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Memorandum

To:  
ESHMC

Fr:
B. Contor

Date:
22 December 2008

Re:
Calculation of recharge from surface-water irrigation

________________________________________________________________

At the last ESHMC meeting, we discussed the topic "On-farm Water Budgets," which essentially was a discussion of the calculation of recharge from surface-water irrigation.  One commitment from that meeting was that the summary tool will include a report of implied irrigation efficiency.  That commitment will be honored but not discussed in this memo.

IWRRI's other commitment was to consider and report on possible ways to treat the increase in irrigation efficiency, the decline in evapotranspiration (ET) and the impact upon in-field percolation that occur under conditions of deficit irrigation.  This memo is a first step in filling that commitment.

Background

Figure 1 illustrates the conceptual physical model used in ESPAM1.1 and implicit in the Recharge Tool.  Figure 2 shows the fluxes that are represented.
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Figure 1.  Physical conceptual model used in ESPAM1.1
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Figure 2.  Calculation of recharge from surface-water irrigation used in Recharge Tool.

Details of the calculation that are important for this discussion include:

1. Diversions and returns are input data to the Recharge Tool.  The method for determining returns varies by Irrigation Entity and can be changed without changing the Tool or recharge calculation methods.  A unique value for diversions and for returns may be applied to every stress period, for every surface-water irrigation entity.


2. Canal seepage is calculated from (Diversions minus Returns) using percentages provided to the Recharge Tool in table form.  The method for determining percentages is not part of the Recharge Tool and may be changed without changing the Tool or calculation methods.  A unique seepage percentage may be applied to every canal, for every stress period.  A surface-water entity may have no canals, one canal, or multiple canals.  If there are multiple canals, each can have its unique time series of seepage fractions.


3. Diversions may also include ground-water added by the offsite-pumping routine of the Recharge Tool, but this is not illustrated or discussed here.


4. Within a given Irrigation Entity, diversions are partitioned to mixed-source and surface-water-only lands as follows:

a. Total acreage in each irrigated parcel is calculated as (GIS acreage x Source Fraction).  The source fraction for single-source parcels (surface-water-only or ground-water-only) is 1.00.  Mixed source parcels are represented by a pair of identical, overlapping polygons.  One is assigned to the appropriate surface-water entity and one to the appropriate ground-water entity.  The ground-water fraction and surface-water fraction for each pair sum to exactly 1.00.  The tool would allow the ground-water fraction on a mixed-source pair to range from zero to 1.00.  In ESPAM1.1 the ground-water fraction on mixed-source pairs was limited from 0.30 to 0.95.  In ESPAM2 it has been proposed to have ground-water fractions of 0.10 for parcels distant from irrigation wells, 0.90 for parcels near irrigation wells, and 0.50 for all other parcels.

b. The total acreage for all parcels in a surface-water irrigation entity is used to calculate depth-of-application from net diversions:

 

Depth  = 




(Div - Ret - Canal Leak + Offsite Pump)/area.

c. In each model cell, the surface-water application volume is the summation of (GIS acres x source fraction x depth of application) for all surface-water entities present in the cell.


5. For all parcels in surface-water entities, the calculation within the Recharge Tool is:



R = Dn + P - ET



R = 
net recharge



Dn =
net diversions (described in 4(b))



P =
precipitation



ET =
evapotranspiration

6. The Tool allows net recharge to take on negative values if ET exceeds diversions and precipitation.  When this occurs on mixed-source lands, the assumption is that pumping will provide adequate supply for full ET and the water-budget representation will be correct.  There was little discussion or apparent disagreement with this representation.


The items colored orange in Figure 2 were the focus of the ESHMC discussion.  They include:


1. If deficit irrigation occurred on surface-water-only lands, actual ET would begin to decline as water supplies became scarce.  However, the Tool only has provision to apply the full ET depth supplied in input data.  Since greater-than-actual ET would be subtracted from actual diversions, the Tool would under-estimate actual net recharge and could even impute pumping in areas without irrigation wells.


2. In ESPAM1.1, this condition was addressed by manually calculating adjustment volumes, which were then applied using the fixed-point capability of the Tool.

The general thrust of the discussion was whether in ESPAM2 the deficit adjustment should be performed manually as was done in ESPAM1.1, or whether the recharge tool should be modified so that the calculation is performed automatically.  

Possible Algorithm

In ESPAM1.1, the adjustment was performed quite simplistically.  A possible algorithm for objectively and repeatably determining the adjustment is based on an evapotranspiration production function by Martin and Supalla (Martin, D.L. et al, Model and Production Function for Irrigation Management, Journal of Irrigation and Drainage Engineering 110 (1984):148-165):


Y = Yd - (Ym - Yd) [1 - (1 - I/Im)(1/B)]


Y =
crop yield


Yd =
dryland (rain-fed) crop yield


Ym =
yield at full irrigation


I =
irrigation depth


Im =
irrigation depth at full irrigation


B = 
(ETm - ETd)/Im

ETm =
evapotranspiration at full irrigation


ETd =
dryland (rain-fed) evapotranspiration

Depending on the treatment of leaching requirements, parameter B can be considered to be irrigation efficiency, or closely related to efficiency.  Implicit in this equation is an essentially linear relationship between yield and ET, and an increasing irrigation efficiency as irrigation becomes more and more deficit.  Because of these factors, one can start with typical system efficiency at full irrigation and calculate implied efficiency at various degrees of deficiency.

Figure 3 shows the comparison between the ESPAM1.1 representation and the Martin representation for an initial (full-irrigation) in-field efficiency of 50%.
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Figure 3.  Irrigation efficiency at various irrigation depths, with full-irrigation condition of 50% efficiency.

The horizontal part of the ESPAM1.1 efficiency curve is based on one particular adjustment algorithm, which would probably not actually be used.  The important part of that curve is the unadjusted portion from about 1.8 feet of application depth to 3.25 feet.  The shape of the Martin-Supalla curve depends on initial efficiency (it can curve slightly up or down, but happens to be straight in this illustration).

For a given initial irrigation efficiency, the Martin-Supalla equation can be used to generate a table of expected irrigation efficiency at various deficit conditions.  From application depth and efficiency, actual ET (which will be less than full-yield ET) can be calculated.  Actual ET could be directly applied, or used to calculate an adjustment to represent the difference in recharge caused by the Recharge Tool assumption of full ET on all parcels.

This algorithm could be applied in either the manual-calculation paradigm or the tool-modification paradigm.

Complicating Factors

There are important complicating factors.  The first is that the Martin-Supalla equation is a full-season equation, but we are working with monthly stress periods.  A second, more serious complication is that calculation of initial irrigation efficiency is highly sensitive to the partition of diversions to return flows, canal seepage, and delivery to field headgates.  In Figure 4, a diversion depth of ten feet is treated as if there were 30% returns and 30% canal leakage.  Deficit irrigation up to 50% is applied using the ESPAM1.1 algorithm and a "best" algorithm that uses the Martin-Supalla equation.  These two series are identified as "High Leak" series.  The same diversion depth is also treated as if there were 15% returns and 15% canal leakage.  In-field percolation is calculated with the same two algorithms and reported as the two "Low Leak" series.  The ESPAM1.1 algorithms are not adjusted to compensate for deficit irrigation.
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Figure 4.  In-field percolation calculated using two assumptions of returns and canal-loss percentage, and two ET algorithms.

The differences in overall depth are partly offset by the fact that canal leakage is also aquifer recharge.  However, there is still an inherent difference in recharge depth of [(30% - 15%) x 10 feet = 1.5 feet] at full irrigation, based on the return-flow assumption alone.  This difference is large relative to the differences between the ESPAM1.1 algorithm and the "best" algorithm.

The second complicating factor points out a deeper underlying issue.  The conceptual model presented in Figure 1 and Figure 2 is necessarily a simplification of a complex system.  Figure 4 and Figure 5 are more detailed representations.
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Figure 4.  More complete physical conceptual model.
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Figure 5.  More complete conceptual model of flux and storage associated with surface-water and mixed-source irrigation.

Figure 5 illustrates several storage components which are omitted from the ESPAM1.1 calculation:

1. Storage in canals, including bank storage.

2. Storage in drain ditches and wetlands, including bank storage.

3. Storage in furrows and on land surface.

4. Storage in the root zone.

5. Storage in the vadose zone.

There are also a number of fluxes not explicitly identified in the ESPAM1.1 calculation.  Some of these are sub-components of fluxes that are identified, and some are implicitly represented in the calculations.

1. Evaporation from canals.

2. Evaporation from drain ditches and wetlands.

3. Irrigation deliveries from drains.

4. Transit of return flows between canals and river.

5. Transit of return flows between irrigated parcels and river.

6. Flux between land surface and the root zone (both directions).

7. Percolation from the root zone to the vadose zone.

8. Percolation from the vadose zone to the aquifer.

9. Precipitation to canal surfaces.

10. Precipitation to wetlands and drain ditches.

11. Pumping of ground water for mixed-source parcels.

The question is not whether simplification is acceptable.  Simplification is required; Even Figure 4 and Figure 5 are simplifications.  The important questions are whether the ESPAM1.1 algorithm represents too much simplification, and if it does, when and how should this be addressed.

Project-management Factors

Three important project management factors should be considered:

1. IWRRI and IDWR decided a number of months ago to not engage in wholesale overhaul of the recharge tools.  

2. At some point it will be time to stop refinement of methods so that we may finalize data sets and proceed with model calibration.  

3. It is probably more important to agree on what should be done than on the specific methods for doing it, which may be simply personal preference of those doing the work.

Possible Paths Forward

There are at least three possible paths forward:

1. Reverse the IWRRI/IDWR decision and undertake a wholesale rebuild of the recharge tool.  However, cost and time schedules make this path impractical.

2. Undertake a more simple modification to the recharge tool to adjust ET in the face of deficit irrigation, compatible with the Martin-Supalla algorithm, without addressing the larger field-headgate-delivery questions.

3. Follow the ESPAM1.1 practice of manual adjustment for cases of deficit irrigation identified from the data.  This would include checks of the following components:

a. Fraction of diversions that become returns.

b. Fraction of net diversions that are represented as canal leakage.

c. Depth of field-headgate delivery.

d. Implied in-field irrigation efficiency.

e. Rational explanations for company-to-company differences.

Return fraction and canal leakage would be adjusted so that all these components make sense, and if necessary, the Martin-Supalla equation would be used to calculate a revised irrigation efficiency from which a correction would be calculated.  The correction would be applied as a flux in the fixed-point data set.

Because the Martin-Supalla equation is a full season equation, and because of the confounding factor of various storage components, this calculation would be based on annual volumes.

Please consider these options and respond by e-mail or be prepared to discuss them in January.  

In any case, the summary tool will include some kind of representation of implied irrigation efficiency.  

