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Executive Summary

This study investigated the economics of an Edwards Aquifer region “dry year” option
buyout directed toward decreasing agricultural water use in an effort to augment spring flow.

The research was separated into eleven tasks: (1) deficit irrigation data were developed
describing yields in the face of interruption; (2) cost and return budgets were developed for the
strategies, (3) a regional level agricultural model was constructed; (4) three dry year option
definitions were developed - one involved a November announcement and interruption, the others
involved May interruptions: one without prior announcement and the other announced as a
possibility in November with the interruption occurring in May under low recharge; (5) a set of
regression equations were developed predicting spring flow consequences of interruption; (6) the
springflow and regional agricultural model was used to develop data on the consequences of
alternative dry year option prices; (7) a third party impact, input output model was developed to
took at the off farm implications of the dry year option; (8) potential compensation mechanisms
for to mitigate off farm income losses were investigated (9) the question of whether compensation
was in order was examined as well as the identities of affected parties (10) the model was
delivered to the sponsors in disk form as was a workshop for sponsor employees; and (11)
estimates were developed of the Municipal and Industrial demand for water exchanges over a
range of prices.

The principal findings during this exercise were

1) There are some adjustment possibilities that farmers selling water can use either in
terms of dryland farming or deficit irrigation if a may cutoff is a possibility.

2) The springflow regressions revealed a dramatic difference in the effect due to
curtailed pumping in the eastern versus the western counties. Several times more
springflow is generated when the option is exercised east as opposed to west of

the Knippa gap. This led us to examine separate dry year options for eastern and
western counties

3) The November announcement of a dry year option generated some water even at
very low prices(310 per acre). At the offer price of $90 per acre most of the water
in the region was sold. In the western region considerable higher starting prices are
required but about the same top end. However, when using western water the
cost per unit springflow is much higher.

4) The cost of the water saved by the buy out becomes substantially more expensive
when the option is exercised during the cropping season as prices somewhere
around $90/ac need to be paid to get about half as much water as could be gotten
under other circumstances. Also an early announcement of the possiblility of a mid
season option under low recharge allows land to enter the program more cheaply
but lowers the amount of water use curtailed as farmers use a crop mix and
irrigation strategies which are not as dependent on late season water.
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A dry year option program based on local taxes exhibits greater indirect income
loss than one wherein compensation is funded externally. As many as 500 jobs are
involved with a $5 to 36 million dollar range on loss of regional gross income. The
secondary economic impacts fall greatest on Uvalde and Medina counties.

History indicates that compensation to third parties affected by a specific economic
change is rare. Classical economic theory indicates that regional losses are offset
by secondary benefits elsewhere and does not recommesd compensation.
However, compensation to injured third parties may be a useful strategy for easing
dry year option policy implementation.

Compensation schemes should probably not pay local government as revenues are
not likely to be lost. Compensation may be in order to private businesses and
individuals; farm labor; crop tenants, farm supply and service businesses; and
speciality production and marketing systems.

We found ourselves making a lot of assumptions in setting up and examining the
dry year option, some of which may not be absolutely in accord with the way the
dry year option is ever implemented. Thus, we developed a transportable model in
which assumptions may be modified. However, we cannot deliver the input output
model.

We found the usage of municipal and industrial water fell from 336 thousand acre
feet when water was not priced (a zero price was used) to 133 thousand acre feet
when a $500 charge was used. Higher water usage occurred under the dner years
and lower water usage in the wetter years.
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Brief descripion of study:

This study investigated the economics of an Edwards Aquifer region “dry year” option buyout
directed toward decreasing agricultural water use in an effort to augment spring flow. In doing
this several research phases were pursued. First, we applied crop growth simulation models to
quantify expected yield of major crops in dry and wet years for alternative irrigation strategies so
we had data on irrigation alternatives for reducing or interrupting water use. Second, these data
were incorporated into crop enterprise budgets were formed for entry into a firm level simulation
model. Third, equations were developed which predicted the monthly springflow implications of
changes in agricultural water use. Fourth, a “dry year” agricultural model which predicted the
agricultural consequences of exercise of various forms of the dry year option was developed.
Fifth, a model and literature based evaluation was undertaken to arrive at a definition of the term
“dry year option”. Sixth, the agricultural model was used to determine willingness to sell water at
alternative prices by agriculture when the option is exercised. Seventh, a regional IMPLAN
model was developed to allow estimates of regional impacts of the dry year option. Eighth, the
IO model was used to estimate the effect of water transfers on the local communities, by sector.
Ninth, the theory of whether there should be compensation was examined. Tenth, the LP model
was put in a form for delivery to the WDB and a training workshop wil be held. Eleventh, data
on the nonagricultural demand for water were developed.

As of this point in time all project activities are complete and a training workshop scheduled. A
workshop will be held in College Station for WDB personnel on Feburary 4, 1997. This document
serves as a final report on all project phases. Finally please note partial preliminary results have
been presented to interested parties in the San Antonio and ground water communities to garner
feedback on modeling procedures, but no written reports have been released. However, this
document will soon be releasd through Texas Water Resorces Institute.

Objectives

The overall objective was to examine the effect of the “dry year option” to transfer water
from agriculturat to urban interests in the context of the Edwards Aquifer. Important activities
pursued in the context of this project included:

) we developed an operational definition of the dry year option

(I)  we evaluated the effect of various irrigation strategies on the water use and yields of farms
in the area

(I}  we evaluated the potential impact of the “dry-year option” policy when exercised before
and part way through the cropping year in various counties upon the economic welfare of
the agricultural sector and on springflow(an earlier objective to examine urban welfare
impacts was dropped since the dry year option design in the region concentrates on ag
reductions for springflow augmentation only not for increasing non ag use)

(IV)  we quantified the secondary economic impacts on the local economy due to use of the



“dry-year water transfer option™ and present material on options for compensation for
communities in the impacted region
(V)  we developed computerized procedures in this study for assessing the consequences

agricultural compensation levels. They are listed herein and we thereby deliver them to
TWDB officials.

Justification for Researct

To deal with drought, there is a need for an efficient and effective mechanism to transfer
water to high priority needs and high value uses. In the west, water is marketed. However,
marketing of water generally transfers the water rights in perpetuity with urban and other higher
valued usages receiving water rights regardless of the quantity of water available. There is a need
for short term transfers due to the magnitude of the fluctuation in water supplies. For example, in
Edwards aquifer one finds historical variation in surface water induced recharge from 50,000 to
over 2 million acre feet. In the face of such fluctuation, entities which require a relatively constant
amount of water across all the years may find themselves short on water in dry years but with an
excess of water in wet years. Under such circumstances it is an economically desirable strategy to
transfer water from lower value users to higher valued users when water is scarce, but in periods
of water abundance to have the water used by lower valued users (e g, see the arguments in
Colby; McCarl and Parandvash; Micheison and Young; McCarl et.al.; Carter, Vaux and
Scheuring).

California initiated such a program during the drought by using a water bank (Carter,
Vaux, and Scheuring). The state purchases water from willing sellers, then pools the water and
distributes it to meet the needs. This is an annual program that is implemented on an as needed
basis, Colby reviews other cases. When pursuing such programs major questions arise regarding

the appropriate buying and selling price of water as well as third party effects (Michelson and
Young).

Many regions in Texas could support water transfers, but an especially relevant Texas
location where dry-year water transfers could to be considered is in the Edwards aquifer region.
That region is one where urban demand has been growing steadily for many years, but the amount
of aquifer recharge water has not grown. The region is also characterized by springflow which
supports endangered species. While regional average usage does not exceed average recharge,
usage is now about 500,000 ac/ft while average recharge is in the neighborhood of 630,000 ac/ft
and historical springflow averages 230,000 ac/ft. This usage exceeds recharge in many years and
certainly long term prospects for spring flow portend a much lower level than the historical
average. Therefore dry years can be a problem both to the current level of usage and the level of
springflow.

This situation has led to a number of societal events. Various parties including the Sierra
Club and the Guadalupe Blanco River Authority have initiated legal actions to preserve water for
spring flow and base river flow. The most recent suit based on endangered species was upheld



and resultant management actions are currently in the process of being implemented. There also
has been a long history regarding the implementation of an aquifer management authority. Most
recently this culminated in the passage of legislation where a new management authority is put
into place. Important issues regarding dry-year water transfer options in the Edwards appear in
both the court monitor’s document for managing the Edwards and in some of the earlier regional
aquifer management plans. In both cases, dry year pumping limitations are suggested with
triggers based on recharge, reference well elevation, pumping use, and/or springflow levels.
Thus, the Edwards is a fruitful area for study of the dry year water transfer option.

Another aspect of this research requires some justification and that is the focus on
agricultural users and springflow quantity. Fundamentally, the situation is stimulated by the court
actions. It is almost certain that in the near future pumping will need to be curtailed with more
water reserved for springflow. Recent legislation mandates pumping drop to 450,000 acre feet
now and 400,000 acre feet in the near future as opposed to the current level of about 500,000
acre feet. Court action has suggested water use restrictions to maintain springflow. The resultant
water use reduction as well as the possibility of more severe curtailments in dry years implies a
dramatic need to have a mechanism to reduce water use in lower valued usages so as to augment
springflow. Often agricultural water is anecdotally referred to as being worth about $30 to $50
per acre foot, while water in urban usages in terms of a tap prices is somewhere in the
neighborhood of $500 acre feet In the face of this differential, urban users can afford to purchase
reduced agricultural water use from irrigators without a great deal of increase in their water bills
(Boggess, Lacewell and Zilberman). The questions then are: what is the economically efficient
allocation of water? How could dry year reductions in agricultural use be facilitated? At what
cost are spring flows augmented? These are also particularly relevant issues as Texas has
historically been under an appropriative system for surface water and a capture system for
groundwater. Agricultural users have historically been using the water for a longer time period in
most cases and are, in the Edwards, “upstream” with the rights of capture. Thus transfers
between low valued agriculture and springflow are in order but will not happen without an explicit
compensation effort or a new system of quotas.

In the absence of a market driven mechanism for water allocation, the government
assumes the allocation responsibility. Typically, government intervention does not provide
efficient management, political and legislative forces tend to make allocation decisions without
consideration of value of water in alternative uses. There is a strong incentive to implement a
market driven system (Boggess, Lacewell and Zilberman; Collinge et.al., McCarl et.al.).

Farmers when faced with water restrictions or a potential to profitably sell water in any
given year can pursue several alternative courses of action. If the information comes in early
enough, crop mixes can be changed to drought tolerant crops. If not then crops can be
abandoned or managed using deficit irrigation approaches. Furthermore, if a water transfer
option is implemented, farmers will make long term changes in irrigation equipment, and farm
capitalization. Thus, to study the farm welfare effects of the dry year option a comprehensive
economic assessment needs to be made wherein factors such as timing of option, crop mix, deficit



irrigation, dryland reversion and irrigation equipment capitalization are considered.

The project also considers the compensation question. Actually there are three parties
directly involved in the dry year option transaction. These include the farmer who loses income
when water is limited (or must make capital expenditures to improve efficiency) and the urban
interest who gains when more water is made available. The amount of compensation that will be
paid is bounded below by the loss in farmers profits (or amortized investment to improve
efficiency) and above by the amount of income gained by the municipal water users. The
transactions cost of bringing the parties together is also relevant. In this project we will estimate
the effects on the welfare of both parties and therefore the bounds on compensation.

Third party secondary effects may also be relevant. Historically, compensation for the
transfer of water or other natural resources to agricultural producers has included only the direct
income loss to the owners of the resource. Examples include the USDA soil bank program of the
1950-60's and the more recent Conservation Reserve Program wherein crop farmers were paid a
net return per acre equivalent to take land out of production. In those cases, farmers suffered no
economic loss. However, communities in which the private and public economies depended upon
continued crop production suffered business income reductions, out migration of labor, declines in
local property tax bases and other secondary or “third party” impacts. Less irrigation will be
reflected in a reduction of goods and services used by production agriculture and less output
which will impact in local and regional economics. Compensation for such losses could be
undertaken. Several public entities have provided mitigative compensation for impacts that
policies have had on a focal economy beyond the immediate impact on resource owners. For
example, the Department of Defense considers mitigation payments to communities affected by
military base closures. Also, the Department of Energy has offered mitigation payments to
communities for radioactive waste disposal.

The research project investigated the question of compensation to third parties from
several aspects. These include: 1) the normative and conceptual considerations involved in the
issue of compensation for secondary impacts of water transfer in dry years, 2) the analytical
techniques needed for estimating the magnitude of secondary impacts under alternative dry year
option policies; 3) the procedures for implementing mitigation programs and 4) the transactions
costs and regional economic impacts consequences of mitigation compensation.

\ctiviti

The research has been separated into eleven tasks. Here we report activities and results
under each task



Task 1 -- Development of deficit irrigation data

The estimation of the level of compensation to farmers due to the exercise of a "dry-year
option" requires comparison of net returns among alternative irrigation and management
strategies as well as dryland production. This requires information on crop yield and crop
response to water for all possible irrigation strategies as well as crop yields for dryland
production. EPIC (Erosion Productivity Impact Calculator), a biophysical simulation model, was
used to simulate crop yield and irrigation water use for selected crops, vegetables, and hay under
alternative irrigation strategies for the Edwards aquifer region. EPIC is a sophisticated process
model that runs on a daily time step and simulates the interaction of soil erosion, plant growth,
weather, hydrology, nutrient cycling, tillage, soil temperature, and economics. The crops and
vegetables selected for simulations were corn, cotton, sorghum, oats, winter-wheat, peanut,
cabbage, lettuce, spinach, carrot, cucumber, camaloupe, and onions,

EPIC allows the user to either: (1) generate all daily weather data(using the internal
weather data generation subroutines); (2) input all daily weather data from an external weather
data file specified by the user; or (3) combine input and generated data. The actual weather data
for the Edwards aquifer area were available from the U.S. Dept. of Commerce, National Oceanic
and Atmospheric Administration. The simulations were conducted by using seventeen years of
actual weather data. These weather years are representative of weather years between 1951 and
1987 and consist of dry, normal, and wet years.

The automatic irrigation feature of EPIC was used to simulate irrigation water use during
wet, normal, and dry years. Two methods to trgger automatic irrigation were used: (1) soil
moisture tension (Kilopascals, 33 to 1500, positive values) and (2) millimeters of soil water below
field capacity. The first method triggers irrigation whenever the soil moisture tension is below a
level specified by the user. With the second method, irrigation is scheduled whenever the soil has
less than the specified amount of water stored in the root zone relative to field capacity. Using
both methods, crop yield and water response was simulated for the same irrigation strategies.

A large number of irrigation strategies (activities) for each major crop and vegetable were
formulated. These strategies were selected based on alternative soil moisture scenarios, alternative
irrigation ending dates (April 30, May 30, June 30 etc.), and alternative irnigation methods
(furrow and sprinkler). For cotton, the irrigation ending dates were based on early bloom (EB),
first bloom (FB), and first open boll (FOB) which correspond to irrigation ending dates of May
31, June 30, and July 31, respectively. Simulations for dryland production were also conducted
for all major crops.

For vegetables, simulations were performed for alternative soil moisture scenarios and
irrigation methods (furrow and sprinkler). Altemative trrigation ending dates were not used for

vegetables since vegetables require continuous #rigation.

Four and one point five acre inches of water in each application were used for furrow and



sprinkler irrigation, respectively. Irrigation efficiency was assumed to be 70% and 95% for
furrow and sprinkler irrigation, respectively, implying that for furrow irrigation, 30% of the water
was lost through runoff, evaporation, and/or percolation whereas only 5% was lost under
sprinkler irrigation. To simulate crop yield, EPIC also requires other data on fertilizer and
pesticide/herbicide use, tillage, as well as other site-specific information. These information were
obtained from the Texas Crop Enterprise Budgets.

As hay is harvested many times throughout the year, simulations for hay were based on
fraction of growing season where hay was harvested several times a year. Since for hay it is
difficult to specify exact dates of tillage and other applications, EPIC allows the users to schedule
management operations according to the fraction of crop maturity rather than calendar date. Heat
units (thermal time) are used to estimate the rate of crop development, and the fraction of crop
maturity in a specific day is expressed as: the number of heat units that have been accumulated to
that day divided by the number of heat units required for crop maturity.

A necessary step in applying a biophysical simulation model is that results must be
validated to reflect local conditions. Since the two alternative methods to trigger automatic
irrigation resulted in different levels of water use, such validation is necessary to ensure that
results are applicable to the study area. While the second method to trigger automatic irrigation
resulted in water use that roughly approximated the USGS water use data, the soil moisture
tension method resulted in water use that closely approximated the recently available TWDB
water use data. The TWDB data show that the actual water use during a wet year is indeed
considerably higher than the USGS data and thus validates EPIC simulations using the soil
moisture tension method.

The simulation results on crop yield and water use are attached in the data section of the
GAMS code for the Edwards aquifer economic model (see lines 2717-6146 of appendix A).

- vel n

Budgets giving per acre costs were obtained from the Texas Crop Enterprise Budgets
largely from the Southwest Texas District, as produced by the Texas Agricultural Extension
Service(see lines 2164-2720 of appendix A). Net returns by cropping system and weather year
were developed based on the crop budgets, simulated crop yields, and crop price projections from
several national policy studies(see line 6159-6162 of appendix A). This provides baseline data for
doing budgeting analysis and the necessary inputs for developing a regional economic model.
Certain items were seperated out from the budets which were yield and/or irrigation watr
dependent. These were changed as the irrigation strategies (and thereby yield and water
application) were altered.

- ional lev ricultural m

Numerous cropping pattern and irrigation strategies exist in the region that can be used to



act to the exercise the dry year option. The second task involved development of an agricultural
net income maximizing Linear Programming model to simulate farmer decision making in the face
of such an option. This model includes the major field, hay and vegetable crops in the region
grouped by county (see the lists of crops in appendix A lines 76-100) and will include crop mix
decisions, deficit irrigation decisions, irrigation type decisions(sprinkler/furrow) and dryland use
decisions for three lift zones. The model will be designed to simulate short run, within season
adjustments, to the exercise of dry year water transfer option as well as the medium term
adjustments in crop mix and the long term adjustments in crop mix and irrigation equipment.

Notable efforts involved in setting up this model

a) An earlier model of the Edwards was adapted.

b) Lift Zones were added

c) Numerous Irrigation schedules based on the EPIC data were added
d) Sprinkler versus furrow irrigation features were added.

- iti ion

The project required a definiton of a “dry year option”. Two investigations were done to
help develop an operational dry year option definition. First a related model which included
industrial, municipal, and agricultural usage was used in order to examine optimal water use by
agriculture. This was done by looking at year 2000 demand under a 450,000 acft water limits,
with agriculture operating unilaterally, maximizing profits and agriculture operating in conjunction
with municipal and industrial interests in a cooperative fashion. In turn the difference observed
between agricultural water use when it cooperated and when it did not and how that varied by
recharge abundance was observed to get some idea of what percentage of the years that
agriculture might be cut back. The water use comparison is shown in the graph in Figure 1 and
this revealed that 48% of the time agriculture used less than it would under free capture. We will
use this in our study of midyear cutbacks.

A second investigation was carried out examining the literature and basically caused us to
redesign some of our original proposed research design. Namely, we discovered that a parallel
project involving SAWS and the Water Development Board came up with the definition of the
dry year option in which water use was interrupted not based on how dry the year was, but based
on the initial elevation of the aquifer at the beginning of the year and that also the water gained
through the option would be dedicated to springflow (Rothe). Under these circumstances we
then decided to operationalize our examination of the dry year option by first indicating that the
water could be bought from agriculture, but that water would be dedicated to springflow and not
put into non agricultural usages. Second, we considered beginning of year and mid crop year
options. In terms of the mid crop year option because of the availability of simulated data on
irrigation strategies we considered interruption of any ongoing agricultural usage that used water
beyond the 1st of June would be precluded if the dry year buy out happened. Further this will
occur either in all years or just in the 48% driest years, i.e, if it would only happen when we had a
relatively low elevations at the beginning of the year and the year turned out to be dry.




Given the definition above that the water will not be transferred by the dry year option,
but will be allowed springflow, we altered our original objectives and did not extensively estimate
the industrial and municipal effects of exercising the dry year option (see task II discussion), but
rather looked at the agricultural and springflow effects.

- in i

Since the water diverted was to be dedicated to springflow it became desirable to examine
how the springflow responded to agricultural water use reductions. This was done using
regression equations derived from repeatedly running the Water Development Boards GWBSIM
IV model. Equations were estimated for monthly and annual flows at Comal and San Marcos
springs as a function of water use, and initial elevation both from east and west pools as well as
recharge. The annual regressions are givenin Table 1 . The monthly regressions which predict
springflow are given in lines 2003-2077 in Appendix A. A related paper by Keplinger and McCarl
discusses the regression at more length. Keplinger investigaated the validity of the forecasts and
shows that the signs and magnitudes of the coeficients derived from historic data are very close to
those from the GWBSIM based regressions.

The GWBSIM IV and regression results show a couple of things which also influenced
our study design. First we noticed a differential response based on pumping location. This led us
to estimate the equations with respect to east and west pumping with east pumping being
everything in Medina, Bexar, Hayes, and Comal counties and west pumping being everything in
Uvalde and Kinney counties drawing from the aquifer. The regressions then revealed a dramatic
difference in the effect due to the eastern and western counttes. This led us to examine separate
dry year options for eastern and western counties which includes both eastern and western
counties and for the eastern counties only. Our data examination also led us to focus on two
measures of springflow -- Annual and August quantity.

- i ringflow Reactions to D r opti

Dry year farm based analysis examined what farmers would do at various offer prices,
when the offer prices are based on either an offer before the planting season, perhaps in late
November, or an offer that arises to terminate irrigation. We also, in the max month context,
look at an offer announced in November which would only occur 48% of the time, i.e., when the
recharge was less than 500,000 acft.

The model will be applied assuming :

a) exercise of water transfer options before the crop year (allowing farmers to
establish crop mixes knowing water availability)

b) implementation of mid year option with agricultural water use cessation after May
assuming the crop mix has been implemented for all years '

¢) implementation of the mid year option with agricultural water use cessation after

May assuming the crop mix has been implemented, water use is interrupted, for

8




dry years only (42%) of the time based on the frequency of years with under 500
thousand acre feet of recharge..

The analysis was also setup to run with the offer for compensation made to only eastern
counties, basically Bexar and Medina in agriculture i.e., east of the Kinnipa Gap or to western
counties (Uvalde and Kinney) although the Uvalde portion was only considered for case A. The
analysis was done with the offer prices from $0-150 an acre. This is operationalized in the model
that appears in lines 6652-6925 of the listing in Appendix A. The procedure to repeatedly solve
involved varying over the different offer prices and using a couple of different pump lift
assumptions. This is implemented by the solving loop that appears between lines 6928 and the
end of the Appendix A listing.

A detailed interpretation of the results of this analysis appears in the paper by Keplinger et
al (See Appendix C; and in Keplingers thesis). Here let us provide an overview of the results that
were found. Figures 2-5 show the basic results. Tables 2-5 summarize the results. When one
announces a dry year option in the eastern counties in November, offer prices of around $10 /ac
one can get as much as 10,000 acft of water use reduction. This largely occurs in the high lift
zones. On the other hand when one does this in Uvalde, the offer price has to be somewhere
around $60 /ac which would be about $30 /acft when before any meaningful conversion occurs.
Most of the buy out effectiveness occurs in both counties by the time that one gets an offer of
$90/ac. The cost of the water saved by the buy out becomes substantially more expensive if one
interrupts in the middle of the cropping season as prices somewhere around $90/ac need to be
paid to get about half as much water as could be gotten under other circumstances.

There are significant springflow implications depending on whether the water is taken
from Medina or Uvalde counties. There is a substantial difference in the springflow impacts, as
shown in Figures 4 and 5. Namely for roughly the same amount of water taken out of production,
you get several times the springflow implications, if eastern water use is curtailed and if one thinks
about the cost of springflow, one gets a substantially larger amount of springflow. Additional
technical data surrounding these results appears in Tables 2-8.

Task 7 -- Input Qutput Model of Counties

In order to investigate the compensation questions, input output models were developed for
the counties that involve agriculture, namely Bexar, Medina, Uvalde and that part of Kinney which draws
from the Edwards Aquifer. In addition, a regional input output model was developed including all these
counties. These models were set up so that the individual crops from the ASM model were aggregated into
the appropriate IMPLAN sectors for cotton, feed grains, food grains, oilseeds, vegetables, and other
agricultural crops in the region. IMPLAN sectors are aggregations of US Department of Commerce
Standard Industrial Classification codes.

Input Output analysis provides an efficient method for estimating the secondary impacts on the
county and regional economies that derive from adjustments made in irrigated acreage and other changes in



agricultural sectors as a result of imposing the dry year option. Input - Output models have been used widely
elsewhere to estimate the secondary or third party impacts of resource management changes (Hazen and
Sawyer). While there are alternative input - output models available, this project used the proprietary
IMPLAN software package program for constructing input-output models because of its timely data base
and flexibility for developing regional models. The IMPLAN model is maintained and pertodically updated by
a commercial company called the Minnesota IMPLAN Group, Inc. Software and data bases are available for
purchase from this company.

IMPLAN was used to estimate input-output relationships for the individual counties and an
aggregation of counties in the Edwards Aquifer region. Secondary impacts were estimated in terms of: €))
total industry output, (2) wage and salary income, (3) employment, (4) total income, (5) employment and (6)
total value added.

Input-Output multipliers for each of these variables for each county and the Edwards Aquifer region
as a whole are presented in Appendix D. Results as to the estimated magnitude of secondary impacts arising
from alternative, potential agricultural water management scenarios are presented in the following section.

- i i i 1 im

Results on gross revenue from selected irrigated and non irrigated sectors were taken from the farm
modet solutions analyzing the dry year option. The differences in gross revenue by sector for each county
with and without payments for the dry year option at different compensation levels were analyzed. The
values of production from each agricultural sector in the non-dry year, free capture scenario were used as
the baseline gross revenue estimates. Then, gross revenues were estimated under a dry year several
interruption scenarios and gross revenue differences were estimated for each agricultural sector. These
differences (reductions in revenues) were used to estimate the secondary impacts on the regional and county
economies.

Estimated secondary impacts may be viewed as the levels of compensation required to offset the negative
economic effects on third parties that result from imposing the dry year option. No attempts were made to
estimate any of the positive economic effects that may arise from the use of water saved in the aquifer by
imposing the dry year option and potentially utilized beneficially elsewhere.

8 i i f mpensation

Three assumptions were made relative to the source and disposition of compensation when the dry year

option is implemented by offering farmers a payment or price per acre to participate by reducing their

irrigated acreage.

1) Compensation when paid goes to agricultural producers in proportion to the value of their
total output and this was drawn from local tax payers in the four county area.

2) Compensation goes to agricultural producers in proportion to their output, but that the
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compensation was drawn from outside the region, i.e, external sources such as federal
government, the State of Texas and/or private parties such as beneficiaries of water made
available with the imposition of the dry year option.

3) Compensation will be spent entirely outside the region having no effect on the local economy.
(This scenario is analogous to achieving the same acreage reductions as in (1) and (2) without
payment to farmers).

In addition, secondary impacts were estimate for two scenarios that rely on administrative rather than market
approaches. These were:

4) A maximum aquifer withdrawal limit of 450,000 acre feet, and
5) A minimum springflow of 150,000 acre feet per year.

Each of these assumptions was investigated for the different compensation levels assumed in the earlier
sections of this report. Specifically reported in this section are compensation levels of $10, $60 and $90 per
acre for a November determination. Separate estimates were made for the three aquifer recharge levels
during the growing season - wet, medium and dry rainfall conditions.

Summaries of the secondary (third party) impacts of these scenarios are presented in Tables 9 through 12
for the Edwards Aquifer Area, Uvalde, Medina and Bexar counties, respectively. Each table shows the
secondary impacts of eleven scenarios of the dry year option. The interpretation of individual estimates are
identical among the tables presented. For example, scenario 1.2 in Table 9 shows the estimated impacts on
the Edwards Aquifer Area of a $60 per acre payment to farmers for irrigated acreage reduction. In this
scenario, it is estimated that regional shipments to final demand (consumers, exports from the region, etc.)
would fall by $26.2 million, total industrial output by $32.54 million, employee income by $8.1 million,
property income by $9.88 million, and total income by almost $18 million. Regional value added would fall
by $19.6 million and total regional employment would fall by 487 jobs.

As expected, impacts from the local tax fund assumption are greater than those estimated under outside
funds/local expenditures. Estimated regional impacts under local taxation are about the same as those under
outside funds/outside expenditures, which assumes that farmers receive no payments for acreage reductions.
This result is not unexpected since payments to farmers from within the region would necessarily reduce
government spending elsewhere within the economy or require tax increases. Secondary impacts from these
alternatives are evidently about the same.

Estimates for the administrative alternatives (450,000and 150,000) are also shown in Table 1.
Comparisons between these scenarios and the market oriented scenarios ( 1 - 3) are not meaningful because

reductions in irrigation and gross revenues from crops may not be comparable.

Estimated economic impacts for Uvalde, Medina and Bexar counties are shown in Tables 10-12. As
indicated, the values in the tables relating to each scenario and economic variable may be interpreted in the
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manner as those in Table 9 except that the impacts in each county table are limited to the economy of that
county. Since leakages occur among counties in the region, the aggregation of individual county estimates for
a given scenario and economic variable may give a larger value than that estimated for the region using the
regional input-output model.

A comparison among counties shows that the secondary economic impacts fall greatest on Uvalde and
Medina counties (Tables 10 & 11). Secondary impacts are much less in Bexar county and only exist at
payment to farmers levels above $90. Estimated impacts were so small in Kinney county that estimates are
not shown separately. Kinney county is included in the regional input output model for the entire Edwards
Aquifer area.

As suggested earlier, value added may be the most appropriate economic variable upon which to base a
compensation program. Value added is an estimate of the returns to locally employed resources ( land, labor,
capital and management) throughout the regional or county economies. Under local taxation, value added
losses to the region ranged from a low of $4.9 million for a payment level of $10 per acre to a high of $36.75
million for a payment level of $90 per acre (Table 9). Compensation in these amounts would approximately
equate the losses to the regional economy from a reduction in employment of resources because of the
implementation of the dry year option over the range of per acre payments analyzed.

ndary i mpensation

Compensation methods or mechanisms may vary widely. In the low level radioactive waste facility citing
work in Texas in the 1980’s, consideration was given to ¢cash payments to county, school and city
governments. Cash payments in lieu of taxes were to be associated with operation of the nuclear waste
disposal facility (Jones et al 1993). Similar considerations have be given in certain military base operations
(Jones et al 1994).

In the case of the Everglades restoration project several potential secondary impact mitigation or
compensation mechanisms were considered, including job retraining and placement for displaced workers
(Hazen & Sawyer). In other cases that involve government actions to limit the commercial use of a natural
resource, compensation has taken several forms. In 1978 the US Congress passed The Redwood National
Park Expansion Act This Act used the power of eminent domain to take a significant part the remaining
merchantable inventory of old growth redwood timber in California. This act affected directly industrial forest
firms in the area. As compensation, the US Treasury paid just compensation that included the value of timber
and severance damages for the loss of economic usefulness of mills, roads, etc. Further, secondary impacts
were compensated by paying employees affected by the land acquisition. Employees totally or partially laid
off because of the Act were entitled to all employment rights and benefits, pensions and welfare trust funds,
layoff and vacation replacement benefits and retraining at the expense of the US Government during a period
of protection (Berck and Bentley).

In a more recent case involving the Northern Spotted Owl listing as an endangered species, the Bureau of
Land Management developed a program to provide grants and benefit payments to communities and
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employees who were economically dependent on National Forest System lands and public lands administered
by the BLM. The objectives of this program were to; 1) to assist communities in achieving economic
diversity and decreased dependency on forest products, 2) to supplement unemployment insurance benefits
and extend income maintenance payments, 3) to provide short and long term retraining, 4) to provide base
level health care insurance and , 5) to defray job search and relocation expenses (US Department of Interior).

Numerous other individual cases could be cited that used various mechanisms to provide compensation to
- third parties that result from public policy implementation that reduces the commercial use of a natural
resource important to the regional economy. In general, compensation programs have focused on payments
to communities and to employees that are displaced by the public policy. As is discussed in the following
section, many of these compensation programs appear to have been put in place to reduce opposition to the
policy and to ease the process of implementation.

A major difference exists between the dry year option and the programs used as examples in this section.
It is expected that the dry year option will be an intermittent event and cause temporary displacements
whereas the cases cited above caused permanent displacements of economic activity. Implementation of the
dry year option would be expected to reduce irrigated acreage only in that year with a return to normal
conditions in the following year in most cases. Hence, the need to provide compensation to third parties
would be limited to losses only when they occur, usually one year.

One other item meritorious of discussion regarding compensation relates to who should be compensated.
Impact models are normally used to estimate secondary impacts of a policy change, economic structural
shift, new industry location, or other event. Secondary impoact estimates are typically used to anticipate and
aid in planning for regional economic and social changes brought about by the event. Estimates of negative
secondary impacts do not imply that they compensation must be undertaken. Three aspects of the
compensation question merit discussion. Is compensation in order, what amount of compensation arises to
third parties, and who are the third parties? All these questions will be discussed below.

Is Compensation in Order?
There are three arguments on whether compensation to non farm entities is in order.

First, history seems to indicate that compensation to third parties affected by a specific economic change
is rare. We, as a society, have not chosen to compensate rural areas for public policy changes in most cases.
Agriculture programs such as the Soil Bank of the 1960’s and the Conservation Reserve Program of the
1990’s had significant local economic impacts on food and fiber processing plants, input suppliers,
communities and other sectors. While farmers were paid to participate in these programs and remove land
from production, no compensation was offered to impacted third parties.

We have never required, as a public policy, private owners of assets to compensate a local area when a

privately owned asset was closed or its economic use suspended. For example, over the last one hundred
years, technological developments in the agricultural and industrial sectors have created mass migrations of
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people from rural areas to urban areas with no attempt made to compensate the rural areas. Furthermore,
when businesses close they have not been required to compensate for the secondary benefits that are lost in
the area. The economic argument against compensation has been that resources are mobile and, if displaced
due to a policy or technological change, they will find employment elsewhere.

Second, classical economic theory indicates that estimating the appropriate level of compensation within
the context of a particular event is difficult. The reason for this is that secondary benefits (costs), while
potentially a valid welfare account, are likely offset by secondary costs (benefits) elsewhere. In the dry year
option case, benefit and costs would arise by: a) more water being in the springs, b) more water flowing in
the rivers downstream, c) sustained endangered species, d) more water available for urban uses, and e)
production increases in other areas that replace crop production that ordinarily would have happened in the
Edwards area, as well as other benefits. Generally, this compensation question has always been judged too
difficult to handle in order to fully account and develop a rational basis for compensation.

Closely related to this problem is the question as to the appropriate source of resources for
compensation. For example, let’s say that property taxes must be increased in the area to raise funds for
compensation to farmers and third parties. Since increases in property taxes will reduce property values,
ceteris paribus, are the owners of assets upon which the tax is imposed also due compensation?

Third, consideration of an alternative view of compensation to injured third parties may be beneficial
in analyzing the dry year option. This view is based more on a strategy for policy implementation than on
the traditional evaluation of whether or not third party compensation is justifiable from a social efficiency
standpoint. In the past, in cases where the government action brings about an undesirable change in a
region, or in some way injures third parties and consequently may be expected to face resistance,
compensation has been judged appropriate. For example, in actions on the siting of a hazardous waste
facility or closing of a military base, the federal government has engaged in payments and other forms of
mitigation to the region to offset secondary economic losses. Moreover, the State of Texas has offered
compensation to third parties in the case of the location of low level radioactive waste storage facilities (
Jones, et al.). The purpose of these payments appears to be not an attempt to achieve efficiency or equity
in policy actions but rather an attempt to increase the acceptability of the action and reduce the
transactions costs and time of implementation of the policy. In most cases, compensation has been made
to certain governing bodies of the impacted region. No attempt has been made to make direct
compensatory payments to owners of resources that become unemployed as a result of the action.

Compensation to third parties is fraught with difficulties, including decisions as to who
should be compensated and by how much. Nevertheless, setting aside the philosophical
question of social efficiency, compensation to third parties may be viewed as a practical
policy tool that may reduce local resistance and the transaction costs of implementing a
public policy.

Numerous recent cases may be cited in which the question of third party impacts has
dominated the debate over environmental policy to the extent that implementation has
been significantly delayed and policies have been changed. Two of these will suffice. First,
the program to protect the Spotted Owl in the northwestern United States became
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embroiled in extreme controversy because of its effect on logging, sawmills, rural
communities, jobs and income to rural residents in the impact area. The second case
involves the restoration of the Florida Everglades which would have an affect on
sugarcane producers in South Florida, reduce the amount of land in production and spin-
off secondary impacts in the communities where sugarcane production is the primary
economic base for the region.

In both these cases, and in others similar, the delayed implementation, high cost of
legal and consultant services and other costs significantly affected the overall transaction
costs and effectiveness of the programs to address their intended purposes. The
development of a program for third party payments may have been feasible in these and/or
other public programs. If used as an implementation tool, then third party payments should
be evaluated on a cost/benefit basis and used to the extent that the monetary value of the
compensation is less than the expected transactions cost if no compensation is made.

In the case of the Edwards Aquifer, proposed programs for changing underwater
ground water allocation to anything but absolute capture have generally been met with
resistance. Implementing the dry year option will likely be no exception. Any policy to
reallocate water may be expected to be viewed an undesirable policy in the areas where
water use is reduced. In this case, third party compensation may be a feasible in terms of
the cost of implementation.

ion_Ari hir ies?

Beyond the question of whether or not third party payments should be made lies the
question of how much should payments be. The dry year option differs from the
compensation experiences cited above in at least one significant feature. That is, the
reallocation of water would be a periodic, annual event rather than a permanent change in
water use. Hence, compensation would be due third parties only in the year in which the
dry year option is triggered and the amount of compensation would be limited only to
annual, temporary losses to third parties.

One criterion for third party compensation could be to guage the amount of
compensation against the loss of regional benefits from the employment of local resources
that results from the dry year option. Specifically, an annual reallocation of water that
reduces its use in agricultural irrigation would further reduce the employment of land,
capital, labor and management resources where the reductions occur. The input-output
model provides an estimate of this reduction under an aggregate title of Value Added.
Value added losses due to the reallocation are estimated by county and sector of the
economy and show the estimated loss in returns to land, capital, labor and management
within the region. The estimate includes not only the losses from resource unemployment
in irmigated agriculture but also the secondary value added losses to input suppliers,
processors, and other related, third party sectors in the economy.
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Wi he Third Patties?

Typically, policy initiatives that consider third party compensation focus on replacing
potential lost revenue for taxing jurisdictions such as schools, county governments,
municipalities and special taxing districts. Mechanisms called “payments in lieu of taxes”
have been used to compensate public entities in cases where a public facility exists that is
tax exempt by law but creates an increase in demand for public services, expenditures and
revenue needs. Examples include military bases, public utility generating plants and other
similar entities that use and cause an increase in demand for public services but cannot be
taxed by local jurisdictions. This mechanism would seem to have limited applicability in
the dry year option program since no physical facilities would be put in place within the
Edwards region that would stimulate an increase the need for public spending, hence
taxes. Moreover, underground water withdrawn from the aquifer for whatever reason is
not taxed directly. Compensation would not, therefore, be in lieu of taxes.

lic Jurisdiction

A program of payments to public jurisdictions (county, cities and schools) to replace
lost taxes because of reduced agricultural production could be considered. However, the
temporary and intermittent nature of the dry year option, combined with the tax laws
relating to agricultural production, suggest that tax losses to jurisdictions in the Edwards
area should be minimal if they exist at all.

Tax losses to local jurisdictions would occur only if the dry year option program
caused changes that reduced their most important tax bases. Counties and city
governments and school districts depend primarily on property taxes for revenue. Counties
and citiés also depend to varying degrees on sales taxes. However, implementation of the
dry year option is expected to have little or no affect on either of these tax bases because
of special treatment given to farmers and ranchers under Texas tax laws. First, both
production inputs purchased and commodity sales made farmers and ranchers are exempt
from state and local sales taxes. Federal and state fuel taxes are also exempted. Hence,
even if purchased inputs, such as seed, fertilizers, pesticides, irrigation equipment, etc. are
reduced in the dry year implementation period, there would be no loss in sales taxes since
none are paid in the non-dry years.

In the case of property taxes, farmers and ranchers again receive special treatment
under Texas law. The Open Space land valuation law (see Article VIII, Sec. 1-d-1, Tx.
Const.) was incorporated into the Texas Constitution in 1980. This law allows qualifying
land to be taxed on its agricultural productivity value rather than its market value as is
other property. The taxable of value of farm and ranch land is estimated using a
capitalization formula that considers only the agricultural returns to land along with a
capitalization rate that is also determined by law. The result of this law is that virtually all
land used for agricultural production in Texas (over 95 percent in Texas) is qualified and
taxed on productivity value rather than market value.
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Productivity value is typically significantly less than market value. For example, the
productivity values and market values of irrigated cropland in Uvalde and Medina counties
are compared as follows (Turner):

Uvalde Medina
Market Value ($/acre) 713 1250
Productivity Value 308 . 413

Under the productivity valuation rules, the productivity value cannot exceed the market
value. Hence, to have an affect on tax revenues of taxing jurisdictions the dry year option
program would have to cause market values of irrigated cropland to fall below the
productivity value. Moreover, since landowners of land receive payments for participating
in the program, these payments would be a consideration in any irrigated land sales so that
the impact on market values should be minimal. Hence, farmers and ranchers would pay
taxes based on productivity value in the dry year just like any other year without any affect
on the taxing jurisdictions.

In sum, there appears to be no reason to expect that the local taxing jurisdictions in
the areas where farmers choose to participate in the dry option would be impacted. The
participation payments should offset any losses from reducing irrigated acreage that might
affect the market values of land. Further, even if market values were to decline, it is not
likely that the decline would be sufficient to cause a shift in the farmland tax base from
productivity value to market value.

Reducing irrigated acreage in the Edwards may affect a number of businesses and
individuals directly or indirectly related to irrigated crop production. Most directly
impacted would be farm labor, businesses that supply productive inputs (mainly irrigation
equipment and supplies), agricultural services, and possibly farmers who lease land from
owners for irrigated crop production.

Farm Labor.

Irrigated crop production is more labor intensive than dry land crop or livestock
production. Hence, it is expected that implementing the dry year option would displace
farm workers in the year in which irrigated acreage is reduced. Compensation may be in
order for these farm workers since their income loss is directly related to the dry year
policy implementation. A program of temporary compensation would be consistent with
that suggested by Berck and Hazen and Sawyer.
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Cash and Share Leases.

Some of the irrigated agricultural production in the Edwards is carried out by farmers
who do not own the land they a farming. Leasing of farmland is a common practice.
Typically, landowners (leasers)and farm operators (leases) enter into agreements that state
the terms of the lease which may be based on a cash payment per year or on a share to the
production earned during the year.

In a cash lease, the landowner typically provides the land and irrigation well and pays
property taxes. The lease provides the variable inputs, farming equipment, (capital) labor
and management. The amount of cash lease going to the landowner reflects the return to
land after all other inputs to production have been paid.

Obviously, a share lease, while variable in nature, is expected to yield about the same
return to the landowner as the cash lease. There is a potential for losses of income by
leases depending upon the per acre amount of the offer made to landowners to temporarily
take their irrigated land out of production. Landowners who lease out their land would be
attracted by any offer that is greater than the amount of the cash lease offered leases or the
expected amount of returns to land from a share lease. If these landowners enter the
program, the lease loses the opportunity for employment of the productive resources
contributed by the lease. The amount of the lease’s loss in one year would be the expected
returns to labor, capital and management.

Owner operators, those who farm their own land, would likely consider the
unemployment consequences of resources other than land that they own. Consequently,
they would require an offer to participate in the dry year program that is sufficiently large
to cover expected returns to land plus returns to fixed capital, operator and family labor
and management (Michelson and Young).

This potential third party loss may be avoided in at least two ways. These are; (1)
setting the participation bid price sufficiently high to cover the returns to all resources
employed in irrigation production, and (2) requiring that both leasers and leases participate
in the benefits of the participation offers. This approach should be equally attractive to
owner-operators, landowners and farmers who rent land for irrigated production.

A variety of businesses in the Edwards Aquifer area are established and operate to
serve the needs of farmers and ranchers. These include farm implement and equipment
companies, irrigation equipment suppliers, input supply companies, custom service
operations, etc. The dry year option could impact these businesses as farmers reduce their
use of purchased inputs, use less services, and delay investments in machinery and
equipment. For most purchases that farmers make, the local businesses earn a wholesale
and/or retail margin from the sale of inputs, machinery and equipment that is manufactured
outside the region. In dry years, businessmen who supply farmers would be expected to
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make reductions in orders of materials, equipment and other items purchased for resale
during the production year. In this case, the loss to local businesses is limited to the
reduced wholesale and retail margins foregone because of reduced sales to farmers who
participate in the program. Also, these businesses may also cut back on employees. This
would reduce personal income in the locale and have subsequent impacts on retail sales,
business and personal service businesses, banks and other businesses that depend primarily
upon the local markets for sales of their goods and services.

rketin
Within the Edwards Underground Aquifer area, there exist a variety of speciality
agricultural production and marketing systems that are integrated or coordinated by use of
contracts from production to final consumer. These systems focus primarily on vegetable
production and corn for human consumption.

These systems typically serve “niche” or speciality markets, unlike major field crops
that sell commodities into a national market. An important ingredient in a coordinated,
speciality system is the dependability of supply for specific consumer markets such as
restaurants and brand name products. Should the irrigated acreage serving these systems
be reduced within the area, adjustments would need to be made elsewhere to sustain the
supply of products and efficient alternatives may be limited.

In sum, the dry year option program presents questions relative to third party payments
that are quite different from previous public programs adopted to manage natural
resources. At this time, it is expected that implementation of the dry year option will be a
temporary, annual event which should serve to minimize the impacts on private third
parties and on public service providers. The magnitude of these intermittent impacts will
depend upon the amount of irrigated land that enters the dry year option program and
leaves production in a given year. Of course, the loss of one year’s business can be a
severe impact for some businesses, but not as severe as the permanent removal of land or
other resources as is the case in most previous natural resource management programs.

Task 10 - Delivery of Models

A lot of assumptions are utilized above in setting up and examining the dry year
option, some of which may not be absolutely in accord with the way the dry year option is
eventually set up and/or there may be alternative ways that the agricultural producers
might respond. Thus, we have developed a transportable model in which assumptions
may be modified. We hereby are delivering to the Water Development Board a set of
code that allows examination of alternative setups. In particular, we are delivering the
base data on the file EDDATA(which is listed in lines 1-6614 of appendix A), the model
which simulates the cutoffs which is AGMODEL (and is listed in lines 6615-15067 of
appendix A), and the file DRYSTUDY (which simulates the policies listed in lines 15068-
15398 of appendix A). Collectively this code composes the total model and analysis.

19



We are prepared to deliver a disk copy of the model including all related files.
However, we cannot deliver the input output model, just the multipliers as we are
contractually obligated by the IMPLAN developers to not redistribute the software. If the
Board chooses to purchase the IMPLAN software we certainly can make available the
procedures for the aggregation and analysis. We also will give a College Station
workshop and answer follow up phone queries on the use of these two analysis packages
on Feburary 4. 1997.

- ici n ial Dem

One of the tasks promised in the original write up was development of a composite
municipal and industrial demand curve. While in the face of the dry year option, as is
currently proposed, we do not think this is absolutely a desirable item to have, we did
generate this any way. In this generation, what we did was setup a municipal and
industrial only model and observed how much water municipal and industrial interests
would buy using the same pumping lifts as in the agricultural model. Here we varied the
water price above pumping costs from $0-500. This yielded observations for each
recharge years considered as well as average results. Table 13 gives the amount of
recharge and the probability of each of the recharge years, while Table 14 gtves the usage
in an average year and then the usage in each of the recharge years. As can be seen from
the table, water use varied from 336,482 acre feet when water was not priced (a zero price
was used) to 132,508 ac/ft when a $500 charge was used. Also note higher water usage
occured under the drier years and lower water usage in the wetter years.
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Figure 1.

Difference between Agricultural usage in free capture versus cooperative context
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Table 1. Regression Coefficients for Annual
J17 and Sabinal Index Well Ending Elevations.

Comal and San Marcos Springflow, and

17 Sabinal
Comal San Marcos Ending Ending
Springflow | Springflow Elevation Elevation
(acre feet) (acre feet) (feet above sea level)
J17 Starting Elevation 2,651 412 0.34 0.28
feet above sea level)
Sabinal Starting Elevation 551 0.0 0.17 0.57
feet above sea level)
Annual Recharge (acre feet) 0.080 0.024 0.000015 0.000022
Western Pumping (acre feet) -0.04 -0.0005 -0.000024 -0.000088
Eastern Pumping (acre feet) -0.28 -0.025 -0.000113 -0.000050
Intercept -1924677 -203976 321 150
R-Square 0.93 0.77 0.95 0.9
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Figure 2. Amount of agricultural Irrigated Land use Reduction by dry year option plans
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Figure 3. Amount of Agricultural Water use Reduction by dry year option plans
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Figure 4.

Amount of Comal Spring Flow Increase by dry year option plans
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Figure 5. Water Use reduction and Springflow Increase
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Table 6.

Effects of Offering $50 per Acre Not to Irrigate while Implementing a Dry Year
Option in Medina and Bexar Counties

Scenane
January | June ¥ June 1
Cutoff Cutol Cutoff
(Unanticgated) | (Anticipated)
Type of Land Use:
Furrow Imgation (acres) 0 14,825 16,694
Sprinkler Irrigation (acres) 3,531 6,763 6,763

Total Irrigated Acres 3,531 21,587 23,456

Acre Converted to Dryland 34,801 16,745 14,876
Total Acres 38,332 38,332 38,332
Trrigation Water:

Applied 6,737 79,304 80,681

Reduction 87,660 15,092 13,716
Amount Used w/o Payment 94,397 94,397 94 397
Springflow Response:

Current Year (Acre feet) 35,491 4,829 4,529

Comal - August (cfs) 66.86 12.17 11.06
Agricultural Income:

From Operation ($) 1,159,786 975,916 1,059,068

Payments ($) 1,740,050 137,239 743,789
Total Agricultural Income 2,899,836 1,813,155 1,802,857
Cost of Implementing Program:

Total Cost ($) 1,740,050 B7,239 743,789
Cost of Water:

Average Cost (§/Acre feet) 20 55 54

Marginal Cost (§/Acre feet) 32 75 62
Cost of Comal Springflow:

Average Cost ($/Acre feet) 49 173 164

Marginal Cost ($/Acre feet) 78 231 180

28
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Appandiz A.GAMS code for system

INCLUDR /mac/mccarl/edwards/dryyear/eddata
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[ I Monthly Input data for Edwards Aquifer Optimization Modei

S

6 - Rislolisisieasie elolele met el ol vlal o) o o) s ol of of o ol of ol o o of o w1 oL o i ot o ¥ el o 0 4

7 *  Uses original EPIC data (twdbnew) and new icrigation acrage.
| Note: This data combines (| ag counties into 2 49 counties.
9

10 OPTIOM ITERLIM = 1000000:
11 OPTION RESLIM = 1000000;

13

14 Set Zonall Life Zones plus total / 1,2,21,All1 7

15 Zone(lonall) Lift Zones for Irrigated Agriculturs

16 /1,2,3 /7

17 /17

18

19 YRAR YEARS IN MODRL / 1956, 19%1, 1954, 1953, 1961, 1548,
20 1934, 1998, 1984, 19%0, 1989, 1962,
21 1943, 19%2, 1540, 1988, 1939, 1937,
22 1980, 1964, 1983, 1982, 1947, 1938,
23 1967, 1978, 1949, 1945, 1946, 1942,
24 1944, 1969, 1966, 1965, 1974, 1970,
2% 1959, 1961, 1972, 1960, 1541, 1968,
26 1976, 1936, 1971, 19277, 1975, 198,
27 1979, 1957, 1986, 1335, 1981, 1373,
8 1958, 1987, Avae /

2%

30 RECHARGall (year; All Recharga Years (States of Nature)
L. Original recharge years, reduced set below now used.

32 /1956, 1951, 1963, 1989, 1952, 1988, 1980, 1982, 1969,

13 1974, 1972, 1976, 1977, 1979, 1981, 1958, 1987 /

EL

35 *  CCCCCCTELECCCCCCCCCCCCtCCCCeCCCCoCCerocCeoct

36 Choose Set of Recharge Years

37 recharqe (rechargall) reduced set used in the model

38 /1996,1951,1963,1589,2980,1974,1976,1958, 1987/

39 ¢ / 1989, 1687 ¢ ;
$0 ¢+  OCCCCCCCCTCCCLOCCCCCOCCECCCECCCCCCCCCCCCetee

11

2

{3 SETS DATES(YEAR, YEAR) YEARS REZPRESENTED BY A RECHARGE STATE OF NATURE
L1} / 1956, 19%6 ,

15 1951, 1951 ,

1€ 1963, (1954,1953,1963,1948,1934)

47 1989, (1955,1984,1950,1989,1962,1943,1552, 1940}

11 ] 1980, (1900,1939,1937,19!0,196!,19!],1982,1917,1938.

49 1967,1978,1949) ,

S0 191, (19l5.19‘6,1942,19".1969.1966,1965,1971.1970,

S1 1959,1961,1972) ,

82 1376, (1960.19!1,1968,19‘16,1936,1971,1977,1975,1985,

LE] 1%79,1957,1986} ,

L1 ] 1958. (1935,1981,1973,1958) ,

55 1987. 1987 / ;

56

57 PARAMETER

58 NDAT Totsl Number of Years

59 PROS (YEAR) RECHARGE PROBABILITIES

40 NRech{rechargAll) Nuaber of Years in each Group ;

41

62 NDAT = SUM( {RECHARGE, YEAR) $DATES (RECHARGE, YEAR) , 1) ;

63 NRech(recharge} = Sum(Year$Dates(recharge,year),1) ;

64 PROB (RECHARGE) = NRech{rechargs) / NDAT :

L1 ]

&6 SET GROUPS COUNTY GROUPINGS /UVALDE, KINNEY, , MEDINA,
€7 BEXAR ,COMAL , HAYS, TOTAL/
68

69 COUNTYS (GROUES) COUNTIRS /UVALDE, XINNEY, MEDINA,
70 BEXAR ,COMAL |, HAYS/
71

72 COUNTY (COUNTYS) COUNTIES FOR TESTING

73 . COUNTY (COUNTYS] = NO;COUNTY ("UVALDE"}=YES;COUNTY ("Bexar™)=YES;
" COURTY (COUNTYS) = YRS,

75

76 SETS CROPS CROPS IN THE MODRL

R / corn fbu.)

78 sorghum {ewt)

7e winwht Winter Wheat (bu.)

80 cats Grazing Oats {days)

a1 soybsans {bu.)

82 peanyts Spanish Peanuts (cwt)

83 hay Hay other than Sorghum Hay (ton)

84 sorghay Sorghum Hay (ton}

L] cotton {ib.}

86 cabbage {bag)

a7 cantalop (crtn}

-1 ] cucuaber {crea)

89 onion {bag]

90 lettucs fcren)
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%1
92
j21
94

96

97

90

99
100
101
102
103
104
108
106
107
108
109
110
111
112
113
14
11%
118
117
118
119
120
121
122
123
124
125
126
127
128
12%
130
131
132
133
1M
13s8
116
137
138
13%
140
11
142
142
144
s
146
7
e 1
149
150
151
152
152
154
158
156
157
158
15%
160
161
162
1863
164
165
166
167
168
16%
17¢
171
172
17
174
17%
178
117
178
179
180
181

carrot ‘bag)

SPINACH bu.

peppers cren)

honeydew lerem)

potato (cwt)

sweearn Corn for Food (bu.)
tomato (ertn)

watérnel fewe)

quar (ewt)

sesame {ewt ) /

Crops2 (Crops) Crops used in EPIC crop simulator
/corn, 30zghum, winwht , cabbage, cantalop, cucumber, cats
onion, lettuce, carrot, PEANUTS, SPINACH , SORGHAY, cotton /

Cropsl (Crops) Crops NOT used in ERIC crop simulatvor

Crop(Crops) Crops for testing
Crop2 (Crops) CROFS FOR TESTING - EPIC crops
Cropl (Crops) CROPS FOR TESTING ~ non-EPIC crops
i
Cropal(Crops) = yes ;
Cropsl (Crops2} = no :
Cropsl (“quar™) = no
Cropsl ("sesame®} = no ;
Crop2 (Cropal) = Yes ;
Cropl (Cropsl) = Yes ;
Crop(Cropl) = yes ;
Crop(Cropl) « yes ;

SETS
GROUP COUNTY GROUPINGS /UVALDE, KINNEY, MEDINA,
BEXAR , COMAL , HAYS, TOTAL/

MIXESA ALLOWABLE CROP MIXES /19754196847
MIXES (MIXESA) 7197521984/

agitem /totrev, totcost, narg, marg2,

PRICE YIELD . EFEDINS . HERB . HERBAPPY,
,PHOSPHATE, NITROGEN ,SEED . INSECTIC , FUBLM
, FUBLI ,REPAIRM , REPAIAL , LABORM . LABORT
JHARVEST , INTEREST ,FIXBD .FUNGIC LPESTICAPPL
MISC + INSBCTAPPL , LABORO ,water,

harvacre ,varcost defic,

jan-water, feb-water /WAL -WATSr ,apr-water ,may-water

. jun-water, jul -warer , AUG-WATEr , Sep-walter ,0Ct -water,
nov-water,dec-water,

jan . feb Smar . apr ,may,
jun Jul , aug . 3ep Joct,
nov ,dec ,conf . TOTAL csalvage /

MONTHP (agitem) MONTHS OF THE YEAR /JAN, FEB,MAR,APR,MAY,JUN, JUL, AUIG,
SEP,OCT, NOV, DEC, COEF, TOTAL/

MONTH (MONTHP) MONTHS /JAN,FEB,MAR, APR, MAY, JUN, JUL, AUG,

SEP,OCT, NOV, DEC/
LANDA LAND TYPES /irr, furrow, sprinkler, dry/
Lando(landa} Original Land Types /ire,dry/
LAND (Landa) LAND TYPES /furrow, sprinkler,dry/
WITEM WEATHER ITEMS /TEMP, PREC, DAYS/
USER PARTIES IN MODEL /MG, MUNICIPAL, CAT,
INDUSTRIAL, MI, ALLUSE/
USEGROUP (USER,USER) /ALLUSE. {AG,MI,CAT}/
STAGE CROP GROWTH STAGE /STAGEL*STAGES/

REGRESS REGRESSION PARAMKTERS
/ INTERCEPT, RICHANGE, ¢astUST, westuse, j17Thead, sabhead /

QU REGRESSION EQUATIONS /SPRCOMAL, SPRSANMAR, CATFISHWAT,
ENDjl7head, endsabhesd,
*astLIFT, westLIFT/
sndhead{equ) ending elevations /endjl7head,endsabhead/
obs Observation set for squation sstimates
/ ail all observations used
(3 only cbservation whers Comal Springflow > 0 used
(4 ofily observation where Comal Springflow = 0 used /
SPRINGS (EQUI FSPRCOMAL, SPRSANMAR/ :
set region{equ) /eastlift,westlift/ :

ALIAS {MONTH, MONTHS)

* LU OO CCCC L CCCCCLrCCCCCCCCCCCCCCCCCCCCCCe
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i82
183
184
188
186
187
188
189
190
191
192
193
194
19%
196
197
199
199
200
201
202
203
204
205
206
207
200
209
210
211

228
229
230
21

232
211

2N

23%
236
237
218
21%
240
241
242
243
244

245
248
247
248
249
250
251
252
253
254
255
2%6
257
258
259
260
261
262
263
264
265
266
267
268
269
270
2N
272
273
274

. POLICY DATA

* CeC Ll CCCCCCCCCCCCCCCCCCCoCeCoocereente

SETS
USEYEAR SIMULATED YEAR OF MUNICIPAL
/ 1989,2000,23°0 /
Projected Use Tresr
/ 2000, 2010 /

Project (UseYear)

WATER TONSUMPTION

AGTRREFT ADDITIONAL AGRICULTURAL IRRIGATICN EFFICIENCY
/BASE, IMPROVED/
AGEFF (AGIRREFF) IRRIGATION EFFICIENCY IN CURRENT MOLEL
/BASE/
Parameter DayMonth (month) Number of days in the month
/ Jan 31, feb 28, mar 31, apr 10, may 31, jun 30,
ful 31, aug 31, sep 10, oct 1, nov 10, dec 31/
RUNYEAR (USEYEBAR) NUMERICAL IDENTIFIER FOR YEAR

/ 1989 1989 ,

PARAMETER AGIRREFIC(MGIRREFF)

2000 2000, 2010 2010 /

IRRIGATION EFFICIENCY IMPROVEMENT

. CLOCCCCCCCOCCCCCCCCCOCCCCOCOCCCCCCCCLCeCrcee
3 LIFT ZONE SCEMARIO

* CociiiLliiiiclllCLiClCcCCCcCCCoCCccceociccoe

Table AqQDiff(zonall,groups) Cifference of

/7BASE 0.00, IMPROVED 0.10/ ;

Lift Zone from average

Kinney Uvalds Medina Baxar
1 -41.81 -61.23 -59.58 -73.%%
2 90.1% -3.02 24.56 15.04
1 80.21 120.64 111.72 &

Parameter wmiDiffi{groupst Difference from Average for Mél Use

/ Kinney -25.98

Uvalde -24.20

Medinae  16.61

Bexar -17.35

Comal 50.46

Hays 39.13 /7

Tabls AgPct{zonall, groups)

.

Parcentage of

Kinney Uvalde Medina Bexar
1 .50 .26 .21 .89
2 .50 .54 .06
k] .18 .24 .25 .08

CCOCCCCCCCCCOCCCCCROCCCCCTCTCCCCCCOCCCTeCel

3 LIFT ZONR SCENARIO - Bast & West Lift Only
4 Ag Counties combined into 2

CCCCCCCCCCCrLCCCCCCCCOCCOCTCCCCCCCCeCCCCecee

Total Pumping in Lift Zone

Table AgDiff(zonall,region) Difference of Lift Zone from avarage

]

Wesclift
1 -62.21
2 -4.02
3 80.24

-64.47
25.11
12411

araneter
/ Westlift -24.64,

Eastlife

miDiff{region)

Eastlift -10.82 /

Oifference from Average for Mil Use

CCCCCCCOCLOCCCCCCCCCOCCCOCOCCCCCCCCCCCCCCOCe

HYDROLOGIC DATA

CCOCOCCCCOCCCCCCCC el OCOCLCCCCCCCCCCCCCe

BT BASIN

RIVER BASINS IN RECHARGE DATA AS DEFINED BELOW

/ TOTAL, WUECES, FRIO, SABINAL, SABMED, MEDINA, MEDCIS, C1BCOM, BLANCO/

TABLX
RECHARGED (YEAR ,BASIN) RECHARGE LEVELS BY BASIN FRM 1991 COMMITTEE REPORT

*
.

+*

Edwards Recharge Level by Year and Basin
from Special Committes on the Edwards Aquifer
Committee Report to the 72nd Legislature

* Calendar TOTAL Nueces-W.Frio-Ory Sabinal Area Bet.Medina Area Bat.Cibolo-
* Year W.Nueces Frio Sabinal Lake Cibolo CrDry Comal
TOTAL NUBCES FRIO SABINAL SABMED MEDINA  MEDCIB  CIBCOM
1934 179.6 8.6 27.9 7.% 19.9 46.5 21 28.4
1838 1258.2 111.3 192.3 56.86 166.2 7.1 138.2 182.7
193¢ 909.6 176.5 157.4 43.% 142.9 31.6 i08.% 146.1
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275
276
277
278
279
280
201
282
283
284
285%
286
287
288
289
290
291
292
293
294
29%
296
297
298
299
oo
oL
302
103
04
Jos
106
307
ace
ic9
e
ERS
2
ED ]
E3Y)
315
316
17
e
319
320
321
322
123
24
325
izs
327
28
329
330
n
32
ERR)
Eh] ]
338
3316
337
338
139
3t0
1
42
343
k1Y ]
345
346
37
348
E1 ]
150
351
382
LR
354
355
3156
157
358
359
160
61
62
363
364
365

1937 400,7
1938 132.7
1939 399
1940 ns. 8
1941 850.7
1942 $57.8
1943 2732
1944 560.9
1945 $27.8
i94e 556,1
1947 122.6
1348 178.2)
1949 508.1
1950 200.2
1951 139.9
1952 275.5
1553 1€67.6
1954 162.1
1955 192
1956 41.7
1957 1142.6
1958 1711.2
19%% 690.4
1960 82¢.8
1961 17,1
1962 23%.4
1963 170.7
1964 413.2
1965 623.%
1966 615.2
1967 166.5
1968 BB4.7
1969 610.5
1970 €61.6
1971 925.3
1972 756.14
1973 1486.5
1574 658.%
1875 973
19476 894.1
1377 982
1978 $02.5
197% 1117.9
19430 106.4
1961 144023
1982 122.4
198 420.1
1504 197.7
1985 1003.3
13986 1153.8
1987 2003.%
1988 3155.5%
1589 2.

&
Ty

—
-
-0 o

DR e e W A )

1.6
22.1
4.2
133.6
300
158.9%
128.1
151.3
416.6
27
57.1
Lk}
134
137.9
176
1131.8
.9
212.¢
148.6
2%6.9
135.7
1431.6
2)8.6
193
731
201.4
85.6
365.2
123.4
B5.9
0.4
18€.9
192.8
473.3
117.¢
52.6
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1
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3.
29.
94.9
96.7

127
05.4
23.5
10.3
61.1
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78.
64
38.
a4
al.
55.
54.
86.
15.
95.

182
59.5
03.7
¢3.1
25.3
2.1
90.9
12.9
18.1
48.5%
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. Values summed from TWDB's GWSIM-IV monthly recharge data

* Units in (1000's acre feet)
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TABLE MRECH{YEAR,mcnthP) Monthly RECHARGE LEVELS (TWDB)

1934
1938
1936
1937
1918
193¢
1940
1941
1942
1943
1944
1945%
1346
1947
1548
1949
19%0
1951
1952
1953
1954
1985
1956
1957
1958
1959
1960

JAN

18.822
10.471
43.943
S$2.44%
71.5%8¢
16.32¢
15.55¢
26.012
27.99¢
33.244
26.302
85.7%4
31.03¢
91.780
15.910
13.112
17.122
8.837
5.126
22.32%
12.299
[ B¢ |
§5.261
1.746
89.179
44,358
$3.988

FEB

18.224
18.847
31.869
10,797
61.811
13.84?
20.837
82.214
24.763
2.311
44.2%8
70.737
42.269
61.634
11.06%
€4.001
21.016
15.616
1.599
16.856
7.759
4,103
5.19%
4.915
Hu2.3u
42,952
46.0597

21

9
kL]
55
i3
13

19.
91.
23.
24.
69.
7.
16,
52.
13.

L]
18
17

8
4

MAR

-189
.838
.222
142
- 368
718
33g
08s
976
598
269
067
803
26
342
L3328
.010
.020
.313
.012

6.911

1]
1

.891
.97%

ARR

37.698
13.222
32.929
41.820
63.180
11.891
31.685%
111.412
54.037
32.19%
48.31¢
75.920
3L 619
37,233
10.122
77.857
16.519
20.797
21.22¢
11.715

8.098

$.285%

3.960

31.427 265.450

170
7
u

.073
.939
.391

74.683
S1.588
44.215

MAY

24.507
153.751
$1.861
25.729
67.942
10.508
38.578
157,218
63,396
28.636
84.899
$91.726
$8.252
18.25%¢
11.241
79.303
28.490
30.459
.6
7.911
48,046
13,289
3.620
251.96&
225.021
41.528
36.615

9
543

73.
50.
29,

8.
39.
88.
28.
36,
62.
29.
1.
41.
AL
$2.
30.
17.

21

L
25.

H

1
189
276
9%
31

JUN

.979
A9
228
627
611
544
254
895
626
542
633
573
910
869
326
657
619
851
.84
518
233
-495
.67
. 805
121
L7086
.182

11
122
a0
22

82.
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179,
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$7.
89.
69,
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81.
T
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138,
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-
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5.4
1.8

22.
31.
1.
136,
170,
229,
12.
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AUG

7.

2.

JUL

.856 7.
.619 77,
.150 3%,
873 16,
.5%% 17,
072 36,
L2111 L4
2132 45,
-940 25,
2932 14,
.521 37,
.362 1),
L1240 12
L0111 2t.
.73%

L2877 )6,
.73}

L754

424

860

.611

.51

.010

.859% 14,
-801 42,
RLL 1
SB31 144,

PR RY. Y e 4

(11}
90 1
597 2
18
ilo
14
820
309
gso
788
18%
211
879
349
$a5
a9

.811
L5312

610 1

. 366

258
859
432
855
981 2
684
117
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24.
53.
13,
13.

17

11.
&7,
9.
15,
4.
18.

b1 ]

12.
9.
27.

P
[3
29
32
5
1]
1
)
13

€37 2.2
v€6.9 6.4
9.6 1.1
0.8 18.8
i91.2 7.8
91.6& 28.6
58.2 2.1
152.5 6.2
129.9 15.7
156.3 10.7
9.5 1.6
19.9 13.2
95.9 23.5
24.6 17.4
2.5 10.6
102.3 20.7
12.1 24.9
10 10.7
1.3 9.5
2.2 8.2
197.9 76.4
264.7 0.7
7.9 33.6
1é0 s2.14
110.8 9.4
24.7 18.9
21.3 16.2
$1.1 22.2
115.3 66.7
66.5 34.6
$7.13 13
120.% 5.3
$9.9 16.6
113.8 3.5
82.4 22.2
104.2 R |
211.7 82.2
6.9 g 1
165.7 5.9
54.2 57.9
191.6 66.7
2.4 26.3
266.3 8.2
5.4 1.8
196.8 7.3
".a 23.9
2.5 23.2
16.9 25.9
259.2 50.7
267.4 4.5
270.9 114.9
28.% 25.5
12.1 23.6 :
SEP oCT NOV
-631 9.765% 8.35%
637 67.769 53.t03
656 119,957 84.4522
702 19.328 16.089
189 11.271 11.091
L081  63.190 19.92%
364 8.152 19.15%8
119 62.546 46,294
3313 92.850 56.793
380 13.933 11,070
573 30.807 2¢.18)
858 16.680 19.499
449 92,921 @a7,808
337 9.778  11.10%
008 14.546 9.780
103 20464 22.42%
127 7.127 9.%23
-511 3.127 1.8%7
645 8.530 10.321
.492 17.303 13.837
-985 7.381 9.948
L108 17,227 12.660
711 4.111 l.618
.9%5 134,137 84.360
-573 168,726 133,230
35.770 126.810 50.879
50,074 127.626 90.80%

DEC

9.132
62.546
64.749
15.704
12.028
26.751
$6.036
34.067
41.859
14.478
51.999
30.620
65.024
13.121

7.981
20.273
12.¢3

4.735
i8.2248
12.433

1.77¢

6.486

l.000
60.003
78.73%
§3.714

101.897



166 1961 T7.983 111.336 T1.778 51,509 34.876 .15, 381 SAL16.TIE D 31U29T 43,422 30.237 4.50)
187 1962 24.272 21.323 19.152 20.615 17.583 13.33% 398 3.371 12,073 317,333 18314 17,652
3464 1963 16.295 17.07% 15.151 25,387 3%.83% 1> 427 7. 637 6.733 6.134 7.272 9.462 11.45]1
369 1964 15.068 22.186 28.386 21.831 16.113 22.751 7.87%  12.677 139.15] §0.623 44.625 23.247
3170 1965 25,388 TS_166 14.779 46,457 118.014 106.232 2.730 16.607 25,186 18.043 25%.07S 69,740
37 1966 15.531 32.83) 28,087 45,518 48,936 25988 26.048 158.30% 118.209 41.167 24.390 21,034
172 1967 18, 247 195.959 16.710 17.089 10.364 TOTHE 15,423 120045 79,256 100.7%1 113,263 54.¢688
3713 1968 149.501 121.032 [14.3198 86.263 127.89% &7.005 97.913 131.389 27.202 23.186 19.987 27.892
kRd ] 1969  21.405 25.462 27.5%51 &4.447 60.037 28.381 16.387 17.769 18.32) 183.81% 60.001 93.808
37% 1970 46.422 57.510 116€.859 46.988 101.19% 22.416 2 2319 17.21) 85,080 44.102 24.294 27.5%
376 1971 19.701 :17.800 20.000 15.099 13.100 29.201 23.530 304.493  85.300 235.197 87,701 69,502
i 1972 48.603 17,602 33802 20.500 58.299 43§01 2.630 165.693 71.701 47.002 36.601 10.201
178 1973 32,401 61.998 58.100 71.500 50.601 179.200 120,392 37.701 B3.401 3C3.4%54 89.303 52.902
179 L1974 44.111 29,351 30.821 23.761 110.164 3%.&39 20,331 69.310 79.319 95.330 93.861 66.24%
380 1975 $7.075 217.033 76.510 55.15% 212.340 104.574 32.770 42.430 25.879 38.086 26.918 24.316%
381 1976 19,195 17.080 16.704 S56.154 187.797 d4d.5604 289,461 94.27% 41.267 96.94% 98.256 56.346
382 1977 T8.543 B89.336 60.003 156,126 221.772 93.727 41.2¢% 26,077 19.231 59.680 73,002 33,213
LR 1978 26.048 24,008 21.847 27.909 15.382 33,.%22 11.101 140.840  69.2980 31.533 46.793 52,311
i 1979 €6.115 79.607 248.798 191.240 9B.909 252.972 62.561 17.011 23.208 21.1%% 17.274 18.988
as 1980 20.30% 18.763 20.009 20.223 59.625 27.628 13.696 16.500 70.931 70.071 31.100 37.85%%
396 1991 25.925 20.875 73.591 146.008 198.805 406.856 222.326 56.779 42.979 149.652 71481 33,163
a7 1982 20.958 25.281 25.315 21,427 180.029 16.208 21.266 16.126 16.476 14.692 15.713 20.531
aa8 1983 21.495 27.198 36.185 26.469 49.49% 71.356 31.613 20.881 22.760 38.688 48.155 25.816
3e9 1984 24.519 1%.006 16.927 13.01% 18.076¢ 10.808 7.217 6,452 6.224 10.976 35.%03 21,191
%0 1985 184.503 71.892 126.632 58.763 68.214 118.512 63.708 34.436 15.316 58.285 122.130 79.932
391 1986 44.691 39.127 27.491 20.883 64.404 160,908 &3.670 21.095 B8.269% 206.347 143.015 293.789
392 1987 159.408 77.108 138.379 69.441 130.251 996.064 183.352 86.614 89.902 40.714 3I4.514 37.720
393 1988 28.4%3 23.430 24.386 20.73 25.900 54.973 68.574 31.952 26.803 17.962 16.121 16.192
9t 1989 28.161 28.948 25.58% 18.512 23.79% 12.964 9.219 7.804 6.760 15.359% 23,463 13.885
395 ¢ 1990 13.€670 37.141 43.951 108.638 233.121 29.479% 333.999 191.794 50.261 29.138 25.693 22.264
396 H

397

338 ¢ Calculate average recharge for each recharge group

3%9

400 * MRechirecharge,zonth) =

401 SUMIYEARSDATES (RECHARGE, YEAR), MRech(year,month) )

402 * / NRech{recharge} ;

403

404 ¢ CLLLLL L L LTl CCCCCCULCCCOCCCCCCCCCCCCCCOCCCCCCCCCCCC

105

406 * Monthly recharge aggregated to current month to correspond

407 * with regression cosfficianty

4080

409 - L L OO C e L C O COCCCCCCCCCCCCOCCCEL e e

410

€11 Mrechliyear,"feb") = Mrech(yesar,"jan®} + Mrechlyear, feb™] ;

412 Mrech{year,"sar®) = Mrech(year,“feb™} + Mrech(year, mar™} ;

§1)  Mrech(year,™apr®t = Mrech(year, “mar™} + Mrechiyear,"apr®} :

418 Mrechiyear,"may"] = Mrech{year, "apr™} + Mrech {ysar, "may™) ;

415 HMrechiyear,"jun®) = Mrech{year,“aay™) + Mrechiyear,"jun™} :

416 Mrechlyear,"jul”) = Mrech{year,"jun™) + Mrech(year,"jul™l ;

417 Mrech(year,"aug®) = Mrech{yesr,"jul™) + Mrech (year, "aug®] :

118 Mrech(year,"sep™) = Mrech(year, “aug®) + Mrech(year, "sep™) ;

419 Mrechiyear,"oct™) = Mrech{year,"sep™) + Mrach|year, "oct") :

§20 Mrach(year,™nov™) = Mrech{year,“oct™) + Mrech(year, "nov") ;

421 Mrech(year,"dec™) = Mrechiyear, "nov") + Mrechiyear,“dec™) :

122

423+ CeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCrCe

24

425 ¢ Convert 1000's acre feet to ACRE FEET

126

27 ¢ L L C LT CCCCCCCCCCCCCCCCCCCTCCCCCCCCCee

124

429 Mrech(recharge,month) = Mrech(recharge, sonth) * 1000 ;

430

131 TABLE ASSIGNBAS (BASIN,GROUPS) ASSIGNMENT OF RECHARGE BASIN TO COUNTIES

132

133 KINNEY UVAIDE MIDINA  BEXAR COMAL HAYS

134 NUECES 0. 448 0.552

435 FRIO 1.000

136 SABINAL 1.00¢

4137 SABMED 1.000

4138 MEDINA 0.564 0.432

4319 MEDCIR 1.000

e cIsCoM 0.230 0.770

“1 BLANCO 0.155 0.BAS

"2

443

L1 T B

445 ¢ calculating percentage of recharge comtribution by county

"e

w?

peramster countywts{countys, RECRARGALL}
percent of annual recharge attributed to each county:

450

451 countywts("kinney", RECHARGE) = recharged(recharge, "nueces”}

452 * ASSIGNBAS ("NUECES™, "K1NNEY"™)
453 / recharged (cecharge, total™);
5

455 countywts(“uvalde”,recharge} = (rechargedirecharge, "nuecas™)

456 ¢ ASSIGNBAS ("NUECES™,"UVALDE"™)

Appendix A - 5



57
50
159
160
161
162
18]
164
465
(1.1
167
168
163
470
mn
72
7
m
175
176
77
78
79
10
182
482
143
464
185
186
"7
128
(11
(%1
191
132
49
LE1]
495
196
197
198
4199
500
501
502
503
S04
505
50¢
507
508
509
510
511
512
513
S1¢
515
t16
517
518
519
s20
821
522
523
524
528
s2¢
527
529
529
530
531
532
%23
EX1)
538
$316
537
518
539
540
541
542
543
544
54%
546
547

. r-churqtd(r-rch.rq._ “frig”t * ORSSISNBAStEu[AN UL ALD

+ rechargedirecharge, “sabinal™) * ASSIGNBAS [ "SABINAL", ""/ALDE"

/ recharqed(racnacqe, "total™ ;

countywes ("medina®, recharqe) = (recharged (recharge. "sabmed™)
* ASSIGNBAS [“SABMED"™, “MERINA®;
+ r.ch.rqod(r-ch.zqo,"lodinn") * ASSIGNBAS ("MEDINA™, "MEDINA":;

/ recharged (recharqe,"zotal™);

countywts ("bexar™, recharge) = {recharqed{recharge, "MEDINA™}

* ASSIGH3AS (“MECIMA®, “BEXAR™}
¢ recharged(recharge, "MEDcib™) * ASSIGNBAS {"MEDCIB™, "BEXAR™)

£

¢ RECHARGED (RECHARGE, "CIBCOM™) * ASSTIGNBAS ("CIBCOM™, "3EXAR"

/ recharged(recharge, "total®);

countywts (“comal”™, recharge} e (recharged(recharge, cibcom")

* ASSIGNBAS ("CIBCOM™, "~OMAL")

+ recharged(recharge,"blanco®) * ASSIGNBAS (“BLANCO®, "SOMAL™) )

/ recharged{recharge, "total™);

countywts(“hays™,racharge) = (recharged(rachacge,“blanco™}

* ASSIGNBAS ("BLANCO", “HAY

/ recharged(recharqge,“total™);

*display countywts:

.

TABLE WEATHERD(YEAR, GROUPS, WITEM, MONTH}

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1
1
1
1
1
1
1
1
1
H
1
1

s7))

LLLLLLLLLLLLILLLLLL%&QLGCLLLDLLLLLLLCLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

HYDROLOGIC CALCULATIONS AND STATE OF NATURE CALCULAT

IONS

LLLLULLLLLLLLLLLLLLLLLLbLLL&LLELLLLLLLLLLLLLLLLbLLLLSLLhLLLLLLLLLLL

PARAMETRR
RECHARGEL (YEAR} RECHARGE LEVELS IN 100000 ACRE FEET
RECHARGEM (YEAR, GROUPS) RECHARGE INCREASE PROPS
AVGRECHAR AVERAGE RECHARGE -

RECHARGEL (RECHARGE) =
SUM (YEARSDATES (RECHARGE, YEAR) ,
SUM{COUNTY, 1000* SUM(BASIN,
ASSIGNBAS (BASIN, COUNTY) *RECHARGED (YEAR, BASIN) 1))
/ NRechirecharge) /100000;

AVGRECHAR = SUM(RECHARGE, RECHARGEL (RECHARGE) * PROB (RECHARGE) ) ;

CLCCCCOCCCCCCCCCCCCCCCUCCCCCCECCCCoCCCCCCCCe

WEATHER DATA

Lo ayas o= 0 o 00 0 07 0 o, 0 0 9 0 O 0, o 0 0 0 0 O O e O O €

Days is the percent of days with precipiation > .25 inch.
Years 19%0 - 1989

JAN FEB MAR APR MAY JUN JUL AUG SEP
950, BEXAR. TEMP 58 s5é& 60 67 77 280 L1} 82 79
950.BEXAR. FREC 0.32 1.43 0,24 3.42 2.41 1.03 1.6 6.15 3,02
950. BEXAR. DAYS 0 3.57 0 13.3 6.4%5 3.3) 6.4% 6.45 10
930. HAYS . TEMP 56 5% 58 66 7 80 83 82 M
950. HAYS. PREC 0.25 3.75 0.38 5.08 1.93 441 1.39 0.62 2.16
950.HAYS . DAYS 0 14.2 3.23 16.6 12.9 13.3 6.49 3.23 0
950 . COMAL. TEMP 61 50 6} 6% 80 82 86 86 82
950. COMAL. PREC 0.55 3.76 0.42 4.11 3.14 3.02 2.25 0.72 1.8)
950. COMAL. DAYS 0 17.8 0 13.3 9.68 6.67 6.45 6,45 10
950.MEDINA. TEMP L1 ¥ 6 60 T8 81 1] 84 79

950.MEDINA. PREC  2.66 1.8% 0.22 1.27 3.79 1.97 2.26 4.27 4.09
$50.MEDINA.DAYS  3.23 7T.14 0 6.67 5.60 16.6 6.45 9.68 20
$50.UVALDE, TEMP 60 58 63 70 T4 a1 93 91 8¢

950.UVALDE.PREC 0,44 1.04 0.18 1.32 3.12 2.63 2.56 1.54 3.0
950.UVALDE . DAYS ¢ 0 0 1.1 9.68 13.2) 9.68 9.68 £.67
951.3EAR. TENP 50 5¢ 62 6% 75 82 86 37 80
951, BEXAR. PREC 0.23 2.43 2,76 0.93 4.44 7.07 0.51 0.06 3.7%
951.BEXAR.DAYS 0 10.7 3.68 6.67 12.9 6.67 3.23 ] 10
951 . HAYS. TEMP S1 5% 62 €1 7% a2 86 86 80
951 .HAYS . PRREC 0.4 3.18 2.91 1.04 4.65 5.77 0,28 0.79 8.42
951 _HAYS . DAYS 31.23 10.7 12.9 6.687 12.9 6.57 0 3.2) 16.6
951. COMAL. TRMP 4 57 66 7 i A 8% %0 82
951.COMAL . PARC 0.41 2.64 2.92 0.92 4.03 4.69 6.00 0.25 5.36
951. COMAL. DAYS 0 10.7 9.68 3.33 16.1 6.67 ] 0 16.6
951 .MEDINA. TEMP 51 S8 61 68 74 84 a8 a7 80
951 .MEDINA.PREC 0,101% 0.40 2.6% 0.%2 10.7 2.%8 0.1 1.1 4.5
951.MEDINA.DAYS 0 2.37 9.6 0 16.1 6.67 0 3.2) 6.67
351.UVALDE. TEMP 51 S& 6% 11 7% B2 87 a7 B2
951.UVALDE.PREC  0.06 0.68 1.59 0.45 5.62 1.49 0,03 1.05 0.49
951.UVALDE . DAYS 0 3.57 6.45 3.33 19.3 &.67 0 3.23 3.33
952. BEXAN. TEMP 59 58 61 &6 73 82 A a1
952. BEXAR. PREC 0.81 2.01 2.34 3.4 1.91 1.86 2.7% 0 3.02
952, BEXAR. DAYS 3.23 13.7 9.68 10 6.45 6.67 9.68 0 13.3
952. HAYS. TEMP 57 56 58 &3 M) 81 a2 85 7
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ocT
73
Q.08
0

LA
1.09
3.23
76
1.2
3.23
73
0.2)
0

74
9.31
.23
73
144
9.68
7

1
6.45
76
1.38
6.45
73
0.33
3.23
74
.79
6.45
65

[

63

PRECIP AND TEMPERATURE 3Y MONTH

NOV
59
0.12
¢

$7
0,04
0

€3
9.13

0.09

1.66
11.3
57
1.26
6.67
58
0.4
3.33
58
.47
16.6
56

DEC

0

0.

0.

.

0.

531
.03



948
549
550
5%1
552
553
554
$5%
556
557
558
559
560
561
562
563
S64
565
566
567
568
56%
570
$71
572
573
574
579
576
577
579
579
580
581
582
583
584
58%
586
587
ses
509
590
591
592
593
S94
59%
596
597
598
599
600
601
602
603
604
605
606
607
608
609
$10
611
612
613
61t
615
616
617
618
619
620
621
622
623
624
624
626
627
628
629
630
631
622
632
634
635
636
637
638

1952 .HAYS.PREC
1952.HAYS . DAYS
1952 . COMAL. TEMP
1952.COMAL. PREC
1952.COMAL. DAYS
1952 . MEDINA. TEMP
1952.MEDINA. PREC
1952 . MEDINA. DAYS
1952 .UVALDE. TEMP
1952.UVALDS. PREC
1952. UVALDE . DAYS
1953 . BEXAR. TEMP
1953. 9EXAR. PREC
1953, BEXAR. DAYS
1953. HAYS . TEM?
1953. HAYS . PREC
1953 RAYS . DAYS
1953, COMAL. TEMP
19%3. COMAL . PREC
1993, COMAL.DAYS
1953 . MEDINA, TSMP
1953. MEDINA. PREC
1953.MEDIMA.DAYS
1953.UVALDE. TEMP
1953, UVALDE. PREC
1953, UVALDE . DAYS
1954 . BRXAR. TEMP
1954 . BEXAR. PREC
1954 ,BEXAR, DAYS
1954.HAYS. TRMP
1954 . HAYS .PREC
1954 . HAYS . DAYS
1954, COMAL. TEMP
1954 . COMAL . PREC
1954¢.COMAL. DAYS
1954 . MEDINA. TEMP
1954 .MEDINA.PREC
1954 . MEDINA.DAYS
1954 . UVALDE . TEMP
1954 .UVALDE. PAEC
1954 .UVALDE.DAYS
1955, BEXAR. TEMP
1955, BEXAN. PREC
1995, BEXAR.DAYS
1955, HAYS . TRMP
1955, HAYS . PREC
1955, HAYS.DAYS
1955, COMAL. TEMP
1955. COMAL . PREC
1355. COMAL . DAYS
1955 . MEDINA. TEMP
1955. MEDINA. PREC
1955 . MEDINA.DAYE
1955, UVALDE. TEMP
1955.UVALDE . PREC
1955.UVALDE.DAYS
1956.BEXAR. TEMP
1956. BEXAR. FREC
1956. BEXAR.DAYS
1956, HAYS . TEMP
1956. HAYS . PREC
1956, HAYS . DAYS
1956. COMAL. TEMP
1956, COMAL, PREC
1956. OOMAL.DAYS
1956 . MEDINA, TEMP
1956.MEDINA. PAEC
1956 . MEDINA.DAYS
1956. UVALDE. TEMP
1956, UVALDE. PREC
1956. UVALDE . DAYS
1957 . BEXAR. TRMP
1957 . BEXAR. PREC
1957 . BEXAR.DAYS
1957, HAYS . TP
1957 HAYS. PREC
1957.HAYS.DAYS
1957 . COMAL. TRMP
1957.COMAL. PREC
1957.COMAL.DAYS
1957 .MEDINA. TEMP
1957 . MEDINA. PRBC
1957.MEDINA, DAYS
1957.UVALDE. TRMP
1957.UVALDE. PREC
1957.UVALDE. DAYS
1957.KINNEKY. TEMP
1957.KINNEY. PREC
195 7. KINNEY.DAYS
1958 BRXAR. TEMP
1958 BEXAR. PREC

.84

0.03

55
0.11

54
0.51

51
1.07
6.45

L1
1.74
9.68

$3
0.42

54
0.43

53
1.4%
§.45

S1
1.58
.45

54
L.
6.45%

S1
1.47
£.4%

2
9.7%
1.23

52
0.81
3.23

50
1.27
6.4%

53
1.18
.23

50
0.5%
3.23

51

8.%
3.23

0.51

S1
0.5¢

58
1.7
12.9

54
0.5%%
.22

53

0.4

53
6.21

5¢
4.57

1
3

1

.56
L)

61

]
6.9

38

2.16
13.7

2.

T

10.3

3.

1.

S

57
$2
92

19.7

1.

56
24

3.57

9.

a.

0.

9.

0.

2.

.28
A

56
54

60
03

58
a7

62
15

60
02

60

56
3

10.7

54

7.3
10.7

3.

56
LH

4.2

L1}

2.32

1.

1
56

10.7

0.
1.
3.

1.
3.

0.
3.

0.
2.
1.

2.

L
LL

5%
06
(L}

a6
(1)
58
14
(1)
F1 3
50
]
63
53
u

52

7.4

3.
7.
7.

1.
7.

1.

6}
28
1
62

14
8}
s3
114
83
s

10.7

1.

50
L]

2.

12.9

2.96
12.9
(1]

&0
.08
6.45

67
0.53
3.23

64
0.91
6.45

69
1.03

68

6.48
70
0.%9

62

59

63

61

63

[ 1]

31.23
63
1.0%
6.45
65

63
0.7
3.2)

64

63
0.27

61
0.44
3.2

0.4
3.23

63
0.18

(1]
0.02

62
1.1%
16.1

40
1.8
12.9

62
§.07
12.9

82
2.57
12.%

LY
1.67
6.45

62
1.62
6.5

L1
1.08

(]
13.3
67
3.7%
13.3
&7

67
1.73
6.67

69
2.08

[1)

16.6

70
1.01
11.6

0.7

72
73

71
2.36
13.3

9.58
26.¢
67
7.9
20
&6

26.6
6§
9.31
20
&7
7.88
13.3
67
1.2

i
2.3
76
2.89
6,45
b
3.02
12.9
EL
i.63
6.45
76

1
3.23
73
1.28
6.45
16
1.0%
6.45
78
0.73
3.23
ag
0.68
3.23
75
1.6
6.45
73
2.5
9.68
K
1.57
3.23
76
2.44
9.68
76
3.56
9.68
79
1.44
12.9
”
1.1
16.1
79
3.%
16.1
78
7.49
16.1
79
1.1%
12.9
79
3.07
6.45%
78
2.11
12.9
78
2.63
9.68
.14
0.37
3.23
1]
0.33
0

3
8.22
12.9
73
1.3
9.68
"
8.4
16.1
73
7.41
22.9%
T
7.19
22.5
73
10.0
12.9
15
1.98

S.Al
1
EE]

1.39

6.67
32

3.99

13.3
92

a.57

3.1
35

2.19

1.13
.1}

J.96

§.67
85

.12
10
37

a.24

Q
L]
0.9

3.33
a3

2.71

6.67
83

1.74

1.33
83

1.7%

3.33
an

j.o8

6.67
82
3.98
10
81
2.88
10
78
4.5
10
81
2.5
13.2
81
1.43
6.67
82
2.47
10
84
8.27
0

B4
1.06
6.67
83
0.3%
0

B6
0.22
¢

8%
0.4%
3.33
a1
3.49
6.467
82
3.2
8

a0
4.0%
10
81
1.91
10
80
1.96
10
80

1

[

83
3.19
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C.58

g.01

1.48
3.23
86
3.25
2.9
BS
1.38
6.45
83
5.318
12.9
BS
0.%3
3.23
B&
0.99
3.2
8s
0,21
Q

a6
1.68
3.23
8%
1.32
1.23
96
0.73
3.23
as
0.81
3.23
86
1.08
3.23
87

0

0

86

o

0

86

°

¢

1]
7.3%

.02

o.01

g7

34
1.12
3.68

ae
3.53
3.2

as
.19
9.68

LE)
2.0
9.68

85
5.88
9.68

86
1.05
3.23

a6
0.9%
6.5

87

0.14

0

a6
G.64
1.23
as
1.66
1.23

84
0.81
31.23

84

1.8
1.23

L1
1.37
9.68

86
1.5%
6.45

84
2.66
9.68

1]
3.94
9.68

ad
1.28
6.45

a4
5.88
§2.9

LL)
2.38
3.23

LL]
1.24
6.45

a6
9.21

[}

86

2.1%
o

86

0.2¢
0

86
1.69
3.2)

8%

0.7
3.23

1]

6.03
9

85

0.45

LL S

o
L

T8
3.53
13.3

4.6%

T

78
2.48
6.67

76

10
19
2.18
6.67
77
7.25
1.3
77
$.26
18
83

8l
1.08
6.67

Lk]
.41

LR
2.1

83
5.13

az
0.79

L

82
0.99
6.67

81

6.67
81
0.218

a0
0.62
3.33
7%
2.5%
3.0
80
0.29

78

80
0.11

79
11.1
20
76
10.0

78
10.0
20
78

78
5.16
16.8

£+
10
7%
8.34

3.06
12.9
70
5.26
16.1
mn
i
12.9
70
3.9
19.13
70
3.2
16.1
73

n
2.3
9.68

T4
117
6,49

n

7
3.36
12.9

70
0.3%
3.23

10
0,16

71
0.37

70
0.42
3.23

8%
[ B
3.23

73
1.22
6.45%

71
1.51
3. 23

73
1.47
645

70
2.55
6.45

"

3.8

6?
1.71
3.68

57
4.37
7.7

a8
5.47

65

12.9%
87
6.93
6.45
L1
2.29
6.45%
64
5.4

58
8.3
0

56
0.7
3.0
59
0.31
]

57
.08
0

59
6.03
0

&0
2.02
6.67
58
9.71
3.1
3
2.5
LR K]
59
1.5
6.67
1¢]
0.21
1}

60
1.57
.67
58
1.%
6.67
82
2.63
6.67
60
2.17
6.67
59
1.711
3.3
57
1.13
6.67
57
1.96
10
60
1.5%
§.67
58
2.17
6.67
$7
0.16
0

57
2.9
13.3
5%
3.9
13.2
56
4.0
13.3
55
2.92
10
56
2.9
13.3
57
.77
10
61
a.17

0.87

0.12

0.08

53
0.68
3.23

1

1.4
3.23
$5
1.5%2
3.23

55
0.4
3.23

52

0.5
3.23
56
1.1
.23

S
2.61
6.45

58
2.86
6.45

95
0.85

0

95

0.42
[

85
a.92
.23

53
1.81
6.45

S6
1.24
9.68

53
1.42
9.68

53

1.71
6.15%

58

2.12

"3.23

50
1.07



639
640
641
642
643
L1]]
645
646
&7
6l
649
650
651
652
653
654
655
656
657
658
659
680
661
662
663
664
665
666
667
6648
669
670
871
672
671
674
678
676
677
€78
679
6€aa
681
682
€8]
(1]
68%
(1.1
687
(11
689
630
691
692
693
694
695
696
6%7
698
699
100
701
702
703
704
T05
706
107
708
709
710
711
712
713
T14
715
716
17
718
719
T20
T21
122
723
T2
725
726
127
728
729

19958, BEXAR. DAYS
1998, HAYS. TEMP
1958, KAYS. PREC
1958, HAYS . DAYS
1958, COMAL. TEMP
1958.COMAL. PREC
1958, COMAL. DAYS
1950 . MECINA, TEMP
1958. MEDINA. PREC
1958 . MEDINA. DAYS
1950, UVALDE, TEMP
1958 . UVALDE. PREC
1958 . UVALDE.DAYS
1958 . X1MMEY. TEMP
1958.KINNEY. PREC
1950 . KINNEY.DAYS
1959, BLXAR. TEMP
1559 . BEXAX, PREC
1959 . BEXAR . DAYS
1959 .HAYS . TEMP
1959 . HAYS, 2R2C
1955, HAYS , DAYS
1959 . COMAL. TEMP
1959.COMAL . PREC
1959 . COMAL.DAYS
1959 .MECINA.IRMP
1959 . MEDINA. PREC
1359 .MEDINA. DAYS
1359, UVALDE. TEMP
1959 . UVALDE. PREC
1959 . UVALDE. DAYS
1959, XINNKY. TEMP
1959 KINNEY. PREC
1959. KINWEY.-DAYS
1960.BEXAR. TEMP
1960.8EXAR. PREC
1960.3EXAR. DAYS
1960.HAYS. TEMP
1960 . HAYS. PREC
1960, HAYS . DAYS
1960.COMAL . TEMP
1960, COMAL. PREC
1960, COMAL, CAYS
1960 . HEDINA, TEMP
1960 . MEDINA. PREC
1960, MEDINA. DAYS
1960.UVALDS. TEMP
1960 . UVALDE. PREC
1360.UVALDE. DAYS
1980.KTNNEY. TEMP
1960, KINNEY. PREC
1960. KINNEY.DAYS
1961 .BEXAR. TEMP
1961, BEXAR. PREC
1961.BEXAR, DAYS
1961 HAYS. TEMP
1961 . HAYS.PREC
1961 .HAYS.DAYS
1961 . COMAL . TEMP
1961, COMAL, PREC
1961.COMAL . DAYS
1961.4EDINA. TEMP
1961 .MEDINA.PREC
1961.MEDINA.DAYS
1961.UVALDE. TEMP
1961 .UVALDE. PREC
1961 .UVALDE.DAYS
1961 . XINNEY. TEMP
19€1.KINNRY,PREC
1961.KINNKY.DAYS
1962 .3EXAR. TRMP
1962 .BEXAR. PREC
1962.BEXAR.DAYS
1962 .RAYS. TEMP
1962 . HAYS. PREC
1962, HAYS.DAYS
1962.COMAL. TEMP
1962 . COMAL, PREC
1962.COMAL. DAYS
1962.MEDINA. TEMP
1962 . MEDINA. PREC
1962 . MEDINA.DAYS
1962. UVALDE. TEMP
1962.UVALDE.PREC
1962.UVALDE.DAYS
1962, . KINNEY. TEMP
1962 . XINNEY.PREC
1962, KINNEY.DAYS
1963 . BEXAR. TEMP
1963 .BEXAR.PREC
1963 .BEXAR, DAYS

t2.9
47
3.19%
12.9
(1]
in

L1
6.15

[
5.3
12.9
52
3.36
12.9
19

7

19
2.67
3.2}

1]

1.2

13

49

40
0.76
3.23

{8

19
.11
.45

50

o

€.45
19
0.76

50
0.54

48
0.68

45
1.28
6.45

7
0.64
23

[
1.62
5.45

(1]
1.28
6.1%

"
1.87
6.4%

0.48

(1]
0.%6

L1]
0.81
3.23

16
0.6%
1.2

0.3%

16
0.1%

16
0.27
0

10.7

4.49
14.2
54

[}
17.8
S1
2.52
10.7
53
1.18%

53
.4
3.45

S0
1.22
3.45

a7

10.3

3.23
54

1.2
57
1.6}
3.21
S4
1.23

5%
1.74
6.45

57
2.66
6.45

L1]
©.13

58
0.33

60
0.5%6
3.2

0.22

49
0.3

0
0.02

56
1.65%
3.23

53
1.47
6.45

56

1.1
3

5%
2.04
.23

56
1.9%
3.23

7

1.2
3.2}

.03

63
¢.32

6%
0.132

64
0.28

L1]
0.06

67
0.1%

59
0.%1
6.45%

s&
1.74
9.68

1.22
6.8
57
0.89%
6.458
b1
0.57
1.21
60
0.4%
3.23
65
9.21

3.0

6.67
68
1.11
.67
67
0.29

68
1.59
3.33

69
0.57
3.3

69
.02
13.3

&7
.58
13.3

&7
41.88
13.3

68
1.61
16.6

10
2.58

10

71

"

12.9
7%
2.83

76
1.52
9.68

77
$.02
9.68

"
1.21
9.68

71

i |
1.48
9.68

73

1.9
9.68

T
1.82
9.68

17

a.5
3.23

78

0.17

76
0.27

17
0.27

18
0.46
3.2

9.1

78
0.7%
6.45%

18
1.31
3.23

16
0,68
.23

76
0.88
3.0

ad
1.58
3.23

18
0.64
3.23

13

1.6%
6.45

18
3.03
6.15%

11 v.a8
3 ELS
52 .
A ]
312 L1

a2 1]
2.67 1.14

a3 a5

13.3 6,45
83 85
11.3 0.35
13.3 3.23
83 L1]
1.32 1.19
1.33 6,49
80 82
4.86 0.89
1.3 1.2
81 82
1.02 2.18
10 12.9
81 ¥4
31.7% 1.73
10 9.68
82 82
7.17 3.98
16.6 9.68
84 a

13.3 3.23
83 L1

6.67 &.45
81 82

24 84
7.8 0.8
10 3.2
83 a3
1.12 9.77
3.33 16.1

D.67 5.26
3.33 16.1

0.28 1.87
0 6.43

7.87 7.04

13.3 9.68

2.44 0.13

2.28 0.03
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1.0)
L]
L8
3.3
35
2.48
3.23
a4
1.68
6.45
a
2.3%
3.23
37
1.8l
3.23
a
3.0%
6.45
a3
.16

8z

16.1
83
0.94
3.23
84
1.45
6.4%
85
0.7%
3.2
84
5.96
9.568
82
t.15
12.9

3.48
16.1
82

LB
4.9¢
12.9

82
4.139
t2.9

82
0.15

81

1.23
ag
1.67
9.¢68
81
1.76
6.5
80
0.96
3.23
a3
6.97
3.21
87
1.57
3.23
a6
1.93
3.23
a7
1.68
3.23
87
1.22
6.45%
a6
.4
6.45
as
0.43

85

lh.6
*9

20
8
T.79
21.3
78
1.6
26.6
30
5.61
20
80
11.3
23.3
81
1.72
6.67
19
1.%4
6.67
-3 1
1.71
1.3
79
2.98
1¢
a1
1.92
6.867
82
4.28
6.67
78
.76
.32
76
1.1l
31.33
19
0.21

77
1.09
€.67

78
0.73
1.3

79
0.39
3.3

an
2.24

2.48

LD
1.1

1,19
5.67
58

59
0.57

60
0.48

93

52
148
10
54
2.42
10
52
1.7
10
53
1.79
10
54
1.73
3.33
62

6.67
60
2.57
10
61

60

61
1.1
€.67
60
6.2

58
2.09
6.67

56

3.9

19

87

10

56
9.6

87
0.19

60

23

e

ig

.31
.23

51

.83
.22

7

A7
A%

19

0.6

Q.

2.

50
31

54

.92
.45

53

.32
.23

53
27

12.9

.24
.45

53

.18
A%

53

.84
.23

5¢

.97
5.

45
18

345
19.3

2.

50
%2

9.68

(1]

1.86
12.9

2.
9.

2.
3.

9.
3.

0.

q.

58

1.24
€.67
59
2.18
6.67
5%
1.
10
59
0.87

61
e.¢7

62

10

L1
9
68
L1
62
68
54

2.7

L]
99
23

.78
.23

-1
.23

53
€6

83
6

$2

.29
.68

51

3.2

9.68

2.
9.

1.
6.

0.
.23

1

S0
8%
68

7%
5
L}
$7

51

.27

45

0.94
3.23



110
731
131z
733
734
738
736
737
k1
719
o
741
742
743
k{1
R} )
746
kl%]
Tee
749
750
751
752
793
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
170
kad!
772
773
T
775
6
717
178
T
780
781
7682
703
781
8%
786
787
788
89
790
791
Te2
703
794
795
796
797
798
799
800
801
802
803
a0l
805
806
807
soa
809
810
811
812
313
814
915
a6
8
ais
819
820

1963, HAYS . TEMP
1961. HAYS. PREC
1961.HAYS. DAYS
1963.COMAL. TEMP
1963 . COMAL. PREC
1963 .COMAL. DAYS
L9631 . MEDINA. TEMP
1983 . MEDIXA, PREC
1963 . MEDINA.DAYS
1963 . UVALDE. TEMP
1963.UVALDE. PREC
1983.UVALDS, DAYS
196} . KINNIY.TEMP
1963 . KINNEY.PREC
1963. KINKEY.DAYS
1964 . BEXAR. TEMP
1964 . DEXAR. FREC
1964 . BEXAR.DAYS
1964 . HAYS . TEMP
1964 . HAYS.PREC
19844 . HAYS . DAYS
1964 . COMAL. TEM?
1964 . COMAL. PREC
1964 .COMAL.DAYS
1964 . KEDINA. TEMP
1964 .MEDIKA.PREC
1964 . XEDINA.DAYS
1964 .UVALDE. TEMP
1964.UVALDE. PREC
1964.UVALDE . DAYS
1964 KINNRY. TEMP
1964  KINNEY.PREC
1964 . KINNEY . DAYS
1965. BEXAR. TEMP
1965.BEXAR.PREC
1965. BEXAR.DAYS
1965 MAYS. TEMP
1965. HAYS . PREC
1965 _HAYS.DAYS
1965. COMAL. TEMP
1965, COMAL. PREC
1965, COMAL. DAYS
1965 . MEDINA. TEMP
1965 .MEDIMA.PREC
1965 . MEDINA.DAYS
1965.UVALDE. TEMP
1965.UVALDE. EREC
1963, UVALDE.DAYS
1965. KINNEY. TEMP
1965. KINNEY.PREC
196%. KINNRY.DAYS
1966. BEXAR. TEMP
1966. 3EXAR. PREC
1966, BEXAR.DAYS
1966. HAYS . TEMP
1966.HAYS.PREC
1966. HAYS.DAYS
1966. COMAL. TEMP
1966. COMAL. PREC
1966. COMAL.DAYS
1966. MEDINA. TEMP
1966 . MEDINA.FPREC
1966 . MEDINA.DAYS
1966.UVALDR . TEMP
1966. UVALDE. PRRC
1966.UVALDE . DAYS
1968 XINNEY. TEMP
1966 . KINNEY. PARC
1966. KINNEY.DAYS
1967. BEXAR, TEMP
1967, BEXAR. PAEC
19€7.BEXAR.DAYS
1967 HAYS. TP
1967.KAYS . PREC
1967. HAYS . DAYS
1967. COMAL . TEMP
1967. COMAL. PAEC
1967. COMAL . DAYS
1967 _MEDINA. MO
1967 . MEDINA. 2R8C
1367 . MEDINA.DAYS
1967.UVALDE. TEMP
1967 . UVALDE. PREC
1967 .UVALDE . DAYS
1967.KINNEY. TEMP
1967 . XINNRY.PREC
1967.XINNEY.DAYS
1968, DEXAR, TEMP
1968 . BEXAR. PREC
1968. BEXAR.DAYS
1968 HAYS. TEMP

51
3.8
6.5
(1}
2.2
6.45
11
2.84
6.45
1%
2.52
9.68
L)
1.2
3.23
19
1.54
3.23
b1}
2.4
§.4%
53
4.33
12.9
54
2.7
9.68
54
0.4
]

54
0.47
0

50
0.46
3.23
15
1.47
9.63
H
2.13
9.68
%
1.1%
3.23
15
2.02
12.%
18
1.96
9.68
[
4.93
3.23
50
0.18
0

"
2.18
0

50
9.17
0

50
0.17
0

50
0.2%
0

50
0.0¢
[}

50
8.52
16.13
46

.84
6.9
19
0.82
7.14
19
6.43
21.4
18
7.27
25
50
8.39
8.5
[}

21.¢
50
.85
.2
$0
1.81
3.57
50
2.3
4.2
11.]

17.8
50
2.78
17.8
50
2.41
10.7
50
1.51
7.4
53
1.51
7.14
51
0.48
1.97
L1 ]
0.48
3.57
51
o.48

42
0.96
3.57

%3
0.86
3.57

52
0.29

18
1.6%
€.9
19

62
0.36
3.23

G.18

[-1]
9.09

66
0.07

68

61
1.7
3.2

1.48
3.23
59
147
3.23
60
1.8%
6.45%
60
1.18
3.23
62
1.4
3.23
55
2.3
3.2
53
1.39
9.68
55
1.21
6.45
54

3.23
L1
2.67
6.15
57
0.72
6.4%
60
1.14
6.45
59

3.23
61
1.42
9.68
59
0.48

61
8.57

65
1.29
3.23

67
2.18
9.68

65
0.72
3.2

65
2.21
9.68

66
1.47
6.4%

67
0.42
3.23

68
1.22
6.45

58
1.27
.45

5%

2.39

2.98

(1]

2.48

6
4,53
6.45

77
2.07

76

12.9
77

77
1.79
6.45%

16
3.71
6.45

76
1.98
6.45

17
3.5%
3.68

17

79
2.64
12.%

8.18
19.3

7.32
1933

8.88
22.%

N
§.98
19.3

75
3.96
16.1

75
$.33
9.68

73
1.53
19.2

73
2.83
12.9

.19
12.9
4
6.4
19.3
7%
3.6%
9.68
%
2.09
9.68
17
2.22
.45
hi ]
1.3%
6.145
%
2.84
9.68
16
1.12
3.23

0.12
78

[+]

13
2.92
3.2
7

EN
3.7
13.3

33

al
L.t
6.67
B3
1.%99%
6.67
B4

82
13.23

4.83
10
B1

4.486

11.3

3.2

2.42

¢.01

0.0%

2.6
3.3
80
2.81
13.3
78

9
.56 L.
.67 6.
39

M3 L.

a.4% 5
45

6.45 6.
8%
2.44 0.
3.231 6.
8%

81
.67 1.
.87 6.

a9
2.1

10 6.

87 43
0.1 3 1.61 3.
.31 6.
L1
.19 1.
20 1.
19
$.91 2.
16.6 3.

a1
.72 2.
6.67 3.2

1]
D.02 5.

:1]
0.62 1.
3.23 9.

8BS
0.74 &,
3.23 6,

B&
0.72 1.
3.23 13,

BS
1.65 2.
3.23 9.

B9
0.41 1.

3.61 2.
16.6 6.
79
8.36 1.
23.1 6.
82
9.53 1.
l6.6 6.
21
3.13 2.

10
79
2.5 4.
6.67 9.
80
3.74 5.
16.6 6.
a1
2.23 3.
6£.67 9,
BO
2.54 1.
10 6.
B3
2.69 0.
13.3 3.
17
2.13 1.
10 3.
76
3.54 0.
16.6 6.

85
0.08 1.

81
1.65% 0,
3.23 3.

BS
0.09 1.

B85
0.13 0.

B4
0.45 2.
3.23 9,

87
0.3 2.
3.23 3,

84
0.06 4.

82
0.14
0 19.3
a6
0.57

85
0.22

86
0.2%
¢ 12.9
86
o 4.54 1.
0 9.68 6,
85
2.12
9.68
a
1.18
6.45
83
2.07
§.45
8%
1.36
6.5
a6
0.32
1.2)
87
0.97 1.
3.23 3.
83
1.53 0.
3.23 &.
81

1.17
12.9
32
1.71
6,45
31
4.%
12.9

3.71 8.
12.9

2.85 5,
12.%
83
o4
23
at

&5
83
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81
Hul
L3}
1.26
6.4

1.86

0.76

3.1

3.23



821
822
423
824
82%
426
827
828
29
810
831
432
LER]
834
a1s
836
437
LRE]
819
a0
al
842
LU
LIT)
845
846
847
LIE ]
Be9
850
851
352
853
s
855
56
357
858
959
869
461
462
863
864
E13]
466
487
2638
269
870
871
872
873
74
875
876
877
878
879
aso
881
882
883
884
98s
88¢
08?7
aas
(1.1
8%0
891
832
893
(1 1)
995
896
837
998
39
900
901
902
903
904
905
906
907
son
909
910
911

1960 . HAYS. PARC
1968 _HAYS . DAYS
1968.COMAL. TP
1968, COMAL. PREC
1960. COMAL. DAYS
1968 . MEDINA. TEMP
1968 . MEDINA. PREC
1968.MEDINA.DAYS
1968, UVALDE. TEMP
1960, UVALDE. PREC
1968 . UVALDE. DAYS
1968 . KINNEY. TEMP
1968 . XINNEY.PREC
1360.XINNZY.DAYS
1969 .BEXAR. TEMF
1969 BEXAR. PREC
1969 BEXAR.DAYS
1963 HAYS.TRMP
1969.HAYS . PREC
1969 . HAYS.DAYS
1969. COMAL. TRMP
1969.COMAL . PREC
1969, COMAL.DAYS
1969 . MEDINA. TRMP
1969. MEDINA. PREC
1969 . MXDINA.DAYS
1969 . UVALDE . TRMP
1969 UVALDE . PREC
1969.UVALDE.DAYS
1969.KINNKY. TEMP
1969. KINNEY. PREC
1969 . KINNFY.DAYS
1970.BBXAR. TEMP
1970.BEXAR.PREC
1970.BEXAR.DAYS
1970. HAYS. TENP
1570, HAYS . PREC
1970, HAYS. DAYS
1970. COMAL. TEMP
1970.COMAL. PABC
1970. COMAL. DAYS
1570, MEDINA. TEMP
1970.MEDINA. PREC
1970.MEDINA, DAYS
1970.UVALDE. TEMP
1970.UVALDS. PREC
1970.UVALDR. DAYS
1970 KINNEY. TEMP
1970.KINNEY. PREC
1970 . KINNEY. DAYS
1971 BEXAN. TEMP
1971 . BEXAR. PREC
1971.85XAN. DAYS
1971.HAYS . TEMP
1971.HAYS. PREC
1971.HAYS. DAYS
1371.COMAL. TEMP
1971.COMAL. PREC
1971.COMAL. DAYS
1971.MEDINA. TEMP
1371.NEDINA, PREC
1971 . HEDINA, DAYS
1971.UVALDE. TEMP
1971, UVALDE, PREC
1971 .UVALDR. DAYS
1971 . KINNEY, TEMP
1971 KINNRY. PREC
1971.KINNEY.DAYS
1972.BEXAR, TEMP
1972.8RXAN, PREC
1972. BEXAR.DAYS
1972 .HAYS. TP
1972.HAYS, PABC
1972.HAYS . DAYS
1972.COMAL . TRMP
1972. COMAL. PRSC
1972.COMAL. DAYS
1972 . MEDINA. TROP
1972.MEDINA. PAEC
1972.MEDINA, DAYS
1372.UVALDE, TEMP
1972.UVALDE, PREC
1972.UVALDE. DAYS
1972 KINNEY. TRMP
1972 KINNKY. PREC
1972.KINNEY.DAYS
1973, SRXAR. THMP
1373 . BEXAR. PARC
1973.BRXAR. DAYS
1973, HAYS, TEMP
1973, HAYS. PASC

3.2
19.35%
t5
8.96
19.3%
(1]
$.32
16.13
(1
3. 66
12.9
19
3. 1%
12.9
$2
1.7¢
9.64
51
1.32
3.23
50
1.3%
3.23
$3
1.11
6.45
54
1.8
3.23
53
0.82
6.45
5
1.1
6.5
13
1.65%
1.2
"
1.93
6.45
46
1.13
6.45
7
0.78
6.4%
(1.}
0.8
3.23
56
0.04
a

53
0.09
a

54
0.11
9

56
0.04
0

37

0

0

5%

0

]

52
1.3%
6.45%
5¢
i.01
6.5
32
0.86
3.23
53
i.11
3.2
4
9.44
3.2
50
a.7
1.23
1”7
2.17
12.9
i
3.39

0.81
31.57

1]
1.42
3.57

55
Q.86
3.57

57
.62
3.57

0,19
3.57
57
0.39
.57
56
0.4

53
0.5%
3.5

L1}
0.4
3.4%

0.47

57
0.16

55
0.8
3.587

2.76
4.2
(1]

1.
3.

2.

8
3

12.9

16.1

1
3

0
3

Q
k]

1
L}

2
6

2
6

i
9

1
§
]
0

0

[}

3

[}
k]

[
3
3

i
L]

3

.48 0

.04

6.1

L35 2,89 4018 1.0 o

16.1

i
3.7
12.9%
7%
a1
68
75
a8
45
7%
19
4%
73
6l
1%.3

73
5.43
16.1

"
1.51
12.%

73
S.04
16.1

.21
57
.28
23
7
.9%

13.3
68
1.6
10
68
3.64 3.
45 16.6 9.

§7 69
2 2.8} 13,
.23 13.1 6.

L1 68
13 0.79 1.
2) 1.31 6.

L1 69
35 2.46 4.
.64 16.6
53 69
.19 5.78
16.6
68
2.97
13.3
69
2.18
10
70
1.39
6.67
69
4.61
§.67
10
1.13
3.33
68
2.27
6.67
70
1.81
6.67
70
¢.91
3.33
58 70
.0l .16
45 o
55 68
1 [

6.6
a1
.61
16.6
40
1.2%
6.67
20
1.4
6.67
78
1.33
1.3
91
2.32
10
g1
2.46
10
82
2.1%
10
61
2.2%
.67
73 -3}
.75 2.%
16.1 6.67
73 82
3.24 1.45%
9.68 6.67
12 8¢
7.3 0.89
22.% 6.67
71 78
10.4 0.45
19.3 3.33
71 79
13.1 0.08
29.8 0
12 78
11.6 1.23
16.1 6.67
72 9
2.05 0.92
3.23 3.3
n 8
2.5 9.9
.23 1.1
78 83
1.52 2.74
6.4% 13.1
" 82
2.4 1.0}
12.9% 133
” 84
.80 2.21
12.% i0
63 69 8 B3
.07 1,61 0.36 3.4
0 6.67 0 13.3
66 70 79 82
.02 1.81 0.73 8.16
0 6.67 3,21 21.)
63 10 77 81
0 2.1 1.340 9.3%

0 10 6.45 20
66 73 7 80
<13 1.94 11.2 2,86
0 6.67 22.5 11.)
8 7 7279
.01 0.78 9.77 2.81
0 3.33 19.3 132
67 73 kL 82
.63 1.21 14.5 ¢.7¢
+23 10 22.5 16.6
67T T Rh] 8]
.36 0.97 5.3 1.27
.23 6.67 12.9 6.67
8 7% 73 a1
.33 0.26 2,67 1.61
.23 0 16.1 6.67
&7 75 13 82
0.3 1.98% 2,05 1.71
-2 10 12.9 6.67
66 66 75 79
L58 $.41 2,73 10.4
.45 20 6.45 16.6
62 63, M2 77
.01 3.98 1.5%5 7.49

53
- 6%

54
.69
23

58
LT
.23

54
.8
.23

L1
.98
.48

55
.13
.45

$7
.29
45

56
.39
.68

LL} 69
1.39
0 3.33
60 66
1.4

0 3.33
62 87
.31 0.%2

0 3.33

1,23
81
}.58

a2
1.26
5.45
82
1.77
1.23
82
Q.68
3.23
87
0.38

0.55%
3.23

87
1.38
3.23

a7
0.236
3.23

9.68

3.03 0.
9.68 3.
.13
2.89 1.
12.9 6.

86

L1
.12 1.

12.9 6.
85

a4
2.53 4.
3.23

84

9.68
84
2.%1 4.
6.15
81

83
1.2
3.22
81
9.42
29.0

6.7
22.%
a1
8.34
22.%
7%
i€.9
19.3

9.45
22.%
7%
11.5
22.%
82
4.24
i9.3
a1
4.8
12.%
83
2.21 4.
6.4%
a2
6.39 3,
15.3
31
2.98
12.9

8.4%
12.9

82
1.2
3.3

7%
2.%1 5.63

1.31
6.45

66
4.27

2.53

8.3%

1.3%

3.1

2.1

0.0t

0.03
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6.5

0.1%

0.2%

0.29

o.14

52

57
2.86
9.68

5.58
i6.1

1.6
19.3
37
1.35
6.45
57
1.6
6.4%
54
9.7
3.23
50
¢4

i€
i.01
.23
47
0.89
1.23
0.%

51
51
3.23

52
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12
9l
14
915
916
917
318
919
320
923
322
923
924
925
926
927
928
929
930
931
932
933
I
918
936
W7
938
939
940
941
942
943
E1Y )
s
946
947
948
949
950
951
952
953
954
95%
956
957
958
959
960
961
962
963
964
945
966
967
968
969
970
971
972
M
N
975
97¢
977
978
379
380
981
982
983
EL )
985
kL1
987
984
989
990
991
992
993
I
995
996
997
998
999
1000
1001
1002

1973 _HATYS .DAYS
1373.COMAL. TEMP
1973, COMAL. PREC
1973.COMAL.DAYS
1973.MEDINA. TEMP
1973.MEDINA, PREC
1371.MEDINA.DAYS
1973.UVALDE . TEMP
1973.UVALDE. PREC
1973 . UVALDE.DAYS
1973 . KINNEY. TEMF
1973.XINNBY.PREC
1973 _KINNEY.DAYS
1974 . BEXAR. TEMP
1974 . BEXAR. PREC
1974 .BEXAR. DAYS
1974 . HAYS . TEMP
1974 . HAYS . PREC
1974 .HAYS .DAYS
1574 . COMAL. TEMP
1974.COMAL. PREC
1974, COMAL.DAYS
1974 .MEDINA. TEMP
1974 .MEDINA. PREC
1974 . MEDINA. DAYS
1974 .UVALDE. TP
1974 .UVALDE. PAEC
1974.UVALDE. DAYS
1974 . KINNEY. TEMP
1974 . KINNEY. PREC
1874 . KINNEY. DAYS
1975.BEXAR. TEMP
1975.BEXAR. PREC
1975.BDEXAR. DAYS
157%5.HAYS . TEMP
1975,HAYS. PREC
1975 .HAYS.DAYS
1§75, COMAL. TEMP
1$75.COMAL. PREC
1975.COMAL. DAYS
1975 . MECINA. TRMP
1975 .MEDINA. PREC
1%75.MEDINA. DAYS
1975.UVALDE. TEMF
1975 . UVALDE. PRRC
1975.UVALDE. DAYS
1975 . KINNEY . TEMP
1975 . XINNEY. PREC
1975.KINNEY.DAYS
1976.BEXAR. TEMF
1976.BEXAR. PREC
1976. BEXAR. DAYS
1976 .HAYS. TEMP
1976 _HAYS.PREC
1976 . HAYS . DAYS
1976.COMAL. TEMP
1976.COMAL. PREC
1976.COMAL. DAYS
1976 . MEDINA. TEMP
1976.MEDINA. PREC
1976 .MEDINA.DAYS
1976 . UVALDE . TEMP
1976.UVALDR. PREC
1976.UVALDR . DAYS
1976 XINNKY. TEMP
1976 KINNKY.PREC
1976. KINNBY.DAYS
1977. BRXAR. TEMP
1977.BEXAR, PREC
1977.BEXAR.DAYS
1977.HAYS. TEMP
1977.HAYS . PREC
1977.HAYS .DAYS
1977. COMAL. TEMP
1977.COMAL. PREC
1977.COMAL.DAYS
1977 .MEDIKA. TEMP
1977.MBDINA. PRBC
1977 .MEDINA.DAYS
1977 . UVALDT. TRMP
1977.UVALDE. PREC
1977.UVALDE.DAYS
1977 .KINNEY.TEMP
1977.KINNEY. PREC
1977.KINNEY.DAYS
1979 .BEXAR. TEMP
1978 . BEXAR. PREC
1578.BEXAR.DAYS
1978 . HAYS. TEMP
1970 .HAYS. PREC
1978 HAYS . DAYS

16.13
15
3.37
19.35
16
A2
.68
48
.62
4%
45

* -~ wr

3.23
51
1.36
£.4%
50
2.%
3.68
1%
2.9
3.68
50
1.8
6.45
53
1.51
3.22
1%
Q.2

83
1.04

52
0.88
3.23

54
1.62
6.45

S4
0.61
.23

0.4
54

6.45
"
0.56
3.23
"7
0.81
§.4%
1)
0.4

50

51
.42
.23

50

- QO

(1]
3.1
12.9
9"
2.94
16.13
9
3.9
16.13
(1}
2.35
9.68
L)
2.16
i2.%
2
2.06
12.9%

0.68
3.23
i1
0.96
]

0.18

0.02

5.12
.2

52
2.82
10.7

L1}
5.36
4.2

58
2.58
10.7

$5
2.35
10.3

0.13
a

59
0.68
.45

61
2.8)

1.62
T.14

5%
.73

5%
0.78
1.%7

19
1.36
3.587

1.76
T.14

[}
2.21
17.89

62
2.06
6.45

64

3,23
66
1.26
4.45
64
0.66
1.23
67

6%
1.2%
6.4%

67
1.7
3.23
§9

3.2
66

6.45

.23

60
2.08
12.9

61
.72
6.45

1.2%
3.23
65
1.72
6.45
L]
0.28
3

61
o.88
6.1%

59
1.46
9.68

61
1.39
9.68

62
0.61
3.23

62
0.3¢

o

60
0.586
3.23

.
6.45

56
1.03
3.2

-0.0

69
1.6%

68

13.3

$.8
11.3
67
2.48
6.67
70
1.1
13.3

5.3
10
68

1.7

€.67

5.67
20
67

8.0%
R
68

9.08
20
(1]

12.6

23.3

4.5%

3.23
3
1.3

"
1.4
3.2
ki
9.7
3.23
™
¢.6
1.23
77
1.20
19.3

7.47
16.1

8.7%
16.1
T
6.66
19.3
19
3.8
12.9
1
2.8
9.68

6.91
16.1

13
13.1
2.2

|
10.1
5.8

7%
.8
13.3

6.65
19.2
T4
.7
12.9
n
5.8
16.1
69
6.54
16.1

7.4
19.3

5.04
16.1

72
5.%2
16.1

31.9%
12.9
%
1.62
6.45
73
2.91
6.4%
7%
8.7%
3.23
7%
.63
9.68
76
3.35
6.45
i |
0.25

7
2.4%
9.68
76
3.7
9.68

0.21

3.313
8o
1.6
13.3

6.05
20
80

2.93
10
79

10
8o

L1
4.7
10
79
1.61
6.67
77
2.54
6.67
79
2.5%
6.67
79
1.29

a0
2.26
§.67
g0

81
2.26
13.3

80

1.5
16.6

82

1.3%

80

6.67

a2
1.7
6.67

82
1.2%
.33

3.96
10
a1

2.22

23
$.7%
3.68

31
1.2
19.3

"
Z

6.26
9.648
az
5.4
9.63
83

g1
0.7
3.23
LE]
0.78

8
0.1

an
0.19

0.1
81

6.45
81
1.79
.45
82
2.07

80

19.3
81
1.79
12.9
79
E-1 |
$.68
80
.39
25.8
79
6.75
22.5
80
1.38
16.1

3.4

0.41

J.08

l.42

0.67
3.23
LK
1.4

a1
2.09
6.45
81

83
2.62
12.9

80
1.83
1.23

80
1.85
9.68

B2
0.58

1]
Q.06

45
0.49

87
0,49
3.23

a4
.28

87
1.15
1.2

87
0.15%

.97
6.43

83
3.57
6.4%

3032

T9
9.11
16.6

6.52
.72
10
78
3.6
1.3

3.8%
16.6
1%
.49
i3.3
71
2.86
10
73

12

30
1.9
13.3

0.5%1

%
1.56
6.67

17
3.12
13.3

76

10
76

2.46
13.3
kxs
1.7%
20
76
4.66
16.6
78
S5.42
16.6
8
i.11
16.6

9.19
26.6

2.07
13.2
82
2.11
10
82
2.39
10
-1}
1-13
3.13

0.65

a5
2.06
1.3
LE]
0.7%
3.1
79
8.86
£3.3
78
5.1
13.3

23,3

m
10.1]
2.2

4.31

9.48
22.5
68
4.09
16.1
68

69

68
2.5
12.9
69
1.7
9.68

9.58

19.3

0.39
3.23

.87

£5

&%
.34

686
0.1

65

57
5.39

56

20
57

10
57
1.59
§.67
57

56
0.6
3.3

0.03

0.23

0.02

1.48

63
2.8
ie
61
1.21
1.1
62
1.91
13.3
60
a.64
13.3
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1003
1004
1009
1806
1097
1008
1009
1010
1011
1012
1613
1014
101%
1018
1017
1014
1019
1020
1021
1022
1023
1024
102%
1026
1027
lo2s
102%
1030
1031
1032
1033
1034
1038
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
10446
1047
lo4s
1049
10%0
1081
1052
1053
1054
10%%
1056
1057
1058
10589
1060
1061
1062
1061
1064
1065
1064
1067
1068
1069
1070
1071
1072
1073
1074
107%
1076
1077
1078
1079
1080
1081
1082
1083
1084
1088
1086
1087
1088
1089
1099
1091
1092
1093

1978.COMAL, TEMP
1978, COMAL, PREC
1978, COMAL. DAYS
1978 . MEDINA. TEMP
1978.MEDINA. PREC
1976 . MEDINA.DAYS
1978 . UVALDE. TRMP
1978 UVALDE. PREC
1970 .UVALDE. DAYS
1970. KINNEY . TEMP
1370. KINNEY. PREC
1978. KINNEY . DAYS
1979.BEXAR. TEMP
1979.BEXAR. PREC
1979.BEXAR.DAYS
1979 .HAYS . TEMP
1979 . HAYS. PREC
1979, HAYS . DAYS
1979, COMAL. TEMP
1979, COMAL. PREC
1979, COMAL. DAYS
1979 . MEDINA. TEMP
1979 .MEDINA, PREC
1979 . MEDIMA, DAYS
1979. UVALDE. TEMP
1979, IFVALDE. PREC
1979.UVALDE.DAYS
1979, KINNEY. TRMP
1979 KINNEY.PREC
1979.KINNKY. DAYS
1980.BEXAR. TEMP
1980, BEXAR. PREC
1980 .BEXAR. DAYS
1980 ,HAYS . TEMP
1980 . HAYS, PREC
1980. RAYS. DAYS
1980. COMAL. TEMP
1980 . COMAL. PREC
1980, COMAL . DAYS
1580, MEDINA. TEMP
1980 .MEDINA, PREC
1980.MEDINA,DAYS
1980, UVALDE. TRMP
1900.UVALDE, PREC
1980.UVALDE. DAYS
1980, XINNRY . TEMP
1980.KINNEY . PARC
L980.XINNKY.DAYS
1981.BEXAR. TEMP
1981 BEXAR. PREC
1981.BEXAR. DAYS
1981, HAYS. TEMP
1981 . HAYS. PREC
1981 . HAYS .DAYS
1981, COMAL . TEMP
1981.COMAL. PREC
1991, COMAL.DAYS
1981 .MEDINA. TEMP
1981 . MEDINA. PREC
1901, MEDINA. DAYS
1981.UVALDE. TEMP
1981.UVALDE. PREC
1981.UVALDE.DAYS
1981. KINNEY. TEMP
1981, KINNEY, PREC
1981, KINNEY.DAYS
1992. BEXAR. TEMP
1902. BEXAR.PREC
1982, BEXAR. DAYS
1982 .HAYS.TRMP
1902, HAYS.PARC
1982.HAYS.DAYS
1962, COMAL. TRMP
1982.COMAL. PREC
1982. COMAL. DAYS
1982 .MEDINA. TEMR
1982.HEDINA. PARC
1982 . MEDINA.DAYS
1982 . UVALDE. TBMP
1982.UVALDE. PREC
1982.UVALDK. DAYS
1382 KINNRY. TEMP
1982 . KINNKY. PREC
1382, KINMEY. DAYS
1363, BEXAR, TEMP
1943 . BEXAR, PREC
1943, BEXAR.DAYS
1983, RAYS. TEMP
1983, HAYS . PREC
1982, HAYS. DAYS
1983, COMAL. TRMP

0.72
3.23

50
0.42
3.23

S0
0.42
3.2

0.65
3.23
53
0.64
3.2}
54

4%
1.48
6.49

49
1.94
9.68

47

68

2.7 1,89 2.9

14.2

1.38
10.7

LT ]
0.62

L)
0.62

52
1.38
7.4

L)

3.2
10.7

2.8%
16.7

52
1.14
3.57

53
1.04
1.57

51
3.7
17.2

6.74

51
1.62
10.3

51
1.2%
0.1

53
0.0

L]
0.3

55

%3
0.96
1.5%7

52
1.4
3.%7

52
1.47
3.57

0.87
31.587

Sé
9.318

54
0.3

11
1.20
7.14

50

1.3
7.14

49
0.7%
3.%7

1.71
.18

3.57
10.7
54
2.16
10.7
52
1.84
12.7
§1
.M
10.7
51

7

73

3.3

73
1.14
1.1

1.44
3.3
13
2.21
5.67
T2
2.5%
&.67
71
2.4
6.67
72
1.22
1.3
72
7.91
16.6
70
714
20
66
1.23
3.3

1.09
13.3

1.46
10
70

1.64
10
12

1.14

.
(1]

1.1%

77

6.45
18
1.78
4.68
al
2.a8
9.68
9
.43
9.68
74

"
2.36
12.9

71
3.9
12.9

2.08
6.45

EL |
1.42
.15

0.9
3.23
76
6.42
25.8

7.%8
22.5
75
6.8
2%.8

5.53
19.3

1.89
19.3
17
5.1
16.1

6.43
12.%

kL
2.92
9.68

3
4.9
16.1

5.18
16.1
7
3.46
12.9
T4
1.08%
6.45
74
6.42
19.3
75
5.45
12.9
"
1.16
9.68
75
T.43
16.1
746
4.%9
9.68
RL]
5.47
3.68

4.37
12.%
73
5.%82
19.2
7

v

72

13.2

S.
6.

a1

|
.87

82

.67

a3

10
80
£9
67

2.1

10
8

N
.87

78
LR}
19
a0

4.9
13.3

13.3

0.

8.

71

23.2

22.9

0
19

.0
36.6

80
01

23.3

3.

17
10
8
LY

16.6

1.
6.

2.

2.

2.
.67

e1
17
67
81

.85

19
82
19
10
a2

.69
.13

a4
62
10
43
15

79

.27
.32

17

20

3% i2
1 3.4%6
3.23 12.9
34 21
1.02 5.7%
3.2 12.9
L1 a0
0.06 0,23
3129
37 8%
4.9 1.1
3.23 3.23
4 23
7.38 2.09
12.9 12.9
82 LH
$.06 1.02
19.3 3.23
a3 -3}
5.36 0,93
16.1 1.23
81 82
1.94 1.2
6.45 1.23
L1 82
0.67 0.97
1.2 1.2
86 1]
g 0.2%
a 2
a8 85
0.26 2.64
0 12.9
86 as
0.1 1.2%
0 3.23
§5 L1
9.34 2.48
3.2) 6.45
8% 83
0.37 1.88
0 6.45
87 a4
0.5% 6.21
3.23 6,45
L] LL]
0.15 2.1
0 3.23
84 as
0.25 2.41
2 9.68
82 83
2.75% 5.27
12.9 3.23
82 L.F4
2.18 3.97
6.45 9.68
82 83
2.7 0.29
9.68 0
84 o
0.4 0.16
'] 9
83 34
1.7 2
3.23 3.23
s 8¢€
0.14 0.55
0 0
86 8¢
0 0.04
0 0
11 L1
0 90.67
6 3,23
.1} L}
.38 1.4
.23 6,45
85 86
3.55 1.06
3.23 6.45
% a6
0.4 0.67
3.23 3.23
83 84
2.43 2
i2.9 9.68
81 82
2.7 2.1
12.9 3.23
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"3
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0.886
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0.33
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6.67
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1.8
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0.3
3.1
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1094
1095
1096
1097
1098
109%
1100
101
1102
1103
1104
1108
1106
1107
1108
1109
1110
1111
1112
1113
1114
111%
1116
1117
1118
i119
112¢
121
1122
1123
1124
112%
1126
1127
1124
1129
1120
i
1132
1133
1134
1138
1136
1137
1138
113%
1140
1141
1142
1143
1144
1145%
1146
1147
1148
1149
1150
1151
1152
11583
1154
115%
1156
1157
11%8
115%
1140
13161
1162
1163
1164
116%
1166
1167
1168
1169
1170
1171
1172
1173
1n
1178
1176
1177
1178
1179
1180
1181
1182
1183
1184

1983. COMAL. PREC
1983. COMAL. DAYS
1983. MEDINA. TEMP
1983, MEDINA. PREC
1983, KEDINA. DAYS
1983 . UVALDE. TR
1983 . UVALDE. PREC
1983 . UVALDE. DAYS
1992 KINNEY. tEMY
1983, XINNTY. PREC
1983, KINNEY.DAYS
1984 . DEXAR. TEMP
1984, BEXAR. PREC
1984. BEXAR. DAYS
1984. HAYS . TEMP
1984 HAYS. PREAC
1984.HAYS. DAYS
1981 . COMAL, TEMP
1980 COMAL. PREC
1984 . COMAL. DAYS
1984 . MEDINA. TDO
1984 . MEDINA. PREC
1984 . MEDINA. DAYS
1984. UVALDE . TDMP
1984 .UVALDE. PREC
1984 . UVALDE. DAYS
1584 .KINNEY. TENR
1984 . KINNEY. PAEC
1984 . KINNEY.DAYS
1985, BEXAR, TENP
1985 . BEXAR. PREC
1985. BEXAR. DAYS
1985 HAYS . TEMP
1985, HAYS, PREC
1985. HAYS. DAYS
1985 . COMAL. TEMP
1985 . COMAL. PREC
1945 . COMAL. DAYS
1985 MEDINA. TRCP
198%. MEDINA. PREC
1385 MEDINA. DAYS
1985 . UVALDE. TEMP
198% . UVALDE. PAXC
1988 _UVALDL. DAYS
1985, XINNEY. TDOP
1905, KINNEY. PASC
1985 KINNBY, DAYS
1986. BEXAR. TR
1986 BEXAR. PREC
1986, BEXAR. DAYS
1986, HAYS. TP
1986, HAYS . PREC
1986, HAYS . DAYS
1986.COMAL. TOMP
1986.COMAL. PREC
1986 . COMAL. DAYS
1986 . MEDINA. TEMP
1986 . MEDINA. PREC
1986. MEDINA. DAYS
1987 _BEXAR. TEMP
1987.3KKAR. PREC
1987. BEXAR. DAYS
1987, HAYS. TP
1987 HAYS. PREC
19987 HAYS. DAYS
1907, COMAL. TEMP
1987.COMAL. PREC
1987. COMAL. DAYS
1987 . MEDINA. TEMP
1987 . MEDINA. PAEC
1907 . MEDINA. DAYS
1988 BEXAR. TR
1988, BEXAR. PABC
1988, BEXAR, DAYS
1998_HAYS. TP
L988_HAYS. PREC
1988 HAYS . DAYS
1988, COMAL. TEMP
1988, COMAL . PREC
1988 . COMAL. DAYS
1988 . MEDINA, TRMP
1988 . MEDINA. PAEC
1980 . MEDINA, DAYS
1989 BEXAR. TDMP
1989 . BEXAR. PRXC
1989, 8EXAK_DAYS
1989, HAYS . TEMP
1989 . HAYS . PREC
1989, HAYS . DAYS
1989 . COMAL . TEMP
1989 . COMAL . PREC

] ]
E.4%
50
2.06
12.%
51
1.89
3.68
sS4
1.12
9.68
46
1.87
6.45
15
1.56
6.45
45
o.ag
1.23
"
1.8%
j.a
50
1.4
6.1%
15
1.4
6.45
it
2.468
12.9
42
2.68
12.9
12
2.41
9.68
2
1.81
6.45%
(1)
1.0
6.5
3
0.%
3.23
$)
0.76
3.23
53
1.47
6.45%
s1
1.47
6.45
L]
0.38
0

50
1.13
6.45%
L} ]
1.07
6.45
(1}
1.54
1.23
S0
0.51
1.23
o
9.19
3.23
1]
9.54
[

35
0.584
9
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0.316
3.23
5§
2.96
9.68
L)
3.87
19.3%
55
2.61

2.32 .21
16.1

7.1
53
1.26
1.57
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1.1%
7.14
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1.1%
J.as
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§.54
0
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1.04
3.4
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0.9
348
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0.52
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0.07
0

5%
¢.02
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1.91
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L1}
1.91
7.4
[}
1.58
10.7
%0
1.87
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54
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.32
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1.97
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o
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0.7

3.

60
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645

72
1.65
3.23

76
2.47
9.68

n
2.7
9.68

7%
2.49
9.68

16
2.88
6.4%

79

4.8
645

78
2.55
6.45

e}
6.29
22.5

7%
9.94
22.%

2
.86
25.8

1
6.11
16.1

16
12.9
2%.8

kL]
1¢.8
22.5%

75
9.68
28.3

"
13.8
2.2

76
0.41

o

i}
.01
9.68

73
1.01
9.68

kL
1.21
3.22
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7.72
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4.14
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12.9
84
3.14
12.9
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3.23
83
0.69
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0.33
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a0

.54
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20
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79
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78
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0
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6.58
16.1
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$.72
12.9
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6.9
19.3
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25.8
n
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3.23
6%
0.41
3.23
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0.08
0

kL
0.08
0

73
c.862
3.23
72
0.93
3.2
71
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3.23
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1.7
6.48
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70
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1.32

6.67
(1]
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.67
58

i.37

3.33
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1185 1989 COMAL.DAYS  16.13 1.57 12,9 6,67 6.45 19 6.45 §.45 1 16.1 6.487 bl
1186 1989.MEDINA. TEMP 55 51 61 69 80 32 &S g4 18 70 g0 43
1187 198$.HEDINA.PREC  3.2¢ 0.59 1,93 9.65 1 1.41 0,99 0,24 0.65 3.37 1.52 0.5
1188  1989.MEDINA.DAYS 19.3% 3.57 §.45 3.33 6.45 6.67 3.723 7 1.33 12.9 5.67 3.23
1189

1190

1191

1182 PARAMBTER DAYLIGHTMONTH) DAYLIGHT HOUR PERCENTAGES FGR USE IN GLANEY “RIDDLE

1193 / JAN 9.2400

1194 FEB 2.2%500

119% MAR 0.27900

1196 APR 0.29%00

1197 MAY 0.3100

1198 JUN 5.3200

1199 JUL 6.3100

1200 AUG 6.3000

1201 s&P 0.2800

1202 oct 0.2600

1203 NOV §.2400

1204 DEC @.2300 /

1208

1206 « L L C L T L OO CU LT CCCCCOC CCCCCOCOCC oL CCC oL oo eccoroeee
1207

1208 ¢ CALCULATED WEATHER DATA BY STATE OF NATURE

1209

1216 *  CCCCTCLOCCLCLC L CCtCTCECCCCECCCCCCCCECCCtCCCCCCCCoececeee
1211

1212 PARAMETER WEATHER(YEAR,GROUPS, WITEM,MONTH) Average Westher Info
1213 ISDATA(YEAR, GROUPS) I3 the year county in weatherd ;
1214

1215 WEATHERD ("1935", COUNTYS, WITEM, MONTH) =

1216 1/ 2*WEATHERD("1979", COUNTYS, WITEM, MONTH)
1217 +1/2*WEATHBRD (19081, COUNTYS, WITEN, MONTH] ;
1218

1219 ISDATA(YREAR, COUNTY) =

1220 135UM{ (MONTHS ,WITEM) , WEATHERD (YEAR, COUNTY, WITEM, MONTHS ] ) ;
1221

1222 H'MTHIID(YIAI,"UVRLDI",HITH,MHTHS)I(ISDATIGYEAR‘ "UVALDE™) EQ 0)
1223 = WEATHERD(YEAR, "MEDINA™, WITEM, MONTHS) ;

1224

122% WEATHERD (YRAR, "KINNEY®,WITEM, MONTHS) 8 (ISDATA (YEAR, "KINNEY™) EQ ¢)
1226 * WEATHERD (YEAR, "UVALDE", WITEM, MONTHS) ;

1227

1228 * CCLCCCCCCTCCCTTCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCECCCCCOteerre
1229 * Calculate AVERAGE temp, precip, and days for each recharge group.
1230+ CCOCCCCCCCOCCCCCCCOCCCCoCCCCGCCeCstCCCCCCCCCCCCCetCCCeteccee
123 - WEATHER [RECHARGE, COUNTY , WITEM, MONTH) =

1232 ¢ SUM{YEAR $ DATES (RECHARGE, YEAR),

1233 « WEATHERD (YEAR, COUNTY, WITEM, MONTH) } / NRech{recharge)
1234

123% » CCCCCCCCCOCCCCCCCCCCCCCCCECCCCCCCCOCCCCCCCCCCCCCCoCoeeeeee
1236 * sSince BPIC uses only a single year of temp, precip data to

1237 ¢ simulate yislds and water use, 30 averages not taken here, either.
1238+ LT C L O L L e L CCC L CCCCCCCCCCOCCCLCCLCCCCOCCCCCCeCCr
123%

1240 WEATHER (recharge, COUNTY, WITEM, MONTH] =

1241 WEATHERD (recharge, COUNTY, WITEM, MONTH}

1242

1243 « [l o e o ol o o o et oo o e 2T B 0 0 8 T 0 B 5 O o o]

1244

1245 » NONAGRICULTURAL WATER DEMAND DATA

1248

1247 ¢ (om0 5 ol 2 1 0 08 9 e o

1248

1249 ¢ Monthly Industrial Use (1989) from TWDB (Normal Alford)

1250

1251 TABLE INDEMAND(USEYEAR,month,groups) INDUSTRIAL USEAGE

1252 KINNEY UVALDE MEDINA BEXAR COMAL HAYS
1253 1989.4an ] 110 ] 138 164 90
1254 1589.feb 9 117 ] 161 158 7
1255 19%%.mar [} 215 0 456 177 a3
1256 1989.apr 0 22 o $19 173 a0
1257 1939.may ¢ 58 0 635 170 a3
1258 198%.jun ] 230 0 579 180 &7
1259 194%.jul [} 124 4 563 192 69
1260 1989.aug Q 18% [} 610 178 28
1261 196%.3ep [} 203 ] 578 167 27
1262 1989.0ct [} 203 Q 532 166 28
1263 1909%.nov 0 145 0 Hu2 151 21
1264 1989.dec Q 118 ] 154 i6d 28 ;
1265

1266 * CCCCCCCOOUUUCCCCCCTCCCCttTtetttCCCCCCCCCCCCeCiCCCCieeece
1267 * These estimates wera developed by Keith Keplinger uzing projected
1268 ¢ use data for the six counties over the aquifer and actual pumping
1263 ¢ data for 1989. Data provided by TWDB (N. Alford ¢ 5. Densmore).
1270+ COCCCCCOCCCCCorCCr oo CrC O o CCCCCCCCOCrrrCCaCe
127t

1272 TABLR IndAdd{GROUPS,USEYEAR) PROUECTED Additions ANNUAL INDUSTRIAL
1273 2000 2010

1274 KINNEY 0 0

127% UVALDE 283 310
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1276 MEDINA 3 )

12717 BEXAR 1694 2541

1274 COMAL 2199 2163

1279 HAYS L) o s

1280

1281 * Note : Municipal Use includes Municipal Use (TWDB - Norman Alford)
1282 plus Domestic and Stock (TWDB - SWSIM-IV pumping 1989, by usel
1283

1280 table MUNUSK!useyear,month,groups)

1208 KINNEY UVALDE MEDINA BEXAR COMAL HAYS

1286 1989%.jan 9 182 U 18282 1547 379

1287 1949.feb 87 163 405 16651 1944 885

1288 1389 .mar 111 490 4169 20890 18%2 906

1289 1989.apr 116 548 514 22671 2166 362

1290 1989.may 118 649 676 26698 2101 953

1281 1989.jun 141 813 831 25711 2219 10

1292 1989.jul 159 923 874 10627 2352 17

1293 1589.suq 152 689 748 31496 2391 1158

1294 1989.sep 1%2 676 £84 237 2265 1248

1295 1989.cct 128 538 589 24609 2166 1113

1296 1989.nov 9% 101 413 19%29 2056 946

1297 1989.dec 26 16 431 20826 211¢ M9
1298

1299 TABLE MUNAdMA (GROUPS,USEYEAR) Projected Addition to Annual MUNICIPAL
1300 2000 2010

1301 KINNEY -126 -133

1302 UVALDE 72 512

1303 MEDINA 43 365

1304 BEXAR 2B966 67278

1105 COMAL 3473 70958

1306 HAYS 2095 4973 :

1307

1308 TABLE PDATA(*,USER) PRICES AND PRICE ELASTICITIES

1309 MURICIPAL INDUSTRIAL

1310 PRICE 41.6 41.6

1211 BLASTICITY -0.2186] -0.540

1312 CLIMATELAS L7586 1] H

1313

1314 Parameter ELAS (month) Monthly Municipal Elasticity

1315 * from "Seasonality in Community Watar Demsnd™ Griffin & Chang
1316 / jan -0.311, feb -0.301, mar -0.348, apr -0.169%, may -0.182,

1317 Jun ~0.391, 3ul -0.410, aug -0.412, sep -0.3%¢, oct -0.360,

1318 nov -0,.332, dec -0.310 / :

1319

1320 L] 902 02 0 00 0 W, ok )y ) g 0 0 0 L 0 0 i 44 8 8 0 o
1321

1322 ¢ CALCULATED MUNICIPAL DEMAND

1323

1324 Lt CC e O L e CCCCCCCCCCCCCCCCrCCCCTCCCCCCCCCrCCecs
1328

1326 PARAMETER MUNDEMAND (YEAR, GROUPS,USEYEAR,month} WATER DEMANDS AFFECTED BY WEATHER
13127 CLIMATE(YEAR, month,GROUPS) GRIFFIN AND CHANGS CLIMATE VARIABLE
1328 CDIF (YEAR, aonth, GROURS) Climate adjustment factor

1329 AveClimate (month, groups) Average Climate 2000 ¢ 2010 Demands
1310 HunPct (menth, groups) 1989 monthly distr, of Municipal
1131 IndPct (month, groups) 1989 monthly distr. of Industrial
1332 AMunigroups) Annual Municipal - 1989

1333 Alndi{groups) Annual Industrial - 1%89

1334 H

1328

1336 * (Climats = (days<=.2%" rain)x{avg temp) (30 day months used} ;
1337 ¢ (CDIF = 1 + (¥ change in use) due to the climate variable) :
1338

1339 CLIMATE ( RECHARGE, month, COUNTY} =

1340 30/100* (100-WEATHER (RECHARGE, COUNTY, "DAYS™, MONTH) ) *

1341 WEATHER (recharge, COUNTY, “TEMP*, MONTH) ;

1342

1343 ¢ COOTOOOCCrCCNC L O COrC O CrCCCCOrCCCCCCCCCCCOtToTCCCCCOCEee

1344 * (Expected weather for 2000 & 2010 is the average weather
1345 ¢ for the years 1987 to 1991. For this scdel, weighted

1346 * average climate based on recharge years is used.

1347+  COCCOCOrOROCOCC T oG CCCCrTCCCCLCCCCCCCCTCCECCErTCCCCCCCeoce
1349

1349 AveClimate (month, county) = sum(recharge,

13590 Climate(recharge,sonth,county) * prob(recharge) ):

1351

1352 ¢ CDIF(recharge,month, COUNTY) = |+PDATA{"CLIMATELAS®™, "MUNICIPAL")*
1353 [CLIMATS {recharge, month, COUNTY) /

1354 ¢ max (G.0001, CLIMATE ("198%" , month, COUNTY) ) -1];

135%

1356 AMun{county) = sum(sonth, MunUse(*138%",month,county) ) :

1387 Alndicounty) = sum{month, INDeaand {*1989*, month, county) ) :

1358

1359 MunPet (month,county) = MunUse{*1%89", month,county) / AMun{county) :
1360  IndPct (month,county) = INDemand(™1989" month,county} / AMun{county) ;
1361

1362 INDemand (project,month,county) =

1363 INCemand ("198%" ,month, county)

1364 + IndAdd{county,project) * IndPct(month,county}

1365

1366 MUNDEMAND (recharge, COUNTY, 198%™, month) = MUNUSE("1989",month,county)
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1367
1188
1369
1370
mn
1372
1373
1374
137§
1378
1377

1416
17
1410
ule
1420
1421
1422
1423
1424
142%
1426
1427
1429
1429
1430
1431
1432
1433
MM
1428
1426
1437
1438
1439
1440
1441
1442
1443
1444
s
446
1447
1448
1449
1450
1481
1452
1453
1454
1455
1456
1457
1450
1459

* MAX (0.6, {1+PDATA(™CLIMATELAS"™, "MUNICIPAL":
* ((CLIMATE (recharge, month, COUNTY} /
MAX(0.0001, CLIMATE(™1989", month, COUNTY) ) -11))) ;

MUNDEMAND (recharge, COUNTY, project, month) =
{ MUNUSE("1989", month, county)
+ Munhdd (county,project) * MunPct (month, countyl )
¢ MAX(0.8, (L+PDATA("CLIMATELAS™, "MUNICIPAL™)
* [[CLIMATE (recharge,month, COUNTY) /
MAX (0,900, AveCLIMATE (month, COUNTY) ) -1) )11

Parameter Use2000(groups,user) Projected year 2000 Usage - Ave Weather:
Us-ZOOO(county,'Indu:trinl")-:u-(nonth,lndomandi"2000“,month,:nunty)1:
u:ozadolcounty,'Hnnicipal') = zum(month, HMunUse("1989", month, county)
¢ MunAdd (county, "20007) *MunPct (month, county) ) ;

Usa2000 ("total™, user) = sum{county,Use2000(county,userl} ;
Parameter Ad4j2000(groups,user) Projected ysar 2000 Usage - 1989 Weather:
Ad32000 (county, "Industrial™)=gumimonth, Indemand (*2000"  month, countyl));
Adj2000 (ceunty, "Municipal”) = sum(month,

MunDemand ("1989%, county, "2000", month) ) ;
Adj2000("total™, user) = sum{county,Adj2000 (county, user)) ;

Parameter Adj2087 (groups,user) Projected year 2000 Usage - 1987 Weather:
Adi2087 (county, "Industrial®™) =sum(month, Indemand {"2000", month, countyl}};
M32087 (county, "Municipal®) = sum(month,

MunDemand (“1987", county, "2000" , month) )
Ad§j2087 [“total™,user) = sum(county, Ad32087 (county, usec)} :

Parameter Adj2082igroups,user) Projected year 2000 Usage - 1378 Weather:
Adj20!2(county,'lndustrinl')-sumtncnth.Indtmand(“ZDOO",month,coun:y)|:
Adj2082(county, “Municipal®”) = sumimonth,

MunDemand ("1982", county, “2000" month) |
Adj2082 ("total™, user) = sum(county, Adj2082 (county, user))

Parameter Ratio(rechargall,month,groups) Climate Ratio ;
Ratio{recharge,month,county) = climateirecharge,month, county)
/ Aveclimate{month,county) ;

‘display Use2000, Adj2000 , Adj2087, Adj20BZ, climate, aveclimate,ratio:

parameter tempfactor(cecharqall,groups,useyear,month) ;
vempfactor {recharge, COUNTY,USEYEAR, month) =
(CLIMATE {recharge,month, COUNTY) /
MAX{0.0001, CLIMATE("1%89", month, COUNTY))-1);

*display munuse, pdata, climate, cdif, tempfactor, aundewand

. OLD PUMPING COST DATA
Paramater CPump(user) Fixed Costs of Pumping per acre foot
VPump (user) Veriable Costs of Pumping per acre foot;

CPump(“mi"™) = 35.14 :
CPump(“ag®} = 8,30 ;
VPump (™
VPump("ag®} = 0.0819 :

e CC e O C e L e e CCCCCCCCCCCCCCCCCCCTCCCCCCCCCC

i NEW PUMPING COST DATA (Dr. Lacewsll)
[Zelelaalm o o o et ol o] s 2 0 0 ol 0 0L 0 o s S St ol B o S M M e by o S o o

acalar png price natural gas /3.00/
pe pump efflciency /.55/
pai 15/
de distribution efficiency /.65/
repaire irrigatiom repair /.585/
laborce irrigation labor /.85/ ;
L v ol 0002 5141 0 . = 0 0 2 0 0 90 - e 0 0 1 2 9 e 0
* AGARICULTURAL DATA

r L9990 0 0 0 0 O 0 8 R O e e 0 o o R

¢ Cost of Sprinkler based on Pena “Irrigation Water Usa ..., 1990"
*O$45,000 / 127 scres / 10 year economic life.

SCALAR COSTINAIG COST CF DEVELOPING AM IRRIGATED ACRE /39/
CostSprink Cost of Sprinkler Irrigation /35.43/ ;

TABLE AVAILLAND (GROUPS,LANDa) Total LAND AVAILABLE
. Source: "Bleclogical Survey of USDA ..." Appendix I, Table 2%

. NRSC and personal communication w/ James Hailey, NRCS,
M 1994 satimates
IAR DRY Sprinkler

KINNEY 260 0 269

UVALDE 11299 0 12943

MEDINA 29513 0 9430

BEXAR 8819 ] 1920

CCMAL 0 s} L]

HAYS ] 1] L

Appendix A - 16



1460 AvaiiLandicounty, "furrow"™) =

1461 Availland{county, "lre™} - Availlengd/zsunty, 'sorin<ler™!
14862 Availland(“total™ landa} = sumicounty, Availland zounty, lande)};
148)

1464 - CCCCCCCCCCCCCCCCClCCCCCCOCCCCCICCoroocoecece

1468 » Put Sprinkler inte highest zones first

1466 CCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrotCecCrce

1167

1468 FParameter AvailZone!groups,lonall,Landa) Aveilable Land f5: sach Zcne:
1469 Availionse{county, ™", "sprinkler™! =

1470 Min{AvajilLand (county, "spriniler™),

1471 Availlandicounty, "irc®™) * AgPet("3", county) 1:
172 AvailZone{county,"2®, "sprinkler™] =

1473 Min{ {Avaiiland(county,"sprinkler™}

un - AvailZone(county,"1”, "speinkler™) },

1175 Availland{county,“ier™) * AgPct("2", county) 1:
1176 AvailZone(county, "1", "sprinkler”) =

1477 AvallLand (county, *sprinkler™)

1478 - AvailZone(county, 2", “sprinkler”)

e - AvailZone (county, 3", “sprinkler™) ;

1400

1481 Availlone(county, zone, "furrow™) =

1182 (Awailland{county,*irz™) * AgPct(zone,county))

1483 - AvallZone{county,zone,"sprinkler™) :

1484

1405 Aveillone(county,zone, "irr®) =

1486 AvailZone (county, zone, "furrow”)

1487 + AvailZone (county,zone,"sprinkler™) :

1489

148% AvallZone("total™, zone, landa) =

1490 sum{county, Availzone(county,zons,landa} 1;

1491 AvailZoneigroups,™all®™, landa) =

1452 sumizone, Availzone(groups,zone,landa) J:

1493

144

1499 ¢ COOCTCCCCCCCCCCCCCCCCrCCCCCCCCCCTCCCCCCOCTCC

496 ¢ { Counties combined inta 2

1497 ¢ CCCCCCCCCCCCCCCOCCOCLCeCCCCCCCCCCCCCCeCceece

1499

1499 Availlone(“Uvalde”, zone, landa) =

1500 AvailZone(“Uvalde”, zone, landa) + AvailZone ("Kinney", zone, landa) ;
1501

1502 AvailZone (*Medina™, zone, landa} =

1503 Availlcne ("Medina®, zone, landa) + AvailZone(“"Bexar™,zone, landa) ;
1504

150% Availlone ("Xinney™, zone, landa) = 0 ;

1506 Availlone("Bexar",zone, landa) = 0 ;

1507

1508 CCCCCCCCCUCCTCCCCCCLCCCCOCCCCCCCCCCCCCLCCCee

1569

1510 TABLE MIXDATA{(GROUPS, LANDo, CROPS,MIXESA) HISTORIC ALLOWABLE CROFPING PATTEANS
1511

1512 * ALLCWABLE CROP MIXES

1513 187% 1976 1977 1978 197%
1514 KINNEY.DRY. COTTON ¢ o o ¢ 0.0211
1518 KINWEY.DRY . CORN 0.036 0.0964 0.0398 0.1289% 0.0264
1516 KINNEY.DRY.SORGHUM ©0,1065 0.6648 0.5379 9 0.2598
1517 KINMEY.DRY.SORGHAY o 4 ¢ 0.1289 0
1518 KINNEY.DRY.WINWHT 0.3163 0.142% 0.3723 0,.3%5%% 0.6106
1519 KINWEY.DRY.OATS 0.0412 0.0963 ° 0 0.0188
1520 KINNEY.DRY. HAY [} Q 0 0.1887 0.0603
1521 KINNEY.DRY. SOYBEANS -} 0 ¢ 0 0
1522 KINNEY.DRY. PEANUTS 4 0 "} 0 0
1523

1524 KINNEY, [RR. COTTON 0 0 Q 0 0.1032
152% KINWNEY.[RR.CORN 0 ] 0 o 0
1526 KINNEY.IAR.SORGHUM 0.29%2 [} 0 0.2497 0.159
1527 KIMNEY. IAR. SORGHAY 0 9 0 0.0886 0
1520 RINNEY. IRR.WINGHT  0.3093 0.2252 0.5%694 0.0749 0.0681
1529 KINNEY.IRR.OATS 0.0921 0.186¢ 0 0 0.0806
1530 KINWEY.IAR. HRY 0 0 0 0.2659 0.2581
1531 KINNTY.IRR.SOYBEANS 4 0 0 0 @
1532 KINNEY.IRR.PEANUTS L] 0 ¢ 0 @
1533 KINNEY.IRR.PKPPERS [} [} o o a
1534 KINNEY.IRR.CABBAGE 0.0407 0.1126 0.0313 0.0449 0.0323
1538 KINKEY. IRR. CANTALOP 0 ¢ 0.062¢ 0 0.0887
1526 KINNEY. IRR. CARROT 0 ¢ ] 0.025 4
1537 KINNEY. IRR. CUCUMBER 6 0.0638 0 0 ¢
1538 KINNEY. IRR. HONEYDEW 9 o a 0 Q
1539 KINNEY.IRR.LETTUCE 0 0 9 0.037% 0.0297
1540 KIMNEY.IRR.ONION 0.0973 0.2252 0.1878 0.0874 0.0694
1541 KINNEY.IRR.POTATO 0 0 a [V b
1542 KINNEY.IRR.SPINACH 9 0 0 9.0637% 0
1543 KINNEY.IRR.SWICCRN 0.0806 0.1866 0.1483 0.0086 0.1129
1548 KINNEY. IRR. TOMATO 0 0 [ [ 0
1548 KINNEY. TRR.WATERMEL 0 0 0 Q9 0
1546

1547 UVALDE . DRY . COTTON 0.0057 ¢ 0 0 0.04%1
1548 UVALDE . DRY . CORN 0.1262 0.1238 0.167 0.22%% 0.194
1549 UVALDE.DRY.SORGHUM 0.2604 0.23%02 0.235 0.13944 0. 115
1550 UVALDE . DRY . SORGHAY ¢ 0.016 9.018 0.01¢  0.003¢
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1551 JVALDE.DRY.WINWHT  2.3744 92,1346 3.318% 3..78% 5. 1144
1552 UVALDE . DRY.OATS 0.1719 9.2963 0..604 ).18% 9.221%
1553 UVALDE . DRY . HAY 0.0648 0.0688 0.0663 1.2828 0,929)
1554 UVALDE.DRY.SOYBEANS 0.0166 0.0103 0.0)44 2.929%9 0.0402
1558 UVALDE.DRY, PEANUTS ] ] 0 k] 3
1558

1587 UVALOE. IRR.COTTON 0.00% 2.0297 0.0979 0.0445 3.0543
1958 UVALDE. IRR, CORN 0.1976 0.1713 0.2319 0.23 o0.2722
1559 UVALDE. IRR.SORGHUM 0.1139  0.134 0.06%5 1.0873 0.087
1560 UVALDE. IRR. SORGHAY 0 0.0222 0.025 0.0102 0.0076
1561 UVALDE. IRR.WINWHT 0.2028 0.1238 0,109 9.1122 0.0699
1562 UVALDE. IRR,OATS 0.26%1 0.205%6 0.2227 0.2904 0.31%3
1563 UVALDE. IRR. HAY 0.0761 0.0952 0.097 0.0843 0.0411
1564 UVALDE. [RR.SOYBEANS 0.025% 0.0143 0.0477 0.0296 0.0563
156% UVALDE. IRA. PEANUTS 0 ] ] a 9
1566 UVALDE. IRR.PEPPERS 0.0027 o o [} 4]
1967 UVALDE.IRR.CABBAGE 0.0109% 0.012 0.009 4.0198 0O,0112
1568 UVALDE.IRR.CANTALCP 0.0109 0.007% 0.0194 ¢.0119 06.0031
1569 UVALDE. IRR.CARROT 0.0)3 0.03% 0.0374 0.0353 0.04C1
1570 UVALDE. IRR.CUCUMBER 0.0082 0.006 0.0077 0.008 a
1871 UVALDE. IRR. HONEYDEW 1} 0 0.0037 [ o
1572 UVALDE.IRR.LETTUCE 0 "} 0 0.0048 0.0026
1873 UVALDE. TRR.ONION 0.0191 0.024 0©0.0224 0.0085 0.0203
1574 UVALDE. IRR. POTATO ] [ 0 4 0
157% UYALDE.IRR.SPINACH 0.0163 0.012 0.005 0.0099 0.005%
1576 UVALDE.IRR.SWTCORN 0.0109 0.018 0 0.008% 0.0104
1577 UVALDE. IRR. TOMATO 0 0.005¢ 0,008 0.0028 0.0031
1578 UVALDE. IRR.WATERMEL 0.0026 (] 0 0 ]
1579

1580 MEDINA,DRY.COTTON 0 a 0.0038 0 0.011
1581 MEDINA.DRY.CORN 0.0765 0.0934 0.135) 0,169 0.2045
1582 HEDINA.DRY.SORGHUM 0. 4464 0.4991 0.5281 0.4602 0.436d
1583 MEDINA.DRY.SORGHAY 0.0053 0,0307 0.0362 0.0638 0.006
1584 MEDINA. DRY. WINWHT 0.2641 0.139¢ 0.0929 C.0413 0,0997
158% MEDINA.DRY.CATS 0.1464 0,1352 0.127% 0.165%6 0, 1522
1586 MEDINA,DRY . HAY 0.0832 0.1004 0.0712 08.0903 10,0721
1587 MEDIMA.DRY.SOYBEANS ] 0 0.0045 0.0088 D0.0066
1588 MEDINA.DRY.PEANUTS 0.0012 0.0018 0.000% 0.001 ©.2115%
1589

1590 MEDINA. IRR,COTTON o 0 0 0 0
1591 MEDINA. IRR.CORN 0.142 0.1816 0.2586 0,2766 0.3986
1592 MEDINA.IRR.SORGHUM 0.246% 0.1399 0.11%8 0.0788 0.0541
1593 MEDINA. TAR.SORGHAY 0.009% £.05%6 0.0693 0.1084 0.0116
159 MEDINA. IRR. WINWHT 0.9398 ¢.0262 0.016 0 0.0042
1598 MEDINA.IAR.CATS 0.2716 4.263 0.213% 0.2778 00,2966
1596 MEDINA. IAR.HAY C.1543 0.19%5%51 0.1362 0.1478 0.1406
1597 MEDINA. IRR. SOYBEANS 0 ¢ ©¢.0087 0.0078 0,0129
1598 HEDINA.IRR.PEANUTS 0.0797 0.0831 ©0.0752 0.0591 0.029]
1599 MEDINA.IRR.PEPPERS 0 ] ] 0 ]
1600 MEDINA. IRA.CABBAGE 0.0093 0.91 0.016% 0.0063 0.0097
1601 MEDINA. IRR.CANTALOP [] o 0 0 a
1602 MEDINA, IRR.CARROT  0.0093 0.012% ©0.0169 0.0127 0.01%8
1603 MEDINA. IRR.CUCUMBER 0.0046 9 0.01%3 0.008 0.007%
1604 MEDINA. IRR.HONEYDEW Q Q 3 0 [
1605 MEDINA.IRR.LETTUCE [ 0 o (] 9
1606 MEDINA.IRR.ONION bl 0 9 1] 0
1607 MEDINA.IRR.POTATO 0 0 0 0.005% 0.0044
1608 MERINA, IRR. SPINACH [ 9 0 0 0
1609 MEDINA.IRR, SWTCORN 0 0.009 0 ] 9
1610 MEDINA. IRR. TOMATO 0 0 0 0 0
1611 MEDINA.IRR.WATERMEL 0.0326 0.02 0.0192 0.0148 0.0149
1812

1613 BEXAR.DRY.COTTCN 0 0 0 Q 1}
1611 BEXAR. DRY . CORN 0.0948 0.107% 0.138) 0.1089 0.1422
1615 BEXAR,DRY.SORGHUM 0.3334 0.3121 0.378 0.3973 0,2871
1616 BEXAR.DRY.SORGHAY 0.0479 0.0741 0.053 0.02%3 0Q.0117
1617 BEXAR.DRY.WINWHT  0.1104 0.0914 0.0785 0.0607 ¢,1579
1618 BEXAR.DRY.QATS 0.215 0.17%7 0.16%9 0.1783 0.2143
1619 BEXAR. DRY . RAY 0.1778 0.2114 0.1589 0.2074¢ §.1839
1620 BEXAR. DAY . SOYBEANS ] 0 ] 0 0.0069
1621 BEXAR.DRY.FPEANUTS 0.0207 0.0278 0.0254 0.0221 0.0138
1622

1623 BEXAR. IRR.COTTON 0 ] Q 0 ]
1624 BEXAR. IRR.CORN 0.0897 0.1171 0.1027 0.144 0.174S
162% BEXAR. IAR. SORGHUM ¢.1973 0.07681 0,379) 0.0338 0.1247
1626 BEXAR. IRR.SORGHAY 0.0453 0.0807 0.0378 0.0335 0.0144
1627 SEXAR. IRR.WINWHT 4.0883 0.0694 0.0 0.0745 o0.0074
1628 BEXAR. IRR.OATS 9.2035 0.1914 0.1262 0.23%8 0.2628
1629 BEXAR. IR, MAY 4.1683 0.230% 0.118 0.27¢3 0.2011
1630 BEXAR, IRA. SOYBEANS 0 0 ] [t} 4]
1631 BEXAR. IRR.PEANUTS 0.123) 0.11280 0.6895 0.1076 0.147)
1632 BEXAR. IRR.FEFPIRS 0 ¢ 0.0108 0 ¢
1633 SEXAR.IRA.CABBAGE 0.031¢ 0.048 0.025%% 0.043 0.03%7
1634 BEXAR. IRR. CANTALOP -] [*] 0 ) 2
163% BEXAR. IRR. CARROT 0.021% 0.082 0.027 0.0297 0.0131
1836 BEXAR. IRR.CUCUMBRR 0.0078 0 0.0378 0.0238 3
1637 BEXAR. IRR, HONEYDEW 0 1] 0 0 ¢
1638 BEXAR. IRR. LETTUCE "] 0 s} [ o
1639 BEXAR. IRR.ONION 0 '} 9 0 % .
1640 BEXAR. IRR.POTATO 0.0118 0.03 0.01%4 0 0.¢61%
1641 BEXAR. TRR. SPINACH 0 0 b} b ]
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1642 SEXAR. [AR.SWTZI8N n b 5 N

1643 BEXAR. [AR.TOMATO 1.0114 9 3 5 3
1644 BEXKAR. [RR.WATEAMEL 0 il b] b b
1648

1646+ 1980 1981 1297 1983 1984
1647 KINNEY.CRY.COTTOM 0 0 D) 0 3
1648 KINNEY.DRY . CORN 9.1187 n a o 9
1649 KINNEY.DRY.SORGHUM 0.0818 [ 3 3 bl
1650 KINNEY.DRY.SORGHAY 0 0 0 a 0
1651 KINNEY.DRY.WINWHT 0.491 0.7910 0.%737 1 0.2083
1652 KINNEY.DRY.QATS 0.1187 0,206 0.420) a 09,7917
1653 KINNEY,DRY . HAY 0.1420 \] 0 a9 a
18654 KINNEY.DRY.SOYBEANS 0.0474 0 9 ] 0
185% KINNEY.DRY.PEANUTS [ 0 ] ) b}
1656 _

1657 KINNEY. IRR.COTTON 0 0 0 0 ]
1658 KINNEY.IRR.CORN 0 0 0 0 0
1659 KINMBY.IRR.SORGHUM 0.2298 [+] /] [} 9
1660 KINNEY.IRR.S5ORGHAY 0 0 ] 0 9
1661 KINNEY.IRR.WINWHT 00,0337 0.2154 8.6 0,104
1662 KINNEY.IRR.OATS 0.1813 0.4068 0.2185 0 0.3951
1663 KINMEY. IRR. HAY 0.2178 0 0 b] 0
1684 KINWEY.IRR,SCYBEANS 0.072% "] +) 0 0
1665 KINNEY. IRR. PEANUTS 0 1} Q 8 0
1666 KINMEY.IRR.PEPPERS 0 [ ] o 0
1667 KINNEY. IRR.CABBAGR [ 0 ] 8 0
1660 KINNEY.IRR.CANTALOP 0.05%7 0.0%@4 o] 0 0.0454
1669 KINNEY.IRR. CARROT 0 4] ] 4 Q
1670 KINNEY.IRR, CUCUMBER 0 1] [+ 2} 0
1671 KINNEY. IRR. HONEYDBW 0 1] o 0 -]
1672 KINNEY.IRR.LETTUCE 0 a ;) 9 9
1673 KINNEY.IRR.ONION 0.0605 0.08629 0.G738 0.4 0.0454
1674 XINNEY.IRR.POTATO Q L] q s} 0
1675 KINNEY.IRR.SPINACH Q 9 0 Q 9
1676 KINNEY.TRR.SWTCORN 0.1813 0.,4382 0.§923 9 0.4101
18677 KINNEY.IRR. TOMATO o 9 2 o 0
1678 KINNEY. IRR.WATERMEL L] 9 Q L] 2
1679

15680 UVALDE.DRY.COTTON  0.0132 0 0.03%4 0.0209 9
1681 UVALDE.DRY . CORN 9.1926 0.0457 0 0.07%%9 2
1682 UVALDE.DRY.SORGHUM 0.2001 0.2846 G.2354 0.2436 0.1749
1681 UVALDE.DRY.SORGHAY 0.02%1 0.0098 0 0 o
1684 UVALDE . DRY . WINWHT 0.2291 G.343 0.19%9 0.1897 9.02%
168% UVALDE.DRY.OATS 0.297% 0.2191 0.208% 0.373 0,619}
1686 UVALDE . DRY. HAY 0.071 0.0978 ©0.1208 0.0958 0.1712
1687 UVALDE.DRY. SOYBEANS 0.0112 [} 0 0.0101 0.009%6
1684 UVALDR.DRY . PRANUTS 0 [ 0 0 [
1689

1690 UVALDE. IAA.COTTON  0.1502 0.13%4 0.077% 0.0816 0.2015
1691 UVALDE. IRR. CORN 0.2065 0.2796 0.3146 0.2447 0.2862
1892 UVALDE. IRR.SORGHUM 0.0513 0.0528 0.01%5 0.035% 0,028
1693 UVALDE. [RR.SORGHAY 0.0272 0.0108 ¢ 0 [
1694 UVALDE. IRR.WINWMT  0.0955 0.0879 0.1167 0.0636 0.0263
1695 UVALDE. IRR.OATS 0.2761 0.2421 0.2134 0.3711 ©.2893
1696 UVALDE. IRR. HAY 0.0761 0.1081 0.1237 0.09%3 0.0799%
1697 UVALDE. IRR.SOYBEANS 0.012 0 0 0.01 0.0045
1698 UVALDE. IR, PEANUTS 0 0 a 0 0
1699 UVALDE. IRR. PEPPERS [ 0 0 0 a
1700 UVALDE. IRR.CABBAGE ©.0181 ©0.009¢ 0.016 0.0162 0.0164
1701 UVALDE. IRR.CANTALO? 0.0173  0.005 ©.0113 0.0213) 0.0181
1702 UVALDE. TRR. CARROT 0.0244 0.0311 0.0581 0.0311 0.016%
1703 UWVALDE. IRR. CUCUMBER 9 e 0 0 a
1704 UVALDE. IRR. HONEYDEW 0 [ 0 [ 9
170% UVALDE. [RR. LETTUCE 0 0.0033 0.0098 9,002 0.,0039
1706 UVALDE. IRR.ONION 0.0238 0.0125 0.0202 0.0148 0.0213
1707 UVALDE. IAR. POTATO [ 0 0 0 0
1708 UVALDE. IRR.SPINACH 0.0051 0.003% 0.0141 0.01 ©.0109
1709 UVALOR. TRA.SWICORN 0.0134 0.0139 9 1} 9
1710 UVALDE. IRR. TOMATO 0.003 ] 0 [} 0
171t UVALDE. IRR. WATERMXL ¢ 0.9042 0.0047 o0.0024 0
1712

1713 MEDINA. DRY. COTTON 24,0011 ] 0 0.0042 0
1714 MEDINA.DRY. CORN 6.2158  0.104 0.0936 0.1326 0.1137
1715 MEDINA.DRY.SORGHUM 0.3827 0.3996 0.4752 0.3701 0.22%6
1716 MEDINA.DRY.SORGHAY 0.0596 0.00% 0.0191 90.0074 ¢©.0C159
1717 MEDINA.DRY.WINWRT 0.0738 6.2162 0,123 0.1433 0.1038
1718 MEDINA, DRY.QATS 0.1329 ©0.3303 0.1864 0.2384 0.4012
1719 MEDINA.DRY.HAY 60,1238 ©0.1227 0.1013 40.1018 0.13%8
1720 MEDINA,DRY.SOYBEANS 0.0155 L] 0 ] a
1121 MEDINA.DRY.PEANUTS 0.015 0.0178 0.0011 ©.0021 [
1722

1723 MEDINA.IRR.COTTON 0.0262 0 0.02% 0.0305 0.0304
1724 MEDINA. IRR.CORN 0.2908 0.57 0.4753 0.4746 0.4862
172% MEDINA.IRR.SORGHUM 0.0679 0.079%d §.076% 0.0631 0.030%
1726 MEDINA.IRR.SORGHAY 0.0802 0.0088 0.0188 0.0067 0.0101
1727 MEDINA. IRR.WINWHT 0.09 0.0624 0.0443 0.0588 0.03%7
1728 MEDINA. IRR.OATS 0.179 0.1212 ©.1833 0.218 0.25%7
1729 MEDINA. IRA. HAY 6.1663 0.1143 0.0997 0.0931 0.0892
1730 MEDINA. IRR.SOYBEANS 0.0209 0 0 o} 1}
1731 MEDINA. IRR, PEANUTS 0.03 0.017 0.0396 0.0J0% 0C.0421
1732 MEDINA. IRR. PEPPERS 9 L 4] 0 0
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1733
1734
1728
1736
1737
1738
173%
1740
1741
1742
1743
174
1715
1746
1747
1748
1749
1750
1751
1752
1783
1754
1755
1756
1757
1758
1759
1764
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1M
1772
1773
1774
1775
1776
17717
1779
1779
1780
1781
1782
1783
1784
1788
1786
1787
1788
1789
1790
17581
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1808
1806
1807
1608
1809
1810
1811
1812
1813
1814
1818
1816
1817
1818
1819
1820
1821
1822
1823

MEDINA.IRR.CABBAGE 10.0206 1.0062 b 3 3
MEQDINA.IRR. CANTALOP 0 jig ] 3 ]
MEDINA. IRR. CARROY 0.015) 40,0087 9.512 7.3¢81 2.011
MEDINA. IRR. CUCUMBER 0 0 3 q [}
MEDINA. TRR. HONEYDEW a 0 2 3 9
MEDINA. IRR.LETTUCE [+] 0 7 bl 9
MEDINA. [RR.CNION 1] 9 3 b 0
MEDINA. TRR. POTATC 0 0 0 9.305% 09.00%3
MEDINA. IRR. SPINACH 0 ] 0 D] [s]
MEDINA. IRR.SWICORN a 4] b 9 o
MEDINA. IRR. TOMATO Q0 0 ] "} 3
MRODINA. IRR.WATERMEL 0.0134 0.012 0.0245 9.0107 ")
BEXAR.DRY.COTTON ] 0 ) o )
BEXAR.DRY. CORN 0.1619 0.0324 0.1417 9,1%34 0.1123
BEXAR.DRY.SORGHUM 0.2684 0.3742 0.2428 0.2191 0,225%%
BEXAR.DRY.SORGHAY 0.0841 0.0217 0.0281 9 0.011%
BEXAR.DRY . WINWHT 0.1076 0.1%08 0.0927 0.0931 0.1289
BEXAR.DRY.QATS 0.1714 0.1876 0.2968 10,2863 0.3178
BEXAR.DRY. HAY 0.1893 0.181) 0.1802 0.2235 0.1866
BEXAR. DRY. SOYBEANS 0 0 0 0 1]
BEXAR.DRY.PEANUTS 0.01731 0.0125% 0.0135 0.0246 0.0166
BEXAR. IRR.COTTON '] Q o] 0 0
BEXAR. IRR.CORM 0.156% 0.5241 0.3094 0.3291 0.23%7
BEXAR. IRR.SORGHUM 0.0611 0.0368 00,0822 o 0.0104
BEXAR. IAR.SORGHAY 0.0815 0.0138 0.0232 0 0.00587
BEXAR. IRR.WINWHT 0.0679 0.046 0.0677 0.074E 0.0313
BEXAR. IRR.OATS C.166 0.1221 0.2428 0.276 0.1%27
BEXAR. IRR.HAY 0.1835 0.1179 0.1%08 0.2153 0.5078
BEXAR. IRR. SOYBEANS 0 0 0 0 0
BEKAR.IRR.PEANUTS 0.1222 0.0966 0.0532 0.0224 0.0139
BEXAR.IRR.PEPPERS V] 0 [¢] 0 bl
BEXAR.IRR.CABBAGE 0.0555 0.0067 0.0096 9 0
SEXAR.IRR.CANTALOP 0.0282 0.0087 q 0 0
SEXAR. IRR.CARROT 0.032 0.0134 0.0401 0.0483 0.0193
BEXAR. [RR.CUCUMBER 0.02%7 0,0098 0 Q ']
BEXAR. IRR. HONEYDEW o ] M [ Q
BEXAR. IRR.LETTUCE o Q 0 0 Q
BEXAR. IRR.ONION o Q 0 [} 4
BEXAR. IRR.POTATO 0.0078 0.0061 G§.0084 0.016%5 0.0048
BEXAR. IRR.SPINACH 0.0117 0 4] 0 L]
BEXAR. IRR. SWTCORN [+ [ 2 0 0.0048
BEXAR. TRR. TOMATC Q ] 0 1] 0
BEXAR. [RR.WATERMEL a @ 0.0126 0.0176 0.0096

*

CLLLL LTl L CCCCCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTCorers
* CALCULATE USING MIXDATA WMETHER CROPS ARE GROWN IN A COUNTY
¢ e s e v m e e e aleloletel o ool olel ol sl ot ol ot ol ool ol wl v of L ) o 0 o ox ol ol o o w1 ot o 04

PARAMETSR ISCAO? (groups,Lands, CROPS) INDICATES WHETHER A CROP IS5 IN A COUNTY:

ISCROP [county, LANDO,CROP) = 1
$ SUM(MIXES, MIXDATA{COUNTY, LANDo,CROP,MIXES]);

IsCropicounty, “furrow”,crop) = IsCzop(county, irr™, crop) :
IsCrop(county,'sprinklc:",cropl = IsCroplcounty,”irr™,cropj ;

Parameter IsCrop2igroups,land,crops)
Iscrop2 (county, land,crops) = Iscropi{county,land,crops)

* eelelojololaimn vinim etal ol o s ol ol o o 2 a0 o] o] 1 o o el ey e s 1 1 1 e 1 0 0 0 B a0 0
* CROP BUDGET DATA
+ LT T T C O L O CCC St LT CCCC e C e CCLCCCCCCCCCCCCCCCoeeee

TABLE BCDATA (LANDo, CROPS, STAGE, MONTHP) BC COEF & DAYS LAND USE BY STAGE MONTH AND BLANEY

* FIRST COLUMN I8 BLANEY CRIDDLE CORFICIBNT FOR EVAPOTRANSPIRATION AS IN DILLOM
* LATER COLUMNS ARE CROP LAND OCCUPATION BY MONTH AND STAGE

0.
0.
0.

o

’

cooooooe

¢ THESE DATA ARE BASED OM BLAMEY CRIDULE DATA AND EXTENSION SERV BUDGETS
CORF JAM FEB MAR APR MAY JUN JUL AUG SEP OCT NOV
IRR.COTTON .STAGSL -15%0 9. 0. 21. 3. Q. 0. 0. Q. 0. a.
IRR.COTTON .STAGE2 . 750 ¢. 0. 0. 27. 113, 0. 0. Q. 9. 0.
IRR.COTTON .STAGR) i.150 9. 0. a. c. 1B. 27. 0. Q. 0. a.
IRR.COTTON .STAGEA . 850 Q. 0. g. 0. o. 3. 31, 2. 0. 0.
ORY.COTTON .STAGEL .200 ¢. 0. 21. 130. Q. 0. 0. 0. 0. 0.
DRY.COTTON .STAGE2 -500 [ 0. 0. a. 3l. 3o, 5. 0. 0. a.
DRY.COTTON .5TAGR] .000 0. 0. a. 0. 0. 0. 26. 10. 0. Q.
DRY.COTTON .STAGEL 250 0. 0. g. 0. e. 0. 9. 17. 0. 0.
IRR.CORN .STAGEL .100 0. 15, 6. 9. a. 0. Q. Q. 0. o,
IRR.CORN - STAGE2Z 775 0. 0. 2%. 10 g. 9. 9, 0. 0. a.
IRR.CORN +STAGR] 1.12% 0. 0. 0. 20 21 0. 0. Q. 0. 0.
IRR.CORN STAGERE .87% 0. 0. 0. 0. 10. 18. 0. 0. 0. 0.
DRY. CORMN .STAGE1 -400 0. 10, 31. 24. a. o 0. a. o, 0.
DRY. CORN STAGE2 1.500 0. 0. 0. 6. 0. 4 0. Q. 0. 0.
DRY . CORN .STAGE] .500 ¢. 0. 0. 3. 17 30 2. 9. 0. 0.
DRY.CORN LSTAGR4 .200 e. Q. o, 9. 9. 0. 1s. 0. o. a.
IRR.SORGHUM ,STAGEL L350 0. 0. 21, g, 0. 0 0. Q. Q. 0.
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DEC
9.
9.
e.
0.
Q.
¢.
0.
Q.
0.
e.
0.
e.
e.
0.
g.
e.
g.



1424
182%
102¢
1827
1828
1829
1830
1833
1832
180
180
1835
1814
1817
822
1818
18490
1841
1842
1842
180448
1845
1848
1847
1848
1849
1850
1851
1882
1853
1854
1853
1856
1857
1850
1859
1860
1861
18862
1863
1864
1065
1066
1867
1868
1869
187¢
1871
1872
1973
1874
187%
1876
1877
1878
187¢
1830
1831
1882
1803
1884
188%
1886
1887
1848
1889
i
1881
1892
1893
1894
1898
1896
1897
1898
1899
1900
1904
1902
1903
1904
190%
1906
1507
1304
1504
1910
19211
1912
1913
1914

IRR.SORGHUM .5TAGE2
IRR.SORGHUM .STAGE]
IRR.SORGHUM .STAGEd
DAY . SORGHUM . STAGE}
DRY.SORGHUK .STAGEZ
DRY . SORGHUM .STAGE]
ORY.SORGHUM .STAGEN
IRR.SORGHAY .STAGEL
IRR.SORGHAY .STAGEZ
IRR.SORGHAY .STAGE]
IRR.SQRGHAY .STAGEd
DRY.SORGHAY .STAGE]
DRY.SORGHAY .STAGE2
DRY . SORGHAY _STAGE]
DRY.SORGHAY .STAGE!
IRR.WINWHT .STAGEL
IRA.WINWHT .STAGEZ
TRR.WINWHT .STAGE3
IRR.WINWHT .STAGEM
DRY.WINWHT .STAGEL
DRY.WINWHT .STAGE2
DRY.WIMWHT .STAGE]
DRY.WINWHT .STAGE!
IRR.OATS -5TAGEL
IRR.CATS -STAGE2
IRR.QATS STAGEY
IRR.OATS -STAGEH
DRY.OATS <STAGElL
DRY.OATS STAGE2
DRY.QATS STAGE}
DRY.QATS STAGEl
TRR.HAY .STAGEL
IRR.HAY .STAGE2
IRR.HAY .STAGE3
IRR.KAY . STAGES
ORY.HAY .STAGEL
DRY . HAY .STAGE2
DRY, HAY -STAGE]
DRY.HAY .STAGEL
IRR.SOYBEANS.STAGBL

IRR.SOYREANS . STAGR2
IRR.SOYBEANS, STAGE)
IRR.SOYBEANS. STAGEL
DRY.SOYBEANS , STAGE]
DRY.SOYBEANS.STAGE2
DRY.SOYBEANS . STAGE)
DRY. SOYBEANS . STAGEA
IRR.PEANUTS .STAGEL
IRR. PEANUTS .STAGE2
IRN, PEANUTS .STAGR]
IRR. PEANUTS . STAGEA
DRY. PEANUTS , STAGE]
DRY. PEANUTS .STAGE2
DRY.PEANUTS .STAGE]
DRY. PEANUTS .STAGEd
IRR.PEPPERS .STAGEL
IRR.PEPPERS .STAGEZ
TRR.PEPPERS .STAGE2
IRR.PEPPERS .STAGEA
IRR.CABBAGE .5TAGE1
IRR.CABBAGE .STAGE2
IRR.CABBAGE .STAGE)
IRR.CABBAGE .STAGE4
IRR.CANTALOP. STAGEL
IRR.CANTALOP.5TAGE2
IRR. CANTALOP.STAGED
IRR. CANTALOR.STAGES
IRR.CARROT .STAGIEL
IRR.CARROT .STAGE2
IRR.CARROT .STAGE)
IRR.CARROT . STAGEA
IR, CUCUMBER. STAGEL
IR, CUCUMBEN. STAGE2
IRR.CUCUMBER, STAGE]
IRR. QUCUMBER, STAGEL
IRR.HONEYDEM . STAGEL
IRR.HONEYDEW ., STAGE2
IRA. HONEYDEM . STAGE)
IRA_HONEYDEM. STAGEL
TRR.LETTUCE .S5TAGE]1
ISR, LETTUCE .STAGE2
IAR.LETTUCE .STAGE]
IAR.LETTUCE .STAGEd
IRR.ONION «STAGEL
IRR.ONION -STAGE2
IRR.OMION -STAGR2
1RR.ONION .STAGEd
IRR.PCTATO .STAGE]

IRR.POTATO .5TAGEZ

IRR. POTATO .STAGE

LRR. POTATO .STAGEd

-3as
1.07%
2775
.200
.550
450
-200
.3%0
212%
.72%
725
.200
.550
-530
.550
.400
.800
1.200
-750
.200
.600
.500
.00
100
.800
1.200
750
. 200
. 600
.600
. 600
L350
.25
.725
.72%
.200
-550
.5850
.950
.350
.750
1.075
.50
.200
. 800
-100
.000
.50
. 750
1.028
.00
.200
.800C
600
.200
.400
.750
1.100
1.000
-500
.800
1.100
1.000
.500
.800
1.050
.900
-500
.850
1.200
1.000
.500
.800
1.050
.500
.500
.800
1.080
.900
1.100
1.100
1.100
1.100
. 600
.800
1.100
.900
.500
.800
1.200
.950
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0. 23,
. 0. 2
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0. 8.
0. 0.
a2. 0.
1. 0.
3. 7.
a, 4.
5. 9. a.
6. 2. a.
0. 2. 9.
Q. 3. 2.
9. 3. 8.
0. 0. Q.
0. 0. 0. 0.
c. g. a. o.
0. c. 0. 13. 7.
. 0. 0. 8. e, 2.
0. 0. 0. Q. 0.
Q. Q. 9. ¢. 9.
1 10. 0. 0. 2. a.
.20, 17, 0. c. 0.
- 0. M. 27, 9. e.
. 0. 0. 3. 1B, 0.
Q. 0. 0. 0. 13, 26.
0. 0. 0. 0. 0. 5.
0. 0. 0. 0. 0. 0.
0. 0. a. 9. 9. Q.
Q. 0. 0, 7. 18 0.
0. a. a. 4. 150 17,
0. 0. 0. 0. 0. 14
a. a. 0. 0. a. Q.
1. 0. 0. a. 0. Q.
30. 7. Q. 0. Q. 9.
9. 23. 18. a. 0. q.
0. 8. 13. 8. a. 0.
9. 0, 0. a. a. 0.
0. 0. Q. 9. 8. Q.
a. 0. 0. 0. Q. a.
Q. 0. Q. 0. 2. g.
0. 0. 0. 9. 3. Q.
o. 0. 0. 9. 8. 0.
3. 1%, a, 0, 0. 0,
0 1. 3. 18, 0. 9,
6, 18, 0. 0. Q. 0.
0 12. 16 3. 9. 9.
9. 0. 15, A Q. 0.
0 0. 0. 6. 18. 9.
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0
0.
3 1 9.
0. 1 Je. 1
Q. . 0. 3
a. 2.
a. Q.
10. 0.
0. 1 0. .
a. 0.
0. 0.
0. a. 0.
0, 0. a, o.
0. 22. 0. 9.
0. 3. 30, 1.
0. 0. 0. 17.
Q. Q. 9. 11.
9. e, 23, 0.
0. 0. 2. 35,
0. 0. a. Q.
9. 0. Q. 0,
[N 0. q. 0.
0. a. 0. Q.
9. 0. ¢ a.
J. 0. ) Q.



1#1%
1916
1$17
1518
191%
1920
1921
1922
1923
1924
192%
1926
1927
1928
1929
1930
1911
1932
1933
193¢
193%
1936
1937
1538
1939
1340
1941
1942
1343
1944
1945
1946
1947
1348
134%
1850
19581
1952
1953
1954
195%
1956
1987
1958
19539
1960
1961
1962
1963
1964
1965
1366
1967
1968
1969
1870
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1904
1965
1986
1387
1988
1989
1990
1991
1992
1993
1994
1998
199¢
1997
1998
1999
2000
2001
2002
2003
2004
2005

IRR.SPINACH .STAGEL
IRR.SPINACH .STAGE2
IRR.SPINACH .STAGE) .100 [
IRR.SPINACH .STAGEY 100 12,
IRR.SWTCORN .STAGEL 450 0.
[RA. SWTCORN .STAGE2 . 800 0.
IRA. SWTCORN . 5TAGE) 1.125% e.
IRR.SWTCORN .STAGK4 .075 g.
IRR. TOMATO .STAGEL .500 27,
IRR. TOMATO .STAGE2 .800 a.
0
-]
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IRN. TOMATO .STAGE] 1.2%0
IRR.TOMATO .STAGES . 950 . .
IRR.WATRRMEL. STAGEL .500 9. 1o. 15, 9. o, 0.
IRR . WATERKEL. STAGE2 .800 a. 0. 16. 19. 0. 0.
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IRR.WATERMEL.STAGE] 1.0%0 9. 0. 0. l. 29. .
IRR.WATERAMEL. STAGEL . 900 9. a. 0. Q. 2. 18.
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¢ AL L L L L L L L CC L LU CCCCCCLCCCCCCCCCCCCCOCCCCCCoCCoceceeee

. CROP WATER USE AND DRYLAND YIRLD CALCULATIONS VIA SLANEY CRIDDLE

b L L L L L L L L O C CCCCCCCCCT L CCCCCCCCCCCCCCCCCCCCCCC et

PARAMETER BCresult(Lando,CROPS, YEAR, month,GROUPS) BLANEY CRIDDLE
ROOTWATER (YEAR, GROUPS , MONTH} CROP ROOTZONE WATER AVAILABILITY
BCCONSTANT (YEAR, MONTH, GROUPS) BC MONTHLY CONS ALA HEIMES-LUCKEY
8Cav (LANDo, CROPS , GROUPS, month) AVERAGE BLANEY CRIDDLE COEFLCIENTS:

ROOTWATER (recharge, COUNTY, MONTH] =~
{{25.4*WEATHER (recharge , COUNTY, "PREC" MONTH}}*40.9)/25.0;

BCCONSTANT (rechazge, MONTH, COUNTY) =
WEATHER (zecharge ,COUNTY, “TEMP",MONTH)* DAYLIGHKT (MONTH)/100.
*(0.0173I*WEATHER (zecharge ,COUNTY, "TEMP™ ,MONTH) -. 314} ;

. IRRIGATED CROP WATER USE

BCresult ("IRA", CROP, rechargs,month, COUNTY) S
SUM(STAGE, BCDATA{"IRR"™, CROP,STAGE, "COEF™))
= MAX({0, -ROOTWATER{recharge, COUNTY,K MONTH)
+SUM{STAGE, BCDATA ("I RR", CROP, STAGE, "COEF™)
*BCDATA("IRR®™,CROP, STAGE, MONTH}
*BCCONSTANT (recharge, MONTH, COUNTY) ) ) :

. DRYLAND CROP YIELDS

BCresult ("DAY", CROP, cecharge,month, COUNTY)
SSUM(STAGE, BCOATA ("DRY™, CROP, S5TAGE, "coef")
*BCDATA {"DRY"™, CROP, STAGE, month)
*BCconstant (recharge,month, county) )
= MAX(1,ROOTWATER (recharge, COUNTY, MONTH)
/SUMISTAGE, 3CDATA (“"DRY", CROR, STAGE, "COEF™)
*BCDATA{"DRY™, CROP, STAGE, MONTH)
*BCCONSTANT (recharge, MONTH, COUNTY) )
/SUMISTAGE SBCDATA("DRY™,CROP, STAGE, "COEF™),
BCDATA(®DRY™, CROP, STAGE, MONTH) ) :

8Cav (LANDo, CROE, COUNTY, month) =
SUM{recharqge, PROB(recharge)
* BCrasult (LANDo, CROP, recharge,.month, COUNTY) ) ;

parameter aBCresult {LANDo, CROPS, year,groups) annual BLANEY CRIDDLE
adCavg (LANDo, crops, groups) Annual sum of BCs ;

aBCrasult (LANDo, crop, zecharge, county)
= sum(month, BCresult {LANDO,crop, techarge, month,county)) ;

aBCavg { LANDo, CROP, COUNTY) =
SUM{rechatge, PROB (recharge)
* aBCresult (LANDo, CROP, recharge, COUNTY)) ;

BCresult {LANDo, CROP, recharge, month, COUNTY)
$BCav {LANDo, CROP, COUNTY, month)
= BCresult (LANDo, CROP, recharge,month, COUNTY)
/ BCav (LANDo, CROP, COUNTY, month) ;

aBCresult (LANDo, CROP, recharge, COUNTY) $aBCavg ( LANDo, CROP, COUNTY ) =
#BCrepult {LANDO, CRO?, recharge, COUNTY) / aBCavg (LANDo, CRCP, COUNTY) ;

. LLLLLLLLLLLCLLLLLLLLCLLLLLLLLLOLT LCCCCOCCOCCCCCOCCCCCC

Monthly Aquifer Response regression coefficients
. estimated using OLS with GWSIM-IV output data

. CoCCT T CCCCCOCCOCCCCoCOCCOCCLCOCCCCOCCCCCCoCCireeete
TABLE REGPAR (equ,month,obs, regress) Monthly Regression Coefficients

J17Head  SabHead Recharge WestUse EastUse
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2006
2007
2008
2009
2¢10
2011
2012
2013
2014
2018
2016
2017
2018
2019
2020
2021
2022
2023
2024
202%
2028
2027
2028
2029
2039
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
204%
Z046
2047
2048
2019
2050
2051
2052
2053
20%4
205%
2056
2057
2058
2059
2060
20861
2062
2063
2064
2086%
2066
2067
2068
206%
2070
2071
2072
2073
2074
2078
2076
2071
2078
2079
2080
2081
2082
2083
2084
208%
2086
2087
2089
2089
2090
2091
2092
2092
2094
209%
2096

SprComal.jan.al.
SprComal . feb.all
SprComal.mar.all
SprComal.apr.all
SprComal.may.all
SprComal.jun.all
SprComal.jul .ali
SprComal . aug.all
SprComal.ssp.all
SprComal.oct.all
SprComal.nov.all
SprComal.dec.all
SprSanMar.jan.all
SprSanMar.feb.all
SprianMar.mar.all
SprSanMar.apr.all
SprSanMar.say.all
SprSanMar.jun.all
SprSanMar.jul.all
SprsanMar.aug.all
SprSanMar.sep.all
SpcSanMar.oct.ail
Spr3anMar.nov.ajl
SprSanMar.dec.all
EndJ17Head.dsc.all
EndSablead.dec.all
WestLift.dec.all
EastLift.dec.all
SprComal.jan.cl
SprComal.feb.cl
SprComal.mar.cl
SprComal.apr.cl
SprComal .may.cl
SprComal.jun.cl
SprComal.jul.cl
SprComal.sug.cl
SprComal.sep.cl
SprComal.oct.cl
SprComal.nov.cl
SprComal .dec.cl
SprSanMar. jan.cl
SprSanMar.feb.cl
SprSanMar.mar.cl
SprSanMar.apr.cl
SprSanMar.say.cl
SprSanMar. jun.cl
SprSanMar.jul.cl
SprSanMar.aug.cl
SprSanMar.sep.cl
SprsanMar.oct.cl
SprSanMar.nov.cl
SprSanMar.dec.cl
EndJ17Head.dec.cl
BndSabHead.dec.cl
Westlift.dec.cl
EastLift.dec.cl
SprSanMar.jan.c2
SprSanMar. feb,.c2
SprSanMar.sar.c2
SprSanMar.apr.c2
SprSanMar.may.c2
SprSanMar.jun.c2
SpeSanMar.jul.c2
SprSanMar. aug.c?
SprSanMar.sep.c2
SprSanMar.oct.c2
SprSanMar.nov.c?
SprSanMar.dec.c2
EndJ1 THead . dec.c2
EndSabHead.dec.c2
Wertlift . dec.c2
EastLift.dec.c2

* Calibration factors used to equate siaulated head levels to actual.
First calibration factor
sndsabhead -85.28%6 /
Second Calibration factor
/endjlThead 0.802%76, endsabhead

paramater call (endheadl
/endj1Thead
cal2 {endhead)

%.56808
in.4297
1198498
136, 6900
128.6897
122.8632
112.5%081
100.74%2
38.1432

30.2422
89.7172
96.6569
35,3045
13,9744
45.9060
46,1836
15,9947
5.4048
44.5294
43.7638
12.7%21
t1.9831
11.4006
§0.9120
-5418
3478
~-.2142

-.5227
180.3684
280.2459
288.6519
27%.3861
265.31099
247.6505
233,19
221.9370
210.878)
199.1030
1871714
176.1384
-31.525%
26,9574
34.6762
3601454
38.3235%
42.595%9
39,1549
36,8948
34.5880
33.175%
31.8748
31.370%

L3210
.2861

-.2983

-. 3456
60,6209
59.3762
$8.3007
$5.8301
56.3864
59.4619
53.9436
51,7246
47.4139
47,0022
42.313%
47.457%

-7993
.1120

-.n»

set allytrat ALL STRATEGIES
/

S-EN

]

7.
65.
61.
55.
9.
50.
52.
56,
57.

121,
sa.
.
39.
39.
19.
10,
i1
1.
3.
.
",

141.3011,

$392
L8073
3778
4928
RN ]
6283
£92%
2373
1529
4035
7847
0233

L1850
.50828
L5463
-1498
2104
27190
1842
7958
6351
0824
RRET
5496
83924
0783
2342
1789

L1650
.5677
L4960
.1580

L1328
.8627
.9009
.1521

CS0-May-F, CS0-Jun-F, C75-May-F,
C50-May-S, C50~Jun-§, C75-May-S,
C-Dryland,

550-May-F, 550-Jun-F, 575 -May-~F,
550-May-$, $50-Jun-§, 575~-May~5,
S-Oryland,

050-Mar-F, 050-Apz-F, O75-Mar-F
C50-Mar-8, Q50-Apr-5, 075-Mar-S,
O-Dryland,

W50-Mar-F, W50-Apr-F, WS -Mar-F,

LP1135231
LJ1177566
.21133918
SIN31TI64
S30922974
LIN8636TE
.30731383
L00722293
200719648
.00703254
.31988889
.01346100
.00786202
.00673408
.00709280
. 00890167
.00395160
.00232981
.00188B62
.00268464
L00214344
.00193312
.a0001908
.00002361
-.00001930
-.00001906
.010861773
.01624347
LOL741879
.01764821
.0179787
.01339289
.01368792
.313215%57
L011902%2
.310761238
L01037431
.00999996
.01992879
-01314394
.00774%00
L00676451
.0071475%8
.00893691
.00392051
.00231189
.00180874
.20253869
.00198461
.00176356
.00001361
.00002224
-.08001771
.00001469
.01983081
.0134307%
L00768741
.00632231
.00670136
.0ODBE964 62
.003%92761
.00216739
.00175741
.00269977
.002131742
.00198737
.000026BB
.00002418
~.00002017
-.00002543

3

(3PIC and Pena)

CI%-Jun-~F,
€75-Jun-§,

$35-Jun-F,
§75-Jun-§,

O75-hpr-F,
Q75-Apr-5,

W19-Apr-F,
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ERAST |

L32504.067
LIN44%91E
LITH62248
L2045%2%151
LI0462875
BET ik el
LID4R1ETR
.00458210
L00446794
.00441822
.00405750
.00027157
.00294901
.00216777
.00032466
. 00021616
.O00061%%
00009112
00006029
.00006961
.00013323
-00009952
.00014915
.40002828
.00009108
.00013454
.00002692
L0017279]
.0083468%
L20724464
L007283%¢0
.00709015
-3073300%
.00765300
.00736483
-G073582)
LATL2049
. 00684162
. 00616985
-00156296
.00057021
. 00021509
00032063
.00015938
.000079913
.00010666
L00001 698
L00007136%
.0000786%
.0000275%2
.000035%07
.00002153
.00008694¢
L000L2745
.00002156
.00004293
.00122627
.00005217
.00026182
.00023630
. 30005657
.00006050
.00009149
.00009414
.00011614
.00G0A766
-00022470
.00003792
.00009748
.00018623
.00003469

1.1039%42 / ;

LLTENILG

-. 05452162

S24596156
LOALBE4B
L3186%5902
L33534263
.03316921
-53917922
L22691112

-L 32442934

.

‘

v

)

.

L

)

Il

.02212669
.02140¢0488
L21921846
-01223258
.00872674
.00710069
. 00566707
- 00498045
.00470208
.00408353
-30394530
La03684 74
.00340391
.Q033157&0
.00011567
.00009911
.0000308%
.00011801
-11631810
. 08565001
L07147218
.06695642
.05990982
L05448249
.052421016
.0L956694
.04370491
.03893237
.03389164
.03155824
.02009487
.01173045
.00836484
. 06668277
.00518931
.ope99lde
0044649y
.00370367
.00339085
.00303373
.00272031
.00268235
.00010564
.00e04852
00602301
.00009373
.01837907
.01179001
.00834437
.00696706
.00600660
.00%81102
.0050132%
.0042828%
.00407926
.0038%191
.0016803%
.00374582
.90017827
.00007247
.00003771
L00015314

133792.1%
2%7173.M2
2611.99
(15439.84
1784B1.07
-37871.28
-36409.90
-327%6.19
~31940.43
-84790. 6%
-831190.24
-18326.44
-IMTY. 66
~24512.08
-24549.11
-24616. 14
~25145.90
-23839.28
-23022.84
-22305.91
-22053.18
-21526.73
-20480.20
210.41
102,22
753.13
577.28
191449.08
201927. 14
200907.82
194209.82
185087. 09
172110.89
163895.54
157862.71
15099445
144158, 20
£37434.85
120588, 84
7801, 64
-1205%.31
-16990.84
-18067.0%
~19%963.33
-23251.66
-20287.29
-18519.73
-169%7.11
-16262.30
-15280.12
-14911.79
331,97
151.58
705.3%
472.30
-33307.71
-32%32.086
-31774. 48
~30159.42
-305431.0%
-330%).2%
-29241.60
-27568.19%
-z4588.59%
-2498%1.32
-24967.01
-24876,05
89.47
$6.17
B06.26
§78.40 ;



2997 WS0-Mar-§, w50 -Ape-§, wWiS-Mar-5, wl%-Apr-35,
2098 wW-Dryland,

2099  PnutS0-F, Prut?S-F, PSO-May-F, PI%-Hay-F,
2100 PnutS0-§, Pnut7%-5, P50-May-s, P7S-May-S§,

2101 Prut-dry,

2102 mis0o-F, oni?%-F,

2103 oniso-8§, oni?s-§,

2100 Cabb50-F, Cabb?3%-F,

2108 CabbS0-s, Cabb?5-5,

2106 Carr$0-F, Carr?5-F,

2107 Careb0-§, Carr?5-§,

2108 Cant50-F, Cant?5-F,

210%  Cant5%0-5, Cant75-5,

2110 CucS0-7, CueT5-F,

2111 Cuch0-5§, Cuc?5-§,

2112 Let50-°, Let75-F,

2113 Let30-8, Lat75%-§,

2114 Spin50-F, SpinT%-F,

21158 SpinSo0-8$, Spin?5-s,

2116 HayS0-F, Hay7s-TF,

2117 HayS0-§, Hay75%-5,

2118 Hay-Dry,

2119  HSO0-May-¥, H75-May-F,

2120 H50-May-S, MH75-May-§,

2121 Cot50-EB-F, Cot50-FB-F, Cot50-PO-7,

2122 Cot75-EB-F, Cot75-FB-F, Cot75%-FO-F,

2123 Cot50-EB-S, Cot50-FB-S, Cot$0-FO-§,

2124 Cot75-BB-8, Cot75-FB-S, Cot75-FO-§,

2128 Cot-Dry,

2126 full full irrigation

2127 full-$ full irrigation using sprinkler

2128 pl limited in apr may june

2129 p2 limited in july aug sep

2130 pi2 limited in phases 1 and 2

2131 al to dry land afrer april

2132 al-x to dry land afrer spril

2113 a2 to dry land after july

P35 1 N

213%

2136 PenaStrat (allstrat} Irrigation strategiss from Pena
2137 / full full irrigation

2138 full-s full irrigation using sprinklier
21319 pl limited in apr may june

2140 P2 limited in july aug sep

2181 pl2 limited in phases 1 and 2

2142 al-x to dry land after april

2143 al to dry land after april

2144 a2 to dry land after july

2145 /

2146

2147 waterstat(allatrat) Izrigation strategies from Pena
2148 spkstat(allstrat} Sprinkler strategies for Pena crops
2149 fotat {allstrat) Furrow strategies for Pena crops
2150 drystat{allstrat) Dryland stratagies for Pena crops
2151 strategy(allatrat) Irrigation strategies from EPIC :
2152

21%3 watarstat (PenaStrat) = yas;

2154 drystat ("full™) = yes ;

215% spkstat ("full-§%) = yes ;

2156 spkstat(“al-5") = yes ;

2157 fstat (PenaStrat) = yes :

2158 fstat (spkstat} = no ;

2159

2160 strategy(allstrat) = yes ;

2161 strateqgy (watsrstac) = no ;

2162

2163

2164 table ragdeta(agitesm, lando,sllstrat,crops)

216% *Edwards budgets from 1994

2166 IRA.full . COTTON irr.pl.cotton irr.(p2).cotton irr.(al),cotton
2167 *also pl2

2168 PRICE 0.7y

2169 YIELD 900.90 150 210 150
2170 HERB 7.50

2171 PHOSPHATE 12.50

2172 NITROGEN 19.%0

2171 SEED 8.49

2174 INSECTIC 73.40 531.% 68.2¢ 1]
217S  FURLM 16.71

2176 FUBLI 61.0%

2177 REPAIRM 4.8%

2178 REPAIRI 12.04

2179 LABORM 27.53

2180 LABORI 15,00

2181 HARVEST 184,04

2182 HARVacre 27.7%

2183 INTEREST 14.88

2184  PIXED 196.97

21B%  defic -32

2186 PESTICAPPL 16.7% 22.7% 30.50 16,75
2187  LABORO 22.10
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2198
2149
2190
2191
2192
21%3
2194
2195%
2196
2197
2198
2199
2200
2201

2202
2203
2204

220%
2206
2207
2208
2209
2210
2211
2212
2213
2214

221%
2216
2217
2218
2219
2220
2221
2222
2223
2224
222%
2226
2227
2229
2229
2210
2231
2232
2213
2234

2218
2238
2237
2238
2239
2240
2241
22142
2243
224¢
2245
2246
247
2248
2249
2250
2251
2252
22%3
2254
225%
2256
2257
2258
2259
2260
2261
2262
2263
2264
226%
2266
2267
2268
226%
2270
21
2272
2273
224
227%
2276
2277
227

FEB-WATER 1.%% 4
APR-WATER 3.%0
nay-WATER 4.09 ]
JUN-WATER 12.30 8
Jul-WATER .20

+ [AR. full . COAN [RR. pl).CORN
*also pl2
PRICE -2.85%

YIELD 110.00 90
FEDINS 19.590

HERD 15.00

HERBAPPL 1.50

PHOSPHATE 17.50

NITROGEN 20.00

SEED 22,60

INSBCTIC 8.%0

FUBLM 14.62

FURBLI 49.48

REPAIRM 3.82

REPAIRI 9.63

LABORM 24.31

LARORL 8.80

HARVEST 15.40

HARvacre 22.00

INTEREST 9.686

FIXED 171,68

deflc -14

fob-WATER 4.00 [}
MAY-WATER 9.00 ]
JUN-WATER 6.00 L]
JUL-WATER 3.00 ]
+ irr . (full

*also P, a2

PRICE i1.18
YISLD 50,00
FEDINS i
HERB 10.0¢
HERBAPPL 3.50
PHOSPHATE 15.00
NITROGEN 12.00
SERD .60
INSECTIC 6.50
FUEBLM 14.62
FUBLI 37,11
REPAIRM 3.a2
REPAIRI 1.22
LABORM 24.31
LABORI 6.60
HARVEST 12.50
INTEREST 5.97
FIXED 140.27
JAN-WATER {.00
MAR-WATER 0.00
MAY-WATER 8.00

+ TRR. full.WINWHT
PRICE 3.80
YIELD 10.00
PHOSPHATE 10.00
NITROGEN 8.00
SERD 12.80
FUBLNM 8.88
FUELI 37,11
REPATRM 2.31
REPAIRI t.22
LABORM 17.17
LABORI 6.60
HARVEST 27.50
INTEREST 1.61
FIXED 106,52
FUNGIC i1.00
PESTICARPL 1.40
JAN-WATER 2.00
FEB-WATER 3.00
MAR-WATER 3.00
NOV-WATER 4.00

IS

PRICE 23
YI8LD 12.8
PHOSPHATE 11.2%
NITROGEN 10.00
SEED 6.87
nisc 8.5
FURLM 13.48
FUBLI 37.11
REPAIRM 3.5
REPAIRI .22
LABORM 22.70
LABCRI 6. 60
HARVEST 23.75
INTEREST 5.28
FIXED 145.03

). SORGHUM IRR. (pl

pl2

35

1 3
4
3
1.29
irr. ip2 .zoen 1rr.iad)l.coen
ai
32 15
4 L]
9
B

1.2%
). SORGHUM IRR.al.S5ORGHUM

IRR.full.sesame irr.al.sesame

.001
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2279
280
2281
2282
2283
228
228%
2286
2287
2208
2209
2290
2291
2292
229}
229¢
2295
2296
2297
2258
229%
2100
2301
2302
2303
2304
2308
2306
2307
2308
2309
2310
2311
2312
2313
FERY )
2311%
2116
217
2318
231%
2320
2321
2322
2323
2324
2325
232¢
2327
2328
2129
2330
2331
2332
2333
233
2335
2336
23317
2338
2339
230
2
2342
2343
2344
2345
2346
247
2348
2349
23150
2351
23152
2353
2354
2158
23156
2387
23158
2359
2380
2361
2362
2363
236
2365
2166
23167
2368
2169

JAN-WATER
FEB-WATER
MAR-WATER
may-WATER
.

?RICE
YIELD
FUELI
misc
JAN-WATER
FEB-WATER
MAR-WATER
NOV-WATER
+

PRICE
YIELD
FUBLI
nisc
harvest
FED-WATER
MAY-WATER
jun-wATER
+
.
PRICE
YIBLD
FUSLI
misc
haRvest
Bac-WATER
apr-WATER
Jun-WATER
jul-WATER
aug-WATER
.
PRICE
YIBLD
HERB
HERBAPPL
PHOSPHATE
NITROGEN
S5ED
INSECTIC
FUSLM
FULLI
REZAIRM
REPAIRL
LABORM
LABORT
HARVEST
INTERRST
PIXED
INSECTAPPL
LABORO
MAR-WATER
MAY-WATER
JUN-WATER
JUL-WATER
+*
PRICR
YIELD
HERS
PHOSPHATER
NITROGEN
SEED
INSECTIC
FUELM
FUsLI
REPAIRM
REPAIRI
LABORM
LABORY
HARVEST
INTEREST
TIXED
PESTICAPPL
LABORO
JUL-WATER
MIG-WATER
SEP-WATER
+
PRICE
YISLD
HERB
PHOSPHATE
¥1TROGEN
SEED
INSECTIC
FUEILM
FUELI
REPAIRM

.70
3.99
4.90
4.00

IRR. full.cats

0.20
475,00
3.3
107.78
2.00
3.00
3.00
.00

IRR. full. scybeans

5.8
42.00
13.17
187.26
37.80
1.00
1.00
4.00
IRR. {full

65.
16.00
75.137
117.26
iso
4.00
.00
t.00
1.00
4.00

IRR. full.GUAR irr.al.quar

16.00
18.50
.50
1.50
11.2%
10.00
{1.40
6.%0
14.20
40.20
1.6%
7.83
22.94
7.1%
25.58
7.53
131.19
1.50
11.08
$.00
.00
3.00
3.00

24

).hay IRR.(p2
IRR. {full,pl).hay TRR.(p2,pl2).hay IRR.al.hay irr.a2. hay

.001

7

o e e e

irr.al.soybeans

).hay IRR.al.hay irr.a2.hay

L} [

.25
.25

IR, full.CABBAGE irr.a2.cabbage

3.50
6§50.00
7.50
18.7%
25.00
130.00
150.00
17.00
36.29
1.56
8.00
27.02
8.30
1072.50
13.06
146,70
35.00
132.59
6.00
6.00
1.00

.00t

IRR.full .CANTALOP irr.al.cantalop

6.00
300.00
7.50
18.7%
2%.00
5¢.00
22.50
18.20
34.02
$.03

.801
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2370
2371
2372
2373
2374
2178
2176
2377
2378
2179
2380
2381
2382
38
23
218%
2306
23187
2308
2189
2390
2391
2392
21393
239
229%
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
210
241l
2412
2113
2Lt
2418
2116
417
2418
2119
2420
2421
2422
2123
2424
2425
2426
2427
2428
2429
200
2431
2432
23
2434
2435
2436
2437
2038
2139
2410
2441
2442
21
F11] ]
245
2448
2047
2L
2
2450
2451
2452
2453
245
245%
2456
2457
2459
245%
2460

AEPAIRI
LABORN
LABORI
HARVEST
INTEREST
FIXED
FUNGIC
PESTICAPPL
LABORO
FEB-WATER
MAR-WATER
APR-WATER
MAY-WATER
+

PRICE
YISLD
HEAB
PHOSPHATE
NITROGEN
SEED
INSRECTIC
TURLM
FURLI
REPAINM
REPAIRI
LABORM
LABORI
HARVEST
INTEREST
FIXED
FUNGIC
PESTICAPEL
LABORD
JUL-WATER
AUG-WATER
SEP-WATER
QCT-WATER
*

PRICE
YIELD
PHOSPHATE
NITROGEN
H 1 4]
INSECTIC
FUBLM
FUBLTY
REPAIRM
REPAIRI
LABORM
LABORY
HARVEST
INTERRST
FIXED
FUNGIC
PESTICAPPL
LABORO
JAN-WATER
MAR-WATER
APR-WATER
OCT-WATER
DEC-WATER
.

PRICE
YIBLD
varcost
HARVEST
dec-WATER
nar-WATER
may-WATER
*

PRICE
YIELD
varcost
HARVEST
feb-WATER
mar-WATER
apr-WATER
may-WATER
s

PRICE
YIELD
varcost
HARVEST
feb-WATER
sar-WATER
apr-WATER
nay-WATER
+

PRICE
YIELD
varcost

32,45
1275.00

157

IRR. full.CUCUMBER irr.a2.cucumbar
6.50
25%0.00 .601
8.400
20.00
20.00
78.00
16.00
15.79
8. T
4.30
a.10
28,07
8.91
112%.00
5.96
146,137
30.00
14.00
£9.72
1.20
1.00
1.00
{.00
IRR.full.ONION irr.al.onion
7.50
500.00 6.001
18.7%
25.00
111.900
3g.00
16.65
10,92
5.01
%.00
33.4
$.90
2125.00
20.17
176¢.10
12.00
17.5%0
55.2%
1.00
3.00
3.00
4.00
4.00
IRR. full.tomato

165,00
370.00
726.00
12.00
6.00
$.00

IRR. full.watermel
6.00
165.900
330.00
150.00
12.00
6.00
6.00
6.00

IRR. full.honeydew
7.48
600.00
163.00
2040.00
12,00
6.00
6.00
6.00

IAR. full.swtcorn
3.73
100.00
249.76
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2461
24682
2482
2464
2465
2166
87
2468
2469
270
2471
472
M
24N
2475
2476
2477
2478
247
2480
2481
2482
2483
28
2488
2486
2487
2499
2489
2499
2491
2492
2493
209¢
249%
2496
2497
2498
2499
2500
2501
2502
2503
2504
2508
2508
2507
2508
2509
2510
2511
2512
251)
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
252%
2526
2527
2528
2529
2530
2831
2532
2513
2534
2538
2516
2537
2534
2539
2540
2541
2542
FAT
2544
2545
2546
2547
2548
2549
2550
2551

HARVEST
jan-WATER
may-WATER
Jun-WATER
Jul-WATER
.

PRICE
YISLD
varcost
HAAVEST
jan-WATER
hay-WATER
jun-WATER
Jul -WATER
*

PRICK
YIELD
vazcost
HARVEST
Jul-WATER
aug-WATER
Sep-WATER
oct-WATER
nov-WATER
.

PRICE
YIELD
PHOSPHATE
NITROGEN
SEED
INSECTIC
FUELM
FUSLI
REPAIRM
REPAIRL
LABORM
LABORI
HARVEST
INTEREST
FIXED
FUNGIC
PESTICAPPL
LABCRO
OCT-WATER
NOV-WATER
DEC-WATER
+

PRICE
YIZLD
HERB
PHOSPHATE
NITROGEN
SERD
INSECTIC
FURLM
FURLI
REPAIRM
REPAIRI
LABORM
LABORI
HARVEST
INTERBST
FIXED
FUNGIC
PESTICAPPL
JUL-WATER
AUG-WATER
SEP-WATER
CCT-WATER
HOV-WATER
+

PRICE
YIRLD
FEDINS
HERB
HERBAPYYL
PHOSPHATE
SIED
INSECTIC
FURLM
FUELI
REPAIRM
REPALIRI
LABORM
LABORI
HARVIST
INTEREST
FIXED
FUNGIC
PESTICAPPL
LABORO

.20
1.00
3.00
9.00
£.00
IRR. full.potato
9.00
225.09
1810.49
1012.590
l.00
9.00
8.00
i.00
IRR.full.peppers?
§.50

400.0¢
770.5%
1360.00
7.00
12.00
12.00
6.00
6.00
IRR. full. LETTUCE
5.50
$30.00
20.00
56.25
28.00
88.00
18.26
27.21
1.78
6.00
29.93
6.60
225%0.00
6.53
144,95
35.50
3g.50
66.29
L.00
4.00
4.00
IRR, full.CARROT
5.79
3t0.00
7.50
18.7%
30,00
70.00
3.25
15.47
40.82
4.30
9.00
26.57
9.%0
13%50.00
11.80
182.45%
30.00
16.%50
.00
EN )
.00
.00
3.00
IRR. full.PEANUTS
33,7%
i5.00
19.23
11.02
20.89
17.50
67.20
16.232
17.78
60.21%
.93
25.04
31.83
11.70
60.82
13.81
435,15
72.%0
10.20
16.57

0.001

.001

irr.a2.carrot

izz.al.peanuts
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2552
2553
2554
255%
25586
2857
2558
2559
2560
2561
2562
25863
2564
2585
2566
2567
2568
2569
2570
2571
2512
2573
2574
257%
2576
2517
2578
2579
2580
2501
2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
259%
2596
2597
2558
2599
2600
2601
2602
2603
2604
260%
2606
2607
2608
2609
2610
2611
2612
2613
2614
26158
2616
2617
2618
2619
2620
2621
2622
2623
2624
262%
2626
2627
2628
2629
2630
2631
2632
263}
2634
263%
2636
2637
2638
2839
2640
2641
2642

MAY-WATER
JUN-WATER
JUL-WATSR
.

PRICE
YIELD
PHOSPHATE
NITROGEN
SERD
INSECTIC
FUELAH
FUELI
REPALRM
REPAIRI
LABORM
LABORI
HARVEST
INTEREST
FIXKD
FUNGIC
PESTICAPPL
LABORO
JAN-WATER
SEP~WATER
oct-WATER
NOV-WATER
*

PRICE
YIBELD
PHOSPHATE
NITROGEN
SEED
FUELM
FUBLI
REPAIRM
REPAIRI
LABORM
LABCRI
haRvest
INTEREST
FIXED
APR-WATER
JUN-WATER
JUL-WATER
AUG-WATER
*

PRICE
YISLD
FEDINS
HERB
PHOSPHATE
NITROGEN
SEED
INSECTIC
FUELM
REPAIRM
LABORM
HARVEST
INTEREST
FIXED
PESTICAPPL
defic

+

PRICE
YIELD
EEDINS
HERB
HERBAPPL
PHOSPHATE
NITROGEN
SEED
FURLM
REPAIRM
LABORM
HARVEST
INTEREST
FIXED
defic

*

PRICE
YIRLD
FEDINS
HERB
HERBAPPL
PROSPHATE
NITROGEN
SEED
FUBLM
RERAIRM
LABGRM
HARVEST

1.0
19.00
$.00

IRR.fUll.SPINACH irr.a2.spirach

6.00
1450.00
30.00
22.5%0
36.00
19.00
18.12
36.29
.91
8.co
311.8%
8.80
1957.50
131.8]
154.49
315.00
28,50
18.67
4.00
4.00
6.00
4.00
TRR. full.SORGHAY
65.00
10.00
15.00
6.00
12.80
10.30
15.48
2.30
9.64
19.15%
11.10

2.20
144.51
4.00
4.00
4.00
4.00
dry. full.COTTON
0.71

3150.00
20,66
7.50
5.00
2.50
7.20
17.10
13.85
3.61
24,60
77.94
‘.89
79.42
10.58
-16
dry.full.CORN
59.00
10.14
1%.00
3.5
10.0¢
.40
15.72
13.18
3.46
22.33
30.26
4.15
68.46
-8
dry. full. SORGHUM
i.18
30.00
$.54
10.00
3.5%0
10.90
6,00
2.80
13.18
1.46
22.3)
27.00

450
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2641 INTEREST .25

2644 FIXED 67,96
2645 o dry. full . WINWHT
648 PRICE 3.78
2647 YIELD 20.99
2648  PHOSPHATE 7.86
2649 NITROGEIN .00
2650 $E8D 3.60
2651 FUELM 7.73
2652 REPAIRM 2.08
2653 LABORM 15,56
2650 HARVEST 22.50
2655 INTEREST 2.35
2656  FIXED 125.14
2657 + dey. full . GUAR
2658 PRICK 16.00
2659  YIELD 4.00
2660 HIRB 7.50
2661 HERBAPPL 3.50
2662 PHOSPHATE 3,75
2663 NITROGEN 5.00
2664 STED 4.40
266% INSECTIC 6.50
2666 FUELM 11.90
2667 REPAIRM 1.01
2668  LABORM 19.72
2669  HARVEST 22.40
2670 INTSREST 2.40
2671 FIXED 67.06
2672  INSECTAPPL 1.50
2671 dry.full. PEANUTS
267t PRICE 33.7%
2675 YIELD 5,14
2676 FEDINS 3601
2677 HERB 12.8%
2678  SEED 33.60
2679 FURLM 15.38
2680 AEPAIRM 1.22
2681 LABORM 25.59
2682 HARVEST 18.70
2683 INTEREST 5.56
268% FIXED 108.91
2685  FUNGIC 7.80
2686 PESTICAPPL 22.50
2687 LABORO 9.29
2688 « dry.full.SORGHAY
2689 PRICE §5.00
2690 YIELD L5
2691 PHOSPHATE 10.00
2692 NITROGEN 4.00
2693 SEED 9.60
2694  FUELM 8.26
2695 REPAIRM 2.18
2696 LABORM 13.01
2697 haRvest 157.50
2698 INTEREST 1.3%
2699 FIXED 15.92

2700 *Note: misc and harvest for dry scy are .6 of irr soy.

2701+ dry.full.scybeans

2702 PRICE $.5

2703 YIELD 22.68

2704 misc 112.136

270%  harvest 231.09

2706 * Note: yield for dry ocats is irr cats * .5 .
2707 misc set to .6 of irr catas.

2708 + dry.full.cats

2709 PRICE 0.28

271¢ YIELD 237.%0

2711 wmisc 64.67

2712 ¢ Note: yleld for dry hay same as yield for dry sorghay.
2713 harvest i3 irr hay harvest * .45 .
2114 » misc is irr hay misc + .6 .
2718+ dry.full.hay

2716 PRICE 65,

2717 YIBLD 4.5

2718 wmisze 70.16

2719  haRvest 157.%0

2720 ;

2721

* OO CO e OO L CCL oL CCLCCCCCCCCCCCCCCECCECCaCtaece
BPIC simulations of crop yield and water use were conducted
for selected crops, vegetables, and sorghum-hay for the Edwards
aquifer area. The selected crops and vegetables were corn, =zotton,
sorghum, ocats, winter-wheat, peanut, cabbage, lettuce, spinach,
carrot, cucumber, cantaloupe, and conion. Sixteean actual weather
yoar data for Uvalde County ware used for EPIC simulations.
These years were 19356, 1951, 1963, 1962, 1588, 1980, 1982, 1969,
1974, 1972, 1976, 1977, 1979, 1981, 1958, and 1987. Weather year
data beyond 13987 were not used since weather years between 1956
and 1987 account for the most dry, most wet, and average {normal)
years.
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for crops, ifrijation szrategLes were Laad for altArnative
soil moilsture scenarios (508 and 75V 301) moisturer, A.tecnative
irrigation ending dates je.g. Apr 30, May 30, June 1C erz.) and
alvernstive irrigation methods (furrow and sprinelar). An
irrigation strateqy of CS50-May-F thus implies a simulation foar
corn when 30il moisture reaches 50%, irrigation application ends
on May 30 and when furrow irrigation is used. Similarly,
T7%-May-5 implies a simulation for corn with 751 seil moisture,
irrigation snding date of May 30 and sprinkler icrigqation, Faor
cotton, the irrigation ending dates were baved on early bloom '€,
first blocm (FB), and first open boll {FO} which correspond to
irrigation snding dates of May 31, June 30, and July 31,
respectively. Simulations for dryland scenario were also conducted
for all crops.

Tor veqetables, simulations were conducted for alrernative
30il moistures and irrigation methods (furrow and sprinkler).
Altsrnative irrigstion ending dates were not used for veqetables
since vegetables require continuous irrigatioen.

Simulations for hay wers based on fraction of growing season
(s procedure used in EPIC) where hay was harvested several times
throughout the year.

4% and 1.5% of water per application were used for furrow and
sprinkler irrigation, respectivaely. Irrigation efficiency was
assumed to be 708 and 551 for furrow and sprinkler irrigation,
respactively, implying that for furrow irrigation, 301 of the
water was lost through runoff, evaporation, and/or percolation
whereas only 5% was lost under sprinkler irrigation.

Units for crop and vegetsdls yields are the same ay in Jose
Pena's Crop Enterprise Budgets and the unit for monthly water use
i3 in acre inches.

2766 *+ CCCCCLCCCCCCCCCCEECCCCCCtCCCCCCCCCCCCCECCCCCCCrtCeCCeCeeres
2767
2768 et cropatraticrops, lando,allstrat) Link betwesn crops and stratagiaes
2769
2770 *  CCCCCCCCLCCCCCCCOCLECCCCCCeCCCCCCeCCtCCCCCCCaCCroCeree
27711 - EPIC YIELD and WATER USE output by [HRIATION STRATEGY
2772 * CCCCCCCCCCCCCCCCCCCtLCCCCCtCCCCCCCCCCCeCCCCCeCCCCCoCeeee
2773
2771 table corn{agitem, rechsargall,ailstrat)
2775 CS0-May-F CS0-Jun-¥¢ C75-May-F CI5~Jun-F C50-May-$ C50~-Jun-§
<75-Jun-§ C-Dryland
2776 Yield.19%6 93 100 11t 128 38 113
132 50
<777  Jan-Water.195& [] 1 4 1 3 3
3
2778 Feb-Water.1956
2773 Mar-Water.1956
2790 Apr-Water.1958 12 12 16 16 7.5 7.5
9
2781 May-Water.1956 12 12 16 16 7.5 .5
9
2782 Jun-Water.195%¢ 12 16 7.5
9
2783 Jul-Water.1956
2784 Aug-Water.1358
278% Sep-Water.13%6
2786 Oct-Water.1956
2787 Nov-Water.19%6
2788 Dec-Water.1956
2789
2790 Yield.1951 117 118 128 . 146 122 143
162 61
2791 Jan-Water.1951 [] ] ] 4 3 3
3
2792 Feb-Water.19%1
2793 Mar-Water.1951
2794 Apr-Water. 1951 12 12 16 16 7.5 7.%
9
2799 May-Water.1951 8 8 12 12 6 [
1.5
2796 Jun-Water.1981 12 16 7.5
9
2797 Jul-Water.1951
2798 Aug-Water.19%1
2799 Sep-Water.19%1
2800 Oct-Water.1951
2801 Nov-Water.195%1
2802 Dec-Water.i951
2803
2804 Yield.1963 123 42 115 162 128 149
168 67
280% Jan-Water.1962 [} 4 4 L] 3 k]
3
2806 Feb-Water.196}
2807 Mar-Water.1963
2808 Apr-water.1963 12 12 16 18 7.5 7.5
3
2809 May-Water.1963 8 8 12 12 6 [
7.5
2810 Jun-Water.1963 12 16 7.5
9
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C7S5-May-S
108

3

133

7.9

140



2811
2812
28121
2811
2015
2816
2817
2918

133

2819
3

2820
2821
2822

9
2823

1.5
2924

9
2928
2826
2027
2828
2829
2830
2831
2832

158
2833

3
2834
2835
2836

9
2837

7.5
2838

$

283%
2840
2041
2842
2842
2844
28¢5
2846

137
2847

3
2848
2849
2850

9
2851

7.%
2852

9
2883
2854
285%
2856
2857
2858
2859
2860

164
2861

3
2862
2863
2864

9
2865

7

2066

9
2067
2868
2869
2870
2871
2872
2873
2874

162

2875
3
2876
2877
2878
9

Jul-water.1763
Aug-Water, 196]
Sep-iWater.196]
Oct-Water. 1961
Nov-Water.1963
Dec-Water.1963

Yield. 1989
54
Jan-Water.1989

Feb-Water.198%
Mar-wWater.198%
Apr-Water.1969

May-Wates.198%
Jun-Water.1989

Jul-dater.1989
Aug-Water.1989
Sep-Water.1909
Oct-Water.1989
Nov-Water. 1909
Dec-Watar.138%

Yield.1952
59
Jan-Water.1952

Feb-Wdater.1552
Mar-Water.1952
Apr-water.l1952

May-Water.1952
Jun-Water.1952

Jul-Water.1952
Aug-Water.19%2
Sep-Water.19%2
Oct-Water.1952
Nov-Water.1952
Dec-Water.1952

Yield.1908
58
Jan-Water. 1968

Feb-Water.1968
Mar-Water. 1988
Apr-Water.1988

May-Water.1988
Jun-Water.1988

Jul-Water.1988
Aug-Water.1388
Sep-Water.1%38
Oct-Water.158%
Nov-Water.194¢
Dec-Watar. 1988

Yield. 1980
64
Jan-Water.1980

Feb-Water.198¢
Mar-Water.1980
Apr-dater.1580

May-Water.1980
S

Jun-Water. 1980

Jul-Water. 1580
Aug-Water.1580
Sep-Water.1940
Oct-Water.1980
¥ov-Water.1980
Dec-Water.1980

Yield.1982
61
Jan-Water.1982

Feb-Water.1982
Mar-Water.1982
Apr~Water.1982

35

114

12

97

12

119

12

117

12

133

115

139

12

133

12

191 130
4 L]
16 18
12 12
16
125 1%%
L] L]
i8 16
12 12
16
105 133
4 L]
16 16
12 12
16
130 158
] 1
16 16
12 12
16
128 156
L] 1
16 16
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L0

T8

119

10%

124

L16

140

119

145

u3

10%

130

1.5

133



2879
9
2880
9

2881
2882
2883
2884
288%
2886
2887
2888

May-wataer.
]
Jun-Water.

Jul-Water.
Aug-Water.
Sep-Water.
Oct-Water.
Nov-Water.
Oec-Water.

Yield.196

166

2889
3
285¢
2891
2092
$
2893
K

2894

9
289%
2896
2897
2898
2899
2500
2901
2902

13%

29903

3
2904
2908
2906

]
2907

Jan-water

Feb-Water
Mar-Water
Apr-Water

1382
1982

1982
1982
1982
1902
1982
1982

L ]
€5
.1969

L1949
L1969
. 1969

May-Water.1969

.5

Jun-Water.1969

Jul-Weter.1969
Aug-Water.1969
Sep-Water.1969
Oct-Water. 1969
Nov-Water.1%69%
Dac-Water.1%8%

Yield.1974
56
Jan-Water.1974

Fab-Water.1974
Mar-Water.1974
Apr-Watez.1974

May-Water.1974

7.5

2908

9
2909
2910
2911
2912
2913
2914
291%
2916

Jun-Water.1574

Jul-Water.1974
Aug-Weterz.1974
Sep-Water.1%74
Oct-Water.1974
Nov-iater.1974
Dec-Watez. 1974

Yield.1972

134 55

2917

3
2918
2919
2920

9
2921

Jan-Water.1%72
Feb-iatar.1972
Mar-Water.1972
Apr-Water.1972

May-Water.1972

7.5

2922

9
2923
2924
2928
2926
2927
2928
2929
2930

173

Jun-Water.1972

Jul-wWater.1%72
Aug-Water.1972
Sep-Weter.1972
Oct-Water.1972
Nov-Water.1972
Dec-Water.1972

Yield.197¢
70

2931 Jan-Water.1974
3

2932 Feb-Water.l1%76

2933 Mar-Water.1%76

2334 Apr-Water.1976
7.5

2935 HMay-Water.197¢
7.%

2936
9

2937
2938
2935
2940
2941
2942
2942
2944

160

2945
3

Jun-ater.1976

Jul-Weter.1976
Aug-Water.1976
Sep-Water.1976
Oct-Water.1376
Nov-Water.1976
Dec-Water.1976

Yield.1977
60
Jan-dater.1977

121

96

12

98

12

127

118

140

12

12

113

12

12

112

12

12

146

135

132 LAY
L] 4
18 16
12 12
LB
19 L322
L] 1
18 16
12 12
L6
102 130
L] 1
16 i6
12 2
16
118 166
[} L]
12 12
12 12
16
126 15%
14 i
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126

103

101

133

120

147

7.5

7.5

118

l1¢

154

18]

117

e

110

7.5

142

132



2946 Fab-Water.1977
2947 Mar-wWater.197?
2948  Apr-water.1977

9
2949 May-Water.:977
7.5

2950 Jun-Water.1977
9
2991 Jul-Water.1977
2952 Aug-Water.1977
2993 Sep-Water.1977
2954 Oct-Water.1977
29%5 Nov-Water.1977
2956 Dec-Water.1977
2957
2958 Yield.1979
176 76
295% Jan-Water.1379
3
2960 TYeb-Water.1979
2961 Mar-Water.1979
2962 Apr-Water.197%
1.5

296) May-Water.1979
4.5

2964 Jun-Water.1979
4.5
2965  Jul-Water.1979
2966 Aug-Water.1979
2967 Sep-Water.1979
2968 OQct-Water, 1379
2969 Nov-Water.197%
2970 Dec-Water.137%
2971
2972 Yield.1981
175 72
297) Jan-wWater.1931
k]
2374 Feb-Water.1981
2975 Mar-Water.1991
2976 Apr-Water.1981
7.8
2977 May-Water.1981
7.5

2978 Jun-Water.1901}
9
2979 Jul-Water,1981
2980 Aug-Weter.1981
2%01 Sep-Water.19681
2982 Oct-Water.1901
2583 Nov-Water.i981
2984 Dec-Water.1981
298%
2986 Yield.1958
172 &9
2987 Jan-Water.i958
3
2988 Feb-Water.1958
2989 Mar-Water.1958
2930 Apr-Water.i95e
7.5
2991 May-Water. 1958
7.8

2992 Jun-Water.1958
9
2993 Jul-Water.1958
2994 Aug-Water.i95¢
2995 Sep-Water.195&
299€ Qct-Water.1958
2997 Nov-Water.1958
2938 Dec-Watar.1958
2999
3000 Yield.1987
178 18
300l  Jan-Water.1%87
3
3002 Feb-Water.1%87
3003 Mar-Water.1%37
3004 Apr-Water.1987

3005 May-Water.1987
4.8

3008 Jun-Wster.l1937
4.5

3007 Jul-Water.l1987

3008 Aug-Water.1987

3009 Sep-Water.1987

3010 OQct-Water,1987

3011 Nov-Water.198?7

3012 Dec-Water.1987

3013

12

134

129

126

136

153

12

145

15%

16 ]
12 Wl
18
148 172
L] L]
8 9
8 L}
L)
il 168
4 [}
12 12
12 12
16
139 165
4 L}
12 12
12 12
16
147 17
L] ]
a 8
L} 8
]

Appendix A - 34

1.%

140

131%

132

142

158

156

152

160

1149

144

140

7.%

151



01
3018
3016

table cotton(agitem, rechargail,allsrrat;
Cot50-EB-F Cot50-FB-F

TotB0-FO-§ Cot75-EB-5S

o017

3018
019
1020
1021

1022
3023
3024

1025
3026
3027
3028
3029
3010
ol

3032
3033
3034
303%

3036
3037
3038

103%
3040
1041
o2
3043
1044
3045

1046
o047
aodn
3049

1050
3651
3es2

3083
3084
3088
1056
3087
3oss
59

o6l
1061
los2
3083

3064
1068
1068

3067
o068
1069
3070
ien
3072
3073

307
197
3076
377
o7

3079

Yield. 1956
S43 609
Jan-Water. 1958
Feb-Water.1956
Mag-Water.19%6
Apr-Water.1958
L] []
May-Water.1956
7.5 7.%
Jun-Watar.1956
7.5
Jul-Water.1%56

Aug-Water.l356
Sep-Water.19%6
Oct-Water.1956
Nov-Water.1956
Dec-Water.1556

Yiald.1951
593 (111
Jan-Water. 1951
Fab-Water.1951
Mar-Water.1951
Apr-Water.1951
4.5 4.5
May-Water.1951
7.% 7.5
Jun-Water.1951
7.%
Jul-Water.1951

Aug-Water.1951
Sep-Water.1951
Oct-Water.1951
Nov-Water.1951
Dec-Water. 1951

Yield.1963

602 672
Jan-Water.1963
Feb-Water.196]
Mar-iater.1363
Apr-Water.1963

1.5 .5
May-Water.1962
7.5 7.5

Jun-Water.1563
7.5
Jul-Water.1963

Aug-Water.1963
Sep-Water.1963
Oct-Water.1963
Nov-Water. 1963
Dec-Water.1963

Yield.1989

579 648
Jan-Water.1589
Feb-Water.1989
Mar-Water.1989
Apr-Water.1989
[

6
May-Water.1389

7.8 7.5
Jun-Water.1909
7.8

Jul-Water.1509

Aug-Water.1309
Sep-Water, 1909
Oct-Water.1589
Nov-Water.1989
Dec-Water.190%

Yield.19%2
593 662
Jan-Water.1952
Feb-Water.1952
Har-Water.13%2
Apr-Water.1952
1.5 4.5
May-Water.1952
7.5 1.8
Jun-Water.1952
7.5

Cot75-FB-§

502

668
L]

]
8

7.5

7.5

7.5
582

718
4

$.5
-

7.5

1.5

7.5
561

727
1

4.5
]

1.5

7.5

7.5
541

707
8

L]
8

1.8

7.%

7.5
553

e
4

4.5
8

7.8

1.5

Cot75-F0-5
541
303

593
EISE

604
382

579
323

93
LTS

Tenst-

516
3 L2
3 12
4

3

629 587
1 8

3 12
3

3

639 596
[ 8

3 12
8

8

518 575
8 12
8 12
8

8

629 587
l 8
L] 12
8
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TIn?5%-23-F TornTS-F3-F

NGl

656

665

12

12

642

12

12

656

12

12

CatT5-FO-F

662

720

12
12

12

699

12
12
12

12

718

12

Zot50-EB-S

911

562

571

4.5

549

4.5

4.5

562

“ot%4-78-5

347

600

§1¢

586

599

97

636

5

4.5

4.5

624

636



a0

3081
3los2
3jond
o8
Joss
3086
3087

loee
1389
30%0
1091

o9z
1093
Ion

3098
3096
3097
1098
3099
3100
3101

3102
3103
3104
3108

3106
3107
ics

o9
alle
nn
3112
3113
EESY |
aLLs

3llé
3117
3118
3119

3120
121
122

3123
3124
3128
3126
na
3128
3129

3130
niu
3132
ERRE]

314
3138
3136

3137
aiie
3139
310
ul
3142
RN}

EREY )
3145
3146
I

Jul-dater.1352

Aug-Water.19%2
Sep-Warer.1952
Oct-Water. 1952
Nov-Water.19%2
Dec-Water.1952

Tield.1988
596 648
Jan-Water. 1938
Feb-Water, 1988
Mar-Water.1968
Apr-Water.1988
4.5 4.5
May-Water.1988
7.5 7.5
Jun-Water.1%84
7.5
Jul-Watez.1988

Aug-Water.1988
Sep-Water.1988
Oct-Water.1989
Nov-Water.1988
Dac-Water. 1388

Yield. 1380
59% 663
Jan-Water.1%80
Feb-Water. 1980
Mar-Water.1980
Apr-Water.1980
1.% 4.5
May-Water.1980
7.% 1.5
Jun-Water.1980
7.5
Jul-Water.1%80

Aug-Water. 1980
Sep-Water.1380
Oct-Water.1980
Nov-Water.1980
Dec-Water. 1980

Yield.1982
623 6954
Jan-Water.1982
feb-Water.1982
Mar-Water.1982
Apr-Water.19%02
1.5 .5
May-Water.1982
7.8 7.%
Jun-Water.1902
7.5
Jul-Water.1982

Aug-Water.1982
Sep-Water.1982
Oct-Water.1982
Nov-Water.1902
Dec-Water,1982

Yield.1969
603 673
Jan-Water.1969
Feb-Water. 1969
Mar-Water. 1969
Apr-Water. 1969
4.5 4.5
May-Water,1969
7.% 7.5
Jun-Water. 1969
1.5
Jul-Water.1969

Aug-Water.196%
Sep-Water.196%
Oct-Water, 1969
Nov-Water. 1969
Dec-Water.1969

Yield.1574

588 652
Jan-Water.1%74
Feb-Water.1974
Mar-Water.1974
Apr-Water.1974
(] 6

55%

554

582

962

44

721

719

7.8

7.5

709

597

595

ET R

i

e

5%

329

611 599 560
L] a 8

8 12 12
] 12
]

631 588 658
L] 8 8

8 12 12
8 12
8

661 617 884
i 8 8

8 12 12
8 12
e

540 597 665
4 8 8
-] 12 12
8 12
8

622 579 647
] 12 12
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714

12

12

12
i2

12

12

12

12

12

12

12

704

12

564

563

591

$72

$53

603

601

631

4.5

590

638

669

648

628



148
jne
3150

3151
Jis2
3183
154
EI&- 1]
3156
3187

3158
159
3160
3161

3162
3163
s

316%
3166
3167
1168
1169
3170
nn

3172
31713
N
117%

3176
nn
3170

el ]
3ie0
i
EPY F
3183
LT
iss

E3E-1)
3187
ies
EE-1)

1190
el
3192

ERR-X}
EDR-1)
3198
3196
e?
lse
3199

3200
jaat
3202
3203

3204
3205
3206

1207
jzos
3209
3210
EF334
a2
2l

3214

May-Water. 1374

7.5 7.9
Jun-Water. 1974
1.5

Jul-Water.1974

Aug-Water.1974
Sep-Water.1974
Oct-Water. 1974
Nov-Water.1974
Dac-Water.1974

Yield.1972
583 650
Jan-Water.1972
Feb-Water.1972
Mar-Water.1972
Apr-Water.1972
6

3
May-Water.1972
7.5 7.5

Jun~Water.1972
7.%
Jul-Water.1972

Aug-Water.1972
Sep-Water.1972
Oct-Water. 1972
Nov-Water.1372
Dec-Water.1972

Yield.1976

50 aze
Jan-Water.1976
Feb-Water.1976
Mar-Water.1976
Apr-Water.1976
[

[
May-Water.1976
1.5% 4.5
Jun-Water.197

.5
Jul-Water.1976

Aug-Water.1976
Sep-Water.1976
Oct-Water.1976
Nov-Water.1976
Dec-Water.1976

Yield. 1977
589 657
Jan-Water.1977
Feb-Water,.1977
Mar-Water.1977
Ape-~Water.1977
4.5 4.5
May-Water.1977
7.5 7.%
Jun-Water.1977
7.%
Jul-Water.1977

Aug-Water.1%77
Sep-Water.1977
Oct-Water.1977
Nov-Water.1977
Dac-Water.1977

Yield.157%
788 a2s
Jan-Water.1979
Feb-Water.1979
Mar-Water.1979
Apr-Water.1%7%
0 [}
May-Water.1%7%
1.5 4.5
Jun-Water.1979
‘.5
Jul-Water.1%79

Aug-Water.1379
Sep-Water.1979
Oct-Water.1%79
Nov-Water.1979
Dec-Water.1%79

Yield.1981
657 7398
Jan-Water.1981

542

549

718

619

7.8

T8

87%

4.8

.5

4.5

1.5

788

81
127

589
a0

662

8 2
8

6210 978 LR
8 12 12
8 12 12
a 12
8

790 50 816
¢ 9 0

L] 8 8

14 &

[}

626 S84 652
L] 8 4

8 12 12
8 12
B

795 756 821
0 0 0

] 8 8

[] 8

)

697 655 721
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702

12
12
12

12

870

12
12

12

87%

719

951

720

558

728

628

589

596

766

667

627

613

804

706



3218
jale
3217

3219
2i9
3229

1221
222
3223
3a2¢
3225
3226
daar

3228
3229
3210
21

3232
3233
324

1235
3216
3217
3218
3239
3240
3241

3282
3243
3244
324%

248
3247
2ue

3249
3250
3281
3282
32%3
3254
125%
3256
3287

07%-Apr-$

3258

$7

3259
3
260
3

3261
1

1262

i
1263
3284
3265
3266
3267
3268
3269

4.

3270

4.

nzn

3272
62

EF )
3
2N
3

327%

1,

3276
3

z2m
27

Feb-Water.198;
Mar-Water.138]
Apr-Water.1991
1.5 1.5
May-Weter.1%8]
6“5 1.5
Jun-Water.1981
1.5
Jul-Water.1981

Aug-Water.1981
Sep-Water.1981
Oct-Water. 1381
Nov-Water.1931
Dec-wWater.1%81

Yield.19%8
654 721
Jan-Water.1958
Feab-Water. 1958
Mar-Water. 1958
Apr-Water. 1958
1.5 4.5
May-Water.195%8
4.5 4.5
Jun-Water.1958
1.5
Jul-Water.1958

Aug-Wazer.13%8
Sep-Water.195%8
Oct-Water.1958
Nov-Water.1958
Dec-Water. 1958

Yield.1987
798 364
Jan-Water.1987
Feb-Water.1997
Mar-Watar.1987
Apr-Water.1987
U] 0
May-Wataer.1387
{.5 t.5
Jun-Water.1987
4.5
Jul-Water.1987

Aug-Water.1987
Sep~Water.1387
Oct-Water, 1987
Nov-Water.1987
Dec-Water.1987

613

178

655

s

table cats{agitem, rechargall,allstrat)

Yield. 1956
27
Jan-Water.1956

Peb-Water.1956

Mar-Water.1956
5

Apr-Water.195%

May-Water.1956
Jun-Water.195¢
Jul-Water.19%¢
Aug-Water.1956
Sep-Water. 1956
Oct-Water. 1956
Nov-Water.1956
5

Dec-Water.1954
5

Yield.19%1
32
Jan-Water.1951

Feb-Water.1951
Mar-Water.1951
5

Apr-Water, 1981

May-Water.1951
Jun-Water.1951

C-Oryland

Q50-Mar-F

11
]

050-Apr-F

50

4

1 3 3
L} 3 3
4 9
L]
891 648 71%
1 8 L}
4 8 ]
[ 8
]
31§ 796 862
3 ¢ 0
1 L] 8
] [
]
Q75 -Mac-F 27%-Apr-F
52 58
[} ]
4 [}
i ]
4
L] 9
] 8
57 59
L] [}
] []
4 {
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I

Q50-Mar-5
47

3

3

621

3

3

764

o

3

Q050-Apr-$S
51
3
i
1.5
3
3
3
56
3
3
1.§
3

61

a0l

3
3
3
3
%0
3
3
3
3
843
2
3
3
3
075-Mar-$S
53
k]
k]
1.5
1.5
4.5
58
3
3
1.5



3279 Jul-Water..35]
1280 Aug-Water.l3%1
3281 Sep-Water.1951
3282 Oct-Watwer.1951
1283 Nov-Water.1351
4.5
31284 Dec-Water.l1951
.9
328%
3286 Yield.1963
§7 s
3287 Jan-Water.1961

3
3288 Feb-Water.1963
3
3289 Mar-Water.1961
3290 Apr-wWater.1983

3291 May-Water.i963
3292 Jun-Water.1963
3293 Jul-Water.1963
329¢ Aug-Water.1963
3295 Sep-Water.1963
3296 Oct-wWater.136)
3297 Nov-Water.l1963
1.%
3298 Dec-Water.1963
3299.
3300 VYield.1989
68 17
3301 Jen-Water.l198%
k]
31302 Feb-Water.1989
3

3303 Mar-Water.138%
1.5

3104 Apr-wWater.1%8%
3

3105 May-Water.1369

3306 Jun-Water.198%

3307 Jul-Water.1989

3308 Aug-Water.1389

3309 Sep-Water.19%8%

3310 Oct-Water.1989

3311 Nov-dWater.198%
1.9

3312 Dec-Water.l1%8%
t.9

a3l

3314 Yleld.1952
69 38

3315 Jan-Water.1952
k]

3318 Feb-Water.1952
3

3317 Mar-Water.1952
1.5

3310 Apr-Water.1952
3

3319 May-Water.19%2

3320 Jun-Water.19%2

3321 Jul-Water.19%2

3322 Aug-Water.1952

3323 sep-Water.19%2

1324 Oct-Water.19%2

3125 MNov-Water.19%2
1.5

3326 Dec-Water.1932
4.5

1327

3328 Yield.1588
[1] b1}

3329 Jan-Hater.1%19
3

3310 Feb-Water. 1998
31

3331 Mar-Water.i388
1.%

1332 Apr-Water.19%808
3

1333 May-Water.1988

31334 Jun-Water.1988

3335 Jul-water.1980

3336 Aug-Water.1980

3337 Sep-Water.1998

3338 Oct-Water.19828

3339 Nov-Water.1508
4.5

3340 Dec-Water.i980

a 3 3

] 3 3

62 44 57

1 i 3

4 [} 3

i [} 1.5
]

1 1] 0

8 8 3

€3 66 S8

4 [} 3

1 ] k]

] L} 1.8
1

] 4 o

8 L] 3

51 47 59

L] 1 3

L] 4 3

4 4 1.5
L]

4 L 9

8 L] 3

5% 61 s4

1 4 3

] i 3

[} 4 1.5
4

8 8 3

] 8 3
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1.%

1.5

1.5

1.9

5



[ -]
1341
3342 Yield.1980
&7 s
31343 Jan-Weter.1380
3
3344 Feb-Water.1980
3
3345 Mar-Water.1980
1.%
1348 Apr-dater.1980
3
3347 May-Water.1980
1348 Jun-Weter.1980
3349 Jul-Water.1980
3350 Aug-Water.1980
3351 Sep-Water.l1980
3352 Oct-Water.1980
3351 Nov-Water.1980
1.5
3354 Dec-Water.1980
1.5
3385
3356 Yield.1982
78 i“
3357 Jan-Water.1982
k)
315§ Feb-Water.1982
3359 Mar-Water.1982
1.5
3360 Apr-Water.1982
3
3161 May-Weter.1582
1362 Jun-Water.1982
3163 Jul-Water.1982
3364 Aug-Water.1962
1365 Sep-Water.1982
1166 Oct-Water.l982
3367 Nov-Water.l1382
1.%
3368 Dec-Water.1982
1.5
3369
3370 Yield.1969
n 13
3371 Jan-Water.1969

3
3372 Tab-Water.1969
3
3373 Har-Water.1969
5

1.

3374 Apr-wWater.1969
3

3375 May-Water.l1969

3376  Jun-Water. 1969

3377 Jul-Water.1969

1378 Aug-Water.1963

3379 Sep-Water.1969

3380 Oct-Water.l19%69%

3381 Nov-Water.196%
1.8

3382 Dec-Water.1969
.5

3383

32384 vYield.1974
n kL

33135 Jan-Water,1374
3

1186 Feb-Water.1%74
3

313187 Mar-Water.1974
1.5

3388 Apr-Water.1974
3

3189 May-Water.19d

3190 Jun-Water.1374

3391 Jul-Water.i®7d

3392 Aug-Water.1974

3391 Sep-Water.19M

3394 Oct-Water.1974

3395 Nov-Water.1974
1.5

1396 Dec-Water.1974
1.5

3397

3398 Yield.1972
[1] i

3399 Jan-Water.1972
3

3400 Feb-Water.1972
3

95

%9

52 id
4 [}
4 4
L] ‘
L}
‘ [}
8 a
13 -]
] ]
[} 4
L]
3 8
1 L]
[1] 63
4 L}
4 i
1 ]
]
1 L]
8 ]
[13 68
4 i
] L1
1 4
4 ]
L} ]
55 57
1 ]
1 ]
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57

1.%

61

63

1.%

1.%



3401 Mar-Water.1972
1.%
3402 Apr-Water.1972

3403 May-Water.1972
J&04  Jun-Water.l372
J40S  Jul-Water.i972
06 Aug-Water. 1972
3407 Sep-Water.1972
3408 Oct-Water.1%72
3409 Nov-Water.l1972

3410 Dec-Water.1972

3412 Yield.1976
18 4“4
313 Jan-Water.197¢
3

3411 Feb-Water.197¢
1S Mar-Hater.1976
1.5
3416 Apr-Water.197¢
k]
3417 May-Water.1976
3418 Jun-Water.1976
3419 Jul-Water.1976
3420 Aug-Water.l197¢
3421 Sep-Water.1976
3422 Oct-Water.1976
3423 Nov-Water.1976

3424 Dec-Water.1976

3426 vYield.1977
n [}8

3427 Jan-Water.1977
3

3429 Feb-Water.1977
3

3429 Mar-Water.1977

1.5
3430 Apr-Water.1977
3
3431 May-Water.1977
3432 Jun-Water.1977
333 Jul-Water.l1977
3434 Aug-Water.1377
343%  Sep-Water.1977
3436 Oct-Water.1977
3437 Nov-Water.1i917

3438 Dec-Water.i®77
4.5

3439

3440 Yield.1979
86 19

3441 Jan-Water.19%7%
3

3442 Feb-Water.1979

3443 Marz-Water.1979
1.5

44l Apr-Water.1979
3

3445  May-Water.197%

3446 Jun-Water.197%

LT Jul-Water.1979

348 Aug-Water.1979

L9 Sep-Water.1%79

3450 Oct-Water.137Y

I451 Nov-Water.1979
4.5

3452 Dec-Water.1379
1.%

382

St Yield.1921
81 1

3455 Jan-Water.1901
k]

345¢ Teb-Water.1981

3457 Mar-Water.1581
1.%

3458  Apr-Water.1981
3

345% May-Water.l198%
3460 Jun-Water.1981
3461 Jul-Water.1981
3462 Aug-Water.1981
3463 Sep-Water.1981
3481 Oct-Water.19081

1 3 .3 1.8
1 k]

E] & 3 k]

8 4 3 3

73 7% €8 12

[ [} 1 k]

[} [} 1.5 1.5
4 k}

8 8 3 3

[} 5 ] o

69 7 1] 68

) [] 3 3

4 4 3 3

L) 1 1.5 1.5
L} 3

i 1 [] 0

] B 3 3

Bl B3 76 B0

[ [] 3 3

L] 4 1.9 1.%
H 3

g 8 1 3

] ] 0 -]

76 78 71 75

[} ] i 3

4 1 1.5 1.5
4 3
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1465 Nov-Water.l981 ) 3 4 3 3 k) 1.5

1.%

346§ Daec-Water.1981 [ b ] ] 1 ¢ ] 1.5
1.5

Js6?

3468 Yield.1958 69 e "8 | A % 77
[} 7

JU6% Jan-Water.1558 L] ] ] L] 3 k] 3
3

470 Feb-Water.l958

3471 Mar-Water.19%8 ] L] L] L] 1.5 1.9% 1.5
1-5

3472 Apr-Water.1958 ] ] 3

3
3473 May-Water.1958
HTE Jun-Water.1958
TS Jul-Water.1958
76 Aug-Water.1958
T Sep-Water.1958
TR Oct-Water.1958

479 Nov-Water.1958 L] [] 8 8 3 1 4.5
4.5

IL80 Dec-iWater.1958 0 9 ) 1 0 0 1.%
1.8

us

3482 Yield.1987 6% 73 76 8 mn 7% m”
a 47

3483 Jan-Water.1387 1 1 i 1 k] 3 k1
3

3484  Feb-Watar,.1%87

3485 Mag-Water,1987 ] 4 4 L] 1.9 1.5 1.5
1.5

3486 Apr-Water.1987 4 1 3
3

3487 May-wWater.1997
3488 Jun-Water.1987
3489  Jul-Water,1987
3490 Aug-Water.1987
3491 Sep-Water.1947
3492 Oct-Water.1987

3493 Nov-Water.i987 ] 1 ] ] h] k] i1.%
6.5 .
3494 Dec-Water.1587 ] 0 4 4 0 -] 1.%
1.%
3498
3498
3497 table sorghum(agitem, rechargall,allstrat)
3498 550-May-¥ 550+Jun-F $75-May-F §75-Jun-F 550-May-5 $50-Jun-5§ 575-May-$S
575-Jun-§ $-Dryland
3499 Yield.1956 6 17 12 50 38 43 4"
-} 22

1500 Jan-Water.1956
3501 Feb-Water.19%6
1502 Mar-Water.1956

3503 Apr-wWater.19%6 12 12 16 16 7.5 7.% 8
9

1504 May-Water.19%6 12 12 16 16 1.5 7.8 9
9

3505 Jun-Water.1956 12 16 7.5
9

3506 Jul-Water.1956€
3507 Aug-Water.19%¢
31508 Sep-atar.13956
3508 Oct-Water,1956
3510 Nov-Water.1956
3511 Dec-Water.195%6
asi2
3513 vield.1951 i6 56 52 60 ie 58 54
1] 29
351l Jan-Water.1951
1515 Feb-Water.1951
3516 Mar-Watasr.1951

3517 Apr-Water.1951 ] ] 12 12 6 6 7.5
1.5
3518 May-Water.1951 L] ] 12 12 6 6 7.5
3519 Jun-Water.1951 12 16 7.5
9

3520 Jul-Water.1951

3521 Aug-Water.1951

1522 Sep-Water.19%51

352) Oct-Water.1951

3524 Nov-Water.1951

3525 Dec-Water.1951

3526

31527 Yield.1963 47 S8 52 &l 19 58 55
[X] 30

31528 Jan-Water.1963

3529 Feb-Water.i96)

1510 Mar-Water.1963

31531 Apr-Water.1943 8 8 12 12 [} [ 7.5
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7.
3532
7.
3%
9
KER] |
1538
3536
3537
3538
3539
st
ELT RS
57
%42
1543
ELIY
I%4%
7.
ists
?

%7
9
3sde
3549
35580
ass1
3552
3583
3554
35558
61
3556
31557
1558
559
7.
31560
T

3561
9
1562
31583
1564
1545
1566
1567
1568
1569
60
1570
571
872
a7
7.
574
7.
978
9
3976
s
578
579
3580
3581
1582
1583
64
assd
1585
1586
1587
7.
3588

5
May-Water. 1963
5

Jun-Water. 1963

Jul-weter. 1963
Aug-Water.1963
Sep-Water.196]
Oct-water.1963
Nov-Water. 1963
Dec-Water.1963

tield.198%

24
Jan-Water.1989%
Feb-Water.1989
Mar-Water.194%
Apr-Water.1989

5
May-Water.1909
5

Jun-Water.1989

Jul-Water.1989
Aug-Water.1%8%
Sep-Water.1989
Oct-Water. 1989
Nov-Water.1589
Dec-Water.1589

Yield. 1952

2?7
Jan-Water.1952
Fob-Water.1952
Mar-Water.19%2
Apr-Water.1i952
5
Hay-Water.1952

Jun-Water.1%52

Jul-Water.1952
Aug-Water.19%2
Sep-Water.1952
Oct-Water.1952
Nov-Water.1952
Dac-Water.1952

Yield. 1388

26
Jan-Water.1988
Feb-Water.1588
Har-Water.1968
Apr-dater.1588
H)
May-Water.1%68
L)
Jun-Water.1%88

Jul-Water.1%88
Aug-Water.1950%
Sep-Water.1%88
Oct-Water.1988
Nov-Water.1988
Dec-Water.1988

Yield.1900

29
Jan-Water.1980
Feb-Water.1980
Mar-Water.1980
Apc-Water.1380

]

Kay-Water.1980

7.%

158%
9
3%90
591
1592
3593
59
31595
31596
3597
[1]
3590
3%99
1600
3601
7.

Jun-Water.1980

Jul-Water.1980
Aug-Water.19%00
Sep—Water, 1980
Oct-Water.1980
Nov-Water.1980
Dec-Water.1%80

Yield.1982
29
Jan-Water. 1982
Feb-Water. 1982
Mar-Water.1982
Apr-Water.1982
L

3 8
12
19 1]
8 ]
L} ]
12
1" 54
[] ]
8 L]
12
[} 52
8 8
8 []
12
1% 56
] 8
] 8
12
(1] 56
8 8

L]

20

12

12

12

12

S92

12

52

52

57

12

16

56

€0

12
12

16

60
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16

“"

49

S0

56

11

58

L1

o

82

50

54

54



1602 HMay-Water.1982
1.8

1603 Jun-Water.1982
9

J604 Jul-Water.1982
1605 Aug-wWater.1982
3606 Sep-Water.1982
1607 Oct-Water.1982
1600 Nov-Weter.1502
3609 Dec-Warer.]382
LN
3611 Yteld.1969

64 29
1612 Jan-Water.196%
31613 Feb-Water.1969
3614 Mar-Water.1969
3618 Apr-Water.l1969

3616 May-Water.196)
7.5
3617 Jun-Water.1969

3618 Jul-Water.196Y
3619  Aug-Water.1969
3620 Sep-iater.196%
1621 Oct-Water.196%
3622 Nov-Water.1%6%
3623 Dwc-Water.1969
kI F])
382%  Yield.19M
59 25
3626 Jan-Water.1974
3627 Feb-Water.1374
3628 Mar-Water.l197
162% Apr-Water.197
7.5
3630 May-Water.1974
7.5
3611 Jun-Water.13T4
L]

3632 Jul-Water.1974
3633 Aug-Water.1974
3634 Sep-Water.1974
3635 Oct-Water.197¢4
1636 Nov-Water.197¢
1637 Dec-Water.1974
1638
3639 Yield.1972
58 25
3640 Jan-Water.1972
3641 Feb-Water.1972
3642 Mar-Water.1972
3643 Apr-Water.1972
7.8
3664 May-Water.1972

3645 Jun-Water.1972
9
3646  Jul-Water.1972
3647  Aug-Water.1972
3648 Sep-Water.1972
3669 Oct-Water.1972
3650 Nov-Water.1972
3651 Dec-Water.1972
3652
3653 Yield,1976
n 33
3654 Jan-Water.1976
3655 Feb-Water.1976
3656 Mar-Water.197¢
3657 Apr-wWater.1974
7.%
3658 May-Watar.197¢
7.%
3659 Jun-Water.197¢
9
1660 Jul-Water.1976
1661  Aug-Water.197¢
3662 Sep-—Water.197¢
3663 Oct-Water.1976
3660 Nov-Water.1976
3665 Dec-Water.1976
3668
3667 VYield.1977
63 28
1668 Jan-Water.1977
31669 Peb-Water.1977
3670 Mar-Water.1917
3671 Apr-Water.1977
1.5
3672 May-Water.1%77

(1]

[ 3}

40

53

[}

12

96

12

51

50

12

64

12

5%

ML]
%2 60
12 12
12 12

16
L] 55
12 12
12 12

16
6 sS4
12 12
12 12

16
59 67
12 12
12 12

16
51 59
12 12
12 12
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12

85

S8

83

52

7.%

57

E] )

1.5

19

62

53

7.%

7.%



7.5

1673
9
1674
3675
1676
1677
3878
167%
3680
3681
i
1682
jse3
b1 L1}
1685

Jun-wWater.1377

Jul-Water.1977
Aug-Water. 1377
Sep-Water.1977
Cet-Water, 1977
Nov-Water. 1977
Dec-Water.1%77

Yieid. 1979

15
Jan-Watez. 1379
Fab-Water. 1979
Har-Water.1979
Apr-dater.1979

4.5

3686

May-Water.1979

1.5

3687

Jun-Water.1979

[3%)

1688
1689
36%0
3691
3692
3693
3694
369%
2
1696
16597
1650
3699
7.
1700
7

7ot
9
3702
3703
1704
3705
3706
3107
3708
3709
70
710
3711
maz
373

7.%

37

7.8

s
9
1716
717
1718
1719
1720
a2
1722
3723
8
ITAH
3res
31726
3727

Jul-dater.1979
Aug-Water.1979
Sep-Water.137%
Oct-Water.1979%
Nov-dater.1979
Dec-Water.1379

Yield. 1961

13
Jan-Water.1981
feb-Water.1381
Mar-wWater.1981

Apr-Water.1%01
5

May-Water.1331
Jun-Water.1931

Jul-Water.1981
Aug-Water. 1581
Sep-wWater.158]
Oct-Water.1981
Nov-Water.1981
Dec-Water.1981

Yield.1958

32
Jan-Water.1958
Feb-Water. 1958
Mar-Water.1958
Apr-Water.1958

May-Water.1958
Jun-Water.1958

Jul-Water.1558
Aug-Water.1958
Sep-Water. 1958
Oct-Water.1958
Nov-Watsr.1958
Dec-Water.1958

Yield. 1987

s
Jan-Water.1987
feb-Water.1987
Mar-Water.1987
Apr-dater.1987

4.9

1729

May-Water.1907

4.5

aT29

Jun-dater.1987

4.5

1730
T
1732
3733
ENat]
373%
3736
N7
1738
373%

W1S-Apr-§

370
42

1741
3

Iz

Jul-Water.1987
Aug-dater. 1987
Sep-Water.1907
Cet-Water. 1907
Nov-Water.1987
Dec-Water.1987

5%

a4

52

L{

70

65

63

7

table winwht (agitem, rechargall,allstrat}

Yield.1956
1%
Jan-Water.1%5%6

Feb-Watar.195%6

W-Dryland

WS0-Maz-F

o

WS0-Apr-F

3%

[]

L]

4 7.5
65 Tl 61 12
L} 3 3 3
B 3 3 1
E] 3
60 88 56 67
12 12 ] 6
12 L2 6 [
16 7.8
58 66 54 65
12 12 6 5
12 12 3 6
16 7.5
66 32 62 73
8 ] k| 3
8 ] 3 3
L] 3
WIS-Mar-F W7s-Apr-F WS0-Mar-S WS0-Apr-5§
37 40 32 6
1 L} 3 k]
] [] 3 3
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1.5

63

7.5

61

68
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3

3743 Mar-Water.1956
1.%

3744 Apr-Water.19%6
3

3745 May-Water.19%6
3746 Jun-Water.19%6
IT47  Jul-Weter.19%6
3748 Aug-Water.1956
3749  Sep-Water.1956
3750 Oct-Water.1956
3733 Nov-Water.1956
4.8
3752 Dec-Water.19%¢
4.5
37193
3754 Yield.1951
43 17
3735  Jan-Water.1951

3
3756 Feb-Water.1951
3

3757 Mar-Water.19%1
1.%

3758  Apr-Wataer.1951
3

3759 May-Water.1981

3760 Jun-Watar.i19%1

3761 Jyl-Water.1951

3762 Aug-Water,1951

376) Sep-Water.1951

3764 Oct-Water.1951

3765 Nov-Wster.1951
.5

3766 Dec-Wataer.1951
1.5

3767'

1768 Yield.1963
{6 20

376% Jan-Water.196)
3

3770 Feb-Water.196)
k]

3771 Mar-Water.1963
1.%

3772 Apr-Water.1963
3

3773 May-Water.1963

37 Jun-Water.1963

3775 Jul-Wataer,1963

3776 Aug-Water.1963

3777 Sep-Water.1963

3778 Oct-Water.1963

3779 Nov-Water.1963
1.%

3780 Dec-Water.1961
4.5

kXL }H

3782 vield.1989
18 21

3782 Jan-Water.1989

3

1784 Pad—Water.1589
3

3785 Mar-Water.1929
1.8

3786 Apr-Water.1999
3

3787 May-Water,1909

3788 Jun-Water,190%

3789  Jul-Water,1909

3790 Aug-Water.198%

3791 Sep-Water.1999

3792 Oct-Water.1989

3793 MNov-Water.1989
1.5

3794 Dec-Watar.1989
4.5

379%

3796 Yield.1952
19 22

3797 Jan-Water.19%2

3

3798 Peb-Water.1952
3

3799 Mar-Water.159%2
1.9

3800 Apr-Water.1952
3

3801 May-Water.1952

3802 Jun-Water.1952

8 ]
B 8
Y] &1
L] L]
4 4
& 4
4
8 8
8 3
41 45
4 {
L] 1
1 4
1
4 L]
8 8
12 47
] 4
4 [}
4 1
4
{ L]
-3 8
[¥} §7
{ ]
1 4
4 4
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1.5

1.8

1.3
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3803 Jul-Water.1952
3804 Aug-Water.1952
1805 Sep-Water.1952
3806 Oct-Water.1952
3807 Nov-Water.1952
1.5
1808 Dec-Water.l193%2
4.5
3309
3810 Yield,1988
45 19
3811 Jan-Water.1%48

3

1812 Feb-Water.1388
3

3813 HMar-Water.l1388

1814 Apr-Water.1988

1815 May-Water.1988
1816 Jun-Water.l1988
31817 Jul-Water.1988
3818  Aug-Water. 1988
31819 Sep-Water.1988
3820 Oct-Water.l1908
3821 Nov-Water.l1988

3822 Dec-Water.1988
4.5

3823

3824 Yield.l1980
16 20

3825 Jan-Water,1980
3

JB26 Feb-Water.1980
3

3827 Mar-Water.l1980
1.8

3428 Apr-Water.1980
3

182% May-Water.1980

3830 Jun-Water.1389

3831 Jul-Water.1990

3832 Aug-Water.1%80

3833 Sep-Water.1980

3834 Qct-Water.1980

1838  Nov-Water.1980
1.%

3834 Dec-Water.1980
4.5

3837

38380 Yield.1982
53 26

3839 Jan-Water.1982
3

3840  Feb-Water.1%82

3841 Mar-Water.1982
3.5

3842 Apr-Water.1982
3

3843 May-Water.1982

3844 Jun-Water.1%02

3045 Jul-Water.1982

3846 Aug-Water.1%82

1847 Sep-Water.1582

1888 Oct-Water.1582

1849 Nov-Mater.1587
4.5

1850 Dec-Hater.19582
1.5

J8st

1852 Yield.1969
(1] 23

3853 Jan-Water.196%

3
3854 Feb-Mater.19%6%
3

3855 Mar-Water.196%
1.5

3856 Apr-Water.196%
3

3857 May-Water.1969

38580 Jun-Water.196%

3859 Jul-Water.196%

3860 Aug-Water.l1969

3861 Sep-Water.1969

3862 Oct-Water.196%

3863 Nov-Water.196%
1.5

3864 Dec-Water.15%6%
6.5

1 ]
L] 3
10 14
] 1
[] 1
] [}
8 ]
L] 8
11 L3]
{ 4
4 L]
1 L
4 ]
g 8
L1] 52
[] [}
1 ]
8 L]
{ ]
o ig
] 4
[} 4
i 1
& 1
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1.5

1.5
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w
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3865
1866 Yieid. 1978
49 23
JB6T Jan-Water.l%M
k]

1868  Feb-Water.l9M4
k]

3869 Mar-Water.1974
1.5%

3870 Apr-Water.1974
3

3871 May-Water.1974

3872 Jun-water.1974

3873 Jul-Water.197¢

1874 Aug-Water.197¢

1875  Sep-Water.197¢

31876 Oct-Water.1974

I8TT  Nov-Water.197d
1.8

3878 Dec-Water.1974
1.5

3a7%

3880 Yleld.1972
2 15

3881 Jan-Water,1972
3

18802 Feb-Water.1972
k]

3883 Mar-Water.1972
1.5

3884 Apr-Water.1%72
k)

3885 May-Water.1972

3886 Jun-Water.1972

31887 Jul-Water.1972

1888 Aug-Water.1972

1889 Sep-Water.1972

1890 Oct-Water.1972

1891  Nov-Water.1972
1.5

3892 Dec-Water.1972
4.5

3892

1894 Yield.1976
%3 26

389% Jan-Water.1976
3

3896 Feb-Water.197¢

3897 Mar-Water,.197§
1.5

3898 Apr-Water.1%76
3

3899 Hay-Water.1576

3900 Jun-Water.1976

3901 Jul-Water.1976

3902 Aug-wWater.1976

3901 Sep-Water.1976

3304 Oct-Waver.1976

3305 Wov-Water.1976
4.5

3966 Dec-Wataer.1976
1.%

1907

3908 Yield.1977
L1 24

3909  Jan-Water,1977

3
3910 Feb-Water.1977
3

3911 Mar-Water.1977
1.5

3912 Apr-Water.197?
3

3913 May-Water.1977
3910 Jun-Water.1%77
3918 Jul-Water.1977
1916  Aug-Water.1977
3917 Sep—Water.197?
3518 Qct-Water.1977
3919 Nov-Water.l13T7

3920 Dec-Water.1377
4.%

3921

3922 Yield.1979
S? 30

3923 Jan-Water.13979
3

19240 Feb-Water.1979
3925 Mar-Water.197%
1.5

38

12

1 19
4 1
‘ ]
L] 4
{ 4
8 8
37 10
] L]
4 L}
L] §
8 8
L] 8
18 $2
4 4
4 L]
8 3
4 4
(1] 49
] ]
4 4
L] 4
{ 4
8 &
52 56
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1.5
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3926 Apr-Water.l373 '
3

3927 May-Water.1579
31928  Jun-Water.1975
3929 Jul-Water.l1979
3330 Aug-Water.1%79
3931 Sep-wWater.1979
31932 Oct-Water.1979%

3913 Nov-Water.1979 4 4
4.5

3934 Dec-Water.1979 0 0
1.%

1935

31936 Yield.1981 " 7
55 28

31937 Jan-Water.1981 4 ]
3

31918 Feb-Water.1381

3339 Mac-Warter.1901 ] [}
1.5

3940 Apr-Water.1931 )
3

3941 May-Water.1931
1342 Jun-Water.1901
3943  Jul-Water.1981
31944 Aug-Water.1981
3945 Sep-Water.1981
1946 Oct-Water.1981

3947 Nov-Water.1981 ] [}
4.5

3948 Dec-Water.1981 2 a
1.%

3949

3950 Yield.19S8 “H 7
85 28

3951 Jan-Water.1958 [} 4
3

3952 Fab-Water.l1958

3953 Mar-Water.19%8 [} [}
1.5

39540 Apr-Water.1958 )
3

3955 May-Water.1958
3956 Jun-Water.1958
3957 Jul-Water.1958
3958  Aug-Water.1358
3959 Sep-Water.1958
3360 Oct-Water.1958

3961 Nov-Water.1358 [} [}
{.5

3962 Dec-Water.1958 0 [}
1.%

31563

1964 Yield.1987 1} 17
55 28

3365 Jan-Water.1987 ] i
3

3966 Feb-Water.1987

3967 Mar-Water.1387 { [}
1.5%

1968 Apr-Water.1987 ]
3

1969 May-Water.1987
397¢  Jun-Water.1987
3971 Jul-Water.1987
3972 Aug-Water.1987
31971 Sap-Water.l1987
3974 Oct-Water.1987

3975  Nov-Water.1387 [] ]
4.5

3976 Dec-Water.1987 [} [
1.5

1977 :

1978

397% table Peanuty(agitem, rechargall,sllstrat)

3980 Pnut50-F Pnuc?S-F

1981  Yisld.19%6 20 24

1982 Jan-Water.195¢
3983 feb-Water.195¢
3584 Mar-Water.1956

3985  Apr-Water.l1956 8 12
3986 May-Water.1956 8 12
3987 Jun-Water.19%6 16 20
1988  Jul-Water.1956 12 16

31389  Aug-Water.19%6

3930 Sep-Water.19%6

3931 Oct-Water.1956

3992 Nov-Water.1956

3993 Dec-Water.195¢

3994

31995 Yield.1981 231.5 27

i 3
a 3 3 3 1.5
L] L] ] L) 1.8
50 4 495 19 51
q [} 3 3 k]
1 ] 1.5 1.5 1.%
) 3
B 8 3 k] 1.5
[} 4 2 a 1.5
50 4 45 49 51
4 1 3 k] 3
[ ] 1.5 1.5 1.5
] 3
-] ] A 3 4.5
L] L] 0 ] 1.5
5o %4 45 19 51
[] ) 3 3 3
L] t 1.5 1.5 1.5
] 3
8 8 3 3 1.5
4 1 a Q 1.5
Pnut$0-S Prut75-s Paut-dry
21 28 ?
1.5 ]
1.5 6
10.5 13.9
3 10.5
24.% 23 9
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1996
3997
199
399%
4000
1001
4002
o3
1004
400%
4006
49007
008
1009
010
011
1012
4012
4014
1015
1016
1017
401¢
401%
1020
[LF51
4022
4023
1024
1025
4026
1027
1023
4029
4020
4031
4032
403)
03
4035
1036
1037
4038
{019
1040
1011
1042
1043
1044
40458
1046
1047
1048
4049
1050
4051
1052
1083
4054
£05%
41056
40587
1058
1059
4060
4061
1062
063
1064
1068
1066
§067
1068
4049
4070
4071
1072
4073
10
1075
4076
1077
1078
4079
1080
1081
1082
1083
1004
1085
1086

Jan-Water. 1951
Feb-Water.135]
Mar-Water.1951
Apr-dater.19%1
May-Water.19%1
Jun-wWater.1%51
Jul-Water.1951
Aug-Water.1951
Sep-Water.1951
Oct-Water. 1951
Nov-Water.1951
Dec-Water.1951

Yield.196)

Jan-Water.1961
Peb-Water.196)
Mar-Water. 196}
Apr-Water.196)
May-Water.1963
Jun-Water.1963
Jul-Water.1963
Aug-Water. 1963
Sep-Water.196)
Oct -Water.1963
Nov-Water.1963
Dec-Water.1963

Yield.1949%

Jan-¥ater.1909
Feb-Water.1989
Mar-Water.1989
Apr-Water.198%
May-Water.198%
Jun-Water.1989
Jul -Water.1989
Aug-Water,198%
Sep-Water.198%
Oct-Water.1989
Nov-Water.1389
Dec-Watar. 1989

Yield.1952

Jan-Water.1952
Feb-Water.1952
Mar-Water.19%2
Apr-Watar.1952
May-Watar.1952
Jun-Water,1952
Jul-Water.1982
Aug-Water.1952
Sep-Water.1352
Oct-Wataer.1952
Nov-Water.1952
Dec-Water.1952

Yield.1988

Jan-Water.15988
Feb-Water.1988
Mar-Water.1588
Apr-Water.1982
May-Water.1988
Jun-Water.1583
Jul-Water.1988
Aug-Water.1988
Sep-Water.1988
Oct-Water. 1988
Nov-Water.1988
Dec-Water.1968

Yield.1980

Jan-Water.1980
Feb-Water.1980
Mar-Water,1980
Apr-Water. 1980
May-Water.1380
Jun-Water.1900
Jul-Water.1%00
Aug-Water, 1900
Sep-Water.]580
Oct-Water. 1380
Nov-Hater.1980
Dec-Watez. 1980

tleld.1982

Jan-Water.1982
Feb-Water.1982
Mar-water.1982
Apr-Water.1902
May-Water.1982
Jun-Water.1982
Jul-Water.1982

16
12

25

16
12

21

i6
12

24

16
12

23.

16
12

26

16
12

28

12
12

12
20
16

2%

12
20
18

2L,

12
12
20
16

27.

12
0
16

27

12
20
16

30

12
20
16

1.

12
16
16

+.5
4.5 6
10.5 11.%
10.5
27 31 9.
4.5
4.5 L]
10.5 11.5
10.5%
22.5%5 27 7.
1.5 L]
.5 6
10.5% 131.%
9 0.5
25 29.5 9.
3 4.5
4.5 L]
10.5% 13.%
10.%
.5 29 9
3 4.5
4.5 3
10.% 13.5
9 ]
27.5 32.% 10
k] 6.5
t.5 6
10.% 13.5
10.%
29 34 10.
3 4.5
4.5 6
9 12
9 10.5
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1087
198
108%
1080
4091
4092
4093
1094
4095
1098
1097
098
1098
100
4101
4102
4103
4104
410%
1106
4107
4108
1109
1110
111
1112
4113
1114
4115
4116
1117
4118
4119
4120
4121
1122
4123
1124
4128
1126
4127
1123
1129
1130
4131
4132
1133
1u
111%
11316
1137
1138
413%
1140
14
1142
4143
4144
4148
4116
417
1148
1148
43150
4151
4152
4153
4154
4188
1156
4157
4158
4159
1160
1161
1162
1163
1164
4116%
1166
41867
41168
4169
1170
un
4172
4173
1
4178
1176
un

Aug-Water. 1382
Sep-Water.1382
Oct-Water.1962
Nov-Water.1982
Dec-Water.1982

Yield.1969

Jan-Water.l196%
Feb-Water.196¢
Mar-Water.|386%
Apr-Water.156%
May-Water.1496%
Jun-Water.1969
Jul-Water.19469
Aug-Water. 1949
Sep-Water.1969
Oct-Water.1969
Nov-Water.}969
Dec-Water.1969

Yield.1974

Jan-Water.1974
Feb-Water.1971
Mar-Water.1974
Apr-Water.1974
May-Water.197¢
Jun-Water.1974
Jul-Water.1974
Aug-Water.197¢
Sep-Water.1974
Oct-Water.1974
Nov-Watar.1974
Dec-Water.197%

Yield.1972

Jan-Water.1972
Feab-Water.1972
Mar-Water.1972
Apr-Water.1972
May-Water.1972
Jun-Water.1972
Jul-dater.1972
Aug-Water.1972
Sep~-Water.1%72
Oct-Water.1972
Nov-Water.1972
Dec-Water. 1972

Yield.197§

Jan-dater.1976
Teb-Water.1%976
Mar-Water.1976
Apr-Water.1376
May-Water.1976
Jun-Water.1976
Jul-Water.1976
Aug-Water.1976
Sep-Water. 1376
Oct-Water.1976
Nov-Water.1976
Dec-Water.1976

Yield. 1977

Jan-Water.1977
Feb-Water.13%77
Mar-Water.1977
Apr-Water.1977
May-Water.1977
Jun-wWater.1977
Jul-Water.1977
Aug-Water.1977
Sap-Water.1977
Oct -Water.1%77
Nov-Water.1977
Dec-Water.1977

Yield.1379%

Jan-Water.197%
Teb-Water.197%
Mar-Water.197%
Apr-vatesr.197%
May-Water.1979
Jun-~-dater.1979
Jul-dater.197%
Aug-Water. 1979
Sep-Water.197%
Cct-Water.1979
Nov-Water.1%7%
Dac-Water.1979

Yield.1981

26

16
12

21,

16
12

22

16

12

33

-

~

24

16
12

i1

o
"~

30

3o

12
20
14

2%

12
12
20
16

26

35.

12
12
16

28

12
20
16

hE ]

12
12
16

3.

23

32.%

B e s

26

3.8

§ oo

30

LI

13.%
10.%

27.5% 8

13.5

19.5

29 8.5

19 11

o~

318.5 11.

Appendix A - 51



1178
179
1180
1181
1182
1183
1184
1185
1106
4147
4108
1189
4190

4191

192
4193
4119
419%
1196
4187
4138
1199
4200
4201
4202
1203

1204

4205
1206
4207
41208
1209
4210
4211

4212
4211
218

4215

1216
1217
1218
1219

1220
1221
1222
4222
224

4225

1226
1227

4228

£229

4230

1231

1232,

4233
234

423%
4236
4237
232
§219
1240
1241
1242
1243
2u

4248
1246
1247
1248
1249
4250
1281
4252
4253
4254
4258
1256
4257
4258
4259
4260
261
1282
1262
1264
426%
4266
1267
1268

Jan-Watesr.1981
Feb-Watar.1981
Mar-Water.1381
Apr-Water. 1981
May-Water.1981
Jun-Water. 1981
Jul-Water.1981
Aug-Water.198]1
Sep-Water.1981
Cct-Water. 1941
Nov-Water.1981
Dec-Water. 1981

Yield. 1958

Jan-Water.1958
Feb-Water. 1958
Mar-Water.19%8
Apr-Hater. 1958
May-Water.1958
Jun-Water.19%0
Jul-Water.19%8
Aug-Water.1958
Sep-—Water.19%8
Oct-Water, 1958
Nov-Water.1958
Dec-Water.1958

Yield.1987
Jan-Water.1387
Feb-Water.1987

Apt-Water,1987
May-Water.1587
Jun-Water.1987
Jul-Water. 1987
Aug-Water.1987
Sep-Water.1987
Oct-Water.1987
Nov-Water.1987
Dec-Water,1987
H

12
12

2%

12
12

3.8

12
14
16

kR

12
16
16

7

table Onion(agitem, rechargall,allstrac)

Yield. 1956

Jan-Water.1956
Feb-Water.1556
Mar-Water,195%6
Apr-Water.195%6
May-Water.19%6
Jun-Water.1956¢
Jul-Water.1556
Aug-Water.1556
Sep-Water, 1956
Oct-Water. 1956
Nov-Watar.1956
Dec-Water.195¢

Yield.1951

Jan-dater.19351
Feb-Water.1951
Mar-Water.1951
Apr-Water.19%1
May-Water. 1951
Jun-Water.1951
Jul-Water.1951
Aug-Water,.1951
Sep-ater.1951
Qct-Water.195)
Nov-Water.1981
Dec—ifater.1951

Yield.1963

Jan-Water.1961
Fab-Water.1963
Mar-Water.1963
Apr-ater.1963
May-Water.1962
Jun-Water.1963
Jul-Water,1963
Aug-Water. 1963
Sep-Hater.1963
Oct-Water.1963
Nov-Water. 1963
Dec-Water.1363

Yield.1989

Jan-water.198%
Feb-Water.1989
Mar-Water.1989
Apr-Water.198%

Onise-¥

450
]

4
4
4

451

--a

L11)

-

458

- -

oniTs-F

159
a

8
]
8

Lt60

463

465

0 @ .

30

[ I

n

oW

Iniso-$§

458
3

3
3
3

456

[ W

4.5

12
19.5

s 11

4.5

12
10.5

e
o

o

onils-s

166
6 .

L]
L]
&

167

- N )

170

e oo

172

[ I
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1269
1270
1271
272
427
1274
427%
4276
27
278
279
1280
4281
4282
283
1284
1285
L1286
4207
208
1209
1290
4291
4292
4293
1294
4295
1296
297
4299
4299
4300
4301
1302
4303
4304
4305
4306
1307
4308
4309
4310
4311
4312
4313
4314
1318
13118
1317
1318
4119
1320
1321
1322
4123
14$324
1325
1326
1327
4328
1329
1330
1331
4332
4333
1234
133%
43¢
4337
[EL]
4319
430
434
342
4343
134
445
1346
a7
148
1349
435%0
4351
41%2
4353
1154
1385
1356
4387
43158
4359

May-Water.i389
Jun-Water.1989
Jul -Water.1989
Aug-Water.198%
Sep-Watar.1939
Oct-Water.1989
Nov-Water.1989
Dec-Water.198%

Yield. 1952

Jan-wWater. 1952
Feb-Water. 1952
Mar-Water.1952
Apr-Water.19%2
May-Weter.1952
Jun-Water. 1952
Jul-Water.1952
Aug-Water.1952
Sep-Water.1952
Oct-Water.1952
Nov-Water. 1952
Dec-Water.1952

Yield.1988

Jan-Water.1988
Feb-Water.1988
Mar-Water.19828
Apr-Water.1988
May-Water.1988
Jun-Watez.1988
Jyl-Water.15683
Aug-Water.1983
Sep-Water.193%
Ocr-Water.1998
Nov-Water.1938
Dec-Water.1988

Yield.1980

Jan-Water.1980
Feb-Water.1980
HMar-Water. 1380
Apr-Water.1980
May-Water.19080
Jun~Water.1980
Jul-Water.198¢
Aug-Water.198¢
Sep-Water, 1580
Oct-Water.1930
Nov-Water.1980
Dac-Watar.198¢

Yield,1982

Jan-Water.1982
Feb-Water.1982
Mar-Water.1982
Apr-Water.1982
May-Water.1902
Jun-Water.1582
Jyl-Water.1582
Aug-Water.1582
Sep-Water.1962
Oct-Water.1%82
Nov-Water.1582
Dec-Water.1982

Yield.1969

Jan-Water. 1969
Feb-Water.1969
Mar-Water.1369
Apc-Water.1969
May-Water. 1969
Jun-Water.1%6%
Jul-Water.19869
Aug-Weter.1969%
Sep—Water. 1969
Oct-Water. 19639
Nav-Water. 1969
Dec-Water.1969

Yield. 1976

Jan-Water.1974
Peab~Water.19T4
Mar-Water. 1974
Apr-Water.1974
May-Water.1974
Jun-Water.1974
Jul-Water.1974
Aug-Water. 1974
Sep-Water.1%74
Oct-Water.1974
Nov-Water.1974

51

-

451

-

459

456

- -

157

166

-

163

Py r]

i60

@ @@

164

--m

164

-

164

1 [}
3 6
463 LIX ]
3 &
h) L]
1.3 3
1.% 3
1 6
L] [}
159 470
3 &
k] &
1.5 3
1.5 3
3 ]
3 &
456 467
3 L3
3 &
3 ]
3 6
3 6
h] 6
162 470
3 6
3 (]
1.5 3
1.5 3
3 &
3 6
160 71
] 6
1 &
1.5 3
1.5 3
3 €
3 ]
460 170
3 L]
3 6
1.% 3
1.% 3
3 L}
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13160
4361
1362
1161
4364
138%
1188
4387
4368
1369
1170
4371
372
4373
9N
1175
1176
19237
1378
137
1380
1381
1382
1383
1384
4388
431386
4307
1288
1289
1150
1391
4392
1253
1394
4395
1196
1357
1398
1199
oo
401
402
403
[L1.1]
1405
106
1407
Lo
1409
4l0
L1399
iz
4413
[T3Y ]
H1s
L1324 ]
L 13%)
(138 }
119
4420
421
4422
1423
424
4425
426
27
428
429
4430
[ 1%}
4432
1433
i
438
1438
4437
4438
L13s
L4400
(XY B
4442
44
(111
45
(X211
(114
Atis
[YIL]
§450

Dec-Water.1974

Yield.1972

Jan-Water.1972
Feb-Water.1972
Mar-Water.1%72
Apr-Water.1372
May-Water.1972
Jun-Water.1972
Jul-Water.1972
Aug-Water.1972
Sep-Water.1972
Oct-Water.1%72
Nov-Water.1972
Dac-Water.1972

Yield. 1976

Jan-Water.1976
Feb-Water.1976
Mar-Water.1976
Apr-Water.1976&
Hay-iater.1976
Jun-Water.1%76
Jul-Water.1976
Aug-Water.1%76
Sep-Water.197&
Oct-Water.1976
Nov-Water.1376
Dec-Water.137¢

Yield. 1977

Jan-Water.1977
Feb-Water.1977
Mar-Water.1977
Apr-Water.1977
May-Water.1977
Jun-Water. 1977
Jul-Water.1977
Aug-Water.1977
Sep-Water.1977
Oct-Water.1977
Nov-Water.1977
Dec-Water.1977

Yield.1979%

Jan-Water.1%79
Feb-Water.1%79
Mar-Water.1979
Apr-Water.1979

Jun-Water.1979
Jul-Water.1979
Aug-Water.1979
Sep-Water.1579
Oct-Water,1%79
Now-Weter.1979
Dec-Water.1979

Yield. 1981

Jan-Water.1561
Feb-Water.1981
Mar-Water.198]
Apr-Water.1981
May-Water,1981
Junh-Water.1981
Jul-Water.1981
Aug-Water.1981
Sep~Water.1981
Oct-Water.1981
Nov-Water.1301
Dec-Water. 1981

Yield.19%8

Jan-Water.195%0
Fob-Water.1958
Mar-Water, 1950
Apr-Water.1958
May-Water.19%8
Jun-Water.19%8
Jul-Water.1950
Aug-Water.1950
Sep-Water,.19%8
Oct-Water. 1950
Nov-Water.1950
Dec-Water.19540

Yield.1987

Jan-Water.1907
Feb-Water. 1987
Har-Water.13087
Apr-water.1987

450

- e .

163

- -

58

(1 1]

485

163

459

@ m o

169

omaxe

163

-

474

Q e @ o

47%

O -

471

O e oon o

169

o - ®m

H L
1%% {66
3 L]
3 6
3 L1
3 6
3 6
i 6
467 478
3 3
3 6
1.5 3
1.5 4
B o
1.% 3
161 169
3 6
3 6
1.% 3
1.5 3
3 ]
3 6
172 189
k) 3
3 &
1.5 3
1.5 a
3 0
1.5 k]
73 L1}
E) 3
3 6
1.5 3
1.5 0
3 0
1.5 3
169 7
] k]
3 6
1.5 3
1.5 a
3 [
1.5 k)
167 75
3 k)
3 [}
1.5 3
1.5 4
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1451 May-Water.1987
4452 Jun-Water.1987
1453 Jul-Water.198?
4454 Aug-Water.1307
1155 Sep-Weter.1307

$456 Oct-Water.1387 [} 3 3 b

4457 MNov-Water.1987

£4580 Dec-Water. 1987 4 i 1.% bl

1459

4460

1161 table Cabbage{agitem, rechargall,allatrat)

1162 Cabb30-F <abb?S-F ~abb%0-% Cabb7o-8
4163 Yield.1956 540 590 592 603

1464 Jan-Water.195%6

4465 Feb-wWater.1956

4486 Mar-Watesr.195%¢

4467 Apr-Water.1956

4460 May-Water.19%6

1469  Jun-Water.1956

4470 Jul-Water.19%6 8 12
4471 Aug-Water.19%6 ]
1472 Sep-Water.195¢ ]
4473 Oct-Water.195%6

4474 Nov-Water.19%6

4175 Dec-Water.1956

1478

1477 Yield.1951 570 981 577 589
§470 Jan-Water.1951

4479 Feb-Water.15%1

4430 Mar-Water.15%1

4431 Apr-wWater.1951

4482 May-Water.i951

4483  Jun-Water.1951

4481 Jul-Water.1551 8 12
4485  Aug-Water.1951 8
4486 Sep-Water.1951 L} ]
1487  Qct-Water.1951

1498 Nov-Water.15%1

1189 Dec-Watar.1%51

14%0

4491 Yield.1963 571 579 576 %30
4492 Jan-Watsr.1963

4493 Feb-Water.1963

4490 Mar-Water.1963

1495  Apr-Water,196)

1496 May-Water.1963

4197 Jun-Water.196d

1498 Jul-wWater.1963 L} 12
1499 Aug-Water.1963 ]
1500 Sep-wWater.196) 8 8
4501 Oct-Water.196)

4502 Nov-Water.196)

1503 Dec-Water.1961

41504

4505 Yield.1989 573 581 578 592
1506 Jan-Water.1389
4507 Feb-Water.1989%
4508 Mar-Water.1989
4509 Apr-Water.1989
4510 May-Water.l1989
4511 Jun-Water.1989
1512 Jul-Water.1989
4513 Aug-Water.1989
1514 Sep-Water.1989
4515 Oct-Water.1909
1516 Nov-Water.198%
4517 Dec-Water.19%89
518

$519 Yield.1952 572 580 577 591
1520 Jan-Water.19%2
1521 TYeb-Water.1952
4522 Mar-Water.19%52
4521 Apr-Water.1982
41524 May-Water.19%2
4525 Jun-Water.1952
4526 Jul-Water.19%2
4527 Aug-Water.}9%2
4528 Sep-Water.19%2
1529 Oct-Water.19%2
530 Nov-Water.19%2
4531 Dec-Water.1952
£932

4533 Yield.1988 576 581 583 552
4534 Jan-Water.1988

4535 FPeb-Water.1%88

4536 Mar-Water.1988

4537 Apr-Water.1988

4538 May-Water.l1988

4539 Jun-Water.1%88

4540 Jul-Water.1588 8 12
1541 Aug-Water.1988 8 ]
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4542 Sep-Water.9.388 8 8 .5 1.3
1543 Oct-Water.1988

1544 MNov-Water.1988

4545 Dac-Water.1988

1544

1547 Yleld.1%80 610 620 619 627
1548  Jan-water.1980

454% Feb-Water.1%80

4550 Mar-Water.1980

1551 Apr-Water.1980

1552 May-Water.1980

4553 Jun-Water.1980

4554 Jul-Water.1380 8 12
1555 Aug-Water.1980 4
4556 Sep-Water.1980 [] 8
1557 Oct-Water.1980

1550 Nov-Waeter,1980

1559 Dec-Water.1380

4560

1567 Yield.1992 600 610 615 622
4562 Jan-Water.1982

4156) Feb-Water.i982

4564  Mar-Water.i982

4565  Apr-Water.1982

1566 May-Warer.1982

1567 Jun-Water.1962

4568 Jul-Water.1982 1
41569 Aug-Water.1982 ] L}
4570 Sep-Water.1982 8 8
1571 Oct-Water.1%02

1572 Nov-Water.1582

4573 Dec-Water.1982

4574

4573 Yield.1969 620 827 610 639
4576 Jan-Water.1969

4577 TFeb-Water.1369

1579 Mar-Water.136%

1579 Apr-water.196%

4580 May-Water.1569

4581 Jun-Water.1969

1582 Jul-Water.1969 ] 8 3
4583  Aug-Water.1969
1504 Sep-Water.1969 ] 4 3

1585 Oct-Weter.1969

£%86 Nov-Water.196%

587 Dec-Water.l196%

1588

4589 Yield.197% 640 648 651 660
4590 Jan-Water.197§
1591 Feb-Water.197%
41592 Mar-Water.197¢
593 Apr-Water.1974
4594 May-Water.1974
4595 Jun-Water.1%7M4
4596 Jul-Water.1978
4597 Aug-Water.l19M [}
1598  Sap-Water.19M4 1} ] Q
4599 Oct-Water.1974

1600 Nov-Water.l974

1601 Dec-Water.1974

4602

4601 Yield.1972 810 620 622 610
4604 Jan-Water.1972

4605 Feb-Water.1972

£60€ Mar-Water.1972

4607 Apr-Water,1572

16080 May-Water.1972

4609 Jun-Water.1972

1610 Jyl-Water.1972 1
1611 Aug-Water.1972 4
1612 Sep-Water.1972 |
4613 Oct-Watsr.1972

1614 Nov-Water.1972

1615 Dec-Weter.1972

1616

1617 Yield.1976 842 650 655 667
1618 Jan-Water.197¢

1619 Feb-Water.1976

4620 Mar-Water.1976

1621 Apr-Water.1976

1622 May-Water.1978

1623 Jun-Water.1976

4624 Jul-Water.1976 a L]
162%
4626 Sep-Watar,1976 0 4
4627 Oct-Water.1976

4629 Nov-Water.1976

462% Dec-Water.1976

4630

4631 Yield.1977 $70 5717 57 588
4632 Jan-Water.1977
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1633 Feb-Water..377
1634 Mar-Water.1977
1635 Apr-Water.1977
4636 May-Water.1977
4637 Jun-Water.1$77
463%  Jul-wWater.1%77
1613 Aug-Water.1977
4640 Sep-Water.1977
4641 Ocr-water.1977
4642 Nov-Water.1917
4643 Dec-Weter.1377
4641

1645 Yield.1979 610 620 629 [ER]
1646 Jan-Water.1979

{647 Fab-Water.1379

4648 Mar-Water. 1979

4649 Apr-Water.1%79

4650 May-Water.197%

1651 Jun-Water.1979

41652 Jul-Water.197% 0 4
4653 Aug-Water.197% [ ] ]
165¢ Sep-Water.1979 [] 4
{655 Oct-Water.197%

4656 Nov-Water.1979

$657 Dec-Water.1979

4650

1659 rield.1981 N 5%0 597 tag 605
4680 Jan-Water.19681

1661  Feb-Water.1981

4662 Mar-Water.1901

4663 Apr-Water.1581

4664 May-Water.1981

4665 Jun-Water.1981

4666 Jul-Water.1981 ] L} 3

1667 Aug-Water.1981
4668 Sep-Watar.]1981 L} ] 3

41689 Oct-Water.1981

4670 Nov-Water.1981

4671 Dec-Water.1981

4672

4672 Yleld.1958 540 647 652 660
1674 Jan-Water.1958

4675 Feb-Water.1953

4676 Mar-Watar.1958

1677 Apr-Water.1958

4678 May-Water 1558

1679 Jun-Water.19%8

4680 Jul-Weter.1958 0 ]
1681 Aug-Weter.1958 4
1682 Sep-Water.1958 [} [}
1683 Oct-Water.1958

4684 Nov-Water.1958

4685 Dec-Wataer.1952

4686

4687 Yield.1987 649 655 661 672
1688 Jan-Water.1987

4689 Feb-Water.1537

4690 Mar-Water.1587

4691 Apr-Water.1987

§692 May-Water.1987

469) Jun-Water.1987

4694 Jul-Water.1907 0 ]
41695 Aug-Water.1987 13
1696 Sep-Water. 1987 [} ]
4697 Oct-Water,1987

4638 Nov-Water.1587

1699 Dec-Water.1%87

4700

1701

4702 cable Carrot(agitem,rechargall,allstrat)

1703 Carc50-7 Carc?5-F carr%0-s Carr7%-5
1704 Yield.19%6 311 J22 219 330
1705  Jan-Water.19%6
1706 Feb-Water.19%6
4707 Mar-Water.195%6
4708 Apr-Weter.19%¢
4709 May-Water.19%6
1710 Jun-Watar.19%6
4711 Jul-Water.19%6
1712 Aug-Water.19%¢
4713 Sep-Water.19%
4714 Oct-Water.19%6
4715 Nov-Water.l19%6
1716 Dec-Watar.19%6
imn

4718 Yield.19%1 307 E3Y | 312 322
4719 Jan-Water.1981

472¢ Feb-Water.1951

4721 Mar-Water,1951

4722 Apr-Water.195%

472} May-Water.19%1
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§724
4725
4726
127
4728
729
€730
4731
4732
4722
4734
473%
173¢
737
738
4739
t740
1781
1742
4763
170
4745
4746
4747
L1748
1749
1750
4751
4752
4753
4754
475%
4756
4797
4753
4759
4760
1761
1762
1763
417684
476%
1766
4767
1763
1769
1270
1771
1772
4773
471
177%
1776
477
1778
1779
4780
4781
1782
4782
1784
4788
1796
1787
1788
170%
1750
§791
4792
4793
£794
179%
17196
17%7
1798
1799
4800
1801
41802
1803
1804
41805
1006
1807
1808
4809
4810
4811
4812
4813
(338}

Jun-wWater.1951
Jul-Water.1951
Aug-Water.1951
Sep-Water.19%1
Oct-Water.19%1
Nov-Water.195%1
Dec-Water. 1951

Yield. 1963

Jan-wWater.196)
Feb-Watar.196)
Mar-Water,196)
Apt-Water.1963
May-Water.1%6)
Jun-Water.196]
Jul-Weter.1963
Aug-Water.1%63
Sep-ater.196)
Oct-Water.1963
Nov-Water.196)
Dec-Water.1963

Yield. 1909

Jan-Water.199%
Feb-Water.190%
Mar-Water.1%09
Apr-Water.1%289
May-Water,1989
Jun-Water.198%
Jul-Water.198%
Aug-Water.198%
Sap-Water. 1399
Gt ~-Water.198%
Nov-Water.198%
Dec-Water. 1389

Yiald.19%2

Jan-Water. 1952
Feb-Water, 1952
Mar-Water.1952
Apr-Water.1952
May-Water. 1952
Jun-Water.1952
Jul-Water.1952
Aug-Water.1952
Sep-Water.1952
Oct-Water.1952
Nov-Water.1952
Dec-Water.1952

Yield.1988

Jan-Water.1988
Feb-Water.1968
Har-Water.1989
Apr-idater.1988
May-Water.1988
Jun-Water.1968
Jul-Water.1968
Aug-Water.1988
Sep—Water.1980
Oct -Water,1368
Nov-Water. 1988
Dec-Water.1988

Yield.1980

Jan-Water.1980
Feb-Water.1980
Mar-Water.138¢
Apr-Water. 1980
May-Water.1980
Jun~dater.1980
Jul-Water.1960
Aug-Water.1980
Sep-Hater.1%80
Oct-Water.1980
Nov-Water.1960
Dec -Water.1980

Yield.1902

Jan-Water.1982
Teb-Water.1982
Mar-Water.1%82
Apr-dater.1982
May-Water.1982
Jun-Water.1982
Jul-Water.1982
Aug-Water.1982
Sep-Water.1982
Oct-Water,1902
Nov-Water.1982
Dec-Water.1982
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4.3 6
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] 9
3 6
3 6
3 6
1.5 L]
320 331
6 9
3 [}
k) [
3 L}
.5 6
312 321
& 9
3 6
3 6
3 6
4.5 6
313 22
L] 9
3 [}
3 L3
3 6
4.5 6
130 342
3 [
3 6
3 6
3 6
3 6
324 337
.5 L)
h] L)
3 6
3 L]
§.5 6
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181%
816
1817
1818
1819
1820
1821
1822
1022
824
182%
4824
$027
4822
1829
1830
1831
1832
48313
(L kT ]
4838
4036
817
1838
403¢
4840
1841
1842
4843
4844
4045
1846
1847
(X117 ]
4849
4850
1851
1852
1853
4854
4255
1856
1857
1858
4959
4860
1861
4862
1063
1864
4865
1866
1867
(E11}
41869
{870
1871
4872
4873
{874
4875
1876
877
1878
4479
1880
881
1802
4883
1804
1885
188¢
4887
1988
1889
4890
1891
892
4892
4094
489%
1896
1897
44998
4899
1900
1901
4902
1503
1904
190%

Yield.1969

Jan-dater.1969
Feb-Water.1969
Mar-Water.1969
Apr-Water. 1969
May-Water.1969
Jun-Weter. 1369
Jul-Water.1969
Aug-Water.1969
Sep-Water.1969
Oct-Water.1969
Nov-Water. 1969
Dec-Water.156%

Yield. 1%

Jan-Water.1974
Feb-Water.19T4
Mar-Water.1974
Apr-vater.1974
May-Water.1974
Jun-Weter. 1974
Jul-Water.1974
Aug-Water.1974
Sep-Water.1974
Oct-Water.1974
Nov-Water.1974
Dec-Water. 1974

Yield.1972

Jan-wWater.1972
Feb-Water.1972
Mar-Water.1972
Apr-water.1972
May-Water.1972
Jun-Water.1972
Jul-Water.1972
Aug-Water.1972
Sep-Water.1%72
Oct-Water.1572
Nov-Water.1972
Dec-Weter.13%72

Yield.197¢

Jan-Water.197¢
Feb-Water.1%76
Mar-Water.1376
Apr-Water.1976
May-Water.1976
Jun-Water.1976
Jul-Water.1976
Aug-Water.1976
Sep-Water.1976
Oct-Water.l1976
Nov-Water.1978
Dec-Water.1976

Yield.1977

Jan-Water.1977
Feb-Water.1977
Mar-Water.1977
Apr-iater.1977
May-Watar.1977
Jun-Water.1977
Jul-Water.1577
Aug-Water.1%77
Sep-Water.1977
Oct-Water. 1977
Nov-dater. 1977
Dec-Water.1977

Yield. 1979

Jan-Hater. 1979
Feb—Water.197%
Har-Water.1979
Apr-Water.197%
May-Water.1979
Jun-Water.1%79
Jul-Water.1979
Aug-Water.1979
Sep-Water. 1979
Oct-Water.1979
Nov-Water.1979
Dec-Water.1979

Yield. 1981

Jan-Water.1981
Feb-Water.1981
Har-Water.1981
Apr-Water.1981
May-Water.1%9%1
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3 6
bl 0
bl 0
1.5 3
1.% 3
193] 404
h] é
2 0
o 0
1.% 3
1.5 3
iz 3117
4.5 6
3 6
) ]
k) 6
1.5 6
198 110
0 o
1.5 3
0 ']
0 1]
1.5 3
323 316
4.5 6
3 [}
3 6
k] 6
.5 [
312 321
] k]
3 L]
3 &
3 6
4.5 [3
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4906
o7
1508
4909
4910
911
1912
1313
M9In
4918
51¢
917
1518
1919
1%20
4921
4822
4923
1524
432%
4926
4927
4928
4929
4930
1931
4932
4833
193
1935
1916
4917
41338
4339
1340
4941
4342
1942
1944
4945
1946
1547
1540
1549
19580
41951
4952
4953
4954
4958
1356
4957
4958
4959
4960
1961
1962
1962
1964
1965
1966
1967
1968
1369
1970
1971
4972
1973
1974
197%
1976
1977
1978
1979
1900
1981
1982
1983
1984
198%
4986
4987
4988
1999
49%0
1991
4992
4393
1994
1995
4996

Jun-Water. 1981
Jul-Water.1981
Aug-Water.1941
Sep-Water. 1941
Oct-Water.1981
Nov-wWater. 1901
Dec-Water.1981

Yield. 1950

Jan-Water.1958
Feb-Water.19%4
Mar-Weter.19%8
Apr~Water.1958
May-Watez.1958
Jun-Water.1958
Jul-water.1958
Aug-dater.1958
Sep-Water.1958
Oct-Water.1958
Nov-Water.1958
Dec-Water.1958

Yield.198?

Jan-Water. 1987
Feb-Water. 1987
Mar-Water.1987
Apr-Water.1987
May-Watar.1987
Jun-Water.1987
Jul-Water. 1987
Aug-Water.1987
Sep-Water.1987
Oct-Water.1%387
Nov-Water. 1987
Dec-Water.1987

J

table Cantalop{agitem, rechargall,allstrat)
CantS0-F

Yield. 1956

Jan-Water. 1956
Feab-Water.1956
Mar-Water.195¢
Apr-dater.1956
May-Water, 1956
Jun-Water.1956
Jul-Water.1956
Aug-Water.1956
Sep-Water.1956
Oct-Water,1956
Nov-Water.195%6
Dec-Water.195¢

Tield. 1951

Jan-Water.1951
Feb-Water.1951
Mar-Water.1951
Apr-Water.19%1
May-Water.1951
Jun-Water.1%51
Jul-Water,1951
Aug-Water. 1951
Sep-Water. 195t
Oct-Water.1951
Nov-Water.1951
Dec-Water.1951

Yield. 1963

Jan-Water.196)
Fab-ater.1943
Mar-sater.196)
Apr-Water.1963
May-Water.19¢3
Jun-Water.1943
Jul-Water.1943
Aug-Vater.196)
Sep-Water.1963
Oct-Water.1943
Nov-Water.196)
Dec-Water.1963

Yield. 1989

Jan-Water.1989
Teb-Watar.1989
Mar-Water.1989
Apr-Water.1509
May-Water.1989
Jun-dater.1909%
Jul-Water,1989
Aug-Water.1989
Sep-Water.1989

L Y

22

-—-aa e

313

Y YA Y

250

267

254

mm® -

® ®oox

116

iz

~

® MWW

Cant75-F

260
8
12

12
12

262

12
12
12

1.5 6
3 L]
3 3
3 L]
.5 [}
310 AL
3 g
3 &
3 [
3 L
3 L}
320 331
[ 9
3 6
3 6
3 [}
5 L3
Cant50-5 Cant75-§
253 262
k] 4.5
4.5 9
4.5 9
4.5 9
263 270
3 4.5
k) 4.5
1.5 9
1.5 9
270 277
3 i.5
3 1.5
1.5 9
1 t.5
257 264
k] 4.5
4.5 3
4.5 ]
4.5 4
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1397
1958
1999
s000
5081
9002
$00)
S00¢
5008
5006
5007
5008
5009
$010
so11
5012
5013
S04
5018
S016
5017
5018
S019
5020
5021
5022
5021
5024
5025
5026
3027
5029
5029
5030
5031
5032
5033
S034
015
5036
5037
$038
$319
S040
5041
5042
5042
S04l
5048
5046
5047
048
5049
5090
5051
5052
5053
5084
5055
50%6
5057
5058
5059
5060
%961
5062
5083
5064
506%
5066
5067
5068
5069
5070
5071
5072
5073
5074
507%
5076
5077
5078
5079
5080
5081
5082
5083
5084
5088
5086
5087

Jce-Water. 1989
Nov-Water. 1989
Dec-Water.1939

Yield.195%2

Jan-Water,1952
Feb-Water.1%52
Mar-Water.19%2
Apr-Wester.1552
May-Water.19%2
Jun-Water.1952
Jul-Water.1952
Aug-Water.1952
Sep-Water.1952
Oct-Water.1952
Nov-Water.1952
Dec-Water.1952

Yield. 1908

Jan-Water.1988
Feb-Water. 1988
Mar-Water.1908
Apr-Water.1988
May-Water.1988
Jun-Water. 1909
Jul-Water.1988
Aug-Water.1588
Sep-Water.1508
Oct-Water.1988
Nov-Wataer.19588
Dec-Water.1988

Yield.19680

Jan-Water.1%80
Feb-Water.1980
Msr-Water.1%80
Apr-Water.1580
May-Water.1980
Jun-Water.1980
Jul-Water.1%80
Aug-Water.1580
Sep-Water.1980
Oct-Water.1980
Nov-Water.1%380
Dec-Water.1380

Yield.1942

Jan-wWates.1982
Feb-Water. 1382
Mar-Water.1982
Apr-Water.1382
May-Water.1982
Jun-Water. 1982
Jul-Water.1982
Aug-Water. 1982
Sep-Water.1%82
Oct-Water.1982
Nov-Water.1982
Dec-Water.1982

Yield.196%

Jan-Water. 1969
Feb-Water.1969
Mar-Water.1969
Apr-Water.1969
May-Water.1969
Jun-Water. 1969
Jul-dater.1969
Aug-Water.1369%
Sep-Water.196%
Oct-Water.196%
Now-Watez. 1969
Dec-Water.156%

Yield.19M4

Jan-dater.197¢
Feb-Water.1571
Mar-Watez.19%TH
Apr-Watez. 1971
May-Water.1574
Jun-Water. 1974
Jul-Water.1978
Aug-Watsr. 1974
Sep-Water. 19T
Oct-Water.197¢
Nov-Water.197¢
Dec-Water.19%7¢

Yield.1972
Jan-Water,1972
Feb-Water.1972
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5008
5089
5090
5091
5092
5093
5094
5095
5096
5097
5098
5099
5100
5101
5102
9103
5108
S108
5106
5107
5108
5109
5110
5111
5112
5113
s11e
$11%
$116
$117
5118
5119
5129
5121
8122
5123
5124
512%
5126
5127
5128
5129
3130
$131
5132
5133
S134
5138
5136
5137
5138
5119
5140
5141
5142
5143
5144
5145
5146
5147
5149
5149
5150
5151
5152
5153
5154
5159
5156
5157
S180
5159
5160
5161
5162
5163
5164
5168
5166
5167
5168
5169
5170
5171
5172
5173
5174
517%
5176
5177
5178

Mar-Water. 1972
Apr-Water.1972
May-Water.1972
Jun-Water.1972
Jul-Water.1%72
Aug-Watec.1972
Sep-Water.1972
Oct-Water.1972
Hov-Water.1972
Dec-Water.1972

Yield.1876

Jan-water.1976
Feb-Water.1%76
Mar-Water.1976
Apr-Water.1376
May-Watez.1976
Jun-Water.197¢
Jul-Water.197¢
Aug-Water.197%
Sep-Water.197¢
Oct-Water.1%76
Hov-Water.1978
Dec-Watwr.1976

Yield, 1977

Jan-Water.1977
Fab-Water. 1977
Mar-dater.1977
Apr-Water.1977
May-Water.1577
Jun-ater.1377
Jul-Water.1977
Aug-Water.1977
Sep-Water.1%77
Oct-Water,1977
Nov-Water.1577
Dec-Water.1577

Yield.1979

Jan-Water.197%
Feb-Water.1979
Mar-Water.1979
Apr-Water.1979
May-Water.197%
Jun-Water.1979%
Jul-Water.1979
Aug-Water.1%79
Sep-Water.1979
Oct-Water.1979
Nov-Water.197%
Dec-Water.1379

Yield.1981

Jan-Water.1961
Feb-Water.1981
Mar-Water.19681
Apr-wWater.1981
May-Water.1901
Jun-Water. 1981
Jul-Water.1981
Aug-Water.1581
Sep-Water,1541
Oct-Water.1581
Nov-iWates.1981
Dec-Water. 1981

Yield.1958

Jan-Water.1958
Fab-Water.1958
Mar-Water.19%8
Apr-Water.19%8
May-Water.1958
Jun-Water. 1950
Jul-Water.1958
Aug-Water.19%8
Ssp-Water.1%%8
Oct-Water.195%8
Nov-ater.1958
Dec-Water.1958

Yisld. 1987

Jan-Water.1987
Feb-Water.1387
Mar-Watsr.1987
Apr-Water.1987
May-Watar.1987
Jun-Water.1987
Jul-Water.1987
Aug-Water.1987
Sep—Water.1987

8 12
L] 12
L] 12
277 284
[ 8

] 8

$ 12
] [}
258 266
‘ ]

‘ ]

[ 12
8 12
273 280
4 8

4 ]

8 12
[ [
282 289
‘ L]

) ]

8 12
] 8
263 m
1 [}

1 []
] 12
] 12
292 300
4 ]

[ 8

] 8

1 8

1.5 3
.5 3

5 3

27% 287
3 1.5
1 [
4.5 9

k] t.5
261 268
k] 4.5
3 4.5
i1.5 9

4.5 9

275 281
3 1.5
3 1.5
6.5 L)

3 1.%
284 292
k] 4.5
3 1.5
1.5 9

3 6.5
266 273
1 1.5
3 5
1.5 L}

1.% 9

254 102
k) 1.%
3 4.5
3 4.5
k) 1.5
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5179
s180
518l
5182
5183
S18¢
5148
S186
5187
5188
5149
5190
5191
5192
5193
S194

5195
5196
5197
5198
5199
5200
5201
%202
5203
£204

5208
5206
5207
szoe
5209
5210
5211

5212
5211

5214

5218

8216
§217

5218
5219
5220
5221
5222
5223
s224

5228
5226
227
5228
5229
$230
5211

5232
5213
s2M

5235
5216
5237
S238
5239
5240
5241
5242
5243
5244

5245
5248
5247
s240
5249
5250
5251
5282
5253
5254
5255
5256
5257
5258
5289
5260
5261
5262
5263
5264
5268
5266
5267
5268
5269

et -Watar.13687
Nov-Water. 1987
Dec-Watar. 1987

;

table Cucumber(agitem,rechargall,allstrat)
Cucho-r

Yield.195¢

Jan-Weter.1956
Feb-Water.1956
Mar-Water.1956
Apr-Water.1956
Hay-Weter.1956
Jun-Water.l956
Jul-Water.195%6
Aug-Water.1956
Sep-Water.1956
Ocr-Watar.1956
Wov-ater. 1956
Dec-Water.1956

Yield.1951

Jan-Water.1951
Feb-Water.1951
Mar-Watar. 1981
Apr-Water.1951
May-Water.1951
Jun-Water.19%1
Jul-Water.1951
Aug-Water.1951
Sep-Water.1951
Oct-Water. 1951
Mov-Water.19§1
Dec-Water.1951

Tield.1943

Jan-wWater.1963
Feb-Water.1961
Mar-wWater.1963
Apr-Water.1963
May-Water.1963
Jun-Weter.1963
Jul-Water.1963
Aug-Water.1963
Sep-Water.1963
Oct-Water.1963
Nov-Water.1963
Dec-Water.1963

Yield.1909

Jan-Water.1909
Feb-Water.190%
Mar-Water.198%
Apr-Water.190%
May-Water.1589
Jun-Water.198%
Jul-Wates.198%
Aug-Water.1589
Sep-Water.198%
Oct-Warer.198%
Nov-Water.1%89%
Dec-Water. 1989

Yield.19%2

Jan-Water.1952
Fab-Water, 1952
Mar-Water. 1952
Apr-Water.19%2
May-Water.19%82
Jun-Water. 1982
Jul-Water.1952
Aug-dater.19%2
Sep-Water.1%%2
Oct-Water.19%2
Nov-Water.1982
Dec-Water.1952

Yield. 1988

Jan-Watar.1908
Feb-Water. 1908
Mar-Water.1988
Apr-dWater.1988
May-Water.1988
Jun-Water.1588
Jul-Water.1988
Aug-Water.1588
Sep-Water.1988
Oct-Water.1908
Nov-Water.1988
Dec-Water.3988

221

222

193

137

191

184

CucT8-F

232

12
12
iz

232

12
12
12

193

12
12
12
12

12
12
12
i2

199

12

12
12

193

12
12
12
12

Cuch0-5 Tuc?%-5
a2 218
4.5 &
[} ?
(98-} 9
3 (3%}
228 237
1.5 6
1.5 9
4.5 ]

3 4.%
187 196
1.5 [}
4.5 9
4.5 9
€ 9
18% 198
4.5 &
4.5 $
4.5 $
& 3
193 202
1.5 6
4.5 9
4.5 9
1] 2
186 195
1.% L]
{.5 9
1.5 9
3 ]
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5270 Yield.1980 2586 267 ‘ea 7
5271 Jan-Water. 1980
$272 Feb-Watar.l980
527) Mar-Water.1980
5274 Apr-Water.l302
5275 May-Water.1%89
5276 Jun-Water.1%80
$277 Jul-Water.1980
4278 Aug-Water.19%80
%279 Sep-Water.19380
5280 Oct-Water.1980
5281 Nov-Water.1980
5282 Dec-Water.19%80
5283

5204 Yield.1982 18% 192 186 1%%
5205 Jan-Water.1982
5286 Teb-Water.1982
5287 Mar-Water.1982
5288 Apr-Water.1992
S289 May-Watar.1982
5290 Jun-Weter.1982
5291 Jul-Water.1982
5292 Aug-Water.1982
5293 Sep-Water,1%82
5294 Oct-Water.1382
5295 Nov-Water.1932
5296 Dec-Water.1982
5297

5298 Yield.1949 27¢ 287 281 293
$299 Jan-Water.196%
5300 FPeb-Water.]96%
5301 Mar-Water.1969
$302 Apr-wWater.196%
$303 May-Water.l9&%
$304 Jun-Water.196%
$305 Jul-Warer.1963
$106 Aug-Water.1969
5307 Sep-Water.196%
5108 oOct-Water.l9&$
5309 Nov-Water.196%
5310 Dec-Water.l196%
5311

5312 Yield. 1974 278 288 282 294
5313 Jan-water.1%T4
5114 Feb-Water.1974
531% Mar-Water.1374
5316 Apr-Water.1%M
5317 May-Water.1974
5314 Jun-Water.1974
5319 Jul-Water.19Td
5320 Aug-Water.19%74
5321 Sep-Water.1374
5322 Oct-Water.1974
5123 Nov-Water.19M4
$324 Dec-Water.19%74
532%

5226 vYield.1972 250 262 254 266
$327 Jan-Water.1972
5128 Feb-Water.1972
§129 Mar-Water.1972
5330 Apr-Water.1972
5331 May-Water.1972
5332 Jun-Water.1972
5333 Jul-Water.1972
5334 Aug-Water.1972
5335 Sep—Water.1972
5336 Oct-Water.1972
5337 Nov-Water.1972
5338 Dec-Water.1972
5339

5340 Yield.1976 275 286 280 291
5341 Jan-Water.197¢
5342 Feab-Water.1976¢
5341 Mar-wWataer.197¢
5344 Apr-Water.197¢
5345 May-Water.137¢
5346 Jun-Water.197¢
5347 Jul-Water.1376
5348 Aug-Water.1%976
5349 Sep-Water.l1976
9150 Oct-Water.1976
5151 Nov-Water.l1976¢
5352 Dec-Water.1976
5383

$35¢ Yield.1377 223 234 226 240
5355 Jan-Water.1977

5156 Feb-Water.1577

5357 Mar-vater.13%377

SIS8 Apr-Water.1577

5359 May-Water.1977

5360 Jun-Water.1977
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5361 Jul-Water.l977
5362 Aug-Water.1977
5363 Sep-Water.1977
$364 Oct-Water.1977
5365 Nov-Warter.1%77
5366 Dec-Water.1977
5367

5368 Yield.1979 180 191 .85 194
5369 Jan-Warter.19%79
%370 Feb-Water.13%79%

$371 Mar-Water.1979

$372 Apr-Water.1979

$373 May-Water.1979%

5374 Jun-Water.1979
537% Jul-Water.1979
5176 Aug-wWater.1979

§377 Sep-Watar.l37%

5378 Qct-Water.1979

$379 Nov-Water.l9%79

5180 Dec-Water.1979

5381 -
5382 vield.1501 253 264 256 268
§$383 Jan-Water.1581
5334 Feb-Water.l58]
5385 Mar-wWater.198!
5186 Apr-Water.19681
5387 May-Water,1981
5388 Jun-Water.]981
839% Jul-Water.l1901
5390 Aug-Water.1981
5391 Sep-Water.1981
5392 OCOct-Water.1981
5393 Nov-Water.l1961
5194 Dec-Water.19%81
$399

5396 Yleld.19%8 270 281 2 286
5397 Jan-Water.1958
5398 Feb-Water.1958
5399 Mar-wWater.1958
540¢ Apr-Water.1958
5401 May-Wataer.1258
5402 Jun-Water.135%8
5403 Jul-Water.19%0
5404 Aug-Water.1958
S40% Sep-Water.19%58
5406 Oct-Water.1958
S407 Nov-Water.1958
5408 Dwc-Water.195%8
5409

5410 Yield.1987 220 231 224 236
$411 Jan-Water,198?
5412 Feb-Water.1587
5413 Mar-Water.1587
5414 Apr-water.1987
5415 May-Water.1987
5416 Jun-Water.1987
5417 Jul-Water,1987
5418 Aug-Water.1387
5619 Sep-Water.1%87
5420 Oct-Water.1987
5421 Nov-Water.1987
5422 Dec-Water.1987
$42)

5424

5425 table Lettuce{agitem, rechargall,allstrat)

5426 LetS0-F Let75-F Let50-5 Lat75~5
5427 Yield.19%5¢& {80 1% 485 4196
54280 Jan-Water.19%6

5429 Feb-Water.1956

5430 Mar-Water.19%6

5431 Apr-Water.1956 &

5§32 May-Water.19%56

%431 Jun-Water.19%§
5434 Jul-Water.1936
5435  Aug-Water.1936
5436 Sep-Water.195%6
5437 OQct-Water.19%8
5438 Nov-Water.195%&
5439 Dec-Water.195%6
FTET ]

S441 Yield.19%1 18} 190 (L1 4935
$442 Jan-Water.195%1

5443 Feb-Water.19%1

S444 Mar-Weter.l1951

544% Apr-Water.1951

5446 May-Water.1951

5447 Jun-Water.1951

5418 Jul-Water.19%1

5449 Aug-Water.1951

5450 Sep-Water.1951

5451 Oct-Water.19%1 8 12 4.5 9

W2
12
12

w

-m o w
P
w
- e

12
12
12
12

w v
w O o

X X N
o -~

12
12

- - op 0
@

o e

o

- - g
v

-
» @ o
~
[P PR
- o
wen

12
12
12

- m®
[,

w o
-0 oo

12
12
12

LE N J
- e
W
0 e

Appendix A - 65



9452
5453
5454
545%
3456
5457
5458
S459
ELLT)
461
5462
5463
5464
5465
5466
5467
s468
5469
5470
samn
5472
LT Rk
S4N
547§
5478
$t77
5470
547
s480
5481
5482
5483
S84
548%
5486
S487
5489
5489
5490
5491
5492
5493
5494
5495
5496
5497
5498
5499
5500
5501
5502
5503
5504
5505
5506
5507
S508
5509
5510
5511
8512
$513
534
5515
5516
5517
5519
5519
5520
5521
5522
5523
5524
5528
5526
5527
5520
5529
5530
5%31
5532
5533
5834
5535
5516
5537
5538
5539
5540
S541
5542

Nov-Water.1951
Deac-Water.1951

Yield.1963

Jan-wWater. 1963
Feb-Water. 1963
Mar-Water.1963
Apr-dWater.i96)
Hay-Watar.1963
Jun-Water.1963
Jul-Weter. 1963
Aug-Weter.196)
Sep-Water.1961
Oct-Water.196]
Hov-Water.136]
Dec-Water.1963

Yield.1909

Jan-Water.198%
Teb-Water.1589
Mar-Water.198%
Apr-Water.192%
May-Water.1999
Jun-Water.1909
Jul-Water.198%
Aug-Water.1989
Sep-Water.1989
Oct-Water.1989
Nov.Water.l909
Dec-Water.1989

Yield.1952

Jan-dater.1952
Feb-Water.1%52
Mar-Water.195%2
Apr-Water.1952
May-Water.19%2
Jun-Water.1952
Jul-Water.1952
Aug-Water.1952
Sep-Water.19%2
Oct-Water.19%2
Hov-Water. 1982
Dec-Water. 1952

Tield.1988

Jan-Water.1988
Fob-MWater. 1908
Mar-Water.1988
Apr-Water.1388
May-Water.1988
Jun-Water.1988
Jul-Water.1988
Aug-Water.1908
Sep-Water.1980
Oct-Water.15088
Nov-Water.1988
Dec-Water. 1988

Yield.1980

Jan-Water. 1980
Feb-Water.1980
Mar-Water.19%0
Apr-Water.1980
May-Water.1980
Jun-Water.1980
Jul-Water.194¢
Aug-Water.198¢
Sep-Water.1940

Nov-tater.1900
Dec-Water.19500

¥ield.1982

Jan-Water.1982
Feb—Water.1982
Mar-Water.1982
Apr-dater.1982
May-Water.1982
Jun-Water.1982
Jul-Water.1982
Aug-Water.1982
Sep~Water. 1982
Oct-Water.1982
Nov-Water.1982
Dec-Water.1982

Yield.1969

Jan-Water.1969
Feb-Water.1969%
Mar-Water.1969

175

175

im

170

192

192

-~

$20

12
12

182

12
12
12

180

12
12
12

481
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12
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5543 Apr-Water.l96%
5544 May-Water.196%
5545  Jun-Water.196%
5546 Jul-Weter.196%
5547 Aug-Water.194%
5548 Sep-Water.l989

5549 Oct-Water.l%69 ) 8 3 5
5550 Nov-Water.l1949 L] 8 ) ]
555! Dec-Water.l196% 4 8 ) 6
5552 '

5551 Yield.1974 190 98 194 502

5554 Jan-wWater.197¢
5455 FeD-Water.1974
5556 Mar-Water.1974
55%7 Apr-Water.1974
S558 May-Water,1974
5559 Jun-Water.1974
S360 Jul-wWater.1974
5561 Aug-wWater.1974
5562 Sep-Water.1974
5563 Oct-Water.1974
5564 MNov-Water.197% 8 12
5565 Dec-Water.1974 8 12
5566

5567 Yield.1972 470 176 74 130
5568 Jan-Water.1372
55¢6% Feb-Water.1972
5570 Mar-Water.1%72
5571 Apr-water.1%72
5572 May-Water.1972
$571 Jun-Water.1972
§574  Jul-water.1972
$57%  Aug-Water.1972
5576 Sep-Water.1972
5577 Oct-Water.1972
5578 Nov-Water.1972
5579 Dec-Water.1972
5580

5581 Yield.1976 496 503 99 508
5582 Jan-Water.1976

5503 Feb-Water,1976

5584 Mar-Water.1976

5585 Apr-Water.1%76

5586 May-Watar.1976

5587 Jun-Water.1576

5589 Jul-Water.157¢

5589 Aug-Water.1376

$590 Sep-Water.1976

5591 Oct-Water.1976 4 8
5592 MNov-Water.1976 8 12
€593 Dec-Water.1976 ] 12
5594

S555 Yield.1977 191 137 494 5013
5596 Jan-Water.1977
5597 Feb-Water.1977
5598 Mar-Water.1977
5599 Apr-water.1977
5600 May-Water.1977
5601 Jun-Water.1977
5602 Jul-Water.1977
5603 Aug-Water.1977
5604 Sep-Water.197?
5605 Oct-Water.1977
5606 Nov-Water.1977
5607 Dec-Water.1977
5608

5609 Ylield,1979 i 480 7% 484
$610 Jan-Water.1%79
5611 Fab-Water.1%79
5612 Mar-Water.1%79
5611 Apr-Water.:979
S614 May-Water.1979
5615 Jun-Water.197%
5616 Jul-Water.1%7%
5617 Aug-Water.1%79
5618 Sep-Water.1979
5619 Oct-Water.1%7%
5620 MNov-Water.19T%
5621 Dec-Water.1979%
5622

5623 Yield.l1901 475 181 473 186
5624 Jan-Water.1931

5625 Feb-Water.1931

5626 Mar-Water.193t

5627 Apr-Water.193%

5628 May-Water, 1981

5629 Jun-Water.1981

5610 Jul-Water.1981

5611 Aug-Water.1981

5632 Sep-Water.1981

$633 Qct-Water.1961 9 12 4.5 9
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$634
561%
5636
5637
5630
3639
5840
S6d1
5642
5843
S804
S84S5
5646
5647
5648
$649
5650
5651
5652
5653
5654
565%
56534
5657
SE58
5659
5660
5661
5662
5663
5664
5665
S666
5667
5668
5669
5670
5671
5672
S673
5674
$675
5676
S6T7
5678
567%
5680
$681
5682
5683
5684
5685
56a¢
5607
5680
5689
5690
5691
5692
5693
5694
569%
5696
5697
5698
5698
5700
$701
$702
$703
5704
5708
5706
5707
5700
5709
$710
5711
5712
5713
5714
571%
5716
5717
5718
S719
5720
$721
5722
5723
5724

Nov-Water. 1981
Dec-vater. 1901

Yield.19%8

Jan-Water. 1958
Feb-Water. 1958
Mar-Water.1%58
Apr-Water.1958
May-Water.19%8
Jun-Water. 1958
Jul-Water.1958
Aug-Water. 1958
Sep-Water.1958
Oct-dater.195%8
Nov-Water.1958
Dec-Water.1958

Yield.1987

Jan-Water.]987
feb—Water.1587
Mar-Water.1947
Apr-Water. 1347
May-Water.1987
Jun-Water.1967
Jul-Wates.1907
Aug-Wetez.1987
Sep—Water.198?
Oct-Water.1987
Hov-Water.1587
Dac-Water.1987

table Spinach(agitem, rschargall,allstrat)
SpinSo-F

Yield.1956

Jan-Water.1956
Fab-Water, 1956
Mar-Water.1956
Apr-Water.19%6
May-Water.1956
Jun-Water.1356
Jul-Water.1956
Aug-Water. 1956
Sep-Water,19%6
Oct-Water.19%6
Nov-Water.19%6
Dec-Water.19%6

Yield.1951

Jan-water.1951
Feb-Water.1931
Mar-Water.1951
Apr-Water.15%1
May-Water.1351
Jun-Water.19%1
Jul-Water.1951
Aug-Water.1951
Sep-Water.19%1
Oct-Water.1351
Nov-Water.1951
Dec-Water.1951

Yield.1963

Jan-Water.1963
Feb-Water.1963
Mar-Water.1963
Apr-Water.1963
May-Water.1963
Jun-Water.1963
Jul-Water.1963
Aug-Water.1963
Sep-Water.194)
Oct-Water.1963
Nov-Water.1943
Dec-Water.1%83

Yield.1989

Jan-Water.1909
Fab-Water.1989
Mar-Water.19%09%
Apr-Water.1%89
May-Water.1989
Jun-Water.1989
Jul-Water.1989
Aug-Water.1989
Sep-Water.1989
Cct-Water. 1989
Nov-Water.1989
Dec-Water.198%

Yield.1982

=

194

176

136

B ob O OB

136

o

12
12

82

12
12
12

Spin?5-¢

i

12
12

12

Hi

12
12
12
12

(LR}

12
12

12

446

12
12
12
12

(L

§.% 3

4.5 9

496 506
3 &

6.5 ]

§.5 3

490 186
6.5 9

4.5 9

.5 9

Spin50-5§ Spin?%-§

438 1146
1.5 7.5
1.5 7.8
1.5 7.5
1.5 7.5
439 s
4.5 7.5
s 7.5
4.5 2.5
4.5 7.5
8 147
.5 7.9
4.5 7.%
L) 7.5
4.5 1.5
"2 150
s 7.%
4.5 7.%
1.5 7.5
1.5 7.%
137 e

Appendix A - 68



5725 Jan-Water.l9%2
5726 Feb-Water.1952
5727 Mar-Water.1952
$720 Apr-Water.13%2
5729 May-Weter.1952
$730 Jun-Water.19%2
§731  Jul-Water.195%2
5732 Aug-Water.19%2
$733 Sep-Water.13%2
$734 Oct-Water.1%52
5735 Nov-Water.1952
5736 Dec-Water.1952
5737

$7390 Yield.1988 129 Ho (1] "
5739 Jan-Water.1388

STL0 Feb-Water.1988

5741 Mar-Water.1988

$742 Apr-dater.l98s

5743 May-Water.1988

5784 Jun-Water.1998
S74%  Jul-Water, 1988
5746  Aug-Water. 1984
ST47 Sep-Water.1908
5748 Oct-Water.1988
$74% MNov-Water.1908
5750 Dec-Water.1988
5751

5782 Yleld.1980 451 160 455 164
5753 Jan-Water.1980
5754 Teb-Water.1980
5755 Mar-Water.1%30
$756 Apr-Water.1980
5757 May-Water,1980
5758 Jun-Water.19%80
5759 Jul-water.1980
S760 Aug-Water.l1980
S761 Sep-Water.1980
§762 Oct-Water.1980
5763 Nov-Water.1980
5764 Dec-Water.1980
5765

5766 Yield.19%2 (Y E] 451 17 455
$767 Jan-Water.1982
5768 Feb-Water.1932
$76% Mar-Water.1982
5770 Apr-Water.1982
§771 May-Watez. 1982
$772 Jun-Water,1982
5773 Jul-Watez.1982
5778 Aug-Water.1982
$775 Sep-Water.l1982
5776 Oct-Water.1982
$777 Nov-Water.1982
$778 Dec-Water.1982
5779

5780 Yield.1969 482 91 486 197
5781 Jan-Water.196%
$782 Peb-Water.1969
$783 Mar-Watsr,196%
5784 Apr-Water.196%
5785 May-Watez.196%
5788 Jun-Watez.196%
5787 Jul-Water.1969
5788 Aug-Water.196%
578% Sep-ifater.l196%
5798 Oct-Water.196%
3791 Nov-Water.196%
5792 Dec-Water.196%
$793

5794 Yield.1974 15¢ 159 454 463
5795 Jan-Water.1974
5796 Peb~Water.1%74
5797 Map-Water.197¢
5790 Apr-Water.1%T4
5799 May-Water.1%M
5800 Jun-Water.1%74
5801 Jul-Wster.1974
5802 Aug-Water.1974
5803 Sep-Water,.1974
5804 Oct-Water.1974
5805 Nov-Water.1974
5806 Dec-Water.1974
3007

5808 Yield.1972 142 450 146 454
5809 Jan-Water.1972

5010 Feb-Water,1972

5011 Mar-Water.1972

58012 Apr-Water.1972

581) May-Water.1972

$814  Jun-Watez.1972

5818  Jul-Water.1972
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5916 Aug-Water.1972
5817 Sep-Water.1972
5818 Oct-Water.1972
5019 MNov-Water.1972
5820 Dec-Water.19372
5421

5822 Yield.1976§ 183 492 487 198
582 Jan-wWater.197$
5824 Feb-Water.l978
5025 Mar-Water.1%76
$826 Apr-wWater.1%76
5827 May-Water.197¢
5028 Jun-Water.1%74
5829 Jul-Water.1976
5830 Aug-Water.1976
5831 Sep-Water.1976
5832 Oct-Water.1976
5833 Nov-Water.197€
5834 Dec-Water.1376
503%

5836 Yield.197? 458 167 462 171
5837 Jan-Water.1977
$83% Ped-Water.197?
$83% Mar-Water.197?
584¢ Apr-Water.1977
5841 May-Water.1977
9842 Jun-Water.197?
5843 Jul-Water.1%77
S844  Aug-Water.1977
5845 Sep-Water.1977
SB4é Oct-Water.1977
5847 Nov-Water.1%77
3848 Dec-Water.1977
5849

5850 Yield.197% 430 442 435 449
5851 Jan-Water.197%
5852 Feb-Water.1%79
5851 Mar-Water.1%7%
5854 Apr-Water.1%7%
5855 May-Water.i97%
$856 Jun-vater.1979
5857 Jul-Water.197%
5858 Aug-Watar.1979
5859 Sep-Water.1979
5860 Oct-Water.1979
5861 Nov-Water,1979
5862 Dec-Water.197%
5463

5864 Yield.1981 15% 168 181 172
5865 Jan-Water.1981
5866 Feb-Water,1981
5867 Mar-Watsr.1901
S868 Apr-Water.1981
586% May-Watasr.1901
SE70 Jun-Water.19081
5871 Jul-Water.1981
5872 Aug-Water,1981
5873 Sep-Water.1981
5874 Oct-Water.1981
5875 Mov-Water.1981
5876 Dec-Water.1381
5877

S8780 Yield.19%8 472 180 76 485
5879 Jan-Water,19%8
5880 Feb-Water,1958
5881 Mar-Water.19%8
5002 Apr-Water.19%8
5803 May-Water.1958
5884 Jun-Water.135%8
5885 Jul-Water.13%%8
S886  Aug-Water.13%9
S887 Sep-Water.1%%8
S088 Oct-Water.19%8
5889 Nov-Water.1958
5890 Dec-Water.19%8
5891

5892 v¥vield.1987 (¥ ] 145 440 (1R}
5893 Jan-Water.l1%¢7
$894 Fab-Water.198?
5895 Mar-Water.1987
$896 Apr-Water.1987
5897 May-Water.1987
S898 Jun-Water.1987
5899 Jul-Water.1987
5900 Aug-Water.1987
5901 Sep-Water.1987
5902 Oct-Water.1987
5903 Nov-Water.1987
$900 Dec-Water.1987
$905

5906
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5907
5908
5909
5910
5911
5912
5913
Sl
5915
5916
5917
5918
5919
5320
$921
5922
5923
s924
5928
5926
$927
5928
5929
5930
5931
5932
5533
5934
5918
591¢
5937
5938
5939
5940
5941
5942
5943
3944
5945
S946€
5947
5940
5949
5950
5951
§952
5953
5954
9953
5956
5957
5958
5959
5960
5961
5962
5963
5964
596%
5966
5967
5968
5969
5370
5971
5972
5973
5974
5978
5976
5977
5970
5979
5980
5901
5982
5983
5904
5908
5906
5907
S9088
5989
5990
5991
5992
5933
5994
5998
5996
5997

table sorgHaytagiten, recnargall,allstrat)
HayS¢-F

Yield.1956

Jan-Water.1956
Feb-Water.19%6
Mar-Water.1956
Apr-Weter.19%6
May-Mater.195%8
Jun-Water.1958
Jul-Water.195%6
Aug-Water.1956
Sep-Water.195%6
Oct-Water.1956
Nov-Water.1956
Dec-Water. 1956

Yield. 1951

Jan-Water.1951
Feb-Water.1951
Mar-Water.1951
Apr-Water.1951
May-Water.19%1
Jun-Water.1951
Jul-Water.1951
Aug-Water. 1951
Sep-Water. 1951
Oct-Water.1951
Nov-Water. 1951
Dec-Water. 1951

Yield.1963

Jan-Water.1963
Feb-Water.1963
Mar-Water,1963
Apr-Water.1963
May-Water.1%963
Jun-Water.1963
Jul-Water.1963
Aug-Water.1963
Sep-Water.13963
Oct-Water.1963
Nov-Water.1963
Dec-Water.196)

Yield.1989

Jan-Water.1989
Feb-Water.1989
Har-Water.1989
Apr-Water.1589
Hay-Water.1989%
Jun-Water.1909
Jul-Water.190%
Aug-Water.1989
Sep-Water.1908%
Oct-Water.19%09
Nov-Water.1989
Dac-Water.i989

Yield.19%2

Jan-Water.1952
feb-Water.1952
Mar-Water.1952
Apr-Water.1952
May-Water.1952
Jun-Wates.1952
Jul-Water.1352
Aug-Watezr.19%2
Sep-Water.1952
Oct-Water.1952
Wov-Water.1952
Dec-Water.]952

tield.1508

Jan-Watez.1508
Feb-Water.1908
Mar-Water.1988
Apr-Water.1948
May-Water.1908
Jun-Watez.1508
Jul-Water.1508
Aug-Water.1500
Sep-Water.19%88
Oct-Water.1988
Nov-dater.1%68
Dec-Water.1988

Yield.1980

Jan-Water.1980
Feb-Water.1980
Mar-Water, 1930
Apr-Water.1980
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5998
5999
£000
6001
6002
6003
6004
6008
6006
6007
6008
6009
§810
6011
6012
6012
6014
6015
6016
6017
6018
4019
6020
6021
6022
6022
6024
6025
6026
6027
6028
6029
6030
6031
6032
6033
034
6028
6036
6037
6038
603%
6040
6081
6082
6043
6044
6045
6048
6047
6048
5049
6050
6051
6052
6053
6054
6085
6056
6057
6058
6059
6060
6061
6062
40683
6064
6065
6066
6067
6068
6069
&0T0
&0T1
€072
€073
€074
€078
8076
€077
[0 ]
6079
€080
6081
€082
6083
6084
€085
6086
€087
€088

May-Water.}3680
Jun-wWater. 1580
Jul-Water.1980
Aug-Water.1980
Sep-Water.1900
Oct -Water.1980
Nov-Water.1980
Dec-Water.1380

Yield.1982

Jan-Water.1%82
Peb-Water.1982
Har-Water.1982
Apr-Water.1982
May-Water.1982
Jun-Water.1982
Jul-Water.1982
Aug-Water.1982
Sep-Water. 1982
Oct-Water.1982
Nov-Water.1982
Dec-Water.1982

Yield.1969

Jan~-Water.1969
Feb-Water.1969
Mar-Water.1969
Apr-Water.1969
May-Water.1969
Jun-Water.1969
Jul-Water.1969
Aug-Water.196%
Ssp-Water.196%
Oct-Water.1948%
Nov~dater.196%
Dec-Water.196%

Yield. 1974

Jan-Water.197¢
Fab-Water. 1974
Mar-Water.1974
Apr-Water.19M4
May-wWater.1974
Jun-Water.1974
Jul-Water.1974
Aug-dater.1974
Sep~Water.1974
Oct-Watar.1974
Nov-Water.1974
Dec-Water.1974

Yield.1972

Jan-Water.1972
Feab-Water.1972
Mar-Water.1972
Apr-Water.1972
May-Water.1972
Jun-Water.1572
Jul-Water.1972
Aug-Water.1972
Sep-Water.1972
Oct-Water.1972
Nov-Water.1972
Dec-dater.1972

Yield.197¢

Jan-dater.1576
Feb-Water.1576
Mar-Water.1976
Apr-Mater.197¢
May-Water.1976
Jun-Water.1%76¢
Jul-Water.197¢
Aug-Water.1976
Sep-Water.1976
Oct-Water.1%76
Nov-Water.1976
Dac-Water.1%74

Yield. 1977

Jan-Water.1977
Feb-Water.1977
Mar-Water.1i977
Apr-Watar.1977
Hay-Water.1977
Jun-Water.1977
Jul-Watar.1977
Aug-Water.1977
Sep-Water.1977
Oct-Water.1977
Nov-Water.1977
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6089 Dec-Water.l1377

6030

6091 Yield.1979 19.% 10.8 Li.l 1.6
6092 Jan-Weter.1979
6093 Feb-Water.1979
6094 Mar-Water.1979
6095 Apr-Water.1979
6096 May-Water.1979
6037 Jun-Water.1979
6098 Jul-Water.1379
6099  Aug-Water.1979
6100 Sep-Water.1979
6101 Oct-Water.l1979
5102 Nov-Water.1%79
6103 Dec-Water.1379
6104

6105 vield.1901 10.4 10.6 11 11.2
6106 Jan-Water.19581
$107 Feb-Water.1981
6108 Mar-Water.1981
6109 Apr-Water.1981
6110 May-Water.1581
6111 Jun-Water.1961
§112 Jul-Water.i98l
6113  Aug-Water.1961
€114 Sep-Water.1981
6115 Oct-Water.1981
6116 Nov-Water.l961
6117 Dec-Water.1981
6118

6119 Yield.1958 11 11.2 11.3 i1.6
6120 Jan-Water.195%8
6121 Feb-Water.1358
6122 Mar-Water,1958
6123 Apr-Water.19%8
6124 May-Water.195%8
6125 Jun-Water.1958
6126 Jul-Water.19%8
6127 Aug-Water.1958
6128 Sep-Water.]958
6129 Oct-wWater.139%8
6130 Nov-Water.1958
6131 Dec-Water.19%8
6132

6131 Yield.19387 1.1 11.6 11.8 12.2
S134  Jan-Water.19a7
6135 Feb-Water.1997
6136 Mar-Water.19%87
6137 Apr-Water.1987
6138 May-Water.1907
6139 Jun-Water.1987
6140 Jul-Water.1987
6141 Aug-Water.1387
6142 Sep-Water.1987
6143 Oct-Water.i987
6144 MNov-Water.1987
6145 Dec-Water.1987
6146

6147 * Create Dryland info. for EPIC Sorghay

€149 sorghay ("yield”, recharge, “"Hay-Dry™) =

6149 sorqghay ("yield™, recharge, *Hay50-F"} * .41 ;

6150

6151 * CCCTTOOCCrOCCCCCCCCCCCCrtrtCCerCCCCCCCCCCCCCCCCceccoecee
6152 End of Data

6153 CCCCCCCCCOCCCCCCCCCCCOCCCCCCCTCCOCCLCCCCCCCCCCoTCeecee
6154

6155 ¢ COCCCOCCCCCCCCCCCCCCCCCCCCCCLTLCCCCCCCCCCCCCCCorCCCCCes
8156 ¢ Percent Change in Prices to Reflect NO FARM PROGRAM

6187 * (from Bill Nyda's work)

6158 * COCCTCCCCCCCCCECCLCCCrtCorCCCCtCCCCCCCCCCCCCECCCeoeeee
6159 Parameter Pchange(crops)

6160 / cotton 5.2, corn 1.1, soybeans -1.%

6161 winwht 4.3, sorghum 1.9,

6162 hay -1.3, sorghay -1.3 / :

6163

[311] ragdata(“"price™, lando, penastrat,crop) =

61865 ragdate("peice”, lando, penastrat,crop)* {1+Pchange (crop)/100);
6166 * COOCCCOCCCCCCCICOCCtltLtCCtrCCCCCCCCCCCCCCCCOCICCCeCece
6167

€160 seots drystrat(allstrat) EPIC Dryland Strategies
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6169 / C-Dryland, Cot-Dry, 5-Dryland, O-Dryland,
6170 W-Dryland, Pnut-dry. Hay-Dry ,full/

6171

6172 wetstrat (allstrat) EPIC Irrigation Strateqies
6173 spkatrat (allstrat) EPIC Sprinkler Strategies
6174

617% {strat{allstrat) BEBPIC Furrow Strategies

6176 /C%0-May-?, C50-Jun-F, C75-May-F, C?5-Jun-F,
6177 550-May-P, 5%6¢-Jun-F, 575-May-F, $75-Jun-F,
6178  OS0-Mar-F, OSG-Apr-F, O75-Mac-F, 07%-Apr-F,
617%  WSO-Mar-F, W50-Apr-F, WiS-Mar-¥, WIS-Apr-¥,
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6180 Prutsd-F, fnut?S-F, PS0-May-F, PTE-May-F
6181 ThiS0-F, oni?s-F,

6182  “abb30-7, Zabb?5-F,

6183 CTarc50-f, Carr?5-F,

s1814 cant$0-¥, Cant?5-f,

§10% CucS0-r, Cuc7%-F,

6136 Leth0-F, Let15-F,

6187  SpinSO-F, Spin7S-F,

(28 1} Hay$S0-F, Hey?5-F,

6189 HY 0 -May-F, H7S-May-F,

6190 CotS0-IB-F, CotS50-FB-F, Cot$0-FO-F,
6191 Con74-28-F, Cot75-FR-F, CotT5-FO-F/

6192

6193 wetstrat (strategy) = yes ;

194 - R s s elel ol al o o ole o v ol o] ol of ol ol ol o o o ol 0344wt mlel o e o o o o]
6195 » This says whether dryland iz &n irrigation strategy.
6196 + e R S S S e s el s e m o el el o ol o oo o o o o ol o o o ot ] o o 1 0
6197 wetstrat (drystrat)$ {not sapeasidrystoat,“full”™)) = no ;
6198

6199 IpkItrat (wetstrat) = yas ;

6200 spatrat(fstrat) = pno ;

6201 fatat(f3trat) syes

6202

6203 ¢ L CCLL L LT CC Lo CCCCCCCCTCC L CCCCrCCCCCCCCCCCCoceee
6204 * Include Dryland in Furrow Strategles.

5205 ¢ L L L L O e C O CCCOCC CCCCCC L CCCCCCCCCCCCCCrCes
6206 fatrat (drystrat) = yesy ;

8207 o RS AR e s e slm e alel el ool a v of o w52 v o et 0, ol o] o o o w0 o e 1 0 o ¢ o @ e
6208

6209 set watr(agitem) Monthly water uss

€210 /jan-warer, feb-wALSr,mar-water,apr-waler,may-water, jun-water
6211 jul—untor,qu~wdt.r,l.p—uat.r,oct-uator.now-waltr,d-c-uallr/
6212

6213 spicitem{agitem) Items produced by EPIC (yield & water
6214 epicitem(watrl = yes ;

6215 epicitem(“yield™) = yes ;

5216

6217 parameter rlqdntlz(cqito-,rccharglll.lando,allsttat.ctaps) H
6218 ¢ ragdata (yields and irr use! developed by EPIC ;
6219

6220 ¢ S L L e O L e OO CCCCCCCCECCCCCCOCCCCCCCCCCCCe
6221 ¢ FILL IN LARGE TABLE WITH CROP TABLES

§222 + S L L C L L L CCCOCCCCCCCCCCCCCCCC L CCCCCECCCCCCreeee
6222

6224 rsqdatel{epicitem,recharge, irc", wetstrat, “cocn™)

622% = corn(apicitem, recharge, wetstrat)

6226 tegdatal (eplcitem, recharge, "dry™, deyateat, "corn®)

8227 - corn(oplclton,rocharga,d:ysc:atl H

6228

6229 raqdctlzlopicltcl,:ochnrqo.“itr",uctst:a:,'sarqhu-“)

62390 = sorghum(epicitem, recharge, wetstrat) ;

§231 rlgdataz{-pl:ito-,zocha:go,'dry',dryst:at."sorqhu-")

6232 = sorghum(epicitem,recharge,drystrat) :

6233

6234  ragdatal(epicitem,recharge, *irr", wetstrat, "winwht")
6235 = winwht {(epicitem, recharge,wetstrat} ;

6216 regdata2(epicites, recharge, "dry®, drystrat, “winwht "}
6237 = Winwht (spicitem, recharge,drystrat) :

6238

6219 ragdataZ (epicitem, racharge, "irr", watstrat, “paanuts™)
6240 ~ peanuty(epicitem,recharge,wetstrat) ;

6241 ragdataZiepicites, recharge, "dsy”, drystrat, "peanuts®)
6242 = peanuts(epicitem, recharge,drystrar) ;

624]

6244 tagdataZ(epicites, recharge, “irc®, wetstrat, "cabbage”)
6245 = cabbage(epicitem, recharge, wetstrat} :

6248

6247 regdatal{spicitem,recharge,®irz™, wetstrat, “lettuce”)
6240 = lettuce(epicitem, recharge,watstrat) ;

6249

6250 rlqdqtlzlcpicitll,tcch-rqo,'ir:',uot:t:at,"spln-ch')
6251 = spinach{epicitem, recharge, watstrat)

6252

6253 ragdetal(epicitem,recharge, "irz", wetstrat, "carrot®)
6254 = carrot (epicitem, recharge, watatrat) ;

62558

6256 ragdataZ{epicitem, recharge, "irr™, wetstrat, “cucunber”}
6257 = cucumber (epicitem, recharge,wetstrat)

6258

6259 raqdatozlopicitoﬂ,rochnrqt,‘lrr'.untstznt,'cantalcp“l
6260 = cantajop({epicitem, recharge,wetstrat) :

6261

6262 ragdatal{epicitem,recharge,™irc”, watstrat, "onion"™)
6263 = ohionlepicitem, recharge,wetstrat) :

6264

6265 :nqdntlz(cplcitou,rochargo.'lrr',u-t:trlt,'sorqhay”)
6266 = serghay{epicitem, recharge,wetstrat) ;

6267 ragdata2 (spicitem, recharge, "dry*, drystrat, “sorqhay™)
6268 = sorghay{spicitem, recharge,drystrat) ;

6269

62706 ragdatal (epicitem, recharge, ™irr®, wetatrat, "cotton™)
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6271
6272
6273
6274
627%
6276
6277
6278
6279
5280
6281
6282
6283
6284
6285
4294
6207
4§28
6299
62%0
6291
6292
6293
6294
6295
6296
6297
6298
6299
6300
6301
6302
6303
6304

6305
6306
§307
4308
6309
6310
6311
6312
6313
6314

631%
6316
6317
6318
6319
6320
6321
6322
6323
6324

632%
63126
63127
6320
6329
56330
6331
6332
631]
6134
6§331%
63116
6337
6338
63119
6340
6341
6342
6343
6344
6348
6346
6347
€348
6349
6350
6351
63%2
6353
6354
6158
6356
6357
6358
6359
6360
43161

= zotton(epicitem, recharge, watstrat)
ragdatal (epicitem, recharqe, "dry”, drystrat, =5ttsn"y
® cotton(epicitem,recharge,drystrat) :

ragdatalfepicitew, recharge,™irr", wetstrat, "sacs™)
= ocatsf{epicitem,recharge,wetstrat) ;

ragdata2 (epicitem techarge, “dry™, drystrat, “oats™)
= catsiepicitem, recharge,drystrat) ;

-

LLLLLLLLLLLA LU L AL L L L C O OO CCCCoCCrCe
Adjust Qats to reflect Oat Pasture
R o o o o] o o ol o o o o o o o o o o o o o o o 1 o0 o

regdatal (“yleld™, recharge,"irr®, wetstrat, “cats™)
= catz({“"yield”, recharge wetstrat) * 475/66 ;

ragdataZ ("yleld™, recharge, "dry" drystrat, "ceta™)
= cats(*yield™, recharge,drystrat) * 475/66 ;

CCCCCCCCCCOCCCCClCCCOCCtLCCCeCCCCCCCTeCeCOCCCCCCCTCCCCCe
. Transfer Values from Sorghum hay to Hay (or don't)
¢ COCCCCCCLCCCCCCCLCCCCCCOrCOCCCCCCCCCCTCCCCCCCCCCCCCCCCee

*ragdatel{agltem, recharqge, "irc”, wetstrat, "hay™)
¢ = ragdatali{agites,rscharqe,"irc™, wetstrat, “sorghay™}

¢ CCCCOCCCOOOCCOCLCCCCCCCCtCTCTECCCCCCCLTCCCCCCCCCCCCCCCT
. Total (Annual) irrigation water required
* CCCCCCCOLLLLLCL LU L L CCCCCCCCCCCCCCcCCcCcicLcccccceco

regdatal (“water”, recharge, "irr”, wetstrat,crop)

sum(watr, ragdataliwatr,recharge, “irc™, wetstrat,crop2));

¢ COCCCCCCCCCCCCCCCCCCCLCiCCOrCCCCCCCCCCCCCCCCCCCCCCCCOCCCCe
¢ Create monthly irrigation water required conforaming to month
. LOLEL BLE 0L ) 04 % Gl i 10, St S o ) 00 5 S ) ) g ) L L O ) S ) L O L B

ragdataz("jan", recharge, "irr", wetstrat,crop2)

= ragdata2{"jan-watec®, recharge, "itc", wetstrat,cropd)
ragdatal ("feb™, recharge,irr™, wetstrat,cropl)

= ragdatal (“feb-water™, rechazge, izs™,wetatrat,cropd)
ragdataz{"mar”, recharge, “irr" wetatrat,cropl)

= ragdatal ("mar-water™, recharge, "irr™, wetstrat,cropl :
ragdata2{“apr”, recharge,"irr” wetstrat,cropl)

= ragdatal ("apr-water™, recharge, "irr™, wetstrat, crop?)
ragdata2 {"way", recharge,™irc”,wetstrat,cropl)

= ragdatal (“may-water®, recharge, “irr® wetstrat,cropll
ragdacaz{"4un®, recharge,“irz" watatrat, crop)

= ragdats (“jun-water™, recharge,™irr”, wetstrat,crop}
ragdataZ{™jul™, zecharge, "irr" wetstrat,crop?)

= ragdata2{“jul-water™, recharge,™irr*, wetstrat,crop2}
ragdata (“aug”®,recharge,"irr®, wetstrat,crop)

= ragdata {“aug-water", recharge, ™irr”, wetstrat,crop2) :
ragdatal (“sep®, recharge, "irr™, wetstrat,cropd}

= ragdatal ("sep-water”, zecharge,”irr™ wetstrat, crop?)
ragdata2 ("oct™, recharqe, "icr™, watstrat,crop)

= ragdata2(“oct-water®,recharge,irr" wetstrat,crop2) ;
ragdataZ ("nov®™, recharge, "irr™, wetstrat,cropl)

= ragdatal ("nov-water”,recharge, "irr" wetstrat, crop2) :
ragdata2("dec”, recharge, "irz™, wetstrat, crope)

= ragdata2(“dec-water™, recharge,™irc”, wetatrat, crop2) ;

COCOCCCCOLT oLt CCCLLCCCCOOCCITCCCCCCCCCCCeececeee
hd Create Sprinkler Strategies for Pena Crops
* COCCCCCTTCCOCCCCCCCCCCCCOCCCCLCCCCCOCCCCECCCCCCCCCCCCeCele

ragdata(“yield®,"ire™, "full-s", "soybsana™) =
ragdata{“yield”, "{rr", "full”, "soybeans”) *
sum{recharge, prob{recharge) *
ragdatal (“yield”, recharge, “irr”®, "375-jun-3s", “sorghum”)
sumn{recharge, problrecharge) *
cagdatal (“yleld®, recharge, "ire®, "s75-jun-£", "sorghun®)

~

ragdata (waty,“irr®, *full-s”, "soybeans™) =
ragdata (watr, "lexr™, "full”, "soybeans™) *
sum(rechazge, prob(recharge) *
ragdata (“water”™, recharge,"irr"”,"275%-jun-3", "sorghum™) } /
sum(rechazrge, probirecharge) *
ragdatal (“water”,recharge, e, "375%-jun- ", "sorghum™} } ;

ragdata{"yleld", “4re”, "full-s", "hay") =
cagdata(“yield™, "irr", "full", “hay") *
sum(recharge, prcbirecharge) ¢
ragdataZ{“yield"”, recharge,™icrz™, “hay?5-s", “sorghay™ 1 /
sum(recharge, prob(recharge) *
ragdataz (“yield”, recharge, "irr™, "hay?5-f", "sorghay™ ) ;
set repcropalicrops) /hay,sesame,soybeans, guar,cantalop,onion, peanuts/
7
ragdata(®yield™, "irr", "al-s", repcropal} =
ragdata{"yleld”,“icr", “al™, repcropal):
ragdataiwatr ,“itr”,"al-s", repcropal) =
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6162 ragdataiwats .“i::‘,"ll",:opcropnlj'0<6/0‘);

L] X

6384 ragdata (Wez, "1cc”, “full-9%, “hay™) =

6165 raqdn:-(u-t:,'irr','tull',"hny') .

6366 sumirechacge, probirecharge) ¢

6367 r.qdntlzl'wltor',rocharqo,‘lrr',“hay?&-s”,“scrqhar"! o/
5158 sum(recharge, probirecharge) *

6369 :-1dlt|2t'uutor'.r.chnrg.,'irr“,"hay’S-("."sorqnay“l

$379

6371 :uqdnta('yiold'.'i:x','full-s',“p.ppﬂr:") -

6372 ragdatai™yield™, “ire”, "full”, ~peppars") *

€373 sum(recharge, probicecharge) +

63174 ragdatal(“yield", recharge, *ire", "cuc7$-3", "cucumber™) )/
6175 sum(recharqe, prob{recharge) *

§176 ragdataZ{"yleld", recharge, *irc®, "cuc?5-£", "cucumber®) j ;
€377

6178 ragdata (watr, "irr®, "full-s®, "peppers”) =

6379 ragdats (watr, "irr", "full®, “peppers™) +

£380 SuB(recharge, prob(recharge) *

6381 raqdata2{"water", recharge, "irr®, *cuc75-3", "cucumber®) |
6382 sumirecharge, prob(techarge) *

6383 ragdataZ("water®, recharge,™irr", "cuc75-£", *cucumber”) ] ;
6184

63185 cagdata("yield®, “ire”, "full-s", “honeydew"] =

8188 ragdata(“yleld™, “ize™, "full™, "honeydew™)

6387 sum(recharge, prob(rechazge) *

6188 rnqdnth('ylold‘.r-:hu:qn,'ir:','cnnt75-s",“cantnlup"! )/
6389 sum(recharqe, probi{recharge) *

$390 r-qd-tlz('yiold'.rcchnrq-.'irr',“cnntTS-f“.“cantulop“))
§391

6192 ragdata (watr,"irr™, “full-s", “honaydew™] =

6193 ragdata(watr,"irr™, "full”, "honeydew") *

6394 sum(recharge, probitechargs) *

6395 r.qdataZ(‘uat-r',rochnrgo.‘irr',“cant75-s“,“:antalop") y o/
6396 sum(recharge, problrecharge) *

6397 rnqdataz(‘H-tor',rochargo.'irr‘,'cant?&-[‘."cantalop“) Y o:
63598

6399 cagdata (“yield®, “irr™,"full-s", "potato”) =

6400 ragdata(®yield®,“izr™, "full", "potata”) *

6401 sum({cecharge, prob(zechacge) *

6402 ragdataZ ("yleld™, rechazge,®irr™, "carr?5-s", “cacrot™) ) /
6403 sum{recharge, prob{rechacqge) *

404 ragdatal{"yield"™, recharge,"irz™, "carz75-£f™, “carrot®} ) ;
5405

6406 ragdata{watr, icc™, "full-3", "potato”) =

€407 ragdata{watr,"irc®, “full”, "potato™) *

6408 sum(recharge, prob(recharge) *

6409 ragdatal (“water”, recharge, “irc”, "carr15-3", “carrot*} )/
6410 sum(recharge, probi{rechargs) *

6411 ragdata2 ("water”, racharge, “irr”, "carr?5-£", *carrot™) | ;
6412

6413 ragdata(™yleld”, "{rr", "full-s*, "swtcorn®") =

6414 ragdata(Myleld®”, "irr®, "full®, "swtcorn™) *

6415 sum(recharge, prob(recharge) ¢

6416 ragdeta2(yield®™, recharge,"irr®, "c75-Jun-s", "corn®) } /
6417 sum{recharge, probl(recharge) *

6418 ragdatal ("yield™, cecharge,"irr™, "c75-jun-£f", "corn™} J :
6419

6429 ragdata (wate, ™irr™, "full-s", "swecorn™) =

6421 ragdata{wate, "irr*, "full®, "swecorn*®] *

6422 sum(recharge, probdirecharge) *

€423 r.qdutl!(‘ultor‘,rochnrqc,'irr".'c75-jun-:','corn') 1/
6424 sum(recharge, probirecharge) *

6425 ragdatazZ(“water®™, recharge, "irc™, "c7%-jun-f", “corn”} | ;
6426

6427 ragdats ("yield","ire®, "full-s=, “tomato™) =

6420 ragdats ("yield™,"irr™, "full™, “tomato”) *

6429 sum(recharge, prob{recharge) *

6430 ragdataZ{“yield", recharge, "icrr™, "cuc?%-1", "cucumber”) | /
6431 sum{recharge, prodlrecharge) *

6432 ragdataZ("yleld", recharge,“irr™, "cuc?S-f", "cucumber™) ) ;
6411

6434 ragdata{watr, "irr®, "fyll-s®, "tomato®) =

6435 ragdata(watr, "ire™®, "full®, "tomato®) ¢

6436 sum(recharge, prob(recharge} *

6437 ragdatal (“water®, recharge, "irr", "cuc?5-3", "cucumber™) } /
S48 sus (recharge, probirecharge) *

6439 ragdatal (“water®, recharge, "Lrr™, "cuc?$-£", "cucumber™) ) :
6440

6441 ragdata("yleld”, "irr™,"full-3", "watermei®} =

6442 ragdata(“yield®, *irr™, "full”, "watermel™} *

6443 sum(cecharge, probirecharge) *

sddd ragdata2(“yield™, recharge, "ire™, "cant75-3", "cantalop™) } /
6445 Sum(recharqge, problrecharqe) *

6446 raqdl:-Z('yicld',rochquo,'irr'.‘cant?&-f','cnntalop") )
6447

6448 cagdata (wate, "ire™, "full-2", "waternel®) =

6445 ragdata (wate,"irr®, "full”, “watersel®} *

6450 sum{recharge, prob(recharge) *

6451 ragdata2 (“water”, recharge, "irc™, "cant75-s*%, “cantalop®) ) /
6452 sum{recharge, prob(recharge) *
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45 ragaataZi{"water”, recharge, "irr”, "zant7%-£7, “zantaiop™,
6454

6455

6456 * COTUTLCCCCCCLCLCInCiCCCOCCCCeetorteCleccrocnoonas ggceceeceecce
6487 Make dryland an option for any given year

6458 * COCCTCCCTCCClClClCCCCClCeCCCerrCeeCCCCeCeoTics sseslelustalaaiey
61%9

6460 ‘ragdeta(agitem,”irr™, *dry® crop)$ragdata(®yieia", "dry", "tull”, zrop)
6461 ¢ = ragdata{agitem, "dry", "full®, crop) -

6462

6463 parameter cost{agitem) coat of ag items/

€464 harvacre 1, FEDINS 1 ,HERB 1  _HERBAPPL 1. PHOSPHATE |
6465 NITROGEN 1, SEED 1 ,INSECTIC 1|, FUELM 1, FUELI ]
64686 REPAIRM 1, fixed 0 ,varcost 1, daefic 9,

€4&7 REPAIRI 0 , LABORM 1 , LABORI 0 ,HARVEST 0. INTEREST Q
6468 FUNGIC 1 ,PESTICAPPL 1, MISC 1, INSECTAPPL 1, LABORS 1/
€469

6470 set adjust {agitem) ag items whose usage can be adjusted
847 / harvacre, FEDINS HERB LHERBAPPL  ,PHOSPHATE
6472 NITROGEW , SEED L INSECTIC  ,FUELM

€473 REPAIRM , varcost,
6474 LABORM , interest,

$47%  FUNGIC ,PESTICAPPL ,MISC , INSECTAPPL ,LABORO /
6476

§477 set waterdepi{agitem) items whoss use depends on water uss
6478 / FUSLL, REPAIRI ,LABORI /

6479

6480 set ws(PenaStrat) we{PenaStrat)=yes;ws{"full®leno;

401

6182 * CCOCCCCCCOCCCCCCCCCOCCCCCCCCCCCCCCTLCCCCTertilteCCCCeecce
6183 ¢ ADJUST WATER USE TO CONFORM WITH ACTUAL WATER USE

6484 * CCCCOCCCCCCCCCCCCCCCCCCCCCCoCCCCCCreCCCCCCrotCCCCsreeece

6485

6486 ragdata(watr,™icr™, waterstat,crop)$ragdataiyield®”, “ice", "full", ¢crop)
5487 = ragdata{watsr,“irr” waterstat,crop} * 1907.8 / 66.126105;

6488

6489 * CCOCCCCCCCCCCCOCCCCOCCCCCCCCCCoCCCCCCCeCcrececcoececceceec

6490 * Total {Annual) irrigation water required

6491 * CCCCCCCCOCCCCUCCCCCCCCCCCCCCCCCCCOCCCoTCTCCeCCCTCceceee

6492

6493 ragdata(“water”, "irr", waterstat,crop)

6498 Scagdata{"yleld™, "icr”, waterstat, cropi=

(13 1] sum(watr, ragdata{wate,™irr” waterstat,crop});

6196

6497 . L e o o byl e i, a0 8, 4 ] ] 4 L ) 920, 0 L L 0 ) O 1 0 e e e
6498 ¢ Reassign monthly irrigation water to sonth

6499 * CCCCCCCUOCCCCOOCCCCCCOCCCCLCCCCCrCCCCOCCCCertrCCCCCeCCCCCee
6500

6501 ragdata{*jan™,"irr”™, waterstat, crop}
6502 = ragdata(™jan-water”™, “irr"*,waterstat crop} :
6503 ragdata("feb”, "irr", waterstat, crop}
6504 = ragdata("feb-water®, "irr",waterstat crop} :
6508 ™, "irr", wateratat,crop}

65068 a("sar-water™, “irr™, waterstat,crop) :
6507 ragdata(“apr®, "irc™, waterstat,crop}

6508 = ragdata(Tapr-water®,"irr", waterstat,.crop) :
6509 ragdata {“may™,"irr” waterstat,crop)

6510 = ragdata(“may-water","irr", waterstat,crop) ;
6511 ragdata(®jun®, “irr”, waterstat, ceop}

6512 = ragdata{™jun-water®, "irr", waterstat,cropl ;
6513 ragdata(™jul®, "irr"”,wateratat,crop)

6514 = ragdata("jul-water”™, "irr", waterstar,crop} :
€518 ragdata("aug”, "irc",waterstat,crop)

6516 = ragdata{“aug-water®, "irr" waterstat,crop) :;
6517 ragdata("sep®, "irr" waterstat,crop)

€518 = ragdata("sep—water®,"irr",waterstat,crop) ;
€519 ragdata(®oct™, "irr"”, waterstat, crop)

€520 = ragdata(“oct-water®,"irr”,waterstat,crop) ;
€521 ragdata(“nov”,"irr", waterstat,crop)

€522 = ragdata("nov-water®,“izz"™, waterstar,cropl
6523 ragdata{“dec”,"irr",waterstat,crop} =

€524 ragdata("dec-water”, "irr™, waterstat, crop) ;
652% ragdata("jan-wate “"irr*,waterstat,cropi=0 ;
6526 ragdata ("feb-water®, “irr™, waterstat,cropi=0 ;
4527 ragdats ("mar-water”, "irr®, wateratat,cropi=0
6528 ragdsta ("apz-water®, "irr® waterstat,cropi=0 ;
6529 ragdata(“may-watsr®, "irr”,waterstat cropi=0 ;
£530 ragdata("{un-water®, "irr”,waterstat,cropi=0 ;
6511 ragdata(®jul-water™, “irr™ waterstat,crop}=0 :
6532 ragdata ("aug-water®, *irr®, waterstat,cropi=0 ;
6533 ragdata{™sep-water®, "irr™, waterstat, crop)=d ;
6534 ragdata("oct-water”, "irc", waterstet, cropi=0 ;
6535 ragdats(“nov-water”, “irr™,waterstat,crop}=0 ;
6516 regdata{~dec-water™, “irzr", waterstat, cropi=0 ;
6537

6538 * CCTCCCCOCCOCCTCOCCCCCCCCrCCCOCCCCCCCCCCCCCCTCCCCCCCCCrCCCCCe
6539 + ¢ FILL IN BLANK VALUES c

6540 *  CCCOCCCCCOCCTOCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCUCCCCCCCClee
6541

6542 ragdata(adjust,lando,ws, crop}

654 $ (ragdata(™yield"”, lando,ws,crop} gt @}
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6544 - rlqdltnfuajust.:ando,“tull",:zopl

6545 $( r-qdutat-d)usn,l-ndc.w-,crop) eq ?

6546 + 1%ragdataisdjuse, landa,ws,crop)*

65147 ragdateiedjust, lando,ws,crop) ;

6548

6549 raq&atal'prict',l-ndo.u:,crop)!rngd.tut“yiold".1sndo,us,:rgp
5550 - ragdatn('prlc-',landa,“full“,c:op):

6551

6552 R e e s eieiate =l ole alal ol ol o o2 s o o o) o o ol wl o o {0t sf { sl ot oveml st bt o ol o o
6553 » Deficiency Payment and harvest ccst are based on rield
6554 - (2111 in)

655% R o e s e =l elef ) sl el af e ) a2 ol o o o 1 of o o o o o o o o o af o oonotot atsnolter el ad i we s
6356

6557 ragdata("defic” , lande,ws,crop)

6554 Sragdata(“yield", lendo, "full®™,cropi=

8559 ragdata{"defic® ,lando,“full”,crop)

£560 1 rqqdntn('yinld'.lnndo.‘ruil“.cropl:

4561

6562 ragdats{“harvest™ , lando,waterstat,crop)

65643 $ragdata("yield", lando,waterstat,cropi=

$564 ragdata{harvest™ , lando, "full®, crop)

6565 / ragdata{"yleld®, lando, "full®,crop!:

6566

6587 + CCCCCOCCCCCCCCCCCCCCCCCCCCCCCECECECEECCCCCCCCCCrCtCCCeeCcce
6568 Caluclate Total Acre Costs, Total Revenus, and Margin

6569 * COCCCCCCCLLLCCCCCLCCCCCCCeeCCCCCCCCerCCCCCtTroCCCCCoreocooes
6570

6571 ragdata("totzev®,lando,waterstat,czop)

6572 Sragdata("yield”, lando, waterstat,crop)=
6573 ragdate("price”, lando, watarstat, czop)

€571 ¢ ragdata("yield", lando,waterstrat,crop):

€57s

6576 ragdata{“totcost™, lando,watarstat,crop)

€577 Sragdata("yield™, lando,waterstat,crop) =
6578 su-(ndjuu:,costtndjustl'rngdatn(ndjust.lando.ua:orstat,crop)1;
6579

E580 *display ragdata,waterstat,crop;

€581

€502 ragdata(™marg”,lando,waterstat,crop) =

6581 ragdata(“totrev”, lando, waterstat, crop)

6584 - regdata(“totcost?, lando, waterstat,crop) ;
6505

6506 Tagdata("margl™, lando, waterstat,crop) =

6507 ragdata{"marq”, lando,waterstat,crop}

6588 ~ ragdata(“harvest”, lando,waterstat,crop)
6589 * ragdata{™yisld”,lando,waterstat, crop) :
6590

6591 . LLLLL\.-\-LL‘.-LLLLLLLLLLLLL’LLLLLLLLLLLLLLLL'LLLLLLLLLLLLLLLLLLLLC
6592 + Rearrange Data

6593 * CCCLTCCOCCCCCCCECCCCCCCECCCCCCLCCCCCCCCCCCCCCeCCCCCCTocarees
6534 PARAMETER BCRESULTS (Lando, groups, YEAR, cTop3, month) BLANEY CRIDOLE;

6595 BCRESULTS (Lando, county, recharge, crops, month)
6596 = BCresult (Lando, CROPS, recharge,month, county) ;
6597

6598 paremeter aBCresults(LANDo,groups,year,CROPS) annual BLANEY CRIDDLE:
6599 aBCresults (LANDo, county, recharge, CROPsS)

6600 - u!C:c:ultiLANDo,CROP:,rn¢hntgc.county) H

6601

6602 parameter BCAVG(LANDO,GROUPS,CROPS,month) AVERAGE BLANEY CRIDDLE:
6603 BCAVG { LANDo, county, CROPS, month)

6604 = BCav (LANDo, CROPS, county,month) |

6608

6606 parameter agdats2(agitem,rechargall,lando,crops,allstrar) ;
6607 set savagitemiagitem);

6600 savagitem("yield")=yes;

6609 savagitem(“price”}=yes;

6610 savagitemi("harvest"}=yss:

6611 savagitem(“totcoat®)=yes;

6612 agdatal (savagitem, recharge, lando, cropl, allstrat) =
6613 ragdata{savegites, lando,allatrat,cropl);

6614 option agdatal:3:2:3;

6615 *display agdatal, ragdata:

6616 parameter agdats{agitem,lando,crops) ;

6617 savagitem(®yisld™)wno;

6618 agdata(savagitem, lando, cropa)e

6619 ragdata(savagitea, lando, "tull”™, crops) ;

6620

6621  agdatel(“yield®,recharge,“dry", cropl, "full”) =

§622 + ( ragdata(™yield®, "dry™, "full®, cropl)

6623 * aBCRESULTS("DRY™,"uvalde™, RECHARGE,cropl) ):
6624 agdata (month, recharge, "irr™, cropl, spkstat) =

662% cagdata{month, "lrr", spkatat,cropl}

6626 * BCRESULTS ("IAR", "uvalde®, RECHARGE, CROP1. month) ;
6627 agdatal (month, recharge,“irr", cropl, fatat) =

6628 ragdata{month, “irr®, fatat,cropl)

6629 * BCRESULTS("IAR™, "uvalde®, RECHARGE, CROP1,month) ;
6630 cdisplay agdatal,cropl,crop:

6631

6632 asavagitem(“yield™)=yes;
6633 savagitem(month)=yes;
6634  agdatal(sevagitem, recharge, lande, crop?, allstrat)
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6635
6616
6617
6638
6619
6640
5641
5642
6643
a6dd
6645
66446
6647
[11]
664%
6650

Sragdata2(savagitem, recharie, lards, alisrrar, cropll =
ragdata2 (savagiten, recharge, lando, allatratr, cropl

cption agdeta2:3:2:3;
option agdata:i:2:1;
display agdatal;
display agdata;
cropstrat(crops, lando,allstcat) =yess
sum(isavegitesm, recharge)
,agdatal (savagitem, recharge, lando, crops,allstrat)
cropstrat(cropl, "dey™, "full™)=no;
display cropstrat;

spkstrat (spkatat) =yes;
display spkstrat;

INCLUDE /mac/mccarl/edwards/dryysar/aguodel

6652
6653
6654
6655
6656
6657
6654
6659
6660
4661
6662
6663
6664
6665
6666
6667
6668
6669
6670
6671
6672
6673
6674
6678
6676
6677
6678
6679
6680
6681
6682
6603
6684
6685
5686
6687
6608
6689
6690
6691
6692
6693
6694
6695
6696
6697
6698
6699
6700
6701
6702
6703
6704
4705
§706
6707
6708
6709
6710
6711
6712
6713
6714
6715
6716
6717
6718
6719
6720
6721
6722
6723
6724
6728

I 0 0n e g ] s . o o st s o o o o e ot o el ot o o ] 1 o o e o
* This Model Produces Free Capturs Ag Values
* CCCCOCCCCCtTClCCCCCCCCCOrCreeelrCCrCrlrCrtCCCrCCCCCCCCCCCCs

OPTION LIMROW = 0:
OPTION LIMOOL = 0;
OPTION ITERLIM = 1000000;
QPTION RESLIM = 1600000;

set scounty(groups) /hays, bexar.medina,comal/
wcounty (groups) /kinney,uvalde/
beghead (regress) /jl7head, sabhead/
maploc (regress,equ) /jl7hesd.endil7head, sabhead. sndsabhead/
. agcounty (groups) / Uvalde, Medina, Kinney, Bexar /
agcounty (groups} / Uvalde, Medina /
paysllg(agcounty) counties sligable for payment ;
payelig(agcounty) =yes;
alias (menth,month2)
set strattype!lands,allstrat)
irreype{lando, landa) irrigetion relationships /
dry.dey,irr. (sprinkler, furrow)/;
strattype(“dry”, deystzat)=yes:
strattype(“sprinkler™, spkstrati=yes;
strattype (“furrow", fatat |=yes;
display strattype:

Paramster Liftpi{rechargall,region) Pumping Distance as Adjusted ;
Liftp(recharge,region)=1;

Table LIFTo(rechargall,region) Original PUMPING DISTANCE IN VERT FEET

* From optimization (no restrictions).

EASTLIFT WESTLIFT

1956 168 163
1951 166 162
1363 165 161
1909 164 160
1980 161 156
1974 156 151
1976 151 145
1958 140 131
1987 L34 124

scalar sprinkon pos value activates sprinkler / 1 /

spktrans do i allow furrow to sprinkler conversions / 0 /

Price dry year option price /0 /

fixacres do we have a fixed acreage base 0/
et
cropuses(cropa) crops which use water during blocked period
cROPeligirechargall ,crops, lando,allstrat} irrigat strategies elig for payment
buyoutyear (rechargall} buyout years;

cropuses (crops)=no;

cROPelig(recharge,cropuses, lando,allstrat) =no;
buyoutyear (recharge) =yes;

*cropuses {"corn®) =yes;
¢cROPelig(recharge,cropuses, lando,allstrat) =yes:

pacasetar
holdacres (agcounty,zone, Landa, crops, recharge) acres that must be irrigat

holdacres (agcounty,zons, landa, crop, recharge)=0_1;

set WATUSEYEAR (USEYRAR) YEAR OF WATER USE IN CURARENT MODEL
/1988 /

* COCC e L O oL T CCCCCLCCCCCCCCCCCCCCCCCOC oLl
. Total Pumping and Sprinflow Limits
+ CCCOCOLCCUCCCCTCCCOCCrCCorOCCOCCCCCCCCCCCoCCCCCCCCCCCrCCCCeee

scalar Limit Overall pumping limit - 0 450000 or 400000

0/
springmin Minimum Comal springflow - 0 150 or 200
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6726
8727
6728
6729
6730
6731
§732
67313
6734
6715
6736
6717
6738
6739
6740
6741
5742
5743
6744
6748
5748
§747
§748
6749
§730
67%1
752
6753
6754
6755
6756
6757
6758
6759
6760
6761
6762
6763
6764
6768
6766
6767
6768
6769
8770
6771
6772
6173
6774
6775
6776
6177
6778
6779
6780
6791
6782
6783
6781
5785
786
6787
6788
6749
€790
6791
6792
6733
6794
§79%
6796
6797
6798
6799
6800
6801
802
6803
6804
6805
6806
6807
6808
6809
6810
611
6812
6813
6814
6815
6815

[ B
* LELELE o S SR SIS S S S SIS S S e o1 2142 o ot ol o] of of o1 sl sl il ed of st ef ot sf ot W el ol i jutatates wt of af ot ad
set nlink(month,month2} Set linking months for aggregation

/jan.jan, feb.(jan,feb), mar.(jan, feb,mar),

spr.{jan,feb, mar,apr}, may.(jan, feb,mer. apr,may),

jun.(jan,f.b,u-r,apr.mly,jun),

jul.{jan, feb,mar, apr,may, jun, july,

aug.(jan, feb,mar, apr,m. ¥, jun, jul, auq),
scp.(jm.fcb.li:,apr,--y,jun.jul,-uq,sopl.

ect. (jan, feb, mar, apr, may, jun, jul,aug, sep,cctl,
nov. (jan, feb, mar, apr, may, jun, jul, aug, sep,ocr, nov),
dccA(jm,hb.lar,apr,nay,jun,jul,aug.sop.oct,nov,dm:) /

* LLLLLL%LLLLLLLLLLLBLLLLLLLLLLLLLLLL»LLLLLLLLLLLLLLLLLLLLLLLLLC

M EDWARDS AQUIFER MODEL SPECIFICATION

+ AL L L L L Ll CCCCCCCCCCCCCCCCCCCICCCCCCCCCCCCEeCeee

VARIABLES
AgProfic

POSITIVE VARIABLES

LIFt(rechacgall,region} Regional PUMPING DISTANCE IN VERT FEET
AgPumpCost (zeglion, zonsel), rechargall) Acre Foot Cost of Pumping - AG
ENOWATER (andhead, rechargall) ENDING WATER LEVEL

AGWATER (9roups, zonall,rechargall,month) AGRICULTURAL WATER USE

DEVIRRIG (groups.zonall} DEVELOPED IRRIGABLE LAND

FurrTODRY (agcounty,zonalll Furrow LAND CONVERTED TO DRYLAND USE
SpkTODRY lagcounty, zonall) sprinkler LAND CONVERTED TO DRYLAND
FurrToSpkiagcounty,zonall) Furrow land converted to sprinkler

CROPMIX (agcounty,zonall,MIXESA, landa) CROP MIXES USED (Acres)
ARTSPRING (rechargall, SPRINGS) ARTIFICIAL SPRINGFLOW NO INFEASIBILITY
CROPPROD (agcounty, zonall, YEAR, crops,allstrat) CROP PRODUCTION Acras

INITWATER (beghead) INITIAL WATER LEVEL

paybuycut (agcounty, zone, rechargall) Acres bought out

EQUATIONS

08d OBJECTIVE FUNCTION

IRRPUMP (agcounty, zonall, YRAR, month) IRRIGATION PUMPING BALANCE
CropAcre(groups,zonall, landa,CROPS, YEAR) ACRES for Cropsl furrow
DRYLAND (groups, zonall) DRYLAND Acres

Furrowland (groups, zonall) Furrow lzriqation Acres
Spkland{groups,zonall) Sprinkles Irrigation Acres
Irrland (groups, zonall) Total Irrigated Acres
PumpColgiq{reqlon,zonall, rechargall} Per Acre Foot Cost of I[sfr Eqn
Pumplft (rsgion, rachargall) Base PUMPING LIFT BALANCE
MaxConvert (groups, zonall) Max amt converted to sprinkler

fixacre (agcounty, zonall, landa, crops, year) required landuse

buyoutpay (agcounty,zone, rechargall}

H

08J.., AgProfit =g=

acres bought out

~ SUM(lagcounty,zone}, DEVIRRIG(agcounty,zone)) * COSTIRRIG

- sum({{agcounty,zonel,
{AvailZone (agcounty, tone, "sprinkler™)

+ FurrToSpkiagcounty,zone)$Sspktrans )) * CostSprink

+SUM (RECHARGE, PROB (RECHARGE) ¢ (

+Sum ( (agcounty, zons) , paybuyout (agcounty, zone, recharqge) *price)

+SUN (agcounty,
sum(lando,
sum(cropdiscrop(ageounty, lando, crop ),
sum(irrtype (lando, landa},
sum{zone,
sum{strattype(landa,ailstrar)

andltsz("yi.old".nch.rgo.hndo,crop ,allstrat)
+ CROPPROD (agcounty, zone, RECHARGe, crop ,allatrat)
¢ ( agdata2("yield™, recharge,lando,crop ,allscrat}

¢+ ( agdata("price“, lando,crop)

- agdata("harvest®, lando,crop) )
-~ agdata{"totcost®, landoc,crop } 1))
- sum{zone,

nn

sum{month, AgWater{“"Uvalde",zone, RECHARGE,month}}

* AgPumpcost(“westlift”, zone,

- sum(zone,

recharge) )

sum(zonth, AgWater("Medina™,zone, RECHARGE,month))
* AgPumpcost (“sastlift™, 2one, recharge) )

)y

PUMPLFT (region, RECHARGE) . .

LIFT{RECHARGE, region] =e= Life®?(recharqge,region) :

PumpCoAglqiregion, zone, rechacgel..
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6817 AgPumpCost (fegion, zone, recharge)

6914 k=

6819 12 * (repairc + labore + ( 0.00145319 *

4820 ( Lift(recharge, . region) + AQDiff (zone,region) « 2,3l'pai)
6821 * png/(pe*del | )

6022

682) * CCCCCCCCCCLCCCCCCCCCCCCOLCCCCCCCCCCCCCCCCECCOCCECCOiECCCoCsst
6824+ Water Use Constraints

6825 * CCCTCCOCCCTCLCCCCCCCCCCCCOCCCCrCCCCCCCCCCOCCCCECTeCCoCeCeess

§02¢6

6827 IRAPUMP lagcounty, zone, RECHARGE, month! $SAvailZone (agcounty, zone, "L1er™ ..

6829 (1-SUM{AGRFF,AGIAREFIC (AGEFF))) * |

6829 sum{crop$iscrop{agcounty,"irr”,crop i,

6830 ) sum(icetype ("izrz™, landa),

6831 Sum(strattype{leandas,allstrat)

6832 $cropstraticrop, "ire™ ,allatrar),

5033 CROPPROD (agcounty, zone, RECHARGe, crop . allatrat)

L1 EL] ¢ sgdetal (month,recharge, “irr™,crop ,allstrat)/12 ii})
681% =l=AGHATSR (agcounty, zone, RECHARGE, month) ;

6938

6037

6838 * CCOTOUTOCCCOCCCCLCCCCrCCCCOCtCCCCCCCCCCCCCCCCCCCCCCCCCCcoce
68)% * dry year buycut constraints

6848 * CCCOCCCOOCCCCCCCCOCCCCCCCOCCCOCCCCCCCCCCCCCCrCCCeoCieee
5041 .

6842 fixacre{agcounty, zons, landa,crop, recharge)$(

6843 fixacres and

6844 irrtype ("ize®,landa) and

§845% holdacres {agcounty, zone, landa, crop, recharge) ) ..
6446 sum{allstrat 8 ({ strattype(landa,allstrat) and
5847 cropstraticrop, "irr",allstrat)
6848 and iscrop(agcounty,®irr®, crop)),
6849 CROPPROD (agcounty, zone, RECHARGE, crop, allstrac)
6850 }

6851 ==

6452 holdacres (agcounty,zone, landa, crop, recharqe) ;
6853

6854 buyout pay (agcounty, zone,buyoutyear) ..
6055 paybuyout (agcounty, zone, buyoutyear)

5856 »lw

6857 {sum(crop,

6058 sult (¢ROPelig (buyoutyear,crop, lande, allacrat)$

5859 (cropstrat(crop, lando, allstrar)

6880 and iscroplageounty, lande,cropli,

6861 CROPPROD (agcounty, zone, buyoutyear, crop, allstrat)}}}
€482 Spaysligi{agcounty)

68683

6864 B

6865 * L L LUl L LUl L CCCUCLLLCCLCCClCCCCCCCL UL O Ll
6866 ¢ Crop lLand Constraints

6847 * COCCCCTCCCCCCCCCOCCCCCCCCOCCTCCCCOCCCCCCCCCCCCCCCCCCCCCCeCeCte
[1.11]
€869 CropAcreiagcounty,zone, landa, CROF, RECHARGE) . .

687¢ sum((irrtypei{lando, landa), strattype(landa,allscrat))
6871 $ (cropstrat{crop, lando,allstrat)

6872 and iscroplagcounty,lando,cropll,

€873 CROPPROD (agcounty, zone, RECHARGE, crop,allstrat) )
68T =y=

6875 sum{irrtype(lande, landa),

€876 SUM(MIXES, CROPMIX{agcounty,zone,MIXES, landas)
6877 ¢ MIXDATA(agcounty,lande, CROP,MIXES)))

6878 H

6879

6880 DRYLAND (agcounty,zone)..
6801 SUM(RMIXES,SUM(CROP, MIXDATA (agcounty, "DRY™, CROP,MIXKES) ]

6882 * CROPMIX (agcounty, zone,MIXES, "DRY"™))

€803 =La

6884 AVAlLzone (agcounty, zone, "DAY™) + SpkToDry (agcounty, zone) Ssprinkon
608% + FurrToDry (sgcounty,zone) 7

[1.1.71

6887 FURROWLAND [agCOunty, zone) ..

6ase SUMI(MIXES, SUM{CROP. MIXDATA{agcounty, ™irr™, CROF MIXES})
s889 ¢ CROMMIX (agcounty,zone, MIXES, "furrow"))

6890 -T=

6891 AVAILzone {agcounty,ione, "sprinkler™) $ (Sprinkon eq 0) +
&892 AVAILzone {agcounty,zone, “furrow™} - PurrToDry(agcounty,zone)
6893 - FurrToSpkiagcounty,zone) $SpkTrans :

6894

6895 SPYXLAND(agcounty,.zone) $ sprinken..

(1.51] SUM(MIXES, sum{CROP, MIXDATA(agcounty,™irz™,CROP,MIXES) )

6897 + CROPMIX (agcounty, zone, MIXES, "sprinkler™))

64898 -l=

€499 AvailZone (agcounty, zone, “sprinkler®! - SpkToliry{agcounty,zone)
6900 + PurrToSpklagcounty,zone)$SpkTrans ;

69501

6902 Irrland(agcounty,zcnae)..

6903 Devirrig(agcounty, zona)

6904 ==

6905 sum{icctype(™irr™, landa),

[11.12 SUM{MIXES, SUM(CROP, MIXDATA{agcounty,™irr", CROP,MIXES))
69507 * CROPM1X(agcounty,zone MIXES, landa ))):
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6308
6309
6910
6911
§912
6913
6514
31%
6916
6917
€918
6919
6920
6921
6922
6923
6924
6928
6924

INCLUDR

6920
6929
6930
6331
8932
6933
6934
6935%
6936
6937
6338
$931%
63490
6941

6942
6341
$944

6945
6546
6947
6348
6949
6950

6951

6952

6953

6954

6955
6956
6957
6958
6959
6960
6961
6962
€963
6964

6965
6964
6987
6964
6969
6970
6971
6972
6973
6974
6975
6976
977
€978
6979
6580
6901
6982
6943
6944
698%
6986
6987
65819
6989
6990
6991
6992
$99)
6594
699%
6936
6997
6598

MaxConvert (agcounty,tons) $ SpkTrans..
furrToSpkiageounty, rone)
oLa

AvailZone(sgcounty,zone, “furrow™) * .8 ;

* OO CCCCCCCCCCCCCCCCCCCCECrCCCCCCCrOrtoCcrececee
MODEL EDWARDS /ALL/ ;

Option NLP = MINGOSS ;
. Option NLP = gamsbas :
¢ Option NLP = gamschk :

ECWARDS . OPTFILE = 1

¢*$INCLUDE “edagl.bas”
SOLVE EDWARDS MaxIMIZING AgErofit USING NLP ;

/mac/mccarl/edwards/dtyyear/drystudy
option solprint = off ;
L o o o o o 3 X 1 o o o 1 00 01 1 01 04 2 01 S e L 8 S o 1w 91 o ot ot i
+ This program solve edagl and writes out values
. FOR STARTING AND ENDING HEADS and offer prices
+ COCCCCCrCCCCCCOCOCCCCCCCCCCCCCCCCCCCCOCCCCCCTIETCCCeCIeteee
set scenario dry year option scenarios
/bage.mallyear,njuneall,mjunedsd
,uallyear, ujuneall,ujunedd/
aliag(month, smonth);
#et scenarios{scenariol dry year option scenario? to run
/mallyear/
set azTURe
/daninter, juneint,allyeac, 48ysars, fixacre. uvaldes, medinac/
table scendatslassums,scenario} scenario sssumptions
base mallyear mjuneall miuned8 vallyssr ujuneall ujuness

janinter 0 1 0 Q 1 a 3
juneint 0 0 1 1 0 1 i
allyear 0 1 1 Q 1 1 o
18years [} 0 ] 1 1] 1} 1
fixacre [} ] 1 9 0 1 [+]
uvaldec 0 0 o 0 1 1 1
nedinac ¢ 1 1 H a 1 9:

Sst Dryyear (Rechargall) identify years which are dry
/ 19%6,1951,1963,1989,1980 / ;

et PriceSetXl Set of Offer Prices
/ 0,10,20,30,40,%0,60,70,80,90,100,110,120,330,140,150, 160,
17¢,.180,190,200 /
PriceSet (PriceSetX) sat of prices to simulate
* / 0,10,20,30,40,50,60,70,80,90,100,110,120,130, 140,150 /
/0, 90 /
HeadSet Set of pumping lifts that can be wed
/ =50, =40, m30, =20, al0, w0, pl0, p20, pi®, pd0, pSO /
HSet (HeadSet)

. / mS0, m49, =30, =20, =10, a0, pld, p20, pM, pi0O, p50 /
/ mb s
T
parameters

JiTHead (HeadSet) J17 Head Differcence

/ mS0 -5¢, m40 -80, =30 -30, a20 -20, ml10 -10, w0 0, pl0 10,
pa0 20, p30 10, pa0 &9, pSC SO /

SabHead (HeadSet) Sabinal Head Differenca

/ mS5¢ -50, m40 -40, =30 -30, m20 -20, ml0 -10, =0 0, plo 10,
p20 20, pd0 30, p40 49, psO S0 /

LifrL(HeadSet, rechargall, region) adjust Lift for head levels;

LiftL (HSet, recharge, "eastlift™) = Liftoirecharge, “eastlift™)
-.3436°J17Head (HSet) - .158¢SabHead (HSet) :

LiftL(HSet, recharge, "westlift") = Liftoi(recharge, "westlift")
~.2983*J1Head (HSet) - .196*SabHead (HSet) ;

parameters
objsum
PriceP(PriceSetX) alternative compensation prices
/ 00,10 10,20 20,30 30,80 40,50 50,60 60,70 79,80 20,
90 90,100 100,110 110,120 120,130 130,
140 140,150 150,160 160,170 170,180 180,190 130,200 200 /

set

blockmonth {month) month when water use is bought out by midyear option
/ jun, jul, sug, sep, oct, nov, dec /

cropusesi(crops) crops which use water during blocked period:

*figure crops which use water in june or after

cropuses? (crops)=yes$sum({blockmonth,

sumiallstrat,
sum{recharge, agdata2 (blockmonth, recharge, "irr”, crops,allstrat))));

Appendix A - 82



6999 set CROPeliglirechsrjall,crcps,aslstrat.
7060 cROPeliglirecharge,cropuses2,ellstrat)

7001 =yes$ isum(blockmonth,

7002 lqdltlz[bl.ock-on:h,uchurqc."irr“,:r:pus.sz,ai1strat) )
7002 «q 0}

7004

79405% holdacres{agcounty, zons, landa, crop, rechacge)

7006 = sum{sllatrat § strattype(landa,sllstraty,

7007 CROPPRQD. L{sgcounty, zone, RECHARGE, crop, sllstrat))
7008  zet

7009 CGroup (o model Groupings

7010 / feed, Food, Oil, Hayg, Cot, Veq, TotCrop, Payment /
7011 CCGroup {0 model Crop Groupings

7012 / Feed, Food, 0il, Hayg, Cot, Veg /

7013 InCGroup{CCGroup,crops) Which crops in crop groupings
7014 / Feed. {corn, sorghum, ocats},

7018 Food. winwht,

7016 0il. (peanuts, soybeans],

7017 Hayg. {hay, sorghay},

7018 Cot. ({cotton),

019 Veg. (cabbage, cantslop, cucumber, onion, lsttuce,
7020 carrot, SPINACH, peppers, honeydew, potato, swtcorn,
7021 tomato, watermel} / :

7022

7023 ¢ OO CCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCoCCCCOLeCCeCy
7024 ¢ Create Parameters for Saving Values

7028 * COCCOCCCCCOCCCCCCCCCCCCCOCCCCCOCLTTCCCCCCOCCCTCCCCCCCCCCece
7028
7027 Set rech(year) Recharge years and Average ;

T029 rech(cecharge)l = yas

7029 rech("Ave®) = yes ;

7030

7031 set itemtype

7032 /agincome  direct ag income

7033 payment dry year payment in all counties

7034 totincome &g income + payments,

703% irracres irrigated acres farmed

03¢ dryacres dryland acres farmed

7037 totacres total acres faraed

7038 agwater ag Water use

70319 wellelev well ending slevation increment

7040 comalinc increase in comal springs flow

7041 sarmarinc increase in san marcos springs flow

7042 grossinc  tounty gross output/

7043 itemname /incomeint income when interrupted,

70844 incomeun income when not interrupted

7045 payment payments to farms

7046 avgincome average total income

7087 /

7048

7049 parametsr summarytab{scenario, Lteatype,groups,”, priceset)

7050 summarytb{scenaric,itemtype,*,zone, priceset);

70581

7052 Parameters

7051 Abanland {gzoups, zchall,scenario,priceset} Abandoned lLand

7054 osprnkland2(groups,zonall,year,scenario, priceset) Sprinkler Land
7055 dryland2({groups,zconall, yesr,scenario, pricesst) Total to Dryland
7056 furrland2(groups,zconall, year,scenarioc, priceset) furrow Land by Zone
7057 totland2igroups,zonall,year,scenario, priceset) Total Land in Ag

7058 Agrwater (groups,year,month, scenario, priceset) Ag Water

7059 AgMargin(groups,zonall, year,scenario,priceset) Ag Variable Prof.
7060 SumIrrig(scenario,priceset)

7061 SumTcDry(scenario,priceset)

7062 SumAgWatez(scenario,priceset}

7063

70864

7065 Option NLP = Minos$ ;

7066 *+ Option NLP = gamschk ;

7067 BDMARDS . OPTRILE = L
7068
7669 LifeP(recharge, cegion) = smax(hset,LiftL(KSet, recharge,cegion));

7070 display cropstrat,iscrop:
7071 paramater itt(scenarioc):
7072 loop(scenarice,

7073 ict (scenario}=0;

7074 ict (sconarios)«l;

7075 display ice;

7076 fixacres=d;

7077 payeligiagcounty)=no;

7078 cROPelig{rechargall,czops, lando,allstrat) =no;

1079 if(scendata{™uvaldec”,scenarios) gt 0, payelig(“uvalde™)=yes);
7080 if (scendata({"medinac™, scenarics) gt 0, paysligi"medina")=yes):
7081 if(scandata{®fixacre™,scenarios) gt 0, fixacres=l);

7082 if{scendata(™janinter”, scenarics) gt 0,

7043 cROPelig{recharge,crops, "dry”,drystrat) =yes$

To84 sgdata2 (“yield"™, recharge, “dry™, crops ,drystrat);

7085 1:

7086 if (scondata(®juneint™, scanarios) gt 0,

7087 cROPeligirecharge,cropuses2, "irr",allatrat} =yes

J088 $(cROPelig2irecharge,cropuses?,allatrat) and

7089 agdataZ(“yield™, recharge,“irr™, cropuses?, allstrat)):
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T390 r:

7091 if{scendata(“48years”, scenarios) gt 9,

7092 cROPelig(recharge,cropuses?, lando,allstear,s
7093 (not(dryynninchqucln o)

7094 display cropelig, fixacres, payelig:

709% Loop [(PriceSet,

7096 Price = PriceP(Pricesst) :

7097 :

7098 SCLVE EDWARDS MaxIMIZING AgProfit USING NLP :
7099

7100 objsus=
7101 +SUM (RECHARGE, PROS { RECHARGE) * (

7102 + SUMI (agcounty,zone),

7103 -DEVIRRIG.1 (agcounty, zone) * COSTIRRIG

7104 - lvuilZoﬂ.(lqcoun:y,zono,"sprinkl.t')

7i0% + FurrToSpk.llagcounty,zone)$apktzans » + CostSprink
7106 + paybuyout.l(ageounty,zons, cecharge)*price

7107 + sum(lando,

7108 sum(croplacroplageounty, lando,crop ),

7109 sum(irrtype(lando, landa),

7110 sum(strattype (landa,sllstrat)

Ti11 SagdataZ("yield",recharge,lando,crop ,allstrat}
7112 + CROPPROD. | (agcounty, zone, RECHARGe, crop ,allstrat)
7113 v ( agdats2{“yield", recharge, lando,crop ,allstrat)
7114 ¢ { agdata("price”, lando,crop)

7118 - agdata("harvest®, lando,crop) )

7116 - agdata("totcost™, lande,crop ) 1)) 1))

1117 - ( sum{month, AgWater.l(agcounty,zone, RECHAAGE, month}}
7118 * (AqPumpcost. ]l (“westlift™, zone, recharge)

7119 $sameas (agcounty, "uvalde”)

7120 + AgPumpcost.l("eastlift™, zone, recharge)

7121 $sameas (agcounty, "medina®™)))

7122 Yoo

7123 AgMarginfagcounty,zone,cecharge,scenarios,pricesst) =

7124 -DEVIRRIG. ] (agcounty,zone) * COSTIRRIG

712% - { Availlone{agcounty,zone, "sprinkler”)

Ti26 + FurrToSpk.l(agcounty,zone)Sspktrans ) * CostSprink
7127 '+« paybuyout.l{agcounty,zohe,recharge)*price

7128 + sum{lando,

7129 sum(crop$iscroplagcounty, lando,crop ),

7130 sum({icrtype(landec, landa)l,

7131 Sum(strattype(lands,allstrat)

7132 Sagdata2(“yield™, recharge, lando, crop ,allstrat)
733 »CROPPROD. L {agcounty, 2ons, RECHARGe, crop ,allztrat)
T34 * { agdata2(“yield™,rechacge,lando,crop ,allstrat)
7138 * | agdata("price”, lando,crop}

7136 -~ agdata{“harvest™, lando,crop) |

7137 - agdata(“totcost™, lando,crop } )))})

7138 - | sumi{month, AqWater.l(agcounty, zone, RECHARGE, month))
1138 *{AqPumpcost. ]l (“westlift™, zone, recharge)

7140 $sameas (agcounty, “uvalde™)

714 + AgPumpcost.l("eastlift™, zone, recharqe)

7142 $sameas(agcounty, "medina™))}

7143 B

7141

7145 agrwater(agcounty, recharge,month,scenacios,pricesst)

7146 = sumizone, agwater.l{agcounty,zone,recharge,sonth} j;
7147

7148 sprnkland2(agcounty,zone, recharge, scenarios, priceset) =

7149 sumi{crop, spkatrat],

T1%0 CROPPROD. 1 {agcounty, zone, recharzge, crop, spkatrat));

7151

7152  furrland2(agcounty,zone,recharge, scenarios,priceset) =

71583 sum{icrop, fatat ),

7154 CROPPROD. 1 (agcounty, zone, recharge, crop, fatat ))

T8

7156 dryland2(sgcounty,zone, recharge, scenarios,pricaset) =

7157 sum((crop,drystrat) ,

7158 CROBPROD, 1 (agcounty,zone, recharge, crop, drystrat))

7159

7160 totland2(agcounty,zone, recharge, scenarics,priceset) =

7161 sum{ {crop, strateqy),

7162 CROPPROD. L (agcounty, zone, recharge, crop, strategy))

7163

7164 abanland {sgcounty, zone, scenarios, priceset! = availzone tagcounty, zone, “irr™)
7185 - DevIrrig.L(agcounty, zone)

7166 - furrToDry.L{agcounty,zone)

7167 - spkToDry.L(sgcounty,zone)

7168 abanland (gzroups, tone, scenarios, priceset)

716% $ (abanland (groups,zone, scenarios, pricesst) 1t ,1)=d;

7170

IR T A =l 0 0 0 0 O O 5 0 5 O 0 e A e o o e O

T2 - The following values to be saved and displayed

7173 * CCCCLCCOCCCCCTCLCCCCCCCCeCCtCtLCCCCCCeCetCCCCCCCeeececceeee
7174

7175 SumIrrig(scenarios,priceset)

7178 = sum[(agcounty,zone),Devirrig.L(agcounty,zone)};

7177  SumToDry(scenarios,priceset) = sum((agcounty,zonel,

7173 sum(recharge, prob(recharge)

e ‘Dryland2(agcounty, zone, recharge, scenarios, priceset})) ;

7180  SumAgWater (scenarics,priceset) = sum({(agcounty,recharge,month),
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7181
1182
7103
7188
7188
7108
T187
7108
7189
71%0
7191

7192

7193

7194

7195
7196
7197
7198
719%
T200
201
7202
7203
7204

1208
206
7207
7208
7209
7210
7211
7212

7213

7214

7215

1216
7217
7210
7219
1220
q221
J222
7223
T224

722%
7226
71227
1229
7229
7230
T23L

7232
7233
T2

1238
1236
7237
7238
723%
7240
7241
7242
7243
7244

T245
1248
27
T2¢8
T248
7250
7251
1282
7253
7254
7255
7256
7257
7254
725%
7260
1281
1262
7263
7264
7265
7266
7267
T268
7269
1270
7271

tagrwater ‘agcounty, recharye, scnth, 3CANArios Zrizeser
v Probirecharge; ) ) i

‘et itemtype
/agincose, agwatuse,agacrey,wellelev,comaling, sanmarine, ¢ . ey
qrossout/
itemname /incomeint incoms when interrupted,
incomeun income when not interrupted
payment paymants to farms
avgincome average total income

‘v e e

‘parameter summarytabl{itemtype,®,scenario)
b Juamarytbi{itemtype, *, zone, sconario) :

summarytab{scensrios,“agincome™, ageounty, zone, priceseti=
sumirechargs, probirecharge) *
MMarginiagcounty, zone, recharge, scenarios, pricesety )
SURBACYytab(scenarios,“agincome®, agcounty, “all® , priceset)=
sumizona, summarytab{scenarics, "agincome™, agcounty, zone, pricessci);
susmarytab(scenarics, "agincome®, "total™,zonall,pricesst)=
sum(agcounty,
sumsarytab(scenarics, "agincome”™, agcounty, zonall, priceset) )
suamarytab{scenarios, “payment”, agcounty,zone, pricesst)=
sum{recharge,probirecharqge}*
paybuyout .l (agcounty, zone, recharge) )‘price;
summarytab{scenarics, "payment™, agcounty, "all™,priceset)=
sum{zone, summarytab(scenarios, “payment"”, agcounty, zone,priceset));
swmmarytab(scenarios, "payment™, "total™, zonall, pricesst)=
sum {agcounty, summarytab(scenarios, "payment™, agcounty,zonall,priceset))
summarytab{scenarios, "totincome", groups,zonall,priceset)=
susssrytabiscsnarios, "agincome",groups, zonall,priceset) +
summarytab{scensrics, "paymeant”, gqroups,zonall, pricesst);

sumsarytabi{scenarics,*liracres™, agcounty, zone, priceset)=
sum{recharge, prob(recharge)
‘sum{(crop,allstrat)
$(not drystrat{allstrat)),
CROPPROD. L{agcounty, zone, ARECHARGE, crop, allstrat])};
susmarytab(scenarics, “dryacres”™, agcounty,2one,priceset)s=
sum (recharge, prob(recharge?
‘sum{ (crop, allatrat)
$(drystrat(allstrat}),
CROPPROD. L{agcounty, 2one, RECHARGE, crop, allstrat)) ),
summarytab(scenarios, “IRRacres™, agcounty,*all", priceset}=
sum{zone, summarytab(scenarios, "TRRacres”, agcounty, zone, priceset}) .
susmarytab(scenarios, "dryacres”™, agcounty, "all”, priceset}=
sum(zcne, summarytab({scenarios, "dryacres™, agcounty, zons, priceset)):
JumBarytab(scenarios, “totacres”™,agcounty,zonall, pricessc) =
summarytab(scenarios, "dryacres”,agcounty,zonall,priceset)«
summarytab{scenarios, "irracres™, agcounty,zonall,pricesst);
summarytab(scenarios, "dryacres™,“total”™, zonall,priceset)=
sua{agcounty,
sun(zone, summazrytab(scenarios, "dryacres”™, agcounty,zonall,priceset));
Sumsarytab (scenarios, “irracres™, "total®, 2cnall, priceset) >
sSum (agcounty,
sum{zone, summarytabi{scenarios,“irracres", agcounty, zonall,.priceset)}i;
summarytabiscenarios, "totacres™, "total”, zonall,priceset)=
sum (agcounty,
sum{zone,summarytab(scenarios, "totacres”, agcounty, zonall, pricesst}});
sumsarytab{scenarios, "agqwater®, agcounty, month, priceset)=
sumirecharge,prob{zecharge)*
Agrwater (agcounty, recharge,month, scenarios,priceset));
summarytabiscenarios, "agwater®, "total”,month, pricesst)=
sum (agcounty, sumsarytab{scenarios, "agwater”, agcounty,month,priceset});
summarytab(scenarios,™agwater”™, groups,“all”, priceset)=
sum(month, summarytabi{scenarios, "agwater”, groups,menth,priceset)};

summarytab(scenarics, "wellelsv®, "total", "j17™ priceser)=
REGPAA ("endi1lThead™, "dec™, "cl™, "eastuse™)*
sum(smonth,
susmarytab{scenarios, "agwater”, "medina™, smonth,pricesat)
-summarytab (scenariocs, “egwater”, “medina”, smonth, “0"})
+*REGPAR(“endjl7head”, “dec™,"c1™, "westuse™)*
sum(smonth,
summarytab{scenarios, "agwater™, "uvalde”, smonth, priceset)
-summarytab(scenarios, "aquwater®™, "uvalde”, smonth, "0"});
summarytab{scenarios, "wellelev”, “total™, “sabinal™, priceset)=
REGPAR{"endsabhead™, "dec™, "cl™, "sastuse™)*
sum{smonth,
susmarytabi{scenarios, "agwater™, “medina™, smonth,priceset}
-summarytab(scenarios, “agwater”, “medina®, smonth, "0%)}
+REGPAR {“endsabhead™, “dec™, *cl®, "westuse®)*
sum (smonth,
susmarytab{scenarios, "agwater®, "uvalde” smonth,priceset)
~sumsarytab{scenarios, "agwater”, "uvalde”,smonth, 0"} };
summarytabiscenarios, “comalinc”, "total®,month,priceset) =~
REGPAR ("sprcomal™,month,“cl™, “eastuse™)*
sum (smonths (ord (smonth) le ord(month}) .
sussarytab(scenarios, "agwater”, “sedina®, smonth,priceset}
-summarytab{scenariocs, “agwater™, "medina”, smonth, “0")}
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7272
7273
T2
727%
1276
n27m
7278
7279
7280
728
7282
7283
1284
1288
1286
7287
7288
7289
7290
7291
7292
7293
7294
729%
7296
1297
7298
7299
7300
7301
7302
1303

SREGPAR ("sprcomal™,month, "=1", “westuse”) *
sum(smonths (ord (smonthl le ord(month}}

sulllrytlbf’c.nlriﬂl."qultu;","uvaldo",smonlh,prl:tstl)
-SUMBATYTAD (scenarics, "agwater™, "uvalde”, smonth, "0} ;
summarytab(scenarics, "comalinc”, "total™, “4ll",priceset)=
sum(month, sumsarytab(scenarios, “comalinc”, "total™, month, pricesecy:
summarytab{scenarios, “sanmarinc®, “total™, month priceset)=

REGPAR("spryanmac” month,“ci®, “eastuse™)*
sum{smonth${ord{smonth) le ord(month}}

su-arytth(sc-ncrioi,‘nquntcr",‘n-dina',smcnlh,pricosct)
-sumisdtytabiscenarios, "agwater™, "medina”, smonth, "0"})

+REGPAR (“sprsanmar”,. sonth, "cl®, "westuse“}*
sumismonths {ord (smonth) le ordimenth}) ,

sumsarytab(scenarios, "agwatacr®, "uvalde”, smonth, priceset)
-summarytablacenarios, "agwater”, "uvalde", smonth,"0"});
summarytabi{scenarios, "sanmarine®, “total™, "all”, pricesat)=
sum(sonth, summarytab(scenarios, “sanmarin¢™,"total”, month,priceaset)):
summarytab(scenscios, "grossine™, agcounty, ccgroup, priceset) =

+ sum((zone,lando),
sum(recharge,probirechargse)*
sum (InCGroup {CCGroup,crop! ,
sum(irrtype{lando, lands),
Sumi{stzattype(landa,allstrat)

CROPPROD. 1 (agcounty, zone, RECHARGe, crop ,allstrar)
*  sgdata2(“yield",recharge,lando,crop ,allstrat))

* agdata(“price™, lando,crop))i)i;

}
} o2
option susmarytab:2:4:1;
display susmarytab,cbjsum, paybuyouc.l;
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Appendix B. Guide to item uses in GAMS code

Table B.1 Files where actions on SETS

ITEM NAME DECLARED

AGCOUNTY

AGEFF
AGIRREFF
AGITEM

ALLSTRAT

ASSUME
BASIN
BEGHEAD
BLOCKMONTH
BUYQUTYEAR
CCGROUP
CGROUP
COUNTY
COUNTYS

CROP

CROP1
CROP2

CROPELIG

CROPEL1IG2

CROPS

CROPS1
CROPS2

CROPSTRAT

CROPUSES
CROPUSES2

DATES

eddata

agmodel]

eddata
eddata
eddata

eddata

dryatudy
eddata
agmodel
drystudy
agmodel
drystudy
drystudy
eddata
eddata

eddata

eddata
eddata

agmodel

drystudy

eddata

eddata
eddata

eddata

agmodel

drystudy

eddata

DEFINED
eddata

agmodel

eddata
eddata
eddata

eddata
drystudy
eddata
agmodel

drystudy

drystudy

drystudy

eddata

eddata

eddata

eddata

appear
ASSIGNED CONTROL
eddata
agmode]
drystudy
agmodel
eddata
agmodel
drystudy
eddata
drystudy
agmodel agmodel
drystudy
eddata eddata
eddata
eddata eddata
agmodel
drystudy
eddata eddata
eddata eddata
agmodel agmodel
drystudy
drystudy
eddata
agmodel
drystudy
eddata eddata
eddata
eddata
agmodel agmodel
drystudy drystudy
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eddata

agmodel
drystudy

agmodel
eddata
eddata
eddata
agmodel
drystudy
drystudy
eddata
agmodel
drystudy

agmodel]l

drystudy

eddata
eddata
eddata
agmodel
drystudy
eddata

eddata

drystudy

drystudy
eddata

agmedel
drystudy

eddata
agmodel
drystudy

drystudy

eddata

**** no use



DRYSTAT

DRYSTRAT

DRYYEAR
ECOUNTY

ENDHEAD

EPICITEM

EQU

FSTAT

ESTRAT
GROUP

GROUPS

HEADSET
HSET
INCGROUP

IRRTYPE

ITEMNAME
ITEMTYPE
LAND

LANDA

LANDO

MAPLOC

MIXES

MIXESA

MLINK

MCNTH

MONTH2
MONTHP

MONTHS

eddata

eddata

drystudy
agmode]

eddata

eddata

eddata

eddata

eddata
eddata

eddata

drystudy
drystudy
drystudy

agmodel

drystudy
drystudy
eddata

eddata

eddata

agmodel

eddata

eddata

agmodel

eddata

agmodel
eddata

eddata

eddata

eddata

drystudy
agmodel

eddata

eddata

eddata

eddata

eddata
eddata

eddata

drystudy
drystudy
drystudy

agmodel

drystudy
drystudy
eddata

eddata

eddata

agmodel
eddata

eddata

agmodel

eddata

eddata

eddata
agmode]
drystudy

eddata

eddata
agmode]
drystudy

eddata

eddata
drystudy

drystudy
drystudy

agmodel
drystudy

eddata

eddata
agmodel
drystudy

eddata
agmodel
drystugdy

eddata

agmodel

eddata
agmodel
drystudy

eddata
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eddata
dryszudy

drystuay

eddata
agmodel

eddata

eddata
agmode)

eddata
drystudy

eddata
agmodel
drystudy
drystudy

drystudy

agmodel

drystudy
eddata
eddata
agmodel
drystudy
eddata

agmodel
drystudy

eddata
agmodel}

eddata
agmodel

eddata
agmode]
drystudy
agmedel
eddata

ecddata

Y¢*Y no use

r¥EE no use

*¥** no use

**** no use

**¥** no use

Fr¥T no use



oBs

PAYELIG

PENASTRAT
PRICESET
PRICESETX
PROJECT
RECH

RECHARGALL

RECHARGE

REGION

REGRESS

REPCROPAL

SAMERS

SAVAGITEM

SCENARIO

SCENARIOS

SMONTH

SPKSTAT

SPKSTRAT

SPRINGS

STAGE

STRATEGY

STRATTYPE

USEGROUP
USER

USEYEAR

WATERDEP
WATERSTAT
WATR

WATUSEYEAR

eddata

agmcdel

eddata
drystudy
drystudy
eddata
drystudy

eddata

eddata

eddata

eddata

eddata

eddata
drystudy
drystudy
drystudy
eddata

eddata

eddata
eddata

eddata

agmodel

eddata
eddata

eddsta

eddata
eddata
eddata

agmodel

eddata

addata
drystudy
drystudy

eddata

eddata

eddata

eddata

eddata

eddata

drystudy

drystudy

eddata

eddata

eddata
eddata

eddata

eddata

eddata

agmode]

agmodel
drystudy

drystudy

eddata

eddata

eddata

eddata

agmodel

eddata

eddata

drystudy

eddata

drystudy

eddata
agmodel
drystudy

agmodel
drystudy

eddata

eddata
drystudy
drystudy
drystudy
eddata

agmodel
drystudy

eddata

eddata
drystudy

agmodel
drystudy

eddata

eddata
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eddata

agmode]
drystudy

eddata
drystudy
drystudy

eddata

eddata
agmodel
drystudy
eddata
agmodel
drystudy
eddata
agmodel
drystudy

eddata
agmodel

eddata

eddata
drystudy

eddata
drystudy
drystudy
drystudy
eddata

eddata
drystudy

agmodel
eddata

drystudy

agmodel

drystudy

eddata

eddata
agmedel

eddata

eddata

*EE* no use

+***+* no assn val

*++t no use

k*#*¥ no use

Tert no use



WCOUNTY
WETSTRAT
WITEM

Ws

YEAR

ZONALL

ZONE

agmoedel]
eddata
eddata
eddata

eddata

eddata

eddata

agmode 1

eddata

eddata

eddata

eddata

azz2ata addata
eaddata
eddata eddata

addata
darystudy

eddata
agmodel
drystudy
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eddata
eddata
eddata

eddata
agmodel
drystudy

eddata
agmodel
drystudy

eddata
agmodel
drystudy

cwwn

no Juse



Table B.2 Files where actions =n PARAMETERS appear

ITEM NAME DECLARED DEFINED ASSIGNED REF
ABANLAND  arystudy rystudy | argstuay
ABCAVG eddata eddata eddata
ABCRESULT eddata addata eddata
ABCRESULTS eddata eddata eddata
AGDATA eddata eddata eddata
agmodel
drystudy
AGDATAZ eddata eddata eddata
agmodel
drystudy
AGDIFF eddata eddata agmodel
AGIRREFIC eddata eddata : agmodel
AGMARGIN drystudy drystudy drystudy
AGPCT eddata eddata eddata
AGRWATER drystudy drystudy drystudy
AIND eddata eddata tre* no use
AMUN eddata eddata eddata
ASSIGNBAS eddata eddata eddata
AVAILLAND eddata eddata eddata eddata
AVAILZIONE eddata eddata eddata
agmodel
drystudy
RAVECLIMATE eddata eddata eddata
AVGRECHAR eddata eddata **TT HO use
BCAV eddata eddata eddata
BCAVG eddata eddata twe«v no use
BCCONSTANT eddata eddata eddata
BCDATA eddata eddata eddata
BCRESULT eddata eddata eddata
BCRESULTS eddata eddata eddata
CABBAGE eddata eddata eddata
CALl eddata eddata TerT no use
CAL2 eddata eddata Ye¢+ no use
CANTALOP eddata eddata eddata
CARROT eddata eddata eddata
CDIF eddata re** no use
CLIMATE eddata eddata eddata
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CORN eddata eddata eddata

COST eddata eddata eddata
COSTIRRIG eddata eddata agmodel

drystudy
COSTSPRINK eddata eddata agmode]

drystudy
COTTON eddata eddata eddata
COUNTYWTS eddata eddata **** no use
CPuMP eddata eddata YE¥*Y no use
CUCUMBER eddata eddata eddata
DAYLIGHT eddata eddata eddata
DAYMONTH eddata eddata FvYr no use
BE eddata eddata agmodel
DRYLAND2 drystudy drystudy drystudy
ELAS eddata eddata TerY* no use
FIXACRES agmodel agmodel drystudy agmode 1

drystudy
FURRLAND2 drystudy : drystudy **** no use
HOLCACRES agmodel agmode] agmeode]

drystudy

INDADD eddata eddata eddata
INDEMAND eddata eddata eddata eddata
INDPCT eddata eddata eddata
ISCROP eddata eddata eddata

agmodel

drystudy
ISCROP2 eddata eddata **YT no use
ISCATA eddata eddata eddata
ITT drystudy drystudy drystudy
J1THEAD drystudy drystudy drystudy
LABORC eddata eddata agmodel
LETTUCE eddata eddata eddata
LIFTL dzrystudy drystudy drystudy
LIFTO agmodel agmodel drystudy
LIFTP agmodel agmodel agmodel

drystudy

LIMIT agmodel agmodel TE*Y no use
MIDIFE eddata eddata **** no uge
MIXDATA eddata eddata eddata

agmodel
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MRECH
MUNADD
MUNDEMAND
MUNPCT
MUNUSE
NDAT
NRECH
OATS
OBJSUM
ONION
PCHANGE
PDATA
PE
PEANUTS
PERCENT
PNG

PRICE

PRICEP

FRCB

PSI
RAGDATA
RAGDATA2
RECHARGED
RECHARGEL
RECHARGEM
REGPAR
REPAIRC
ROOTWATER
RUNYEAR
SABHEAD
SCENDATA
SORGHAY
SORGHUM
SPINACH

SPKTRANS

eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
drystudy
eddata
eddata
sddata
eddata
eddata
eddata
eddata

agmodel

drystudy

eddata

eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
drystudy
drystudy
eddata
eddata
eddata

agmodel]

eddata

eddata

eddata

eddata

eddata
eddata
eddata
eddata

eddata

eddata

agmodel

drystudy

eddata

eddata

eddata

eddata

eddata

eddata
drystudy
drystudy
eddata
eddata
eddata

agmodel

eddata

eddata

eddata

eddata

drystudy

drystudy

eddata

eddata

eddata

eddata

eddata

eddata

addata

eddata
eddata
eddata
eddata
eddata
drystudy
eddata
eddata
eddata
agmodel

eddata

agmodel

agmodel
Arystudy

drystudy
eddata
agmode]}
drystudy
agmodel
eddata
eddata

eddata

eddata

drystudy
agmodel

eddata

drystudy
drystudy
eddata
eddata
eddata

agmodel
drystudy
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rrey

wree

rerw

Trww

no use

ne use

no use

no use



SPRINGMIN
SPRINKON
SPRNKLAND2
SUMAGWATER
SUMIRRIG
SUMMARYTAB
SUMMARYTB
SUMTODRY
TOTLAND2
VPUMP
WEATHER
WEATHERD

WINWHT

agmode]
agmodel
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
eddata
eddata
eddata

eddata

agmodel

agmode |

eddata

eddata

drystudy
drystudy
drystudy

drystudy

drystudy
drystudy
eddata
ecddata

eddata

agmedel

drystudy

eddata
eddata

eddata
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reve

e .w

resw

rEve

rhwn

LA Sl

rree

v

ne

ne

ne

no

noe

no

no

no

use

use

use

use

use

use

use

use



Table B.3 Files where actions on EQUATIONS agpear

ITEM NAME DECLARED DEFINED ASSIGNED XEF
BUYOUTPAY agmodel agmodel  ageeaer T
CROPACRE agmodel agmodel sqmoaet
DRYLAND agmodel agmodel agmodel
FIXACRE agmodel agmodel agmodel
FURROWLAND agmodel agmodel agmodel
IRRLAND agmodel agmodel agmodel
IRRPUMP agmodel agmodel agmodel
MAXCONVERT agmodel agmodel agmodel
OBJ agmodel agmodel agmedel
PUMPCOAGEQ agmocdel agmodel agmodel
PUMPLFET agmodel agmodel agmodel
SPKLAND agmecdel agmedel agmodel
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Table B.4 Files where actjons sn /ARIABLES appear

ITEM NAME DECLARED CEFINED AS3ISNED REF
AGPROFIT agmode] ajmodel
drystudy
AGPUMPCOST agmodel agmodel
drystudy
AGWATER agmodel agmodel
drystudy
ARTSPRING agmodel T*** no use
CROPMIX agmodel agmode ]
CROPPROD agmodel agmodel
drystudy
DEVIRRIG agmodel ' agmodel
drystudy
ENDWATER agmodel Y*** no use
FURRTODRY agmodel] agmodel
drystudy
FURRTOSPK agmodel agmodel
drystudy
INITWATER agmodel **¥** no use
LIFT agmodel agmodel
PAYBUYOUT agmodel agmodel
drystudy
SPKTODRY agmodel agmodel
drystudy
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Table B.S Files where actions on MODELS appear

ITEM NAME DECLARED DEFINED ASSISNED REF
EOWARDS agmodel agmodel agmode]
drystudy
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Table 8.6 ltems worked an ip file agm=de

SETS

Item Name
AGCOUNTY
AGEFF
ALLSTRAT
BEGHEAD
BUYOUTYEAR
CROP
CROPELIG
CROPS
CROPSTRAT
CROPUSES
DRYSTRAT
ECOUNTY
ENDHEAD
EQU
FSTAT
GROUPS
IRRTYPE
LANDA
LANDO
MAPLOC
MIXES
MIXESA
MLINK
MONTH
MONTH2
PAYELIG
RECHARGALL
RECHARGE
REGION
REGRESS
SPKSTRAT
SPRINGS
STRATTYPE
USEYEAR
WATUSEYEAR
WCCUNTY
YEAR
ZONALL
ZONE

PARAMETERS
Item Name
AGDATA
AGDATA2
AGDIFF
AGIRREFIC
AVAILZONE
COSTIRRIG
COSTSPRINK
DE
FIXACRES
HOLDACRES
ISCROP
LABORC
LIFTO
LIFTP
LIMIT
MIXDATA
PE
PNG
PRICE
PROB
BS1
REPAIRC
SPKTRANS
SPRINGMIN
SPRINKON

EQUATIONS

DEFINED
X

>

DEFINED

R

DECLARED
X

DECLARED

E

T

ASSIGNED IMPL-A3N TONTROL
X
ke
£
X X
X
X X
X

F
o

oo X

ASSIGNED IMPL-ASN ZONTROL
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Item Name

CEFINED CETLARED ASSITNED IMPEL-ASN TONTRCL REF

BUYOUTPAY b 4 e X %
CROPACRE X X ® e
DRYLAND X X A X
FIXACRE X X % “°
FURROWLAND X X ® b'e
IRRLAND X X % X
IRRPUMP X X % X
MAXCONVERT X X % 4
oBJ X X X b e
PUMPCOAGEQ X X ® x
PUMPLFT X X h:4 X
SPKLAND X X X X

VARIABLES

Item Name DEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF
AGPROFIT X X X
AGPUMPCOST X X X
AGWATER X )4 X
ARTSPRING X
CROPMIX X X X
CROPPROD X X X
DEVIRRIG X X X
ENDWATER X
FURRTODRY X X X
FURRTOSPK X X X
INITWATER X
LIFT X A X
PAYBUYOUT X X X
SPKTODRY X X X

MODELS

Item Name CEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF
EDWARDS X X X b4 X
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Table B.7 Items worked on ipn file drystudy

SETS

Item Name
AGCOUNTY
ALLSTRAT
ASSUME
BLOCKMONTH
CCGROUP
CGROUP
CROP
CROPELIG
CROPELIG2
CROPS
CRCOPSTRAT
CROPUSES2
DRYSTRAT
DRYYEAR
FSTAT
GROUPS
HEADSET
HSET
INCGROUP
IRRTYPE
ITEMNAME
ITEMTYPE
LANDA
LANDO
MCONTH
PAYELIG
PRICESET
PRICESETX
RECH
RECHARGALL
RECHARGE
REGION
SAMEAS
SCENARIO
SCENARIOS
SMONTH
SPKSTRAT
STRATEGY
STRATTYPE
YEAR
ZONALL
ZONE

PARAMETERS
Item Name
ABANLAND
AGDATA
AGDATAZ
AGMARGIN
AGRWATER
AVAILZONE
COSTIRRIG
COSTSPRINK
DRYLAND2
FIXACRES
FURRLANDZ
HOLDACRES
ISCROP
ITT
J1THEAD
LIFTL
LIFTO
LIETP
OBJSUM
PRICE
PRICEP
PROB
REGPAR

DEFINED

M

xR

Fal ]

DEFINED

DECLARED

i ]

XK X

ool

DECLARED
X

]

ASSIGNED IMPL-ASN

TONTROL
X

Eg i e X xx E MR X

x x

ASSIGNED IMPL-ASN CONTROL
X

o

> B

=X
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SABHEAD
SCENDATA
SPKTRANS %
SPRNKLAND2
SUMAGWATER
SUMIRRIG

SUMMARYTAB
SUMMARYTB
SUMTOORY

TOTLAND2

E
o
-

T T
MO XX

E

EQUATIONS
Item Name DEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF
BUYQUTPAY
CRCPACRE

DRYLAND
FIXACRE
FURROWLAND
IRRLAND
IRRPUMP
MAXCONVERT
0BJ
PUMPCCAGEQ
PUMPLET
SPKLAND

ORI S S R

VARIABLES
Item Name DEFINED DECLARED ASSTIGNED IMPL-ASN CONTROL R
AGPROFIT
AGPUMPCOST

AGWATER
CROPMIX
CROPPROD
DEVIRRIG
FURRTOQDRY
FURRTOSPK
LIFT
PAYBUYOUT
SPKTODRY

XXX m

P X KKK KKK X
>N K

MODELS
Item Name DEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF
EDWARDS X X X
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Table B.3 [zems worked =n in fi.e eamata

SETS
Item Name DEFINED DECLARED ASSIGNED IMPL~ASN TONTROL REF
ADJUST X
AGEFF
AGIRREFF
AGITEM
ALLSTRAT
BASIN
COUNTY
COUNTYS
CROP
CROP1
CROP2
CROPS X
CROPS1
CROPS2 X
CROPSTRAT
DATES X
DRYSTAT
DRYSTRAT
ENDHEAD
EPICITEM
EQU

FSTAT
EFSTRAT
GROUP
GROUPS
LAND

LANDA
LANDO
MIXES
MIXESA
MONTH
MONTHP
MONTHS

0B8s
PENASTRAT
PROJECT
RECHARGALL
RECHARGE
REGION
REGRESS
REPCROPAL
SAMEAS
SAVAGITEM
SPKSTAT
SPKSTRAT
SPRINGS
STAGE
STRATEGY
USEGROUP
USER
USEYEAR
WATERDEP
WATERSTAT
WATR
WETSTRAT
WITEM

E X H XXX
E A - = i e »

KK
PR XK KKK X

=
HAHHX KX

KoK KK > =

>

MMM MK KKK >
falEa o I I B e e L R T T

E LRI
>
PR XX R XXX R XK XXX X

o

oo
Ed E
>

» o

g
HxxM XX XM
Fa ol e o s s R e R R o R R R R o i ]
x
KX HXX
g R i i A

>

PARAMETERS

Item Name DEFINED DEC
ABCAVG

ABCRESULT

ABCRESULTS

AGDATA

AGDATA2

AGDIFEF X

ED ASSIGNED IMPL-ASN CONTROL R

NNXXNNE
R X M
K HXXM
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AGIRREFIC
AGPCT
AIND

AMUN
ASSIGNBAS
AVAILLAND
AVATLZONE
AVECLIMATE
AVGRECHAR
BCAV
BCAVG
BCCONSTANT
BCDATA
BCRESULT
BCRESULTS
CABBAGE
CALL

CALZ
CANTALCP
CARRCT
CDIF
CLIMATE
CORN

COST
COSTIRRIG
COSTSPRINK
COTTCN
COUNTYWTS
cpuMP
CUCUMBER
DAYLIGHT
DAYMONTH
DE

ELAS
INDADD
INDEMAND
INDECT
ISCROP
ISCROP2
ISDATA
LABORC
LETTUCE
MIDIFF
MIXDATA
MRECH
MUNADD
MUNDEMAND
MUNPCT
MUNUSE
NDAT
NRECH
OATS
ONION
PCHANGE
PDATA

PE
PEANUTS
PERCENT
PNG

PROB

PSI
RAGDATA
RAGDATAZ2
RECHARGED
RECHARGEL
RECHARGEM
REGPAR
REPAIRC
ROQTWATER
RUNYEAR
SORGHAY
SORGHUM
SPINACH

=<

MM XX

MoK KK

P - S

» EE ] = i R i

]

Mo K

T B Rt .t R B T T T T B i i i S i S T PSP S e S S el S S S S e I

N

i S e

==

X XXX
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TToMp

WEFTHER
THERD

WINWHT

EE
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Table B8.9%

Parameter
FIXACRES
LIFTO
LIMIT
PRICE
SPKTRANS
SPRINGMIN
SPRINKON
J1THEAD
PRICEP
SABHEAD
SCENDATA
AGDIFF
AGIRREFIC
AGPCT
ASSIGNBAS
AVAILLAND
BCDATA
CABBAGE

COSTIRRIG
COSTSPRINK
COTTON
CUCUMBER
DAYLIGHT
DAYMONTH
DE

ELAS
INDADD
INDEMAND
LABORC
LETTUCE
MIDIFF
MIXDATA
MRECH
MUNADD
MUNUSE
OATS
ONION
PCHANGE
PDATA

PE
PEANUTS
PNG

PSI
RAGDATA
RECHARGED
REGPAR
REPAIRC
RUNYEAR
SORGHAY
SORGHUM
SPINACH
WEATHERD
WINWHT

List of

farameters which

ire

Ji/Rr LrEwl Jd..28

File where values are entered

agmodel
agmodel
agmodel
agmodel
agmodel
agmodel
agmodel
drystudy
drystudy
drystudy
drystudy
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
edcdata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
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Table B.10 List cf Farameters which are T:imputed
Flie whare values are computed

Parameter
HOLDACRES
LIFTP
ABANLAND
AGMARGIN
AGRWATER
DRYLAND2
FIXACRES
FURRLAND2
HOLDACRES
ITT

LIFTL
LIFTP
OBJSUM
PRICE
SPRNKLAND2
SUMAGWATER
SUMIRRIG
SUMMARYTAB
SUMTODRY
TOTLAND2
ABCAVG
ABCRESULT
ABCRESULTS
AGDATA
AGDATA2
AIND
AMUN
AVAILIONE
AVECLIMATE
AVGRECHAR
BCAV
BCAVG
BCCONSTANT
BCRESULT
BCRESULTS
CLIMATE
COUNTYWTS
CPUMP
INDPCT
ISCROP
ISCROP2
ISDATA
MUNDEMAND
MUNPCT
NDAT
NRECH

PRCB
RAGDATAZ2
RECHARGEL
ROOTWATER
VPUMP
WEATHER

agmode]
agmodel
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
drystudy
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eaddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata
eddata

Appendix B - 20



Appendix C. Dry Year Option Analysis Paper

Appendix C - 1



Appendix C. Special Paper

Economic and Hydrologic Implications of Implementing a Dry Year Option

For the Edwards Aquifer

K.O. Keplinger
B.A. McCarl
M.E. Chowdhury

R.D. Lacewell

Department of Agricultural Economics
Texas A&M University
(409) 845-1706

September 20, 1996



TABLE OF CONTENTS

BACKGROUND . . ... . e e Appendix C - 1
PREVIOUSRESEARCH . ... ... ... ... ... .. . . . .. Appendix C - 5
METHODOLOGY . ... e Appendix C - 6
Hydrologic Investigations . . . . ... ...... ... ... .. ... .. .. .. .... Appendix C -7

The Edwards Aquifer OptimizationModel . ... ... ... ... ... ... .. ... Appendix C -9

An Agricultural Sector Optimization Model ... ...... .. ... ... ... .. Appendix C - 9

Model Assumptions . .......... . ... .. ..o Appendix C - 14

Dry Year Option Scenarios ... .......................... Appendix C - 16

RESULTS . .. Appendix C - 17
Eastern Agricultural Counties Versus Western Agricultural Counties . . . Appendix C - 18

June 1st Cutoff Strategies ............ ... ... ... ... ... .. ... .. Appendix C - 27

June 1st Cutoff versus January IstCutoff . ... ............. ... . .. Appendix C - 29

SUMMARY AND CONCLUSIONS .. ... .. ... ... . . ... Appendix C - 29

REFERENCES . . . . . . Appendix C - 33






Economic and Hydrologic Implications of Implementing a Dry Year Option
For the Edwards Aquifer

Recent events regarding management of the Edwards aquifer (aquifer) have focused
attention on ways to reduce pumping from the aquifer in order to augment declining springflows.
This interest has occurred within the context of: years of litigation centered around springflows; a
severe drought which has plagued the region; several new lawsuits which have recently been filed;
a nascent (and cash strapped) Edwards Aquifer Authority; and a federal court order to limit
pumping which has been challenged by both the city of San Antonio and the state of Texas.

Despite political and legal wrangling on how the aquifer should be managed, all aquifer
interests agree that the Edwards aquifer can no longer produce enough water to fully satisfy all
demands during dry years. One way to relieve the burden on municipalities, who are most often
the entities forced to cut back in times of drought, is by implementing a dry year option. As
envisioned, this arrangement would involve private contacts between irrigators and a purchasing

entity which would require irrigators not to pump during dry years in exchange for cash payments
on a per acre basis. This paper provides 1) a brief background to the aquifer debate and dry year
options, mostly focusing on recent events, 2) a summary of previous research upon which this
study builds, 3) a description of the methodology used in the analysis, 4) a report on the economic
and hydrologic results of the investigation, and 5) several conclusions regarding the viability and
effectiveness of implementing a dry year option.
BACKGROUND

The Edwards Aquifer has historically met water demands by agricultural, municipal and

industrial users in a six county area in south central Texas while simultaneously providing virtually
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continuous springflow to two large springs at the eastern end of the aquifer. In 1865, the first
well into the Edwards aquifer was drilled and by 1900, wells had become the major source of
water for the region (EUWD, 1993). Prior to the 1950's, the aquifer was able to supply all
demands from agricultural, municipal, and industrial users as well as supply springflow. Steadily
increasing pumping, however, combined with a severe drought during the 1950s resulted in the
complete cessation of springflow at Comal Springs during a period in 1956. This event signaled
the first major conflict among various aquifer interests and presaged the more recent legislative
and legal battles.

The Edwards aquifer region is now home to more than a million and a half people and a
considerable economy virtually all of which depends upon the aquifer for water supply. The
primary use of water in the portion of the aquifer west of San Antonio (Kinney, Uvalde and
Medina counties) is for crop irrigation. The overwhelming portion of water pumped in Bexar
county is for municipal usage in the city of San Antonio. East of San Antonio, in Comal and Hays
counties, relatively small amounts of water are pumped
for municipal and industrial purposes. The aquifer, however, also supplies water to the two
largest springs in the southwestern United States: San Marcos Springs in San Marcos and Comal
Springs in New Braunfels. These springs provide habitat for several endangered species
(Longley,1981), feed into rivers which support a river rafting and inner tubing recreation industry,
and eventually join the Guadalupe River where their springflow components constitute from 30%
to 70% of the Gaudalupe's base flow (GBRA, 1988). The springs are also natural attractions in
their own right attracting tourists and scientists to the region.

Yet, while springflow is of undoubted social, environmental, and economic value to the
region, it has no standing under the predominant legal doctrine governing groundwater

withdrawals in the state of Texas. Groundwater in Texas has historically been governed by the
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"rule of capture" or "absolute ownership" (Kaiser, 1993), often referred to as "free capture.”
Under this doctrine, the right to pump water is appurtenant to land ownership and a land owner
may pump an indeterminate amount of water so long as the water is applied to a beneficial use.
Court rulings have modified the absolute nature of this common law doctrine only in cases of
subsidence and malicious intent (Kaiser, 1993).

In the case of the Edwards, the relationship between pumping and springflow is quite
strong and direct (Keplinger and McCarl, 1995). Springflow, being the hydrologic residual of
recharge over pumping, is vulnerable to pumping, yet those benefitting from springflow can exert
no direct control over pumping. Springflow interests have made numerous attempts by various
legal means to regulate withdrawals from the aquifer in order to protect springflows. Their most
potent legal recourse, and, to date, the only one which holds the potential to achieve its
objectives, has been legal challenges which cite violations of the Endangered Species Act (1973)
(ESA).

Citing the lack of progress in managing the aquifer to preserve springflow, the Sierra
Club, backed by the Guadalupe-Blanco River Authority, filed suit against the U.S. Fish and
Wildlife Service (USFWS) (Sierra Club v. Babbitt, 1991), under statues of the ESA, claiming that
the USFWS and other government agencies were not adequately protecting endangered species
that depend on springflow at Comal and San Marcos Springs. This suit provided a catalyst to the
formulation and ultimately passage of Senate Bill 1477 (SB1477), comprehensive legislation to
manage the aquifer.

SB1477 stipulated the formation of a new agency, the Edwards Aquifer Authority (EAA),
and endowed it with strong powers to adjudicate and define water rights, monitor and regulate
pumping, and maintain springflows. Although the bill was due to take effect on September 1,

1993, its implementation was held up in the federal pre-clearance procedure by a voting rights
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challenge. The challenge was successfully addressed by a bill which was approved in the 1995
legislative session and signed into law by the governor. A few days before the legislation was
scheduled to take effect, a constitutional "takings" challenge was made in state court by the
Medina County Underground Water Conservation District and several pumpers. Although the
state court upheld the challenge, the decision was appealed to the Texas Supreme Court, which
ruled, on June 28, 1996, that SB1477 was not prima facie unconstitutional.

As of this writing, the EAA is in place, but cash strapped, and has not yet taken any action
to manage the aquifer. Meanwhile, 1996 has produced one of the severest droughts in recent
history, placing springflows at Comal Springs at risk. Despite significant attempts on the part of
San Antonio to limit pumping, springflow at Comal Springs dropped below the "take" level of
150 cfs from May 23rd to September 14, 1996. The perceived urgency of the situation prompted
the Sierra Club to file another suit (Sierra Club v. San Antonio, et al., 1996) against all pumpers.
This suit seeks to limit summer and fall pumping to 1.2 times winter usage for all municipalities.
The Court delayed its judgement to allow the nascent EAA to declare a drought emergency and
draft an emergency drought management plan. In a 7 to 6 vote, however, the EAA ruled that
there was no drought emergency although the agency subsequently drafted a drought
management plan. On August 23, 1996, The U.S. District Court issued its own "Emergency
Withdrawal Reduction Plan for the Edwards Aquifer" (Bunton, 1996) and ordered pumpers to
comply with the plan. Citing federal interference in a area of law historically controlled by state
and local institutions, both the city of San Antonio and the State Attorney General have appealed
the decision.

Although control over the aquifer remains unsettled, many parties to the aquifer debate
have shown interest in reducing water use, particularly during times of drought, by instituting a

dry year option. Judge Bunton's emergency plan, for instance, states:
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Unless there is significant recharge in the remaining months of 1996, plans for
restricting irrigation water use in 1997 should be ready by Jan. 1, 1997, at the
latest. ,

One possible solution is activation of the so called "dry year option," under
which irrigation farmers would be compensated for their lost profits when irrigated
production is curtailed to assure springflow. SAWS and Bexar Met, or other
[water purveyors] and agencies, should take the lead, in consultation with the
Edwards Aquifer Authority, to develop such an option before Jan. 1, 1997.
Income from drought surcharges imposed this year by purveyors can be used to
purchase the necessary options from irrigators. (Bunton, 1996)

Dry year options for the Edwards aquifer have also been considered in previous aquifer
management plans. A 1992 interim management plan drafted by the Texas Water Commission
(TWC) suggests a two stage dry year option to curtail water use: 1) 25% of irrigated land to be
withheld from irrigation when the J17 index well is at, or below 649 feet mean sea level (msl) on
January 1, and 2) 75% of irrigated land to be withheld from irrigation when the J17 index well is
at or below 632 feet msl on January 1 (Texas Water Commission, 1992). The plan proposed
compensating farmers with cash payments of about $75 per acre, the approximated average net
return per irrigated acre.

PREVIOUS RESEARCH

Despite the prominence the Edwards aquifer debate has assumed in recent years, few
studies have preformed detailed analyses of the economic and hydrologic impacfs of aquifer
management plans. Most of these analyses rely on an economic/hydrologic optimization model of
the Edwards aquifer (EDOPT) initially specified by Dillon (1991).

Dillon's model implemented a stochastic programming with risk (SPR) specification where
states of nature were specified as levels of recharge to the aquifer. Three economic sectors were
modeled: agriculture, municipal, and industrial. For the agricultural sector, overall crop
production mixes were selected over ali states of nature, but separate irrigation strategies were

allowed for each state of nature and each crop. Weather history, crop prices, input costs, and
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biological relationships between‘crop water use, yields, and weather were used to determine
irrigation water use. Sectoral demands for municipal and industrial water were also developed
from current water use patterns and economic studies defining price-quantity relationships. The
Texas Water Development Board's (TWDB's) GWSIM-IV Edwards Aquifer simulation model
(Thorkildsen and McElhaney, 1992) was used to develop hydrologic relationships between
recharge, pumping, aquifer head level, and springflow. A non-linear programming specification
was employed to maximize total surplus of all sectors in the model subject to the policy
constraints imposed. Dillon's specification was later refined and employed to assess aquifer
management plans by and McCarl et al. (1993), New (1994), and Williams (1996).

Very little research effort, to date, has focused specifically on implementing dry year
options in the Edwards aquifer region. A study by Rothe (1996) outlines the procedure and
contract elements of a pilot dry year option program in sufficient detail for legal counsel to draft
an option contract document which could be executed by the buyer and farmers. Issues and price
determination are also explored. A thesis by Phillips (1996) explores barriers to water marketing
and opinions of major pumpers on water marketing issues in the Edwards aquifer region. No
studies, to date, however, have attempted to quantify the relationship between a dry year offer
and the number of acres which will respond to the offer, the reduction in water use this will
produce, and the potential effect on springflow which can be achieved. In 1995, the Texas Water
Development Board funded a study to evaluate dry year water transfers from agricultural to urban
use. This study is partiatly funded by this grant.

METHODOLOGY

The methodology used in this analysis falls into three major categories: 1) a hydrologic

investigation used to develop relationships describing springflow, ending aquifer elevations, and

lifts as functions of recharge, pumping, and beginning aquifer elevations; 2) improvements to the
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existing EDOPT framework; and 3) a detailed description of the agricultural sector models used
in the analysis. Although the complete EDOPT model was not directly employed in this analysis,
the agricultural sector modeis, being subsets of EDOPT, incorporate most of the improvements to
it.

Hydrologic I C .

Hydrologic improvements to the model were made by employing an updated monthly
version of GWSIM-IV (Thorkildsen and McElhaney, 1992) to output hydrologic variables for
different combinations of eastern pumping, western pumping, starting head levels, and historical
recharge. OLS regression was employed on simulated output to develop linear relationships
where Comal springflow, San Marcos springflow, J17 ending elevation, Sabinal index well
elevation, eastern lift, and western lift were specified as functions of beginning J17 elevation,
beginning Sabinal index well elevation, annual recharge, eastern pumping (Medina, Bexar, Comal
and Hays counties), and western pumping (Uvalde and Kinney counties). Details of this
hydrologic investigation are documented in Keplinger ancf McCarl (1995a).

Table 1 lists regression coefficients and R-square values for annual explanatory models of
springflow and ending elevations. Although monthly springflow equations are also used in this
analysis, the annual models more clearly show the major hydrologic relationships discovered in the
investigation. Focusing on the eastern and western pumping coefficients of the Comal springflow
equation, the coefficient for eastern pumping was found to be -.28 versus a value of -.04 for
western pumping, implying that for every acre foot of water pumped from Medina and Bexar
counties, Comal springflow will be reduced by .28 acre feet during the calendar year which the
pumping took place, whereas for every acre foot of water pumped from Uvalde or Kinney
counties for the current year, Comal springflow will be reduced by .04 acre feet during the year of

pumping, or only about one seventh that of pumping from the eastern pool.
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The foregoing does not imply that eastern pumping has a greater overall effect on
springflow, but only that the pumping-springflow linkage is felt more immediately for eastern
pumping. Hydrologic dynamics demonstrate that pumping not only reduces current year
springflow, but also lowers aquifer elevations, thereby reducing springflows in future years. If we
assume no leakage from the aquifer, other than that of springs, then the hydrologic balance of
mass relationship predicates that eastern and western pumping will have the same effect over time
on springflow, even though pumping from the eastern pool is manifest much more quickly as
reduced springflows.

The annual and monthly coefficients produced in this investigation were used to develop
hydrologic responses to cutbacks in agricultural pumping due to implementations of dry year
option programs as explained in the following sections.

Results of another hydrologic investigation (Keplinger and McCarl, 1995b) provides some
evidence that western pumping may have a lower overall impact on springflow, even accounting
for the delay between pumping from the western regions and eastern springflows. Because of the
policy implications this may have for long term management of the aquifer, this issue requires
more thorough investigation. In sum, results of the hydrologic investigations indicate that
cutbacks in eastern pumping have a more immediate and, possibly, a greater overall effect on
springflow than cutbacks in western pumping. Two reasons can be advanced to explain the
differential impact of eastern versus western pumping on springflows. First, the western region of
Uvalde and Kinney counties is further from the springs than Medina and Bexar counties. Second,
and perhaps more importantly, an impermeable igneous rock intrusion into the Edwards limestone
formation, called the Knippa gap, located in the eastern part of Uvalde county, impedes not only
the flow, but piezometric surface movement (changes in head level) between the western and

eastern portions of the aquifer.
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ifi imization Model

The equations developed in the foregoing hydrologic investigation were implemented in
the existing EDOPT framework, thereby transforming the existing annual specification to a
monthly specification, with regard to springflow. Water use variables and municipal demand
parameters were also specified on a monthly basis, rather than annual. In addition, the aquifer
was modeled as having two pools (eastern and western) rather than just one, based on the results
of the hydrologic investigation.

Other enhancements to the EDOPT specification include dividing each agricultural county
into three lift zones to better account for the effects of pumping lifts on irrigators’ decisions;
replacing many irrigation strategies with new strategies, developed from the EPIC crop simulator,;
and fully integrating sprinkler irrigation and sprinkler irrigation strategies into the model. These
improvements produced a larger, but more refined representation of the hydrologic, biological,
and economic phenomena affecting water use and springflow from the aquifer, allowing us to
investigate more policy questions, especially with regard to eastern versus western pumping, and
their effects on monthly springflow.

r imization Model

Although maximizing overall social welfare from all sectors (agricultural, municipal and
industrial) is an important consideration, agricultural practices under current institutions can best
be simulated by employing only the agricultural sector of the model. This is because the
predominant legal doctrine in Texas governing groundwater withdrawals is the "rule of capture®
or “absolute ownership" (Kaiser, 1993), often referred to as "free capture." Under this doctrine,
the right to pump water is appurtenant to land ownership and a land owner may pump an
indeterminate amount of water so long as the water is applied to a beneficial use. Since water

rights are neither established or tradable, water does not automatically "flow" to its highest valued
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use, as the three sector model simulates. Irrigators make their cropping and pumping decisions
based on personal cost and revenue consideration without the (current) ability to market water
rights to the highest bidder. This environment is most accurately simulated by an "agricultural
sector only” mode! where the objective function is maximizing expected profits to agriculture.
Thus, the agricultural sector of the complete EDOPT model was extracted and modified to
simulate dry year option scenarios.

The agricultural sector model incorporates 9 states of nature which are based on aquifer
recharge. These states of nature are developed by ordering historical recharge (as estimated by
USGS) for the years 1934 to 1989 from low to high, grouping the resulting series into 9 groups,
and assigning one year from each group to represent each state of nature. Associated with each
state of nature is the probability that it will occur. This is found by dividing the number of years
in each state of nature grouping by 56, the total number of years in the series. The resultant states
of nature used in the analysis, associated levels of recharge, and associated probabilities are
depicted in Table 2.

The objective function of the agricultural model incorporates the following profit
maximizing behavior. The first decision for irrigators to decide is what to plant, i.e., the crop mix.
After planting, the current year's weather pattern is revealed, whereupon this additional
information is used to determine which irrigation strategy to use for each crop throughout the
year. Both decisions are made with regard to maximizing profits. For the first decision, the
irrigator does not know what weather patterns will develop, and thus makes his decision with
regard to maximizing expected profits, based on his knowledge (or perception) of the probability
of experiencing various weather conditions. The agricultural model assumes that an irrigator's
perceptions for the coming year are based on historical probabilities of receiving various weather

conditions.
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Associated with each yea} used to represent each state of nature are weather conditions
(precipitation and temperature) which occurred during the representative year. These weather
conditions are highly correlated with total recharge to the aquifer upon which the states of nature
are selected. Thus, the probability of each recharge grouping occurring is also used as the
probability of receiving the particular weather conditions for each state of nature. These weather
variables and associated probabilities are instrumental in determining what crop mix the model
will choose.

A key constraint is imposed, however, to prevent the model from assigning all crop acres
to the most profitable crop. Since irrigators are generally risk averse, cannot always accurately
predict crop prices, and have different perceptions, real world behavior shows a variety of crops
being grown, even though only one of the crops is the most profitable. To reflect this behavior,
the agricultural model restricts crop mixes to combinations of crop mixes which have been
observed in a sequence of recent years, i.e., from 1975 to 1985.

Another consideration of the irrigator which is incorporated into the model is pumping
cost. Pumping cost is product of both the amount and distance (in vertical feet) of water pumped.
Thus, irrigators in higher lift zones incur higher pumping costs than those in lower lift zones,
leading to model results which suggest less water intensive crop mixes and irrigation strategies are
employed in higher lift zones. Three lift zones are used in the analysis: high, average, and low.
The amount of land in each lift zone is determined by the elevation of each irrigation well, the
number of acres it irrigates, and the cutoff values used to divide adjacent lift zones, as determined
from the GWSIM-IV data set.

Sprinkler irrigation strategies (as mentioned earlier) are fully implemented into the current
EDOPT and agricultural sector models. Total number of acres irrigated from the Edwards

aquifer, and number of acres irrigated by sprinkler systems were obtained from the Natural
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Resource Conservation Service (NRCS) and are presented in Table 3. Table 2 indicates that of
the 79,891 acres currently being irrigated from the aquifer, 24,553 or 31% are being irrigated with
sprinkler systems. Sprinkler acres are assigned sprinkler irrigation strategies in the agricultural
models as determined by the EPIC crop simulator.

Because data are not readily available which indicates the lift zones (elevations) in which
sprinkler irrigation takes place, sprinkler irrigation acres are assigned to the high lift zone first. If
there are more irrigated acres than acres in the high lift zone, the remainder of irrigated acres is
assigned to the middle lift zone. This assignment is based on the premise that irrigators with
greater pumping lifts have a greater incentive to convert to sprinkler irrigation systems, because
higher lifts translate into higher pumping costs, thus a reduction in pumping attributable to
sprinkler irrigation reduces pumping costs more in high lift zones.

For a given lift zone, pumping costs for sprinkler irrigation are lower reflecting lower
water requirements, while revenues are somewhat higher reflecting slightly higher yields. This
leads to higher margins being produced by sprinkler irrigations. Countering this are fixed costs
associated with financing sprinkler irrigation systems. Annualized fixed costs of maintaining a
sprinkler irrigation system were calculated by dividing the cost of a typical new system ($45,000)
by its expected life (10 years), then dividing by the number of acres serviced by a system (127) in
order to produce a per acre annualized cost of $35.43.

Another fixed cost for both furrow and sprinkler irrigation was also calculated. This
figure reflects the fixed costs associated with maintaining pumping facilities and is estimated to be
$39 per acre.

Finally, the analysis is conducted on a county basis. Thus, the items discussed above apply
to each of the 4 agricultural counties overlying the Edwards aquifer: Kinney, Uvalde, Medina, and

Bexar. For this analysis, however, Kinney and Uvalde counties are aggregated into one region,
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while Medina and Bexar counties are aggregated into a second region.

The objective function for the agricultural model maximizes expected profits based on the
following relationship:
Max. Expected Profit
= Expected Revenues
- Operating Cost
- Expected Harvest Costs
- Fixed Cost of Irrigation
- Fixed Cost of Sprinkler Irrigation Systems
- Expected Cost of Pumping.

Here, expected revenues are probabalistic average of revenue for all states of nature, as
described earlier. For each state of nature, revenue is the summation of the revenues from all
crops where:

Revenue = price x yield x number of acres (for each crop).
Since yield varies according to weather variables, a different revenue is produced for each state of
nature.

Operating costs for each crop include the cost of herbicide, pesticide and fertilizer
applications, labor, fuel, repair, and miscellaneous costs and are supplied in Pefia (1995). In all
but a few cases, these costs are considered fixed on a per acre basis. Operating costs, thus, vary
according to the number of acres devoted to each crop in the crop mix.

Harvest costs are a function, not only of the number of acres devoted to each crop, but of
the crop yield per acre of each crop. Since yield varies by state of nature, the expected vatue of

harvest cost is considered where, for each state of nature:

Harvest cost = (harvest cost / unit harvested) x (units harvested / acre)
x number of acres harvested.
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Pumping cost depends on the quantity of water pumped (in acre feet) times the cost of
pumping each acre foot of water. The quantity of water pumped depends on the amount of
water required on irrigate one acre for each irrigation strategy used, multiplied by the number of
acres devoted to each irrigation strategy. Thus, it is evident that the particular irrigation strategies
chosen by the optimization routine depend largely on the amount of water required by each
strategy (and to a lesser extend on differences in yield between strategies).

A formula describing pumping costs, provided in Lacewell and McCarl (1995), is adapted
for use in the EDOPT formulation. This formulation, as modified, specifies pumping cost per acre
foot as a function of the price of natural gas, pump efficiency, distribution efficiency, repair costs,
labor costs, and lift. All variables in the equation are held constant at current levels, except for
lift, which varies by state of nature. Low recharge states of nature correlate with higher water
demand, both of which contribute to lower aquifer levels and higher lifts during low recharge
states of nature. Again, since irrigators cannot predict recharge, expected pumping costs are of
relevance.

Model Assumptions

Three dry year option scenarios are simulated. All three scenarios assume a payment
structure where all irrigators are offered a set per acre payment for agreeing not to irrigate for the
remainder of the year. This departs somewhat from the specific payment determination
mechanism suggested in Rothe (1996). The pilot dry year option program developed by Rothe
involves eliciting sealed bids from irrigators offering farm units for participation, where price per
acre, number of acres, and total dollars is filled in by the farmer; and where farm unit is defined as

“a well and the actual acres currently irrigated from the well with the current arrangement of pipe,
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ditches, pivots or other conveyahce and distribution components on the farm unit."

The pricing structure used in the agricultural model assumes a perfectly efficient market
with regard to land withdrawn from irrigation, that is, irrigators will always withdraw land from
irrigation when the payment exceeds net returns to land use. If we assume that irrigators are
profit maximizers, that they possess perfect information, that there is no collusion, and that the
buyer selects farm units for participation solely on the basis of price per acre, then the mechanism
proposed by Rothe should approach an efficient market with respect to land, as implied in the
agricultural model.

In practice, one or more of these assumptions is likely to be violated. Contrary to
economic theory, some farmers may not want to participate in a dry year option program for
social or political reasons. Non-participation would shift in the supply curve of land available of
any given offer price. In addition, farmers may not have a good idea of the price which the buying
authority is likely to accept, especially since this would be a new program. Thus, they may bid
"too high," seeking economic rent, but eliminate themsetves from contention. Collusion by
farmers, whether successful (the bid is accepted) or unsuccessful (the bid is not accepted), would
also tend to diminish water sales and raise costs. Both overbidding, and collusion, whether
successful or unsuccessful, would shift up the supply curve thereby diminishing a socially efficient
amount of water transfer (assuming a downward sloping demand curve). If we assume that the
amount of land placed under contract is determined by a set budget appropriated for this purpose,
rather than by a demand curve, per se, the reduction in the amount of land purchased, due to
violated assumptions of an efficient market, would likely be much greater than that implied by a

demand curve. Since it is likely that the aforementioned assumptions are violated to some extent,
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cost of a dry year program for a desired amount of land under contract may be higher than model
results. On the other hand, it is possible for an irrigator, under the rules proposed by Rothe, to
bid "too low;" i.e., to make a per acre bid well below the cutoff price of the purchasing authority.

Since some crop land requires more irrigation that other land, the model does not
necessarily imply a perfect market with regard to water. On the other hand, the contract buyer
may have information regarding potential water saved for individual farm units. If so, the buyer
could accept different prices for farm units, based on their potential for reducing irrigation. In
theory, this could be done in such a way as to maximize the amount of water saved for a given
program cost, thereby producing an efficient market with respect to water, although the quality of
this information is problematic, and, even if available, may not be used by the purchasing
authority.

There are two reasons, however, why the "single price per acre assumption” inherent in
the agricultural sector models may be a valid representation of a dry year option. First, it may be
politically unpalatable for the buying authority to offer some irrigators more to withdraw their
land the others. Second, the buying authority may not know how much each farm is likely to
irrigate. Thus, from both lack of knowledge and equity considerations, the buying authority may
well be obliged to offer a set price on a per acre basis for all irrigators who wish to participate.

Drv Year Option S .

The first dry year option scenario simulated involves offering a set per acre payment to
irrigators not to irrigate for the entire year starting January 1st which would be offered sometime
in the fall. The second and third dry year option scenarios simulate offering irrigators a per acre

payment to stop irrigating as of June 1st. The second scenario assumes that irrigators do not
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anticipate a dry year offer, i.e., the irrigator's planting decision is unaffected by a possible dry year
offer. By contrast, the third scenario assumes that irrigators are told in January to anticipate a
possible dry year offer on June 1st. This information enables them to modify their planting
decisions accordingly to account for this possibility..

Specifically, the third scenario assumes that irrigators expect a dry year offer to be made if
the year is dry, where a dry year is defined as a year whose recharge falls within the lowest 48%
of observed recharges (see Table 3). This scenario assumes the buying authority will pay the dry
land offer only to qualifying crops, which are defined as those crops which are normally irrigated
after the month of May.

All three dry year option scenarios assume that aquifer irrigators can obtain revenueé from
three sources: 1) from irrigated crop production, 2) from dry land crop production and 3) from
receiving dry year option payments which require them either not to irrigate for the cropping
season of to suspend irrigation after May. Model results, as well as observed behavior, indicate
that all potentially irrigable land is irrigated in the absence of a dry land option or other programs
designed to withdraw land from production. Irrigators, however, may convert irrigated
production to dry land production and still receive dry year option payments for all scenarios
considered.

RESULTS

Selected results of the three dry year option scenarios are presented in Table 4. All figures
in Table 4 apply to those dry years where farmers are eligible for dry year payments. Specifically,
the figures in the columns under "Trrigation Water," "Springflow Response,” "Agricultural

Income," and "Cost of Program" represent probabilistic average values for all dry years. As
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previously described, we assume that dry year offers will be made to irrigators for 48%, or almost
half, of all years (Table 2).

Because of the differential impact of pumping on springflow between the eastern and
western regions of the aquifer discovered in the hydrologic investigation, separate analyses were
performed to simulate dry year option programs for each region. Sections A and B of Table 4
depict the January 1st cutoff scenario for Uvalde and Kinney counties (Section A) and Medina
and Bexar counties (Section B). Sections C and D portray a June 1st cutoff strategies for Medina
and Bexar counties where the cutoff is unanticipated by irrigators (Section C) and anticipated by
irrigators with a 48% probability (Section D). June 1st cutoff strategies for Uvalde and Kinney
counties are not investigated because of the very limited impact these strategies would have in
producing more water for municipal use or springflow.

Western Agricultural nti

Comparing Section A to Section B, we find that the total number of acres irrigated from
the Edwards Aquifer is somewhat higher in Uvalde and Kinney counties (the western agricultural
counties) than from Medina and Bexar counties (the eastern agricultural counties): 41,560 acre
versus 38,332 acres, for a total of 79,892 irrigated acres for the region. (Irrigated acres for
individual counties are presented in Table 3.) The "Dryland" column in Table 4 and Figure 1
shows that as the dry year offer price is increased, the number of dry land acres increases, but at a
faster rate for Medina and Bexar counties than for the Uvalde and Kinney counties. This is due,
in part, to higher average pumping lifts and correspondingly higher pumping costs experienced in
the eastern agricultural counties.

Model results suggest that irrigators in Medina and Bexar counties will withdraw 13,885
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acres from irrigated production for a dry year offer price of only $10 per acre. All of this
production is diverted from furrow irrigation to dry land agriculture. This suggests that a
substantial amount of furrow irrigation is only marginally profitable and that a $10 per acre
payment combined with the profit obtainable from dry land agriculture more than makes up for
the lost profit that could have been obtained from these furrow irrigated acres. Not until a dry
year offer of $50/acre is reached does the number of sprinkler irrigated acres start to decline,
suggesting that sprinkler irrigation is substantially more profitable, requiring a higher dry year
payment to induce it to convert to dryland.

When the dry year offer is raised to $90/acre, model results indicate that all irrigated
production in Medina and Bexar counties, both sprinkler and furrow, will convert to dry land
production. For an offer of $50/acre, 34,801 acres, or about 91% of irrigated acres in Medina
and Bexar counties convert to dry land agriculture.

For Uvalde and Kinney counties (Table 4, Section A), irrigated acres do not begin to
convert to dry land until an offer price of $60/acre is reached. At $60/acre, model results suggest
that 17,618 acres in Uvalde county will accept the dry year offer. At a $120/acre offer, all the
irrigated land in Uvalde and Kinney counties converts to dryland.

In the absence of a dry year option (zero offer price), Sections A and B of Table 4 suggest
that, for dry years, Uvalde and Kinney counties apply an average of 104,516 acre feet of water
while Medina and Bexar counties apply an average of 94,397 acre feet, yielding an average
application by irrigators for the Edwards aquifer region of 198,913 acre feet during dry years.
Dividing total irrigation water applied by total irrigated acres, we find that both Uvalde and

Kinney counties, and Medina and Bexar counties apply an average of about 2.5 acre feet of water
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per irrigated acre for dry years. The actual amount of water applied for any given acre and year
may vary considerably, depending on the crop, the irrigation strategy used, type of irrigation
system used (furrow or sprinkler), and the amount and timing of rainfall received throughout the
cropping season. Nonetheless, the correlation between the amount of irrigated land converted to
dry land ("Dryland") and the reduction in water use ("Amount of Reduction") is quite direct as
illustrated in Table 4.

Interest in implementing dry year option programs derives from two competing benefits
that can be obtained by cutbacks in agricultural pumping. First, springflows can be increased,
assuming there is no increase in municipal pumping. Second, municipal pumping by San Antonio
can be increased without adversely affecting springflows. Although combinations of each benefit
can be obtained, more of one implies less of the other. This investigation explores the two
extreme points on the spectrum of benefits: 1) all reductions in pumping will be applied to
increasing springflow, and 2) reductions in agricultural pumping will be offset by increases in
municipal pumping by the city of San Antonio to the maximum extent possible such that Comal
springflow is not reduced below the level it would have been in the absence of agricultural
cutbacks. Springflow benefits are first examined.

Results of the hydrologic investigations referred to earlier are used to determine the
effects of reduced eastern and western pumping on springflows. Agricultural sector model results
suggest that as a result of 13,885 acres accepting the January st dry year offer in Medina and
Bexar counties (Section B), irrigation pumping is reduced by 37,011 acre feet. Our hydrologic
findings indicate that this will result in increased springflow at Comal and San Marcos springs of

15,034 acre feet during the calendar year of the dry year option. The remainder of the reduction
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in irrigation pumping goes into storage, thereby raising aquifer elevation.

The result of the 17,618 acre reduction in Uvalde and Kinney counties converting to dry
land is an reduction in water use of 49,621 acre feet but only results in an increase in springflow
of 2,789 acre feet. This disparity in the pumping/springflow relationship between the eastern and
western agricultural regions is often explained by the existence of the Knippa gap, as described
earlier.

Of critical importance to the ongoing aquifer debate is maintaining minimum springflows,
especially at Comal springs, the more vulnerable of the two springs to declining aquifer levels.
Coefficients from monthly Comal springflow equations developed in the hydrologic investigation
were used to determine the effects of reduced irrigation pumping on average monthly Comal
springflow in term of cfs. Table § and Figure 2 show the reduction in monthly water use for the
four dry year option scenarios investigated, assuming a $150/acre offer price, an offer which
induces all or almost all of irrigated acres to convert to dryland. The resulting monthly springflow
effect at Comal springs is depicted in Table 6 and Figure 3. Focusing on the Medina and Bexar
county January 1st cutoff scenario, note the somewhat delayed impact of reduced pumping on
augmenting Comal springflow. Most of the reduction in irrigation occurs in April, May and June,
whereas the greatest impact on Comal springs occurs in June, July, August and September. This
should be of particular interest since, historically, the lowest springflow and aquifer levels are
often experienced in August and September.

Returning to Table 4, Sections A, we find the effect of the reduction of irrigation pumping
of 37,011 in Medina and Bexar counties as a result of the $10/acre dry year offer, results in an

increase in Comal springflow during the month of August of 28.25 cfs, whereas a pumping
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cutback of 87,660 acre feet as a result of a dry year offer of $50 results in and increase in Comal
springflow of 66.86 cfs for the month of August. On the other hand, the effect of reducing
irrigation pumping by 49,621 acre feet in Uvalde and Kinney counties (Table 4, Section B) as a
result of the $60/acre dry year offer results in an increase in Comal springflow of only 5.55 cfs.
The complete elimination of pumping from the western region results in only an increase in
August Comal springflow of 11.58 cfs.

Although the primary purpose of implementing a dry year option program is to increase
springflows or to allow additional municipal pumping without harming springflows, it should not
be overlooked that reductions in agricultural pumping also raise aquifer levels. Higher aquifer
levels benefit future springflow, reduce pumping costs, and reduce the probability that pumping
from the aquifer will need to be cut back in future years. The amount which aquifer levels would
be raised, holding municipal pumping constant, is shown in Table 4, under the column "Aquifer
Response." As expected, cutbacks in western pumping raise levels in the western region of the
aquifer, but, since both regions of the aquifer are hydrologically connected, cutbacks in western
pumping also help raise aquifer levels in the eastern region. The corollary statement applies to
pumping from the eastern pool of the aquifer.

Now, we turn to the amount that the city of San Antonio can increase pumping without
effecting springflows. In the case of Medina and Bexar counties this relationship is theoretically
very straightforward. Since the city of San Antonio draws from the same hydrologic pool as
irrigators in Medina and Bexar counties, the city of San Antonio can increase its withdrawals by
an amount roughly equal to the entire amount of the reduction in irrigation pumping in Medina

and Bexar counties without impacting springflows. Because the division of the aquifer into two
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pools vastly simplifies the complex hydrology of the aquifer, this relationship should be viewed as
a rough, rather than an exact equality.

The "Irrigation Water, Amount of Reduction" column, therefore, in Table 4, Section B,
can also be viewed as roughly the amount that San Antonio could increase its pumping without
impacting springflow. Under this scenario, the dry year option could be considered a 1:1 transfer
of water from agriculture to municipal use.

Because of the delayed impact of pumping on springflows of the western agricultural
counties, the amount that San Antonio could increase pumping for the current year as a result of
reduced irrigation pumping in Uvalde and Bexar counties is considerably less than the amount of
the reduction in irrigation pumping. The coefficients in Table 1 suggest that San Antonio could
increase pumping by only about 14% or only 1/7th of the reduction in pumping by irrigators in
Uvalde and Kinney counties. (This relationship is developed in Appendix A.) This finding
suggests that only 14% of the amount in the "Irrigation Water, Amount of Reduction" column in
Table 4, Section A, could be applied to increasing municipal pumping by San Antonic without
adversely affecting Comal springflow, suggesting a 1:7 transfer of water from agriculture to
municipal use when the reduction is in the western agricultural counties.

The effects of dry year options on agricultural incomes are also examined. Since irrigated
acreage is converted to less profitable dry land agriculture when dry year option programs are
implemented, agricultural income from operations, in general, is reduced. Irrigators, on the other
hand, receive dry year option payments for each acre converted to dry land. The net effect is that
agricultural incomes rise when dry land option programs are implemented. The column headings

under "Agricultural Income” and "Cost of Program, Total” bare this out. Here, the total cost of
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the dry year option program represents transfer payments to irrigators. (No overhead or
administrative costs are included in "Cost of the Program, Total." Total cost of the program or
transfer payments to farmers is found simply by multiplying the amount of the dry year offer times
the number of acres converted to dry land agriculture as a result of the offer.

Table 4, Section B, for instance, suggests that 34,801 acres in Medina and Bexar counties
will accept a dry year offer of $50, resulting in payments to irrigators of $1,740,050. Income
from operations is reduced from $1,374,515 to $1,159,786, a reduction of $214,729 which is
more than compensated for by the transfer payment to irrigators. The net result is that
agricultural incomes increase from $1,374,515 to $2,899,836, an increase of $1,525,321.

Finally, total, average, and marginal costs of implementing a dry year option program were
investigated. Supply schedules for springflow or water produced are presented in Figure 4.
These figures depict additional water available to San Antonio (Water Available) and additional
springflow produced (Springflow) as a functions of total payments to irrigators, i.e., the total cost
of the program. Panel A of Figure 4 includes one additional relationship, the amount of the
reduction of irrigation water use by Uvalde and Kinney counties (Reduced Water Use). In the
case of the eastern agricultural counties, reduction in water use by irrigators is identical to the
additional amount made available to San Antonio, whereas, the western agricultural counties, the
amount of additional water made available to San Antonio for the current year without impacting
springflow is only 1/7 of the amount of reduction by irrigators. Figure 4, Panel A graphically
shows this relationship.

The last four columns of Table 4 display the average and marginal costs of 1) the

additional water which San Antonio could pumping without impacting Comal springflow and 2)
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the increase in Comal springflow due to due to implementation of a dry year option assuming no
increase in municipal use by San Antonio as a result of program implementation. In Section A of
Table 4, "Cost of Water, Average" equals "Cost of Program, Total" divided by the "Amount of
Reduction" multiplied by 7 (since San Antonio can pump only 1/7 of this amount without
affecting Comal springflow). For Sections B, C, and D of Table 4, "Cost of Water, Average” is
simply the "Cost of Program, Total" divided by "Amount of Reduction." Here, we assume the
entire amount of reduction by agriculture can be applied to municipal pumping by San Antonio
without affection Comal springflow, as described earlier.

Marginal cost refers to the cost of additional units of water or springflow. Thus, marginal
costs are only calculated when an increase in the dry year offer leads to additional water use
reductions by irrigators. Referring to Table 4, Section B, a $10/acre offer induces reduction in
water use. Additional reductions, however, are not produced until a $50 dry year offer is made.
Thus, the "Cost of Water, Marginal" is the additional cost of the program (cost of the $50/acre
offer minus cost of the $10/acre offer) divided by the additional " Amount of Reduction" in
irrigation water.

Table 4, Section B shows the average cost of water, gained by implementing a dry year
option in Medina and Bexar counties on January 1st, ranging from $4/af to $37/af, while the
marginal cost of water varies from $4/af to $448/af. The upward trends for both average and
marginal costs reflects the common economic relationship of increasing marginal costs as more
product is extracted from a fixed resource, or decreasing returns to expenditures. For the 87,660
acre feet of water made available by retiring 34,801 acres from irrigation as a result of a $50 dry

year offer, the average cost of water is $20/af, while its marginal cost $32/af. This finding

Appendix C - 25



suggests that large amounts of water can be made available for a relatively small per acre foot

cost.

Currently, residential customers of the San Antonio Water System (SAWS) pay from
between $.05 and $.32 per one hundred gallons of water, according to an inverted block rate
structure. SAWS recently imposed a surcharge which effectively increased the top rate to $.64
per one hundred gallons. Converting these figures to their acre foot equivalents, San Antonio
residents pay between $162 and $1,043 per acre foot on a regular basis. Those residents paying
the surcharge pay an equivalent of $2,086 per acre foot of water consumed at the margin, yet this
study suggests that water can be purchased from irrigators for about $32 per acre foot at the
margin. Even accounting for fixed and variable water system infrastructure costs, this cursory
comparison suggests that water is much more valuable for municipal versus agricultural use,
especially when municipal users are forced to cut back.

If we assume that all reductions in agricultural water use will accrue to springflow, then
the 87,660 acre foot reduction in agricultural water use as a result of the $50 dry year offer will
produce 35,491 acre feet of additional springflow. This additional springflow is attained at a total
cost of $1,740,050, an average cost of $49/af and a marginal cost of $78/af.

Average and marginal costs of water and springflow are considerably higher when
irrigation water use is reduced in Uvalde and Kinney counties. This is due, in large part, to the 7
times higher current year springflow response to agricultural pumping in the eastern pool versus
the western pool of the aquifer. Although this 7 to 1 advantage applies only to the current year of
the cutback, this quicker response may be very important, given that dry year options are

considered "emergency" plans, and a quick response may be needed to ensure continuous
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springflow or provide relief to municipal users.

Summarizing the results in Table 4, Sections A and B: large, and roughly equivalent
amounts of water can potentially be obtained from irrigators in the agricultural counties which
overlie the aquifer: 94,397 acre feet from the eastern agricultural counties versus 104,516 acre
feet from the western agricultural counties, as displayed in Figure 5. Current year springflow
response, however, is seven times greater for eastern agricultural counties than for western
agricultural counties. Thus, if irrigation were completely halted, San Antonio could pump only
1/7 or 14,931 of the 104,516 acre feet of the water saved in the western agricultural counties
without affecting Comal Springs, as depicted in Figure 6. If all of the reduced pumping were
applied to springflow, the cutback in the eastern agricultural counties would produce 38,132 acre
feet of additional springflow, while the western agricultural counties would produce only 5,836
acre feet of additional springflow for the current year, as shown in Figure 7.

Maintaining continuous levels of springflow is an important consideration in the
consideration in implementing any dry year option program. Model results indicate that cutting
off all irrigation in Medina and Bexar counties would result in an additional 72 cfs of springflow
for Comal Springs in August, whereas August Comal springflow is increased by about 12 cfs if all
ag pumping in Uvalde and Kinney counties were to cease.

June 1st Cutoff Strategies

Results of simulating the two June 1st cutoff strategies are presented in Table 4, Sections
C and D. The results in Section C assume that planting decisions are unaffected by the possibility
of a dry year offer, whereas Section D assumes irrigators are told in January to anticipate a dry

year offer to be made for the driest 48% of the years. Since the results in Section D assume
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irrigators can anticipate the pogsibility of a dry year offer, we would expect at least as many acres
to take advantage of the dry year offer as in the unanticipated scenario, Section C. Although
small differences in model specifications prevent this from happening for all offer prices, this
expected relationship is clearly seen for offer prices of $80/acre and above, where acres converted
to dry land ("Dryland") is always higher for the anticipated June 1st cutoff scenario. These higher
offer prices encourage irrigators to make planting decisions in a way that enables them to take
advantage of a dry year offer, should it occur.

For the unanticipated June st cutoff, Table 4, Section C, higher offer prices always result
in greater reductions in water use, ("Amount of Reduction") and springflow responses,
("Springflow Response"). For the anticipated June 1st cutoff scenario, however, when the offer
price is increased from $110 to $120 per acre, water application by irrigators actually increases,
while the springflow response decreases. This is because, given sufficient incentive, irrigators are
able to shift to crops which don't need to be irrigated after June ! in order to receive the payment.
Even within the fairly substantial constraints imposed on cropping patterns in all agricultural
sector models, results suggest that irrigators will move to more water intensive crops which do
not require irrigation after June 1st, if a high enough offer price is made. In some cases, this leads
to more water being applied to crops when the offer price is increased, not less. This, of course,
would be counter-productive, given the intent of implementing a dry year option program is to
reduce water use.

Figure 2 shows that for the anticipated June 1st cutoff, water use increases in January,
April, and May. This results in declines in Comal springflow (Figure 3) from January through

May, and smaller increases in springflow for the remainder of the year than for the unanticipated

Appendix C - 28



June 1 cutoff. Figure 4, Panel D, shows that the supply of "Water Available" and "Springflow"
actually decreases, as the cost of the program moves beyond $2.54 million, i.e., when irrigators
are offered more than $110/acre not to irrigate, due to the reasons cited in the previous
paragraph.

For offer prices from $10 to $110, the average and marginal costs of water and springflow
(last four column of Table 4, Sections C and D) are relatively similar for both anticipated and
unanticipated June 1st cutoff scenarios. For offer prices of $120 and above, however, the cost of
water and springflow is substantially less when a June 1st cutoff is unanticipated.
June 1st Cutoff versus January Ist Cutoff

For a given offer price, a January st cutoff is more effective in reducing agricultural
pumping for two reasons: 1) water use is cut for the entire year, rather than for the last seven
months of the year (see Figure 2), and 2) land is not yet committed to a particular cropping
pattern. Conversely, for the June 1st cutoff scenarios, irrigated crops have already been planted,
fixed costs have been incurred, and, more importantly, a June 1st cutoff for many crops would
substantially reduce, or eliminate, yields and therefore, revenue. Thus, a June 1st cutoff carries
with it a substantially higher opportunity cost for irrigators, since revenue from production is at
stake and planting costs are sunk. This is particularly the case for the unanticipated June 1st
cutoff scenario. One manifestation of the higher opportunity cost of a June 1st cutoff is that a
smaller number of acres accept a June 1st dry year offer for any given offer price, as portrayed in
Figure 1. The much smaller potential of a June 1st cutoff on reducing water use by irrigators and
on increasing springflow is depicted in Figures 5-7.

SUMMARY AND CONCLUSIONS

Appendix C - 29



Growing aquifer demands, interest in maintaining springflow, and episodic drought
conditions such as the one experienced throughout much of 1996, have produced conditions
where all demands made on the Edwards aquifer cannot be met during dry years. One proposal to
reduce demand during dry years is through the implementation of a dry year option, an agreement
whereby irrigators receive cash payment in exchange for not pumping. Given that the conditions
do exist which merit consideration of dry year options, two important considerations are when
and where a dry year option should be implemented.

This study examines two different timing scenarios for implementing a dry year option: a
January 1st cutoff and a June Ist cutoff. The effects of implementing a dry year option are also
examined for two regions: an eastern region, comprised of Medina and Uvalde counties, and a
western region, comprised of Uvalde and Kinney counties. These regions roughly overlie two
hydrologic pools of the aquifer, divided by the Knippa gap, an igneous rock formation which
impedes flow from the western pool to the eastern pool.

Results suggest that reduced pumping in the eastern region is much more effective in
producing current year springflow or in supplying additional water to San Antonio, than from
reduced pumping in the western region. This is because the effect eastern pumping on near-term
Comal springflow is approximately 7 times greater than the effect of western pumping on Comal
Springs. It is also shown that purchasing water is a little cheaper in the eastern region than in the
western region, due, in part, to lower lifts in the eastern region.

For Medina and Bexar counties (the eastern region) June 1st cutoff scenarios were
examined in addition to a January 1st cutoff scenario. The results of these analyses indicates that

a January 1st cutoff is much more effective in generating additional water or springflow for two

Appendix C - 30



reasons. First, the opportunity cost to irrigators of cutting off irrigation on June 1st, after crops
have been planted, is considerably higher than that of not irrigating the entire year. This is
because irrigators can plant dry land crops if the dry year option is offered before planting
decisions are made and irrigators are not, therefore, locked into crops which require irrigation.
Second, five months of irrigation has already occurred by June 1st, thereby lowering the total
possible amount of pumping reduction for a June 1st cutoff scenario. Therefore, much less water
for municipal use or springflow is produced from a June 1st versus a January lst dry year option
scenario, and the cost of obtaining the water or springflow is much higher.

Results suggest that large reductions in agricultural water use can be obtained for a
relatively small per acre foot cost. The simulated effects of offering irrigators in Medina and
Bexar counties $50 not to irrigate for the January 1st cutoff strategy and the two June 1st
scenarios are depicted in Table 4. A $50 per acre offer price to irrigators in Medina and Bexar
counties for a January 1st dry year option, for instance, results in 34,801 acres in the region (or
91% of total acreage) converting to dry land. This produces a reduction in agricultural water use
of 87,660 acre feet, or about 93% of average use during dry years. San Antonio and other
communities in the eastern region could increase pumping by roughly this amount without
impacting springflow. On the other hand, if municipal pumping were not increased, this reduction
in agricultural pumping would result in an increase in springflow of 35,491 acre feet for the
current year. Springflow at Comal Springs during the month of August, a month often
experiencing low flows, would increase by an estimated 67 cfs.

The total cost for implementing this version of a dry year option would be $1,740,050.

This works out to an average cost of additional water saved, which could be applied to municipal
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use, at about $20 per acre foot, while the corresponding marginal cost would be about $32 per
acre foot. If the cutback in agricultural pumping were applied to springflow, the average cost of
additional springflow would be approximately $49 per acre foot, while the marginal cost would be
about $78 per acre foot.

Many techniques for providing more water to the region's growing population while
preserving springflow are currently being considered. Developing a dry year option exhibits
several advantages over other potential solutions. First, unlike solutions requiring costly public
works, implementing a dry year option requires no physical infrastructure or costly conveyance
systems. Conveyance to municipal purveyors or to Comal Springs is provided by the aquifer
itself. Second, the type of dry year option considered here does not rely on established and
tradable water rights which currently do not exist. Thirdly, a dry year option can be implemented
as needed, based on aquifer levels. Fourth, the cost of obtaining additional water by implementing
a dry year option is likely to be much less than obtaining water by other methods. Finally, there
are no negative environmental consequences associated with implementing a dry year option.

Given that municipal users in San Antonio are willing to pay several times the amount
which this study indicates that water can be "purchased" from irrigators, this analysis suggests
that significant gains in economic efficiency can be obtained by implementing a dry year option for

the Edwards aquifer region when aquifer levels are low.
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Appendix A
The Relationshlp Between Cuthacks in Agricultural Pumping in Uvalde and Kinney Counties, and Increases in Municipal Pumping by San
Antonlo.
This relationship assumes that pumping by San Antonio (Eastern pumping) is increased to the maximum extent possible without negatively impacting

Comal springflow during the year of the cutback.

The greek character () is used to denote coefficients for the Comal springflow equation in Table 1. Subscripts indicate the corresponding variable of
the coefficient.

AComal Springflow = AEastemn PUMPING X D pupieg + AWestern PUMPING X Puy,uer sumping:
Since we desire Comal springflow to remain unchanged,

AEastern Pumping X g napieg = = 3Westermn PUMPINg X Byuern prnping -

Rearranging terma,

AEastern Pumping / AWestern PUMDING = = Buryuer puapios. / Pecstern Parping -

Thus,

AEastern Punping / AWestern Pumping = «(-.04/-28) = -1429 =.1/7.
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Table 1.

Regression Coefficients for Annual Comal and San Marcos Sprinaflow. and J17 and Sabinal Index Well Ending Elevations

7 Sabinal
Comal San Marcas Ending Ending
Springflow Springflow Elevation Elevation
(acre feet) {acre feet) (feat above sea level)
J17 Starting Elevation 2,651 412 0.34 0.28
{feet above sea level)
Sabinai Starting Elevation 551 0.0 0.17 0.57
(feet above sea level)
Annual Recharge 0.080 0.024 0.000015 0.000022
{acre feet)
Western Pumping -0.04 -0.6005 -0.000024 -0.000088
(acre feet)
Eastern Pumping -0.28 -0.025 -0.000113 -0.000050
(acre feet)
Intercept -1924677 -203976 321 150
R-Square 0.93 0.77 095 0.96
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Table 2. States of Nature, Recharge Levels, and Probahilities Used in Analvsis

Recharge (Sorted lowest to Year of Recharge State of Nature Probabitity (of total) Dry Years
highest) (1,000 af) (19xx)

43.7 56 1 0.02
139.9 51 2 0.02
162.1 54
167.6 53
170.7 63 3 0.09
1783 48
179.6 34
192.0 55
197.9 84
200.2 50
2144 89 4 0.14 0.48
239.4 62
2731 43 of
275.5 52
308.8 40 Total
3585 88
399.0 39
400.7 37
406.4 80 S 0.21
413.2 64
420.1 83
4224 82
422.6 47
432.7 38
466.5 67
502.5 78
508.1 49
527.8 45
556.1 46
557.8 42
560.9 44
610.5 69
615.2 66
623.5 65
658.5 74 6 0.21
661.6 70
690.4 59
717.1 61
756.4 72
8248 60
850.7 41
884,7 68
894.1 76 7 0.21
909.6 36
925.3 7
952.0 77
973.0 78

1,003.3 85
1,117.8 79
1,142.6 57
1,153.7 86
1,258.2 3s
1,448.4 81
1,486.5 73
1,711.2 58 8 0.07
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2,003.6

87

0.02

628.0

Average .
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Table 3. Total, Furrow, and Sprinkler Irrigated Acres Drawing from Edwards Aquifer
Total Furrow Sprinkler

Irrigated Irrigated Irrigated
ICounty Acres Acres Acres
Kinney 260 0 260
Uvalde 41,299 28,356 12,943
Medina 29,513 20,083 9,430
Bexar 8,819 6,899 1,920
Comal ] 0 0
Hays 0 0 0
(Total 79,891 55,338 24,553
Percemt of Total 100% 69% 31%
[Source: NRCS
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Figure 1. Conversion to Dry Land Agriculture for Various Dry Year Option Offer Prices.
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Figure 2. Potential Monthly Water Use Reduction from Implementing a Dry Year Option
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Figure 3. Potential Current -Year Monthly Increase in Comal Springflow from Implementing a Dry
Year Option
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Figure 4. Cost of Water and Springflow for Dry Year Option Alternatives.
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Figure 5. Potential Annual Water Use Reduction from Implementing a Dry Year Option
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Figure 6. Additional Water Available to Bexar County Without Impacting Springflow.
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- Figure 7, Potential Current Year Increase in Springflow from Implementing a Dry Year Option.
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