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DESIGN DOCUMENT OVERVIEW


During calibration of the Eastern Snake Plain Aquifer Model Version 1.1 (ESPAM1.1), a series of Design Documents were produced to document data sources, conceptual model decisions and calculation methods.  These documents served two important purposes; they provided a vehicle to communicate decisions and solicit input from members of the Eastern Snake Hydrologic Modeling Committee (ESHMC) and other interested parties, and they provided far greater detail of particular aspects of the modeling process than would have been possible in a single final report.  Many of the Design Documents were presented first in a draft form, then in revised form following input and discussion, and finally in an “as-built” form describing the actual implementation. 


This report is a Design Document for the calibration of the Eastern Snake Plain Aquifer Model Version 2 (ESPAM2).  Its goals are similar to the goals of Design Documents for ESPAM1.1:  To provide full transparency of modeling data, decisions and calibration; and to seek input from representatives of various stakeholders so that the resulting product can be the best possible technical representation of the physical system (given constraints of time, funding and personnel).  It is anticipated that for some topics, a single Design Document will serve these purposes prior to issuance of a final report.  For other topics, a draft document will be followed by one or more revisions and a final “as-built” Design Document.  Superceded Design Documents will be maintained in a “superceded” file folder on the project Website, and successive versions will be maintained in a “current” folder.  This will provide additional documentation of project history and the development of ideas.

INTRODUCTION


In ESPAM1.1, the data category "Non-irrigated Recharge" was used to describe the net effect upon the aquifer of the following fluxes of water across the water table:

1. Recharge from precipitation that falls upon non-irrigated, non-developed parcels.

2. Recharge on minor land-cover types:

a. Recharge from precipitation on dry farms.

b. Net extraction from the aquifer from evapotranspiration on wetlands and ponds that are hydraulically connected with the aquifer and not otherwise represented in the model.  Water-bodies considered represented elsewhere in the model include Mud Lake and surrounding wetlands, American Falls Reservoir and surrounding wetlands, and wetlands adjacent to Snake River reaches that are modeled as interconnected with the aquifer.

c. Net impact of urban, suburban and industrial water use upon the aquifer.

The average net effect of these components in ESPAM1.1 was approximately 500,000 acre feet per year.  This is equal to about 10% of net spring discharges and Snake River gains.  Design Document DDW-003 (citation) describes more fully what was done in ESPAM1.1.


In ESPAM1.1, The recharge from precipitation falling upon non-irrigated, non-developed dry lands was based on a non-linear algorithm applied to monthly PRISM (citation) precipitation data, and monthly results were aggregated to six-month stress periods.  An adjustment was made to winter-time calculations to represent the effects of lower winter-time ET and the temporal concentration of recharge that results from snow accumulation and melting.  Recharge for the minor land cover types was represented by fixed rates of flux obtained from various prior published studies.


During ESHMC considerations of ESPAM2 in early 2008, the ESPAM1.1 practice for non-irrigated lands was reviewed.  Concerns were expressed about the algorithm used on non-irrigated, non-developed dry lands:  

1. The ESPAM1.1 algorithm treats a given monthly precipitation depth the same whether it represented many days of gentle rain or a single intense storm event.  Our hydrologic expectation is that the first rainfall pattern would result in significantly less aquifer recharge than would the second.  

2. The ESPAM1.1 algorithm ignores the effect of antecedent conditions.  Our hydrologic expectation is that following a wet month, a given event would produce more recharge than would the same event if it followed a dry month.


This Design Document provides additional detail on the processes involved in recharge on non-irrigated lands, describes the methods and data considered by the ESHMC, and summarizes the decision made by the ESHMC early in 2008.  It presents a proposed Design Decision for ESPAM2 based on the ESHMC discussion and additional information that has resulted from preliminary data exploration.

PROCESSES AND FACTORS INVOLVED IN RECHARGE FROM PRECIPITATION

Precipitation

Precipitation is of course the original source of water for recharge on the vast undeveloped dry-land tracts of the Eastern Snake River Plain.  It varies year-to-year according to general climate and weather trends.  The long-term average precipitation at a particular location is correlated with orographic and land-form effects.  However, individual precipitation events may be associated with storms of relatively small spatial extent.  Significant areas of the plain are without weather stations.  Precipitation for those locations must be interpolated by some means.  Figure 1 shows the locations of weather stations for which ET Idaho (Allen and Robison, 2007) data will soon be available for 1980 through 2008.  Some stations are expected to be missing data for parts of that period.
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Figure 1.  Weather Stations in Eastern Snake River Plain


The PRISM (citation) precipitation estimates used to generate non-irrigated recharge for ESPAM1.1 are delivered as spatial rasters, already interpolated.  The developers of the estimates used an algorithm that considers orographic and landform effects.  It does not have a mechanism to represent small-scale differences associated with individual storms.  If precipitation data other than PRISM are used for ESPAM2 (for instance, the precipitation data implicitly included in ET Idaho calculations), we must use some method of interpolation. 


Figure 2 through Figure 5 show cross plots of precipitation at Aberdeen and precipitation at four other locations, from ET Idaho data.  The surprising station-to-station differences that are noted in available data are a source of concern.  In any of the figures, the nearness of the dotted trend line to the solid 1:1 line indicates the average departure of precipitation between the two stations.  This represents the impact of orographic and landform effects that are explicitly included in the PRISM methodology and would be implicitly represented in any distance-based interpolation.  


The distances between the dotted trend lines and individual points indicate the month-by-month departure of precipitation patterns from the average.  This component cannot be represented by interpolation methods available to us.  Visual inspection of these plots suggests that small-storm effects are important on a one-month basis.  In ESPAM2 we will attempt to calibrate to one-month stress periods, so these small-storm effects are important.
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Figure 2.  Aberdeen vs Ft. Hall precipitation, January 1980 through June 2001.  These stations are about 20 miles apart.
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Figure 3.  Aberdeen vs Idaho Falls precipitation, January 1980 through June 2001.  These stations are about 55 miles apart.
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Figure 4.  Aberdeen vs Hazelton precipitation, January 1980 through June 2001.  These stations are about 70 miles apart.
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Figure 5.  Aberdeen vs Arco precipitation, January 1980 through June 2001.  These stations are about 50 miles apart.

Evapotranspiration


One potential fate of precipitation is for water to be transpired by vegetation, or evaporated from the soil surface.  This is controlled by the nature of the vegetation and soil surface but also by the climate-dependent evaporative power of the atmosphere, expressed as reference ET, or ETr.  Figure 6 through Figure 9 show that there is much less variability in reference ET than in precipitation.  These data are also from ET Idaho.
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Figure 6.  Aberdeen vs Ft. Hall ETr, January 1980 through June 2001.  These stations are about 20 miles apart.
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Figure 7.  Aberdeen vs Idaho Falls Airport ETr, January 1980 through June 2001.  These stations are about 55 miles apart.
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Figure 8.  Aberdeen vs Hazelton ETr, January 1980 through June 2001.  These stations are about 70 miles apart.
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Figure 9.  Aberdeen vs Arco ETr, January 1980 through June 2001.  These stations are about 50 miles apart.

Root-zone Storage


Some of the precipitation that falls on plant surfaces or the soil surface is evaporated nearly immediately.  The rest runs off or enters the soil.  If the root zone is deep and unsaturated at the time of the precipitation event, most or all of the precipitation that enters the soil is stored in the root zone, where it is removed over time by evapotranspiration.  If the soil is very thin, or already saturated, precipitation percolates below the root zone and becomes aquifer recharge.  


In ESPAM1.1, the effect of soil depth was approximated by three different parameterizations of the non-linear algorithm: one for lava rock; one for thin soil; and one for thick soil.  Soil thickness maps were adapted from the USGS RASA work (Garabedian citation).

Surface Runoff


Another fate for precipitation is to run off the surface of the soil.  In a mountainous terrain, this water can contribute to stream flow.  In the Eastern Snake River Plain, there are virtually no surface streams that exit the plain.  In ESPAM1.1 we assumed that all surface runoff accumulates in local topographic low spots.  This process contributes to increased recharge because the spatial concentration from local runoff allows the depth at some locations to exceed the storage capacity of the soil, even if the average precipitation depth is less than available average root-zone storage capacity.  The conceptual understanding of the ESPAM1.1 algorithms was that this additional recharge was implicitly represented in the parameterizations of the algorithm.

Snow Accumulation and Melting


Snow accumulation has two important effects.  The first is that snow is highly reflective, so that some available solar radiation is reflected back and does not drive evaporation.  This leaves more water stored in the snow pack and available for recharge.  The second is that melting serves as a temporal concentration mechanism, particularly if melting occurs rapidly (as is typical).  Precipitation that actually fell as a sequence of small accumulations enters the soil as if all the precipitation had fallen in one large event.


In ESPAM1.1 these effects, which tend to increase the amount of recharge for a given depth of precipitation, were simulated by accumulating all November, December, January and February precipitation and applying it as if it occurred in February.

PARAMETER ESTIMATION


In ESPAM1.1, non-irrigated recharge calculations were performed outside of the Recharge Tool.  In advance of model calibration, the non-linear algorithm described was applied to GIS rasters of precipitation and GIS shapefiles of land cover and general soil depth.  The resulting GIS rasters of non-irrigated recharge depth were included as input data for the Recharge Tool.  The ESPAM1.1 Recharge Tool has the capability to apply parameter estimation to non-irrigated recharge estimates through the use of four adjustable multipliers; one each for lava rock, thin soil, and thick soil, and a fourth for all other land cover types.  An error trap prevents non-irrigated recharge from ever exceeding precipitation.  Though the capability was built into the Recharge Tool, non-irrigated recharge was not adjusted during calibration of ESPAM1.1. 


Early in 2008 the ESHMC discussed two general options for applying parameter estimation to non-irrigated recharge, with alternatives in each:

1. Continue to perform non-irrigated-recharge calculations outside of the Recharge Tool and let the application of multipliers be the only adjustment mechanism available to parameter estimation software.

a. Retain four adjustable multipliers

b. Increase the number of multipliers.

2. Allow parameter estimation to manipulate the parameters of the calculation algorithm.

a. Write a separate program, accessible by parameter estimation software, to calculate non-irrigated recharge.  It would generate the non-irrigated-recharge data file
 that is input to the existing Recharge Tool program READINP.exe.  Both the new program and READINP.exe would be included with MODFLOW in the parameter estimation loop.

b. Modify READINP.exe so that calculations are performed internally and adjustable by parameter estimation software.

c. Include the capability to adjust non-irrigated recharge calculations as part of a wholesale rebuild of the Recharge Tool.

CALCULATION OPTIONS CONSIDERED BY THE ESHMC


Either of the parameter estimation options, and any of the alternatives within them, could be applied to any number of algorithms for calculating recharge from precipitation on non-irrigated lands.  Options considered included:

1. Retain the algorithm used in ESPAM1.1.

2. Develop a new algorithm based on daily calculations of precipitation, evapotranspiration, runoff, and soil moisture storage.

3. Use the existing daily-calculation-based estimates contained within the ET Idaho data set.


The first option has the advantages of being familiar and easily implemented, and of enjoying the sophisticated spatial interpolation inherent in the underlying PRISM data.  It is subject to the concerns described above associated with precipitation intensity and duration, and antecedent conditions.


The second option offers the opportunity to address all the processes and concerns discussed above.  Its disadvantages are the time and effort required to devise a method, the need for the ESHMC to accept and approve it, and the fact that data and methodology may not be available to address all important concerns. 


The third option has the advantages of being based on a daily mass-balance calculation and using established, tested and documented algorithms.  Its disadvantages are that the estimates are currently available only through 2004, it does not address spatial concentration from local runoff, and it does not address snow accumulation and snowmelt processes.


An important concern that cannot be addressed by any of the options is the short-term spatial distributions associated with small-area storms, represented by the departure of individual points from the trend lines in Figure 2 through Figure 5.

ESHMC DECISION


Early in 2008 the ESHMC generally agreed to the following:

1. For recharge from precipitation on non-irrigated, non-developed dry lands, The Recharge Tool processing would be the same as was done in ESPAM1.1:  Recharge would be calculated outside of the Recharge Tool (though not using the ESPAM1.1 algorithm) and presented to the Recharge Tool as input data.  For each stress period, the input data would include a GIS raster representing non-irrigated recharge depth (feet per stress period).

2. The parameter-estimation capacity would be expanded to include nine unique multipliers.  These would be applied by region to general soil depths.

3. Instead of using the ESPAM1.1 algorithm, IDWR would contract with Dr. Rick Allen, University of Idaho at Kimberly, to extend the ET Idaho data set.  The extended data set would be available in the fall of 2008.  From the land covers in the data set, Bryce Contor would work with Dr. Allen to select appropriate covers to represent "lava rock," "thin soil" and "thick soil."

4. The ET Idaho point estimates would be extended to the entire study area using triangular interpolation.

5. Non-irrigated recharge for the minor land cover types would be applied using the existing fixed-point mechanism of the Recharge Tool.  Details included:

a. Dry farms would not be represented as a separate land-cover type but would be included in the "thick soil" regions described above.

b. Wetlands not elsewhere represented in the model would be represented using the wetlands calculations included within ET Idaho.

c. Urban, suburban and industrial lands would be represented using the same fixed-rate values used in ESPAM1.1.

DATA EXPLORATION


In response to the ESHMC decision, and in initial preparation for this Design Document, IWRRI obtained existing ET Idaho estimates (through 2001 or 2004, for most stations) and did some comparisons and exploration.

Snow Accumulation and Melting.  

In ESPAM1.1, calculations were performed on a monthly basis and aggregated to six-month stress periods.  For this comparison, The ESPAM1.1 algorithms, with the existing parameters for "lava rock," "thin soil" and "thick soil," were applied to the monthly precipitation data for the Aberdeen Experiment Station ET Idaho data.  This included the winter-time adjustment of accumulating all winter precipitation and applying it as if it had occurred in February.  The resulting time series of recharge estimates were compared to ET Idaho time series of recharge estimates for different land cover types.  The recharge estimate for ET Idaho was calculated as "precipitation" minus "precipitation stored in root zone."  The reasoning behind this calculation is two-fold:  1)  In the ET Idaho calculations, all ET is supplied from "precipitation stored in root zone" (Allen, 2008) so that runoff and percolation are the only available fates for precipitation besides being stored in the root zone;  2)  Any runoff would accumulate in a nearby topographic low and become recharge.  The comparisons are shown in Figure 10 through Figure 12.
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Figure 10.  Aberdeen Experiment Station comparison of recharge, ESPAM1.1 lava-rock calculation vs. ET Idaho "Dormant" calculation (ET Idaho class 46, "dormant turf/sod (winter time)").
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Figure 11.  Aberdeen Experiment Station comparison of recharge, ESPAM1.1 thin-soil calculation vs. ET Idaho "Bare" calculation (ET Idaho class 44, "bare soil").
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Figure 12  Aberdeen Experiment Station comparison of recharge, ESPAM1.1 thick-soil calculation vs. ET Idaho "Sage" calculation (ET Idaho class 50, "sage brush").


Inspection of these comparisons indicates that even though the ET Idaho estimates include no allowance for snow accumulation and melting, their temporal distribution of recharge is remarkably similar to the ESPAM1.1 estimates, which do incorporate a simple adjustment.

Assignment of ET Idaho Cover Classes to ESPAM1.1 General Soil Types


As a data-exploration exercise, the average recharge
 was calculated as a percentage of precipitation, for several ET Idaho stations for the period 1980 through 2001.
  Figure 13 shows the resulting comparison of stations and cover classes, which was presented to Dr. Rick Allen for discussion.  The ET Idaho class "Range" represents "class 48, range grasses long season," and the others are as described above.
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Figure 13.  Average percentage of precipitation that becomes recharge, ET Idaho monthly data 1980-2001, for selected stations.


It was tentatively proposed that "Dormant" be used to represent lava rock, "Bare" be used to represent thin soil, and "Range" or "Sage" be used to represent thick soil.  Dr. Allen's response was that this was probably an acceptable "first order" approximation, good within "plus or minus 50%."  He expressed the opinion that recharge on bare lava rock would probably exceed the recharge calculated for the "Dormant" cover type, and suggested additional calculation options.  


IWRRI did not pursue the additional options, first because of the direction from the ESHMC to use existing methodology rather than pursue new algorithms, and second because other important considerations would still not be addressed.  IWRRI did, however, create a simple synthetic data set "Dormant2," which represented (precipitation) minus ([Dormant precipitation stored in root zone] * 0.67).  This new data set and the others previously compared were plotted against the three ESPAM1.1 representations in various combinations, as illustrated in Figure 14 through Figure 18.  In every case the heavy solid line is the 1:1 line and the light dashed line is a trend line with forced zero intercept.  An interesting feature of all these charts is an accumulation of points along both axes.  Points on the horizontal axis represent months where the ESPAM1.1 algorithm indicated there would be recharge, but the ET Idaho algorithm did not.  These are probably months where the antecedent condition was very dry, so that ET Idaho used precipitation to charge the root zone rather than generate recharge.  Points along the vertical axis represent months where the ET Idaho algorithm indicated recharge but the ESPAM1.1 algorithm did not.  These are probably months with wet antecedent conditions.  They may also represent winter-time months where ESPAM1.1 was accumulating precipitation for the February calculation.
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Figure 14.  ESPAM1.1 Lava recharge vs. ET Idaho Dormant.
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Figure 15.  ESPAM1.1 Lava recharge vs. ET Idaho Dormant2
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Figure 16.  ESPAM1.1 Thin recharge vs. ET Idaho Bare.
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Figure 17.  ESPAM1.1 Thin recharge vs. ET Idaho Dormant
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Figure 18.  ESPAM1.1 Thick recharge vs. ET Idaho Sage.


While it is acknowledged that there are significant concerns and uncertainty associated with the ESPAM1.1 representations, these are used as a starting point for comparison for the following reasons:

1. During calibration of ESPAM1.1, these representations fit into an overall balanced aquifer water budget with only minor adjustment.
  

2. ESPAM1.1 representations were compatible with earlier RASA estimates.

3. During ESPAM1.1 calibration, rough calculations with an estimated pre-development water budget suggested that the sum of non-irrigated recharge and tributary underflow was approximately correct.

By using ESPAM1.1 values to guide selection of ET Idaho land-cover types, we are implicitly including the effects of snow accumulation, snow melt, and spatial concentration from local runoff to the extent that they were represented in ESPAM1.1 parameterizations.

Interpolation


The spatial differences in precipitation and ET, and therefore in recharge, which could appropriately be interpolated from these data are the long-term differences shown by the trend lines in Figures 2 through 5.  These are generally associated with elevation and, in the case of ET, latitude.  Triangular interpolation will necessarily create a uniform gradation of interpolated recharge between points.  However, in constructing a sample map for this document, it became apparent that in the Hagerman and Rexburg Bench areas, there is not a uniform gradation of elevation between nearest weather stations.  Further, the application of a triangular algorithm requires construction of artificial points outside the network of real points in order to cover all parts of the model domain.  Figure 19 shows the triangular network that would be needed for ESPAM2, including synthetic points that must be added.
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Figure 19.  Triangular network needed for interpolation of ET Idaho weather and recharge data.


An alternative scheme is to simply assign each model cell the value of the nearest weather station.  In the Hagerman and Rexburg Bench areas, manual adjustment of the assignments to correspond to topography is very simple.  No synthetic weather stations need to be created.  This would have the effect of creating a step function between two weather stations, rather than a smooth gradient.  The nearness of the trend lines to the 1:1 lines in Figures 2 through 5, and the nearness of all points to the 1:1 lines in Figures 6 through 9, indicates that this should be a good approximation for these data.  Figure 20 illustrates a nearest-neighbor assignment with manual adjustment, with Figure 21 and Figure 22 showing more detail in the Hagerman and Rexburg Bench areas.
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Figure 20.  Map of nearest-neighbor assignments, with manual adjustment in the Hagerman and Rexburg Bench areas.
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Figure 21.  Map of nearest-neighbor assignments in the Hagerman area, with manual adjustments.
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Figure 22.  Map of nearest-neighbor assignments in the Rexburg Bench area, with manual adjustments.


It is acknowledged that none of the available interpolations can address the spatial variability in monthly data apparently associated with small-area individual storms.

DESIGN DECISION


It is proposed that the plan described by the ESHMC in early 2008 be implemented, with minor modifications.  The modifications include:

1. Nearest-neighbor interpolation, with the modifications illustrated in Figure 20, will be used rather than triangular interpolation.

2. The original format of the interpolation will be data tables of recharge per model cell, per stress period.  Rather than converting these to GIS rasters, and then using ESPAM.exe (the GIS part of the Recharge Tool) to re-convert back to tables, the tables will simply be configured in the *.nir data-table format for input directly to READINP.exe (the FORTRAN part of the Recharge Tool).  This will expedite processing and remove opportunities for blunders.

3. The ESHMC did not discuss adjustments for missing data.  It is proposed that if a monthly observation is missing, the average value for that month, for all years in the calibration period that include data, be used.  This is proposed instead of using the average of adjoining months because in the current ET Idaho data, missing values tend to occur in several-month blocks.

The complete design decision, including these modifications, is:

1. Recharge associated with precipitation on non-irrigated, non-developed dry lands will be calculated outside the Recharge Tool.  These values will be formatted for direct input into READINP.exe and will take the place of the results of the "non-irrigated recharge" routine of ESPAM.exe (GIS part of the recharge tool) known as the *.nir file.

2. The parameter-estimation capacity will be expanded to include nine unique multipliers.  These will be applied to the generalized soil map shown in Figure 23.  This is the base soil map used in ESPAM1.1 (with some clean-up of details) divided into northeast, central and southwest regions.

3. To generate recharge estimates, we will use the extended ET Idaho data set that will be available later in the fall of 2008.  Recharge will be calculated as (precipitation) minus (precipitation stored in root zone).  "Lava Rock" will be represented by the "Dormant2" series illustrated in Figure 15.  "Thin Soil" will be represented by the "Dormant" series illustrated in Figure 17.  "Thick Soil" will be represented by the "Sage" series illustrated in Figure 18.  It is acknowledged that the "Sage" series indicates significantly less depth of recharge than the ESPAM1.1 "Thick Soil" series, but this seems to match conceptual expectations of what would actually happen on a deep soil.

4. Missing data will be replaced with a substitute of the average value for that month, for all years in the calibration period for which data are present.

5. The ET Idaho point estimates will be extended to the entire study area using the modified nearest-neighbor map illustrated in Figure 20.

6. Non-irrigated recharge for the minor land cover types will be applied using the existing fixed-point mechanism of the Recharge Tool.  Details include:

a. Dry farms will no longer be represented as a separate land-cover type but will be included in the "thick soil" regions of the calculation in (1) above.

b. Wetlands not elsewhere represented in the model will be represented using the wetlands values included within ET Idaho.

c. Urban, suburban and industrial lands will be represented using the fixed-rate values used in ESPAM1.1.
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Figure 23.  Generalized soils map for ESPAM2
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� This is the *.nir file generated by the GIS part of the Recharge Tool, ESPAM.exe.


� Calculated as (precipitation) minus (precipitation stored in root zone).


� Data were only available through 2001 for one of the stations.


� It is acknowledged that this could simply be the result of offsetting errors.


�   This map also includes a manual adjustment in the Kilgore area.  The nearest-neighbor assignment included Kilgore, but the final map of weather stations omits it due to large numbers of missing data at that station.


� Required software modifications are already completed.
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