To:
ESHMC

Fr:
B. Contor

Date:
11 June 2008

Re:
ET Adjustment Factors

________________________________________________________________

This memo is intended to document and seek input from the ESHMC on calculation of ET adjustment factors for ESPAM2 calibration.

Background

The current design of the Recharge Tool allows application of an ET adjustment factor to the input ET data, according to equation (1):


ETi = ETt * Ae







(1)


ETi =
Indicated evapotranspiration used in recharge calculations


ETt =
Nominal evapotranspiration from traditional calculations


Ae =
Evapotranspiration adjustment factor

The design of the Recharge Tool allows a unique ET adjustment factor for sprinkler irrigated lands, and one for gravity irrigated lands, in each Irrigation Entity.  Adjustment factors are held constant through the entire simulation period.  Sprinkler and gravity irrigated lands are determined by multiplying the acreage of each entity, in each model cell, by the sprinkler percentage value for that entity and stress period from the sprinkler-fraction input data table.  During ESPAM1.1 calibration, the sprinkler ET adjustment factor was 1.05 for all entities and the gravity ET factor was 1.00 for all entities.

In ESPAM2, the ET for some stress periods will use the same kinds of traditional ET calculations used in ESPAM1.1, but for other stress periods METRIC ET estimates will be used.  We believe that for the METRIC data the adjustment factor should be 1.0, but not for traditional ET calculations.  In memo "http://www.idwr.idaho.gov/hydrologic/projects/espam/meetings/2008_ESHMC/05-06-2008/Microsoft%20Word%20-%20MEMO_InputRequest_20080506_contor_V2.pdf" I proposed a modification to the calculation of recharge, which would allow a different ET adjustment factor for traditional ET than for METRIC ET:

"ET adjustment factors.

In either case, IWRRI proposes that the ET adjustment factors be calculated as follows:

1. For years when remote-sensing ET estimates are used, set adjustment factors to 1.0.

2. Use the comparison between remote-sensing and traditional ET estimates to calculate adjustment factors for each entity. A later memo will request input on procedures to perform these calculations.

3. Apply these derived adjustment factors in years when traditional ET estimates are used.

4. Accomplish these actions by modifying the Recharge Tool so that the adjustment factor is calculated according to equation (2):


Adj Factor = (1 + (Flag * Parameter)) 



(2)


where 


Adj Factor = 

adjustment factor used in ET calculations


Flag = 

(0) if remote-sensing ET is used, (1) if 





traditional ET is used.


Parameter = 

Value associated with sprinkler or gravity





irrigation for each irrigation entity. These will





hold the places in the input data sets that were 





held by the adjustment factors in ESPAM1.1 





data sets, and are the values potentially





adjustable during parameter estimation.


If the ESPAM1.1 adjustment factor was 1.05, the corresponding


parameter would be 0.05. For a traditional-ET stress period, the 
resulting adjustment factor from equation (2) would be 1.05, and for 
a remote sensing period the result of equation (2) would be an 


adjustment factor of 1.0."

This memo seeks input on the calculation of the Parameter in equation (2) and additional changes that could be made to the calculation of ET adjustment factors.

Test of photo interpretation

Conceptually, the ET adjustment factor could be influenced by many factors.  

1. Application method (sprinkler vs. gravity irrigation),.

2. Regional differences in crops, water supply, and management intensity and practices.

3. Temporal trends in crop varieties and management.

Temporal trends in climate would not be reflected in the ET adjustment factors because these are represented in the weather-station data used to derive the traditional ET estimates.

Calibrating the application-method component of the ET adjustment factor requires a data set of points whose application method is known.  IWRRI personnel in Idaho Falls conducted a number of tests of the ability of investigators to identify application method from aerial photos.  The tests included follow-up field inspection. 

The general procedure was to have different investigators identify pre-selected points as "gravity," "sprinkler," or "unknown."  The criterion for scoring was the percentage of successes out of points not scored "unknown."  In application, it is acknowledged that there could be systematic correlation between points being "unknown" and a particular tendency in ET adjustment factor, which this method would be unable to incorporate.

For all tests, center pivots were excluded because it appears that very few errors would be made in identifying these from images.  Formal statistical analysis was not performed on the results, but the following general results were obtained:

1. In the upper basin (north of Pocatello) where virtually all gravity irrigation is border or wild-flood irrigation:

a. Individual success rates ranged from about 75% to 95%.

b. When results were combined, so that a classification was made only if two individuals agreed, the success rate ranged from 90% to 100%.  However, this increases the number of points classified as "unknown."

2. In the lower basin (west of Pocatello) where many furrow-irrigated fields are found, individual success rates were only about 50%.

3. When the task was to identify parcels that were obviously sprinkler irrigated (and ignore gravity-irrigated, ambiguous or difficult-to-classify parcels), individual success rates were generally over 80% and combined success rates were well over 90%.

Field data gathered May 2006

Based on the above tests, it was determined that photo interpretation could be used to identify parcels that are clearly sprinkler irrigated.  However, field inspection would be required to identify a sample of gravity-irrigated points.  In early May 2006 a circuit was made of the ESPAM2 study area.  All gravity-irrigated parcels that appeared large enough to accommodate a 60-meter METRIC pixel, lying on the right-hand side of the travel path, were marked with a GPS waypoint.  Subsequently, year-2006 NAIP aerial imagery was used to identify sprinkler-irrigated parcels in all model cells traversed during the field inspection.  As many as four or five parcels were identified in each model cell, if enough parcels were present that could be unambiguously determined.  If an individual farm field was marked in one model cell it was not marked in any other, to maintain independence of data points.  Only parcels that two investigators agreed were sprinkler irrigated were included.  A special effort was made to include sprinkler-irrigated lands that were not irrigated by center pivots (i.e. hand lines or wheel lines), in order to make the data as applicable as possible to earlier years in the calibration period.  Figure 1 shows the gravity points identified in the field inspection and the sprinkler points identified from imagery.
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Figure 1

Summary of Field Data

As a test of methods, the year-2000 METRIC ET of each of these points was determined.  The statistics of ET on sprinkler-irrigated points and gravity-irrigated points are shown in Table 1 and Figure 2, with 95% confidence intervals.  Note that the confidence intervals overlap, indicating that we cannot conclude that gravity and sprinkler irrigation have different ET, by this comparison.

Table 1

Statistics of Individual Sample Points

Using Year-2000 Seasonal METRIC ET (April - October)

	
	Sprinkler
	Gravity

	Min ET (mm)
	232
	120

	Lower CI (mm)
	818
	779

	Mean (mm)
	829
	805

	Upper CI (mm)
	839
	832

	Max ET (mm)
	1312
	1188

	
	
	

	Std Deviation (mm)
	172
	187

	No. points
	1031
	192
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Figure 2

This comparison failed to find a statistically-significant difference between sprinkler and gravity ET (using parametric methods).  Important considerations are:

1. The sprinkler and gravity points do not have the same spatial distribution across the plain.

2. Gravity parcels tend to be smaller than the sprinkler parcels, partly because the remaining gravity-irrigation parcels tend to be odd-shaped parcels or "lifestyle" properties (hobby farms or ranchettes).  These will likely have different crop-mix and management characteristics than gravity-irrigated fields that were part of successful commercial farms in earlier years of the calibration period.  The differences obtained in this test will confound differences in irrigation method with these other potentially correlated differences.

3. The standard deviation and confidence interval include differences attributable to different crops and geographical differences.

4. With large standard deviations, a difference that truly exists may not be detected.

5. This is a "proof of concept" exercise.  Some of the points identified in this data set as sprinkler irrigated may have been gravity irrigated in 2000, but we do not have a year-2000 image to identify application method.  This introduces some distortion into these values.  For use in the model, we propose using 2006 METRIC estimates when they are available, since they will correspond to the image date from which the sprinkler determinations were made.  

For these reasons, a second comparison was made using the model-cell averages of METRIC ET for all sprinkler points, and all gravity points, in cells that contained both kinds of irrigation.  A simple comparison of the mean values was still not statistically significant, but since all cells had both gravity and sprinkler values, a pair-wise test was used.  If data are approximately normally distributed, a parametric paired-data test may be used.  Figure 3 shows the distribution of cell-by-cell differences in sprinkler- and gravity-irrigated ET for the cells that had both types of irrigation. 
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Figure 3

Using the parametric paired-t test, the mean difference (sprinkler ET averages 47 mm/season more than gravity ET) was statistically significant at alpha equals 0.05.  This difference is 5.7% of the overall average, remarkably close to the five percent difference between gravity and sprinkler adjustment factors used in ESPAM1.1.
Proposed use of field data

Equation (2) can be rewritten as:


Ae = (1 + F (Pa))







(3)


Where


F =
Flag (0 if METRIC ET is used, 1 otherwise)


Pa =
Parameter corresponding to (1 - adjustment factor)




for traditional calculations

The effect of equation (3) is that the adjustment factor will be zero in years when METRIC ET is used and (1 + Pa) when traditional ET is used.

If enough data were available, the values of Pa for sprinkler and gravity, for each irrigation entity, could be derived from paired-data statistics for an adequately-sized sample in each entity.  However, with over 50 entities, this would become a very large and costly data-gathering process.  In addition to the steps described above, for each point the METRIC and traditional ET estimates would have to be compared.

Instead, it is proposed that the procedure describe above be repeated with year-2006 METRIC data (when these become available) to find a difference between sprinkler and gravity irrigation corresponding to the 5.7% difference identified above.  Because this step does not include comparison to traditional ET, this first step only describes how gravity and sprinkler irrigation relate to one another.  For use in equation (3), Pa for gravity would be (1 minus difference) and for sprinklers it would be (1 plus difference).  This step does not incorporate how traditional and METRIC estimates relate; that part of the relationship would be represented by an overall "base" factor calculated for each entity, described below.

To demonstrate calculation of the base factor in this "proof of concept" activity (designed to explore potential entity-to-entity differences in adjustment factor), we used April-October 2000 METRIC ET and the stress-period 41 ET from ESPAM1.1 (May - Oct 2000), with an additional 2 mm/day (0.2 feet/month) added to approximate ET for April 2000.  For each irrigation entity, GIS "summarize by zone" processing was used to find the average METRIC and traditional ET.  

This summarization provided an average METRIC ET depth and an average traditional ET depth for each entity, using all irrigated parcels within the entities.  We can consider that some of the difference between actual ET (as embodied by METRIC estimates) and traditional ET is associated with differences between sprinkler and gravity irrigation.  Based on this assumption, we can specify equation (4) to express the ratio between METRIC and traditional ET as a function of:

1. Observed differences between sprinkler and gravity.

2. The sprinkler fraction in each entity.

3. A base factor that accounts for all entity-to-entity differences besides application method.


R = (X + D/2) (Fs) + (X - D/2) (1 - Fs)




(4)


Where


R =
Ratio (METRIC ET/Traditional ET) for a given entity.


X =
Entity-specific base factor


D =
Difference ratio from sprinkler and gravity points



(Sprinkler - Gravity)/((Sprinkler + Gravity)/2)


Fs =
Fraction of entity irrigated with sprinklers

If Fs is exactly 0.50, X will equal R.  Factor X will also equal R if the difference ratio D is zero.  The value of D will be positive is sprinkler ET is higher than gravity ET.

All of these values except the entity-specific base factor can be obtained directly from data.  Equation (4) can be rearranged algebraically to obtain equation (5), which allows the base factor to be calculated from these data:


X = R + (D/2) (1 - 2 Fs)






(5)

For a given entity, once the specific factor X is identified, the adjustment factors are calculated using equation (6a) and (6b)


Aes = X + D/2








(6a)


Aeg = X - D/2








(6b)


Where


Aes =
Sprinkler ET adjustment factor


Aeg =
Gravity ET adjustment factor

For sprinklers, parameter Pa in equation (3) is simply (Aes - 1) and for gravity it is (Aeg -1).  

Applying equation (5) to the sample data produces a surprising range of base entity-specific factors "X" as shown in Figure 4.  Potential reasons for this wide range are discussed below.
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Figure 4

Discussion

Despite the range of values shown in Figure 4, equations (6a) and (6b) produced gravity and sprinkler adjustment factors for each entity which exactly reproduced the sample METRIC ET values when applied to traditional ET.  Possible explanations for the range of values include the following:

1. Traditional ET is based on county-wide crop averages.  Individual entities may have a crop mix significantly different from the county average.

2. Chronic water stress would be reflected in the METRIC ET but not in the traditional calculations.  In a surface-water context chronic water stress could be a function of overall supply, water-right priority, storage and/or delivery limitations.
  In a ground-water context it could be a function of irrigators’ economic decisions in the face of high variable costs for pumping (due to some combination of pumping lift and energy costs).  Because of the way entities were defined, these factors would be expected to be similar within each entity but vary from one entity to another.
3. The sprinkler percentages used in the calculations are in error and the differences between entities include compensation for these errors.

4. The use of 2006 images and 2000 METRIC estimates allowed miss-identification of some gravity irrigated fields as sprinkler-irrigated.  This could have introduced some distortion (when year-2006 METRIC estimates are available and the actual calculations are performed, this potential error will be eliminated).

If the first two explanations are dominant, then the differences in base factor express reality.  Even so, it is possible that those influences vary significantly from year to year.  By definition, we can only perform these calculations for years in which METRIC data are available, which are years for which we do not need and will not use adjustment factors.  We will only use adjustment factors for years where we rely on traditional ET estimates, and in that case we must use factors that were developed for other years.  If year-to-year variations in entity-specific crop mix and water stress are large, applying entity-specific base factors may introduce more error than using Snake Plain-wide base factors.

The current design of the Recharge Tool, and the proposal quoted above, contemplate time-constant adjustment factors (though the sprinkler percentages by which they are applied to vary over time).  If there has been a systematic change in crop coefficient over time, for individual crops, the proposal would not allow capture of this change.  Conceptually, the calculation and Recharge Tool could be modified as shown in equation (7):


Ae = 1 + F Ft Pa







(7)


Where


Ft =
Time-dependent scaling factor.  A single factor would be applied




to all entities within a given stress period, but each stress




period could have a unique factor.  Ft could be adjustable




in calibration.

Besides the complexity and opportunities for blunders introduced by equation (7), we must soberly consider whether data will be available to adequately parameterize Ft values.  If year-to-year variability is large relative to trends, basing a trend for Ft on only a few data could introduce larger error than the current assumption that adjustment factors are time-constant.
Note that one primary driver of year-to-year differences in ET (climate) is already included in the current calculation procedures for traditional ET, because actual weather-station data are used to calculate reference ET.

Request for Input

IWRRI proposes that the ET adjustment factor for METRIC ET estimates be 1.0, and that to the extent that data support it, values different than 1.0 be used for years for which traditional ET estimates are used.  Please respond with your agreement or disagreement with this proposal.  

Please respond with opinions and guidance on whether the regional and temporal differences are likely to be stable enough that the entity-by-entity base factor "X" and the temporal factor "Ft" should be considered.  In the case of the temporal factor, remember the issue of data availability.

Please feel free also to comment on the data gathering, experiments and proof-of-concept calculations illustrated here.

� In ESPAM1.1 calibration, fixed-point adjustments were used to counter the effect of water-stressed surface-water entities, but this was not incorporated in the calculations here.  Note, however, that the lowest base factors are associated with Ground-water Irrigation Polygons and not Surface-water Irrigation Entities.
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