MEMORANDUM

To:
IDWR, ESPAM2 files

Fr:
Bryce Contor

Date:
30 June 2010

Re:  Irrigation Efficiency and Deficit Irrigation

_______________________________________________________________

Background

This memo is a response to Rick Raymondi's request in the June ESHMC meeting for comments on theoretically-based maximum consumptive use fractions (i.e. irrigation efficiency) under deficit irrigation, to constrain the parameters of the On-Farm algorithm of MKMOD4.exe software.

This memo accompanies file "Demand_IRR_PriceEffect_20100629.xls," which is an outgrowth of work by B. Contor, Greg Moore and U of I Agricultural Economics professor Dr. Garth Taylor, under a grant from USGS.  

The original intent of the spreadsheet was to estimate the economic demand for irrigation water, when both yield and commodity price vary with application of irrigaiton water.  The current version has been modified to also indicate the effective consumptive use fraction of applied irrigation water.  This is one of the many definitions of the term "irrigation efficiency" and is the definition implicit in the On-Farm algorithm of the MKMOD4.exe software.

Figure 1 shows the input values (yellow boxes) from the spreadsheet.  Values are defined in the spreadsheet as:

1. ETm:
Depth of evapotranspiration at full yield.

2. Im:
Depth of irrigation at full yield, calculated from other parameters, by the spreadsheet

3. Ym:
Crop yield at full water supply.

4. Yd:
Crop yield under dryland (no irrigation), calculated by the spreadsheet.

5. Pm:
Price of commodity at full yield and quality.

6. z:
Price sensitivity parameter.  Low values indicate little price sensitivity to irrigation adequacy; high values indicate large sensitivity.

7. K:
Yield coefficient, calculated by the spreadsheet.

8. ETd:
Evapotranspiration under dryland (no irrigation), equivalent to the sum of springtime root-zone storage and irrigation-season effective precipitation.

9. B:
Consumptive-use fraction of applied irrigation water at full yield, equal to [(ETm - ETd)/Im].
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Figure 1.  Spreadsheet Input Values

Using these values, the spreadsheet performs two calculations; yield as a function of irrigation adequacy, and commodity price as a function of adequacy.  The yield calculation is documented in http://www.iwrri.uidaho.edu/documents/200803-1_revision.pdf?pid=108520&doc=1, with an abbreviated explanation in worksheet "Derivation" of the spreadsheet.  The commodity-price calculation is described in the derivation worksheet.  Figure 2 shows a price/irrigation relationship for a low value of parameter z (0.1), typical of forage and pasture crops.  Figure 3 shows a price/irrigation relationship for a high value of z (20), typical of potatoes.  Note that the shape of these curves is sensitive to the fraction of total supply provided by rainfall.  These figures are typical of eastern Idaho.
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Figure 2.  Price/irrigation relationship with parameter z set to 0.1.
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Figure 3.  Price/irrigation relationship with parameter z set to 20.

The spreadsheet also allows calculation of the expected application, economic demand for irrigation water, and consumptive use fraction (i.e. irrigation efficiency) at various depths of application, given the input parameters.  At low values of z, the calculation continues to spread water thinner and thinner across all available acres, resulting in deficit irrigaiton consumptive use fractions approaching 100%.  This is consistent with literature cited in the linked document.  At high values of z, as irrigation supply declines, growers soon reach a point where the increase in water productivity is overshadowed by reduction in commodity price.  Beyond that point, the rational response is to reduce acres but maintain irrigation depth.  Hence, there is no further increase in consumptive use fraction as supply declines, but rather a reduction in acres.

Results

Figure 4 through Figure 12 illustrate different assumptions of full irrigation consumptive use fraction for alfalfa, small grain and potatoes in eastern Idaho.  The curve on the lower left (red line and blue line, gray background) indicates economic demand for irrigation water.  The red line indicates the marginal value of water if acreage is held constant; the blue line represents the marginal value if acreage is reduced once a threshold depth is reached.

The curve on the lower right (yellow line) indicates commodity price as a function of irrigation depth.  The upper curve (blue line w/ white background) indicates consumptive use fraction as a function of irrigaiton depth.

Note that the crops with larger values of z exhibit lower full deficit consumptive use fractions, as expected.  Note also that in most cases the full deficit consumptive use fraction is influenced more by parameter z than by the initial (full irrigation) consumptive use fraction.
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Figure 4.  Alfalfa with initial consumptive use fraction 0.40 (i.e. wild flood or poorly-managed furrow irrigation).  At full deficit, consumptive use fraction approaches 100%
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Figure 5.  Alfalfa with initial consumptive use fraction 60% (typical for handlines, wheellines or well-managed furrow irrigation).  Full-deficit consumptive use fraction approaches 100%.
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Figure 6.  Alfalfa with initial consumptive use fraction 80% (typical of center pivots or well managed graded border with deep soils such as found in Mud Lake).  Not that full-deficit consumptive use fraction approaches 100%.
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Figure 7.  Small grain with initial consumptive use fraction 0.40.  Note that a larger value for parameter z produces full-deficit consumptive use fraction of approximately 85%.
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Figure 8.  Small grain with initial consumptive use fraction 60%.
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Figure 9.  Small grain with initial consumptive use fraction 80%.
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Figure 10.  Potatoes with initial consumptive use fraction 0.60.  (Potatoes will not be irrigated with methods or management that would produce initial consumptive use fraction of 0.40).
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Figure 11.  Potatoes with initial consumptive use fraction 0.80.

Conclusion

For use in eastern Idaho, the full deficit consumptive use fraction for alfalfa and forages is near 100%.  For small grains and similar crops with some quality/price sensitivity to irrigation adequacy, the full deficit consumptive use fraction is in the range of 85%.  For potatoes, with extreme price sensitivity to irrigation adequacy, the full deficit consumptive use fraction is very near the initial (full yield) consumptive use fraction.

Since MKMOD4 can only apply a single full-deficit consumptive use fraction per entity, these values should be applied as a weighted average, considering typical crop mix.

