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•• Plan of actionsPlan of actions.   .   

•• OurOur experienceexperience.  .  

•• Our approachesOur approaches

What we have: What we have: 

-- national development national development strategystrategy (taking into account use of water(taking into account use of water--energy energy 
potential), potential), 

-- regional energy and waterregional energy and water--management structure (uniting and limiting management structure (uniting and limiting 
our endeavors), our endeavors), 

-- general will to regional cooperation and sustainable developmentgeneral will to regional cooperation and sustainable development in the in the 
region.region.
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We have the following objectives: We have the following objectives: 

-- to develop the joint program of actions (on regional prioritiesto develop the joint program of actions (on regional priorities in the waterin the water--
energy sector); energy sector); 

-- to find mechanisms for regional coordination of national priorito find mechanisms for regional coordination of national priorities and for ties and for 
solution of questions at issue and contradictions (consensus).solution of questions at issue and contradictions (consensus).
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We do not have:We do not have:

-- agreed on (between the countries) agreed on (between the countries) tools of the tools of the 
regional analysisregional analysis of the national development of the national development 
scenarios (waterscenarios (water--energy sector), taking into account energy sector), taking into account 
future challenges and destabilizing factors (climate, future challenges and destabilizing factors (climate, 
globalization).globalization).
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We know: We know: 

-- new new integratedintegrated approaches based on the advanced approaches based on the advanced 
world experience are needed; world experience are needed; 

-- one must take into account mistakes of the last one must take into account mistakes of the last 
research and attempts to find the optimal regional research and attempts to find the optimal regional 
scenarios of country development (water sector).scenarios of country development (water sector).



Our experienceOur experience

•• Central Asia Regional Water Central Asia Regional Water Information Information 
BaseBase: Portal and Information System: Portal and Information System

•• Analytical instruments and Analytical instruments and modelsmodels,,

•• Modeling Modeling resultsresults for integrated water for integrated water 
management in river basins: Chirchikmanagement in river basins: Chirchik--
AkhangaranAkhangaran--Keles basin (Keles basin (RIVERTWINRIVERTWIN) , ) , 
RogunRogun
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CAREWIB ANALYTICAL DATA     CAREWIB ANALYTICAL DATA     (www.cawater(www.cawater--info.netinfo.net))

Toktogul HPS: Toktogul HPS: Reservoir mode, Reservoir mode, OctoberOctober 2008 2008 -- 2009   2009   

InflowInflow

ReleasesReleases

Dead VolumeDead Volume

Reservoir VolumeReservoir Volume

Inflow: Inflow: 
•• forecast,forecast,
•• actual,actual,
•• deviationdeviation

This is a result of   This is a result of   
large large ((winter)) releases releases after
1992 and absence of the and absence of the 
longlong--term flow regulationterm flow regulation

Releases: Releases: 
•• plan,plan,
•• actual,actual,
•• deviationdeviation

Reservoir Volume:Reservoir Volume:
•• plan, actual, deviationplan, actual, deviation



River reach: 
Toktogul – Kayrakum

• Inflow,
• Return flow,
• Releases,
• Intake 

Comparison of actual 
and planned (forecast)
data

Kyrgyzstan IntakeKyrgyzstan Intake

Tajikistan IntakeTajikistan Intake

Uzbekistan IntakeUzbekistan Intake



Reservoirs and rivers Reservoirs and rivers water balanceswater balances

Syrdarya basin: strategies of flowSyrdarya basin: strategies of flow
regulation by reservoirs and HPSregulation by reservoirs and HPS
(Toktogul, Kambarata 1,2)(Toktogul, Kambarata 1,2)

Estimation of basinsEstimation of basins’’ flow flow 
probabilities by yearprobabilities by year--analogueanalogue
(river hydrographs, air temperature, rainfall(river hydrographs, air temperature, rainfall))

Forecast error of Inflow into Charvak reservoir for the 
growing season 2006, progressive total 

(forecast-actual)/actual*100 %
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Hydromet and CAREWIB dataHydromet and CAREWIB data

Ежемесячные расходы по г/п Карадарья - Приток к Андижанскому вдх.
 за 1956,1973,1993,2006 гг.      Расход на 5.05.06 - 350 м3/сек
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Steps of development of regional basin  models in SIC ISWC Steps of development of regional basin  models in SIC ISWC 
as a   DSS tool for integrated assessment of water situationas a   DSS tool for integrated assessment of water situation

Aral Sea Basin Management Model ASB-mm ((1 step1 step)) –– UNDP:UNDP:
•• SocialSocial--economic base of Globesing model  (M.Misarovich) economic base of Globesing model  (M.Misarovich) 
•• Hydrologic model in GAMSHydrologic model in GAMS
•• Interface (Resource Analysis, The Netherlands, SIC ISWC) Interface (Resource Analysis, The Netherlands, SIC ISWC) 

ASBASB--mm mm ((2 step2 step)) –– Projects NATO SFP 974357 INTAS Projects NATO SFP 974357 INTAS -- 0511:0511:
•• Aral Sea Coastal Zone (Priaralye) and Aral Sea Aral Sea Coastal Zone (Priaralye) and Aral Sea 

INTEGRATED model (RIVERTWIN)INTEGRATED model (RIVERTWIN) –– new modeling concept (Chirchicnew modeling concept (Chirchic--Ahangaran basin):Ahangaran basin):
•• Adaptation of EU models Adaptation of EU models -- HBV, QUAL2K, EPIC, WEAP,HBV, QUAL2K, EPIC, WEAP,……
•• Blocs of runoff formation, groundwater, industrial and urban zonBlocs of runoff formation, groundwater, industrial and urban zones,es,
•• Ecologic model,Ecologic model,
•• GISGIS--interface (integration and interpretation of modeling results)interface (integration and interpretation of modeling results)
•• Interface for BWO Interface for BWO ““SyrdaryaSyrdarya””

NEXT STEPNEXT STEP –– Adaptation of new modeling concept for  Aral Sea Basin, includiAdaptation of new modeling concept for  Aral Sea Basin, including ng –– Syrdarya basin, Syrdarya basin, 
Amudarya modelAmudarya model



A REGIONAL MODEL FOR INTRGRATED WATER MANAGEMENT 
IN TWINNED RIVER BASINS (RIVERTWIN) –
CHIRCHIK-AHANGARAN BASIN

• HBV - runoff formation model
•• HydRWT HydRWT -- water-energy model
•• QUALQUAL--ChirchikChirchik - ecologicalcological modelmodel
•• Reqwat Reqwat -- agricultural water use moduleagricultural water use module
•• SEM SEM -- economic blockeconomic block
•• DB DB -- scenarios and data (climatic block,  water block, land use, scenarios and data (climatic block,  water block, land use, 

hydropower,hydropower,……))
•• Interface Interface –– input dada, scenario selection (Business as Usualinput dada, scenario selection (Business as Usual

Optimistic, from user)Optimistic, from user), visualization and analysis of the resultsvisualization and analysis of the results



Chirchik-Ahangaran 
basin is an object of 
management,  natural-
anthropogenic system, 
consists of following 
sub-systems:

• Water resources 
formation

• Water resources 
distribution

• Water resources use
• Water resources 

protection
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INTEGRATED COUPLING SCHEME CHIRCHIK RIVER BASIN
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• water formation 
zones

• ground water 
deposits 

• rivers
• reservoirs
• irrigation systems
• water works
• power station 
• cities
• wastes



HYDROPOSTSHYDROPOSTS

INTAKESINTAKES

HPP, TPPHPP, TPP

STRUCTURESSTRUCTURES

TOWNSTOWNS

RESERVOIRSRESERVOIRS

RIVERSRIVERS

CANALS, CANALS, 
COLLECTORSCOLLECTORS

DISTRICTSDISTRICTS

METEOSTATIONSMETEOSTATIONS

GIS layers in the interface window (RIVERTWIN)GIS layers in the interface window (RIVERTWIN)



Elevation (m):

1 - 463
464 - 926
927 - 1390
1391 - 1853
1854 - 2317
2318 - 2780
2781 - 3244
3245 - 3707
3708 - 4171
No Data

Digital Elevation Model of Chirchik-Akhangaran-Keles Rivers Basin

 Daily discharge
(subcatchment 1)
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Scenarios for a Scenarios for a 
joint operation of  joint operation of  
Rogun and Rogun and 
Nurek HPSsNurek HPSs

Increase Increase (+) (+) and and 
decrease decrease ((--) ) of of 
production of production of 
irrigated farmingirrigated farming

Effect  of Effect  of 
electricity electricity 
generated at generated at 
Rogun HPSRogun HPS

Total effect Total effect 
in the basinin the basin

CombinedCombined + 19+ 19 195195 214214

Irrigation Irrigation + 57+ 57 188 188 245 245 

Power Power -- 7979 195195 116116

The impact of Rogun HPSThe impact of Rogun HPS ((full reservoir levelfull reservoir level is is 1290 1290 mm))

on economic indicators of development of the countries on economic indicators of development of the countries 
within the Amudarya basin for the period up to within the Amudarya basin for the period up to 2052050  0  
((millionmillion $/$/yearyear)) / / SIC ICWC, V.Dukhovny, A.SorokinV.Dukhovny, A.Sorokin

Combined mode: Combined mode: 
RogunRogun works in a power works in a power 
mode and Nurek in a mode and Nurek in a 
compensatory irrigation compensatory irrigation 
modemode. . 
At a joint At a joint power modepower mode
of Rogun and Nurek, of Rogun and Nurek, 
additional additional damagesdamages in in 
irrigation are observed.irrigation are observed.

MODELINGMODELING

Loss of water storage in reservoir
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Variant Variant 11: Nurek and Tuyamuyun: Nurek and Tuyamuyun Variant Variant 22: Rogun, Nurek, Tuyamuyun: Rogun, Nurek, Tuyamuyun

Losses of regulating capacity 
of reservoirs (storage losses 
from sedimentation) / Project INCO JAYHUN, 
STC ‘Toza Darya’, A.Sorokin



Our approachesOur approaches

•• To the To the modelingmodeling
• To analysis of Scenarios for Future 

Development of the  Aral Sea Basin
• To search of the alternative decisions 

(consensusconsensus)



Northern
sea: dam 
elevation 
options 

and 
regimes

V, H, F, S

Large Aral

channel - losses

Priaralie: 
Water use 
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AMUDARYA RIVER BASINAMUDARYA RIVER BASIN

Rogun Rogun –– new HPSnew HPS
(Tajikistan)(Tajikistan)

Decrease of Decrease of 
waterwater
availability, availability, 
mistakesmistakes

(Turkmenistan,(Turkmenistan,
Uzbekistan)Uzbekistan)

Aral SeaAral Sea

Amudarya riverAmudarya river

Nurek Nurek HPSHPS

Tuyamuyun Tuyamuyun 

AfghanistanAfghanistan

•• Contradiction of waterContradiction of water
users (hydropower, users (hydropower, 
irrigation, ecology), irrigation, ecology), 

•• Climate change, Climate change, 
•• New water users  (Afghanistan),New water users  (Afghanistan),
•• Losses of regulating capacityLosses of regulating capacity

of reservoir (sedimentation),of reservoir (sedimentation),
•• Uncertainty in Uncertainty in water  losseswater  losses

•• LongLong--term agreements, term agreements, jjoint 
planning and observance of 
HPS modes, modes, 

• Automation and dispatching of 
hydrological stations, 
improvement of mprovement of forecasts, forecasts, 

•• OnOn--line estimation of  waterline estimation of  water
availability and  consequences of availability and  consequences of 
reservoir management. reservoir management. 



SYRDARYA RIVER BASINSYRDARYA RIVER BASIN

Kambarata 1,2 Kambarata 1,2 –– new HPSnew HPS
(Kyrgyzstan)(Kyrgyzstan)

Decrease of Decrease of 
water water 
availability, availability, 
mistakesmistakes
(Uzbekistan,(Uzbekistan,
Kazahstan and Kazahstan and 
Tajikistan)Tajikistan)

Aral SeaAral Sea

Toktogul Toktogul HPSHPS
(Kyrgyzstan)(Kyrgyzstan)

TashkentTashkent

Syrdarya riverSyrdarya river

TTooktogulktogul

•• Contradiction of water users Contradiction of water users 
(hydropower, irrigation, ecology),(hydropower, irrigation, ecology),

•• Climate change, Climate change, 
•• Lack of compensating reservoirs Lack of compensating reservoirs 

for irrigation purposesfor irrigation purposes

Risk of decrease in  hydropower and Risk of decrease in  hydropower and 
water  availability,  water  availability,  mistakesmistakes

Need for:Need for:
•• Regional cooperationRegional cooperation
•• IWRM decision supportIWRM decision support



Development of a set of   
basin models

Database

ZP and Socio - economic
models

Hydrological
model

• Syrdarya basin
• Amudarya basin

IWRM decision support

Evaluation of national and 
regional development 
scenarios and of strategies 
of flow regulation by 
reservoirs and HEPS

Water demands considered:

• population,
• ecosystems
• Aral Sea,
• irrigated agriculture,
• hydropower,  
• industry

User interface

Dedicated to special user audience 
• decision makers  
• researchers



Pz Model & SEMPz Model & SEM WaterWater--energy modelenergy model

Effect  from water and energy usingEffect  from water and energy using

Water demand Water demand 

Return waterReturn water

IntakeIntake

Salt with river waterSalt with river water

Check on conformityCheck on conformity

waterwater--energy demandenergy demand available water resourceavailable water resource

Connection between modelsConnection between models



How to decide task ?

•The integrated approach + basin covering,
•A line of criteria + system of additional parameters,
• Hydro-ecological + water-power management,
• Orientation to regional effect + minimization of damages (in the 
countries, sectors).
• The compensatory mechanism

Pareto Principle:Pareto Principle:

Any change of mode, which will not cause damage, but has at leasAny change of mode, which will not cause damage, but has at least one t one 
water user gets a benefit  is improve of regimewater user gets a benefit  is improve of regime



The population growth rate tends 
to decrease and for 2020 it will 
make 0.98 %/year

Rate of increase in
Gross Domestic 
Product: 

6-8%    2000-2010

8-10%  2010-2015

~6% 2015-2020

Large-scale 

regional integration

Unit water 
consumption –9,4 
thousand m3/ha

Unit water consumption in 
KhBC – 0,08 thousand
m3/man/year (220 l/daily)

Optimistic scenario



The population growth rate tends 
to decrease and for 2020 it will 
make 1.9 %/year

Small-scale 
regional integration

Unit water 
consumption –12 
thousand m3/ha

Unit water consumption in 
KhBC – 0,1 thousand
m3/man/year (280 l/daily)

Pessimistic Scenario

Rate of increase in
Gross Domestic 
Product: 

4-6%  2000-2010

6-5%  2010-2015

~5%  2015-2020



Max level 47 m

H2025 = 47 m

S2025 = 10 g/l

OPTIMISTIC SCENARIO + MAX FLOWOPTIMISTIC SCENARIO + MAX FLOW

Max level 42 m

H2025 = 42 m

S2025 = 11 g/l

Priaralie water 
consumption

Wyr = 1.5 km3

20062006--20252025 UnitUnit meanmean maxmax minmin ΔΔ

WWyearyear

kmkm33/yr/yr
7.27.2 11.211.2 4.04.0 +2.0+2.0

WWgrowinggrowing 2.52.5 8.78.7 1.11.1 +1.7+1.7

WWnonnon--growinggrowing 4.74.7 9.09.0 2.52.5 +0.3+0.3

SSyearyear g/lg/l 1.031.03 1.41.4 0.80.8 --0.340.34

Northern AralNorthern Aral Inflow Inflow Syrdarya riverSyrdarya river

Wyear = 1.6 km3

Syear = 4.0 g/l
Wyr = 3.5 km3

Syr = 3.6 g/l

Inflow Inflow 

20062006--20252025 UnitUnit meanmean maxmax minmin ΔΔ

WWyearyear kmkm33/yr/yr 11.911.9 21.921.9 4.84.8 +2.4+2.4

SSyearyear g/lg/l 0.950.95 1.581.58 0.710.71 --0.370.37

Priaralie

AmudaryaAmudarya riverriver

Big AralBig Aral
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We can: We can: 

-- collect a regional collect a regional teamteam from the national experts and from the national experts and 
qualified experts in modeling, qualified experts in modeling, 

-- build the regional integrated build the regional integrated model,model, necessary for all necessary for all 
(with the agreed principles of management, target (with the agreed principles of management, target 
functions, regional restrictions functions, regional restrictions –– ecology, etc., and also ecology, etc., and also 
with obligations to achieve the general development with obligations to achieve the general development 
potentials potentials –– water conservation, energy saving, allocation water conservation, energy saving, allocation 
of water for the environment, etc.)of water for the environment, etc.),,

-- and create necessary and create necessary informational supportinformational support..



THANK YOU for ATTENTION THANK YOU for ATTENTION !!

www.cawater-info.net

Aral sea. Evening


