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KPATKHU OB30P

OnHOW W3 KPYMHEHIIMX HKOJIOTMYECKUX KaTacTpod, KOTOPYIO KOTJa-TMOO0 BHIET MHP,
ABJIIETCS BbICBIXaHME Apanbckoro wops. bonbmas dyacte BoAgHOro OacceifHa yxke
ucnapuiaach, a WHTEHCHBHAs a’0JioBasi 3po3us (BETPOBasi 3pO3HUsi) MPOUCXOIUT OT 30HBI
BBICBIXAIOIIETO MOPsI 0 MPUJIETAlOUMX K HEMY OpPOIIAeMBbIX 30H, MPUBOJS TEM CaMbIM K
OTPOMHBIM 3KOHOMHYECKHM TIOTEPSIM B CEIbCKOM XO3SHCTBE U CEPHE3HBIM MpodiIeMam
310poBbsi HaceneHus. OIHOM M3 BO3MOXHBIX CTPAaTETUH HEUTpalu3allu 3THUX IMPOLECCOB
SBJISICTCSI YMEHBIIIEHUE BETPOBOM APO3UHM MyTEM CO3JaHUs JIECOMOCAIOK B 30HE BBICHIXAHUS
ApanbCKOro Mops.

C uenpl0 HaHECEHHUS Ha KapTy M TOYHOM XapaKTEPUCTUKU MOTEHIUATbHBIX
JIECOIOCAIOK B MpEeIax OrpOMHOM 30HBI BhIChIXarollero Oacceiina (mpubiausutenbHo 4 270
468 ra) ObUTH YCIIEUIHO MCMOJIb30BAaHbl PA3IUYHBIE METObI CITYyTHUKOBOTO JAUCTAHIMOHHOTO
3oHAMpoBaHus. IlepBele mpojaenaHHbIE aHANU3bl CHYTHUKOBBIX AaHHbIX 2000 rona
yKa3blBalOT Ha TO, YTO IUIOLIAAM C BBICOKOW CTENEHBIO 3aCOJEHHOCTH, T[€ MPOUCXOIUT
CUJIbHElIee ychIXxaHWe, BkioualoT B cebs 476 347 ra (11%) obmacTu BBICHIXAIOLIETO
[Ipuapanbsi. DT BO3MOMKHBIE JIECOMOCAAKH JOJDKHBI PAacCMAaTPUBATBCS C YYETOM Tpex
MEPCIIEKTUB:

1) VYcranoBneHHsle, m0pu HcHoIAb30BaHMM JaHHbIX 2000 roma, mUIOWATU
JIECOIOCA/I0K, BEPOSITHO, MPEACTaBIEHHBI O€3 ydeTa NPOTSHKEHHOCTH pa3MEpOB HENAaBHO
o0Opa3oBaBIIIeiics 30HBI, BCIEACTBUE BbICOKOM nuHamuku ocymieHus B 2001 u 2002 romax.
DTy IUIoHIaAb BBICHIXAHUS, KOTOpas MOCTOSIHHO YBEJIMYUBAETCS B CBOMX pa3Mepax, MOXKHO
HEIMOCPEICTBEHHO HaOII0JaTh MYyTEM BU3YaJIbHOTO CPaBHEHHUSI CIyTHHKOBBIX HaHHBIX 2000



rojfia ¢ 0030pHBIM M300pa)KEHNEM TOr0 PETHOHA CO CIyTHHKa, nmoiydeHHbIM B 2002 roay. C
1enplo 0osiee TOYHOM OLIEHKM NPOTSHKEHHOCTH, BBICOXINIEH 3a IMOCIEIHEE BpeMs, 30HBI
HEO0OXOAMMO TMOIYYnUTh, 00paboTaTh U MPOAHAIIU3UPOBATH CITYTHUKOBBIC MaHHbIe 2004 rona.

2) Heo0OxoauMo NpoOM3BECTH MECTHYIO OLIEHKY NaHHBIX I10 MHPOTSXKEHHOCTH Ha
MOBEPXHOCTU U XapaKTEPUCTUKE BO3MOMKHBIX JIECONOCAJOK HA CHUIbHO3ACOJEHHBIX MOYBAX
Ul KaJuOpOBKM, HACTPOMKM M  CBEpEHMs CIYTHUKOBBIX JIaHHBIX C JIaHHBIMH
NOJCITyTHUKOBBIX HaOmoneHuil. ToIbKO B COYETaHWU C TOJIEBBIMH JaHHBIMH B Tpejaesax
caMo# 30HBI MOTYT OBITh IMOJIyY€HBI IOJTBEPIKICHHBIE, MTOIPOOHBIC U BRICOKOKAYECTBEHHBIC
MaTepuaibl JUCTAaHIMOHHOI'O 30HAMPOBAaHUS, MpeAHAa3HAuYeHHble U1 3((EeKTUBHOIO
IUTAHUPOBAHMS U HAOIOICHHS 3a JIECOMOCAIKAMHU.

3) VYcraHOoBICHHBIC IUIOMIAIX JIECOMOCAOK OTHOCATCA K 30HAM C BBICOKOM
KOHILIEHTpAILMe coJid, KOTOpbIE BCIEACTBUE BBICBIXaHMSA, MPEJCTABISAIOT CEPBE3HYIO YTPO3y
OpOILIAEMBIM  CEJIbCKOXO3SIICTBEHHBIM ~ 3EMIISIM. Jnsa  Ttoro, 4toObl BbIpabOTAThH
COIVIACOBAHHHYIO CTpPATEeTHIO Ul CO3JaHMs JIECONOCAJOK B OCYIIEHHOH 30HE OyayT
HEOOXOUMBI 00CYXXIEHHS C TOTCHUHUAIbHBIMU MapTHEpPAaMH IO COBMECTHOMY IPOEKTY
takuMy, kak skcneptsl GTZ (I'epmanckoe O6mectBo o Texunueckomy CoTpynHHUYECTBY,
I'amOypr), ZEF (Uentp nmo HccnemoBanuto Pazeutus) u DLR-DFD (Aspokocmuyeckuit
neHtp l'epmanun - LleHTp JaHHBIX JUCTAHIIMOHHOTO 30HAMPOBAHUS) JUISL TOTO, YTOOBI
OIpENIeNIUTh KaKue Apyrue TeMaTHueckue oOsacTH (Hampumep, NOJAEpKKa CyIIECTBYOLINX
30H PaCTUTEIBHOCTH) JAOJIKHBI ObITh YCTAHOBJIEHBI, HAHECEHBI HA KapTy U 0XapaKTepU30BaHbI
[0 CBOMCTBAM TIOYBbl U PACTUTENBHOCTH MPU TOMOIIM METOJOB JHUCTAHIIMOHHOTO
30HIMPOBAHMSI U TIOJCITy THUKOBBIX HAOIIOIEHUH.

C nenpio OCyNIECTBIEHHUS MPOEKTA, CIYTHUKOBBIE JAHHBIE MOTYT ObITh 00pabOTaHBI
JUISL CO3JJaHMs Pa3IMYHbIX MaTEpHUaoB, OTHOCALIMXCSA K JaHAMA(THOMY IUIAHUPOBAHUIO U
MOHUTOPUHTY, HampuMep, a) TeMmaThudeckue OymaxkHbie KapTel u mudpossie [HC
(T'eorpadmueckass HMudopmanmonnas Cucrema) KapThl PErHOHaJbHOIO M MECTHOTO
Macmtaba, ©) kiaccupuKaus TOTEHIMATBHBIX 30H JIECOMOCATOK M0 Pa3IuYHBIM
XapaKTepUCTHKAM IOYBbI U PACTUTEIBLHOCTH, U B) MACHTU(UKALUSA 1 MOHUTOPUHT ,,FOPSUUX
Touek" B [Ipnapanbe ¢ TMHAMUKON 3HAUUTEIBHOIO BBICBIXAHMS.
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ABSTRACT

The desiccation of the Aral Sea is one of the largest ecological catastrophes the world has
ever seen. Large parts of the water body have already evaporated and intensive aeolian
erosion (deflation) has occurred from the desiccated Aral Sea zone to the adjacent irrigation
areas, causing heavy economic losses in agriculture and serious health problems to the
inhabitants. This damage is particular aggravated by the deflation from the saline soils and
salt crusts within the desiccated zone. One potential strategy to counteract these effects is to
reduce the deflation by establishing salt and wind tolerant plantations within the desiccated
zone.

Satellite remote sensing techniques were successfully employed in order to estimate
and approximately map the potential plantation areas in the large Aral Sea desiccated zone
(approx. 4,270,468ha). First analyses of satellite data from the year 2000 show that the areas
with a high degree of salinization, on which the severe salt deflations occur, include
476,347ha (11%) of the desiccated Aral Sea terrain. These potential plantation areas should
be interpreted keeping three perspectives in mind:

1) The detected potential plantation areas using data from 2000 are likely to represent
a distinct underestimate of the extent of the recently developed area due to the high
desiccation dynamics in 2001 and 2002. The rapidly growing desiccated area can be directly
observed by visual comparisons of satellite imagery from 2000. In order to assess the recently
desiccated area to more exact, recent satellite data should be obtained, processed, and
evaluated.

2) The information on the surface extent and the characterization of potential
plantation areas in soils with high salinization must be locally assessed to calibrate, adjust,
and verify the satellite data with ground truth data. Detailed, high quality, and validated
remote sensing products, appropriate for effective planning and monitoring of plantations
areas, can only be generated in combination with field data from the desiccated zone.

3) The estimated plantation surface refers to areas with high salt concentrations which,
because of deflation, present the most serious threat to the irrigated agricultural areas. For a
concerted strategy of planting in the desiccated zone, expert discussion with potential partners
in a joint plantation project, such as with experts from the GTZ (Deutsche Gesellschaft fiir
Technische Zusammenarbeit GmbH) and ZEF (Center for Development Research) would be
helpful. The aim of these discussions could be to discover which other specific areas (e.g.
support of existing vegetation zones) should be identified, mapped, and characterized in terms
of soil and vegetation properties using remote sensing and ground truth methods.

For project implementation satellite images can be processed to create various
products relevant for landscape planning and monitoring. These remote sensing results can
contribute thematic paper maps and digital GIS (Geographic Information System) maps on
regional and local scales. The applied techniques allow spatial demarcation of the potential
plantation areas in terms of different soil and vegetation qualities. Furthermore, present
operational remote sensing systems such as MODIS assure long-term identification and
monitoring of hotspots in the Aral Sea basin with extremely high desiccation dynamics.



Introduction

1 INTRODUCTION

The desiccation of the Aral Sea is one of the great ecological catastrophes and has caused
dramatic economic consequences. At present, intensive aeolian erosion is taking place since
such large parts of the endorrheic water body have evaporated. The transport and deposition
of fine soil particles such as sand, silt, clay, as well as salt particles originating from the
original sea, present a considerable hazard to the people and the agricultural production of the
adjacent intensively-used agriculture (Létolle and Mainguet 1996). The input of aerosols with
high salt concentrations additionally causes salt deposition and accumulation in irrigation and
groundwater which leads to reduced soil productivity. Wind erosion commonly results in
damage to cotton and, in particular wheat crops, which further reduces yields. This decrease
in agricultural production occurs simultaneously with the deterioration of hygienic conditions
and nutrition. As a consequence the entire Aral Sea region is characterized by high rates of
diseases such as anemia, tuberculosis, cancer, and lung illnesses, as well as a high rate of
infant mortality and low life expectancy (Létolle and Mainguet 1996). An intensification of
these effects is expected with the ongoing desiccation process: toxic substances from the
deposits of previous weapon experiments may possibly be brought into the irrigation system
by aeolian deposition (Ziyatdinova 2002).

Remote sensing with the assistance of operational satellite data offers the only
possibility of cost-effective monitoring changes in large areas, particularly when they are
located in remote regions. The physical measurement of multispectral reflections and the
resulting recognition of different land surface conditions offers the basis to characterize areas
in qualitative, quantitative and site-specific ways. The DLR-DFD has wide-ranging
experience with the mapping of changing land surfaces on various scales in many areas of the
world. Additionally, since the start of the 1990s the DLR-DFD has ongoing experience with
the Aral Sea desiccation process (Ressl and Micklin 2004). Many studies have been carried
out, investigating this desiccation process and analysing the irrigated agriculture (Dech and
Ressl 1993; Ressl and Dech 1996; Ressl et.al. 1998; Ressl 1999). Since the beginning of the
year 2000 the DLR-DFD has concentrated its activities on the Khorezm region of Uzbekistan
(Vlek et al. 2001). As a partner in the ZEF-UNESCO project on land and water restructuring
in Khorezm, the DLR-DFD is working on various biophysical parameters on modeling and
optimizing plant growth and water resources in the framework of a Land Use Conversion
Model (LUCM). Consequently, data and knowledge on the geographic region and the present
ecological problems are already available at the DLR-DFD.
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2 PILOT STUDY ON THE ESTIMATION OF THE POTENTIAL AVAILABLE
PLANTING AREA

2.1 Data and methodology

Numerous international studies and many years of experience at the DLR-DFD show that data
products from Landsat TM or Landsat ETM+ are suitable sensor systems for performing
surface analyses in dry areas by remote sensing (Collado et. al. 2002; Novak and Soulakellis
2000). The spatial ground resolution of 30mx30m per satellite image pixel and 6 multi-
spectral bands, spanning from visual to mid-infrared wavelengths, offer sufficient information
for recognizing different substrates and consequently detecting potential plantation surfaces.
The spatial resolution can be improved by means of a further channel for visual
interpretations to 15mx15m ground resolution. The satellite image size of approximately
180kmx180km allows a survey of the entire Aral Sea region using six images. A Landsat
satellite image is thus (at US $600) far cheaper than aerial photos covering a similar scale or
time-consuming ground investigations on the ground. Other satellite systems with higher
spatial or spectral resolutions do not offer complete coverage of the region (e.g. ASTER) or
exceed financial limits by far (e.g. SPOT 5, IKONOS). Unfortunately, substantial errors have
occurred in Landsat imagery since May 2003 (USGS 2005). The MODerate resolution
Imaging Spectro-radiometer (MODIS) covers a similar spectral resolution to Landsat and
offers a free-of charge alternative, even though the spatial resolution of 500m may be
problematic. However, this limitation can be neglected, because high resolution data (e.g.
SPOT 5) can be integrated to monitor the vegetation plots on different scales. The following
pilot study focuses on already available Landsat data of 2000.

High resolution satellite images in the DLR-DFD’s possession allow complete
coverage of the Aral Sea region between 1960 and summer 2000. Further available data
include near-complete spatial coverage in 1999 as well as complete spatial coverage between
1987 and 1989. The available data from 2000, relevant for this pilot study, was processed
using modern remote sensing methods in order to roughly assess the surface area of potential

planting areas. The applied methodological steps are presented in Figure 2.1.
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Figure 2.1: Methodology for partially-automated assessment of potential plantation areas in
the desiccated zone of the Aral Sea in 2000.

On the basis of a satellite image mosaic consisting of nine Landsat-7ETM+ images
covering the Aral Sea region in 2000, the borders of the Aral Sea area from 1960 were
extracted by spatial intersection with TIROS satellite images from 1960. The total water
surface area remaining in the year 2000 was then subtracted from this area. Inside the
displayed terrestrial desiccated areas, vegetation zones were cut out and remaining areas were

assessed as potential excessively saline soils or potential plantation areas of the surface.

2.2 Estimation of the potential plantation area in the desiccated zone
Initial analyses using remote sensing data from 2000 showed that that 61%, and thus
4,270,468ha (42,690 km?) of the Aral Sea surface of 1960 is now dry (Figure 2.2).
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Figure 2.2: Spatial extent of the Aral Sea in 2000 inside the former shore boundaries of the
lake in 1960 (red line).

Figure 2.3 presents the desiccated area that has developed since 1960 together with the
extent of the Aral Sea in 2000, which has been estimated at the DLR-DFD by means of

satellite remote sensing since the 1960s.
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Figure 2.3: Desiccated area that has arisen since 1960 and the Aral Sea in 2000 within the
borders of the previous 1960 extent of the Aral Sea.
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Various surface types of the Aral Sea extent in 1960 were estimated from the Landsat

data and summarized in Table 2.1.

Table 2.1: Surface area estimation by semi-automated analysis of year 2000 satellite data
Surface area

Absolute Relative
Surface types
[ha [km’] Proportion of Proportion of
desiccated area sea area in
in 2000 [%] 1960 [%]
Sea surface in 1960 7,155,388 71,529 - 100
Water surface in 2000 2,774,471 27,735 - 39
Desiccated surface in 4,270,468 42,690 100 61
2000
Clay and sandy surface in
the desiccated Aral Sea 3,683,673 36,824 87 53

area in 2000

Vegetation-covered
surface in the desiccated 110,449 1,104 3 2
Aral Sea area in 2000

Potential plantation
areas (strongly salt
affected) in the desiccated
Aral Sea area in 2000

Note: Last row with a potential plantation area of 476,347ha, corresponding to 11% of the desiccated
area in 2000.

476,347 4,762 11 7

The comparison of partial areas inside the desiccated area clearly shows the areas
interpreted on the screen as highly salt-affected and extracted by semi-automatic remote

sensing methods make up about 476,374ha or 11% of the total desiccated area.

2.3 Remote sensing supported and concerted planting strategy

Planting of the salt-affected areas inside the desiccated zone with suitable salt-resistant plants
stabilizes the soil substrate and thereby reduces the deflation of salt particles and the strength
of the surface winds in the irrigation area. Concerted planting of the desiccated zone, which
exceeds spot-focused vegetation planting on scattered salt surfaces, requires that the differing

site characteristics of this large area are surveyed, mapped, and characterized in relation to

6



Pilot study on the estimation of the potential available planting area

ground, vegetation, and relief quality by remote sensing. Building on this information, the
most suitable vegetation for these areas can be inserted in order to achieve maximal impacts
on reducing the problems of desiccated areas described above, for example the planting of

particular vegetation types on surfaces:

e with differing ground substrates (e.g. sandy, clayey, or areas with high salt
contents), in order to reduce both the deflation of acute hotspots (such as salt
areas), and also to protect areas with relatively few salinization problems (such as
clay and sand areas) from stronger salt deposition;

e with existing vegetation supported by additional vegetation to achieve a higher and
denser windbreak for the irrigation areas;

e of varying height inside the former Aral Sea area, to reduce wind and aerosol

transport through dense vegetation to the highest sites in the desiccated zone.

The satellite-based mapping and characterization of the different surface types for
plantations must be complemented by fieldwork in the desiccated zone. In this field campaign
the spatial distribution and qualitative differentiation of vegetation, soil, and relief types will
be identified on the ground. In the subsequent preparation of the information on the computer,
the collected small-scale field data will be incorporated in order to verify and calibrate large-
scale data from the satellite image. Qualitatively and quantitatively verified information
products can only be produced for a large area and be useful for plantation planning when
satellite and terrain detail is combined in the assessment.

Satellite information can also be quickly and simply applied to observe large areas of
vegetation growth. Satellites, e.g. MODIS, can regularly monitor the development of the
entire plantation area and thereby demonstrate the success of the project. Similarly, problem
areas where vegetation growth has fallen behind or stagnated can be early recognized inside
the planted areas (Ruecker and Conrad 2003). This feedback from remote sensing can be

utilized to carry out specific actions for the observed problem areas.

24 High desiccation dynamics and rapidly expanding desiccated areas

A visual comparison of multi-temporal satellite image quicklooks from 2000 and 2002
highlights the apparent and dramatic desiccation dynamics. Areas with intensive water surface
retreat are found, for example, in the inflow area of the Amu Darya river. Clearly visible
retreats can be observed on the east bank of the sea which can be observed in the Quicklooks
in Figures 2.4 and 2.5. This temporal comparison of Quicklook satellite data from 2000 and

2002 made the weaknesses, such as the lack of current data, of the pilot study evident, while



Pilot study on the estimation of the potential available planting area

at the same time showing potential for improvement. Based on the data from 2000 the size of
the current desiccated surface and thus the size of the potential plantation area were
underestimated. In order to survey the desiccated zone as exactly as possible and characterize
the spatial and qualitative differentiation of the various vegetation and ground types, it is

necessary to obtain recent satellite data and process it as described.

Figure 2.4: Landsat 7 ETM+ mosaic from
2000 (USGS Quicklook)

= " Areas with high
/ desiccation dynamics

Figure 2.5:Landsat 7 ETM+ mosaic from
2002 (USGS Quicklook)
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3 AMETHODOLOGICAL APPROACH TO MAPPING AND
CHARACTERIZATION OF SOIL AND VEGETATION QUALITY OF
POTENTIAL PLANTING AREAS FOR PLANNING PURPOSES

The main steps of the methodological process on the accurate mapping and characterization
of soil and vegetation quality of potentially planted areas are presented with proposed time

budgets in Figure 3.1.
/‘

. -

.

Figure 3.1: Conceptional steps in the procedure concerning accurate mapping and
characterization of potential planting areas
The analysis is structured into three phases: 1) data pre-processing and initial data
processing (1 month), 2) field campaign (2 months), and 3) final processing using terrain data,

integration, and preparation of the results for the planning of plantations (3 months).

3.1 Use of current satellite data in the precise mapping of desiccated areas

Due to the satellite data used in the pilot study, which is now already four years old, the large
desiccated areas that have arisen in recent years could not be surveyed (compare the satellite
data from 2000, Figure 2.4 and 2002, Figure 2.5). With the procurement of recent satellite
data from 2002" or up to date MODIS data it would therefore be possible to survey the current
desiccated areas and verify them by means of a prompt field study to ensure quality assurance

of the satellite products. Furthermore, a comparison of satellite data between 2000 and 2002

! Landsat data from 2003 cannot be used for the investigation at this time, since the sensor system, which has
functioned flawlessly for a long period, experienced technical problems in summer/autumn 2003 and could not
record data.
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may illustrate areas of differing planting priority in relation to the desiccation dynamics for a
temporal coordination of planning.

For the description of hydrological, pedological, and geomorphological site
characteristics during the identification of plantation areas in the field study and the satellite
processing, it is also necessary to integrate the corresponding digital dataset from the
Geographical Information System (GIS) into the analysis. Such datasets can be obtained from
Uzbek cartography institutions (Ruecker and Ruzieva 2002).

The satellite and GIS data will be imported into the image processing software
package ERDAS IMAGINE. The images will be compiled and georeferenced to geo-
coordinates (eg. longitude/latitude or a local coordinate system) to facilitate scale-true
planning of potential plantation areas. After this processing the separate images can be
combined in a mosaic, so that an interconnected image product is generated. The pre-
processing is completed when the relevant study area (the extent of the Aral Sea in 1960) is
cut out of the mosaic (clipping).

A very important step in the preparation for the field campaign and the generation of
the resulting products is a meeting with project participants and partners to clearly define the
exact goals of the participants and adjust expectations. Here software systems and data
exchange formats can be agreed upon from a data-technical standpoint, which has been a
weak point in many other projects. Additionally, a meeting in the initial phase offers an
opportunity for personal exchange, which can become very important in later phases, when
for example regional knowledge of the natural resource conditions in the desiccated zone are

necessary for solid interpretation of the results.

3.2 Characterization of the ground and vegetation quality of desiccated areas

Building on the strategy agreed in the pilot phase on which areas should be identified, divided
and characterized as potential planting areas, remote sensing techniques can be used to
selectively differentiate general land cover classes. In this way water surfaces can, for
example, be separated from terrestrial surfaces by means of spectral differences in the
multispectral infrared bands. The land surfaces can be further differentiated as vegetation and
non-vegetation. Additionally, remote sensing relevant vegetation indices can be used that
particularly help to distinguish the differences between these two land cover classes. Some
techniques, which have yet to be assessed by field campaigns, can roughly separate salt and
clay areas from sand surfaces and bedrock, as is depicted in Figure 3.2 for an area in the south

east of the Aral Sea.

10
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Figure 3.2: Close-up view of a desiccated area in the south east of the Aral Sea. Potentially
salty areas appear yellow, vegetation light green, and presumably sand-covered
areas pink.

These first data products, which in the satellite image solely present differing colours and

spectral areas, always rest on the interpretative capability of the analysts and information from

the literature and must be complemented by a subsequent field campaign for exact

verification.

33 Field study, final data processing, and integration
A field campaign in the dry Aral Sea bed is an integral part of the remote sensing analysis, in
particular when interpretative capabilities and techniques that remain to be validated flow into
the processing chain. Additionally, a field period serves to gather training and test areas for
the classification process from potential plantation sites for comparison with the remaining
areas. Training areas are points or polygons which are needed in order to calibrate remote
sensing to classify different land surfaces. In this study the following classes should be
differentiated: water, vegetation, sand, clay, salt, and bedrock. Project participants must
identify which uncovered ground surfaces should be selected for the plantings.

The field campaign for collecting suitable training and test data will be performed by
means of navigation satellite measurements (GPS) in areas distributed as widely as possible

throughout the area under investigation. The field campaign allows the image analyst a real

11
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picture of the possible ground covers which occur in the study area. Without the impression of
regional conditions the exactness of image analysis of this type is reduced, thus areas can be
surveyed which do not belong to the corresponding class or vice versa, which can eventually
lead to planning and implementation of failures and therefore to faulty project intentions and
financial input. The recording of test and training areas helps to perform the area mapping
with a high degree of accuracy. The communication with actors on the ground and other
scientists with good regional knowledge improve the precision of the remote assessment work
package and thus the planning maps for the plantations.

Remote assessment data will be calibrated and adapted to regional conditions during
the fieldwork. The results of the field campaign will be integrated into the surface mapping
process. Further image interpretative capabilities of the analyst which are required by this role
are clearly improved by their impression of the local situation. In the following data
processing phase the adjustment of the product follows at a large-scale level in order to allow
sufficient precision at local levels. The intensive work with the GPS allows a quantitative
assessment of the results’ precision, which is a necessary criterion for producers and users of

the maps.

34 Expected products from satellite data
The results of the remote sensing based investigation on planting various surfaces of the dry
Aral Sea bed can be divided into three product groups:

1) Maps and tables on the geographic identification and limits of plantation areas;

2) Area statistics in regional and local scales, for example the entire Aral Sea region or
smaller definable areas, in order to estimate the number of plants needed for cost
calculations and further planning;

3) Maps and reports on characterization of area quality in reference to vegetation and
soils or relief characteristics and in order to recommend priority areas for the
plantations. This product information can on the one hand be derived from the
substrate e.g. sand, clay and salt, but also from the multi-temporal dataset (2000 and
2002) and thus the desiccation dynamics. Using GIS in the form of digital maps, these

data can then be linked with the previously identified areas.

All map products for the plantations will be available in regional and local scales. These
results will be presented as thematically plotted maps on paper or printed statistical tables and
reports, as well as digital in the GIS system and in the data exchange formats to be agreed

upon, with meta information and as PDF files.
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3.5 Integration of planning products in a potential planting project

This step of the work concerns itself with the integration of the remote assessments’ results in
a potential planting project in the Aral Sea desiccated area. For this to occur the contact with
various areas of the project must be intensified, for example with the group occupying itself
with the logistics of plantations. The results of the image analysis will first be presented in the
form of thematic maps of varying scales, for example overview maps, vegetation cover maps,
and maps of salt dominated areas. Area statistics for the entire region and local areas allow
quantitative estimates of the plants required. Participants and project partners can analyze the
results for their own purposes, for example, in regard to how these maps can be used in
planning and implementation. This step is necessary to simplify result-sharing and possibly to
intersect and overlay the data with further, existing data and information levels in a
Geographical Information System (GIS). Therefore data will be optimally prepared for all
users or adapted for their needs (Ruecker et al. 2003).

The results will be presented in the form of analogue and digital GIS maps and finally
made available to other participants. Planning-relevant map products in regional and local
scales are thus produced. The regional scale refers to the total area of the desiccation and will
appear in 1:500,000 scale with sheet lines for the local maps. The local scale is intended for
use in the study site and will be produced in 1:100,000 and, where demand exists, 1:50,000
scale for planning and planting. Further results include regional and local area statistics on the
planting of the desiccated Aral Sea region. A final report will summarize the data and

methods used and the results achieved.
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Conclusions

4 CONCLUSIONS

The deflation of large soil and salt masses from the desiccating Aral Sea bed has caused
tremendous economic and hygienic problems in adjacent irrigated areas of Uzbekistan,
including yield losses and health problems. In order to counteract this deflation, planting the
desiccated Aral Sea bottom seems to be a promising strategy. However, planning-relevant
maps to locate suitable planting areas within this large desiccated zone can only be produced
by innovative methods which can cover this large area and detect the different surface
characteristics. In this study, satellite image remote assessment was successfully employed for
this task. Using satellite data of 2000 in a semi-automated classification resulted in a
desiccated Aral Sea surface-estimate of 4,270,468ha (42,704km?). Approximately 476,347 ha
(11%) of this desiccated area were identified to be priority plantation areas, because the
strongest deflation is expected to be from these potentially strongly salt affected areas. The
medium resolution (30m) Landsat satellite system, which has been operated and tested since
the 1970s, delivers the suitable data at a comparatively low price.

Datasets and know-how at DLR-DFD facilitate the mapping and characterization work
and reduce costs. Semi-automatic pre-processing with developed processing chains and rough
estimates are possible in a short time. However, these data estimates must be updated with
more recent satellite images to capture the significant recent desiccation dynamics.
Furthermore, it is necessary to calibrate, verify, and adjust the images during a field
assessment so that precise thematic map products can be gained for use in practical planning
of plantations. Resulting from these maps it is possible to calculate a total verified area
balance or local balance of the potential plantation area, which leads to estimates of the
amount of plant material that must be acquired for plantations. More detailed map and
characterization products from satellite images will show the soil and vegetation qualities and

the priority areas of plantations for developing a concerted planting strategy.
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