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В ходе исследований сформирован архив данных дистанционного зондирования на территорию 
орошаемых полей четырех южных областей Казахстана на вегетационные сезоны с 2010 по 2017 
годы. Архив включает снимки низкого и среднего пространственного разрешения со спутников 
Terra/MODIS (250 м разрешение), Landsat-7 (30 м разрешение), Landsat-8 (30 м и 15 м разрешение) 
с различной периодичностью съемки (1 день и 16 дней). Также сформирован архив радарных 
данных со спутника Sentinel-1 за 2014-2017 годы. На данный момент архив включает в себя более 
800 снимков и постоянно пополняется. 
 
ЗАКЛЮЧЕНИЕ 
1. Разработанные методики мониторинга орошаемых земель в настоящее время позволяют 

оперативно и с большой достоверностью получать сведения о наличии полива и о 
пространственном расположении очагов засоления.  

2. Применение коммерческих данных ДЗЗ высокого пространственного разрешения позволяют 
получать более детализированную пространственную информацию о состоянии посевов и, 
соответственно, принимать более взвешенные решения о необходимости проведения тех или 
иных мероприятий более адресно, вплоть до масштабов отдельного поля в одном хозяйстве.  

3. Существующие программные средства и применяемые методы распознавания 
сельскохозяйственных культур обеспечивают достоверность распознавания отдельных типов 
посевов в пределах 40-70 % по данным среднего пространственного разрешения и при наличии 
достаточного количества полевых наблюдений.  
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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 WUEMoCA 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. 

 
Резюме. Дефицит воды в бассейне Аральского моря в сочетании с устойчивой зависимостью 
от сельскохозяйственного производства, а также с последствиями роста населения и 
изменения климата, как предполагается, делают возможными будущие конфликты во всех 
секторах водопользования. Эффективное и устойчивое орошаемое сельское хозяйство будет 
существенно способствовать устойчивому региональному развитию. Оптические данные 
спутникового дистанционного зондирования, такие как данные MODIS, предоставляют 
необходимую информацию для мониторинга использования орошаемых пахотных земель в 
масштабе региона и ландшафта. В этом контексте, целью инструмента WUEMoCA является 
предоставление значимой для сельского хозяйства пространственно-временной 
геоинформации для поддержки планирования в секторе управления водными ресурсами. 
Потенциальные группы конечных пользователей включают руководителей и советников 
государственных органов, а также лиц, принимающих решения на региональном и 
трансграничном уровне, и специалистов, занимающихся геоинформационными технологиями 
и анализом данных дистанционного зондирования для устойчивого управления земельными и 
водными ресурсами. 

 
KEYWORDS: land and water resources, monitoring, irrigated cropland, remote sensing, geoinformation 
technology, informed decision-making, Aral Sea Basin 
Ключевые слова: земельные и водные ресурсы, мониторинг, орошаемые пахотные земли, 
дистанционное зондирование, геоинформационные технологии, информированное принятие 
решений, бассейн Аральского моря. 
 
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. 
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DATA SOURCE 
Data for monitoring mainly originates from free-of-charge MODIS (Moderate Resolution Imaging 
Spectroradiometer) MOD09Q1 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 WUEMoCA (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’). 
 
 

 
 
 
 
 

Figure 1 - Schematic overview of the system architecture of the WUEMoCA tool. 
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Table 1 – Indicators in WUEMoCA and further specifications (as of September 2017). Units: mm = 
millimeter, - = dimensionless, t = tons, ha = hectare, % = percentage, t ha-1 = tons per hectare, $ m-3 = 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-1) 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 (%) 

Crop-specific area share of net 
irrigated land 

Provinces, districts, 
regular raster cells; *  

for each crop and 
as sum of all 
crops 

Temporarily unused 
irrigable land (%) 

Area share of fallow land in total 
net irrigated area 

Provinces, districts, 
regular raster cells; *  

__ 

Water productivity** Economic revenues per unit of 
water used 

Provinces, districts, 
regular raster cells; *  

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 WUEMoCA 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. WUEMoCA 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, WUEMoCA 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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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 
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