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The primary objective of this study was to assegdahd degradation in Kazakhstan and Middle Asiadd on
time series of rainfall data and normalized differe vegetation index (NDVI) from NOAA AVHRR for thperiod
1981-1998. Normalized Difference Vegetation Ind®&DVI) is generally recognized as a good indicatér o
terrestrial vegetation productivity. In arid, seanid and sub-humid regions rainfall is proved teéha dominant
role in determining vegetation growth and in prédig trends in vegetation activity over time. THere, changes
in vegetation cover imposed by human influencesdiffecult to identify. A new analytic methodolodpr the
detection of areas undergoing degradation procasendby different reasons, climatic or anthropdgemvas
developed and checked out in this project. The eotual framework for the analysis is the combine afstime-
series of Normalized Difference Vegetation IndexXD{N) and precipitation over the 20-year period. éam
regression was used to determine trends in NDVI@edipitation for each pixel. Changes in vegetatativity
imposed by climate change were identified and pixs#hose negative trends in NDVI are associated with
downwards trends in precipitation considered tadai@ climate-induced desertification. Areas witbgative
trends in NDVI which were not explained by trendgrecipitation were considered to experience humeduaced
degradation. Results were validated by test ofssizdl significance and by comparison with theadbm the
remote sensing systems of fine resolution and topsome field sites. According to our results,t® % of all
territory is threatened by climatic desertificatiand only 1.2 % by anthropogenic. These modelleggylts were
then combined with land-cover information to prevah assessment of desertification status.

Mopaenb oueHku onacHocTu onyctbiHuBaHus B CpeaHen Asumn
n KaszaxctaHe no gaHHbiMm NOAA AVRR NDVI n ocaakoB

II.A. Ilponactun, M. Kannac, C. Opa3mu, H.P. MypartoBa

Ienpro MaHHOTO HCCHENOBAaHMS OBUIO BBISIBICHHWE PAalfHOB, IMOJBEPKEHHBIX AHTPOIOICHHOMY OITyCTHIHUBAHUIO B
Cpenneit Azun n Kaszaxcrane. OueHka nerpafaniy 3eMeib 0a3upoBajiach HA MOHHTOPWHIE JABYX WHIMKATOPOB
OITyCTBIHMBAHUS. COCTOSIHUE PACTHTEIFHOTO MOKPOBA M KiIMMaTa. Mepoil COCTOSIHHSI pacTUTENBHOTO ITOKPOBa
SIBJISUICSL HOpMaJTM30BaHHBIN M depentmansabii BereraronHbii naaexkc NDVI, nomydaemsiii ciyraukom NOAA
AVRR, xi1MMaTHYeCKMM HHAWKATOPOM CIYKHJa CyMMa IOJEKaJHBIX 3HAYCHWH OcalIkoB 3a roi. V3BecTHo, 4TO
JUI CyXHX PErHOHOB B3amMOCBs3b Mexnay anHamukod NDVI m ocaaxamy mpsiMO NporopnyoHajibHa U OYCHb
tecHa. [Toaromy Tpennsl NDVI momxHBI OBITH 00YCIIOBIICHBI TPEHAAMH OCAAKOB. MBI IPEIIONIOKHIN, YTO JIIOOOH
tpenx NDVI, He cooTBeTcTBYIOMMI AMHAMUKE OCAKOB, MOXKET CITYXKHTh HHANKATOPOM aHTPOIIOTCHHOTO BIMSHHUS.
Jis BBIABICGHHMS TakWX TPEHIOB OBLIM pPACCUMTAHBl PErPECCHOHHBIE MOJECNIN Ul Ka)KAOTO IHKCENS MEXITy
BpemeHHbIMU psimamMu  NDVI u ocamkoB 3a mepuon ¢ 1981 mo 2000 rogpr. Ilo pesyapraTaM perpeccCHOHHOTO
aHayM3a OBbLIM BBISABJICHBI IUIOMIAAN KIMMATHYECKOTO OIMYCTHIHMBAHMSA , B KOTOPBIX oTpuiarenbHbiid Tperg NDVI
00YCJIOBJICH yMEHBIIECHHEM OCA/IKOB 3a pacyeTHBIH NEpHOJ], W IUIOMAAM AHTPONOTEHHOTO OIYCTHIHMBAHHUS,, B
KOTOpbIX yMeHblIeHne 3HaueHnii NDVI He moaTBepkaeTcst OTpHIaTeIbHBIM TPEHAOM 0caKoB. COriacHO HAIIUM
pacyeram 5 % Bcell TeppuUTOpUM TOABEP)KEHHI KIMMAaTHYECKOMY OIYCTHIHMBAHMIO, M Jumb okoino 1.2 %
AHTPOIOTeHHOMY. Pe3ynbTaThl Hallero HCCIeJOBaHMS YTOYHSIOT OLEHKY omycTelHMBaHUS B CpemHell Asum u
Kazaxcrane u ciryxat yaydqIeHHIO 3eMJICTIONb30BaHMS.
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Introduction

Desertification refers to land degradation at aseini-arid and dry sub-humid areas and has been
seen as one of the major environmental problemarge parts of the land surface. Desertification is
considered the result of a series of complex nhtanainly climatic, and anthropogenic processes tha
leads to gradual environmental degradation or tdsthe lands biological and economical productivity
Common approaches to assess desertification defoantheasurements of different indicators which
usually describe one or more aspects of desetiditaand provide data on threshold levels, stahgs a
evolution of relevant processes.

Degradation of vegetation cover is one of the miogtortant desertification indicators and can be
monitored using satellite imagery. Satellite detiWormalized Difference Vegetation Index (NDVI) has
successfully served as a vegetation indicator inyngudies on desertification and land degraddtion
2]. However, in many cases, the only use of ND\l desertification monitoring can be problematical,
because vegetation cover performance is stronglgligated on macro- and micro-climatic factors, such
as temperature and rainfall distribution changealldopography characteristics etc. [3, 4, 5, ahd 6
Therefore, discrimination between different causéshange in vegetation cover, climate and human
activity, is rather difficult. The neglecting of ishaspect can lead to mistakes by evaluation af lan
conditions. For example, the contemporary greepaiterns in the Sahel are proved to be drivingry a
increasing trend in rainfall [7, 8]. A few recenudies have developed methods for application of
discrimination by use of satellite data time-sere®l time-series of climatic variables [9, 10]. Sée
methods have been based on identification of cérggnal in inter-annual dynamic of vegetation
activity. Once the climate signal is identified,cén be removed from the trends in vegetation ictiv
The remaining vegetation changes are attributechuman influence and these areas considered
experiencing a human-induced degradation/rehatimitaf vegetation cover.

The objective of this study is to assess the afedegradation of vegetation cover in the former
soviet republics of Central Asia. The assessmebaged on synchronous monitoring of two indicators:
vegetation and climate. The study utilized remotensed derived greenness index (NDVI) and
precipitation data obtained from a global climaé¢adet. For the study, we examined trends in vegeta
activity and precipitation over 1981-2000 and miedeinterrelationships between these variables. The
developed monitoring system enabled us to discatairbetween two major causes of degradation:
climatic or anthropogenic. Degraded areas were unedsand mapped.

Data used in the study
NOAA AVHRR NDVI

Global Inventory Monitoring and Modelling SystemIk@VS) NDVI dataset is a derivate from the
NOAA AVHRR data and is freely available in Intern&/e used GIMMS NDVI for the entire study
region and for the period of 1981-2000. The GIMMSadet was already pre-processed for radiometric
and atmospheric corrections, calibration for sewldterences and orbital drift. The data, at 8-kpatal
resolution, are originally processed as 15-day amibgs using the maximum value procedure to
minimize effects of cloud contamination [11]. Theseginal data were averaged to generate mean
growing-season NDVI, mean summer NDVI and meamggsummer NDVI for each year.

Precipitation dataset

A global data set of precipitation was used. Thisl gaster data are interpolated from climate
station records and have a spatial resolution %f. Che data are available from the Climatic Regear
Unit (CRU), School of Environmental Sciences, Ursity of East Anglia (http://www.cru.uea.ac.uk/).
The monthly precipitation data were resized to 8rksolution to match the 8-km NDVI dataset.
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M ethods

We generated time series of mean growing seasonl|NIDY time-series of total precipitation over
the growing season (April-October) comprising evgear from the period 1981-2000. Previous studies
have shown a strong relationship between inter-anchanges in vegetation activity and precipitation
different dry regions [3, 4, 5]. Precipitation has substantial control on NDVI through annual
precipitation also in Central Asia (Figure 1). Thentrol, however, should be predictable in evesintp
of the study area where the relationship betweerVIN&nd precipitation are statistically significant.
Identification and quantification of climate sigmahy help to discriminate between two major factars
desertification, climatic and anthropogenic.
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Figure 1. Time-series of annual precipitation andwing season NDVI over Kazakshtan and Uzbekistaing
the period 1982-2000
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Figure 2. Scenarios illustrating how the combine 0§ NDVI and precipitation time-series may helglétect a
vegetation cover being improved or degraded. Pénallisplays improving vegetation cover causedioydase in
precipitation; (b) vegetation degradation due tor@te change; (c) recovering vegetation cover;delradation

of vegetation cover caused by human impact
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Concept of synchrony/asynchrony between long-tiemals in precipitation and NDVI

A simple and effective system of discrimination vieeén climate and human driving forces in
vegetation change has been developed in this stlitlis system is based on the concept of
synchrony/asynchrony of time-trends in vegetatiod alimate factors. This concept is explained on an
example framework (Figure 2). In panel (a), the aplvtrends in NDVI and precipitation are
synchronous. Obviously, here we observe improviagetation cover due to increasing precipitation
amounts. In panel (b), the downward trends in NBRt precipitation are also synchronous. In thigcas
decreasing NDVI is driven by a decrease of premijoih and human impact is not evident in the
vegetation trend. In (c), the trends are asynclusndlDVI increases even as precipitation decreases.
This would indicate a case when vegetation coveegsvering due to diminishing human impact. In (d)
the trends are once more asynchronous, but araseref precipitation did not cause an improving of
vegetation cover. On the contrary, the NDVI treadnegative. Here, we can suppose human-induced
degradation of the vegetation cover.

Identification of climate signal in vegetation clgan

The monitoring system based on synchrony/asynchoomgept would work only in areas where
relationship between trends in vegetation and #randclimate factors are statistically significaard
enough strong. We supposed that strong relationséipveen NDVI and precipitation in these areas
would indicate a strong control of vegetation clenlgy changes in precipitation. For example, idsea
reveals statistically significant correlation wiphecipitation and NDVI increases throughout thedgtu
period, it considers to indicate a climate (preaijon) driven improvement in vegetation cover (Feg
2, a). If a trend in NDVI is negative and an areaenls strong relationship with precipitation, it
considers indicating degradation of vegetation cdue to decrease in precipitation (Figure 2, b).

Identification of anthropogenic signal in vegetatichange

Detection of areas of human-induced changes intatge cover was more difficult. Figure 2 (c, d)
presents examples of these cases. In both cas#eenids in NDVI are opposite to trends in precipita
This means a change of response of vegetation @oipiation during the study period. In general,
vegetation cover reacts very sensitively on chaofgsecipitation particularly in dry regions [4, T0].
If the response of vegetation to precipitation resiaonstant, increase/decrease of vegetationitgctiv
should exactly reflect changes in precipitation.afflis the rule for undisturbed vegetation cover.
However, the strength of vegetation response toaté factors will be significantly altered by extar
forces such as human impact. Disturbance of vaegetabver can be seen in change of its response to
climate [9, 10]. Generally, a worse response oktagpn to climate means a degradation of vegetatio
cover caused by non-climatic factors (human impetitje a better response means an improvement of
vegetation conditions. Thus, Figure 2 (c) demoms$rahat a vegetation response to precipitation is
getting worse. This would indicate a case of huindoced degradation of vegetation cover. An
opposite case is shown in Figure 2 (d). Here, atiget cover demonstrates increasing response to
precipitation.

A successful detection of human-induced changeegetation cover can be done through a detection
of areas showing a change in vegetation respongeetpitation. If this change is positive, one may
speak about improvement of vegetation cover. B thiange is negative, in that case vegetation gsver
degrading due to human influence. To detect suehsarwe analysed linear regression between NDVI
and rainfall time-series over the period 1981-20B80r a given value of rainfall, a value of NDVI

predicted by the regression, abbreviatetlgl .., was obtained for every pixel and for each ydais, t

value was considered to reveal the climatic comporiEhe observed NDVI, abbreviated NBVI

obs?
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may show deviations from the regression line. R@sdeviations indicate a better response of véigeta
to precipitation while negative deviations indicade worse response. Deviations iNDVI ,, from

NDVI,., expressed in the regression residuals were cooh@itpixel-by-pixel basis for every year. On

this way, we derived the response strength foryeyear and every pixel. In order to detect chamge i
response strength, we looked into time-series gfession residuals. We suggested that any trend
through time presented in the residuals would atdichanges in NDVI response not due to the clamati
variable. A negative trend would mean diminishiegponse of vegetation cover to climate. This reduce
can be caused either by a decrease of vegetati®r co by a change in plant species composition.
According to this suggestion, this negative trehdgk is statistically significant, would indicaten area
experiencing human induced degradation. FigurerBodstrates how decrease in vegetation response is
reflected in a negative trend of regression residwaer the study period. An opposite case would
indicate a positive trend in residuals.
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Figure 3. Example illustrating how the trends ofmession residuals reflect changes in vegetatispoase to
precipitation. Panel (a) shows steady decreaseewfation of NDVI . from NDVI ., over the time. The deviation

value turned from positive into negative during theservation period. That means a decreasing respai

vegetation cover to precipitation. Even though p#ation amount rose, NDVI value remained at thee level.

Panel (b) shows a regression between NDVI and pitation for an area with like situation and panE) shows
residuals from the regression arranged in a timgusnce

Results

Identification and quantification of precipitatisgignal in inter-annual dynamics of NDVI

Several previous studies have demonstrated a spasigve relationship between NDVI and rainfall
in dry regions throughout the world [3, 4, 5, 6juNerous studies have suggested a linear relatpnshi
between NDVI and climate predictors. In the prdafjon-dependent areas such as Central Asia, change
in NDVI are assumed to be affected by the occugaicprecipitation and NDVI can be considered as
climatic recorder, mainly as a rainfall recordehisTassumption was used in various drought watching
and drought early warning systems [12, 13]. Howetle# response of vegetation to precipitation garie
between geographical regions and vegetation typed (@, 14]. From this view-point, it seems to be
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important to test several different analysis periomdorder to find an optimum correlation betwedd\\l
and precipitation. It is also apparent that overasga of about 5 million km? dryland is unlikelyathe
single analysis period will provide the best cateh. Instead, we would expect the optimum
correlation period to vary with different vegetatiocommunities, with soil properties, with
morphological characteristics [3, 5, 6, 10]. Henceyrelations are calculated for many different
combinations of precipitation and NDVI, allowingeitification of its distinct optimum correlation
(growing season, summer, spring-summer etc.). \§e tiled to generate time series of precipitation
accumulated over two and more years and calcutatelation between them and time series of NDVI.

Latitude®

1 2 3 4 max

Analysis period g 1000 2000

Figure 4. (a) Dependence of correlation strengthamalysis period used for calculations. The numliedgcate:
1- summer rainfall/summer NDVI; 2- growing seasamfall/growing season NDVI; 3- growing season falh
accumulated over 2 years/growing season NDVI; éwigng season rainfall accumulated over 3 years/gngw

season NDVI; max- maximum correlation derived. MMt shows the border of significance (p < 0.0f&) f
correlation coefficient. (b) Spatial distributiorf statistically significant maximum correlation dbeient (p <
0.05) between inter-annual NDVI and precipitation

In Figure 4 (a) demonstrates a matrix of correfaticoefficients produced using different
combinations between NDVI and precipitation. Stramgrelations are derived by the combination of
growing season precipitation and NDVI in all latias with an exception of the space between 40°- 45°
N. Here, the correlation coefficients are low féramalysis periods.

Figure 4 (b) shows the results of correlation dakions at the per-pixel level. The map demonssrate
the best correlation coefficient calculated for rgvepixel using different analysis periods. Our
calculations revealed the borders of the precipitadependent areas in Central Asia and Kazakhstan.
According to the results, about 75% of all vegetgisels exhibited a statistically significant celation
with precipitation over the 1981-2000. The valuela# correlation coefficient ranges from 0.47 t820.
indicating existence of a strong relationship betwblDVI and rainfall. In these areas, the precijta
time series contain the climatic signal, and remguihis precipitation signal from NDVI time series
should expose trends in vegetation activity thatrent influenced by the climate factor.

Long-time trends in NDVI and their explanation lggpitation

Spatial distribution of trends in growing season\Wrom 1981 to 2000 over Central Asia and
Kazakhstan is shown in Figure 5 (a). Over the ergiudy region, about 25% of all vegetated pixels
exhibited statistically significant upward trend$ the growing season NDVI throughout the study
period, while 9.72% of all pixels exhibited signdnt downward trends.

In order to identify trends in NDVI driven by prpdation factor, we compared the areas which
exhibited significant correlation between NDVI aprecipitation with the areas of significant trends
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NDVI. Intersection of these both maps helps us ated pixels with NDVI trends caused by climate
change. The results of this intersection are shawfigure 5 (b). The map displays two categoriethef
climate-induced NDVI trends: positive trends whate considered to represent an improvement of the
vegetation cover, and negative trends which aneusg to indicate degradation of the vegetatiorecov
The entire area of precipitation driven trendsaesiderably less than that of all significant trenélbout

15 % of all vegetated area is proved to exhibit angismtrends in NDVI driven by precipitation change.
More than a half (4.7 % of the entire vegetatedhu@ all significant downwards trends in NDVI
showed a strong correlation with precipitation.
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Figure 5. (a) Distribution of inter-annual changesmean growing season NDVI over the period 1980020 he
map show linear trends in % from the beginninghef period. (b) Inter-annual changes in NDVI expéarby
precipitation

Detection of areas of human-induced NDVI change

The detection of change of the vegetation resporsse made through observation of the deviations
from the regression between the time-series of N&\d precipitation. The regression line was underbst
as the climatic signal. Deviation of the observddM\ value from the value predicted by the regrassio
was understood as an indicator for the vegetaéispanse to climate. Thus, any positive deviatiditates
better response while any negative deviation indgcaorse response. Having calculated these dmwati
for every year we derived time-series of annualeteggpn response for every pixel. These time-series
contained important information about evolutiortted vegetation response to precipitation. Extraciiod
interpretation of this information helped us tontlly areas of vegetation change that was causdéuiinan
impact. We supposed that any time-trend in vegetagsponse would indicate a change of charadtsrist
of the vegetation cover. A positive trend wouldressent an enlargement of the vegetation response to
precipitation. It means that the vegetation impsat® effectiveness of rain use. A consequenceatfis an
increase of vegetation primary production per &dininit. It leads to a general increase of abawexd
biomass. A negative trend would represent an ofgdsivelopment.

The map of human-induced change in vegetation candrresults of area calculations are presented
in Figure 6. Generally, human impact has a wealkieante on the inter-annual trends of NDVI. As a
whole, only about 5.5 % of all vegetated territesyconsidered to undergo a human-induced change of
vegetation cover. Areas of human-induced improvénoérvegetation cover (4.54 % of all vegetated
pixels) are mostly distributed in the northern pafrKazakhstan. These territories are associatédd avi
rapid diminishing of human impact after the coliamd the Soviet Union. The grasslands of thesesarea
were extensively used for crop production and pastiuring the Soviet era. Most of them were repbrte
to be threatened by different types of land degdranar were considered to be already degraded [15]
After the disintegration of the Soviet Union duritige period 1991-2000 Kazakhstan and other states i
Central Asia experienced a strong economical cngmsch massively reduced all agricultural and
industrial productions. A great part of agriculiutand was abandoned. The diminishing of human
impact caused a rapid rehabilitation of vegetatemver throughout the pasture and crop lands
particularly in the northern Kazakhstan. This reltation reflected itself in the improvement of
vegetation response to precipitation. Example ohlaaindoned agricultural area is presented in Figure
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This area is characterized by a positive trendegetation response to precipitation and can beiated
as area with improving vegetation cover causedufEi@).

Negative trends of regression residuals assocwmidd human-induced degradation of vegetation
cover occur in about 1.2 % of all vegetated piveld are distributed in the southern part of théoreg
We suggested that these pixels can be associatkedamgas of strong human influence which was not
reduced during the years after the collapse ofSbeet Union. In order to prove this suggestion we
tested a number of sites exhibiting negative tresidegression residuals. Most of the test sitgsalked
traces of human activities that led to degradatbrvegetation cover. We present in the paper an
example. This test site is located in the southmart of the Moyunkum Sands in the south-east of
Kazakhstan. Originally, the area was covered bydyoand grass vegetation, théaloxylonforest
extends from south-west to north-east as a brogueswith a width from 10 to 25 km (Figure 9, ap O
the Landsat image from 1990, many light areas, oislhe in the western part, occurred within the
contour ofHaloxylon’s stripe (Figure 9, b). On the third Landsat imalgeused in year 2000, the light
areas widespread over the significant part of timege associated witHaloxylon occurrence (Figure 9,
c). Field surveys in this region in 2004 and 2085wn&ll as reports from local officials verified kear
signs of massive destruction of vegetation coversed by intensive wood felling. Wide areas of the
Haloxylonforest are already completely cut out; at manggdathe wood cutting continues intensive at
the present time. The destruction of vegetatiorecoa decrease of biomass and higher rates ofossil
in this region resulted in a drastic decrease gktagion response to precipitation over the peti@8l-
2000. That caused a negative trend of regresssiduigs.
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Figure 6. (a) Distribution of vegetation change uecéd by human impact. The map shows areas of iraprent
and degradation of vegetation cover derived byathalysis of regression residuals. (b) Measuremesgalts for
climate-induced and human-induced vegetation cham@entral Asia and Kazakhstan

Figure 7. Traces of land-use change in satellittad&@he Figure displays abandonment of a crop fielthe
northern Kazakshtan: (a) Landsat MSS image fronb1€7) Landsat TM image from 1992, (c) Landsat ETM+
image from 2001. The corresponding regression bEtvi¢DVI and precipitation and time-series of residuare
displayed in Figure 8
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Figure 8. (a) Regression between mean growing sebl&\V| and precipitation for a site showed in Figuf. (b)
Time-series of regression residuals

Figure 9. Time series of Landsat subsets (bantustiating land cover change due to intensive degtion of
vegetation cover in an area originally occupiedviyod vegetation (Haloxylon aphylum) and short geas3 he
reason for this desertification is intensive woellifig. The dark stripe in the first and the secamadges
represents Halloxylon-forest that disappears inttied image. Images were acquired on June 1978, 1891
and June 2000

Conclusion

The study demonstrates the importance of taking amicount precipitation when trying to analyse
performance of vegetation cover in drylands withhhinter-annual rainfall variability. In precipitamh-
dependent regions such as Central Asia the intaueinchange of vegetation cover is significantly
predicted by the inter-annual rainfall dynamicseTdignal of precipitation is strongly presentedha
time-series of the satellite derived Normalized f@#nce Vegetation Index and could be used to
discriminate between the climate-induced vegetatieinge and the vegetation change triggered by othe
factors, mainly by human impact. The study usecalinregression models between NDVI and
precipitation fitted for every pixel in order totablish the boundary of the precipitation-dependerts
in Central Asia and to quantify the signal of ppéetion in the inter-annual dynamics of vegetation
cover.

We found that 74.71% of all vegetated pixels rese@ed strong signal of precipitation in NDVI
time-series. Being quantified the rainfall signakhbeen used to detect pixels with change in viégeta
response to precipitation. The response of vegetdt climate has been understood as an effective
indicator for human-induced change. Mathematicatlyis response is impressed in deviations of
observed NDVI values from the NDVI values predicbsdthe regression models. These deviations were
computed for every year and each pixel. Any sfasily significant trend of deviations of a defined
pixel over the study period reflects a change metation response and considered to be a reprégenta

312



sing for human-induced change of vegetation coZamputed trends of regression deviations helps to
detect areas with diminishing or increasing vegatatesponse to rainfall. These areas were mapped a
areas of human-induced improvement or degradafiaegetation cover. Results of the modelling were
validated by test of statistical significance and dmmparison with the data from the remote sensing
systems of fine resolution and trips to key figtds

The technique allows the monitoring of trends igetation cover driven by influences of other than
climate. By doing so, it gives valuable hints tdgmbial areas submitted to human-induced changes of
vegetation cover. Once identified, they can be éxesnin more details with focus on their vegetation
cover status, the forces driving biomass producimhthe most suitable rehabilitation measurements.
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