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The scientific objectives of the research are: 
1.  To estimate first-order and indirect impacts of decadal climate variability (DCV) on the agricultural economy of the Basin;
2.  To assess the potential economic value of advance information on the occurrence of DCV events; and 
3.  To identify a set of ‘best management practices’ for adapting agriculture in the Basin to DCV.
•	First-order Estimation of Decadal Climate Variability Impacts on Economic Value of Crop Production  
There is economic value in DCV information because decision makers would likely make adjustments for revised expectations  of yields and water supply if they have DCV information in advance.  If farmers knew in advenca that water demands would be higher and supplies smaller, they might plant a smaller area.  If they knew some crop yields would be lower and others higher, they might shift their crop mix.  If water planners knew water would be in short supply, they might encourage conservation, reduce use, and negotiate options to buy out some agricultural water rights.  These and other actions compared to actions based on the climatic record would generate value.  Cadena (2013) used the agriculture and water choices model RIVERSIM to make a first-order estimation of the economic value of DCV information in the MRB.  He included 16 crops in 411 counties in MRB; agricultural irrigation and dryland farming; hydrological flow balance; reservoir storage; and municipal and industrial water use to estimate DCV impacts on wheat (spring and winter), corn, sorghum, and soybeans.  Uncertainty about which combination of phases of major DCV phenomena will occur in the next one year and crop insurance were included in the estimation process.  It was found that perfect information on next year’s DCV phase relative to historical frequency would be worth $5.5 billion per year and reduced uncertainty on next year’s DCV phase relative to historical frequency (via knowing the phase-only of the DCV phenomena) would be worth $3.5 billion per year.  
•	Very-high Resolution Simulation of Decadal Climate Variability Impacts on Crop Production and Its Economic Value
A very high resolution (~ 12 km x 12 km) version of the Soil and Water Analysis Tool (SWAT), a hydrology-land use-crop model, has been developed, calibrated, and validated for the MRB (Daggupati et al., 2015).  Simulation experiments to estimate impacts of DCV on water resources and yields of major crops in the MRB have been run.  It has been found that typical intensities of PDO and TAG can change water yields at individual locations by as much as 40% of the average yield.  It has also been found that constructive superposition of phases of the two DCV phenomena can change water yields by as much as 80% of the average yield and destructive superposition can mitigate effects of individual DCV phenomenon (Mehta et al., 2015).  These very high-resolution simulations of DCV impacts on water and agriculture will now be used to extend the Cadena (2013) research on the economic value of DCV information to very high spatial resolutions.        
•	Identification of ‘best management practices’ for adapting agriculture in the MRB to DCV
Ding (2014) explored adaptation options for farmers in the Marias sub-basin in Montana within the MRB.  The Marias sub-basin is an important agricultural region, accounting for a large portion of Montana’s agriculture.  Substantial and identifiable DCV signals in precipitation and temperature are found in the Marias basin.  Ding (2014) used an econometric method to analyze DCV effects on crop yields and identified potential adaptation options in the sub-basin.  The main findings are that there are strong but spatially variable DCV effects on barley, winter wheat, and spring wheat.  Varying effects of DCV phase combinations on major crops permit adaptation of crop mix if prior information is available on DCV phases over the next one year.
•	Employment
Four graduate students were employed under this grant in Texas A & M University.  The PI, a senior scientist (Dr. Norman Rosenberg), a research associate (Ms. Katherin Mendoza), and CRCES’s Administrative Officer were also partially supported by this grant in CRCES. 
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