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ABSTRACT. Water in Central Asia is an important natural resource as it plays a key role for living,
agricultural production and economic development. Due to the non-uniformly distribution over the entire
region, the availability and direct access to freshwater often result in disputes between the different
Central Asian countries. Therefore, a reliable trans-boundary water resource management is strongly
recommended. Within the CAWa project, a network of automatic monitoring stations has been installed
especially in remote areas and in higher altitudes providing continuously meteorological and hydrological
parameters. In addition to the ground-based monitoring network, water levels of selected lakes and
reservoirs are provided by the satellite-based radar altimetry. All data are stored in an open-access data
base to support sustainable decisions in water management and to contribute to a scientific cooperation
between the involved transnational agencies.

Pe3tome. Bona B LlenTpansHON A3uy — Ba)KHBIN MPUPOAHBIN pecypc, UrparoIiuii KIOYEBYIO pPOJb B
KU3HU JIIOJIEH, arpapHOM TPOM3BOJCTBE W HKOHOMHYECKOM pa3BUTHH. M3-3a HepaBHOMEpHOIO
pacrpeneneHuss 0 PErHoHy, HaIM4Yue U MPSMOM JIOCTYIl K IPECHOM BOJE HE PEAKO BBI3BIBAECT CIIOPBI
MEXIy pa3iIuYHBIMU IIEHTPaTbHO-a3UMaTCKUMHU CTpaHaMu. TakuMm oOpa3oM, KpaiHe >KelnaTelbHO HMETh
HaJIe)KHOE YIPaBICHWE TPAaHCTPAaHUYHBIMHU BOAHBIMH pecypcamu. B pamkax mnpoektra CAWa B
OOJIBLIMHCTBE CJIy4yaeB B OTHAJICHHBIX M BBICOKOTOPHBIX paiioHax OblIa yCTaHOBJIEHA CETh CTAHLUH
AaBTOMAaTHYE€CKOTO MOHUTOPHHIA, 0OecreunBaronasi HelpephIBHbIII MOHUTOPHUHT METEOPOTIOTMYECKUX U
THIPOJIOTHYECKUX TMapaMeTpoB. JOMONHUTENBHO K HA3eMHOM ceTH HaOMIONEeHUH C MOMOIIBIO
CIlyTHUKOBOH PaJHOJIOKAIMOHHON albTHMETPHH MPENOCTABISAIOTCS AAHHBIE YPOBHS BOJBI B OTAEIBHBIX
03epax W BOJOXpaHWIMINAX. Bce pe3ynbraThl XpaHsTcs B 0a3e NAHHBIX C OTKPBITBIM JIOCTYIIOM, YTO
YIpOIIaeT X HCHOJIb30BaHKE ISl MOAJEPKKH YCTOWYHMBBIX PEIICHHUH B 00JIACTH YIPaBJICHHUS] BOJHBIMH
pecypcaMH M COAECWCTBHS HAYYHOMY COTPYAHHUYECTBY MEXKIY BOBJIEUEHHBIMH TpPaHCHALIMOHAIBHBIMU
areHTCTBaMH.
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INTRODUCTION

In the arid and semi-arid region of Central Asia, water is an important natural resource. It is not only a
fresh water supply for the growing population but also a necessary prerequisite for the economic
development and agricultural production. The two main rivers in Central Asia, the Amu Darya and the
Syr Darya, originate in the high mountains of the Tien Shan and Pamir and are formed from the melt of
seasonal snow pack, glacier ice and precipitation. This important role of the flow formation zone for
water management in Central Asia calls for a continuous monitoring which provides data needed for
operational seasonal runoff forecasts as well as the assessment of changes in the headwater catchments
and their water resources [2].

In the past years, an extensive transnational network of Remotely Operated Multi-Parameter Stations
(ROMPS, Figure 1) has been installed in Central Asia in the frame of the CAWa project
(http://www.cawa-project.net) that continuously captures meteorological and hydrological observations
[1]. In addition to the ground-based station network, a satellite-based monitoring system has been
established to provide water levels of selected lakes and reservoirs in this region. The data is made freely
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accessible to all national Hydromet services and to the international community through the Sensor Data
Storage System (SDSS) of the CAWa project.

THE CENTRAL ASIAN HYDROLOGICAL MONITORING NETWORK

In the past, hydrometeorological monitoring in Central Asia was often made by manually operated posts.
Data collection and transmission thus was based on human interactions. After the collapse of the Soviet
Union, it became increasingly difficult for the new independent Republics (Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan, and Uzbekistan) to continue this monitoring.
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Figure 1 - The ROMPS monitoring network in Central Asia (10/2017). © GFZ, Katy Unger-Shayesteh

The resulting network declined significantly, primarily affecting stations in the flow formation zone at
altitudes above 2,000 m a.s.l. (e.g., [6]). Hence, there is a great need to sustain and partly improve the
hydrometeorological monitoring in Central Asian’s headwater catchments. In the 1990ies and 2000s,
several internationally funded projects already addressed this issue and have succeeded to install a
number of automatic monitoring stations. Beside these developments, there remain a number of
challenges [1]:

1. Stations are needed to consolidate the monitoring network especially at higher altitudes. The
stations need to be capable of reliable un-manned operation under the prevailing extreme environ-
mental conditions in remote areas, to have low maintenance requirements and, additionally, to
incur very low operational costs.

2. Near-real time data transmission to data users is needed.

3. The data management infrastructure should be capable of facilitating data sharing among all
countries.

These challenges of establishing and operating a regional monitoring network of ROMPS with a special

focus on the flow formation zone are addressed in the frame of the CAWa project, the “Global Change

Observatory Central Asia (GCO-CA)” of the German Research Centre for Geosciences (GFZ) and the

long-term strategy of the Central-Asian Institute for Applied Geosciences (CAIAG). These programmes

offer opportunities to support a wide range of operational, societal and scientific tasks, among them

weather observations and forecasts, long-term climate monitoring, river discharge monitoring, Earth-
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System hazard monitoring as well as the establishment of water-related early-warning systems. To serve
these applications, ROMPS stations combine a multitude of sensors at one station with shared power
supply and communication infrastructure [1].

RIVER AND LAKE MONITORING IN CENTRAL ASIA

Public information about the storage volume of reservoirs and lakes is not always available in a timely
and independent way. In Central Asia, a few organizations are dealing with the collection and
dissemination of water related data but sometimes require front-up registration and/or a subscription
scheme. An open and emerging technology for inland water monitoring is the satellite-based radar
altimetry [3]. Starting in 1985 and continuously operated since the early 1990ies, different radar altimetry
missions provide measurements of water surface heights with 10 and 35 day repeat intervals. Advances in
signal processing technologies, such as the so-called retracking, allow the extraction of water levels of
smaller inland-water bodies along the satellite pass. The accuracy of the derived water levels (water
heights) is slightly worse compared to the traditional open ocean application. Inland water hydrology
requires the water levels measured by radar altimetry to be converted into volumes or volume changes
using the hypsometry or a volumetric curve. In absence of in-situ topographic data, remote sensing
technologies can provide the complementary information about the water extent of individual water
bodies. A recent study for Central Asia for the Toktogul, Kairakum, Shardara water chain [4] (Figure 2)
demonstrated that the water level of reservoirs can be determined with an accuracy of better than £30 cm.
Also the estimation of water heights of rivers (stage monitoring) is of increasing interest. The use of radar
altimetry for river monitoring, however, is currently limited by the footprint size (>4 2 km) of the radar
beam to large, well-situated rivers, but the potential of this technology has been demonstrated [5].
Recently, the development of Synthetic Aperture (SAR) altimetry on ESA’s CryoSat-2 mission opens
exciting perspectives for inland water monitoring. The SAR (or Doppler delay) altimetry allows sensing
smaller portions of the radar footprint and thus to observe water levels of smaller water bodies such as
rivers. The planned Surface Water and Ocean Topography mission (SWOT) (launch expected in 2021)
with its wide-swath altimetry will provide 2-dimensional maps of any water body larger than 250 x 250 m
every 21 days. These new technologies will enable hydrologists to closely monitor water volumes in most
lakes, reservoirs and rivers globally.

THE SENSOR DATA STORAGE SYSTEM (SDSS)

One of the main aims of the CAWa project is the immediate and unrestricted dissemination of all
acquired hydro-meteorological parameters to a broad range of users, like national hydrometeorological
services, state agencies, academia, or the general public. To allow an easy access and a long-term storage,
the Central-Asian Institute for Applied Geosciences (CAIAG) has developed the Sensor Data Storage System
(SDSS) which is hosted at CAIAG (http://sdss.caiag.kg). The SDSS is the main storage and dissemination
system for all Level 0 meteorological and hydrological data acquired by CAWa and other stations
including ROMPS stations operated by GFZ and CAIAG in the frame of the Global Change Observatory
in Central Asia. The data is seamlessly integrated into the database of the SDSS immediately after their
transmission from the stations. In addition, water levels and volume data derived from radar altimetry are
automatically processed for lakes and reservoirs in Central Asia and continuously added to the SDSS.

A graphical user interface available in English, Russian, and German languages offers the possibility to
retrieve data interactively using a web browser. The user can select the stations and parameters of interest,
display the full or tailored data time series, print charts and download the data as XML file to be opened
by major data analysis tools for further analysis.

Currently, the SDSS is further developed by adding meta data for stations and sensors and by
implementing quality control mechanism for incoming data.

CONCLUSIONS
1. GFZ and CAIAG, in cooperation with national hydrometeorological agencies, research institutes, and

universities, are offering unrestricted access to the hydrometeorological data of ROMPS and other
stations.

2. Remote sensing technologies, such as radar altimetry, allow assisting the water monitoring in urban as
well as remote areas without the help of a local monitoring infrastructure.
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3. With the development of the Sensor Data Storage System (http://sdss.caiag.kg) an easy-to-use
interface for different types of users exist. SDSS is providing a platform for the display and download
of hydro-meteorological data sets.
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Figure 2 - Time series of volume variations in the Toktogul, Kairakum and Shardara reservoirs inferred
from satellite radar altimetry (data is available at http://sdss.caiag.kg).
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Figure 3 - Web Interface for the Sensor Data Storage System (http://sdss.caiag.kg).
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PE3IOME. Pa3pabGotaHbl METOIOJOTHYECKHE OCHOBBI (MOJEIb W TMPHHIMIIBI) arpojaHaiapTHO-
JKOJIOTUYECKOTO  W3y4YeHHUs, OLEHKH U  YOPaBICHHUS  CEIbCKOXO3SMCTBEHHBIMH  3EMIIIMHU,
arposkocucreMamMu M arponaHamadramu. OHHM  ONMparOTCs Ha KOHLEMLUIO COXPAaHCHHA H
BOCIIPOM3BOJICTBA HCIIOJIB3YEMBIX B CEIbCKOXO3SHCTBEHHOM IIPOM3BOACTBE 3EMENBHBIX H JIPYIHX
MPUPOIHBIX  PECYpCOB, IUIOAOPOAMS TIOYB, TPOAYKTUBHOTO JOJNTOJETHS arpodKOCHCTEM U
arponannmadgroe  BHUU xopmoB wumenu B.P. BunbsimMca, KOHIENIMH 53KOJIOTUYECKOTO KapKaca
arponaHamadToB U 3KOJIOro-xo3sicTBeHHOro 6aixanca MI'Y umenn M. B. JlomonocoBa u HUuctutyTa
reorpadpun PAH. Merononorndeckue OCHOBBI arpoiaHAmadTHO-IKOJIOTHYECKOTO U3yUYCHUSI W aHAlln3a
CEJIbCKOXO3SMCTBEHHBIX 3€MEeJIb pAacCMaTPUBAIOT HMX KaK arporeodKOCHUCTEMY U OIEHHBAaIOT BO
B3aMMOCBS3M W B3aUMO3aBUCHUMOCTH ¢ arpojaHimadTtamMu. OHH OPOTECTHPOBAHBI HAa OCHOBHBIX
arponanamadrax Poccun u MOTYT IPUMEHATHCS AJsl OLIEHKH W YIPaBICHHUS CEIbCKOXO35SHCTBEHHBIMH
3eMJISIMH, arpodKOocHCTeMaMy 1 arponanamadramu EBpazun.

Abstract. Methodological bases (model and principles) of agrarian and ecological landscape research,
evaluation and management of agricultural lands, agroecosystems and agrolandscapes have been
developed. They are based on the concept of conservation and reproduction of land and other natural
resources used in agricultural production, soil fertility, productive longevity of agroecosystems and
agricultural landscapes, evolved by the All-Russian Williams Fodder Research Institute. They are also
based on the concept of the ecological framework of agrolandscapes and the ecological and economic
balance developed by the Lomonosov Moscow State University and the Institute of Geography of the
Russian Academy of Sciences. The methodological basis of agro-landscape-ecological research and
analysis of agricultural lands considers them as an agrogeoecosystem and evaluates its interrelation and
interdependence with agrolandscapes. They are tested in the main agricultural landscapes of Russia and
can be used to assess and manage agricultural lands, agroecosystems and agrolandscapes of Eurasia.
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