To:
ESHMC

Fr:
B. Contor

Date:
21 August 2008

Re:
ET Adjustment Factors

________________________________________________________________

This memo is intended to refine the proposal for ET adjustment factors for ESPAM2 calibration, based on discussion with the ESHMC on 19 August 2008.

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

A unique ET adjustment factor may be specified 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.

Figure 1 and Figure 2 show sample data files using the current recharge tool.  In Figure 1, the sprinkler adjustment factor for entity IESW002 is 0.95 and the gravity adjustment factor is 0.85.  The sprinkler fraction for that entity is 0.01 in stress period one, 0.02 in stress period two and 0.03 in stress period three.

In Figure 2, the evapotranspiration depth for row 1 column 1 is 0.5171428 feet in the first two stress periods and 0.5198265 feet in stress period three.  The READINP.exe program will apply this depth (as adjusted by ET adjustment factors) to irrigated lands, if any, that occur in this cell.
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Figure 1.  Sample entity file, current recharge tool configuration.

[image: image2.png]8,048

.48, 0.48

0.

,0.4857143,
,0.48,0.48,0.48, 0.48
,0.48,0.48,0.48,0.48,0.48

0.5,0.5,0.5,0.5,0.5,0.4975
05,0.5,0.4071426,0.4857143

14b75,0.4857143,0.48,0.48

7143,0.48,0.48

§25,0.48,0.48,0.48,0.48,0.48
i

)
0.
5
2

0.5
5
5

Lak

S0

Vew Help

Format

—
8
|4

3
3
3
E
2
E
|
=




Figure 2.  Sample evapotranspiration file, current recharge tool configuration.

ESHMC Meeting 19 August 2008

At the ESHMC meeting, we agreed to the following conceptual model for evapotranspiration on irrigated lands for ESPAM2:

1. For all stress periods we will derive parameter ETt using traditional ET calculations: 



ETt = ETr * Kc                                                                                                                                 (2)


ETr = 
reference evapotranspiration

Kc = 
crop coefficient

ETr and Kc will be from the “ET Idaho” (U of I Kimberly, Dr. Rick Allen) data.  Kc values will be applied as county-wide weighted averages based on the crop mix from National Agricultural Statistics Service and Idaho Agricultural Statistics Service data.

2. Adjustment factors will be constrained by METRIC ET estimates.

3. We will retain the ability to separately represent sprinkler and gravity ET adjustment factors.

4. We will retain the ability to use unique ET adjustment factors for each irrigation entity.

5. We will add the ability to apply a temporal trend in ET adjustment factors.

6. We will retain the ability to adjust ET adjustment factors with PEST.

Proposed Realization of Conceptual Model

In order to accomplish these goals with a reasonable number of PEST parameters and a reasonable adaptation of the recharge tool, it is proposed that Equation (1) be retained for calculation of ET.  Parameter Ae for sprinkler irrigation will be calculated using Equation (3a) and for gravity using Equation (3b).


Ae = [B + (D/2)] * AT







(3a)

Ae = [B - (D/2)] * AT







(3b)



B =
base coefficient for entity


D =
sprinkler/gravity differential


AT =
temporal adjustment factor

These calculations will be performed off-line (outside the recharge tools) and the values [B + (D/2)] and [B - (D/2)] will be applied in the entity file (Figure 1).  This file will not alter in format.  In the illustration, value D is 0.10 for all three entities.  For IESW001, B is 1.00.  It is 0.90 for IESW002 and 1.05 for IEGW501.  In ESPAM1.1, B was 1.025 for all entities and D was 0.05. 

The evapotranspiration file will be modified to contain Parameter AT, as shown in Figure 3.  Its value in this illustration is 0.95 for stress period one, 0.99 for stress period two, and 1.04 for stress period three.  
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Figure 3.  Proposed new format for evapotranspiration file.

The values of Ae for this illustration are summarized in Table 1:

Table 1

Values of Ae to be Applied in Equation (1)

	Entity
	Period
	B
	D
	AT
	Ae Sprinkler
	Ae Gravity

	IESW001
	1
	1.00
	0.10
	0.95
	0.9975
	0.9025

	IESW001
	2
	1.00
	0.10
	0.99
	1.0395
	0.9405

	IESW001
	3
	1.00
	0.10
	1.04
	1.0920
	0.9880

	IESW002
	1
	0.90
	0.10
	0.95
	0.9025
	0.8075

	IESW002
	2
	0.90
	0.10
	0.99
	0.9045
	0.8415

	IESW002
	3
	0.90
	0.10
	1.04
	0.9880
	0.8840

	IEGW501
	1
	1.05
	0.10
	0.95
	1.0450
	0.9500

	IEGW501
	2
	1.05
	0.10
	0.99
	1.0890
	0.9900

	IEGW501
	3
	1.05
	0.10
	1.04
	1.1440
	1.0400


Application of PEST to ET Adjustment Factors

Hypothetically, PEST could be set up to adjust any of the parameters that appear in the modified data files.  Within the limits of the total number of parameters that PEST can adjust in a given calibration, the ET parameters could be adjusted independently or as groups.  Table 2 lists possible combinations that could be adjusted, with the number of parameters that would be added to the optimization.  Not all these combinations are practical, but are presented for illustration.

Table 2

Possible Combinations for PEST Adjustment of

ET Adjustment Factors

	Parameter Group
	No. Parameters Adjusted by PEST
	Comment

	All entity-specific adjustment factors scaled as a group
	1
	These are the values [B + (D/2)] and [B - (D/2)].  They appear in the "entity" data file (Figure 1)

	All entity-specific adjustment factors scaled as a group, with sprinkler and gravity factors scaled separately
	2
	

	Entity-specific factors adjusted by entity
	51
	The number of parameters may change slightly as irrigated lands are finalized, if the number of entities changes.

	Entity-specific factors adjusted by entity and sprinkler/gravity
	102
	

	All temporal factors scaled as a group
	1
	These are the values AT appearing in the proposed modified "ET" data file (Figure 3).

	Temporal factors scaled by "early," "mid" and "late" time-period groups
	3
	

	Temporal factors scaled individually
	328
	


The model calibration team may wish to combine one or more of these options.  For instance, the entity-specific factors could be grouped by application method and the temporal factors could be scaled in three separate time-period groups, for a total of five parameters used to adjust evapotranspiration in calibration.

One implication of this proposal is that all entities will demonstrate a similar temporal pattern.  Another option would be to modify the tool to accept an array of adjustment factors for each application method, for each entity, for each time period.  This would result in over 30,000 parameters and obviously would require extensive grouping by the calibration team for PEST estimation.

Proposed Methods to Derive Parameters

The general procedure will be to base the adjustment factors on the ratio of traditional ET estimates to METRIC ET estimates.  This is based on an assumption that the METRIC estimates are the nearest available data to the actual or true evapotranspiration values.  Equation (4) is a general equation for deriving an adjustment factor, and Equation (5) is a general equation for use of an adjustment factor:


FA = T / E








(4)


FA =
adjustment factor


T = 
true value


E = 
estimate


EA = E * FA








(5)


EA = 
adjusted estimate

In this case, we will use METRIC estimates as proxies for true values. 

Because we will only have METRIC estimates for five of the 27 calibration-period years, and because of scarcity of other data, the actual calculation of adjustment factors will be more complicated.  The exact procedures will depend on the results of data exploration when all five METRIC estimates are prepared and all the land-use data sets are available.


The first step will be to determine the sprinkler/gravity factor D.  This may be based on year-2000 METRIC analysis of a random sample of 196 parcels from the eastern portion of the plain that was field inspected as part of ESPAM1.1, based on professional judgement, or perhaps calculated for each METRIC image using a set of points of known application method corresponding to each time period.  A determination will be made following review of IDWR's application-method assignments.

For the next steps, the comparison between METRIC and traditional ET will be made on randomly-selected points that fall within farm fields, buffered to avoid borders of fields.  This is to avoid METRIC edge effects.

The second calculation for each METRIC image will apply Equation (6) to each sample point:


Tp = ETr * Kc * (1.0 * Flag * D)





(6)


Tp = 
traditional ET for point


ETr = 
reference ET for point (this may be an interpolated value between



weather stations, or a nearest-neighbor value)


Kc =
weighted-average crop coefficient for the county the point lies 



within, based on crop mix for the year of the METRIC estimate.


Flag =
(-1.0) times gravity fraction for irrigation entity, plus (1.0) times



sprinkler fraction for entity (if the point is on "mixed-source" lands,



"Flag" will be an average of the calculation for the underlying 

ground-water entity and surface-water entity, weighted by the 
source fractions)


D =
sprinkler/gravity differential from step one

The third calculation will apply Equation (4) to each point, using the METRIC estimate as a proxy for the true value:


FAp = Mp / Tp








(7)


FAp =
Adjustment factor for point


Mp =
METRIC estimate for point

The fourth calculation will be to average FAp for all points within each entity. These will be evaluated carefully for all METRIC data sets, with two possible outcomes:

1. Entity-average adjustment factors show a consistent pattern for all five METRIC data sets.

2. Entity-average adjustment factors are inconsistent from data set to data set.

The next steps must also accommodate possible biases introduced by the process of calculating reductions for non-irrigated inclusions (RED factors).  This must use a whole-parcel analysis because parcel size as used by the recharge tool is affected by the RED factor.  Due to edge effects, METRIC ET must be evaluated on a larger area that includes the parcel.  Figures 4 through 8 represent the depth of ET along a line that transects a hypothetical irrigated parcel surrounded by non-irrigated lands.  Explanations appear below each figure.
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Figure 4.  True ET along transect of irrigated parcel surrounded by dry non-irrigated lands.  Depth at A and C is the ET depth on non-irrigated lands (dotted lines), depth B is the ET depth of the irrigated parcel (solid lines).
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Figure 5.  True ET depth (heavy blue line) and METRIC estimated ET depth (fine red line).  Note that there is some imprecision in the METRIC depth but that the integrated areas under the two curves are essentially identical.
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Figure 6.  True ET depth (heavy blue lines) and traditional ET depth.  The discrepancy in height at B represents the difference between (ETr * Kc) and the true ET depth.  The lateral discrepancies at the sides of the irrigated parcel represent acreage imprecision in the irrigated-lands data set (as scaled by the RED factor).  The zero-ET band near B represents the effect of an inclusion that was cut out of the hand-drawn polygon which in fact was experiencing high ET associated with irrigation.  In a perfect world, the ET adjustment factor would be based on the integrated area under the fine black line and the integrated area under the solid portion of the heavy blue line.
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Figure 7.  True ET depth (heavy blue line), METRIC ET depth (fine red line), traditional ET depth (fine black line) and analysis clip (heavy black line).  While the correct adjustment factor would be based on true ET, we must accept that the fine red curve is our best estimate.  Therefore, we use the area under the fine red curve and the area under the fine black curve to calculate the ET adjustment factor for this parcel.  The circled red region - the small non-irrigated area included within the integration - represents a small error associated with this method.  Its magnitude is probably overestimated by this cartoon.  This error could be reduced by applying summertime precipitation and non-irrigated recharge to the small buffer areas around parcels, but this introduces additional opportunity for blunders.
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Figure 8.  True ET depth (heavy blue line), METRIC ET depth (fine red line), traditional ET depth (fine black line) and analysis clip (heavy black line) with wetlands adjacent to irrigated land at C.  In this case, if the analysis clip had been left at the original location (gray bar), the METRIC ET would exceed the true ET by the volume marked with the red circle.  This is not a trivial volume, since wetland ET is similar in magnitude to irrigated ET.  To avoid this condition, after the analysis clip is created, wetlands will be clipped out of the polygons.

The application of the process illustrated in Figure 7 and Figure 8 depends on the outcome of exploration of entity-specific adjustment factors.  In either case, Equation (4) will be applied to each analysis parcel using traditional ET for the parcel:


Fpcl = Mpcl / Tpcl







(8)


Fpcl =
parcel adjustment factor


Mpcl =
METRIC ET depth for individual analysis parcel


Tpcl =
Traditional ET depth for individual analysis parcel

If entity-specific factors are justified, Tpcl will be calculated using the individual-entity factor(s) for the entity(s) the parcel falls within:


Tpcl = ETr * Kc * FE







(9)


FE =
entity-specific adjustment factor (average of FAp for all 



analysis points within each entity)

If entity-specific factors are not justified, Tpcl will be calculated using overall average adjustment:


Tpcl = ETr * Kc * FAvg







(9)


FAvg =
Average of FAp for all points

In either case, the global adjustment factor for the specific time-period i (FGTi) will be the area-weighted average of Fpcl for all parcels.  The result of this calculation will be five values for FGTi, one for each of the five METRIC data sets.  There are two general possibilities for these data:  They will appear to follow some kind of regular temporal pattern that can be rationally explained by physical processes and observed changes, or they will have some kind of non-regular pattern. 

If the global adjustment factors follow a regular, explainable pattern, then values of AT can be interpolated and extrapolated from these values.  Figure 9 illustrates one hypothetical possibility:
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Figure 9.  Hypothetical time series of AT values based on FGTi values that follow a regular, explainable pattern.

If the pattern of global adjustment factors is not regular, then an average AT value can be applied to all stress periods.  Alternately, if the pattern is not regular but appears to be associated with variations in the underlying RED factors and image analysis, AT values could conceivably be assigned to correspond to the periods for which the RED factors apply.  These two possiblilities are illustrated in Figure 10:
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Figure 10.  Two hypothetical time series of AT, based on FGTi values that do not follow a regular pattern.

Input Request

IWRRI requests input on any part of this summary and proposal.
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