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Abstract

We combined Normalized Difference Vegetation Index (NDVI) datasets derived from the
Advanced Very High Resolution Radiometer (AVHRR) and climate records to analyse
within-season temporal relationships between vegetation activity and two eco-climatic
parameters (precipitation and temperature) in an arid region of Central Kazakhstan. As-
sessments of these relationships were performed by calculating correlation coefficients
between 10-day values of NDVI and the both climatic parameters throughout the growing
season (April-October). The correlations were calculated for every pixel as well as for the
aggregated datasets representing different land cover types and the entire study area. The
results indicate that strong significant positive correlations exist between NDVI and each
of the explanatory climatic parameters at all spatial scales. Temperature was considered to
be the leading climatic factor controlling intra-annual NDVI dynamics. The correlation
coefficients between NDVI-rainfall and NDVI-temperature exhibit a clear structure in
terms of spatial distribution. The results indicate that the response of vegetation to climatic
factors increases in order from shrubs and desert vegetation to semi-desert, short grassland

and to steppe vegetation.
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Zusammenfassung

Die Arbeit untersucht zeitliche Zusammenhinge zwischen Vegetationsdynamik und Dy-
namik von Klimaelementen (Temperatur und Niederschlag) in einem Trockengebiet des
Zentral-Kasachstans. Die Datengrundlagen der Arbeit umfassten den Normalized Diffe-

rence Vegetation Index (NDVI) von dem Advanced Very High Resolution Radiometer
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(AVHRR) sowie Messwerten der Klimastationen fiir Niederschlag und Temperatur. Die
Schitzung der Stiarke des Zusammenhanges erfolgte durch Berechnung des Koeffizienten
der Korrelation und Kreuzkorrelation zwischen den Zeitreihen der Dekadenwerte des
NDVI und der beiden Klimaelemente wihrend der Pflanzenwachstumsperiode. Die statis-
tischen Zusammenhidnge wurden auf verschiedenen Skalen rdumlicher Generalisierung
betrachtet: von dem gesamten Gebiet bis zu einzelnem Pixel. Die Ergebnisse beweisen,
dass auf allen Betrachtungsskalen strenge Interrelationen zwischen der Dynamik des NDVI
auf einer Seite und den beiden Klimaelementen auf der anderen Seite bestehen. Tempera-
tur erwies sich als der Hauptfaktor fiir die Kontrolle der Vegetationsdynamik durch das
Klima. Die rdumliche Verbreitung der Werte des Korrelationskoeffizienten zeigte ein
deutliches Muster. Dieses Muster spiegelt die Unterschiede zwischen einzelnen Vegeta-
tionstypen in bezug auf ihre Reaktionskraft und Reaktionsgeschwindigkeit zu der Einwir-

kung der Klimaelemente wider.

Schliisselbegriffe: NDVI, Klimaelemente, Vegetationsreaktion, Zeitverschiebung der Ve-
getationsreaktion, Korrelationsanalyse.

Introduction times of food scarcity (Gisladottir &

Stocking, 2005).

There is a great demand for a better under-
standing of the nature of climate impacts
on drylands as a whole system and on the
vegetation cover of drylands as an impor-
tant component of this ecosystem at all
scales from global to regional and local.
This understanding requires detailed in-
vestigations on the vegetation response to
climate factors. On the one hand, know-
ledge of this response holds the potential
for discrimination of threatened areas and
forecasting of damage grade by drought
events. On the other hand, this knowledge
subsequently improves planning of protec-
tion arrangements. Another benefit is asso-
ciated with forecasting of regional agri-
cultural yields for drought years, which

improves planning for food supply for

Satellite derived Normalized Difference
Vegetation Index (NDVI) is a very con-
venient tool for monitoring terrestrial eco-
systems at all scales from global to local. It
enables regular detection of seasonal and
inter-annual changes in vegetation activity.
The correlation between NDVI and above-
ground biomass is well established. The
satellite derived NDVI can serve as a gen-
eral surrogate for vegetation conditions
(Tucker et al., 1985). The vegetation ab-
sorbs a great part of incoming radiation in
the visible portion of the spectrum
(VIS=380-730 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

139



Basic and Applied Dryland Research 1, 2 (2007)

radiation and hence is a measurement of
the photosynthetic capacity of the canopy.
Negative NDVI values indicate non-vege-
tated areas such as snow, ice, and water.
Positive NDVI values

vegetated surfaces, and higher values indi-

indicate green,

cate increase in green vegetation. The
NDVl 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
(Tucker & Sellers, 1986). Since the early
1980th many studies of vegetation distri-
bution and vegetation conditions at both
global and regional scales were based on
the use of time-series data of the Advanced
Very High Resolution Radiometer
(AVHRR) sensor launched by the National
Oceanic and  Atmospheric  Agency
(NOAA). AVHRR derived NDVI data
have been successfully used for monitoring
vegetation activity and environmental
changes at regional and global scales
(Kowabata et al., 2001; Tucker et al., 2001;
Xiao & Moody, 2004; Tateishi & Ebata,
2004),
1997), desertification and land degradation
studies (Budde et al.,, 2004; Evans &
Geerken, 2004).

The investigation of the relations between

detection of droughts (Kogan,

vegetation pattern and its explanatory fac-
tors, particularly climate and human im-
pact, is an object of applications of NDVIL.
Temporal and spatial correlations between
NDVI and climatic factors are investigated
in many research works. Particularly good

correlation in the arid regions, both spa-

tially and temporally, is documented based
on NDVI and rainfall (Richard & Poccard,
1998; Yang et al., 1998; Li et al., 2002;
Wang et al., 2003). The relationship be-
tween NDVI and temperature is reported to
be also significant. Yang et al. (1998) and
Wang et al. (2003) reported about a lower
influence of temperature on NDVI. On the
contrary, Li et al. (2002) and Xiao &
Moody (2004) proved a higher impact of
temperature on within-season and inter-
annual NDVI. The response of NDVI to
rainfall and temperature depends on vege-
tation types and varies by geographical
region (Nicholson & Farrar, 1994; Shultz
& Halpert, 1995). Woodland and forest
vegetation shows a lower correlation be-
tween NDVI and climate factors. Shrubs
and desert vegetation patterns are reported
to be strongly correlated with temporal and
spatial variations of climate factors. Vege-
tation patterns in steppe grassland and sa-
vannah reveal the highest correlation with
rainfall and temperature (Li et al., 2002;
Wang et al., 2003; Li et al., 2004).

The goal of the study is to analyse the sea-
sonal variations of vegetation activity in a
semi-arid region in the central part of Ka-
zakhstan (region Northern Balchash) and to
explore their relationships with cor-
responding variations in rainfall and tem-
perature. Our research is based on NDVI
data that have been retrieved from Ad-
vanced Very High Resolution Radiometer
(AVHRR) and a gridded climatology data-
set calculated from the records of climate

stations from the study area.
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Study area

The study area is located in the middle part
of Kazakhstan between 46 and 50° north-
ern latitude and 72° and 75° eastern longi-
tude. The climate of the region is dry, cold

and high continental. Average annual pre-
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such as Festuca sulcata, Stipa capillata
and Stipa lessingiana. The semi-desert
vegetation complex occupying the mid of
the study area represents a complex com-
bination of real steppe turf grasses and
semi-shrubs with halophytes (see Fig. 1).
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Figure 1: (a) Location of the study area on the map of Central Asia. (b) Map of vegetation types in the

study area

cipitation is above 250-300 mm per year in
the north of the study area, and below 150
mm in the south. The most part of precipi-
tation falls during warm period from
March to October. The

amplitude is relative high: average January

temperature

temperature is below —12° C and average
July temperature is about 26-28° C.

The south of the study region is vegetated
by sagebrush and perennial saltwort asso-
ciations. Dominating vegetation species
here are Artemisia terrae-albae, Artemisia
pauciflora, Anabasis salsa, Salsola orien-
talis. The northern section of the study
region is occupied by steppe vegetation,
where dominate short grassland species

Data used in the study

NOAA AVHRR NDVI dataset

We used 10-day maximum NDVI com-
posites of the AVHRR sensor with a spatial
resolution of 8 km. The data cover the
period of growing season (April-October)
from 1985 to 2000. Data were derived
from NASA’s Distributed Active Archive
Center. Using a method described by (Los,
1993), NDVI data were calibrated against
three time invariant desert targets located
in the Big Arabian Desert, Nubia Desert
and Taklamakan Desert. This method re-
moves effects of sensor degradation and
corrects drift between different sensor sys-

tems. In addition to that, we removed noisy
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pixel areas characterized by exceptionally
low NDVI values relatively to their pixel
neighbourhood. This pixels represented
large cloud areas and were replaced by a
mean value calculated from the temporal
neighbouring NDVI layers.

Precipitation and temperature data

The climate data used in the study consist
of 10-day rainfall and air temperature data
collected and calculated by the National
Hydrometeorological Centre of Kazakhstan
(NHMCK) for 9 climate stations placed in
the study area for the period April-October
1985-2001. The 10-day climate records
were averaged to mean 10-day values over
the study period, corresponding to the 10-
day periods of the NDVI data, and then
interpolated into raster maps based on the
longitude, latitude and elevation of the
weather stations. All raster maps of pre-
cipitation and temperature for the study
area were constructed using an interpola-
tion method known as kriging with an ex-
ternal drift.

To assess the accuracy of this data prepa-
ration, we randomly reserved 3 weather
stations from the interpolation for one of
the 10-day and compared interpolated and
recorded values. Average error was less
than 6%. It means that the interpolation
approach worked effectively.

Analysis methods

We examined temporal relationship be-
tween NDVI and climate factors, precipi-

tation and temperature by calculation cor-

relation coefficients with these variables.
Significance at the 5% confidence level
was used as the test criteria for all correla-
tion calculations. Analyses utilized time
of 10-day

growing season (April-October). Recent

series data throughout the
literature reports about the presence of a
time lag between dynamics of climate fac-
tors, particularly precipitation, and the re-
action of vegetation to this dynamics. The
time interval can vary from 1 to 12 weeks
depending on vegetation type (Richard &
Poccard, 1998; Yang et al, 1998; Wang et
al, 2003; Li et al, 2002). Therefore, in this
study calculations were done both at the
concurrently basis (correlation coefficients
were calculated between the time-series of
NDVI and precipitation over the same pe-
riod) and by imposing time lag into the
correlation analysis. In order to account for
time lag, we calculated NDVI-climate cor-
relation coefficients using time lags of 1 to
9 10-day units.

Most of the recent studies on investigation
relationship between climate and vegeta-
tion dynamics have been based on the use
of the data that are spatially aggregated
over a defined geographical region or over
any individual land cover/vegetation type.
This way of data analysis is simpler than
the analysis of relationships at per-pixel
level but the use of the aggregated data can
hides spatial patterns of the variables to be
analysed and may not reflect the real situa-
tion at localities. Therefore, an analysis of
relationships at sub-regional scale is more
appropriate by the use of per-pixel infor-
mation (Ji et al., 2004; Foody, 2003).
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However, an interpretation of the analysis
results derived at the level of a defined
entire geographical space or at the level of
any individual vegetation type is rather
lighter than that derived for each pixel,
particularly in the case if one needs only a
general view of the relationship to be ana-
lysed.

We were more interested in the results pre-
senting an universal behaviour of the
vegetation of individual vegetation types
spreading in the study region in the terms
of their response to climatic parameters.
But we also proved how significant are
variations of this behaviour within each
vegetation type. The spatial resolution of
the NDVI and climate data (8 km) enabled
us to look into local circumstances of the
relationships between vegetation and cli-
mate dynamics. Hence, in the terms of the
analysis scale we obtained results at three
different spatial scales: averaged over the
entire region, spatially averaged over each
individual vegetation type, and for each

pixel (per-pixel scale).

Spatial distribution of NDVI and cli-

matic factors in the study area

There are two factors influencing the spa-

tial patterns of vegetation and climatic
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variables in the study area: the south-north
direction and the altitude gradient. Gen-
erally, the spatial variance of NDVI and
both climatic variables are strongly pre-
dicted by the south-north factor, but the
relief conditions slightly deform this rule
and make the spatial patterns more diffi-
cult. Vegetation and rainfall variable dis-
play similar spatial patterns. Average pre-
cipitation increased markedly from south to
north: from about 100 mm in the desert to
over 280 mm in the steppe zone (Figure 2).
The 10-year average of NDVI ranges from
less than 0.05 in the southern area of the
study region to more than 0.30 in the
steppe zone. These are typical values for
dominant xerophytic formations. Values
lower than 0.05 in the southern area indi-
cate areas with no photosynthetic activity.
These are non-vegetated desert surfaces or
solonchaks. Rare little forested islands in
the steppe show NDVI values over 0.35.
They are placed at altitudes above 800
meter and manifest a presence of vertical
zonality in the study region. Average sea-
sonal temperature generally decreased
from south to north. In the south of the
study region the temperature achieves 16-
17 °C and the northern area is about 3-5°C

cooler (see Fig. 2).
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Figure 2: (a) Mean growing season NDVI calculated from the average of 8-km NOAA AVHRR for the pe-
riod 1985-2001. (b) Mean growing season temperature, °C. (c) Regionalized total precipitation amount
throughout the growing season, the graph presents an average over the period 1985-2004

Results

Average characteristics of NDVI

The three major types of vegetation cover
in the study area are strongly distinguished
by different values of NDVI (Table 1).
Steppe grassland records the highest aver-
age NDVI values for growing season
(0.26), followed by the semi-desert vegeta-
tion (0.15). The desert vegetation displays
the lowest values (0.11). Observing the
seasonal averages NDVI values displays
other results. The highest values in spring
are associated with the desert vegetation,
NDVI = 0.13. On the contrary, the short
grassland of steppe regions shows the low-
est value, NDVI = 0.07. For summer and

autumn averages, distribution of NDVI

values between the vegetation types is
similar to that described for the whole
growing season, the NDVI value decreases
from the short grassland, to semi-desert
short grassland/shrub, and to desert shrub-
land. NDVI values computed for the dif-
ferent vegetation types are reasonable close
to corresponding vegetation in other stud-
ies performed in the central Kazakhstan.
These regions also showed ordinal consis-
tency, with short grass regions highest
NDVI, grass/shrub regions second highest
and shrubby desert regions lowest, in
agreement with values in this study (see
Table 1).

Table 1: Averaged characteristics of NDVI values for various vegetation types

Average NDVI over 1985-2001
Vegetation type Spring Summer Autumn Growing season
Steppe 0.07 0.30 0.16 0.26
Short grassland 0.09 0.24 0.13 0.20
Semi-desert 0.11 0.17 0.11 0.15
Desert 0.13 0.07 0.07 0.11
Area-average 0.09 0.19 0.12 0.16
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Temporal behaviour of climatic factors
and vegetation within the growing sea-
son

Figure 3 illustrates the within-season cy-
cles of NDVI and climate factors averaged
over the entire study region. 16-year aver-
age of 10-day NDVI values (1985-2001)
increased rapidly during spring (early
April-mid-May), peaked during the sum-
mer months (mid-May-early July), and
decreased during August-September-Octo-
ber. Precipitation showed two peaks, in-
creasing from early April to early June and
peaking in late May-early June. After that a
slight decrease follows showing again an
increase till the next peak in mid-July.
Minimum of precipitation occurs in Au-
gust-September. The duration of the
growing season is approximately from
April to October. The growth of vegetation
begins between the second and the third
decade of April; approximately 1 decade
after temperature value has risen above
zero. The curve of temperature displays a
very symmetric form with a peak value in
mid-July-early August. Generally, tem-
perature rises during the months April-
July, and then gradually decreases during
August-October.

Figure 4 shows the growing season evolu-
tion of 10-day rainfall, temperature and
NDVI for every pixel in the study region.
These illustrations performed in form of
hovmoller’s diagrams (time-latitude) pro-
vide a general overview of the dynamic of
the climate parameters. The temporal pat-
tern in temperature seems to be similar

throughout the study area. On the contrary,
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the pattern in rainfall varies in the space.
Thus, in the southern part of the region, we
have only two peaks in precipitation in the
7 and the 15 decade, and than a precipita-
tion lack during the rest of summer and
autumn, whereas in the north there are 3
high peaks and 1 low peak in rainfall. In
the middle part of the study area between
48° and 49° latitude, one can distinguish at
least 2 high peaks and 1 low peak, at the 7,
the 12, and the 21 decade. The hovmoller’s
diagrams exhibit that the within-season
cycle of NDVI corresponds stronger with
patterns in temperature than with that of
precipitation amounts. An additional cor-
relation analysis has to prove this assump-
tion statistically.

Considerable uniform time-series behav-
iour during the growing season exists in
each year also among the vegetation types
(Figure 5). All vegetation types have NDVI
values under zero at the beginning of the
growing season, in April. Generally, all
vegetation types display increases in NDVI
from April into June-July, followed by
permanent decreases in August-October.
Generally, the 16-year average NDVI time-
series of the vegetation types show uniform
behaviour through the growing season. The
dry steppe grassland, semi-desert grassland
and desert shrubland have approximately
similar values during the spring months
April-May. The separation in NDVI values
begins in the first decade of June. Despite
similar values of NDVI during the spring,
the desert shrubland and the semi-desert
grassland exhibit lower NDVI values than

the dry steppe grassland during the summer
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and the first month of the autumn, Septem-
ber. In October, the NDVI values of all
three vegetation types become again almost
analogous.

Desert vegetation begins its development
earlier in spring than semi-desert and
steppe and culminates in a minimum in late
July or at the beginning of August. Usu-
ally, the NDVI associated with the desert
vegetation turns over the zero in the first
decade of April. The semi-desert vegeta-
tion begins its growing season in the sec-
ond decade of April, and after that, this
makes the short grassland associated with
the steppe areas. During the spring months
a rapid increase of NDVI values follows.
The shrub vegetation of the desert zone
reaches the maximum value between first
and third decade of May, depending on the
rainfall regime of the associated year. After
that, the values decrease permanently dur-
ing the summer and autumn months,
reaching their minimum at the end of Oc-

tober. The grass/shrub regions show their

maximum NDVI value, generally, in mid
June. As well as the short grassland of the
steppe regions, then its NDVI values re-
main high until mid July, afterwards de-
creasing slowly until the end of the grow-
ing season. The 16-year average seasonal
cycle of NDVI provides a clear distinction
between the major vegetation types. The
best distinction between the time profiles
can be made within the summer months,
from June to August. During this time, the
vegetation types display quite different and
clear distinguishable attributes of their
canopy such as leaf area, percent coverage,
and biomass. These differences in the
vegetation cover attributes reflect in clear
differences in the 10-day NDVI time-se-
ries. The highest discrepancy between
NDVI values of the separate vegetation
types is observed in the mid June when the
vegetation types exhibit their NDVI maxi-
mums: dry steppe 0.35, semi-desert 0.25,
and desert 0.13.

287 1Ei
¢ 07 - 0,18
@ B -
= 51 E =
I =2 8 012 =
o i =
G Al B =
5 £ 4 L 008 =
R '

o+ I -0

apr may jun jul  aug =ep oct
tonth/Cecad

Figure 3. NDVI (line with squares), precipitation (pillars) and temperature (solid line) for each 10-day period of
the growing season (spatially averaged over the entire region and temporally averaged over the period 1985-
2001)
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Reasons for a large discrepancy is a large
difference in moisture and temperature
conditions over the territory of the study
area and differential responses of vegeta-
tion cover to climate conditions such as
responsiveness to precipitation or limita-
tions from high temperatures. In this sec-
tion we abandoned a description of existing
influence of climatic predictors on vegeta-

tion development during the phenological

Jul

AL
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Figure 5: Temporal behaviour of spatially averaged NDVI for desert, semi-desert and dry steppe within the
growing season. Note the drifting of the peaking time from May, to June, and to the beginning of August
observed for desert, semi-desert and steppe vegetation, accordingly

cycle. This influence is very versatile and
complicated, it reveals differently during
various time-periods of phenological cycle.
We carried out a detailed investigation of
relationships between NDVI and ecocli-
matic parameters during the growing sea-
son and devoted two separate sections to
the results description. Temporal responses
of vegetation cover to climatic factors
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within the growing season will be exam-

ined in detail in the following chapters.

Relationships between NDVI and pre-
cipitation

For natural vegetation, precipitation is usu-
ally a major source for soil root zone
moisture, which is critical to plant survival
and productivity. It was reported that
change in NDVI of native vegetation dur-
ing the growing season can be affected by
the amount and timing of rainfall (Schultz
& Halpert, 1995). The previous studies
have also shown presence of a time lag
between a weather event, especially rain-
fall, and the vegetation response to it
(Yang et al., 1998; Wang et al, 2003;
Richard & Poccard, 1998). Figure 3 and 4
illustrate that there is a time lag of ap-
proximately 2-3 decades between precipi-
tation and NDVI time-series averaged over
the whole study area. On the contrary, the
profiles of NDVI and temperature are syn-
chronous. Therefore, while analysing
NDVI-precipitation relationship for indi-
vidual land-cover classes, we calculated
correlation coefficients imposing different
time lags from 1 to 9 decades. Significance
level of 0.95 was set for all correlation cal-
culations.

At the scale of the entire study area, corre-
lations calculated with time lags of 0-3
decade imposed to the NDVI data have
been significant and strong. The highest
correlation coefficient was achieved by
imposing a time lag of 2 decades. Figure 6
shows the corresponding scatter plot be-

tween 10-day NDVI and 10-day rainfall

amount. About 38 % of all variations in
NDVI are explained by variations in rain-
fall. This devises a high dependence of
vegetation growth on rainfall but a large
amount of NDVI variance remains unex-
plained. It means that other explanatory
factors may play an important role too.
These predicting factors may be both of
climatic and non-climatic nature such as air
and soil temperature, evaporation, parent
rocks, soil type or vegetation type (Farrar
et al., 1994; Yang et al., 1997). Another
problem is that a spatial average over the
entire study region gives a good general
impression of the relationship between
vegetation activity and precipitation but it
screens response of individual vegetation
types and vegetation communities to the
climatic factor to be investigated. To in-
vestigate this response, we performed cor-
relation analysis disaggregating the terri-
tory into areas occupied by different vege-

tation types.
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Figure 6: Relationships between 10-day NDVI and
10-day precipitation. The graph presents results
derived with the area-averages of the both variable

Stratification of NDVI-precipitation re-
lationships by vegetation type

For the land cover types, correlation coef-
ficients between NDVI and precipitation

are high in specific combinations of time
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duration and lag. The rainfall lag periods
varied up to six 10-day periods. It indicates
the time period for which the influence of
rainfall on NDVI is the strongest. The re-
sults exhibited that the rainfall time lag
increases with an enlargement of partial
values in grass species in vegetation cover.
The imposed time lag continually increases
from desert shrubland, over semi-desert, to
short grassland, and to steppe grassland
(Figure 7). For desert shrubland, the best
correlation between 10-day NDVI and pre-
cipitation is achieved by imposing no time
lag, for semi-desert by imposing a time lag
of 1-2, for short grassland and steppe
grassland the best time lag is 3-4 decades.

In terms of the strength of the NDVI-pre-
cipitation relationship, it gradually in-
creases from desert shrubland, to semi-de-
sert, to short grassland and to steppe vege-
tation, with a maximum value of correla-
tion coefficient of 0.49, 0.54, 0.58 and
0.67, respectively. Vegetation cover of
irrigated cropland and tundra exhibits only
weak response to precipitation. This seems
to be explained best by the diversity that
exists between the different vegetation spe-
cies associated with each vegetation type.
The results of this analysis are in agree-
ment with the research results obtained by
others for dry regions (Yang et al., 1997,
Wang et al., 2003; Richard & Poccard,
1998). In accordance with the results,
higher correlation coefficients between
NDVI and precipitation are observed in
landscapes with natural grassland vegeta-

tion cover. Correlations are getting weaker
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with a decrease of grasses in the vegetation

cover.
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Figure 7. Dependence of correlation coefficients
between 10-day NDVI and precipitation on time
lag imposed

Relationships between NDVI and

temperature

The calculated NDVI-temperature correla-
tion coefficients indicate that there is a
significant relationship between NDVI and
temperature for all vegetation types. 10-
day NDVI was strongly correlated with
temperature indices of the same period. We
found no time lag in any vegetation type.
The value of correlation coefficient be-
tween NDVI and temperature was 0.63,
0.70, 0.76 and 0.84, for desert shrubland,
semi-desert, short grassland and steppe
grassland, respectively.

Temperature often serves as an indirect
measure of available energy for plant
growth. Above a certain base temperature,
a plant’s rate of growth is found to be pro-
portional to temperature. Figure 8 displays
that for all vegetation types within-season
NDVI-temperature correlation coefficient
was higher than that obtained for NDVI-
precipitation. This agrees with the results
reported by Li et al. (2002) for China and
by Yang et al. (1998) for Nebraska, U.S.A.
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The results also exhibited a clear spatial
pattern in time lag duration imposed by
calculation of correlation coefficient be-

tween NDVI and precipitation. Figure 10

ODesert shrubland
@ Semi-desert

B Short grassland
B Steppe grassland

(c) shows that the time lag duration gener-

ally increases in order from south to north.

Correlation coefficient

If we compare the map on Figure 10 (c)

with the map of vegetation types (Figure

NDVI-temperature

2), we will consider a strong association

Figure 8. Comparison between the values of corre- between them. The vegetation type in the

lation coefficient obtained for NDVI-precipitation

: . south, with a shorter time lag of 1, is desert
(left row of pillars) and NDVI-temperature (right row

of pillars) relationship

Spatial patterns in NDVI-climate rela-
tionship

The results of this study show that 70.52%
and 94.90% of all pixels exhibited signifi-
cant positive correlation (r > 0.48) between
10-day time-series of NDVI-rainfall and
NDVI-temperature, respectively. The pix-
els with high correlation coefficients (r >
0.70) are mainly distributed in the north,
south-west and east portion of the study
area (Figure 9 and Figure 10, a, b). The
total area of pixels varied substantially by
land-cover type and increased from desert
shrubland, to semi-desert, to short grass-

land and to steppe.

NDVI-rainfall correlations
were observed for 24.72%, 65.56%,
84.65%, and 98.41% of all pixels for every

vegetation type, respectively. Compared

Significant

shrub according to the vegetation map,
while the land cover type in the north, with
a longer time lag of 3-4, is steppe grass-
land. This agrees with our results derived
for spatially averaged data. NDVI is af-
fected by precipitation and this effect oc-
curs with a time lag of 0-4 ten-day periods
after the precipitation. The length of the
time lag is dependent on land cover type
and shows strong spatial patterns in the

study area.

10000

m Al piels
SHDVI-pre
BNDVI-tem

8000

6000 5

4000 4

2000 4

Semidesert

Desert shrubland

Short grassland — Steppe grassland

with temperature, precipitation plays a mi- Figure 9. Complete amount of pixels, amount of

nor role in explaining the greening patterns
in these land-cover types. Only for steppe
grassland, precipitation makes a scarcely
higher contribution to the greening patterns

than temperature does.

pixels that exhibited significant NDVI-precipitation,
and amount of pixels with significant NDVI-tem-
perature correlation for every vegetation type
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Figure 10: Spatial distribution of correlation coefficient for NDVI-temperature (a), and (b) NDVI-precipita-
tion. Panel (c) displays the spatial distribution of time lag (10-day units) given the best correlation between

NDVI and precipitation

Discussion and conclusion

The present work is the first study on the
dynamics of drylands vegetation in Ka-
zakhstan that investigated the problem
from different views and combined analy-
ses at multiple time- and spatial scales.
This study examined within-season inter-
relations between 10-day time-series of
NOAA AVHRR NDVI and analogous se-
ries of precipitation and temperature vari-
ables over the 1985-2001 growing seasons
in drylands of the region Northern Balk-
hash.

The results illustrated that satellite based
vegetation reflectance data can serve as a
good proxy for studying the vegetation
cover and its variability in drylands eco-
systems. Mean growing season and mean
seasonal NDVI clearly reflect differentia-
tion of vegetation cover in the study area
and make possible its stratification by
vegetation types, their values increase in
the direction from desert to short grassland
and to steppe grassland. The use of NDVI
dataset enabled (1) to recognize patterns in
vegetation activity over the geographical

space of the study area, (2) to extract tem-

poral signals of vegetation variations and
(3) to map the spatial patterns of the rela-
tionship between vegetation and climate
dynamics. The NDVI data revealed sub-
stantial sensitivity to the climatic signal
both in time and space and allowed the
investigation of the influence of climate on
the ecosystem.

Strong correspondences between NDVI-
precipitation, and NDVI-temperature were
observed. The strength of NDVI-climate
associations depends on vegetation type
but there are variations in the response of
NDVI to climate factors within each vege-
tation type on the per-pixel basis. The
analysis exhibited that the correlations
were stronger in areas dominated by grass
vegetation and weaker in areas dominated
by shrubs. This result is consistent with the
observation of the relations between NDVI
and climate parameters in dry regions
throughout the world (Yang et al., 1997;
Wang et al., 2001 and 2003; Li et al.,
2002). Distinct time lags associated with
NDVTI’s response to precipitation events
were determined. Time lags increase in

order from desert, to semi-desert and to
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steppe showing a different reaction speed

of vegetation to precipitation events.

The correlation between NDVI and tempe-
rature was found to be higher than correla-
tion between NDVI and rainfall. These
results degree with the results reported by
Li et al. (2002) and Xiao & Moody (2004)
for China’s drylands but disagree with the
results reported by Wang et al. (2001 and
2003) for Great Plain’s drylands. Our ana-
lyses also showed that temperature has a
higher impact on plant growth throughout
the growing season. In comparison to pre-
cipitation, the correlation between NDVI
and temperature was for all vegetation ty-
pes higher. This was observed both for
spatially averaged data and at per-pixel
scale. The influence of temperature on the
vegetation growth was positive during the
early and late growing season, while during
the mid of growing season, when the tem-
perature achieves its maximal values, it
causes the reducing or even the stop of the

plant growth. On the one hand, the tem-
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perature is the most important predicting
factor at the beginning and the end of the
growing season because plants can grow
only under definite temperature conditions,
namely, when temperature rises over zero.
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changes in productivity that accompany

changes in climate and human activity.
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