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B xone uccnenoBanuii c¢hopMUPOBaH apXUB JAHHBIX JUCTAHIIMOHHOTO 30HJAWPOBAHHS HA TEPPUTOPHUIO
OpoLIaeMBIX IMOJIeH YeThIpex I0kKHbIX obnactedl Kasaxcrana Ha Bereranuonusle ce3onsl ¢ 2010 mo 2017
rojibl. ApXHMB BKJIIOYaeT CHUMKM HH3KOI'O U CPEIAHEr0 MPOCTPAHCTBEHHOTO Pa3peIICHHs CO CITyTHUKOB
Terra/MODIS (250 m paspemienne), Landsat-7 (30 m paspemrenne), Landsat-8 (30 m u 15 M pasperierue)
C pasnuyHON mepuoaunIHOCThI0 cheMKH (1 nenp u 16 mueii). Takke cHOpPMHUpPOBAH apXHB PagapHBIX
naHHbIX co cryTHUKa Sentinel-1 3a 2014-2017 roxsl. Ha qaHHBIH MOMEHT apXHB BKJIIOYaeT B ceOst Gosee
800 CHUMKOB U IMOCTOSHHO MOTIOJIHSICTCS.

3AKIIOYEHUE

1. PazpaboTaHHblE METOINWKA MOHUTOPHUHTA OpOIIACMBIX 3€MENlb B HACTOSIICE BPEMs IMO3BOJISIIOT
OMEpPaTUBHO M C OOJNBIIOW JJOCTOBEPHOCTHIO IONYYaTh CBEJCHHS O HAIWUYUM I[IOJUBA U O
MPOCTPAHCTBEHHOM PACHOJIOKEHUH 04aroB 3aCOJICHUS.

2. TlpumeHeHre KOMMEpUYECKHX JaHHBIX J133 BBICOKOTO MPOCTPAHCTBEHHOTO Pa3peIlCHHs MO3BOJISIOT
nojy4ath Ooliee JEeTaTM3UPOBAHHYIO MPOCTPAHCTBEHHYI0 HH(OPMAIMIO O COCTOSHHH TOCEBOB H,
COOTBETCTBEHHO, IIPUHUMAThL 0OJiee B3BELICHHBIC PELICHHS O HEOOXOAMMOCTU MPOBEICHHS TE€X HIN
MHBIX MEPOTNIPHUATHIl OojIee afpecHo, BIUIOTh 10 MacIITabOB OTAEIHHOTO MOJISl B OHOM XO3SHCTBE.

3. CymecTtByomye  OporpaMMHBIE  CpeJCTBA M NPUMEHSEMbIE  METOABl  PaclO3HABaAHUS
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp OOECIIEUMBAIOT JOCTOBEPHOCTH PACIO3HABAHHSA OTICIBHBIX THIIOB
noceBoB B npenernax 40-70 % mo maHHBIM CpeHEr0 MPOCTPAHCTBEHHOTO pa3pelIeHUs U Py HATHIUH
JIOCTaTOYHOT'O KOJIMYECTBA MOJIEBbIX HAOIIOACHU.
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ABSTRACT. Water scarcity in the Aral Sea Basin together with the persistent dependency from
agricultural production as well as with the effects of population growth and climate change is
supposed to imply future conflicts in all water-use sectors. An efficient and sustainable irrigation
agriculture will essentially contribute to sustainable regional development. Optical satellite remote
sensing (RS) data such as MODIS provides necessary information for monitoring irrigated cropland
use on the regional, respectively landscape scale. In this context, the WUEMOoCA tool intends to
provide agriculturally relevant, spatio-temporal geoinformation to support planning in the water
resources management sector. Potential groups of end-users comprise policy makers and advisors
from national governments but also regional and transboundary decision makers and specialists
dealing with geoinformation technology and RS based analysis for sustainable land and water
resources management.

Pesrome. [leduuut Bomsl B GacceiiHe ApalbCKOTO MOPSI B COUETAHUU C YCTOHUMBON 3aBHCUMOCTBIO
OT CeJIbCKOXO3SICTBEHHOTO0 IPOM3BOJACTBA, a TAaKXe C IOCICACTBUSIMU POCTa HACEJCHHUS H
W3MEHEHUs KJIMMaTa, KaK MpeJIojaraeTcs, JeJaloT BO3MOXKHBIMU Oyaymue KOH(IMKTBI BO BCEX
CEKTOpax BOJOIMOJIb30BaHUA. D(PPEKTHBHOE U YCTOHYMBOE OPOIIAEMOE CEJILCKOE XO3SHCTBO OyaeT
CYIIECTBEHHO CIIOCOOCTBOBATh YCTOWYMBOMY PETHOHAIBHOMY pa3BuUTHIO. ONTHYECKHE aHHbBIC
CIIYTHUKOBOT'O JINCTAHIIMOHHOTO 30HAMpOBaHHsA, Takue kak naHaeie MODIS, mnpenocrasistor
HEOOX0IMMYI0 MH(OPMAIMIO /ISl MOHUTOPHHTA WCIIOJIb30BAHUSI OPOIIAEMBIX MaxXxOTHBIX 3eMENlb B
MacmTabe pernona u nanamadra. B stom konTekcre, nenpto uHctpymeHTa WUEMOCA sBnsercs
NPENOCTaBICHHE  3HAYMMOW AN CEIBbCKOrO  XO3fiCTBa  MPOCTPAHCTBEHHO-BPEMEHHOM
reourdopMaly Ui TOIACPKKH IJIAHUPOBAHUS B CEKTOPE YIIPABICHUS BOJHBIMH PECYypCaMHU.
[loreHumanbHple TPYNIBl KOHEYHBIX IIOJb30BaTelIeld BKIIOYAIOT PYKOBOIUTEICH M COBETHUKOB
TOCYJapCTBEHHBIX OPraHoB, a TakKXe JHUL, NPUHUMAIOLUIMX pELICHUs Ha pPETHOHAIBHOM U
TPAHCTPAHUYHOM YPOBHE, U CHEIUAIMCTOB, 3aHUMAIOIINXCS T€OMHQOPMAIIHOHHBIMU TEXHOJIOTHUSIMU
W aHAJU30M JIAaHHBIX JMCTAHIMOHHOTO 30HIUPOBAHUS ISl yCTOWYHBOTO YIIPABJICHUS 3eMEJIbHBIMU U
BOJIHBIMH PECYPCaMH.

KEYWORDS: land and water resources, monitoring, irrigated cropland, remote sensing, geoinformation
technology, informed decision-making, Aral Sea Basin

KuaroueBble cj10Ba. 3eMeNbHBIE U BOJHBIC pPECYpChbl, MOHHUTOPUHI, OPOMIACMBIC IMAXOTHBIC 3CMIIH,
JAUCTAHIIMOHHOC 3O0HIWPOBAHUC, FeOI/IHq)OpMaHI/IOHHBIe TEXHOJIOTHUH, PIH(I)OpMPIpOBaHHOG IIPUHATUEC
peleHnit, 6acceitH ApajgbcKOTro Mopsi.

INTRODUCTION

Water resources in the Aral Sea Basin (ASB) are geographically unevenly distributed [1] and shared
between six countries whose economies heavily rely on the water availability. Competing interests in
seasonally using water for irrigation in summer or for hydropower production in winter, but also for all-
season domestic use and ecological preservation call for an effective coordination and high efficiency in
water usage. Scientific findings suggest to expect a limited water availability mainly due to climate
change and a simultaneously growing population [2]. The implications are supposed to foster ecological
degradation and economic and transboundary conflicts on land and water resources [3]. Increasing the
water use efficiency (‘more crop per drop’) is an important contribution to sustainable regional
development [4]. However, area-wide data that enable for its assessment or prediction is still scarce in the
ASB. Here, the availability of open-source, satellite-based remote sensing (RS) imagery offers great
potential for filling those data gaps and for providing information on irrigated land use [5].

THE ONLINE INFORMATION TOOL WUEMOCA

The online information tool WUEMoCA (Water Use Efficiency Monitor in Central Asia) constitutes a
platform that makes agriculturally relevant geoinformation largely derived from RS-based continuous
monitoring freely accessible to regional users. It aims at informed decision-making to support planning in
land and water management institutions and organizations. The tool is thus also supposed to promote and
support the transfer of scientific results targeting the irrigated cropland use in the ASB [5,6]. Spatial focus
of WUEMOCA lies on the irrigated cropland area in the ASB (approximately 8.4 Mio ha) [5], which is
predominantly shared by Uzbekistan, Kazakhstan, Turkmenistan, Tajikistan, Kyrgyzstan, and
Afghanistan.

352



DATA SOURCE

Data for monitoring mainly originates from free-of-charge MODIS (Moderate Resolution Imaging
Spectroradiometer) MODO09QL1 data products [7]. Although the pixel size of ~250m does not allow for the
detection of single fields, MODIS datasets were selected because MODIS is currently the only satellite
system in space that covers extensive areas such as the ASB with the required temporal data coverage for
the generation of consistent time series from 2000 until today, thus allowing for retrospective analyses.
Data is provided as 8-day aggregates covering the vegetation period from begin March to end October.
The Normalized Difference Vegetation Index is then calculated for each scene from the provided red and
near-infrared spectral bands. Vector geometries on administrative (i.e., provinces and districts) and
hydrographic planning zones (i.e., Basin Irrigation Systems Authority BISA, Irrigation Systems Authority
ISA, Water Users Association WUA, and channel command area) as well as reference data on land use
and crop type for training and validation of land use classification were provided by Central Asian
partners.

TOOL STRUCTURE

WUEMOCA presents a coherent and fully automated processing chain to calculate and visualize derived
geoinformation at different levels of aggregation within an interactive, freely accessible web portal. The
tool’s system architecture is sub partitioned into three sequential modules (Figure 1). The processing unit
as part of the application server comprises the automated steps of continuous data download and storage
on the server independently from manual control. Subsequently, the processes of regional MODIS-based
irrigated cropland classification [9] and, based on this, the modeling of crop yield and actual
evapotranspiration [10,11] are triggered. Rasterized results are then provided to the database (DB), which
acts as processing environment and spatial DB for vector and raster data. By spatially aggregating the RS-
based results, the vector tables of administrative boundaries and regular raster cells (7.5km) are populated
within the DB from where a map server converts data to web services and transfers them to the webportal.
The tool completely builds on flexible and extensible open-source packages. Thus, the code allows for
further extensions and for several technical improvements.

SET OF INDICATORS IN WUEMOCA

Indicators implemented in WUEMOoCA (Table 1) build-up the contextual monitoring component of the
tool. They serve as practical numerical values for routine analysis of the complex state of irrigated
cropland in the ASB and generally aim at observing and analyzing the performance of the irrigated
cropland within a selected area of interest. By incorporating multi-temporal RS data, derived indicators
also spot at the performance of the irrigation systems over time. Indicators are provided at two temporal
aggregation levels, annually and multi-annually. Information given for multi-annual indicators refers to
the total monitoring period starting from the year 2000. Thus, for multi-annual indicators, the sum (e.g.,
fallow land frequency) or average (e.g., crop rotation) of observations from all years is considered.
Additionally, indicators are provided at different available spatial aggregation levels such as provinces
and districts as well as regular raster cells for the entire monitoring area. All indicators refer to the crop-
growing season from 1 March to 31 October (i.e., ‘agricultural year’).
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Figure 1 - Schematic overview of the system architecture of the WUEMOoCA tool.
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Table 1 - Indicators in WUEMOoCA and further specifications (as of September 2017). Units: mm =
millimeter, - = dimensionless, t = tons, ha = hectare, % = percentage, t ha™ = tons per hectare, $ m™ = US dollar per

cubic meter.

Indicator and unit

Short description

Spatial aggregation
level

Crop-specific
information

Annual indicators

Actual
evapotranspiration (mm)

Actual quantity of water lost by
evaporation and transpiration

Provinces, districts,
regular raster; *

Available water for
irrigated cropland (-)

Ratio of actual evapotranspiration to
potential evapotranspiration

Provinces, districts,
regular raster cells; *

Available water per crop

()

Ratio of actual evapotranspiration to
the crop water demand

Provinces, districts,
regular raster cells; *

for cotton, rice,
and wheat only

Crop yield (t ha™)

Actual crop production per unit of
harvested area

Provinces, districts,
regular raster cells; *

for cotton, rice,
and wheat only

Farm gross output actual

(t)

Actual crop harvest quantities
produced

Provinces, districts,
regular raster cells; *

for cotton, rice,
and wheat only

Irrigated crop acreage
(ha)

Crop-specific area under irrigation

Provinces, districts,
regular raster cells; *

for each crop and
as sum of all
crops

Irrigated crop type
diversity (-)

Variety of different crop types

Provinces, districts,
regular raster cells; *

Irrigation efficiency (-)

Efficiency in delivering water used
to produce the crop by considering
water intake data [8]

for Uzbek provinces
and districts only

Irrigated land use per

Crop-specific area share of net

Provinces, districts,

for each crop and

water used

regular raster cells; *

crop (%) irrigated land regular raster cells; * | as sum of all
crops

Temporarily unused Area share of fallow land in total Provinces, districts, _

irrigable land (%) net irrigated area regular raster cells; *

Water productivity** Economic revenues per unit of | Provinces, districts, for cotton, rice,

and wheat only

Multi-annual indicators

Fallow land frequency (-)

Average number of years in which
land was not cultivated

Regular raster cells

Land use rotation (-)

Average number of land use
alternations including fallow land

Regular raster cells

Major land use (-)

Predominant land use based on
average frequency

Regular raster cells

Net irrigated land area
(ha)

Average area equipped with
irrigation infrastructure based on the
irrigation extent derived from
MODIS

Provinces, districts,
regular raster cells; *

*also available for BISAs, ISAs, WUAs, and channel command areas in Uzbekistan, ** planned for 2018

WUEMOCA'’S FEATURES AT A GLANCE

Figure 2 gives an overview of the tool’s features. The webportal offers to gather agriculturally relevant
parameters and to locate and quantify processes and changes of production for administrative areas and
hydrographic planning zones. Through the user polygon tool (i.e., My Polygons function) and local user
DB, users can interactively ‘communicate’ with the tool by directly uploading and/or creating own
defined areas of interest for which available indicators will be calculated and aggregated on-the-fly. The
implemented Water Use Efficiency tool (linked to My Polygons) enables the users to calculate specific
water use efficiency indicators (e.g., irrigation efficiency) independently from data already incorporated
into the DB and for any area of interest that can be uploaded to WUEMOoCA as a shapefile. The results
from indicator calculation will be stored in the local user DB and will be made available only for the
specific user. Moreover, users are enabled to directly export retrieved information in form of common
data formats (e.g., Excel tables, shapefiles, and KML) by using the Export and Report function.
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CONCLUSIONS

1. The continuous RS-based monitoring and the use of webGIS applications enable for the development
of a tool to derive and visualize supportive information on irrigated cropland and its productivity.

2. WUEMOoCA can be freely accessed at www.wuemoca.net

3. The tool completely builds on flexible and extensible open-source packages. Thus, it is open to
modifications and adaptions.

4. With the designed system of key indicators, WUEMOoCA will contribute to the current database at the
scale of the ASB.

5. Potential applications comprise the identification of marginal lands with low productivity and of areas
with highest land use intensity and/or water use efficiency.

6. Groups of end-users include local, regional and transboundary decision-makers and specialists dealing
with aspects of sustainable land and water resources management. Potential users may also comprise
the scientific community studying environmental and ecological objectives in Central Asia.

7. Results are foreseen to be used in modeling exercises on future water requirements or to be
implemented in modeling future economic and social development.

8. WUEMOCA is expected to attract the young generation at universities and research institutions with
focus on geoinformation technology. This is considered as an important step towards the regional
spread of the potentials of RS and geoanalytical methods and know-how.
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Figure 2 - Exemplary WUEMOoCA features at a glance: Map control panel with (1) area filter, (2)
indicator filter, and (3) export and report function to download and export data (only visible when
indicator dropdown menu is not activated); map window with (4) map legend, (5) time slider for
selection of year or automatic playing of entire monitoring period, (6) zoom button, (7)
highlighting of selected map element, (8) diagram of selected map element with option for image
download, and (9) map window when aerial map is chosen; and (10) user polygon tool (My
Polygons panel) for drawing and uploading user-specific polygons with the options to calculate
available indicators on-the-fly (available for download) and to fill in own data for calculation.
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