growing season NDVI. The per-
centage of area with increased NDVI varied substantively by
land cover type, but was particularly high for cropland, irri-
gated cropland, cropland mosaics, and grassland. These four
classes contributed about 75% to the total area undergoing
greening. Shrubland and forest contributed an additional 18%.

The significant trend in NDVI for all land cover types
with exception of forest was strongly correlated with growing
season and summer precipitation, while summer temperatures
played a negative role and rather restrained photosynthetic ac-
tivity in majority of the land cover types. Our results demon-
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strated a strong negative correlation between summer tempe-
rature and NDVI in cropland, cropland mosaics, grassland,
shrubland, savanna and barren or sparsely vegetated areas.
These results assume an increase of precipitation over broad
areas of Central Asia, whereas the analysis of the correlation
between NDVI and precipitation at per-pixel scale revealed
clear spatial pattern in distribution across the region. About
20% of all pixels with significant growing season NDVI trend
exhibited strong correlation with precipitation, the major part
of these pixels was within cropland, cropland mosaics, and
grassland in the northern part of the region. The explanation
of the summer NDVI trends by summer precipitation was
higher, about 65% of all pixels with significant upward trend
correlated with summer rainfall. These results disagree with
the conclusion by Xiao and Moody (2004) reported about
very poorly explanation of the vegetation change by precipi-
tation and a leading role of temperature in similar eco-climatic
zones of China. We suggested that the dramatic drop of anth-
ropogenic impact in Kazakhstan caused an enhancement of
the vegetation response to climate, particularly to precipi-
tation. In opposite to this, China’s land use has been charac-
terized by a significant increase of human impact during the
same period. This caused a gradual decrease of the vegetation
response to precipitation. The link between the sensitivity of
the vegetation cover to rainfall and the degree of human in-
fluence has been thoroughly discussed by Veron et al. (2006),
whereas Evans and Geerken (2004) used this link for a de-
gradation assessment in Jordanian drylands.

All vegetation types demonstrated a strong upward trend
in spring NDVI between 1982 and 2003. The significant up-
ward trend in spring NDVI occurred in 50% of the total vege-
tated area but the percentage varied by land-cover type. We
found positive relationship between spring temperature and
spring NDVI in each land cover type. Speaking about spatial
patterns of this relationship, for 66% of the entire area with
the upward spring trend, this positive trend was strongly cor-
related with spring temperature. The results from spring sug-
gest that there is an overall enhancement of NDVI in the early
growing season, and that much of that enhancement can be
explained by spring temperatures. This is consistent with the
results reported from the high latitudes in Eurasia and North
America by (Tucker et al., 2001; Zhou et al., 2001) and from
China by (Xiao and Moody, 2004). Nonetheless, for Central
Asia the spatial extension of the area undergoing the greening
trend of spring NDVI was significantly greater than in China
during the similar period, 50% against 25% of the total vege-
tated area, respectively. Cropland, irrigated cropland, cropland
mosaics, grassland and shrubland contributed about 80% to
the total area undergoing greening.

The negative trends of NDVI were observed in all ana-
lysed seasons and within each land cover type, but they occur-
rence was relatively rarely. Thus, among all trends in growing
season NDVI only 2.17% were negative. Summer season was
characterized by the most often occurrence of the downward
trend of NDVI with the overall percentage of 10.12%. Con-
cerning the growing season trend, cropland mosaics, grassland,
shrubland, and barren/sparsely vegetated areas contributed

about 70% of the total area undergoing a decrease of the vege-
tation cover over the study period. The results of this study
demonstrated a generally strong control of greening trends by
temperature and precipitation. The complex of climatic fac-
tors combined in a multiple regression model explained more
than 75% of all upward trends in growing season NDVI
across the region. Especially high percentages of pixels with
greening trends explained by the multiple climate effect were
observed in cropland, irrigated cropland, cropland mosaics
and grassland. Xiao and Moody (2004) considered the im-
provement of crop management practice to be the main factor
enhancing the productivity of vegetation in China’s cropland.
Therefore, they found rather a weak explanation of the green-
ing trends in the cropland by precipitation and temperature. In
contradiction to this report from China, the results of our stu-
dy suggested the climate change to be the prevalent driving
force for the greening trend in the agriculturally used land
cover types. The process of the massive abandonment of crop
fields and pastures throughout the region caused an enormous
reduce of anthropogenic influence and, as a consequence, a
significant regeneration of the vegetation cover in broad areas
of the region. The response of vegetation to climate, particu-
larly to precipitation, should be increasing during the period
of this land use change. This fact is reflected in the high per-
centage of the upward NDVI trends explained by the combine
climate effect.

In opposite to the greening trends, the explanation of the
downward trends was rather poorly. Only about 34% of all
negative NDVI trends could be considered to be driven by the
climate change. We suggested that the majority of the decreas-
ing NDVI trends were the result of human activity. As it was
being discussed above, human impact generally reduces the
response of vegetation to climate, and, on the contrary, a dimi-
nishing human influence enhances this response. Taking into
account this fact, it is not surprisingly, that we had the poor
explanation of downward trends by climate. The majority of
these trends should be attributed to the change of land use
practice enforcing an abandonment of agricultural-used lands
located far away from the permanent settlements and a con-
centration of the human activity to the lands located near the
settlements.

However, we have to declare that any interpretation of
the human impact degree in vegetation changes is rather based
on speculations. Thus, trends in NDVI that resulted from the
changes in land cover and land use cannot be fully separated
from trends due to climatic factors. Another source for uncer-
tainty in the end results and their interpretation is the duration
of the study period (1982 to 2003). The 22-year period is a
short record for studies on vegetation trends and climate
change. Thus, precipitation in drylands is known to have a
very high inter-annual variability. Years with extremely high
precipitation amount may be characterized by extremely high
vegetation production and introduce bias to statistical assess-
ment of the trends. Nevertheless, in spite of all shortcoming of
the study, the study results improve the understanding of the
nature and mechanisms of the ecosystem dynamics in the in-
ner Eurasia and provide the basis for predicting changes in
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productivity that accompany change in climate and human
activity.

6. Consclusions

This study has demonstrated that the potential in using
NDVI for monitoring the long-time vegetation change and its
climatic correlates in the former Soviet Republics of Central
Asia. The NDVI data derived from the Advanced High Reso-
lution Radiometer (AVHRR) were successfully combined
with gridded datasets of precipitation and temperature to mo-
del the effect of climate change and to detect areas of high
response to climatic conditions during the period of 1982 to
2003. The broad-scale increases in photosynthetic activity
across the region is consistent with recent environmental
change and can be ascribed to two main causes: first, the con-
temporary climate change (primarily global warming and re-
distribution of precipitation over the territory); and second, a
drastic change of human activity caused by the transition from
socialistic to liberal economic system.

We found an overall 11.35% increase in growing season
NDVI. The increases in spring and summer NDVI over the
same time period were 13.58 and 9.23%, respectively. Thirty-
five percent of entire vegetated area of Central Asia exhi-
bited upward trends in growing season NDVI. Trends in
spring NDVI1 occurred in 50% of all vegetated pixels and was
considered to be the major contributor to the growing season

trend. Summer NDVI increased in 25% of all vegetated pixels.

Cropland, cropland mosaic, grassland and shrubland taking
the most area of the study region accounted for the majority of
these increases. The results suggest a strong climate impact on
seasonal and growing season trends in vegetation activity.
There were notable areas of the increases in the growing sea-
son NDVI (75% of all pixels with a significant upward trend)
that exhibited a strong correlation with the complex of clima-
tic parameters. Downward trends occurred in 2.17% of the to-
tal area and were suggested to have primarily anthropogenic
origin. Only 35% of all pixels with downward trend revealed
a significant correlation with the combination of climatic fac-
tors. Thus, the observed trends in NDVI result from the com-
bined effects of climate and land use change in the study re-
gion. The interaction between climate and human impact can
vary significantly among vegetation types but its joint effect
on vegetation cover is the main explanatory factor for changes
in vegetation activity. The findings of this study have contri-
buted to a better understanding of the inter-annual and inter-
seasonal relations between NOAA AVHRR/NDVI and eco-
climatic variables in a dry inner region of Eurasia.
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