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Aral Sea Decline
• The Aral Sea is declining in area, water quality 

and habitat, as are large wetland complexes that 
receive irrigation return flows from farming 
villages in the Syr Darya River Basin

• Agriculture in the Syr Darya River Basin consumes 
large amounts of water for irrigation of cotton, 
corn, alfalfa, cucumber, potatoes and grapes

• Irrigation is inefficient, primarily flood irrigation is 
practiced

• Canals lose 30% of their water supply, while field 
level irrigation efficiency is only 50%

• Farmers over irrigate due to an unreliable supply 
of water



Study Area

• The Bugunski Reservoir region in southern 
Kazakhstan has been selected as an area for 
evaluation of better agricultural practices and 
their impact on selected ecosystem services

• Villages downstream of the Bugunski 
Reservoir, such as the Dugun and Karachik 
villages, rely on irrigation water supplied 
through canals from the Bugunski Reservoir 



SWAT Modeling
• A GIS database of information about these 

villages includes information on elevation, 
land use, soil properties, agricultural 
management practices, reservoir inputs and 
outputs, water intake and supply

• These data are being used with the Soil Water 
Assessment Tool (SWAT) by Dr. Srinivasan to 
conduct detailed evaluation of water usage 
and other agricultural management practices 
and their impacts on crop yields and return 
flows 



Ecosystem Services Modeling

• The objective of this sub-project is to identify 
a suite of ecosystem services that are affected 
by the alternative agricultural practices 
modeled with SWAT, and then to evaluate 
changes in provision of these ecosystem 
services using the Resource Investment 
Optimization System (RIOS) model. 



RIOS Model 

• The RIOS model allows users to identify a set 
of alternative land use management practices 
and then identify the ecosystem services that 
result when these practices are allocated in 
different ways across the landscape  

• RIOS also allows users to optimize selected 
ecosystem services for a specified level of 
investment by identifying where on the 
landscape it is best to implement a suite of 
management practices



Alternative Practices Evaluated

• Better fertilizer management

• Better irrigation water management

• Substitution of existing crops with more water 
efficient crops

• Retirement or alternative uses for marginal 
crop land

• Improved or targeted policies and subsidies



Ecosystem Services Modeled

• Agricultural crop production 

• Baseline water discharge from agricultural 
lands

• Water quality (nitrogen and phosphorus) in 
return flows



RIOS Modeling Steps

• Diagnostic screening with an ecosystem service 
score for each alternative management practice 
implemented one at a time

• Cost effectiveness of each alternative 
management practice is estimated by dividing 
ecosystem service score by the cost of 
implementing that practice

• Optimize the selection of management practices 
according to location in the watershed based on 
various levels of monetary investment to pay for 
implementation



Value of Water

• We can also assess the value of water by 
evaluating how agricultural crop production 
differ for the village closest to the Bugunski 
Reservoir relative to production in the village 
farthest from the Reservoir as water supply 
decreases

• Decreases in water supply may cause 
decreased household income, decreased land 
rental rates, increased use of fertilizer and/or 
increased costs to buy electricity for pumping 
of supplemental groundwater irrigation



Data Needs

• Impacts on agricultural production from:

– Better fertilizer management

– Better irrigation water management

– Substitution of existing crops with more water 
efficient crops

– Retirement or alternative uses for marginal crop 
land

• Impacts of these changes on economics are 
also important



Data Needs
• Changes in baseline water discharge from 

agricultural lands and

• Changes in water quality (nitrogen and 
phosphorus) in return flows from:

– Better fertilizer management

– Better irrigation water management

– Substitution of existing crops with more water efficient 
crops

– Retirement or alternative uses for marginal crop land

– Improved or targeted policies and subsidies



RIOS Data Requirements



RIOS Pixel Interactions



RIOS Ranking Process



RIOS Benefit Rankings



RIOS Cost Effectiveness Scoring



RIOS Investment Optimization



Thank You.  Questions?


