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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 
look 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 (1 0) 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($10 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. 



5) 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. 

6) 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 recommend compensation. 
However, compensation to injured third parties may be a useful strategy for easing 
dry year option policy implementation. 

7) 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. 

8) 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. 

9) We found the usage of municipal and industrial water feD 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 drier years 
and lower water usage in the wetter years. 
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Brief description 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 ofvarious 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 
10 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 will 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 gamer 
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 agricultural to urban interests in the context of the Edwards Aquifer. Important activities 
pursued in the context of this project included: 

(I) we developed an operational definition of the dry year option 
(II) we evaluated the effect of various irrigation strategies on the water use and yields offarms 

in the area 
(III) 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 
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"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 Research 

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; Michelson 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 of630,000 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 
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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 
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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 oflabor, 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 local 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. 

Activities 

The research has been separated into eleven tasks. Here we report activities and results 
under each task 
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Task 1 - Development of deficit irrh:ation 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, cantaloupe, 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 trigger automatic irrigation were used: (I) soil 
moisture tension (Kilopascals, 33 to 1500, positive values) and (2) millimeters of soil water below 
field capacity. The first method triggers irrigatioo 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 (April30, May 30, June 30 etc.), and alternative irrigation 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). Alternative irrigation ending dates were not used for 
vegetables since vegetables require continuous irrigation. 

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

Task 1 - Budget Development 

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. 

Task 3 - Development of a regional level agricultural model 

Numerous cropping pattern and irrigation strategies exist in the region that can be used to 
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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 76-1 00) 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. 

Task 4 - Definition of the Dry Year Option 

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 ofthe 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. 
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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 springtlow effects. 

Task 5- Development of a model of spring Dow impacts 

Since the water diverted was to be dedicated to springtlow 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 Coma! 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 given in Table I . 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 Coma! 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 counties. 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. 

Iask 6 Analysis of Farm and SprjngOow Reactions to Dry year option 

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 ofwater 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 
c) 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 
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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 
a! (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 lac 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 ofthe 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 Output 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 
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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 periodically 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: ( 1) 
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. 

Task 8 -Investi&ate compensation mechanisms for secondary impacts 

Results on gross revenue from selected irrigated and non irrigated sectors were taken from the farm 
model 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 
econom1es. 

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 ofthe 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. 

8.1 Estimated ma1:nitude of secondary compensation 

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 
total output and this was drawn from local tax payers in the four county 

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 ofthe 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 faD 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. 

8.2 Alternative mechanisms of secondary impact compensation 

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 all993). 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 (Berek 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; I) 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 oflnterior). 

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. 

Task 9- Compensation and the Dey Year option 

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 ofthe 1960's and the Conservation Reserve Program ofthe 
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 oflow level radioactive waste storage facilities ( 
Jones, eta!.). 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 ofthe 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. 

What Amount of Compensation Aries to Third Parties? 

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 ofland, 
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 irrigated 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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Who are the 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. 

Impacts on Public Jurisdictions 

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 cities 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 offarm 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 ofland. 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. 

Private Businesses and Individuals 

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 Berek 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. 

Fann Supply and Service Businesses. 

A variety of businesses in the Edwards Aquifer area are established and operate to 
serve the needs offarmers 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 fanners 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. 

Speciality Production and Marketine Systems 
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. 
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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. 

Task 11 - Municipal and Industrial Demand 

One ofthe 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 gives 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. 

20 



Figure I. Difference between Agricultural usage in free capture versus cooperative context 
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Table I. Regression Coefficients for Annual Comal and San Marcos Springflow, and 
Jl7 and Sabinal Index Well Ending Elevations. 

Jl7 Sabinal 
Co mal San Marcos Ending Ending 

Springflow Springtlow Elevation Elevation 
(acre feet) (acre feet) 

(feet above sea level) 

Jl7 Starting Elevation 2,651 412 0.34 0.28 
(feet above sea level) 

Sabinal Starting Elevation 551 0.0 0.17 0.57 
ffeet above sea level) 

Annual Recharge (acre feet) 0.080 0.024 0.000015 0.000022 

Western Puml)ing (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-Sauare 0.93 0.77 0.95 0.96 
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Figure 2. Amount of agricultural lrrigated 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 Co mal Spring Flow fncrease by dry year option plans 
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Figure 5. Water Use reduction and Springflow Increase 
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Panel D. June 1 Cutoff, Anticipated· Medina 
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Table 6. Effects of Offering $50 per Acre Not to Irrigate while laplementmg a Dry Year 
Option in Medina and Bexar Counties 

Scenaoo 
January 1 June I June 1 

Cutoff Cut~ Cutoff 
(Unanticipated) (Anticipated) 

Type of Land Use: 

Furrow Irrigation (acres) 0 14,825 16,694 

Sprinkler Irrigation (acres) 3,531 6,763 6,763 

Totallni~tated Acres 3,531 11,587 23,456 

Acre Converted to Dryland 34,801 E6,745 14,876 

Total Acres 38,332 38,332 38,332 

Irrigation 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 f15,916 1,059,068 

Payments ($) 1,740,050 137 239 743,789 

Total Agricultural Income 2,899,836 1,113,155 1 802 857 

Cost of Implementing P 

Total Cost ($) 1,740,050 137,239 743,789 

Cost of Water: 

An"Cii§" Cost ($/Acre feet) 20 55 54 

M . ·• Cost ($/Acre feet) 32 75 62 

Cost of Comal Springf]ow: 

Average Cost ($/Acre feet) 49 173 164 

Maorinal Cost ($/Acre feet) 78 231 180 
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Table 7. Potential Water Use Reduction from Implementing a Dry Year Option (Acre Feet). 

County Strategy JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 
Uvalde Jan I Cutoff 7,947 4,527 5,196 23,365 19,090 23,012 10 313 2 605 798 821 1,255 4,987 104515 

Medina Jan I Cutoff 6,135 4 050 6 838 21 605 15,937 21,097 8 377 5,046 849 539 687 3,236 94,396 

Medina June I 0 0 0 0 0 16,096 3,051 3,380 0 0 0 0 22,532 
Cutoff 

Unanticipated 

Medina June I (2,781) 1,675 2,163 (6,746) (5,568) 19,512 6,641 4,137 633 436 110 801 21,014 
Cutoff 

Anticipated 
--- - -

Table 8. Potential Springflow Effect from Implementing a Dry Year Option- Comal Springs (CFS). 

County Strate~v JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Uvalde 0.22 1.87 2.15 5.10 1.00 10.32 II. 71 II. 58 12.05 1138 11.44 104') 

Medina Jan I Cutoff 11.61 15.71 19.79 42.17 53.16 69.28 71.65 71.81 66.05 5128 51.86 48.4'i 

Medina June 1 CutoffUnanticipated 0.00 0.00 0.00 000 0.00 14.74 16.33 18.16 16.55 14.27 12.82 1 l.So 

Medina June 1 Cutoff Anticipated_ ~..- _ _0-!..!.L .. L23 {6.2!1 (10.97) 1.56 12.70 15.34 14.44 12.73 I !.SO 10 7') 
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Table 9. Analysis ofRcsionaJ Economic Impacts from the • Dry Year Option • for the Edwards Aquifer Area, by Selected Scenario 

Scenario ~ lmpad VartaWa Eldnuted 

Final Demllld lnduslriol Outpul Employee lnc:omc Property Income Tollllnoome Value Added Emplovmcn• 

IMMSI (MMS) (MM$) (MMS) (MM$) (MM$) (Number of Jobs) 

I. Pri<:C offers wilh pa~b 

mode from inside lhe re&ion 
1.1 $10 -6.67 -1.11 -1.41 -2.97 -4.44 -4.90 ·111.00 

1.2 $60 -:16.20 ·32.54 -1.11 -9.11 ·17.99 -19.62 -417.00 

l.l $90 -41.53 -59.99 ·16.10 -17.07 ·lUI -36.75 -911.00 

2. Pri<:C offers wilh payments 

mode &om oulsidc lhe rcaioo 

2.1 $10 -6.43 -1.11 -1.29 ·2.94 -4.23 -4.61 -10600 

2.2 $60 -21.41 -27.24 -4.50 -9.11 ·11.11 -15.15 -37000 

2.3 $90 -16.SI -46.76 -7.79 -15.71 -21.49 ·2S.I2 -619.00 

3. Pri<:C oflers wilhoul benefils 

from poymenls 10 formers 

3.1 $10 -6.79 -1.99 ·1.50 -1.22 -4.72 ·S.ll -11900 

3.2 $60 -2S.91 ·14.S7 -S.97 -11.11 ·17.11 -19.67 -HSOO 

3.3 $90 -47.S4 -61.44 ·11.02 -21.42 -12.44 -1S.II -87600 

4. Adminislrolive maximum aquifer -12.47 -15.74 -2.49 ·S.70 ·1.19 -9.04 -105 00 

wilhdrowol of 4SO,OOO oc.ft. 

S. Adminislrllive minimum -1.24 ·10.42 ·1.6S ·1.74 -5.39 ·S.94 ·116.00 

sprinaOow of I 00,000 oc.ft 

30 



Table 10. Analysis of Regional Economic lmpa.;ll from the • Dry Year Option • for the Uvalde Counly, by Sek:ck:d S<:enario 

s-.n. E-..mk 1mp.ct VartaW.. ~ 

Final Demond lnduslrial Output Employee lntamc Property Income Totallnccmc Value Added Employment 

(MM$) (MMS) (MMS) (MMS) (MMS) (MMS) (Number of .I<Jbs) 

I. Price offers with pa)'lll"'lla 

mldc liom inside the rc&ion 

1.1 SIO ( N/A) 

1.2 S60 ·13.20 -20.01 -~.01 -5.59 -10.60 ·IU6 -}49.00 

1.1 S90 -~.64 -44.43 ·12.47 ·11.11 ·24.21 ·26.31 -lt4.00 

2. Price offers with paymenls 

mldc liom oulside the rcaion 

2.1 SIO(N/A) 

2.2 S60 -10.99 ·11.2~ -3.27 -5.24 -1.51 -9.ll -171.00 

2.3 S90 -22.44 ·35.42 -6.77 -10.66 -17.44 -19.01 -11900 

3. Price oiTCfS without benefits 

from paymenls to formers 

3.1 $10 ( N/A) 

3.2 S60 ·t2.42 -19.26 -3.51 -5.96 ·9 54 -10.47 ·.?%.00 

3.3 S90 ·27.11 -42.13 -7.12 ·13.06 -26.11 -22.91 -64700 

4. Administrative maximwn aquifer -7.03 -10.43 ·1.72 -3.65 -B7 ·5.11 -147.00 

withdrawal of 4SO,OOO K.ft. I 

S. Administrative minimum ·U9 -1.~2 ·1.43 -2.90 -4.33 -4.74 -121 00 

springftow of I 011,000 K.ft 
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Table I I. Analysis of Regional &:onomic Impacts from the • Dry Year Option • for the Medina County, by Selected Scenario 

SccMrto E-.ak ....... Varilllolcs Eotlmaled 

Final Demand lndusllial Output Employee ln<:omo Property Income Total Income Value Add<Jd Employment 

(MM$) (MMS) (MM$) (MMS) (MM$) (MMS) (Numba of Jobs) 

I. Pri<:c olfcn witb Jlll)'IIICftb 

nwlc from inside tho ~q~ion 

1.1 $10 -6.17 ·1.41 ·t.l6 ·3.21 -4.16 -4lt ·10100 

1.2 $60 ·14.13 ·19.03 -4.51 -4.16 ·10.67 ·11.61 -139.00 

1.3 $90 ·16.32 ·21.13 -4.26 -4.45 ·12.71 ·ll.l7 -40.00 

2. Price olfcn witb payments 

made from outside the region 

2.1 $10 ·5.12 ·1.99 ~.9t ·1.14 -4.05 -4.46 -9J.OO 

2.2 $60 ·10.01 .1).79 ·U6 ·D6 -4.92 -7.61 ·tl9.00 

2.3 $90 ·9.69 .IJ.J9 ·1.50 ·1.16 -4.66 -1 Jl -ISJ.OO 

J. Price offers without ben: fils 

from payments to fanners 

3.1 $10 -4.00 ·1.23 ~-9~ -3.24 -4.11 -16t -9600 

3.2 $60 -t2.15 ·16.M ·1.90 -4.51 ·1.46 -9.14 ·191 00 

3.3 $90 -13.12 -17.91 ·2.05 -7.tO -9.14 -10.69 ·11100 

4. Administrative maximum oquifer -UO -7.25 ~.12 -2.16 ·1.69 -4.07 ·11.00 

withdrawal of 4SO,OOO adl. 

S. Administrative minimum -2.57 1.50 ~.40 ·1.40 ·1.10 ·t.99 -41.00 

sprioatlow of I 00,000 ac .ft 
. 
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Table 12. Analysis of Regional Economic Impacts from the • Dry Year Option • for the Bexar County, by Selected Scenario 

Scaul.t. : lmDad Vartallla Ellllnull ... 

Final Dcmlnd lnduslrial Oulpul Employae Income Proporty Income Tolal Jncome Value Added Em~cnl 

(MM$) (MMS) (MMS) (MMS) (MMS) (MMS) (Numb« of Jobs) 

I. Price ofTen wilb paymalll 

made from insido lho reaica 

1.1 SIO ( N/A) 

1.1 $60 ( N/A) 

1.3 S90 -4.72 ·5.59 ·1.45 ·1.71 ·3.21 ·3.41 -71.00 

2. Price ofTen wilh paymcnls 

made from oulsidc lhc reaioo 

2.1 SIO ( N/A) 

2.2 S60 ( N/A) 

2.3 S90 ·l.S6 -4.32 -O.SI ·1.6S ·2.21 ·2.42 ·SI.OO 

3. Price offers wilhoul bcnef1IS 

from paymcnls lo fumers 

3.1 SIO ( N/A) 

3.2 S60 ( N/A) 

3.3 S90 -4.46 ·S.SI -0.77 ·2.12 ·2.19 ·3.16 -{)6.00 

4. Adminishlivc maximum ~quifa- withdraw! o1 
450,000 ac.ft (NIA) 

5. Administrative minimum &pringftow 0 

100,000 ac.ft. (NIA) 
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Table 13. Level and probability of recharge by year 

AMOUNT PROB 

1956 43758 2 
1951 140097 2 
1963 170756 9 
1989 214455 14 
1980 406301 21 
1974 658447 21 
1976 894088 21 
1958 1710171 7 
1987 2003643 2 
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Table 14. Municipal and Industrial Water Use for Different Prices and Recharge Years 

PRICE AVG 1956 1951 1963 1989 1980 1914 1976 1958 1987 

LEVEL 

PRICEO 336482 354971 348255 341465 344001 345968 331572 320261 335418 334887 

PRICE10 311557 329103 322731 321963 318728 320412 306980 296362 310133 309458 

PRICE20 292358 309005 302990 302292 299225 300803 288041 217984 290715 2899?6 

PRICE30 276931 292846 287140 286439 283529 284 990 272829 263236 275168 214356 

PRICE40 264156 279446 273988 273305 270519 271886 260233 251035 262321 261501 

PRICE 50 253331 268083 262841 262157 259483 260717 249562 240703 251457 250631 

PRICE60 243994 258264 253187 252550 249961 251190 240356 231795 242102 241261 

PRICE70 235822 249614 244167 244128 241621 242797 232300 224003 233915 233096 

PRICEBO 228584 242057 237266 236668 234232 235362 225166 217104 226683 225857 

PRICE90 222110 235238 230589 229990 227620 228710 218785 210935 220215 219402 

PRICElOO 216270 229081 224549 223965 221654 222708 213029 205372 214 38 5 213583 

PRICE125 203837 215968 211688 21!131 208946 209928 200717 193534 201987 201200 

PRICE150 193710 205285 201202 200671 198590 199514 190796 183894 191899 191137 

PRICE175 185234 196334 192423 191912 189920 190797 182445 175831 183464 182719 

PRICE200 117995 188686 184921 184 430 182512 183350 175311 168945 176264 17 5537 

PRICE225 171709 182044 178409 117930 176078 176882 169118 162968 170016 169309 

PRICE250 166179 176196 172677 172211 170416 171191 163669 157710 164522 1638 30 

PRICE275 161259 170992 167571 167121 165378 166128 158822 153033 159635 158959 

PRICE300 156842 166320 162992 162552 160855 161582 154470 14 8834 155250 154589 

PRICE325 152844 162091 158844 158 416 156761 157468 150532 145036 151283 1'>0bJ4 

PRICE350 149203 1582 4 0 155067 154647 153030 153720 146944 141575 147669 1470JJ 

PRICE375 145865 154105 151602 1511 92 14 9611 150284 143656 138403 144357 143731 

PRICE400 142790 151450 148412 148009 146460 147118 140626 135481 141 307 140692 

PRICE425 139943 148436 145457 145062 14354 4 14 4187 137822 132777 lJ8484 137880 

PRICE450 137297 145635 142711 142323 140833 141463 135216 130264 1 35860 1 3S26~ 

PRICE4 7 5 134829 143022 140149 139768 138304 138922 132784 127919 1 ])413 1J28:!9 

PRICE500 132519 140575 137750 137376 135936 136543 130508 125725 131123 13054 5 
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)00 1966 615.2 169.2 Ill 37.7 78.2 so.s 11.!1 66.5 34.6 
305 1967 466.5 82.2 13'7. 9 .30. 4 64.8 44.7 30.2 57.] 19 
306 1968 881.7 130.8 176 66.4 118.7 59.9 83. 1 120.5 49.3 
l07 1969 610.5 119.7 113.8 30. 7 84.2 55.4 60.2 99.9 U.6 
lOB 1970 661.6 112.6 lU.9 35.4 81.6 68 68.8 113.8 H.5 
309 1971 925.3 263.4 212 .I 39.2 LSS. 6 68.7 91.4 82.4 22.2 
JIO 1972 756.1 108 ... 111.6 .. 154.6 81.9 it. 3 101.2 JJ .• 
lll l97l 1486.5 190.6 2~6. 9 123.9 286 .• 1P.6 237.2 211.1 82.2 
liZ 1911 658.5 91.1 135.7 36. 1 115 .J 96.2 68.1 76.9 39. 1 
l13 1975 973 71.8 ll 3. 6 47.9 19S.9 9 3. 4 138.8 195.7 85.9 
lll 19'76 891.1 150.7 238.6 68.2 182 H.S t1.9 51.3 57.9 
ll~ 1971 9>2 102.9 l!l 62.7 159.5 71.7 91.9 191.6 66.1 
l16 1911 502. s 69.8 i3,1 30.9 103.7 16.7 49.6 7 2. 4 26.3 
317 1979 1117.8 128 .• 201. .. 68.6 2 0 3. 1 89 .• as. 1 266.3 iS.2 
318 1980 406.1 58.6 as. 6 12.6 25.3 88.3 18.8 SS .I l1.8 
319 1981 1418.3 205 36S. 2 105.6 252.1 91.3 "' 196.8 67.3 
l20 1982 122.1 19. 4 123'. 21 90.9 76.8 22.6 11.8 23.5 
J21 1983 420.1 79.2 as. 9 20. 1 12.9 71.1 31.9 62.5 23.2 
J22 1981 197.7 32 .I 10 .I 8.8 18. 1 43.9 11.3 16.9 25.9 
l23 198~ 1003.3 105.9 186.9 so' 1 148.5 61.7 1.36.7 259.2 so. 7 
l21 1986 1153.8 188 .I 192.8 t2' 2 173.6 71.7 170.2 267 .I u.~ 
l2S 1987 2003 .~ 308. ~ 173.3 110.7 405.S 90 .• 229.3 270.9 111.9 
326 1988 3~5. S 59.2 117.9 l7 24.. 9 69.9 12.6 28. ~ 2S.5 
327 1989 214 .I 52.6 52.6 8.1 13.5 46.9 1.6 12. J 2J.6 
328 
329 cccccccccccccccccccccccccccccccccccccccccccccccccccccc 
JJO 
331 Valu•:~ .su.aed frc:a TWOB'.s GWSIM-!V 110nthly recharg• data s•t.s 
ll2 Unit:~ in {1000's acr• f•et) 
333 
JH cccccccccccccccccccccc:ccccccccccccc:ccccccccccccccccccc 
33~ 
l36 T~LI MRICH(YIAl.aonthP) Monthly RECHARGE LEVELS (TWDBI 
l37 JAil FEB ...... APR HAY 
338 

JUN JUL AUG SEP OCT NOV DEC 

ll9 1931 18.822 15.221 21.189 37.698 21.507 9.979 11.856 1.111 s. 631 9. 76~ 8.359 9.132 
300 1935 10.111 18.817 9. 838 lJ .222 lS3. 7!H 513.439 122.619 77.590 124.6S7 67.769 S3.113 62.SU 
301 1936 13.913 33.869 36.222 32.929 Sl. 861 73.228 80.150 35.597 253.656 118.957 8t.t28 61.719 
liZ 1937 52 ... ~ 40.797 5~.102 11.820 25.129 so. 627 22.813 16.315 13.702 19.328 16.089 15.741 
303 1938 11. sao 61.811 U.J65 63.180 61. 912 29.611 JO.SS9 17.130 13.159 11. 271 11.091 12.021 

'" 1939 16.326 13.817 13.711 11.891 10.508 8.541 161.012 36.1H 17.081 63.190 19.925 26.751 
H5 1910 15.556 20.837 19.330 31.685 38.578 39.254 ll.2ll 11.820 11.381 8.152 19.158 56.136 
306 1901 26.112 82.210 91.08$ 111.113 157.218 88.895 51. 132 IS.909 41.139 62. SU 46.254 31.067 
307 1912 27.991 21.763 23.916 54.037 63.396 28.026 20.910 25.850 91.JJJ 92.850 56.193 u.ast 
3U 1903 JJ.2U 22.311 21.598 32.195 24.636 36. 5-42 29.932 11.781 1 s. J80 13.933 11. 070 11.478 
309 1911 21.302 "·"' 69.269 18.316 81.899 62.633 28.521 3'7.189 54.Sil 30.807 21.113 s 1- 999 
3SO 19" U.7S6 70.737 11.061 75.920 Sl. 726 29.573 18.362 13.011 18.858 36.680 l9.199 30. 620 
351 1946 31.036 12.269 u. 803 31.619 58.252 31.910 19. 121 12.879 36.149 92.921 87.808 65.021 
352 1947 91.780 61.631 ;2.326 31.033 38.256 41.869 31. 0 11 21. 'H9 12.7)7 9. 778 11. lOS 13.121 
3~l ,. .. U.911 lJ. 069 13.312 10.122 11.241 14.326 21.139 7.SOS 9.008 11 .516 9. 780 7.9$1 
351 1919 11.112 61.011 65.l38 77.857 79.303 52.6S1 21.287 36.891 21. foOl 21.161 22.125 20.273 
3;5 1950 17.122 23.016 11!1. 010 16.519 28.190 30.619 20. 13 3 9. 811 7. 121 7.127 9,,, IZ.OJI 
3S6 1951 8.837 ... 616 17.020 20.797 30.4S9 17 .8!.11 6. 1St 4.5ll 6. 511 3.127 3.857 •. 135 
3S7 1952 S.l26 ... 599 1.313 21.226 Jl. 624 21.819 8.UI 1.610 129.615 8.530 10.321 18.228 
lSI 1953 22.32S !6. 8S6 10.012 11.715 7.911 t.Sll I. 960 9.366 32.192 11.303 13.837 12.133 
3S9 1951 12.299 1.759 6.911 8.098 U.046 2,.233 22.611 1.258 5.98~ 7. 381 5.918 I. 770 
360 1955 I .Ill 1!1.103 5.891 s.z;s 13.289 5.195 17.351 7.1!159 88.105 17. 227 12.660 6.186i 
l61 1956 s.2tt s.tn 4.975 3.960 3.620 1.867 1.010 2.132 1.111 "111 3.616 3.000 
J62 1957 1.716 1.915 31. t27 265.150 251.961 189. 80S 22.859 14.555 77.9SS 131.137 81.360 60.003 
363 1958 89.179 U2.3U 170.073 7t. 683 225.021 216.721 91.901 12.981 213.513 168.726 133.230 11.739 
364 1959 U.3S~ 02 .• , 37.939 5l.S88 11. S28 95. ?06 82.385 ". 681 35.710 126.810 so .879 13.771 
365 1960 ,3,988 16.097 ... 391 U.335 36.61S 31.182 53.831 111.117 SO.o?t 127.626 90. 805 101.897 
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166 
361 
368 
369 
370 
373 
J72 
373 
371 
37~ 

376 
377 
J78 
379 
380 
381 
382 
38l 
JU 
38S 
386 
ll7 
381 
389 
J90 
J91 
l92 
39l 
l91 
39S 
J96 
397 ,. 
399 
100 
101 
102 
103 
401 
lOS 
106 
107 
108 
409 
110 
Ill 
112 
Ill 
Ill 
11~ 
116 
117 
110 
119 
120 
121 
122 
123 
121 
12S 
126 

; 1161 '"'""1.~83 :~}.5~6 7l. 7""18 51.509 34. !Pt . ' :181 . .:4: 
1962 2'4. 2'72 21.32:3 :.9.1~2 20.615 1'7.583 J·J. 9J5 .~9~ 

1963 16.29S l..,. 075- 15. 151 25. 38'7 H.SH ... 4.::'1 . 63.,. 
19U 1S.061 22.1B6 28.J86 21. 8Jl 16. 113 22.753 .5'7'} 
1965 25.388 ""15 .166 H. 779 46.451 118.014 ~06.233 J 2. 730 
1U6 JS. 531 l2 .833 a. on 55. !ll5 48.936 25.9!!8 26. J48 
1967 11J.247 15. 95 9 16.710 1i. 089 10. 'Hit .,. . .,, 6 l 5. 4 2 J 
1968 149.501 121. 032 111.191 86.263 127.899 67.005 97. '" 1969 21.405 25. 162 2"1. s 51 64. Ui 60. 0 )7 28.381 16 . 3 8'7 
1970 46.422 51 .. SIO 116. !!IS9 46.988 101.19~ 7 2. 4 36 26. "' 1971 19. "101 ! i. 800 20.000 15.099 lJ. 100 2'9. 201 .:: J. 530 
li"IZ U.60l )'7. 602 JJ. 802 28. sao 158.299 6). 80 1 " • 61JQ 
1973 l2.401 61.998 ';8.100 .,1. sao 50.601 1.,9 . .::00 ~.:a. 393 
1974 U.111 29.351 30.821 23.161 110. 164 JS. 839 20. lll 
191!:1 51.01!1 217.033 !6.510 55.159 212.340 104.574 n.no 
1976 19.195 li. 080 16.704 56. 1.54 ltf.791 44.604 285. t61 
1977 11.SU 19.336 60. Otl 15-6.126 221. '772 93.127 41.245 
1971 26.048 24.001 2LU7 27.909 15.382 )).522 11.101 
1919 66.1U 79.607 2U.'791 191.240 98.909 252.972 62.561 
1980 20.305 11.163 20.009 20.223 59.625 27.628 1l.U6 
1911 25.925 24.8'75 73.591 lU.OOI 194.105 406.856 222.326 
1982 21. tSI 25.281 25.315 21.427 180.029 36.288 21.266 
1983 21.495 27.191 36.115 26.469 49.499 71.356 31.613 
19U 24.519 19.006 16.927 13.015 18.076 10. 801 7. 21"1 
1985 114.!:103 71.192 121.632 sa. 763 61.214 11!.!:112 63.701 
1986 U.U1 39.127 27.491 20.813 U.404 160.908 43.670 
1U7 1S9. Ul 17.104 lll .379 69.441 130.251 996.064 143.35-2 
1911 28.493 23. f,JO 2f,. J86 20.734 25.900 St.. 973 68.574 
1989 28.161 28.948 25.585 18.512 23.195 12.964 9.219 . 1990 13.670 31.141 tl. 9S 1 11!!1. 638 233.121 29.09 l.3J. 999 

KR•ehlreeharqe,aonthl • 
SUMIYEAR.SOATESIRECK.UGE,YEAR.l, Mhch(year,month) ~ 

I ~Rechlreeharqa) ; 

cC"CCC"Ccccccccccccccccccccccccccccccccccccccccccccccccc 

Hcnthly r•eharqa aqqraqatad to curr•n~ •onth to eorre~pond 
with reqr••sion eo.tticients 

ccccccccccccccccccoocccccccccccccccccccccccccccccccccc 

Hrechfyear,"f•b"l • !1r~hfy•ar,"jan"l 
Mrech{year,"aar•J • Krechfy•ar,"feb") 
!1rachlyear,•apr"l • Mrechfyear,"••r"l 
!1r•ch(year,•aay"l • Mrechly•er,"apr") 
Hrechly•ar,"jun"J • Hrechly•ar,'"aay") 
Krechlyear,"jul"l • Mreeh(year,"jun"l 
Mrechly-r,"auq•J • Hreehfy•ar,"jul"l 
Krech(year,•sep"l • Mrech(year,"auq"l 
Mrach(year,"oct"l • Mreeh(yeer,"sep"J 
Kr•ehly•ar,"nov"l • Mrech(y•er,"oct"l 
Hrechly•ar,"dee") • MreehCyear,"nov"l 

+ Mrech(year,'"tab'"l 
+ Mrachly•ar,"mar"l 
+ Mraeh(year,"apr'"l 

Mreehly•ar,"•ay'") 
+ Hreehlyear,"jun"l 
+ Mreehlyear,"jul"l 

Mreehlyear,"lug"l 
+ Hraehlyeer,"sep"l 
+ M"raeh l year, "oct." J 

+ Hrech !year, "nov" J 

+ Mreehlyear,"dee"l 

cccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Conv•rt. 1000's: aere teet to ACRE f'EET 

coccccccccccccccccccccccoooccccccccccccccccccccccccccc 

t6.::' ~: . ~;., 0.42.? 30.237 
3. J"': >2. J"":; )i.JJJ t8.JH 
6 . .,)) .. 034 7.2'72 9. 4 62 

:2.671 139. :51 ~ 9. 62 3 44. 62S 
:6.601 "· ,. 48.043 25.075 

158.J05 liS. ,,. 41.167 24.JSO 
~ 2. : 4 s ,, . ,. 100. 751 113 • .2fi3 
Jl. H9 27 . .:oz 2). 186 19.987 
li. "769 " . 32') 183.819 60.001 
17 .213 "· 080 U.l02 24.294 

)04 . 49]. ... aoo 23S.J97 8"1,'701 
165. '" .,),--:'01 f,'7.002 )6.601 

97 . ~ 0 1 63. t Ol JM.494 89.303 
6'L JlO 79.) 19 s~.JJo 93.861 
42.430 .25.9"79 38.086 26.918 
';4.2'75 41.267 56.949 98.256 
26.011 19.231 59.680 7).002 

14 0. 844 69. 29 I Jl. 533 46.793 
)1.011 2 3. 21Jf, 21.159 1'7. 27f, 
16.500 .,0.931 "70.071 Jl.lOO 
S6. 119 4 2. 919 u 9. 652 71.4U 
16.326 16.476 lt. 692 15.71) 
20.881 22.160 ll.611 U.lSS 

6. '52 6. 2'24. 11.976 35.503 
H.tl6 15.316 Sl.215 122.130 
21.095 88.269 206.3411 H3.0U 
86.814 89.802 40.714 34.514 
31. 9S2 26.803 li. 962 16.121 

.., • 8 04 6. !60 1S.J59 23.463 

151. '" S4. 261 29. 138 25.693 

127 
121 
129 
130 
Ill 
132 
Ill 
Ill 
IJS 
136 
137 
Ill 
139 
110 
Ill 
112 

TABLI ASSIGifBASIBASIN,GAOUPSI ASSIGHKENT OF R.ECHARGE BASIN TO COUNTIES 

KINJIY WALCI KI:DINA UXAO COMAL HAYS 
NU£CU O.UI 0.552 
FRIO 1.000 
SAIIJIAI. 1.000 
SAIIIIID 1. 000 
MIDI ItA 0.561 0.432 
MEDCII 1. 000 
CIICCII 0.210 0. 770 
BLAIIQ) O.lSS O.BH 

Ill 
Ill 
445 ealeulatin9 pere•nta~ of racharq• contribution by county 
116 
117 
411 par ... tar cou.ntywts (eountys, RlctAlGAlll 
U9 pere•nt ot annual racharq• attributed to eaeh county; 
HO 
451 eountywt• ("kinney•, UCMAIGIU • rec:harqoed lrecl"lar-qe, "nuec••'"l 
4~2 ASSIGNBA.S ("NUECES", "KlNNEY"J 
453 I r•eharqed (recharqe, "total"); 
1~1 

4~5 count~•f"uvalde",r•charqe) • (recharqoedlrecharqe,"nueeas"J 
456 • .\SSIGN8AS ( 00 NUECES", "WA.LOE•J 
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: t . 50 3 
: '?. 552 
11. 4!11 
23. 24"7 
69. 7fiiO 
21.034 
58.616 
27 .1!192 
93.608 
22. SSt 
69.502 
30.201 

IIIII 52.902 
66.2n 
24.365 
56.3U 
Jl, 213 
52.311 
11.911 
l7. 650 
33.163 
20.531 
25.136 
21.191 
71.932 

2U. 119 
31.720 
16.192 
13.885 
22.2U 



IS? 

"' "' 160 
161 
162 .. , 
164 
I6S ... 
167 ... ... 
470 
471 
172 
173 
171 
175 
476 
177 
478 
179 
100 
481 
102 
413 
404 
us ... 
107 ... ... 
190 
191 
192 
193 
194 
195 
196 
197 ... ... 
500 
SOl 
S02 
SOl 
SOl 
sos 
S06 
S07 
SOl 
S09 
SlO 
Sll 
Sl2 
Sl3 
Sll 
SIS 
516 
Sl7 
518 
519 
S20 
52! 
522 
523 
521 
525 
521 
527 
521 
529 
SlO 
S31 
Sl2 
Sll 
S31 
S3S 
Sll 
sl7 
sll 
Sl9 
510 
Sll 
512 
Sll 
su 
SIS ... 
Sl7 

racharqe<S I ,,.char qa, "! r lO" t 
racl'lar~..ct ( rechar qa, "!labi.nal'" 1 
racharqed I racnarqa, "tot.al"l; 

a.s s :s~e.A.s .. ·· ~;:. t'='", "·;·, • :.:~" 
ASS tGNBAS 1 "SAB !NAt.", ... _.~/ALOE" 

ccn.antywt.• I "-.dina•, racharqal • ( racharqad ( racl'larqa, "sabfnad"l 
ASS ICNBA.S I "S.UHED", "HEDI N'A"; 

+ raeharq._; I racharqa, "aedina") • -'55 IGNBM ("MEDINA", "MEDINA"· 
I racharqed I recharge, "total'"l; 

ccuntywt~ ( '"bexar•, racharqa) • ·I racharqoed 1 r-acharqa. "MEO I NA"l 

+ recharged (recharqe, "MIDcib"l 
+ RIC'HARGEDCitECKAP.GI,'"CIBCOM"'I 

ASSIGNBA.S I"P1EOINA. .. , "BEXAR."l 
ASS IGNB"-5 I "MEDC18'", "BEXAR."l 
ASSIGNBAS I "C!BCOH", "9EXAR.". 

countywt• {"co.al'", rachar9al • 1 rachar9ed (racharqa, ''c ibcOftl") 
ASSIGNBAS I"CIBCOM", "'O:OKAL" J 

~ reehet9.C{recher9e,"blanea") + ASSIGNBAS("BLAHCO","'O:OHAL"J~ 
I reeher9ed. f reehar9e, •total"); 

eountywt•<•hay••,reehat9e) - (reeharqed(reeharqe,"blaneo"'J 
ASSIGNBAS ('"BLANCO", "liAYS"l) 

I reeharq.ci f reeh••q•, "tot.al"l; 

•dhpley eountywt•: 

cccccccccccccccccccccccccccccccocccccccccccccccccccccccccccccccccoc 

HYDROLOGIC CALCULATIONS AHD STATE Of NATURE CALCiJUTIONS 

cCC'CCC'ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

PAR.MITIR 
RECHARGIL (YEAR> RECHARGE LiVELS IN 100000 ACRE FEET 
RiCHARGDI('tlAR,GROUPS} ~ECHAP.GI INCREASE PROPS 
AVGIUCKU AVERAGE RECHARGE : 

RECKAAGIL ( RECH.UGI I -SUM(YIAA$0ATES<RICHARGI,YIARI, 
SUM(COUNTY,lOOO•SUKfaASIN, 

ASSIGNBASfBASIN,COUNTYJ•RECRARGEC(YEAR,BASIM)Ill 
I Mleehcreehar9e1 /100000: 

i\VGRICHAR. • SUK(Jl.ECHARGI, R.IC'HARGEL(RICKARGEI •PROB (JlECHARGE) l: 

cccccccccccccccccccccccccccccccccccccccccccc 

WDTHIR DATA 

cccccccccccccccccccccccccccccccccccccccccccc 

O.y• i• the percent of day• with precipiation >- . 25 inch. 
Yeer• 19~0 - 1989 

TABLI VIATHIRD(YIAA,GROUPS,WITEK,MONTH} PRECIP AND TEMPERATURE BY MONTH 

Jl\JI FEB liAR AU KAY JUN JUL AUG SEF OCT HOV 
1950. BIXAA. TBKP 58 S6 60 67 77 80 " 82 79 73 59 
1950.81XAJl.PRIC 0.32 l.tl o. 24 3. 4 2 2.U 1.03 1.6 6. 15 3.02 0.08 O.ll 
19~0.8nAI...DAYS 0 1.5"7 0 13.3 6.45 3.33 6. 45 6.45 10 0 0 
1950. HAYS. TEMP 56 55 sa 66 77 80 83 az 77 71 ;7 

USO.HAYS.PRIC 0.2~ 3."75 0.38 5.08 1. 93 4.41 l. 39 0.62 2.16 1. 0~ o. 04 
1950. HAYS. DAYS 0 11.2 3.23 16.6 12.9 ll. 3 6. 45 3.23 10 1.23 0 
1950. CCIQL. TEMP 61 60 6l 69 ao 82 86 86 a2 76 6l 
19SO.CCIQL.PU:C 0.55 3. 76 0.12 4.11 3.11 3.02 2.25 o. 72 1. 83 1.2 O.lJ 
1950. CCMAL. o.us 0 17.a 0 13.3 9.61 6. 6"7 6.4!1 6.U !0 J. 23 0 
l9SO.MICIMA. TEMP 59 s7 60 61 7a 81 81 " 79 73 60 
l950.KEDIMA. PUC 2. 66 I.U 0.22 1.27 3.79 J.97 2.26 4.27 1.09 0.23 0.2 
l950.KStiiNA. DAYS 3.23 7.14 0 •• 67 9.68 16.6 6. 45 9.61 20 0 0 
19SO.UYALOI.TIMP 60 Sl 6l 70 71 81 83 81 80 71 60 
1950.UVALDI. PUC o.u 1.01 o.u 1.32 3.12 2.63 2.56 3.54 ]. 0( o. 31 0. 09 
19SO.UVALDI.OAYS 0 0 0 l.ll 9.61 13.3 9.68 9.68 6.67 3.23 0 
USl.IDAl. TDIP so Sl 62 69 7S 82 86 87 80 73 sa 
1951. IIX.U. PUC 0.25 2.13 2.,. 0. 9l t.U "7.07 0. S1 0.06 3. "J!t l.U 0.61 
195 I. BIXAit. DAYS 0 10. "7 9.61 6.67 12.9 6.67 3.23 0 !0 9.68 l. 33 
1951.KAYS.TDO 51 53 62 67 7S 82 86 •• 80 71 56 
19~1.KAYS.PUC 0.1 3.11 2.91 1.04 4.65 s. 11 0.28 0.75 8.42 I 0.97 
1951.HAYS.DAYS 3.23 10.7 12.9 6.67 12.9 6.67 0 3.23 16.6 6. 45 0 
1 n 1. c::aw.. t- Sl S7 .. 71 71 81 .. 90 82 76 57 
I U I. C:X:OW.. PUC o.u 2.61 2.92 0.92 1.03 4.69 0.04 0.25 5.36 1.38 1. 66 
19 51. o::tcAL. DAYS 0 10. "7 9.61 3.ll 16.1 6.67 0 0 16.6 6. 45 13.3 
19Sl.IQOINA. TDfr Sl Sl 61 61 71 •• 88 87 80 7) 57 
1951.1DDIMA.PRIC 0.1015 0.40 2.69 0.52 10.7 2.58 0.1 I.! 1.5 0. 33 1. 26 
19Sl.KIDIMA. DAYS 0 2.37 9.61 0 16.1 6.67 0 3.23 6. 6"7 3. 23 6. 6"7 
19~l.UVALDI.TEMP Sl S6 65 71 75 82 87 87 82 71 sa 
1951.UVALOI.Pl&C 0.06 0.61 1. 59 0.45 s.62 1.19 0.03 1.05 0.49 3. 79 o.u 
1951.UVALDI.DAYS 0 3.5"7 6.45 3.33 19.3 6.67 0 3.23 ). 33 6.U 3.33 
1952.UX.U.t- 59 Sl u 66 73 82 83 86 77 65 58 
1952.8UAJl.PRJC 0.11 2.01 2.31 3.1 I. 91 1.86 2. 75 0 3. 02 0 I .P 
1952. BIXAit. DAYS 3.23 13.7 9.61 10 6.U 6.67 9.68 0 U.J 0 16.6 
1952.HAYS.t- 57 56 Sl 6l 73 81 82 as 76 63 56 
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OEC 
Sl 

o.OJ 
0 

Sl 
0 
0 

57 
0 
0 

52 
0.1 

0 
51 

0 
0 

" 0.13 
0 

53 
1. 51 
9.68 

56 
0. 54 

0 
53 

0.22 
0 

ss 
o.Je 

0 
Sl 

3.67 
9.68 .. 



548 1952. HA'tS. HEC 
549 1952. KA'I'S. OA'I'S 
5SO 19!oZ.COMAL.TEMP 
SS1 19S2.COMAL.P~C 

S 52 19!12. COI1AL. CAYS 
553 19S2.MIDI"A.TEKP 
55. l9S2.MIDINA.P~IC 

555 19S2.MIDINA.OAYS 
556 1952.UVALOI.TEMI 
557 1952 .UVALDI. PUC 
551 1952.UVAUJI.DAY'S 
559 1953.8£X.Al.TIHP 
560 1953. IUAR. PUC 
561 1953.11XA.l. DAY$ 
562 1953.KAYS.TDQ' 
563 19!!»J.HAYS.PUC 
Sit 1U3.NAYS.DAYS 
565 1953.CXI(AL. TDCP 
566 1953.COKAL.PliC 
567 1953. COMAL. DAYS 
561 1953 .MIDUA. TIMP 
569 1953. MID IliA. PUC 
570 1953.M&DIMA.DAYS 
571 1953.UVALDI.TDQI 
572 195J.IJVALDI.PUC 
573 19!tl.UVALDI.OAYS 
57t 19!t&.8U.U.TDII' 
575 1951. BIX.Al. PUC 
S'll!i 1954.BIXAR.CAYS 
517 1951. KAYS. TIMP 
5'78 1951.HAYS.PRIC 
5'79 1951.KA.YS.OAYS 
580 1951.COK"l .. TEMP 
581 1951.C'()II(AL.PUC 
582 195&. COKI\L, DAYS 
583 19SI.MIDINA.TEMP 
581 19SI.MIOJNA.PRIC 
585 19SI.MID1NA.DAYS 
586 19SI.UVALDI.TIMP 
517 1951.UVALDI.PUC 
581 l954.UVALDI.DAYS 
589 l955.BIXAR.. TDCP 
590 1955.11X.U.PUC 
591 1955.BU..U.DAYS 
592 1955. HAYS. TDQ 
593 1955, HAYS. PRIC 
Stl USS.KAYS.DAYS 
5 95 19 55 . CClMIU.. T DCJI 
596 19SS.OOMAL.PRIC 
597 USS.C:::C:.VU..OAYS 
591 1955.ttiDINA.TIKP 
599 195S.MJ:D1NA.PRIC 
600 195S.MJDJNA.OAYS 
601 19SS.INALDI. TDCP 
602 1955.UVALDI.PliC 
603 1955.UVALDI.CAYS 
601 1956. BIX.U. TIMP 
605 1956. BIX.U. PUC 
606 1956.8UAR..DAYS 
607 19S6.HAYS.TDIP 
601 1956.HAYS.PRIC 
609 1U6.HAYS.DAYS 
610 1956.C'OIQI... TDit 
611 US6. caw.. PUC 
612 1956.00MAL.CAYS 
613 US6.MBDIMll. TDIP 
61t 1951.MIDINA.Pa&C 
6U 19S6.MID111A. DAYS 
616 1U6.UYALDI.TDIP 
617 19S6.UVllLDI.Pa&C 
611 1956.UVMDI.~YS 
619 1957 .IIX.U.. !'IMP 
620 19S7.BIXAA.Pa&C 
621 1957.BIXAI..DAYS 
622 19S7,H.\YS.T-
623 19!17.KAYS.PUC: 
621 19!17.MAYS.DAYS 
625 19S7.COMAL.!'De 
62t l957.CCMAL.PUC 
627 1957.COKAL.DAYS 
621 1957 .MIDI ItA. TDQ 
629 1957.MIDJNA.PliC 
630 1957.KIDINA.OAYS 
631 1957 .UVALDI. TDCP 
632 19S7.UVALDI.PUC 
633 1957.UVALDI.OAYS 
634 1957.KINNKY.TIMr 
6JS 19S7.KINMrY.PkiC 
636 19S7.KINN'IY.OAYS 
637 19SI.BIXAA.TD«P 
631 19SI.BEXAI.PRIC 

1.4 l.S6 z.r-1 4.4 J.4: :.· :· ~ ~.~ 1 __ 

3.23 3.45 12.1 13.3 :2.1 l"J ).ii~ 0 :-3.6 :~.6 "l.ISEI 
60 61 63 67 76 H 315 99 "EI .;6 ~9 ~J 

1.39 1.79 2.18 3.75 2.89 l.l9 2.JJ J.OZ ~.53 O.J;: L~ 3.:l8 
3.23 6.9 12.9 13.3 6.45 6.67 6.(5 0 13.3 Q :o 6.45 

5'7 sa 60 6'7 H u \s 88 7!1 66 S9 ~o 
0.09 2.16 2.01 1.45 3.02 ].99 1.46 0.01 4.65 0 3.4~ 2.32 

0 13.7 3 • .23 6.6'7 12.9 1J.3 6.45 0 ll.J 1 t3.J 6.45 
59 58 60 6'7 74 92 95 8'7 1 9 68 59 ~1 

0.2'7 2.74 2.05 1.73 1.63 0.5? 0.56 0 2.01 2.2 1.42 
o 1o.3 6.t5 6.67 6.45 3.33 o 6.6'7 10 3.23 

56 51 67 69 16 85 86 84 18 71 58 49 
0.11 0.9 0.53 2.08 1 2.19 0.01 3.12 2.48 3.06 0.34 LU 

0 3.57 3.23 6.6'7 3.23 3.33 0 'L68 6.67 12.9 0 6.45 
51 52 " 65 'll 84 84 El4 '76 70 56 .., 

0.05 1.92 0.91 5.95 1.28 3.96 2.04 3.53 4.42 5.26 0.7 3.16 
0 10.7 6.15 16.6 6.15 6.6'7 6.45 3.23 10 16.1 3.33 9.61 

ss 56 69 10 76 85 as 85 19 11 59 s1 
0.84 l.2t l.03 1.01 1.05 4.12 0.32 4.15 2.18 J.Bt 0.33 3.91 
3.23 3.57 0 11.6 6.15 10 3.23 9.68 6.61 12.9 0 9.68 

SS 5t 6a '70 '78 8'7 88 135 11 70 57 47 
0.03 1.21 1.45 0.'7 O.'ll 0.21 0.63 2.!14 1.2!1 3.49 0.08 l.OS 

0 7.1. 6.15 0 3.23 0 3.23 9.68 13.3 19.3 0 3.23 
ss 56 10 12 so as sa as 11 ro 59 IB 

0.11 0.54 0.59 0.21 0.68 0,9 0 5.88 5.26 3.3 0.03 0.11 
0 0 0 0 3.23 3.33 0 9.68 10 16.1 0 3.23 

51 60 62 13 15 83 as 86 a3 11 6o sa 
0.51 0.03 0.03 1.91 l.t6 2.'71 1.25 1.05 0.52 1.98 2.02 0.2 

o o o 6.6'7 6.t5 6.67 6.45 3.23 3.33 9.68 6.6'7 o 
st sa 59 11 13 93 86 a6 81 12 58 55 

1.01 0.07 0.07 2.36 2.51 1.'71 0.2'7 0.95 1.08 2.31 0.11 0.5'7 
6.15 0 o 13.3 9.68 3.33 3.23 6.4S 6.67 9.68 3.33 0 

S6 62 63 71 71 83 86 87 gJ .,, 61 St 
1.71 0.15 0.08 1.99 1.51 1.74 0.51 0.14 0.41 1.11 J.5 0.12 
'9.68 0 0 6.6'7 3.23 3.33 ).23 0 3.33 6.45 3.33 0 

53 60 61 73 16 El4 86 86 S3 ?3 ~9 56 
0.12 0.02 0.06 1.15 2.44 3.08 0.~2 0.64 0.1 1.91 1.5 0.08 

0 0 0 6.6'7 9.68 6.6'7 3.23 3.23 0 6.(5 6.6'7 0 
St 6o 6J 11 76 83 8.5 as 83 73 60 .57 

0.13 0 O.Ot 1.6 3.56 3.94 0.6'7 1.66 0.13 3.36 0.21 
0 0 0 10 9.68 10 3.23 3.23 0 12.9 0 0 

53 56 63 '71 79 81 84 84 82 10 60 53 
1.15 2.33 1.4 0.11 4.11 2.88 1.32 0.81 0.79 0.39 1 . .5'7 0.66 
6.15 10.7 3.23 0 12.9 10 6.t.S 3.23 0 3.23 6.6'7 3.23 

s1 !tt u 12 , 19 83 at 82 10 sa s1 
1.58 7.3 1.09 0.73 3.73 1.5 1 .•• 1.8 1.21 0.16 1.5 l.t 
6.ts 10.1 6.t5 6.67 16.1 to 3.23 3.23 3.33 o 6.67 3.23 

54 56 65 '71 71 81 86 86 82 '71 62 55 
1.14 3.85 1.15 0.25 3.5 2 . .5 3.25 1.3'7 0.99 0.31 2.63 1.S2 
6.U 11.2 3.23 0 16.1 13.3 12.9 9.68 6.6'7 o 6.67 3.23 

51 SS 63 '73 '78 81 85 86 81 70 60 55 
1.47 2.32 O.'lt 0.18 7.19 1.t3 1.38 1.SS 1.22 0.12 2.17 0.81 
6.t5 7.14 3.23 16.1 6.67 6.45 6.45 6.6'7 3.23 6.67 3.23 

52 56 61 1t '79 82 83 81 81 69 59 52 
o.'l9 2 o.91 o.15 3.15 2.11 5.18 2.66 0.38 o.n 1.11 o.5 
3.23 10.7 3.23 0 12.9 10 12.9 9.68 0 3.23 3.33 3.23 

sz 57 63 69 79 81 as 81 ao 13 s1 56 
o.81 o.a5 0.21 0.19 3.01 o.21 o.S3 3.91 o.62 1.23 1.13 1.1 
3.23 0 0 3.33 6.1.5 0 3.23 9.68 3.33 6.45 6.6'7 3.23 

so 55 61 69 '78 8(1 86 81 '79 i1 5'7 51 
1.27 1.06 o.tl 1.03 2.13 1.06 0.99 1.28 2.5~ 1.51 1.96 2.61 
6.15 3.45 3.23 3.33 12.9 6.67 3.23 6.15 3.33 3.23 10 6.45 

53 51 63 70 '71 83 85 84 80 73 60 58 
1.1a 1.ot o.tt o.tt 2.63 o.1s 0.21 s.8a o.29 1.11 t.ss z.a6 
3.23 3.U 3.23 3.33 9.61 o o 12.9 o 6.45 6.67 6.45 

so 51 63 71 80 86 86 85 '78 10 58 ss 
0.55 0.76 0.11 L.l2 0.37 0.22 1.68 2.88 0.16 2.55 2.17 0.85 
3.23 3.U o 3.33 1.21 o 3.23 3.23 J.ll &.ts 6.67 o 

51 Sol 61 11 eo as as. 84 eo 11 s1 55 
0.5 0.51 0.02 0.36 0.33 0.15 1.32 1.24 0.11 3.8 0.16 0.42 

3.23 0 0 0 0 3.33 3.23 6.15 0 6.45 0 0 
53 63 62 66 13 81 86 86 ;g 67 5'1 .55 

0.51 2.53 1.19 9.32 8.22 3.19 0.'73 0.21 11.1 4.71 2.9 0.92 
0 7.14 16.1 20 12.9 6.6'7 3.23 0 20 9.68 13.3 3.23 

51 60 60 6S 73 82 85 86 76 57 55 53 
0.56 2.52 3.19 9.98 4.3 3.24 0.81 0.19 10.0 4.31 3.9 1.81 

0 7.14 12.9 26.6 9.68 8 3.23 0 20 7.14 13.3 6.15 
55 61 62 67 ,, 80 86 86 78 58 56 56 

1.77 3.25 1.07 7.1 8.1 1.05 1.0a 0.2t 10.0 5.4.'7 1.0 l.H 
12.9 '-11 12.9 20 16.1 10 3.23 0 20 9.68 13.3 9.61 

54 62 62 66 13 81 17 86 '78 6.5 55 53 
0.55 1.1 2.57 7,7 7.t1 1.91 0 1.69 3.15 3.76 2.92 1.43 
3.23 7.11 12.9 26.6 22.5 10 0 3.23 6.67 12.9 10 9.68 

Sl 63 62 u " 80 86 as 19 67 56 53 
0.4 1.53 1.67 9.31 7.19 1.'96 0 0.'7 5.36 6.53 2.91 1.71 

0 7.11 6.15 20 22.5 10 0 3.23 16.6 6.t5 13.3 6.t5 
53 6l 6.2 67 7] 80 86 88 81 69 57 58 

0.21 1.36 1.12 7.81 10.0 1 0 0.03 1.91 2.29 1.17 2.12 
0 10.7 6.15 1l.J 12.9 6 0 0 10 6.15 10'3.23 

50 $0 51 6'7 '75 8l 84 85 19 68 61 so 
4.57 3.81 1.08 1.32 1.98 3.39 '7.39 O.IS 8.36 5.43 0.'7'7 1.0'7 
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"' 640 
611 
612 
643 
611 
6U 
6U 
617 
611 ... 
6SO 
6S1 
6S2 
6S3 
6SI 
6SS 
6S6 
6S7 
6SI 
659 
660 
661 
662 
663 
66t ... 
666 
667 
668 
669 
670 
671 
672 
673 
671 
675 
676 
677 
678 
679 
680 
681 
682 
683 
681 
685 
686 
687 
600 
689 
690 
691 
692 
693 
694 
695 
696 
697 
690 
699 
700 
701 
702 
703 
701 
705 
700 
707 
700 
709 
710 
711 
712 
713 
71t 
71S 
716 
717 
710 
719 
720 
721 
722 
723 
721 
725 
726 
727 
720 
729 

~ 9';8. UXAJL DAYS 
19~8 .KAYS. TDIP 
19')8, KAYS, PREC 
1958.KAYS.DAYS 
19S.I. COM.\L. TIMf 
1951.C'C:IKA.L.PRIC 
19S.I.COMAL.OAYS 
lUI.MIOINA.TIMP 
19SI.~ICINA.PliC 

1951 .MICINA. DAYS 
19SI.WALOI. TDD 
19'!11 .WALOI. PlliC 
19SI.WALDI.DAY$ 
1958.Xl11NIY.UMP 
1958.KIWNIY.PRIC 
1 9!t8. KIBIY. DAYS 
19S9.8DAA.TIKP 
1959.8UAJ..PRIC 
19S9.11XAJ..CAYS 
19S9.H.A'tS.TIKP 
1959.HAYS.PUC 
19S9.HAYS.DAYS 
1959. COMAL. TIMP 
1959. CCMAI.. PRIC 
1 9S9. cao.L. CAYS 
19S9. KIDINA. tDIP 
1959.M101NA.PRIC 
1959 .KIDINA. DAYS 
1959. UVALDI. TIMP 
1959 .WALDI. PREC 
l9S9.UVALDE.DAYS 
19S.9.KINlliiY.TEHP 
1959.KINWIY.PRBC 
1959. KIJOfiY. Dlt.YS 
1960. BEXAR. TEMP 
1960. BIX.U.. PRIC 
1960. BIXAl. DAYS 
1960. HAYS. TEMP 
1960.HAYS.PRIC 
1960.HAYS.OAYS 
1960. C'QIItAL. TEMP 
l960,COMAJ..PiliC 
1960.C't'MAL.CAYS 
1960.KIOINA.TEHr 
1960.KIDINA.PRIC 
1960 .KIDINA.. CAYS 
1960.UVA.LDI.TEMP 
1960. IJVA.LOI. PUC 
1960 .lNA.LDI. DAYS 
1960.K1MMIY.TEMP 
1960.K1NNSY.PREC 
1960. KIHNIY. CAYS 
1961. BEXAR. TEMP 
1961. BEX..U.. P RIC 
19 61. BEXA.JI. • DAYS 
196l.HAYS.TEMP 
196l.HAYS.PRIC 
1961. KAYS. DAYS 
1961. c.c.MAL. TIKP 
19 61. C1:»1.AL • PUC 
1961. catAL. DAYS 
196l.KEDINA. TEMP 
196l.NECINA. PRJC 
196l.MEDINA.OA.YS 
196l.UVALDI.TEMP 
196l.UVALOE.PRIC 
1961.UVALDI.DAYS 
196l.XIWMIY.TEKP 
196l.KIHMIY.PRJC 
l96l.KINNIY .DAYS 
1962 .IIX.U.. TIMP 
1962 .8DJI.A. PUC 
1962.BIXU.DAYS 
1962.HAYS.TIMI 
1962.KAYS.PUC 
1962.KAYS.DAYS 
1962. caw.. tDIP 
19 62 • C'CtVI.L. PUC' 
1962.0l0W..DAYS 
1962. MIDIJIA. TaD 
1962.MIDIHA.PRIC 
1962.MIDINA.OAYS 
1962.1JVA.LDI.TEMP 
19U.lNALDI. PRIC 
1962.lNALOI. CAYS 
1962.KIXNIY.TEMP 
1962.XIMNIY.PRIC 
1962.KIHMIY.OAYS 
1963. BEXA.l. TEMP 
1963.BU.U.PUC 
1963. BIXAJ.. DAYS 

:z.·~ to . ., J.2J o.~;7 3.23 J . .ZJ 1 . .Ja J.:J :;,.6 ~::.~ J.<.; 
41 47 5t 66 73 ~;: H 94 "'9 61 6·) 48 

3.15 5.9J 2.1 .27 3.82 :.5~ J. ... :.~~ .,_.:;4 5.H -~9 IJ.H 
12.9 14.2 l.2J 10 12.9 13.3 "i.4S J.23 ~0 ~2.5 ).)J L2J 

49 48 57 68 75 93 ~· 85 7 8 67 61 51 
3.73 4.77 1.63 LJI 3.1 2.24 2.94 o.U '7. 7 9 S.~4 1.11 0.83 
9.68 10.7 3.23 6.67 6.45 11) 3.23 3.23 23.3 19.3 6.67 3.23 

n u se 66 13 82 84 84 113 6S sa n 
6.15 ).). 1.23 2.01 2.69 2.67 1.14 1.68 ~1.6 7.27 1).42 1.17 

16.13 lt.2 0 3.33 9.68 6.67 3.2l 6.4S 26.6 2S.8 J.ll 6.45 
n n 55 67 74 aJ as u ao 67 59 49 

5.3 2.61 1.74 0.76 3.69 8.68 1.08 2.)5 5.64 5.98 0,57 0.6 
12.9 11.2 6.45- J.JJ 16.1 ll.J 6.45 1.21 ;:o 19.l o o 

52 53 57 67 75 9l 85 87 90 68 60 50 
l.l6 3.28 2.66 0.63 ).67 11..3 0.)5 1.81 11..3 6.21 0.48 0.31 
12.9 10.'7 6.15 3.33 16.1 13 . .3 3.2.l J.2J Zl.l 22.5 0 

n st 60 65 77 a1 84 84 81 10 5J 5' 
0.52 2.5 0.13 2.55 Z.tJ 1..32 1.48 J.05 1.72 5.11 2.17 1.52 

0 10.7 0 10 9.68 3 . .33 6.45 6.45 6.67 6.45 6.67 6.15 
47 5-2 58 64 75 80 82 83 19 69 52 53 

0.49 4.19 0.33 5.61 7.06 4.86 0.89 4.16 1.54 9.26 3.46 1.32 
0 lt.2 0 20 9.68 13.3 3.23 9.68 6.67 12.9 10 3.23 

49 51 60 65 76 81 82 82 81 71 54 53 
0.67 I 0.561.71 I 4.02 2.18 4.26 1.11 9.62 2.42 2.27 
3.23 17.8 3.23 6.67 12.9 10 12.9 16.1 3.33 9.68 10 12.9 

U Sl 57 64 75 81 82 83 79 67 52 5-4 
1.2 2.52 0.22 2.94 2.83 ).79 1.73 0.94 2.98 8.59 1.7 1.24 

6.45 10.7 0 6.67 9.68 10 9.68 .3.23 10 9.68 10 6.U 
u 5-3 59 66 76 82 82 84 81 70 53 53 

0.41 1.18 0.03 1.81 4.52 7.17 3.88 1.45 1.72 6.37 1.79 1.18 
0 0 0 10 9.68 16.6 9.68 6.45 6.67 6.45 10 6.45 

49 53 60 67 77 81 u 85- 82 70 54 53 
0.35 0.81 0.02 3.08 5.03 6.75 1.67 0.75 4.28 2.17 1.73 0.81 

0 3.45 0 10 9.68 13.3 3.2) 3.23 6.67 6.45 J.JJ 3.23 
50 50 56 70 71 83 84 81 78 73 62 50 

0.76 1.22 1.65 2.08 1.21 2.7 1.31 5.96 0.76 7.84 1.3 2.97 
3.23 3.ts. 3.21 6.67 9.68 6.67 6.45 9.68 3.33 22.5 6,67 6.15 

48 47 53 68 71 81 82 82 76 72 60 48 
2.35- 2 1.47 5.2 1.41 8.19 0.91 t.35 l.ll 12.4 2.57 3.45 
3.23 10.) 6.45 10 6.45 6.67 3.2) 12.9 3.)] 22.5 10 19.3 
'' st 56 11 74 84 at 83 19 13 61 50 

1.11 1.33 1.1 2.97 1.48 7.8 0.8 .).19 0.21 9.46 1.47 2.52 
6.t5 3.15 l.t 6.67 9.68 10 3.2 16.1 o 19.3 6.67 9.68 

50 so 55 69 73 83 83 82 17 71 60 19 
1.6 1.t7 2.04 1.36 1.9 1.12 5.77 1.65 1.09 8.04 L41 4.86 

6.45 .3.45 3.23 3.33 9.68 J.JJ 16.1 6.15 6.67 16.1 6.67 12.9 
49 49 56 70 14 83 81 83 78 74 61 18 

0.76 0.74 1.95 0.38 1.82 0.67 5.26 4.96 0,7) 3.18 1.1 2.13 
0 3.45 3.23 0 9.68 3.33 16.1 12.9 3.33 12.9 6.67 9.68 

50 u 57 70 77 84 83 82 79 75 60 u 
0.51 1.7 1.2 0.8 0.5 0.28 1.87 4.39 0.39 4.63 0.2 2.62 

0 7.14 3.23 3.Jl 3.23 0 6.45 12.9 3.3J 12.9 0 9.68 
u ss 65 68 1a 81 a2 a2 eo 11 58 51 

0.68 1.79 0.03 0.32 0.17 7.87 7.04 0.15 2.24 3.39 2.09 0.1 
0 3.57 0 3.33 0 23.3 12.9 0 10 9.68 6.67 0 

IS 54 63 66 76 80 80 81 79 68 56 50 
1.28 2.13 0.32 1.11 0.27 6.7 5 0.4S 2.48 1.79 3.9 0.99 
6.15 7.11 0 6.67 0 13.3 16.1 ).23 8.33 9.68 10 3.23 

17 S6 65 68 77 81 81 80 78 68 57 52 
0.61 0.27 0.32 1.11 0.27 6.7 5 1.67 2.73 5.08 1.82 0.76 
3.23 3.57 0 6.67 0 13.3 16.1 9.68 6.67 9.68 10 3.23 

11 51 61 67 78 81 81 81 eo 11 sa 53 
1.62 3.58 0.28 0.29 0.16 6.79 3.16 1.76 0.48 6.92 0.88 1.14 
6.1$ 10.7 0 0 3.23 16.6 9.68 6.45 0 16.1 0 3.23 

16 51 6t 68 78 82 81 80 79 69 56 53 
1.28 2.63 0.06 1.59 0.1 4.36 7.75 0.96 0.2l 5.84 0.6 0.66 
6.1~ 7.11 0 3.33 0 13.3 16.1 3.2) 0 9.68 0 0 

17 54 61 69 78 81 83 83 82 12 57 53 
1.81 0.71 0.15 O.S7 0.75 7,85 3.91 0.97 0.13 O.SS 0.19 0.26 
6.1S 7.11 o 3.33 6.t5 13.3 9.68 3.23 o 3.23 o o 

cs 63 59 69 78 82 86 81 81 15 6o 52 
0.11 0.9 0.91 1.02 1.31 2.11 0.13 1.57 2.69 2.19 1.97 2.29 

o J.S7 6.1~ 13.3 3.23 10 o 3.23 10 6.45 6.67 9.68 
II 61 51 67 76 81 81 86 80 13 58' 51 

0.96 1.47 1.11 3.58 0.68 1.36 0.3 1.93 6.89 2.12 1.24 3.2 
0 7.11 9.68 13.3 3.23 16.6 3.23 ).23 13.3 12.9 6.67 9.68 

II 62 S6 67 76 81 85 87 80 14 59 50 
0.11 1.58 1.22 1.88 0.88 3.16 0.19 1.68 5.27 2.71 2.18 2.85-
3.23 7.11 6.U 13.3 3.23 10 o 3.23 20 3.23 6.67 9.68 

16 63 S1 68 77 82 86 87 81 75 59 51 
0.69 0.62 0.89 4.61 1.58 1.89 0 1.22 2.6 0.26 1.71 1.75 
3.23 3.57 6.U 16.6 3.23 10 0 6.4S 10 J.2J 10 6.15 

IS 63 58 70 78 82 86 86 81 15 59 51 
o.n o.u 0.5'1 2.58 0.61 1.81 o J.tl 1.69 1.15 0.87 o.57 

0 0 3.23 10 3.23 6.67 0 6.45 6.67 3.23 0 3.23 
46 65 60 11 i9 83 88 88 82 71 61 Sl 

0.15 0.27 0.19 1.83 1.65 3.16 0 0.43 0.52 1.63 O.t7 0.27 
0 0 3.23 3.33 6.15 6.67 0 3.23 J.ll 6.45 3.)3 0 

16 s2 65 11 78 83 as e5 81 11 62 IS 
0.27 3.59 0.21 1.88 3.03 2.28 0.03 0.63 1.11 2.75 1.93 0.91 

0 14.2 0 6.67 6.t5 6.67 0 J.2J 6.67 6.45 10 3.23 
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'JO 
7Jl 
732 
7JJ 
HI 
73S 
736 
737 
738 
7)9 
710 

'" 712 
713 

"' 71S 
716 
717 
710 
7U 
7SO 
7Sl 
7S2 
7SJ 
7SI 
7SS 
7S6 
7S7 
7S8 
759 
760 
761 
762 
763 
761 
765 
766 
767 
760 
769 
770 
771 
772 
773 
771 
77S 
776 
777 
770 
779 
780 
781 
782 
783 
781 
785 
786 
787 
781 
789 
HO 
791 
792 
793 
791 
7U 
796 
797 
798 
799 
800 
801 
802 
803 
801 
80S 
806 
807 
800 
809 
810 
Ill 
812 
013 
811 
815 
816 
817 
818 
819 
820 

! 'Hl. HAYS. ":'EMP 
lHJ. HAYS. PUC 
196l.HAYS.OAYS 
196J.COKAL. TEKP 
1963. COMAL. PUC 
1963. COMAL. DAYS 
1963. MECINA. TDO' 
1963. MICIICA. PRIC 
196l.HIDIMA.CAYS 
1963 .tJVALOI. TEMP 
1963 .lNAJ.DI. PRIC 
UU. lNALDI. DAYS 
1963.KfNNIY. TEMP 
196l.kiNNIY.PliC 
1963.KIMMIY. DAYS 
1964. IIX.M. TDrP 
196f.8D.M.PUC 
1964 .IIXAR.CAYS 
1961. H.A'tS. TDIP 
1964. KI\YS, PRIC 
1 96fo. HAYS. DAYS 
1961.CCitAL.TD<P 
l96C.COMAL.PRIC 
1961.COMAL.M.YS 
196f.MIDIMA.TIMP 
1961.KIDUA.PUC 
196t.MIDIHA.DAYS 
1961.lNALDI. TEMP 
196t .lNALDI. PRIC 
1964. UVALDI. DAYS 
1964. KIMMEY. TEMP 
196t.KIHNEY.PREC 
19U .KIMMEY. DAYS 
1965.BU..U.TDIP 
1965.BEXAA.PUC 
1965 .IIX.U.. DAYS 
196!». MAYS. TEKP 
196S.KA.YS.PR&C 
19U.KAYS.OAYS 
196!.. cctiAL. TDtP 
196!1. COMAL. PRIC 
1965. C'OKAL. DAYS 
1965.KIDINA. TEKP 
1965.MIDIMA.PliC 
1965.MSDIJIA. DAYS 
1965.UVALOI.TEMf 
196S.UVALDI.PRIC 
196S.UVALDI.DAYS 
196S.KINNIY.TSHI 
196S.KINWIY.PRIC 
196S.KIMVIY.OAYS 
1966. BIXAl. TSHI 
1966. BEXAA. PRIC 
1966. BEXAA. DAYS 
1966.HAY$. TDO' 
1966.HAYS.PiliC 
1966. KAY$. DAYS 
1966. cottAL. TEKP 
1966. COHAL. PRIC 
1966.COKAL.OA.YS 
1966.MIDINA. TDIP 
1966.MIDINA.PRIC 
1966.MEDIIIA. DAYS 
1966.UV~I.TEMP 

1966.UVALDI.PRIC 
1966.UVALOI.DAYS 
1966.KIHMIY.TEMP 
1966.KIHMIY.PRIC 
1966. KIJOIC't. DA'tS 
1961.BEXAl.TIKP 
1967. BEXAl. PUC 
1961 .BEX.U. DAYS 
1961.KAYS. TIMP 
1967.HAYS.PUC 
1961. HAYS. DAYS 
1961. COI1AL. TDif 
1967. ccttAL. PUC 
1967.c::c:MAL.DAYS 
1967 .KIDIMA. TaG' 
1967.MIDINA.Pl&C 
1967.KIDINA.CAYS 
1967.UVALDI.TEMP 
1961.\NALDI. PRJC 
1967.UVALCI.CAYS 
l967.KIHMIY.TEKP 
l967.XINNJY.PRIC 
1961.XIJINrt.DAYS 
1960.1EXAA. TEMP 
1968.BUAR. PUC 
1961. 8U..U. DAYS 
1961.HAYS.TDtP 

~c;, ~.'? 

o.J 2.4a 
I) 10.7 

4J S2 
0.2 2.34 

0 10.7 
4~ ~2 

0.32 3.26 
0 U.2 

45 so 
0.11 2.26 

0 7,U 
4So 52 

0 1.93 
0 3. tS. 

Sl SO 
3.t 1. n 

6.15 10.3 
u 19 

2.32 2 
6.H 10.3 

n u 
2.U 2.27 
6.1!1 10.3 

19 19 
2.52 1.12 
9.68 6.9 

n u 
1.2 0.81 

3.23 6.9 
19 19 

1.51 0.82 
3.231.14 

54 49 
2.4 6.43 

6.15 21.1 
53 U 

4.33 1.27 
12.9 25 

54 so 
2.71 8.39 
9.U 28.5 

Sfi 49 
0.. 6 

0 21.4 
54 so 

O.t1 3.85 
0 11.2 

so so 
0.46 1.81 
3.23 J.S1 

t5 so 
1.4'7 2.3 
9.61 14.2 

u u 
2.13 3 •• 
9.68 17.8 

t6 so 
l.lS 2.78 
3.23 11.8 

46 so 
2.02 2.411 
12.9 10.7 

u so 
1.96 l.Sl 
9.68 1.14 

n sJ 
0.93 l.S.l 
3.23 7.11 

SO Sl 
o.u o.u 

0 3.57 
19 so 

o.u o.u 
0 3.57 

so !11 
0.17 o.u 

0 0 
SO S2 

0.1'1' 0.96 
0 3.S.7 

SO SJ 
0.2S 0.86 

0 3.57 
s.o 52 

o.oc 0.29 
0 0 

so u 
8.S2 1.85 

16.13 6.9 .. .. 

62 C) 3.:' ~4 ·~ "< 61 H 
0.36 2.l!3 ·).48 J.D.. ..~3 .oi6 .'.d . .::J LH 
3.23 6.67 :1 ll.J 6.l') .;.4S ~.61 ~.4S 10 6.4S 

6t 12 16 'B ~5 ,'j ,0 1) 61 u 
O.l8 2 .SJ 1.56 1.66 1.36 LD l.3~ 3.0:6 O.H 

o 6.61 6.•s :o 6.45 6 ts :J 6.4~ 16.6 J.2J 
65 14 11 ~· 13~ 86 !31 ~, 61 u 

0.09 1.12 2.01 1.41 .),U 0.85 1.61 1.':16 1.!!6 0.13~ 

0 6.67 9.68 6.67 J.23 6.45 6.67 6.4~ lJ.J 
66 15 76 83 BS 36 !30 72 60 '' 

0.07 2.26 5.0. 1.99 O.H 2.1 1.3 0.76 0.67 
0 6.61 12.9 6.67 10 6.45 3.3) 3.23 

68 15 17 84 87 89 83 74 60 4S 
0 1.63 2.13 2.05 0.1 J 1.61 3.9S 0.88 0.79 
0 6.67 3.23 6.67 ~ 0 3.33 6.4S l.J3 6.45 

61 10 77 !32 86 86 80 66 62 S2 
1.73 1.16 1.79 L88 0.02 S.l9 t.IS 1.64 4.81 1.22 
3.23 3.33 6.45 13.3 0 6.45 20 3.23 6.67 3.23 

59 69 a 80 at 84 , 65 61 s1 
1.48 2.1t 3.11 4.83 0.62 1.62 5.91 2.07 2.56 1.01 
3.23 10 6.t!l 10 3.23 9.68 16.6 3.23 10 3.23 

59 69 76 81 85 86 81 67 62 S1 
1.17 1.51 LU 4.46 0.74 4.51 3.12 2.09 3.89 1.11 
3.23 6.67 6.45 13.3 3.23 6.4S 6.67 3.23 6.67 3.23 

60 71 77 81 86 86 81 68 63 S1 
1.85 2.27 3.55 •.• 9 0.72 1.76 3.61 2.06 2.92 1.12 
6.t5 to 9.68 6.67 3.23 1.21 t6.6 6.4S 3.33 6.1s 

60 11 11 81 as at 19 65 61 so 
1.18 1.18 2.63 0.09 1.65 2.02 8.36 1.88 0.66 0.61 
3.23 l.ll 6.45 0 J.23 9.68 23.3 6.4S 3.33 3.23 

62 74 79 !36 89 88 82 68 62 51 
1.4 1.21 2.64 0 0.41 1.46 9.53 1.31 0.05 0.38 

3.23 6.61 12.9 0 0 9.68 16.6 6.45 0 3.23 
55 71 75 81 65 84 81 61 61 ss 

2.3 1.97 8.18 2.42 0.08 1.65 3.13 2.69 0.89 t.51 
3.23 6.67 19.3 6.67 0 9.68 10 12.9 6.67 9.68 

53 12 73 78 81 82 79 66 64 St. 
1.39 2.98 7.32 2.48 1.65 0.83 2.5 4.13 2.55 7.55 
9.68 10 19.3 3.33 3.23 3.23 6.61 9.68 6.61 l6.1 

55 13 75 83 85 82 80 68 66 SS 
1.21 2.98 8.81 2.19 0.09 1.07 3.74 5.03 1.83 7.08 
6.ts to 22.5 3.33 a 3.23 16.6 6.4S 3.33 19.3 

54 71 7) 81 85 83 Ell 67 6t 54 
2 2.43 4.98 0,75 0.13 0.59 2.23 3.53 0.76 7 

3.23 10 19.3 3.33 0 0 6.67 9.68 0 12.9 
56 71 75 81 84 83 80 66 6t 55 

2.67 2.6 3.96 0.92 0.45 2.39 2.54 1.56 1.1 3.7 
6.t5 6.67 16.1 3.33 3.23 9.68 10 6.15 3.33 9.68 

57 12 75 82 87 86 83 69 67 55 
0.72 2.93 5.33 2.75 0.3t 2.52 2.69 0.45 0.73 O.iS 
6.CS 10 9.68 10 3.23 3.23 13.3 3.23 3.33 3.23 

60 68 7) 79 84 81 71 67 63 so 
l.H 3.2 3.53 1.78 0.06 4.28 2.13 1.11 0 o.u 
6.ts 6.61 19.3 6.67 o 16.1 to 3.23 o J.23 

59 68 73 77 82 80 76 66 63 t9 
2 2.U 2.83 3.12 0.14 S.6 3.54 0.99 0 0.8 

3.23 6.61 12.9 10 0 19.3 16.6 6.45 0 3.23 
61 70 76 82 86 83 78 68 6~ 51 

l.t2 0.8 1.19 1.96 0.57 5.19 3.24 0.69 0.01 2.43 
9.68 3.33 12.9 10 0 19.3 16.6 3.23 0 3.23 

~9 69 11 eo as 81 78 67 63 ~1 
0.18 3.92 6.1 0.61 0.22 8.36 4.43 0.51 0 0.07 

0 10 19.3 3.33 0 19.3 20 3.23 0 0 
61 11 iS 80 86 82 79 69 64 51 

O.S7 t.31 3.65 0.83 0.25 S.18 1.95 0.62 0 0.04 
0 6.67 9.68 6.6'1' 0 12.9 10 3.23 I) 0 

65 '' 15 eo a6 83 '' 69 63 51 
1.21 6.t1 2.09 2.42 o 4.S4 1.75 0.64 o o 
3.23 6.67 9.68 10 0 9.68 6,67 3.23 0 0 

67 '' 11 u as a2 75 67 60 so 
2.110.94 2.22 0.01 2.12 3.17 11.1 2 3.42 1.38 
9.61 3.33 6.45 0 9.68 12.9 33.3 9.68 13.3 6.U 

65 75 75 82 84 82 74 66 'j1 19 
0.72 1.1 •• 39 0 1.18 1.71 1.39 4.39 3.75 0.68 
3.23 3.JJ 6.t5 o 6.t5 6.15 16.6 12.9 10 o 

65 7S 7S 83 83 81 7t 66 57 t8 
2.21 0.87 2.81 0 2.07 t.5 9.69 3.17 4.16 1.28 
9.68 3.33 9.68 0 6.45 12.9 16.6 12.9 13.3 6.45 

6t 75 76 U 85 82 H 67 59 SO 
1.n 5.28 1.12 o.as 1.36 3.71 8.9t 2.98 3.12 1.11 
6.45 10 3.23 0 6.4S 12.9 20 12.9 10 6.45 

67 16 77 !14 86 81 " 67 59 u 
0.42 2.U 0.12 1.51 0.32 2.85 S.lt 2.t2 2.81 0.9 
3.23 10 0 ].33 3.23 12.9 20 6.15 6.67 3.21 

68 76 78 81 87 83 iS 69 60 51 
1.22 3.02 0 2.6 0.97 1.0t 6.67 1.01 1.44 0.65 
6.15 6.67 0 3.33 3.23 3.23 26.6 9.68 6.67 3.23 

sa 68 75 8o 83 at 76 12 S6 so 
1.21 1.92 2.82 2.63 1.53 0.9t 2.99 0.69 4.58 0.66 
6.ts to 3.23 13.3 1.21 6.45 to o 16.6 3.23 

ss 66 73 78 81 83 ,. 70 56 so 

Appendix A - 9 



821 1968.HA't'S.PU:C ,, L 89 l. J ~ .2. 99 4. u .. " ') ~ .. :• ... ' " "' 1968.HAYS.DA'tS 19.]~ 6.9 J. 2 J 13 .l 16.1 ~~' 6 . .2.3 ) :0 & • I~ ~). J 6. 4 ~ 
023 1968 .COKAL. TEMP IS " S' 68 

,. 
ll " " " 'l '" " 821 1961. COMAL. PRIC IL9(i I. 71 1.28 ).6 J.P J. 61 J. sa 0. 4J 3.6 l. J 6 3.71 J. 53 

825 1 9 68 • C'OI1A.L • DAYS l'LH 10.) l. Zl 10 12.9 16.6 ·) 6.67 6. 15 16.6 6.15 
826 liiU.!'CIDUIA. TOO' .. .. S' •• 'S " 82 " 

,, 
'2 ; ' " '" 1961.MIDINA. PRIC 5.32 2.)1 1. 95 J. 64 3.81 l. 'J 5 .26 '). 62 S.76 0. 38 l.H t. a z 

828 1968 .MIDINA.DAYS 16.1] ll. 7 6. 4S 16.6 9.68 6. 61 6. 4 5 1.23 16. 6 l ll.J 6.45 
829 1968, WALOI. TEMl .. " s' 69 ,, 

" " 82 'I ,, 
" " 830 1961. WAUII. PliC 3.66 1. 72 2 2. 8J 3.88 1.41 L 77 0 . .2l l. Hi l.-12 1. 71 1. OJ 

831 1961.WALDI.DAYS 12.9 lO.J 3.23 13. 3 6. 45 6. 67 3. 23 0 1 ).] 6. IS 6. 67 l. 2 J 
832 1961. KINNIY. TEMP 19 Sl s• 68 " " 82 " " 

,, ,. so 
8ll 1961. KINNIY. PRIC ). 1!1 l.H l.t30.19 1. 19 l.) J 0.68 O.OJ 2. 11 2. 59 l.U 1.15 
834 1 Ul. KINNIY. DAYS 12.9 10.7 3.23 l.JJ 6.45 l. J l 3.23 0 ). J J 6. 45 ),]) 3.23 
BJS 19 69 • BIX.U. • T DU' 52 St ss 69 ,, 

" . , as ,. •• , . ss 
831 1969 .IIX..U. pR.JC l. 76 2 .• 2.lS 2. 46 L61 2. J 2 0.36 4.19 l.l2 !i. !l!i l. 02 2.28 
837 196t .IIXAI. DAYS •. 68 7.14 •. u 16.6 19.3 10 0 16. 1 10 16.1 3. 33 9.68 
Ill 196t.KAYS.TDO' S1 Sl Sl 69 7) " . , as ,. •• ,. Sl 
839 L969.KAYS.PRIC 1.32 3.16 3.19 5.78 s.u 2. t.6 o.ss 3.03 0.69 l. !14 J.J9 4.0!i 
810 1969. HAYS. DAYS ) . 23 7.14 12.9 16.6 16.1 10 ]. 23 9.68 l.3J 19.) 10 9.68 

'" 1919. caw.. TIMP so 52 Sl 68 71 82 87 86 ,. 69 , Sl 
812 1969. COMAL. PRIC l.J!i l.lt t.U 2.97 3.91 2.15 1.35 2.89 l.J1 3.12 2. 71 2.86 
Btl 1969 .CX»>AL. DAYI ) .23 7.U 11.1 ll.l 12.9 10 ]. 23 12.9 6. 67 16.1 10 9.68 ... l969.MIDIIIA. TDCP Sl st st .. 7) 81 

., 86 80 70 sa ss 
Bts 196t.MIDINA..PliC 1.11 3.U 1.69 2.U s.u 2.2'!i 0.36 3.32 2.39 !i.2'7 l. 28 l."' ... l969. MIDlHA. DA'iS 6.ts 3.57 3.23 10 16. 1 6.67 3.23 9.68 10 12.9 6. 67 12.9 . ., 1969.UVA.LDI. TDCP Sl so ,. 70 7) 81 .. 81 '" 69 58 s; ... 1969. UVA.LDI. PIIC 1.8 o.u 0.1. 1.39 L75 2.S 0. I ). 12 l.lt 13. l 2.07 1. 26 ... 1969 .UVALDI.DAYS 3.23 7.U 3.23 6.67 16.1 6.67 0 9.68 6.6'7 16.1 6. 67 fi.U 
a so 1969 .KINWEY. TEMP Sl St st .. 7) 82 " " 78 ., 

" Sl 
8S1 1969 .KIMMEY. PUC o. az o. 86 a. u •. 61 J. 24 1. 45 0.62 2.7S 2. !i4 5.17 4. 46 l. 26 
BS2 1969. KlHNiY. DAYS 6.H 3.57 3.23 6.67 9. 68 6.67 3.23 12.9 6.6'7 U.J 13.3 6.4!i 
BSJ 1 91 0 • B l.lt.U.. T DtP IS ss S6 70 " 80 " as 81 " 58 60 
OSI 1970.BEXAA.PRIC 1.1 2.66 1. 98 1.13 '·' 0.89 0. 91 0.95 4. J'!i 1.31 0. 01 O.lS 
ass l970.8&:X.U.OAYS 6.4S 10.7 6.45 3.33 22.5 6. 67 6.t!i 6. 4!i 16.6 6. 4!i 0 0 
BS6 1970.HAYS.TDIP " S2 ss 68 71 '" 82 81 ,. 66 ;s so 
8S7 1970,KAYS.PUC 1. 65 3.98 2.ll 2.21 10." 0 .I !i l.U 0.53 L!i6 4. 27 0 0. J9 
as a 1970. KAYS. DAYS 3.23 17.8 6. 45 6.67 19.3 .L33 6. 4 !i ).ZJ 20 12.9 0 0 
8S9 1970. ca1AL. TEMP .. Sl S7 70 'I 79 OJ 81 " 66 55 ;a 
860 1970.COI'\M..PAIC 1. 93 t.l6 2.25 l. 81 13. 1 0.08 0.42 2.85 5.33 2.Sl 0.51 
861 1970.COI1AL.CAYS 6.U U.2 6. tS 6.67 25.8 0 0 9.68 20 12.9 0 0 
862 1970. 111DIMA. TDIP .. Sl ~· " 72 '8 OJ " 79 ., " 60 
863 19'70. MIOlNA. PUC 1.13 3.'78 1.39 0.91 11.6 1. 23 2.3 2.1H 4 . 75 O.!i9 0.03 0. 28 
864 1970. MID INA. DAYS 6.U lO. 7 9.68 3.33 16.1 6.67 9.68 6.H 20 l. 23 0 0 
86S 19'70. UVA.LDS'. TDIP 11 S6 ~8 10 72 ,. 82 83 78 67 58 " 816 19'70.1.NALOI.PUC 0.78 1.91 1. 01 O.lfii 2.05 0.92 0.45 1. 2S 4. 69 0.16 0 0.11 
817 1970 .UYALDI. DAYS 6.41!t 7.U 6.U 0 l. 23 l. 33 3.23 3.23 1115.6 0 0 0 
••• 19'70.KlNNIY.T~ " " ss 68 " 78 81 OJ , 6S Sl S2 
819 19'70.KINNIY.PUC 0.8 2.7 1 0 2.5 0.9 0 1.2 6.9 o.; 
8'0 1970. KlWNIY. DAYS l. 23 ll.2 

·-·~ 0 3.23 3.33 0 J. 23 13.3 3. 23 0 

'" 1971.11X.U.. TDIP 56 S7 6S 69 ,. OJ •• 81 80 " 6J ~' 872 1971. 81XA.A. PUC 0.04 0.11 0.01 1.39 1. 52 2.74 1. OS 9. 42 4.S7 4. 62 2. 74 2.86 
873 1971. BEXAJ.. DAYS 0 3.57 0 3.33 6. t!i 13. J ).23 29.0 20 22.S 6.67 9. 68 
871 197l.HAYS.TDCP Sl Sl 60 66 " 82 at 

,. 
'8 " 60 ~~ 

87S 1971. HAYS. PQC 0,08 1.t2 0.1 l.U 2 .• 3. OJ 0.08 .. , 4.29 3. 84 2.14 5.58 
876 1971.HAYS.DAYS 0 3.57 0 3.33 12.9 13.3 0 22.S 10 12.9 6. 67 16.1 
877 U71. COKAL. TDIP 5I s~ 62 ., " 8t 86 81 ,. 71 " 55 
871 1911. COKAL. PRIC 0.11 0.86 0.11 0.92 2.U 2.21 o. 53 8.H 1.37 2.67 2.11 4.36 
879 1971 • C'Cf\M.. DAYS 0 3.51 0 l.Jl 12.9 10 3.23 22.5 6.67 12.9 6. 67 19.3 
810 1971.KBDIMA. TIMP S6 S7 63 69 71 83 as ,. ,. 

" 62 S' 
881 1971.JGDIIA. PUC O.Ot 0.62 0.07 1.61 0.36 3.H 0.26 16.9 1. 68 6.28 o.u 1.35 
882 1971.KIDIIIA.DAYS 0 3.~7 0 6.67 0 13.3 0 19.3 10 19.3 3.33 6. IS 
08l 1971. WALDI. TDIP S7 ~· 66 '0 ,. 82 82 78 78 " 61 S' 
Bet 1971.UVALDI.PRIC 0 0.39 0.02 1.81 0,7) 8.16 0.36 9. 45 2.;!6 6.19 0. 04 1.6 
ass 1911. WA.LDI. DAYS 0 3.57 0 6.6'7 3. 23 23.3 3. 23 22.5 13. J 12.9 0 6.15 
886 1971. KINMIY, TDit ss ~7 6l 70 77 81 Sl ,. ,. ,, 62 St 
017 19'7l.KINMIY.PRIC 0 0.39 0 2.1 l.lt 9.35 o.s 11.5 2.26 2.19 0 .l 0.' 
••• 1971. KINJII't. DAYS 0 3.~7 0 10 t.ts 20 3.23 22.!i 13.3 6. 45 3.33 l. 23 
889 1972. BIX.U. TIMJ ~2 ~· 66 'l 73 80 82 82 82 '1 5I so 
no 1972 .au.u. puc 1.35 o •• o.u 1.9t 11.2 2.86 3.13 4. 21 1.1 1.99 2 ,]7 o.u 
891 lt72.8UAI..DAYJ 6.U 0 0 6.6'7 22.S 13.3 9.68 19.3 6.67 ]. 23 13.3 0 
092 1972. HAYS. TDir so ~l 6S 71 " 

,. 
81 81 81 69 " .. 

893 1972.KAYS.PUC 1.01 o.ss 0.01 0.78 9. 7"'1 2.61 2.11 ••• 1.6 l .• 3.75 l. 01 

'" 1972.HAYS.DAYS t.t5 3.U 0 3.33 U.l 13.3 9.68 12.9 6.67 3.23 13.3 3.23 
895 1972. CCIIAJ., TIICI 52 ~s 67 'l " 82 Sl Bl 83 " SJ " 091 1972. caw.. PRIC 0.06 0.11 0.63 1. 91 lt.S .. 78 l." 2. 21 4.65 4.96 2 .•• 0. !9 
897 1972. caw.. DAYS l.2l l.U 3.23 10 22.5 16.6 12.9 6. tS 20 9.68 10 J. 23 
891 1972.MBDIMA.TIICI Sl ss 17 " 'l 81 OJ 82 81 " 

,. 50 
899 1972.MJDIMA.PUC 1.11 0.17 0.36 0.97 5.3 1.27 1. 82 6. 39 l.Sl 2.12 1.61 o.; 
900 19'72.JUDIIfA.DAYS 3.23 0 3.23 6.67 12.t 6.67 t.t5 19. 3 10 3.23 3. Jl 0 
901 1972. UVALDI. TIMP St S7 •• 7S 73 81 82 81 81 72 , 5I 
902 1t72 .tNALDI.PUC 0.84 0.16 O.JJ 0.26 2.67 1.61 1.18 2.98 l. 71 0. '11 0. 81 0. 23 
90J 1 t72. UVALDI. DAYS 3.23 0 3.23 0 16.1 6.67 6. tS 12.9 13.3 3. 23 3.ll 0 
904 1t72.KINMIY.T~ ~0 s~ 67 'S H 82 81 82 80 H Sl Sl 
90S 1972.KINMIY.PRIC o. 7 0.8 O.l 1.1~ 2.0S l. 71 0.82 8.49 2.36 0. 7 0, 75 0.68 
901 1972. KIJIMIY. DAYS 3.23 l.S7 3.23 10 12.9 6.6'7 6.H 12.9 10 6. 45 ).ll 3.23 
907 1973. BIXAI. TIMP n ~2 •• 66 'S ,. 8l 82 79 72 6S S2 ... 1973. BIXAJ.. rue 2.17 2.76 1.51 5.11 2.13 10 •• 6.91 t. Z9 13.0 L85 0.29 0.16 
909 1973. BIX.AA. DAYS 12.' 11.2 6. IS 20 6.U 16.6 12.9 3.23 " 19.3 0 0 
910 19'13. HAYS. TIMP ·~ u 62 63, 12 " 82 ,. 78 69 61 5I 
911 1973. HAYS. PUC 3.39 • 3.01 3.90 l.SS 7 .u 6. 24 2. 5I 5.63 O.lS 1. 25 0.51 
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912 
913 
9U 
91' 
916 
917 
918 
919 

'" '" >22 
923 
921 
>2S 
926 
927 
921 
929 
930 
931 
932 
933 
931 
93S 
936 
937 
931 
939 
910 
911 
912 
913 
911 
91S 
916 
917 
9U 
919 
9SO 
951 
9S2 
9S3 
9SI 
95S ... 
9S7 
9S8 
9S9 
960 
961 
962 
963 
9 .. 
96S 
966 
967 
968 
969 
970 
971 
912 
973 
971 
975 
976 
977 
971 
979 
980 
911 
982 
983 ... 
915 
916 
917 
911 
989 
990 
991 
992 
993 
991 
995 
996 
997 
991 
999 

1000 
1001 
1002 

191.l.KA"fS.OA't5 
1913. C'Ot'.AL. TEMP 
197J.CClKAL.PUC 
197 J, C'CMAL. DAYS 
197J.MED1MA.TIM? 
197J.MEDIMA.PRIC 
197J.MEDINA.DAYS 
197J.UVALOI.T~ 

197J. WALDI. PRIC 
197 3. WALDI. DAYS 
197J.KINNIY. TEKP 
1973.KIMNIY.PRSC 
l97l.KIMMIY.CAYS 
1971.11X.U. TEMP 
197C. IIX.U. PRIC 
1971 .IU.U. DAYS 
197I.KA'tS.TDIP 
1971, HAYS. Plt.IC 
1971.KAYS.DAYS 
197t .CCMAL. TIMP 
197t. c:ao.AL. PRIC 
U7t.CCIVd..QAYS 
19'7&. MEDINA. TEMP 
1971 .MIOUfA. PRIC 
1911. KID INA. DAYS 
1971.UVALDI.TEMI 
197t. UVALDI. PUC 
1971.UVALDI.OAYS 
1971.KINNIY.TEMP 
1971.KINNIY.PRIC 
1971.KIMNIY.OAYS 
1915. IIXAJ.. TEMP 
1915. IIXA.l. PREC 
1975. BIX.U.. DAYS 
1915. HAYS. T111r 
1915, HAYS. PRIC 
197S.KAYS.DAYS 
197S. CCMAL. TEMP 
l97S.COMAL.PRIC 
1975. CCI'tAL. DAYS 
1975, KIOINA. TEMP 
197S.MEOINA. PRIC 
197S.MIDIIA.DAYS 
197S.UVALDI.TEMP 
19?5.UVALDI.PR&C 
197~.UVALOI.OAYS 

197S.KIMNEY.TEMP 
1975.KINNIY.Pk1C 
1975.KINNIY.DAYS 
1976.1U..U.TDQt 
1976.BU..U.PR.IC 
1916. BU..U. DAYS 
1976.KAYS. TEMP 
l976.HAYS.PRIC 
1976. KAY$. DAYS 
1976. C'a9t.L. TEMP 
1976. COKAL. PRIC 
197 6. cctVU.. DAYS 
1976.KIDlNA.TEKP 
1976.MIDINA.PRIC 
1976.KEDINA.DAYS 
1976.UVALDI.TEKP 
1976.UVALCI.PRIC 
1976.UVALCI.DAYS 
1976.KlNNIY.TEKP 
1976.KINNIY.PRIC 
1976.KlNNIY.DAYS 
197"7 • au.u. TDD 
197"7. ID..U.. PUC 
1977.1U.U..DAYS 
1977.KAYS.TJMr 
1977. HAYS. PUC 
1977.KAYS.DAYI 
1977. CCICAL. TDII 
1977. CCJIIAL. PUC 
1977.cc::tQL.DAYI 
1977.KIDIKA.TDII 
1977.KIDIMA.Pa&C 
1977.MIDINA.DAYS 
1977.UVALDI.TIMP 
1977.UVALCI.PRIC 
1977.UVALDI.DAYS 
1977.KIHWIY.TEMP 
1977.KINWIY.PRIC 
1977. KlNNIY. DAYS 
1978.BIXAI..TDCf 
1918. BU.U.. PJ.IC 
1978.BIXAR.DAYS 
1978. HAYS. TEMP 
1911.HA.YS.U.IC 
1971.HA.YS.OAYS 

:6.13 11.11 1.ca :;.3 3 • .::3 .. ., :~.j -~.aa 3.JJ .::~.; .;_~, J.:.l 
45 49 62 ~3 13 ~9 ~ 3 110 19 11 ~s ~ 

3.37 2.19 2.~6 S.21 'J.J l.J4 5."1"5 .:;.,2 9.11 10.3 0.)4 0.3 
19.35 .21.4 45.45 lJ.) ·J :6.6 'L68 9.68 16.6 ),2 • .;: l.).) 

46 SO 64 64 14 ""'!3 "31 81 -~ 70 65 B 
2.42 3.12 l.n 5.11 l.4 :1.56 :1.3 J.S 6.52 6.~6 J.H 'J.ta 
9.158 17.8 3.23 10 3.2) .::o 19.) 0 1.3.~ 19.3 ) 

48 51 66 61 ll 79 82 82 79 7 1 66 ~ 
1.62 .2.5 1.26 2.12 0.11 4.5 6.26 .53 4.72 4.9] 0.1 
6.U 10.7 8.45 6.67 3..23 20 9.68 .23 IV 22.5 0 

4!:1 50 u 63 n 78 82 a2 -:oa "11 65 !l 
LU 2.29 O.U 2.1 0.6 6.5 '::1.4 3.6 8.48 J 
).23 10.7 l.2l 10 ].23 2J.J 9.68 0 lJ.J 22.5 0 

51 56 6"1 70 71 79 83 81 12 68 Sl ti 
Ll6 0.04 O.H 2.18 4.28 1.02 1.28 11.1 3.85 4.09 S.J9 1.1J 
6.H o 6.U ll.l 19.3 6.61 3.23 16.1 16.6 16.1 10 6.15 

SO 53 'S 67 77 ~8 81 79 70 68 S6 8 
2.9 0.29 1.2!:1 1.91 1,t7 -0.0 0.57 1.33 4.19 2.23 9.69 2.1!:1 

9.68 o 6.U •.67 u.1 o J.23 u.1 13.3 6.ts 20 6.1S 
'' ss 66 69 77 79 83 82 73 69 57 ~ 

2.9 o.u 0.75 2.24 8.75 2.25 0.78 10.( 2.86 1.65 8.81 1...:9 
9.61 0 3.23 10 16.1 6.61 6.45 22.5 10 6.45 10 ~ 

so 56 67 69 11 80 as a2 11 &a 57 ~ 
1.8 0.02 1.7 -0.0 6.66 0.21 0.1 16.9 2.~2 2.5 1.59 2.:5 

6.U o 3.23 o 19.3 0 0 22.5 6.67 12.9 6.67 9.tl 
53 57 e9 72 79 81 U 80 12 69 S1 !4 

1.51 0 0.86 1.24 3.8 0.32 0.19 15.8 1.54 1.76 l.71 2.l'9 
].23 0 3.23 3.33 12.9 0 0 25.8 6.67 9.68 6.67 6.-e 

u 51 66 69 11 s2 85 at 10 n s6 " 
0.2 o t.J 1.65 2.a a.s 0.1 4.9 1.5 3.4 o.6 1..1 

0 0 6.45 l.Jl 9.68 3.33 0 12.9 13.3 9.68 J.lJ l.ll 
SJ 53 61 68 13 80 81 81 "16 71 60 'il 

1.04 3.3 0.52 2.69 6.91 4.6 1.06 1.28 O.Sl 2.25 O.Ol L. 
6.U 10.7 0 ll.l 16.1 lJ.l 6.45 6.45 0 3.23 0 3...:.3 

52 SO 59 66 "l3 19 81 81 75 69 58 B 
0.88 5.12 1.27 !:1.8 13.1 6.05 1.79 5.9 1.56 3.52 0.76 2 •• 
1.23 1f..2 6.15 13.3 32.2 20 6.45 9.68 6.67 6.45 l.ll •.• 

51 52 61 67 H 80 82 83 71 10 61 !;.1 

1.62 2.82 1.68 2.18 10.1 2.93 2.07 2.75 3.12 3.52 0.69 1-'M 
6.45 10.7 9.68 6.67 25.8 10 6.45 6.45 13.3 6.45 ].]3 3....::3 

!:It 51 63 7.t;l 75 79 80 81 76 71 62 511 
0.61 5.36 O.H 3.71 f..BI 4.38 3.84 2.1 2.72 2.64 0.23 l.D 
3.23 14.2 3.23 13.3 19.3 10 19.3 3.23 10 9.68 0 6.1S 

51 !:16 64 11 75 80 81 83 16 71 62 !C 
0.1 2.51 0.2 5.3 6.65 1.87 1."19 0.67 l.H .2.92 0.02 1.11 

0 10.7 0 10 19.3 6.67 12.9 3.23 l.Jl 9.68 0 3~ 
54 55 59 68 74 80 79 Sl 73 65 53 tQ 

1 2.35 0 3.7 1.7 4.7 3.91 1.4 2.t6 1.32 O.ll 0_!3 
6.15 10.3 0 6.67 12.9 10 9.68 ].23 13.3 6.45 l.Jl 3..13 

49 61 61 69 71 79 80 81 , 61 5.2 "' 
0.56 0.13 1.2 5.61 5.8 1.61 5.39 2.09 3.79 8.48 2.16 Ll!t 
3.23 0 3.23 20 16.1 6.67 25.8 6.45 20 19.3 16.6 6.1& 

47 59 60 67 69 71 79 81 76 60 51 v 
0.81 0.65 2.06 1.09 6.!:14 2.51 6.75 0.63 4.66 10.1 2.89 1.7J 
6.U 3.15 12.9 30 16.1 6.61 22.5 3.23 16.6 22.5 ll.J 6.1& 

49 61 63 68 70 79 80 83 78 62 54 ~ 

0.1 0.83 1.72 9.08 7.tl 2.55 4.38 2.62 S.4Z 9.94 2.68 2 
3.23 6.9 6i.U 20 19.3 6.67 16.1 12.9 16.6 22.5 13.3 9 •• 

so 62 65 69 11 19 78 eo 19 62 53 iO 
0.26 0 1.25 12.6 5.11 1.29 3.84 1.83 1.11 9.31 1.92 2..15 

0 0 3.23 23.3 16.1 3.33 16.1 3.23 16.6 19.3 10 ·~ 
51 63 65 69 72 80 78 80 78 63 54 !0 

0.1.2 0 1.72 6.11 5.52 2.26 10.1 1.85 9.19 5.53 1.48 1...13 
3.23 o 6.ts 21.1 u.1 6.61 29.o 9.68 26.6 16.1 10 •·• 

SO 62 61 61 69 80 78 82 "18 61 Sl 11 
0.12 0.06 0.21 t.55 3.95 0.52 ll.8 O.S8 2.07 4.34 1.81 2...2' 

0 0 0 16.6 12.9 3.33 41.9 0 13.3 9.68 3.)3 '-tS 
.. 53 61 67 75 81 85 84 !!12 71 61 "J 

3.1 0.91 0.11 1.8 1.62 2.26 0.1 0.06 2.11 3.47 6.01 O-l.2 
12.9 3.57 6.45 26.6 6.45 13.3 0 0 10 12.9 10 0 

11 52 ~' u 13 so 83 as 82 n 6o ~1 
2.tt 2.U l.U 1.1 2.91 3.5 0.11 0.49 2.39 l.ll 2.6 0.1"4 

16.13 7.U 9.61 23.3 6.15 16.6 o 0 10 9.68 10 o 
U 51 61 67 15 82 BS 81 81 72 62 5J 

3.91 1.62 1.39 6.99 0.75 1.35 0.02 0.49 1.13 2.67 4.04 0.&1 
16.13 1.11 9.61 20 3.23 6.67 0 l.2J 3.33 6.t!) 20 0 

u 55 62 61 75 80 82 81 83 71 61 !5 
2.35 0. 7l 0.61 5.03 2.63 4.02 0 0.28 0.65 t. U l.U 0.!1:2 
9.61 o 3.ZJ 16.6 9.68 6.67 o o o 6.t.5 6.67 a 

u ss 62 68 76 82 84 87 85 "13 63 $-5 
2.16 0.11 a.ll 2.11 3.35 1.11 0 1.15 2.06 2.15 2.8 0~ 
12.9 3.51 0 13.1 6.15 6.61 0 3.23 3.33 9.U 10 l..Il 

12 u 60 61 '' 82 84 B7 as 11 61 !4 
2.06 1.36 0.~6 1.4 0.25 1.2!:1 0 O.t5 0.7S S.52 1.21 0~ 
12.9 3.57 J.ZJ 3.33 J.JJ o o 3.31 16.1 3.JJ • a 

tl 16 ~~ 68 71 82 86 83 ~8 69 62 ~ 

o.u 1.76 1.71 3.62 2.4!:1 ).96 1.43 4.91 8.86 o.ss 4.91 1-i"t 
1.21 7.14 &.ts 6.67 9.68 10 6.4S 6.t5 u.J 1.21 11.1 1 . ..n 

tl tl S6 68 76 81 86 83 18 68 60 Q 
0.96 2.21 1.03 1.2 4.1 2.22 O.U 3.57 S.J 0.39 8.64 2-t& 

0 11.8 3.23 3.33 9.68 3.33 0 6.45 13.3 3.23 13.3 1...2:3 
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1003 !978.COMAL. TEMP 42 " 57 " '7 " " 
, -, ~ ~ ;o " 1004 1911. C'Ct'IAL. PRIC I. 09 2.7 1. 09 2. !1'7 2. !IIi .. 72 I L46 1. )2 :l.H "~.97 2.~ 

100~ 1971. COM.\L. DAY'S J •. Zl 11.2 3. 2J 6.67 6. t) lJ. 3 J.: 3 12. li 16.6 3. 2) .::J.J 3.13 
1006 19'18 .MICINA. TDff " 46 61 71 ,, 

" " 81 ,, 
" " " 1007 1911.MICINA.PliC 0. J8 1. 38 0. 21 2. 09 1. 7~ 2. 0 t t. 02 S.7S ). .::~ ':1. 76 3 . 02 2.1t 

1001 1911.NIDINA.OAYS 0 10.1 0 6. 67 9.68 6.61 3. 2 3 12.9 " 3.23 " ).2] 
1009 1978.WALDJ.TDQ •• .. 62 7J 01 82 " 80 ,, ,., 64 " 1010 1918.WALDI.PUC O.J1 0.62 0.0~ '·' 2. 81!1 4.13 O.Ot 4. 23 1.89 0. 7 1 .01 0.11 
1011 1971.WALOI. DAYS 0 0 0 3.ll 9.151 6.67 ' 12.9 6.67 ). 23 6. 6'7 J .lJ 
1012 1978. KJNNIY. TDtP .. " 6l ,, 79 " 87 05 ,, 70 62 ., 
lOll 1971 .ICIHliiY. PUC 0.1 0.62 0 .o l.H 2. t 3 ). ' 0.> l.lt 2.!15 1.45 3.6 0.1> 
lOU 1911, KIHIIIY. DAYS 0 0 3.23 l.JJ 9.61 10 ) • 2 J 3.23 " ). z 3 10 6.1~ 
lOU 1919. BEXAR. TEMP " 52 6J .. " " " " 78 'I 58 " lOU 1919. BIXAA. PRIC 4.07 l. 38 J.5S S.H 1. 98 5.59 7.38 2.09 0.86 0. 11 1.43 2 •• 
1017 1979. BIX.U. DAYS 16.13 7,U 16.1 16.6 9. 61 6.67 12.9 12.9 3. J 3 10 12-'t 
1011 1919.HAYS.TDlP " " 61 •• " 78 82 81 " '2 56 Sl 
1019 U79.KAYS.PUC S.82 J .2 t.U 4.61 2.36 2. 1 9. 06 l. 02 1. 74 0.39 0. 76 J.Z7 
1020 1919. HAYS. DAYS 12.9 10.7 9. 61 20 12.9 10 19.3 3.23 I 0 0 6.67 12-9 
1021 197 9. COMAL. TIMP u u 61 67 71 78 BJ 81 76 '2 56 >2 
1022 1979.CQ1Al..PIIC LU 2.8S 3. 71 t. tS l. 94 2.H 5.36 0.93 2. 28 0. 34 1. 01 t.ll 
1023 1979,COMAL.DAYS 12.9 10.7 U.l 16 .• 12.9 6. 61 16.1 3.23 10 3. 23 6. 67 12-' 
1021 1979.H&DIN.A. TIMP " 52 62 •• 72 78 8J 82 78 73 57 Sl 
1025 1919 .M&DINA. PUC 2. 31 l.U 3. 77 5.19 2.08 8. Sol 1.94 l. 24 0. 04 0. 1 0.82 .. ~ 
1026 19'79.Kil:UNA.DAYS 9.61 3.!1'7 12,9 16.6 6. 4So 10 6.f,5 3. 23 0 6. 6'7 6.11 
102'7 19'79.WALDI.TDtP .. 53 6l 70 71 80 " 82 " 7S 59 .. 
1021 19'79 .IJVALDJ. PRIC 1.3 1. 04 J.S3 s. 19 1.12 H.9 o. 61 0.97 0. 33 0.05 2.13 0.1> 
1029 1919.1JVALDI.OAYS 3.23 3.5'7 12.9 20 6.U 13.3 3.23 l. 23 0 ' 6.67 • 1030 1979. KINNIY, TIMP 42 " 60 •• 71 78 86 86 80 ,, 56 .. 
lOll 197t.KJNNIY.P~C l. 08 3. '71 3. 99 2. 1S 0. s J.U 0 0.2!J 1 O.ZI 
1032 19'7 9. Kl MNIY. DAYS 3.23 11.2 9. tit 6. ,, J. 23 13.3 0 0 0 l 6. 67 , 
1033 1980. Bn.AA. TEMP Sl 53 61 67 76 85 88 85 8J 7 0 58 •• 1034 1980.81X.U.PliC o. 72 o. 71 0.98 1. 67 6. 42 0.52 0.26 2.64 5. OS 1. 09 3.53 0.01 
1035 1980.81XM.DAYS 3.23 0 J. 23 6. 67 25.8 3. J 3 0 12.9 10 ]. 23 10 • 1036 1980.KAYS.UKP so 51 •• •• 74 8J •• 84 81 67 IS " 1037 1980. KAY$. PRIC 1.66 l. 62 2. 23 1.88 7.S.8 1.11 0 .l 1. 25 6. 28 l.Zl 3 .• 0."2 
1018 1980.HAYS.OAYS 3.23 10.3 6 •• 5 6.61 22.5 J. 33 0 3.23 16.6 J. 23 10 3.ll 
1039 t 98 o . COI1AL. r IHI' Sl 51 Sl .. 75 83 85 " 81 67 56 !J 
1040 1980. CMAL. PIIC 1.17 1.2S 1. 94 I.J ••• 2.69 0 .]4 2. t8 7. 54 2. 72 t. 12 o ... 
lOU 1980.COKAL.DAYS 'L61 10.1 ti.tS 3.33 25.8 3.33 3. 2 3 6.t.5 20 l.Zl 16.6 • 1012 1980.KIDINA.TEMP S3 S3 " .. 76 •• 85 83 81 69 56 .. 
lOU 1980.MIDINA.PRIC 0.41 0.13 0.51 1 !J.53 0.03 0.37 4.88 3.66 0.39 ). 28 O.B 
lOU 1980.MIDINA.DAYS 0 0 3. 23 l.J3 19.3 0 0 6. 4 5 10 10 J.lJ 
lOU 1910.UVALDI.TIMP ss S6 .. 70 78 .. 87 81 82 71 so 56 
lOU 1910.UVALCI.PIJC 0.11 0.33 0. 33 0. 64 7.19 0 o.ss 6. 21 1.19 l. 51 l. 06 0.17 
1017 1980.UVALOI.DAYS 0 0 0 3.33 l9.J 0 3.23 6. 45 10 3. 2 3 ll.) J.ll 
1041 1980.KlNNJY.tiMP Sl ss S9 •• 77 86 .. BS 81 69 54 Sl 
1049 1910.KtMNIY.PaJC 0.9 0 1.2 l.U S.l 0 O.lS 2. I 2 0.1 J. J 2.01 
1050 1980 .KtNNIY .DAYS 3.23 0 6.45 1.33 16.1 0 0 3.23 10 0 6. 61 9.11 
1051 U8l.BIXAR. TDIP 50 53 60 7J 7S 81 •• 85 78 72 62 !J 
1052 1981. BEXAR. PRIC 2.06 0.96 1. 96 2.21 6.13 8.71 0.25 2.41 1.36 8. 61 0. 72 o.M 
1053 1911. BEX.U. DAYS 6. 45 3.57 12.9 6.ti7 12.9 23.3 0 9.68 6.61 19.3 3. 33 J,lJ 
1054 1981.KAYS.TIMP so 52 59 72 7( 80 82 83 76 70 62 !il 
lOSS 1981.KAYS.PRIC 2. 21 l.U 2.19 2. 55 2.92 22.9 2.75 5.27 0.83 4. 24 t. 69 O.Sl 
1056 1911.HAYS.OAYS 6.U 3.57 12.9 6.67 9.68 JO 12.9 3.23 1.33 12.9 6. 67 3.21 
1057 1 911. COHA1.. TEMP 51 52 58 71 7J " 82 82 76 71 62 !J 
1058 Ull.C'ClfotA.L.PliC 1.97 1.47 l. 61 2.U 4.94 14.0 2.18 3.97 2.01 1. 04 0.75 0 .... 
IOS9 198l.COHAL.OAYS 3.23 3.57 9. 68 6.67 16.1 36.6 6.U 9.68 3.33 12.9 3.33 • 1060 1981.MID1NA. TDfP Sl Sl 61 72 7S 80 82 83 78 72 63 .. 
1061 U81.MIDINA. PUC 1.12 0.17 2.96 3.22 S.ll 4. 01 2.7 0.29 l.U 4. 29 0.1 o.a 
1062 198l.KIDINA.DAYS 6.U 1.57 9.68 13.3 16.1 23.3 9. 68 0 3. 33 9.61 0 3.21 
1063 198l.UVALCI.TIKP 52 56 62 72 77 81 84 " 80 7J 6l .. 
1064 1 tll.IJVALDI. PRIC 0.92 0.36 2.16 7.91 3.16 3.17 o.' 0.16 ). 73 3.45 0.1S o.J7 
1065 198l.UVALOI.DAYS 3.23 0 9.61 16.6 12.9 10 0 0 13. J 12.9 0 • 1066 1911.XJMNIY.TEMP 49 S4 62 70 71 78 83 81 8J 72 62 .. 
1061 198l.KtMNIY.PRIC 1.2 0.30.157.14 1. 041 a.u 1.7 2 1.8 l. 52 0 O . .J'I 
1068 1981.KtNNIY. CAYS 3.23 0 3.23 20 6.45 16.6 3.23 1.23 10 9. 68 0 • 1069 1982. 81X.U. TIIIP so 19 6l 66 74 81 BS 86 80 .. 59 !il 
1070 1982. BIX.Al .. PUC 0. 72 1.28 0.69 1.23 6.12 1.31 o.u 0.55 0,87 2. 84 4.54 2.ll 
1071 1982.BIX.U.DAYS 3.23 7.11 0 3.33 19. J 6. 67 0 0 ). Jl 12.9 l3.3 12-' 
1072 1982. KAY!. TIIIP so so 64 67 75 81 .. 86 79 68 sa Sl 
1073 1982. RAYS. PUC 0.42 1.3 0. 71 1.09 6.45 2.85 0.04 o.a 2.58 2. I 2.2! 
1071 1912.KAYS.DAYS 3.23 7.14 3.23 13.3 12.9 10 0 0 3.)) 16.1 lO ••• ton 1912. CXlMAL. TIIIP so 19 62 67 74 82 86 .. 79 •• 59 Sl 
1076 I 9 82 • CXl01AL, PUC 0.12 o. 75 0.95 1.46 41.16 2.419 0 o. 61 l.l 2. 61 L3t l.lt 
1077 1982. CXlMAL.Ilo\YS 3.23 3.57 3.23 10 9.68 10 0 l. 23 6.67 6. t5 16.6 9.8 
1078 1982.KIDIKA.TIMP 52 52 u 70 75 82 " OS 80 71 61 "' 1079 1982 .IIIDIMA. PUC 0.65 1.71 0.11 1.61 7.43 0. 69 0.31 l. 45 2.22 l.U 2.63 1.17 
1010 1982.MKDIIA.DAYI 3.23 7.11 0 10 16.1 1.33 3.23 6. 45 10 12.9 13.3 .... 
1011 1982.UVALDI.TIMP Sl 53 " 72 76 84 n •• 82 72 61 .. 
1012 lt82.~1.PliC 0.64 3.57 0,3 l.U 41.59 2.62 3.SS 1.06 0.2 0.82 3.11 I.'".! 
1013 1982.UVALDI.OAYS 3.23 10.7 0 3.33 9.68 10 3.2J 6.H 0 0 10 .... 
1084 1912.KIMNIY.TIMP Sl S4 67 .. 76 83 as 86 80 70 .. .. 
lOIS 1912.KtMNIY.PRBC 0 2.16 0.17 1.15 5.47 2.15 0.' 0.67 2.26 1. 2S 1. 68 ..... 
1086 1912 .KtNNIY .DAYS 0 10.1 0 3.33 9.68 6.67 J. 23 3.23 10 6. 45 10 .... 
1087 1913. BU.U. TDO 49 52 st 6S 71 79 8J " 78 71 62 ll 
1081 1913. BIXAI.. PUC 1.11 1.51 3.89 0.18 1.37 1. 21 2. 43 2 3.86 1. 6t 3.06 O.JI 
1089 1913. BD.U.DAYS 6.15 10.7 12.9 0 12.9 3.3J 12.9 9.68 10 6. 45 10 J.2J 
1090 191J. HAYS. TDIP 47 51 S6 63 7J 77 81 82 77 •• 60 62 
1091 1983. HAYS. PRIC 1.94 1.94 5.2t 0.15 5.52 5.88 Z.7t 2.13 5.08 2.34 2.85 O.Sl 
1092 1983.KAYS.OAYS 9.68 10.7 22.5 0 19 .l 20 12.9 3.23 3.33 6.H 13.3 l-ll 
1093 1983. CXl01AL, TIIIP 47 Sl 57 63 73 77 81 8J 78 69 61 62 
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1094 1 U 3 . C':lMAL. P P.IC :.H 2. 32 t. 23 0 . ·JS 5.J7 . 6~ LJ';I .s:- .. .. J. 3 El 2 . .: • Cl.B 
1095 1983. Cet4.AL. OA'tS 6 .• s ., .1& 16.1 0 12.9 .:o l2. !J ; . " 6. 6., ). 2) ;o 3..23 
1096 1983 .I'I&CIMA. TIMP 50 " 60 " 

,, -8 " .. 78 " " " 1097 1913.MIDIMA. PliC 2.06 1. 26 J.lS 0.29 ). 41 2.-:'6 0. 87 ).I) 2.)' 2.0 l. 32 0.6 
1091 1983. KICIIIA. CAYS 12.9 l. S1 lf5. 1 ) . ) ) 16.1 6.67 3.23 3 . 2) l).) 12. ~ 6 .67 3.23 
1099 1983. UVALDI. TEMP " 55 61 •• 77 " " " " ') " " 1100 1913. UVALDI. PRIC 1. 89 l. 15 I. 35 0.01 2.5 4. 18 2.06 ). • J ). i.6 1. 7) 2. 48 0.31 
1101 1983.WALCI. DAYS 9.68 7.14 12.9 0 6.45 13. J 15.4 s 3. 2 3 " J..::3 6.157 
1102 1983. KIMMIY. TEMP " 58 58 67 75 '7 " " 

,, 66 58 n 
llOl 198J.XIMMIY.PRIC 1.12 l.H 1. J8 0 2.5 I. 1 0.62 1. JS 2. ll 3. JS i.. )'7 
1104 198l.ICIWifiY. !lAYJ 9. 68 3.U 6.U 0 6.15 10 ). 23 6. (5 6. 61 6. 4 5 l. JJ 0 
110~ 19 84 • UX.U. TEMP •• " •• 70 77 " " " n "l 58 60 
1106 1981 .IIIXAR.PUC 1.11'7 0.54 1. 91 0.11 ),'76 l.l •) 3. 04 1. 'J6 s. 94 2. 91 l. 41 
1101 198.t . UXAR. DAYS 6.15 0 6. ·~ 0 16.1 10 0 12.9 6. 61 16. l 6.67 12.9 
1108 1984. HAYS. TEMP 15 53 60 67 75 81 " " 76 70 57 59 
1109 1 UC. HAYS. PRJC 1. 56 l. oc 2.18 0.2 1. 25 l. 12 0.) 1 0.6 0.65 '7.91 l. 64 3.0 
1110 1984. HAYS. DAYS 6.U J. t5 9. 61 0 6. ts 6. 67 0 3.23 ). 3J 32.2 3.33 9.68 
1111 1984 • o:JMAL. TDO " 53 61 68 75 01 !l 81 17 70 57 so 
1112 1 911 • CX»>AL. p liC 0.81 0.9 0.22 0.09 2.08 1.29 1. 21 0.6 0.65 7. 91 1. 6& l.U 
1113 1984.CXMAL.CAYS 3. 23 3.ts 0 0 9.68 3.33 9.68 3.23 l.Jl l2 .2 l.JJ 9.61 
1111 191C.KJDI11A.tiKP " 51 61 70 77 81 !l .. 17 71 so 59 
llU 1984.KIDlNA.PUC 1.115 0.52 o.u 0.98 0.7 2. 61 0.26 0.1 l. 21 1. 35 0. 117 3.211 
llU 19U.KICUA.DAYS 3.23 l.H l.23 3.33 3.23 6.67 0 0 6. 6'7 25 .II J.JJ 12.' 
1117 1984.UVAI.DI.TDO' 50 57 66 71 79 83 86 86 79 7' " 61 
1118 19U.UVALCI.PUC 1.1 0.07 0.03 o.u l.U 1. 36 0.27 0. 1 L ~s 6. oe O.!P J. 91 
1119 1981.~1.01. DAYS 6.15 0 0 0 6.45 6. 67 0 0 10 12. 9 3.33 6. t!t 
1120 1984 .KINlf&Y. TDCP 15 55 61 65 72 77 85 86 78 70 58 57 
1121 1984 .ICUIJI&Y. PUC l.l 0.02 0 0.3 1.65 2.07 0.6!5 0 1. 65 1.6 1 2 •• 
1122 1981 .KINJIIY. DAYS 6. 4S 0 0 3.33 ). 23 6.67 3.23 0 J. ) ] 16.1 ].3) 6. 45 
1123 1985. BIXAA. TDO' II so 61 " 76 80 82 , ,, 71 " 50 
1121 1985. BEXAR. PRIC 2.68 1. 91 2.85 3.27 2.17 8.2 5.8 0. 4 s ... ] . 91 , 0.09 
1125 198S.U.X.U.OAYS 12.9 '7 .ll 12.9 10 9.68 16.6 6. 4 5 0 16.6 12.9 16.6 0 
1126 1985. HAYS .TEMP 12 18 62 67 71 82 " 86 80 72 61 50 
1127 1985. HAYS. PRIC 2.68 1. 91 2.95 3.27 2.17 7.72 1.2 0.06 4. s 1 3.21 lJ 0. 78 
1128 1985.HAYS.OAYS 12.9 1.14 12.9 10 9.68 6. 61 9. 68 0 26.6 12.9 16.6 3.23 
1129 1 98 5 • o::.tA1.. T DO' 12 .. 63 68 75 80 81 85 79 71 63 17 
1130 1985. COMAL. PlJC 2.41 1.58 1.86 J. 39 2.49 1, 48 4.115 O. 2S 1.7 2.56 5.69 0 
1131 1985. COMAL. DAYS 9. 68 10.7 9.68 10 9.68 20 12.' 0 13.3 6.4'::. 16.6 0 
1132 1985. MID INA. TDIP 12 50 65 •• 76 " 81 81 78 71 63 .. 
1133 1915. MKDINA. PUC 1.81 1.87 0.72 l.U 2.88 3.66 1. 78 0 1.5 7.16 2.45 0.1 
1131 1985. MJ:DINA. CAYS 6. 45 7.11 3.23 6.67 6.45 10 6. 4S 0 6. 67 12.9 10 0 
lllS 19U. UVALDI. TDfP 15 53 •• 72 79 82 .. 87 81 71 66 52 
1136 1985 .UVALDI. PUC 1.81 1.3 0. 72 0.96 I. 8 l.lt 1.35 0 1.5 0.7 1.1 0 
1137 198S.UVALDI.DAYS 6.45 3.57 3.23 l.JJ 6.45 10 6. 45 0 6.67 3.23 3.33 0 
1138 1985 .IClMJIIY. TIKP 13 51 66 68 78 80 82 85 ,, 72 .. 50 
1139 1915. KINli&Y. PRIC 0.5 1.3 0. 72 2.07 2.~5 l.ll 1.35 0 1.5 0. 7 l.l 0 
1140 1985. KIMliiY. DAYS 3. 23 3.57 3.23 6.67 6.15 10 6. 45 0 6. 67 3.23 3. J3 0 
1111 1986. IIX.U. TDCI' 53 58 63 73 71 81 86 85 84 " '' 51 
1112 1986.BIX.U.PIIC o. 76 2.52 0.35 0.6 6.29 11.9 0.05 1. 86 2. 83 6. 58 1. 83 7.11 
1113 l986.11X.U.OAYS 3.23 3.57 0 3.3l 22.~ 23. 3 0 6. 45 6.6'? 16.1 6, 67 9. 68 
1111 19U.HAYS.TDQ 53 57 62 71 75 81 86 81 82 68 , 50 
111$ 1986.HAYS.PRJC l.P o. 89 0.58 1.07 9. 94 4.94 0. 41 1. 73 6. 02 5. '2 1. 77 1,03 
lllt 1986.HAYS.OAYS 6. IS J.57 0 6.67 22.~ 23.3 3.23 9.68 20 12.9 6.67 19.3 
1U7 1986.<X:fQL. TD!P 51 56 , 70 72 78 8l 83 81 68 58 .. 
1141 1986.c:ctW..PRIC 1.17 2.52 1. 96 1.23 8.86 5.78 0 1. 11 1.61 6. 94 l. 68 8. OJ 
1119 1986.c:acAL.DAYS 6.1$ 3.5'7 l.Zl 3. 33 25.8 13.3 0 3.23 23.3 19.3 6.67 19.3 
1150 1986 .KI!)JMA. TIMP .. 57 62 72 73 " 82 83 82 68 58 50 
1151 19&e.PIID111A. PUC 0.38 0. 8l 0.69 1.57 6.11 5.98 0. 58 0.69 2. 21 10.9 1. 81 1.56 
1152 1986.JQDJJIA.DAYS 0 3.57 3.23 6.67 16.1 6.67 3.23 3.23 6.67 25.8 10 12.9 
llSJ 1987. IIX.U. TDIP so ss 57 66 76 80 .. 86 79 71 60 5I 
1151 1981.11XAl. PUC 1.13 •• 78 1.11.18 12.8 1. 69 1. 21 o. 33 2. 21 o.u 2. 53 2.111 
1155 1917. IIXAJ..DAYS 6. 45 32.1 9.61 3.33 25.8 23.3 3.23 0 10 3. 23 16.6 6.U 
1156 1917.KAYS.TDQ 19 5I 57 66 7S 80 83 86 " .. 59 " 115'7 1917. MAYS. PUC 1.07 I .17 1.15 0.21 10.8 9.67 1.2 1.25 2.32 0.41 3.19 1. 74 
1158 1981. RAYS. DAYS 6.45 11.2 6.15 0 22.5 23.3 3. 23 6. 45 lO 3.23 13.3 6. 45 
1159 1917. CXlMAL. TIMP .. 53 55 61 7S 78 82 .. 77 68 59 52 
1160 1917. cctiAL. PUC 1. 54 1.9 1.1 0.12 9.61 13.5 1.2 0.92 3.8"J 0. 08 1 1. 84 
1161 1981. COMAL, DAYS 3.23 25 6.15 0 25.8 30 3.23 ]. 2 3 13.3 0 6. 67 9.68 
1162 198'7.MKDUA.TDtP 50 5I 56 63 71 78 81 83 77 " 60 5I 
1163 1981.KIDtlfA.PUC' 0.51 3.92 1.11 2.19 13.8 8.66 2. 01 2.55 1. 11 0.08 l. 72 1.84 
1161 1987 .IIIDiiiA. DAYS 3.23 21.1 9.61 10 32.2 20 9.68 6.45 J. 33 0 6. 67 9.68 
11U 1981 .JIX.U.. TD9 n 5I 61 69 76 81 81 86 80 7) 65 56 
lUI u11. aDAJ.. rue 0.39 0.92 0.16 l.Z3 0.41 s.s 5.58 1.98 0. 93 0. 62 0.02 0.67 
1167 UBI.ID.Al.DAYS 3.23 6.9 3.23 10 0 13.) 12.9 6. 45 l. ll 3. 2) 0 3.23 
1161 1988.HAYS.TDIP 16 52 60 .. 71 80 81 87 80 '2 .. 55 
1169 l911.HAYS. PliC' 0.54 1.32 2.U 2. 58 4.01 1. 39 3.H 0.11 ] . 22 0. 9] 0. ll 1.14 
1170 1918.HAYS.DAYI 0 6.9 3.23 10 9.61 6.67 12.9 3. 23 13.3 3. 23 0 3.23 
1171 1981. CCIIAL. TDIP IS 51 59 67 73 " 83 85 80 71 65 55 
1172 1111. CCIIAL. rue 0.51 1.32 2.35 2.58 .t.Ol 2.26 3.07 o. 28 3. 54 0.' o.sz 0. 38 
1173 1911 .o::MAL. CAYS 0 6.9 3.2l 10 9.68 6.6'7 16.1 3. 23 10 3.23 ).)3 0 
1171 1988.MKDIMA. TEMP n 5I 61 68 71 80 83 as 80 72 63 55 
1175 1981.MIDIIIA. rue 0.36 1.97 0.86 0.83 1. 21 3.31 2.03 o. 5 o.u 1. .,., 0.02 0.25 
1176 19BI.KIDUA.DAYS 3.23 6.9 3.23 3.33 3.23 10 9.68 3.23 0 6.45 0 0 
117'7 1989. IIXA.I.. TDIP 56 52 62 70 82 83 87 86 " 71 62 13 
11'71 1989.BIX.U.PUC 2.9115 0.29 1.24 2.S!t 0.33 3. 96 0.69 0.48 1. 54 s. 81 1. 93 0. 36 
1179 1989.11XA.l.OAYS 9.61 0 6.4S 10 3.23 10 3.23 3.23 6.67 12.9 10 3.23 
1180 1919. HAYS. TDIP 55 n 62 69 78 81 81 81 78 10 62 II 
1181 1989.HAYS.PUC 3.87 0.69 2.25 4.19 3.56 2. 93 0. s 2.22 0.26 2.99 1.8 0.2 
1182 1989.KAYS.DAYS 19.35 3.57 6.45 13.3 16.1 10 3.23 6. 45 0 12.9 6.67 0 
1113 1 9 89 • COitAL. '1' IMI' 55 50 61 68 78 81 .. 8l 77 10 62 12 
1111 1989. catAL. PUC 2.61 0. '71 2.75 2.91 2.24 3.96 1. 22 1.14 0. 26 4.17 1.72 0.3 
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1185 
1]86 
1187 
1118 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
l196 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
12041 
1205 
1206 
1207 
1201 
1209 
1210 
1211 
1212 
121l 
12U 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
12H 
123~ 
1236 
123'? 
1238 
1239 
1240 
1241 
1242 
12U 
1241 
1245 
1216 
1217 
12U 
1249 
1250 
12S1 
12S2 
12S3 
1251 
1255 
12S6 
12S7 
12SI 
12S9 
1260 
1261 
1262 
1263 
1264 
126S 
1266 
1267 
1261 
1269 
1270 
1271 
1272 
12'?3 
1274 
1275 

19!9. COHAL. CAYS 
1989 .HECIH'A. TDfP 
1989.KIDIHA. PUC 
1989 .MID INA. DAYS 

l.o:;.:l l.57 12.9 6,6"1' 6.4') l? *5.~') 'i.45 
5') st u 69 eo a2 es 94 78 

l.21 0.59 1.93 0.66 t 1.41 0.99 0.24 0.65 
19.3$ 3.57 6.4!1 3.33 6.45 6.6"1' 3.23 ') ).]) 

~ 6. l ,, 
3.37 
12.9 

'. " ? 
60 ll 

. >2 o.; 
?.67 J. 2J 

PAAAHITSR DAYLIGHT I MONTH! DAYLIGHT 
I JAH 

HOUR PEACENT.I.GES FOR USE tN 8U.t-IEY ':RIDDLE 
0.2400 ... ...... 

APR 
MAY 
J1JH 
JVL 
AlJG 
SEt 
ocr 
HOY 
OIC 

'1.2500 
0. 2700 
0.2900 
O.ltOO 
0.3200 
o. 3100 
0.]000 
0.2800 
0.2600 
0.2100 
0.2300 I ; 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

CALOJLATID IIU.TH&R DATA IY STATI OP NATURE 

cccccccccccccccccccccccccccccccccccoccccccccccccccccccccccc 

PAJ.AMITIR ViATHIR!YEAR,GitOUPS,WITEM.MONTH) Av.raq• W•ather Tnfo 
ISCATAIYEAR,GilOUPSl Is the y .. r county in ...,.ath.rd 

WEATHIIlO("ltJS",OOUHTYS,WITEM,MONTHl • 
112 •lrfUTHEP.C ( '"1979,., COUNTYS, WITEK, HONTHJ 

+l/2•VEATHBRD!•l91Jl•, COUliTYS, WIT£K,HONTHI; 

ISCATA(YKAR,COUNTYJ • 
lSSUM( (MONTHS ,WITDII, WEATHillO!YEAA, COUNTY, WITEM, MON1'HSl J; 

W'IATHIIlO (Y&.\1, "WALCI'" • WITDt, MONTHS IS f I SCAT A {YEAil, "UVALDE .. I EQ 0) 
• VUTHIIlD(YLQ., "MEDINA'" ,WITEM,HONTHS); 

WIATHIRD{YIAJ,•KINNIY•,WtTEM,HONTHSJS(ISDATA(YEAR,•KINNEY•) EQ OJ 
• W£ATMEkC (YEAR, "UVALOI.,, WIT EM, MONTHS J ; 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Calculete AVIR.AGI tesp, prec:ip, and day• foe each rec:harqe qroup. 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
VIATHIIl!RICHAAGE,OOUNTY,WITIM,HONTH) • 

Sl.ll1(YIAl S DATI.S !t&C'HARGI, YUR), 
W&ATHEROfYEAI,OOUNTY,WITEM,HONTMJ ) I NRech(recharqe) 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Since IPIC u~•• only a linqle year of te•p. precip data to 
siaulete yields .u.d water use, so averaqes not taken here, either. 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

WEATHIIl (rechuq•,CCUNTY ,WITEM,M:)NTHI • 
WEATHIRO ( reehuqe, COUNTY, WIT EM, HONTHI 

cccccccccccccccccccccccccccccccccccccccccccc 

NOHAGiliOJLTVRAL WATBR DDWm DATA 

cccccccccccccccccccccccccccccccccccccccccccc 

Monthly tndust.rhl Use 11919) !rca TWDB (Morad Alford! 

TABLI INDEHAHD{USEYEA.l,aonth,grou~) INDUSTRIAL USEAGE 
KINNIY INA!.DI KID INA UXAA COHAL 

1989. jan ~ 130 0 Ill 161 
1919. feb 117 0 161 151 
ltlt.ur 215 0 IS6 177 
1919.apr 212 0 ~19 173 
un ... y ~ 251 635 170 
1919.jun 0 230 571 180 
191t.ju.l 0 Ill 0 ;u 183 
l989.au4 0 185 0 630 178 
1989.•ep 0 203 0 ~78 167 
1919.oct 0 203 0 '32 166 
1989.nov 0 115 0 112 151 
U89.dec: 0 Ill 0 lSI 161 

!lAYS 
90 
71 
83 
80 
83 
67 
69 
28 
27 
28 
21 
20 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Th•se e1tiaete1 were developed by Keith Keplinqer using projected 
use data for the sia countie• OYer the aquifer and actual puapin9 
deta for 1919. O.ta provided by TWDI (H. Alford'S. O.nsaore). 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

TABLI IndAdd!GilOUPS,USEYEARI PROJICTED Additions AHHUAL INDUSTRIAL 
2000 2010 

KIN'NIY 0 0 
UVALDI 283 JlO 
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!"IED:IoiA 

BEXAR 
COH.AL 
KAYS 

169t 
219S 

2~41 

2163 

i.2"'16 
12"17 
12"18 
12'?9 
1280 
1281 
1282 
lZU 
1211 
1215 
1286 
121'? 
1281 
1289 
1290 
1291 
1292 
1293 
129t 
1295 
1296 
129'? 
1291 
1299 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
13U 
1315 
1316 
131'? 
1311 
1319 
1320 
1321 
1322 
1323 

Note Municipal Use ~nclude• Municipal !Jse f!WDB • lolor•an .a.l!ord~ 
plu• Dollestic •nd Steele fT'WDB · GWS!M-IV pump1nq 1989, by usel 

table HUNUSilu•eyear, •onth, 9roup•J 
KIHNIY lNAU>I MIDIMA BEXAR COHAL I-lAYS 

l989.jan .. J82 Ill 18282 1'H1 '" 1989.(e0 87 J68 lOS 16651 1Ht 086 
1919.••r Ill 190 169 20590 18 52 •o 6 
1989 .•pr 116 ... 511 226'71 2166 ,., 
l989.aay 138 619 676 26698 2101 '" 1989. jun Ill 8ll 831 25711 22B lOH 
1989. jul 159 923 871 )062'? 2352 1113 
1919. au9 !52 ••• "' 31496 2381 11)1 
1919.•ep 152 676 ... 2'?4l1 2265 12UI 
1919 .oct 128 538 , .. zuu 2166 1113 
1919.n.OY .. 401 Ill 19529 2056 916 
1989.dec 96 1!6 Ill 20826 2114 ,., 
TAILI MUNAdd(GROUPS,USIYEARI Project...::! '-ddition to AAnual MUNICIPAL 

2000 2010 
KINMKY -126 -133 
WALOI 72 512 
MEDINA 43 365 
BEXAR 28966 67271 
COKAL 3473 7058 
HAYS 2095 49'73 

TABLI POATA(•,USERl PRICES ANO PRICE E~TICITIES 

PRICE 
iLASTICIT'Y 
CLIHA.TELAS 

MUNICIPAL 
U.6 
-0.363 
.156 

INDUSTRIAL 
U.6 
-0.540 

0 

Pu ... tu ILASCaonth) Monthly Municipal Elanicity 
fro. •s•••cn•lity in C~unity Water O..and" Griffin ' Chanq 
j&n. -0.311, feb -0.301, .. r -0.348, -apr -0.369, ••Y -0.31!2, 
jun -0.391, jul -0.&10, aug -0.&12, sep -0.39t, oct -0.360, 
nov -0.332, d.c -0.310 I : 

ccccccccccccccccccccccccccccccccceccecccccccccccccccccccccc 

CALC!JLATEO l .. .lliiCIPAL OD1AIItl 

1 32& ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
1325 
1326 PARAHITIJ. MJNtiDIAHO(YEAR,GROUPS,USEYEAR,aonthl WATER OEMAtfOS AFFECTED BY WEATHER 
132'1 CLIHA.11('t!AR,1110nth,GROUPS) GRIFFIN ANO CMANGS CLIKATI VARI,I.SLE 
1321 CDIFIYEAR,aonth,GROUP$1 Clbate adju.staent !actor 
1329 Av.ClUiate(aonth,qroupsl Avera9e Cliaate 2000 ' 2010 Demands 
1330 HunPc.t laonth, 9roups) 1989 •onth 1 y d istr. of Hun ic i pal 
1331 IndPc.t(aonth,qroupsl 1989 ~t~Onthly distr. of Industrial 
1332 AMunfgroupsl Annual Municipal - 1989 
1333 Aindlgroup•l Annu•l Industrial - 1989 
1334 
1335 
1336 (Cliaete • (day•<•.2$" rainJ.xlavCiJ teap) 130 day aonths used) 
1331 (C'DIF • 1 + (1 ch.,.q• in uel due to the cli .. ta variaOle) ; 
1331 
1339 CLIHATIIRECHAIGI,.anth,OOUNTY} • 
1340 3011 OO• ( 100-IIIATHIR f R.ICHARGJ, COUNTY, "CAYS•, MONTH I l • 
13U WIATHIRiuchar~. o:::xJMTY, •tEMP" ,110NTHJ; 
1342 
1343 ccccccu::ccccccccccccccccccccccccccccccccccccccccccccccccccc 
lJU (lxpected weat.h.e.r for 2000 I 2010 h the aveu9e weather 
13&5 for the year• 1917 to 1t91. ror this •odal, ~iqhted 
13&6 averete clt..te ~ed on r.charge year• is used. 
13&7 ccccccccoooccccccccccccccccccccccccccccccccoccocccccccccccc 
1341 
13&9 AveCltaetef.anth,countyl • •ua(r.ch•rqe, 
1350 C1Laatefrechar9•·.anth,countyl • prob{rechargel 1: 
1351 
1352 CDIF(rec~r9•,.anth,OOUWTYJ • 1•PDATAI•ttiMATSLAS•,•MUNICIPAL")• 
135l ICLIMATI(reeharqe,aonth,OOUJTYI I 
135& IIU.(0.0001, CLIMATI c•tut• ,.onth, COUNTY I) -1 I: 
1355 
13S6 ~lcountyl • su.faonth, MunUse(•198t•,aonth,countyJ 
1JS7 Aindlcountyl • •ualaonth, INDeaand(•1t89•,aonth,countyl 
1351 
1359 MunPct{.anth,countyl • MunU••I•l989•,aonth,county) I Al1un(countyl 
1360 IndP~t{aonth,countyl • IHDe.&nd("1989",aonth,county) I AMunlcounty) 
1361 
1362 Iwo..andCproject,aonth,countyl • 
1363 UfDeaandc·uu•,aonth,countyJ 
136& + IndAdd(county, proj•c.tl • IndPct. (aonth, coontyl 
1365 
1366 MUMCEMANO(r•charge,COUNTY,•1t89•,aonthl • HUNUSEC.l989",aonth,countyl 
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1367 MAX I 0. 6, i l•PDA.t.a. ( '"CLIM.ATELAS", "MUNl CI P,i,l..'"; 
ll61 IICLIKATIIrec:har9•.aonth,COUNTYl I 
1l6t KAXI0.000l,CLIKA.TI{'"1989'",1lonth,COUNTYJ 1-1:111: 
1370 
13'?1 MJliDIMAIIDfr.el\ariJ•,COUNTY,projac:t,monthJ • 
1312 ( MUNU511'"1919'",•onth,c:ountyl 
1313 + Mun.Add{covnty,p.rojec:tl • MunPct (llonth,c:ountyl 1 
l n• !1A.X ( 0. 6, ( 1• PDATA ( "CLIMATILA.S", "MUM ICI PAL'"l 
ll75 • ( (CLIKATifncharqe,aonti\,COUNTYJ I 
13'76 MAX ( 0. 0001, AveCLIMATI (acr\th, COUNTY I I -1 I J J 1 ; 

1J7'7 

1H6 
1U7 
uu 
uu 
1420 
1421 
U22 
U2J 
1121 
U2S 
U26 
1427 
1128 
1429 
UJO 
1431 
1132 
1Ul 
lUC 
1135 
1136 
1137 
lUI 
Ult 
1UO 
lUl 
Ul2 
uu 
1111 
UIS 
uu 
un 
lUI 
uu 
usa 
U51 
US2 
HSJ 
USI 
11S5 
U56 
US7 
USI 
1159 

Par ... ta.r Usa2000 fq.ro\.lps, user I P.rojecte<lo year 2000 U.!laq• - Ave Oieather: 
Usa2000 (county, • Ind\.l.st.rial "l •s..-raont.h, Inde111•nd ( "2000", month, county 1 1 : 

Use2000(county,•Hunicip411l'"l • .s~laonth, MunU3e("l989",rt~onth,countyl 
• MunAdd (county, • 2 000") •M\.InPet laonth, county 1 1 ; 

U.sa2000 I •total", u.ser) • sua (county, U3e2000 1 county, u.!ler l l : 

Pa.r ... tar Adj2000(1Jrou~,us•.rl Projected year 2000 Us•qe - 1989 Weather: 
Adj2000 (county, '"lndust.rlal"J ••ualaonth, Inde•and I '"2000'', month, count yl 1 ; 
Adj2000(county,•Mun1c:ipal'"l • su.C•onth, 

Mun0.aand('"1919",county,~2000'",monthl I ; 
Adj2000("total",use.rJ • sua(county,Adj2000(county,u3etl l ; 

Par ... t•.r Adj201'7{9rou~,usarl Projected year 2000 Usage· 191'7 Weather: 
Adj2017 (county, •tndu•tri•l'"l••uafaonth, Indeaand ( "2000", month, county II: 
Adj21tl1(eounty,•Municip411l"l • ~ua(month, 

Mun0..and('"l987'",county,'"1000",11onthl l ; 
Adj2017 I "total", user I • •ua (county, Adj208'7 f county, u3er I I ; 

Par ... tar Adj20821groups,us•rl Projected year 2000 U3aqe - 19?9 We.ather: 
Adj 2082 (county," Industrial'") •SUI! !month, Indemand f .. 2000 '',month. c:ount y J J : 

Ad.j2082 (county, "Kunic: ip411l'"J • SUII(month, 
HunO.•andf"l982",county, .. 2000",1ftonthl I : 

Adj2082(•total",usarl • sua(county,Adj2082(county,userl l ; 

Par ... tar R•tiolreehargall,•onth,qroupsl Cli~ate Ratio ; 
Ratio f rac:harq•, aonth, county) • cl i•atal recharge, ~onth. county 1 

I Avec.liaate(aonth,cO\Intyl ; 

•display Usa2000, Adj2000 , Adj208'7, Adj2082, climate, avec:limate,rat1o: 

p.~r ... te.r taspfac:to.r (.rach.arqall, groups, u.sayeer, month) 
t .. pt•eto.r(r.ch&rqa,OOUNTY,USIYIAA,monthl • 

(CLIMATI(.r.char9• • .anth,COUNTY) I 
MAX.(O. OOOl,CLIMAT£('"1919" ,aonth, cocnrTY) l-1 l ,· 

OLD PUMPING COST CATA 
Par ... t•r CPu.p(use.r) Fixed Costs of Puapinq per acre foot 

VP..-p(usat) Vuhble Costs of PWIIping ~r acre foot: 

CPuapl"o.i") • JS. U : 
CPu.p(•aq") • El. JO ; 
VPuap("ai"l • O.OSC6 
VP..-pr•aq"> • o.Oilt 

ccccccccccccccccccccccccccccccccccccc:cccccccccccccccccccccc 
NBV PUMPING COST DATA !Dr. Lac...,.U) 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

scalar pniJ 
po 
pd 
d• 
repeirc 
labo.re 

price natural 9aa 
pu.p aflici•nc:y 

dis:tribu.tion efficiency 
irri9at1on r•p~~i.r 
lrri9ation labo.r 

13' 00/ 
/.55/ 

/5/ 
I. 651 
I. 5S/ 
I. 5SI 

cccccccccccccccccccocccccccccccccccccccccccc 
AGIIC:ULTURAL DATA 

cccccccccccccccccccccccccccccccccccccccccccc 

Co.t of Spl'inlrl•r basad on Pena '"Irri9ation Water U.!l• . . . • 1990" 
tU,OOO I 121 acr•• I 10 y•ar ec:oncaic: life. 

SCAU.I. COSTilUG 
eo.tsp.oinlr: 

COST OP DIVILOPING All IRRIGATED .a.cRE I HI 
Coat ot Spdnlrler Irrlqation /JS. 01 

TAILI AVAILLAHD(GlOUPS,LAMDe) 
Sourc:•: •atol09ic•l Survey 

NRSC and person•l 
199C .. tiaatas 

llllt 
KilfliiY 
WJU.Ill 
MID INA 
BIXAJt 
caw. 
HAYS 

260 
11299 
29513 

8819 

Total LANO AVAILABLS 
of USDA ••• " Appendix I, Teb1• 25 
c:~unic:ation w/ Ju•s Hailey, NRCS. 

DRY Sprinkler 
0 260 
Q 129CJ 
0 9C30 
0 1920 

0 
0 
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: f.60 
1461 
1U2 
1UJ 
1U41 
lU!I 
1U6 
1f.67 
uu 
U69 
1PO 
lP1 
1172 
1173 
1174 
1175 
1176 
1177 
U78 
1179 
1180 
1181 
1U2 
lUJ 
1184 
ltU 
U86 
1187 
1481 
1189 
1UO 
1191 
1492 
1493 
lUI 
1495 
1U6 
1497 
1498 
1499 
1!100 
1501 
1502 
1503 
1!:101 
1505 
1506 
1507 
1501 
1509 
1510 
1511 
1512 
1513 
1511 
1515 
1516 
1517 
1511 
1519 
1520 
1521 
1522 
1523 
1521 
1525 
1526 
1527 
1521 
1529 
1530 
1531 
U32 
U3J 
1534 
1535 
1536 
1537 
1531 
1539 
1510 
ISU 
1512 
15U 
15U 
lSU 
1546 
1517 
1541 
1519 
1550 

.o\va.ll:...r.a;c::.un.ty, "furr?W"l • 
Avai:!Andlcounty,"lrr"J - AvailL•n<j'=:n.lntt,"~Orl"(~~r"! ; 

A.vailtAndl"total'",landa) • suafcouno:.y, JwaLllar.d 1 ::.wnty, land•! J; 

ccccocccccccccccccccccccccccccccccc::ccccccc 
P~t 5prinkler into hi~heat zone• first 

cccccccccccccccccccccccccccccccccc~ccccccccc 

Par ... t.ar Avai1Zon•lqroup•.Zonall,LandeJ Avulabla Land fc.r each :cna; 
Ava11Zon•{county, '"J","!ipr1nlcler"J • 

MiniA.vailLandCcounty,•sprinlcler'"J, 
A.vailLand!<:ounty,'"irr'") • AqP<:t("l",.::ountyJ l; 

Ava1lZon•(county,'"2'",'"sprinlcler") • 
Kin! IAvailLandlcounty,•sprinlcler") 

- AvailZon•lcOW'\ty, '")", '"sprinlcler'') ) , 
AvailLandlcounty,'"irr") • AqPct("2",countyJ J; 

AvailZone (county, '"1", '"!ipt in.lr:lar•) • 
Ava! lL&nd I county, "sprinkler'") 

- Avai !Zone ( cOWLt.y, •2•, "sprinkl•r "l 
- Avai lZon• (cOW\ty, •J•, '"sprinkler") 

AvailZone(county,zone,"!urrow•) • 
(Avail lAnd (county, •trr•) • .llqPct !zona, county) J 

- AvailZon• {county, zon•, "sprinklar" l 

Avai lZona (county, zon•, •tr r•) • 
AvailZona (County, zona, •turrow") 

• AvailZone (cO\Inty, zone, "sprinkler•) 

AvailZone ( •total•, zone, lenda) • 
s~{county, Availzone(county,zona,landa) l; 

Avai1Zonal9roup•,•atl'",landal • 
su.{zona, Availzon•lqrOYps,zone,landa) ); 

cccc~ccccccccccccccccccccccccccccccccccccccc 

t Counths co.binad into 2 
ccccoccccccccccccccccccccccccccccccccccccccc 

AvailZona (-uvald•", zona,landal • 
AvailZona ('"Uvalde'", zone, landal + Avail Zone ("Kinney", zone, landal 

1wai1Zonef•M4tdina•, zone, landal • 
AvailZona ( 10K.Oina•, zona, l&ndal Avail Zone ( "B•Kar", zona, landal 

Avai1Zon•<•JCtnney•,zone,land.a) • 
AvailZMa(•Bexer•,z:one,landal • 0 : 

cccccccccccccccccccccccccccccccccccccccccccc 

TULI KIXOA.U, {GROUPS, L.\HDo, CJlOPS, MIXUAI H ISTOP.IC ALI..CU.a.&Li CROPPING PATTUMS 

AI.l..C*'A.BLI CROP MIX IS 
1915 1916 1977 1978 1979 

ICIWMIY.CRY.COTTON 0 0 0 0. 02U 
Kl N111'Y. DRY. CORH 0.036 0. 096t 0. 0398 0.1289 0' 026t 
KINliiY .DRY .SORGHUM 0.1065 0. 6618 O.S819 0 0. 2598 
KINMIY.ORY.SORGHAY 0 0 0 0.1289 0 
KlMWIY.DRY.VINWHT O.U6l 0. lt25 O.J123 0.3555 0.6106 
KIJrfJfiY. DRY. OATS 0. 0112 0.0963 0 0 0. 0188 
KHOIIY. DRY. KAY 0 0 0 O.J867 0.0603 
KtNliiY. DRY .SOYBEANS 0 0 0 0 
KINWIY.DlY.PIAHUTS 0 

KlNWIY.IR1.COTTON 0 0.1032 
KUOIIY. III.CORJf 0 0 0 
KINWIY.IU..SORGHUN 0.292 0 0 0.2&91 0.159 
KIIOIIY. IU..SOIGHAY 0 0 0 0. 0886 0 
KIWWIY.Il1.WIWWH! O.JIU 0. 2252 O.S69t 0.01U 0.0681 
KIDCY. IU.OATS O.OUl 0.1866 0 0 0.0806 
KtDIY.IU..HAY 0 0 0' 2659 0. 2581 
ICI .. IY.IRA.SOYIIAWS 0 0 0 0 
Klftn'. Ill.. PIMUTS 0 0 0 0 
KI .. IY.Ili.PIPPIIS 0 0 0 0 
ICI .. WY.lli.CAIIAGI O.OU7 0.1126 0. 0313 O.OH9 0. OJ2J 
KIJIIY.Ill.CAMTALOP 0 0 0.0626 0 0.086"7 
Kl DIY. Ill. CAOOT 0 0 0 0.02S 
XINWIY.lll.CUCUMIII 0 0.0631 0 
XHOIIY. IU. HONIYDIII 0 0 0 
KINWIY.lli.LITTUCI 0 0 0. 03"7S 0. 0291 
KIMNEY.lRR.ONtON 0.097J 0.2252 O.l878 0. 0874 0. 069t 
XIMNIY.IRR.POTATO 0 0 0 0 0 
XINMIY.IRR.SPINACH 0 0 0 O.OJ'7S 0 
KIMNI'Y. IRA. svttokll 0.01106 0.1866 0.1489 0.0886 0.1129 
KI MNCY. IRA. Tc:t(ATO 0 0 0 0 0 
KINMIY.IRA.WATIAKIL 0 0 

UVALDI.DRY.COTTON 0.0057 0 0 0 0.04Sl 
WA!J)I. CRY. COlli 0 .126l 0.1238 0.167 O.Z259 0.194 
UVALDI. DRY. SORGHUM 0.2604 0.3902 0.23S O.l8U 0. HS 
UVALOI.DRY.SORGHAY 0.016 0.018 0. 011 0, OOS.t 
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1551 'NALDE. DRY. WINWMT .'). J '44 'Ll346 ). 3:? 9 ; .. ~-'I~ j • J ~ .;. 4 
1552 WALOI.DRY.OATS 0. 1., 19 ~. 2 ~ 63 0. :6(H J.:as '] . .::46 
15SJ WALOI. CitY. HAY o. OU8 o. a 689 0. 0663 J. ·Ja.:: a 0.029) 
1554 UVALCI.CitY.SOY8iAHS 0. 0166 0. 0 10 l O.OJU 'J. 02 9 ' 0402 
155S UVALDI.ORY.P&AHUTS 0 0 
1!fl!t6 
1551 UVALOI.IRA.COTTON 0.009 0.0297 0.09/9 0. 0445 ' .050 
U58 WALOI. JU.COJUf 0.19'?6 O.Pll 0.2318 0 .. 2) 0.2122 
1559 UVALDI.JRA.SORGHUM 0.1139 O.lH 0.0655 J.087J 0.08'? 
a6o UVALCI.IRA.SORGHAY 0 0.0222 0.025 0.01t2 0.0016 
un UVALCI.IRA.WIHWHT 0.2028 0.1231! 0. 10 9 0. 112 2 0. 069t 
1562 WALCI. Ilt.R.OATS 0. 2691 0. 2856 0. 2221 0.2904 0. 3153 
1563 WALCI. I RR. HAY 0.0701 0.095.2 0.092 0. 080 ,, 0411 
1564 WALCI. IU .. SOYBEANS 0.0259 O.OH3 O.OP'? 0.0296 0.0563 
1565 UVALDI.IRA.PEAHUTS 0 0 ' 1566 UVALDI.IRA.PEPPEAS 0.0027 0 0 
1561 UVALOI.IRR.CAIBACI 0.0109 0.012 0.009 0.0198 0.0112 
1568 UVALCI.IRR.CANTALOP 0.0109 0.0075 0. 0194 0. 0119 0. 0031 
H69 UVA.LDI. IRA. CAJUtOT O.OJ 0.039 0.0374 O.OJSJ 0. 04 01 
1570 UVALDI.IRA.CUCUHBIR 0.0082 0.006 0. 0077 0.006 
1571 UVALOI.IRR.KOMEYCIW 0 0.0037 0 
1512 UVALCI.IRR.LITTUCI 0 0 0.0048 0.0026 
1573 UVALOI.IRR.ONJON 0.0191 0.021 0.0224 0.0085 0.0203 
U71 UVALOI.IRA.POTATO 0 0 0 0 
U7S UVALDI.IRR.SPINACH 0.0163 o. 012 0.005 0.0099 0.0055 
1576 UVALDI. I RJ. SW'I'COP.H 0.0109 0.018 0 0.0085 0.0104 
1577 UVALOI.IAA.TOHATO 0 0. 005f. 0.0038 0.0028 0. 0031 
1578 UVALCI.IRA.WATERHIL 0. 0026 0 0 
1579 
1580 MEOIHA.CRY.COTTOM 0 0 0.0038 0.011 
1511 MIDINA.CRY.CORN 0.0765 o.09H 0. ll5l 0.169 0.204S 
1582 MEOINA.ORY.SORGKUH O.H64 0.4'991 0.5281 0. 4 602 0. 4364 
1513 MEOINA,QRY.SORGKAY 0.0053 0. 0307 0.0362 0.0638 0.006 
1584 MEDINA.ORY.WINWHT 0.211 0.1394 0.0929 0. 0413 0.0991 
1S8S MEDJNA.ORY.OATS 0 .1164 0 .ll52 0.1275 0.1696 0.1522 
15!6 MEOJNA.DRY.HAY 0.0832 0.1004 0.0712 0.0903 0. 0721 
1S87 MECIMA.DRY.SOYBEANS 0 0 0. 004 5 0.00t8 0.0066 
1588 MIOJNA.CRY.P&AHUTS 0.0012 0.0018 0. 0005 0. 001 011S 
1589 
1590 MECIMA.IRA.OOTTOM 0 0 0 
1591 MEDINA. IRA. CORM 0.1U 0.1816 0.2586 0.2166 0. 3986 
1592 MIOIHA. IRR. SORGHU'M 0. 2469 0.1399 0.1198 0,0188 o.osu 
1593 MIDIHA.IRA.SORGHAY 0. 0099 0.0596 0.0693 0.1041 0.0116 
159t MIOINA.IRR.WIHWHT 0. 0391 0.0262 0. 016 0. 0042 
1595 MEDINA.JRR.OATS 0. 2716 0. 263 0.2139 0.2178 0.2966 
1596 KIDINA.IRR.KAY 0.1543 0.1951 0.1362 0.1418 o. 1406 
1597 MIDINA.IRR.SOYBEANS 0 0.0087 0.0078 0.0129 
1591 MIDINA.IRJl.PIAHUTS 0. 0797 0.0831 0. 0752 0. 0591 0.0291 
1599 KID INA. IRR. PEPPERS 0 0 0 0 0 
1600 MBDIMA.IRR.CABBAGI 0.0093 0. 01 0. 0169 0.0063 0.0097 
1601 MBDINA.IRR.CANTALOP 0 0 0 
1602 MIDINA.IRR.CARROT 0.0093 0. ()125 o. 0169 0.0121 0.0158 
1603 MEDINA.IRR.CUCUHBER 0.0046 0 0.0193 0.008 0.0075 
1604 MEDINA. IRR.HOHEYDEW 0 
1605 MEOINA.IRR.LETTUCE 0 
1606 MEOINA.IRR.ONION 0 
1607 MBOINA.IRR.POTATO 0 0 0 0.0059 o.oou 
1608 MEDINA. IRR. SPINACH 0 0 0 0 
1609 KID INA. IU .• SWTCOIUf 0 0.009 0 
1610 MIOINA.IRR.TOKATO 0 0 0 0 
1611 MIDINA.IRA.WATERMIL 0.0326 0. 02 0.0192 0.0148 0. 0149 
1612 
1613 BIXAA.ORY.OOTTON 0 0 0 
1614 BBX..U. CRY. CORN 0.0948 0.1075 0.1383 0.1089 0.1423 
1615 BEXAR.CRY.SORGHUM 0.3334 0.3121 0.378 0.)973 0.2871 
1616 BBXAR.DRY.SORGHAY 0.041'9 0.07U 0.051 0.0253 0.0117 
1617 BEXAR. DRY .WlNWHT 0.1104 0.09U 0.0185 0.0607 0 .1S79 
1611 BEX.U..ORY.OATS 0.215 0 .1'157 0.1699 0.1783 0.2143 
1619 BIXAR..ORY.HAY 0.1778 0.2111 0.1589 0.2074 o. 1639 
1620 BEXAA.DIY.SOYBIAHS 0 0 0 0 0.009 
1621 BiXAR.DRY.PEANUtS 0.0201 0.0278 0.0254 0.0221 0. 0138 
1622 
U23 BIXAA. IU..COTTOII 0 0 0 
16241 au.u.n.a. cou 0.0891 0.1171 0.102'7 0.141 0.1745 
1625 BIXAA. IU. SORGHUM 0.1973 0.0781 0. J79l 0.0338 0.120 
1621 B~.lll.SO~Y 0.0453 0.0807 0.0378 0. 0335 0.0144 
1627 BEXAA.lU.VlMWHT 0.0863 0.0694 0.03 0. 074 5 0. 0014 
U21 BIXAJ.. Ill. OATS 0.203S 0.19H 0.1262 0.2358 0.2628 
1629 IIXA.Jl.IU. MAY 0.1683 0.230S o.tu 0. 2743 0.2011 
1630 IIXAA.Ila.SOYIIAMS • 0 0 0 
1631 BIXAA.IRA.PIAHUTS 0.1233 0.1121 0.0895 0.1076 0.1473 
1U2 SU.U. IRR. UP PillS 0 0 0.0108 0 0 
1Ul IIXAA.IRA.CABIAOI 0.0314 o.ou o. 0255 0. 043 0. OJS7 
1631 BBXAR.IRR.CANT~LOP 0 0 0 0 
1US BIXAR.IRA.CAAROT 0.023$ o. 042 0.021 0. 0297 0. 0 lJ 1 
1636 BEXAR.IRA.CUCUHBIR 0.0011 0 0.0318 0. 0238 0 
1637 8£XAR.IRR.HONIYDEW 0 0 0 0 
1631 BIXAR.IRR.LITTUCI 0 0 0 
1639 BEX..U..IR.Jl.ONION 0 0 0 0 
1610 BEXAl.IRR.POTATO 0. 0118 o. 03 0. 0154 0 0.019 
16U BEXAR.!RR. SPINACH 0 0 0 0 0 
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1642 9Ex.AR. r RR. Sir.':~ P-H 0 ) 

1643 BEXAR. IAR. i~!O ?. 0118 ' ) 

1644 BSXAA. IIUI:.ioiATERHIL 0 0 ' 1645 
1646 1980 I ~81 ~ ·~ 132 19133 ~I} 84 
160 KI NNIY. CRY. COTTON 0 0 
1648 KINNEY. DRY. CORM 0.1197 
1649 KINNEY. DRY .SOilGHUM 0. 0818 
uso KI NNIY. CAY. SOAGKAY 
16S1 KINNIY.OAY.WINWHT 0.491 0. 794 O.S.191 0.2083 
1652 KINHIY. CAY .OATS 0.1187 0.206 0.4203 0.1911 
1653 KINMIY.OaY.HAY 0.1424 0 usc KINNIY.DlY.SOYBIANS 0.004 
1655 KINNIY.DAY.P~TS 0 
1656 
16S1 KINNIY.IRJ.OOTTON 0 
1658 KIHNIY. IRA.CORN 0 
16St KIIOIIY .IRa. SORGHUM 0. 2291 
1660 KIJfJIIY. IU. SORGHAY 0 
1661 KINNIY.IRJ.WINWHT 0 O.Oll7 0.21S4 0 •• 0. 104 
1662 KIHlfiY. I D. OATS 0.1813 0 .• 061!1 0.2185 O.J9Sl 
1663 KilfJIIY.IRJ.HAY 0. 2176 
166t KIHNIY.IRl.SOY8£AJS 0. 072S 
1665 KIHNIY .IRA. PEAifUTS 0 
1666 KUfiiiY. IRA. PIPPIAS 0 
1667 KUINIY. IRR. CABBAGI 0 0 0 
1661 KIHNIY.IAR.CANTALOP O.OS7 o.osu O.OtSt 
1669 KINNIY. IRA. CARROT 0 0 0 
1670 KIHNIY.IRA.CUCUHBIA 
1671 KINNIY.IRR.HONEYCIW 
1672 KIHNIY. IRR. LETnlCE 
1673 KINNIY.IRR.ONION 0.060S 0,0629 0. 07)8 0 •• 0.04S4 
167t KINNEY.IAR.POTATO 0 0 
1675 KlNNEY.IAR.SPIMACH 0 0 0 0 
1676 KINMIY.IRR.SWTCORN 0.1813 o. 4382 0.4923 0 O.U01 
1677 KINMIY. IRA. TOMATO 0 
1678 KINHIY.IRA.WATIRK&L 
1679 
1680 UVALOI.DRY.OOTTON 0. 0132 0. 03S4 0.0209 
1611 UVALDI.DRY.OORM 0.1926 0, 04S7 0 0.0'7S9 
1682 UVALDI.DRY.SORGHUM 0.2001 0.28U 0. 23S4 0. 2436 0.1'749 
1683 UVALDI.DRY.SORGHAY 0.02!JJ 0.0098 0 0 0 
l61C UVALOI. CRY .IIIHWHT 0.2291 0. 343 0.3999 0.1807 0.025 
168S WALOI.ORY.OATS 0.2~75 0.2191 0. 208S 0.373 '0.6193 
111!!16 l.NALDI. DRY. HAY 0.071 o. 09'18 0.1208 0.0951!1 0.1712 
161'7 UVALOI.DRY.SOYB!AMS 0. 0112 0 0 0.0101 0.0096 
1681 UVALDI.ORY.PIANUTS 0 0 
1689 
1690 l.NALOI.IAA.OOTTON 0.1502 0.13St 0.0'7'79 0.0816 0.201~ 
1691 UVALOI. IU.OOIUf 0. 2065 0.2796 0.3146 0.2U7 0.2862 
1692 WALDE. IlR.SORGMUM 0.0513 o. 0521!1 0. 019~ 0. 03~9 0.0248 
1693 IJVA.LDI. IU.SORGKAY 0.0272 0.0108 0 0 0 
1691 UVALOI. IlJLWIHWMT 0.09S5 o. 0879 0.116'7 0.0636 0. 0263 
169S UVALOI. Ilt.R.OATS 0.2761 0.2421 0.2134 0.3711 0. 2893 
1696 INALDI. I RJ.. HAY 0.0'761 0.1081 0.1237 0.0953 0.0799 
1697 IJVALDI.IRA.SOYBEAHS 0.012 0 0 0. 01 0. 004 s 
1698 UVALDI.IRA.PEAHUTS 0 0 0 
1699 UVALOE.IRR.PEPPERS 0 0 0 
1700 UVALOI.IRR.CABIAGI 0.0181 0. 009t 0. 016 0.0162 0.0164 
1701 UVALDI. I R.R. CAHTALOP 0.0173 o.oos o. 0113 0. 02ll 0.0181 
1702 UVALOI.tRJ..CARROT 0.02U 0.0311 0. 0581 0. 0311 0.0169 
1703 UVALDI.Ili.CUCUKIII 0 0 0 0 
170" UVALOI. IRA.HONEYOIW 0 0 0 0 
nos UVALDI.IRA.LITTUCI 0 0.0033 0.0098 o. 002 0. 0039 
1706 UVALDI.IRR.ONIOM 0.0238 0.0125 0.0202 0.0148 0.021J 
1707 UVALOI.llt.R.toTATO 0 0 0 0 0 
1'701 UVALDI. IRA.SPIMAOf o.oou 0. 0039 0.0141 0.01 0.0109 
1709 UVALDI.Ill.SWTCOIX 0. Olll 0.0139 0 0 0 
1710 UVALDI. IU. TCIIATO 0.003 0 0 
1711 UVALOI.Ikl.VATIRMKL 0 o.oou 0.004'7 0.002" 
1712 
1'713 MIDINA.DIY.~ o.oou 0 0 o. 0043 
17U MEDINA. DIY. OOU 0.2151 0.10t 0.0936 o. 1326 0.1137 
1715o KIDINA.DIY.SOIGHUM 0.362'7 0. )1)96 O.PS2 0.3701 0.22S6 
1116 KIDINA.DIY.SO~Y 0. 0596 0.009t 0. 0191 0. 007t 0.0159 
1'711 KIDINA.DIY.IIIMWHt 0.0738 0.2162 0.1233 0, UJJ 0.1038 
1'711 KIDIIIA.DIY.OATS !t.ll29 0.1303 0.1864 0. 2381 0.4012 
PU IUD INA. DIY. KAY 0.123C 0.1227 0 .lOll 0.1018 0.1391!1 
1720 MEDINA.DIY.SOYI~S 0. OlSS 0 0 0 
1121 KIDIMA.DIY.PIANUTS o. 015 0.0178 0. 0011 0. 0021 
1122 
1723 MIDIMA.IRA.COTTOM o. 0262 0 0.0256 0. 0305 0.030" 
172C MIOINA. IRA.COU 0. 290, 0.57 0.1753 0.47U 0.4862 
172S MIDINA.IRR.SORGHUM 0.06'75 o. 0794 0.0769 0. 0631 0.0304 
1726 MIDIMA.IIA.SO~Y 0. 0102 o. 0011 0.0181 0. 0067 0.0101 
1727 KIDIMA.IRJ..WINWKT 0.09 0. 0621 O.OUJ 0.0588 0. 039, 
1128 MIOINA.tlA.OATS 0.179 0. 1212 !). 1833 0.218 0.2557 
1729 KIDINA.IRl.KA.Y 0.1663 0.1113 0. 0997 0.0931 0.0891 
1730 HEDINA.IAR.SOYBEAHS 0.0209 0 0 0 0 
1731 MEDINA. IRA. PPHUTS 0.03 0.017 0.0396 0.030!1 0.0421 
1732 MIDIWA.Iki.PBPPIRS 0 0 0 
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l" 3 3 MEOI NA. 1 RR. CA.BB.IGE 0.0206 .) . r)'J62 
lilt MEDINA. IU. CM!ALOP 0 0 
113!t MIOINA.IRR.CARROT 0.015J 0,0087 '. 'jl::! . .)C a 1 l. 011 
1736 MIDINA.IU.CUC'lJHBU 0 ' 1737 MIDINA.IRR.HONEYDEW 
1731 MEDINA. IU .• L£TTUCI 
1139 MIDJMA.IRR.ONION •] 0 
1140 MID INA. !AR. POTATO 0 0 'J. J 0 ~ 9 0.00~3 
1741 I'IIOINA.!RR.SPINACH 0 0 
1742 HIOINA.IRR.SWTCORN 
1143 MIDINA.IkA.TOMATO 0 0 
litl MICINA.IRR.WATERMEL 0. OlJ4 o. 012 0.02tS 0.0101 
1745 
1746 IIXAR.ORY.OOTTON 0 0 0 0 
1147 BIX.AA. CRY. COR.N 0.1619 0. 0324 0.1417 0. 15.)4 0.1123 
17U BIXAA.CRY.SORGHUK 0.21514 a.nu 0.2428 0.2191 0.22!19 
1719 BIXAl. DRY, SORGHAY o.o8u a.0212 0.0283 0 0.0119 
1750 IIXAl.DAY.WINWHT 0.1076 0.1908 0.0927 a. 09Jt 0' 1289 
1151 BU.U.DAY.OATS 0.17H 0.1876 0.2968 0. 2863 a. 31'78 
1752 BIXAJ..DRY.KAY o. 1893 0.1811 O.lU2 0.2235 0.1866 
t7S3 BIXAl.DAY.SOYBEAMS 0 0 0 
1751 BIXAl. DRY. P&AIIIJTS 0.0173 0. 0125 0.0135 a. ozu 0.0166 
1755 
1756 BKXAA.IRR.OOTTON 0 0 0 0 
1757 BIXAJl, Ill.COUI 0.1569 0.5241 0.3094 0.3291 0. 2397 
1151 BIXAA.IAA.SORGHUM 0.0611 0.0368 0. 0822 0. 0104 
1759 BIXAR.IRA.SORGHAY 0. 0815 0.0138 0.0232 0. 0057 
1760 BIXAR.IAA.WIHWHT 0.0679 o.ou 0. 0677 0. 0718 0.0313 
17451 BEXAR. I JUt. OATS 0.166 0.1221 0.2fi28 0.276 O.lS27 
1162 BEXAR. IRR. HAY O.UJS 0.1179 0.1508 0.2153 0.5078 
1763 BSXAR.IJUt.SOYBEAHS 0 0 0 0 0 
17U BEXAR. IAR. PE.AHUTS 0.1222 0.0966 0. 0532 0.022fi 0.0139 
1765 BEXAR. IRA. PEPPERS 0 0 
1766 BIXAA.IRA.CABBAGI 0.0555 0.0067 0.0096 
1767 BIXAR.IRA.CANTALOP 0.02.2 0.0067 0 
1768 BEXAR.IRR.CARROT 0.032 O.OlJt O.Ofi01 0. 04 83 0.0193 
1769 BIXAA.tRA.CUCUHIBR 0.0297 0.0098 0 0 0 
1710 BEXAR. IRR. HONEYDEW 0 0 0 0 
1711 BJXAA.IRA.LETTUCI 0 0 
1112 BEX.U. IRA. ONION 0 0 
1773 BEXAA.IRI.POTATO 0.00'78 0.0061 6. 0084 0. 016~ 0. 0048 
t7'7fi BEX.U. IU:.SPINACH 0.0111 
1175 BIXAA.IRI.SWTOOkN 0 0 0. 0048 
17"76 BEXAR. IkA. TOMATO 0 0 0 0 0 
17'7'7 BEXAA.IRR.WATE~IL 0 0.0126 0.0176 0.0096 
1718 
1179 
1780 ccecccccccccccccccccccccccccceccccccccccccccccccccccccccccccccccccc 
1781 CALC1JLATI USING MIXDATA WHETHER CROPS All£ GRaiN IN A COUNTY 
17!2 ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
1783 
178fi PARAMITIR ISCR0P(9rOUpi,Landa~CAOPS) INOICAT£S WH£THER A CROP IS IN A COUNTY; 
1785 
1786 ISCROPicounty,~,ClOPI • 1 
1717 $ SUM !MIXES I MlXCATA(OOUNTY,LAMDo,CROP,HIXESJJ; 
1188 
1189 Istroplcounty,•turr~,crop) . I :strop (county, "i r r", crop) 
1790 btrop (county, •,prinlr:ler•, crop) • l5Crop(county,"irr•,cropJ 
1791 
1192 Paraaeter l5Crop21qrou~,land,cropsJ : 
1193 Iscr~(county,land,cr~) • hcrop(county,land,crop5l 
119t 
1795 ccocccccccccccccccccoccccccccoccccccccccccccccccccccccccccccccccccc 
1796 CROP BIJOOIT DATA 
1797 cccoccccooccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
1798 
1799 
uoo TAILI ICDATAILANDo,ClOPS,STAGI,MONTHPI BC COEF ' DAYS LAHD USE BY ST11Cili: 110NTH AHD BLANEY 
UOl 
1802 FIUT COLUMI IS BLANn' C'kitOLI C:OiriCUNT FOR EVAPOTRANSPIRATION AS IN DILLON 
1803 LATIR COLUMII'S AU CROP LMD OCOJPATlOJf BY MOHTH A.HD ST1GE 
1804 THUI DATA AU BASID 011 ILANIY CRICOLE DATA AH'D EX TENS ION SERV BUDGETS 
uos 
1806 con JAil FEB ""' APR MAY JUJf JUL AUG SEP OCT NOV esc 
1107 IU.COTrOII • STAGil .no o. o. 21. 3. 0. 0. 0. 0. o. o. 0. 0 • 
1801 IU.COTTOII .STAGI2 • 750 o. o. 0. 21. 13. 0. o. 0. o. 0. 0. 0. 
1809 IU.COTrOII . SUGil 1.150 0. 0. 0. 0. 18. 27. o. 0. 0. 0. 0. 0. 
1810 I Rl.. COTTOII .STAGit .no 0. 0. o. 0. o. 3. 31. 2. o. 0. o. 0 • 
1811 DRY. COTTOII • STAGil • 200 0. o. 21. 30. 0. 0. o. 0. o. o. 0. 0. 
1112 DAY.COTTOM .STAGI2 .sao o. 0. o. o. 31. 3 0. $. 0. o. o. 0. 0. 
1813 DAY.COTTON . .S:TAGIJ .000 o. 0. 0. 0. o. 0. 26. 10. 0. 0. o. 0. 
1811 DRY.CO'tTON . S7AGE4 .250 o. o. 0. 0. o. 0. 0. 17. o. 0. 0. 0 . 
tiU IRA.CORH .STAGil .too 0. 15. 6. 0. 0. o. o. 0. 0. o. o. 0. 
1816 I JUt. CORM • STAGI2 • 77!. 0. o. 25 . 10. 0. 0. o. 0. o. o. 0. 0 • 
111'7 IAJ.COIUf • STAGIJ 1.125 0. 0. o. 20. 21. 0. 0. 0. o. o. 0. 0. 
llll IU.COIIII .STA.Git .17$ 0. o. 0. 0. 10. 18. 0. 0. o. 0. 0. o. 
lSU DRY .COIUI .STAGil .400 0. 10. 31. 21. 0. 0. 0. 0. o. o. 0. 0. 
1820 DRY .CORJI' .SfAGI2 1.500 o. 0. o. 6. IL 0. 0. o. o. 0. 0. o. 
1821 DRY .CORN • STAGU .sao o. 0. 0. o. !7. 30. 2. 0. 0. 0. o. 0 . 
!822 DRY .COlli • ST1Gifi .200 o. 0. o. o. 0. 0. 16. 0. o. 0. 0. 0 • 
1823 IRA.SORGHUM • STAGI:l .350 0. o. 21. 0. 0. 0. 0. 0. o. 0. 0. 0. 
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Oll.'t. SOII.GH\IM . STAGil 
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!Jii.IL SORGHAY . STAGI1 
UR. SORQHAY . STAGI2 
IAR.SOAGHAY .STAGil 
IAR.SOII.GHAY .STAGII 
ORY.SORGHAY .STAGil 
CRY.SORGHAY .STAGI2 
CRY.SORGHAY .STAGil 
ORY.SORGHAY .STAGEI 
IJJ..WJNWMT . STAGil 
IP.J..WHIWHT . STAG£2 
IAl.WltriWMT .STAGIJ 
IU..WIIN'KT . STAGEt 
DRY. Wl NVHT • STAGil 
ORY.WINWHT .STAGI2 
CRY.WINWHT .STAG!J 
ORY.WINWMT .STAGII 
IJJ..OATS .STAGil 
IU..OATS .STAGI2 
IU..OATS .STAGil 
IU.OATS . STAGII 
ORY.OATS .STAGil 
DRY.OATS .STAGI2 
ORY.OATS .STAG£3 
DAY .OATS . ST-'Git 
I Rl. KAY . ST.IGil 
IRl.HAY .STAG£2 
I PJt. HAY . ST!.GEJ 
IRIL HAY . STAGEt 
ORY.HAY .STAGE1 
DRY.HAY .STAG£2 
OAY.HAY .STAGIJ 
DRY.KAY .STAGEt 
IRR.SOYIIANS.STAGil 
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IJJ..SOYBEAMS.STAGIJ 
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DRY.SOYIIANS.STAGil 
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IRA.POTATO .STAGil 
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I lUI. POTATO • STAGU 
lRA.POTATO .$TAG£1 
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1919 
1920 
1921 
1922 
1923 
1921 
192S 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1tll 
un 
1936 
1937 
1938 
1939 
19410 
l9H 
19412 
1UJ 
19U 
19415 
1916 
19417 
19U 
1919 
1950 
1951 
1952 
1953 
1954 
19!.5 
1956 
195'7 
1958 
1959 
1960 
1961 
1962 
1963 
1961 
1965 
1966 
1961 
1968 
1969 
1970 
1971 
1972 
1973 
19741 
1975 
1976 
1977 
1978 
1919 
1980 
1981 
1982 
uu 
19U 
ues 
1986 
1987 
1911 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1991 
1991 
1999 
2000 
2001 
2002 
2003 
2001 
2005 

UILSPINACH .STAG£1 1. l 0 0 '· '. •l. l. .. 0. ). J. .:L 
IRA.SPIJrfACH . STAG£2 l. 100 '· '. l. .. '. 0. 0. J. l. 
IA.l.SPINACH . STAGil 1.100 o. 0. 0. ) . 0. 0. a. a. l. 
IU.SPlJrfACH . STAGE I 1. 100 12. 0. 0. '. 0. 0. 0. '. '. 
I U. SWTCOR.H . STAGil . ISO 0. 10. ll. .. 0. 0. 0. ). 0. 
I RR. SW'TCOJUf . STAGI2 .800 0. o. 0. :~. JO. 0. 0. ). '. 
!lUI.. SW'TCOR.H . STAGU 1. 125 0. o. 0. '. l. 30. 26. 0. 0. 

IRA. SW'TCOIUI . STAGU 1. 075 0. l. 0. ) . 0. 0. ; . 1'. '. IIU.TOIQTO . STAGil .soo 21. '. o. 0. 0. 0. 0. 0. 0. 
IU. TOI1ATO . STAG£2 .800 0. 2l. "· 0. 0. 0. 0. 0. 0. 
IRR. T<JIICATO . STAG&l 1.25-0 0. 0. .. 30. "· 0. 0. 0. 0. 
IU. T""'TO .STAQif .950 o. 0. o. 0. 16. !B. o. 0. 0. 
I RR. WATUMJL. STAGil . 500 0. 10. 1S. 0. 0. 0. 0. 0. l. 
IRR.WATI~L.STAGI2 . 800 0. o. 16. 19. 0. 0. 0. 0. 0. 
IRI.WATIRMZL.STAGBJ 1.050 0. o. 0. ll. "· 0. 0. 0. 0. 
IIUI..WATiaMIL.5TAGI41 . 900 0. 0. 0. o. 2. "· o. 0. o. 

ccccccccccccccccccccccccccccc:cccccccccccccccccccccccccccccccccccccc 

CROP WATII USI AND DRYLAND YIILD CALCULATIONS VIA BLAN&Y CRIDDLE 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

PAAAMITII ICre•ult!Lando.CROPS,Y&Al,.onth,GAOUPSI S~EY CRICCLI 
~TVATIR(YIAR,GROUPS,MONTHJ CROP ROOfZONI WATER AVAILABILITY 
BCOONSTAMTCYIAA,MONTH,GAOUPSI BC MONTHLY CONS ALA HEIMES-LUCX!Y 
ICav{LAHDo,CROPS,G~PS,aonthl AVI~I BLANEY CRIDDLE COEFICIENTS: 

R.OOTWATil( rech.arqe, COUNTY ,MONTH I • 
I (2!1. I •WEATHIR I recharge , COUNTY, .. PR.EC", MONTH I l • '0. 9) /2S. t: 

BCCONSTANTCrecharqe,HONTH,CCUNTYl • 
WEATHER ( recharqe , COUNTY, "TEMP". MONTH) • O.a.YLIGHT fHONTHJ/100. 

• (0. 0173•WEATHER!ncha.rqe , COUJ.ITY, "TEMP", MONTH)-. JH l; 

IlliGATID CROP WATER USE 

acre•ultl~tAA•,cAoP,recharqe,aonth,COUNTYJS 

SUH!STAGI, BCDATA(~Iu.•, CROP, STAGE, "COEF")) 
• MAllO, -ROOTWATIRirecherqe,COUNTY,MOHTHJ 

+SUM(STAGI, &CDA.TAI"IU.", CR.OP, STAGE, "COEF"l 
•BCDATAt"IRI•,caOP,STAGI,HOHTH) 
•BCOONSTANTtrecharqe,HONTH,COUNTYill 

ORYLAID CROP YIELDS 

acre•ultc~oay•,cROP,recharqe,.onth,COUNTYI 

$$UK(STAGI, BCOATAI"DRY", CROP, STAGE, "c04f"l 
•&CDATAI~DRY",CROP,STAGI.aonthl 

•aeeon•tantlrecharqe,aonth.,countyl l 
MAX(l.AOOTWATIR(rechatqe,COUHTY.HONTHI 

/SUHISTAGI,ICCATAI"ORY", CROP, STAGE, '"COBF"l 
•BCDATA("OlY•,cROP,STAGI,MONTHJ 
•BCOONSTANt(recharqe,MONTH,COUHTYII) 

/SUM !STAG£ SBCDATAI"OR't~, ClWP, STAGE, '"COEF'"l, 
BCDATAI•ORY~,CAOP,STAGE,MONTHIJ 

BCav(LAHDo,CROP,COUMTY,.anth) • 
SUM(r•charqe, PROIIr•char;el 

• BCre•ult(LAHDo,CIOP,recharge,aonth,OOUHTYJJ; 

per ... t•r a8Crelult(LAKDo,CROPa,year,groupal annual BLANEY CRIOOLE 
a8Cavg(LAHDo,crope,group8) Annual 'u. of BC5 ; 

aBCresul~ !LANDo, crop, recharqe,countyl 
• sua(.anth,BCre•ult(LANDo.crop,recherge,aonth,countyll 

aBC.vg(LNIDo,CROP,COUIITY) • 
SUM(rechar9e,PIOI!recharge) 

• .SCre•ultCLAWDo,CIOP,recharqe,COUNTYll: 

BCr••ult(LAMDo,CIOP,recharge,.onth,OOUNTYI 
SICav(LAHDo,CIOP,COUNTY,aonthl 

• Btre•ult(LAMOo,CROP,recharge,.onth,COUNTYI 
I BCav ( LAIIDo. CROP • o:.::IUifTY, aont h l : 

a8Cre•ult(LAN0o,CROP,recharge,OOUMTYJSaBC.vq(LANDo.CROP,COUNTYI• 
aBCre•ult(LAMDo,CIOP,recharqe,COUNTY)/aBCavg(LAHOo,CROP,OOUNTYI; 

cccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Konthly Aqui!er le•pon•e reqreaaion coefficienta 
e1tiaated u•inq OLS with GWS[M-IV output data 

cccccccccccccccccccccccccccccccccccccccccccccccccccccc 

TAIILI RIGPAlfequ,.on.th,ob•, reqreu) Monthly Regression Coefficients 

Jl iHeed SabHe..:t 
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;:4. J . ) . 
JO • ~2. 

0. 0 • 06. 
0. 0 . 0. 
0. 0 . '. 0. 0. ' . 
0. ' . 0. 
0. 0 . 0. 

0. 0 • 0. 
0. 0 . 0. 
0. 0. a. 
0. 0 . 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. o. o. 

Intercept 



2006 SprC01ul. Jan. a~~ '~ 6 8;: 8 . ; ~ ::B;: . :~ ~, ~ B -. ; : ~ 4 : ~ 3}3 J:: .:~~tS.H 
2007 SprCo.•l.(eb.all ~~IJ. 4297 "· !I 0., ~ . 'j l' JS62 }-] s ~ 4.:6., . :.':14!12162 Jl792. ~s 
zoo a SprCo.•l.•ar. all :JI3, 8498 115. 9'778 ''JlL s 2 J 1 10445':146 )4596196 2971],12 
2009 SprC~al. apr. all tH.nu 70. 41328 .Jll '}566 ·J·:)t6.2248 . 041 !!6948 22611.99 
2010 SprC~al.••y.all 121.6897 6S. 3" ll . ·Jll93938 -J04 s;: s:. l -)J!!6S902 15435.14 
2011 SprCa.a.l. jun.all l22' 9632 6 L 62 8 J . 'JO'H '164 _').')46;:!!75 ~35J426l ')8181.07 
2012 SprC~al.jul.all 112. !1081 5~.692S .'J0922S74 JOP"'t;:') 'lH16921 -~7871. 211!1 
2013 SprCoa•l.auq.all 1QO.I452 19.!:19'73 . )')869676 ;GHts·:;a -.'ll~li9Z2 -~6109.90 
2014 SprCoaal.sap.all 'H. U32 50.1529 . JQ791.J83 00458210 J2691l12 -132"56.39 
20U SprCoaal.oct.all 10. H22 52.1035 . OOi2229l 004H,~H4 -. J.::442934 -8!940.43 zou SprCo.al. noY. d 1 89.7172 56. "1847 .00719618 •J04418~) -. ()2212669 -134'190.65 
2017 SprCoeal. dac. ell 136.6569 57.0233 . 007032')4 .0040!:17';0 02100488 -83110.21 
2011 SprSanMu. jan. all 35.J045 .019138889 00027l'j" .0192111!146 ·18J26.U 
2019 SprS•nM•r. lab. all 0.9144 .01346100 00094901 . 01223258 -2J479.66 
2020 SprS•nKar -••r. all 4S.9060 ,00786202 .00016777 . 008726H -24512.01 
2021 SprSanKer. apr. all 4115.1836 .00613408 . 00032466 .00'710069 -2H49.11 
2022 SprS&nMer.aay.all 45.9917 . 00709280 00021616 -.00566707 -24616.14 
2023 SprSanMer.jun.all 45.UU .00890167 . 00006155 -. 00498015 -25145.90 
202fi SprSenKu. jul. dl U.S.29t .00395160 -.00009112 -.00470208 -23839.21 
2025 SprSanKir.auq.dl 43.'7638 . 00232:981 -.00006029 -. 004 083$3 -23022. u 
2026 SprSanMar. np. all 42. '7521 • 00188863 -.00006963 -. 00394530 -22305.91 
2027 SprSanKar.oct. all u. 9831 . 00268464 -.OOOllJ23 -.00]64414 -22053. 18 
2028 SprSanK&r.nov.all 41.4006 . 002143U -.00009952 -. 00340391 -21526. 7J 
2029 SprSanM&r.dec. all 40.Sl20 .00193ll2 -.00014915 -.00]]5760 -20880.20 
2030 lndJ1'7Head.d.c.all .sua .1550 .00001908 -.00002828 -. 000ll56'7 210.11 
2031 EndSabHead.dec. all .3418 . 5828 .00002361 -.00009108 -.00005911 102.22 
2032 W•atLitt.dec.al1 -.31U -.5463 -.00001930 .00013454 . 0000308!1 7'!:13.13 
2033 EutLi!t.dee.all -. 5227 -. 14 98 -.00001906 .00002692 . 00011801 5'7'7 .21 
2034 SprCa.al.jan.c:l 180.3684 121.2104 .01061773 -.0017Z7~l -.l16Jl810 -l\HH9.011!1 
203!1 SprC~l. feb. c:1 280.24!19 50.2790 .0162017 -.008H689 -.08S65001 -20192'7 .11 
2036 SprCc:aal. ••r. c:l 288.6519 41.4842 .01741879 -.00'724464 -.07147216 ·200907. 82 
2031 SprCc.el.apr.c:l 279.8861 39.7958 .01764821 -.00728350 -. 06495643 - ~ 94209.82 
2038 SprCoe.1.•ay.c:1 265.3099 J9.6JS1 . 01797871 -.00709015 -. 05990982 -185087.09 
2039 S prCoaa l. jun. c:1 247.6505 J9. oaz. .01339289 -.V073J009 -.05448249 -1"12110. 89 
2040 SprCa~al. jul. e 1 233.1974 4C.3l36 . 01368792 -.00765300 -. 0524ZH6 -16389~. 54 
lOU SprCo.al. au9. c:l Z21. 93'70 H. 5496 .J1321557 -.00736483 -. 04956694 -1S7862. 71 
2042 SprCo.al.~ep.cl 210.8'783 41. 892t . a 1190292 -.00735823 -.04370191 -150996. u 
20fl SprCc:aal. oct.. c:1 U9.10JO 43.0783 .01076136 -. 00'712019 -. 03893237 -144158.20 
2044 SprCa~•l. nOY, c:l 187 .1'714 44.2312 .OlOJ7tl1 -.00684162 -.03385164 -137434 .II!IS 
20U SprCcaal.d.ec.el 176.1381 44. 4i88 .00999996 -. 00616985 -.03155-11!124 -130581.14 
20C6 SprS•nMar. jan. c:l -3.5255- .01992879 -.00156296 -.02009487 '7801. 64 
20U SprSenKu. fab.cl 26.9571 .01314394 -.00057021 -. 01173045- -12055. )J 
20U SprSanKar .ur. c1 34.6762 .00774400 -.00023509 -. oo8J64 ac -16990.84 
2049 SprSanHar .apr .c:1 36. u 54 . 006764 51 -. 00032063 -. 006682'77 -18067.05-
20~0 SprS~r.uy.c:l 38.3235 .00714'7S8 -.0001S938 -. 00518931 -19563.33 
2051 SprSanMer.jun.cl 42.5959 .00893691 .00007993 -. 004 9914 8 -2325-3.66 
20~2 SprS.nMar. jul. c1 39.15-49 .00392051 -.00010666 -. oou 6499 -2028'7 .29 
2053 SprSanMar.au9.c1 )6.8948 . 00231189 -.00001695 -. 00)'70367 -18519.73 
20SC SprSanKa.r. sep. cl 34.5880 . 00180874 .00001865 -.003J9055 -1695-7.11 
2055 SprS.nMer.oct. e1 JJ.1'75S .00253869 -.00007865 -. 00303373 -16262. )Q 
2056 SprSanKar.nov.c1 31.8748 . 00198461 -.00002752 -. 002'72031 -1!:1288.12 
2057 SprSan.Mar.dee.c:l 31. J'70S .00176356 -.00003507 -. 00268235 -14911.79 
20~8 EndJ17Head.d.c. cl .3210 .1650 ,00001361 -.00002153 -.00010564 341.57 
2059 EndSabHead.dec.c1 .2863 . 56'7'7 .00002224 -.00008694 -. 00004852 151.58 
2060 WeatLift.dec.e1 -. 2911!13 -' 4960 -. 00001771 . 000127U .00002381 705.)9 
2061 E••t.Lift.dee.c:l -. 3156 •. 1580 -.00001469 .00002156 .00009373 412.30 
2062 SprSanf'ilu. jan. c2 60.6209 .01983081 -.00004293 -. 0183'7907 -l3307.71 
2063 SprSanMar. t.b. c:2 59. 3'762 . 01343075 -.00122627 -.01179001 -32532. 06 
206C SprSanMar.ur.c2 58.3007 • 00'768'741 .0000521'7 -. 00834437 -Jl77t ... 
206S SprSanMar.apr.c2 S5. 8301 .006.32231 -.00026182 -.00696'706 -30159.12 
2066 SprSanKar ... y.c2 56.3866 . 00670J36 -.00023630 -. 00600660 -JOSU.Ot 
2067 SprSanMar.jun.c2 59.4619 . 00896462 -.00005657 -.00581102 -33053.29 
2068 SprSanK&r. jul.e2 53.9t36 . 00392'761 -. 00006050 -.00501325 -29241.60 
2069 SprSanMar.auq.c2 51.7246 . 00216789 -.00009lt9 -. 00t2828S -27568.39 
2070 SprSanMar.np.c2 ., • tll9 . 0017S'781 -.00009414 -. 00407926 -21988.59 
2011 SprSanMar.oct..c:2 t'7. 0022 . 00269977 -.00011614 -. 00385191 -2U91. J2 
2072 SprS&ftMat.nOY.C2 4'7.31U .0021J"142 -.00004766 -. 00368039 -24967.01 
2073 SprSanMar.dec.c2 4'7 .t57S .0019873"1 -.00022470 -.003'74582 -24876. 0!:1 
207t lndJ17H.ad.dec.c2 .'7993 .1321 .00002688 -. 00003792 -.00017827 89.47 
207S lndSabHead.dec.c2 .1120 .8627 . 00002418 -.00001}748 -.0000'7217 56.1'7 
2076 We•tLi!t.d.:.c2 -. 9009 -.00002017 . 00014623 . 000037'71 806.26 
2077 lutLi!t. dee. c2 -. 7137 -.1521 -.00002543 . 00003469 • 00015Jll 6'78. to 
2071 
2079 • Calibration !actor• u~ed to a-quat• shulat~ he.d level.!! to actual. 
2080 pa.r ... ter call (endhead) Fir•t ca1ibr•tion factor 
2011 /endjl7head 141.3011, endsabhaad -85.2896 I 
2012 calZ (endhead) Second C•libration factor 
2083 /endj 1 '?bead a. 802976, end3abhe•d 1.10J942 I 
208t 
208S set alhtrat ALL STilATIGIIS IIPIC •nd Penal 
2016 I 
2017 cso-ttay-r, CSO-Jun-r, C7!:1-May-F, C'?S-Jun-F. 
2081 C50-May-S, cr,o-Ju.n-s, C'75-Hay-S, C7S-Jun-S, 
2089 C-Dryland, 
2090 SSO-Hay-P, 550-Ju.n-F, S'75-Hay-f', S'75-Jun-F, 
2091 550-May-S, SSO-Jun-S, S'75-Hay-s, S75-Jun-S, 
2092 s-orylanct, 
2093 OSO-Har-r, 050-Apr-P, 075-Ka.r-F, 075-Apr-F, 
2094 050-Kar-S, 050-Apr-S, 075-Mar-S, 075-Apr-S, 
2095 o-oryland., 
2096 WSO-Kar-P, WSO-Apr-F, W"75-Har-F, W75-Apr-F, 
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209'7 
2091 
2099 
2100 
2101 
2102 
21 OJ 
21041 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
21141 
2115 
2116 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
212t 
212~ 

2126 
2127 
2128 
2129 
21 JO 
21l1 
2132 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2110 
2111 
214.2 
2143 
2111 
2US 
2146 
2U7 
2U8 
2119 
2150 
2151 
2152 
21S3 
21!14 
2155 
2156 
2157 
2158 
2159 
2UO 
2161 
2162 
21U 
2164 
216S 
2166 
216'7 
2168 
2169 
2170 
2171 
2172 
2173 
217t 
21'75 
2176 
2177 
2118 
21'79 
2180 
2181 
2112 
2113 
2181 
2185 
2186 
2181' 

'"'SO-Mar-S, 
ill-Dry land, 
Pnut~O-r, 

Pnut~0-5, 

Pnut-dry, 
OniSO-F, 
OniSO-S, 
CabbSO-F. 
O:abbS0-5, 
CattS.O-F, 
Card0-5, 
Cant~O-r, 

Cant~O-s, 

Cuc~o-r, 

Cuc!t0-5, 
Let~ o-r. 
tAtS O-S, 
Spinso-r, 
Spin!to-s, 
Hays o-r, 
HaySO-S, 
Hay-Dry, 
H50-Kay-P, 
H50-May-5, 
Cot50-II-P, 
Cot 75-11-P, 
CotS0-£1-S, 
Cot75-II-S, 
Cot-Dry, 

wso -Apr -s. W75-MIIIt·S, W15-Apr-S, 

Pnut15-F, PSO-May-F, 
Pnut'?S-5, PSO-Hay·S, 

PIS-H.a)"-F, 
P'7S-MIII)"·S, 

Oni 15-F, 
Of\175-S, 

Cabb7S-P, 
Cabb7S-S, 

Carr'?S-F, 
Carr'75-S, 

Cant75-F, 
Cant7S-s, 

Cuc75-F, 
Cuc75-S, 

Let 75-F, 
IAt75-S, 

Spin75-F, 
Spin75-S, 

Kay75-F, 
Hay75-S, 

H7S-Kay-F, 
H7S-May-S, 
cotso-n-r. 
cons-n-r, 
CotSO-P'B-S, 
C'ot7S-FI-S, 

full full irriqation 

cotso-ro-r, 
cot75-ro-r, 
CotSO-FO-S, 
Cot 75-FO-S, 

full-S full irriqation usinq !prinkl•r 
pl liait.:t in apr aay june 
p2 li•ited in july auq sep 
pl2 li•ited. in phuas 1 and 
al to dry land. after april 
al-s to dry land. after april 
a2 to dry land after july 
I 

PanaStrat(dl.ltrat) Irriqation stratagiu froa Pen• 
full full irrigation 
full-S full irrigation u.sinq sprinkler 
pl lLaitad in apr ••Y juna 
p2 liaitad in july auq up 
p12 liaited in phue.s 1 and 
al-.s to dry land after april 
a1 to dry land after april 
a2 to dry land after july 

waterst•t(allstrat) 
spk.stat (all.strat) 
fst•t (alhtratl 
drys1:att•llstrat) 
strataqy {allstrat.) 

Irriqation strateqiel froa Pen• 
Spcinklar strateqies for P•na crops 
f'urrow strataqie.s for Pena crops 
Dryl&nd strataqies for Pena crops 
Irri9ation strataqies fr011 EPIC : 

waterst•t(PanaStrat) • ye•; 
drystatt•tutt•) • ye• : 
spk.stat(•tult-S•) • Y•• ; 
spkstat(•a1-s•) • Y•• : 
fstattPenaStrat) • ye• 
!stat(spk.statl • no: 

strataqy(allstrat) • yas 
stratA9}'(W«.tar.stat) • no 

table ra9data (aqit ... lando, allstrat. ceo~) 
•ldwards budqeU trc. 199C 

IU..tull.COTTOII irr.pl.cotton irr. (p2J.cotton irr. (all .cotton 
•also p12 
PUCI 0. 79 
YIIUI 900.00 1SO IHO 350 
HIU 7.50 
PHOSPKATI 12.50 
NITaoGII 19.50 
$1.0 1.410 
INSIC'!IC 73.40 S3.5 68.20 '0 
nlltM u. 71 
FVILI 6l.U 
kiPAIRK 41.85 
RIPAIRI 12.04 
u.aoaM 27.53 
LMOII 15,00 
HMVIST 184.04 
HAAVacre 27.75 
INUREST 11.88 
PIXID 196. 97 
defic -32 
PESTICAPPL 36. 75 22. 75 JO. SO 16. 75 
LAIORO 22. 10 
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2188 FE:8·~ATH L .; 
2189 Ai'R.·W~TEJl o.:o 
2190 uy-WATU. 4. :1? 
2191 JUN-WATik 12. )0 
21t2 jul-WATIR ·'0 l. 25 
2193 . IJlR. full. COR.N IU. rpt) .COR.H 1 r r. p2 . .::?rn 1 r r. ( a21 . c.::.rn 
2194 •elso pl2 ., 
219~ PltiCI 2.85. 
2196 YIILO 110.00 so " " 2191' rED INS 19.50 
2191 HIQ 15.00 
2199 HIR.BAPPL ). 50 
2200 PHOSPHATI l7. 50 , 
2201 NITROOIN 20.00 
2202 SliD 22. 60 
2203 IMSICTIC 8.50 
220t PVIUI lt. 62 
220!1 FUlL I n.u 
2206 liP A IAM l. 8_2 
2207 RIPAU.I 9.63 
2201 '-'IORM 2t.ll 
220t '-'IOU 8.80 
2210 HAOVIST 15. to 
2211 HARvacr• 22.00 
2212 I liT IRIS! 9.66 
2213 P'IXID 171.68 
221t de tic -u 
22Ht f•b-WATIR LOO 
2211 KAY-WATIR 9. 00 
2217 JUN'-WATIR 6. 00 
2218 JUl-WATIR ),00 .25 
2219 irr • (full ) .SOR.GHUH IRR.. lpl I • SORGHUM I R.R. al. SORGKVM 
2220 ••l•o p2, •2 pl2 
2221 PRICI 4.18 
2222 YIElD 50.00 " lS 
2223 FE DIMS 3.H 
2221 HBQ 10.00 
2225 HIRBAPPL 3.50 
2226 PHOSPHA!I lS.OO 
2227 NITRCGIN' 12.00 
2221 SliD 3.60 
222t INSICTIC 6.50 
2230 FUIUI 14.62 
2231 niiLI 37. 11 
2232 RIPAIRK 3.82 
2233 REPAIR! 7.22 
2234 '-'IORM 24.31 
2235 '-'lORI 6.60 
2236 H.AAVIS! 42.50 
223'7 INTIUST 5..97 
2231 rum U0.27 
2239 JAII-WA!II LOO 
2240 KAR-WATII 0.00 
22U KAY-WATII 8.00 
2212 IRP.. full. WINWKT 
22U PRICI 3.80 
22U YIElD 40.00 
22n PHOSPHAT I 10.00 
22U NITROGD 8.00 
22t7 SliD 12.80 
22U PVIUI 8.88 
2219 P'UILI 37.11 
2250 UPAIRK 2.31 
225-1 UPAIRI 7.22 
2252 '-'IORM 17. 1'7 
2253 '-'BOA I 6.60 
2254 HAOVIST 27.50 
2255 INTIUST 1.61 
2256 FIX liD 106.52 
2257 MIGIC f..OO 
2251 PISTICAifL 1.40 
2259 JAII-WATII 2.00 
2260 FU-WATII 3.00 
2261 JIWt-WATII 3.00 
2262 NOV-WA!II 4.00 
2263 IRl.full.s••- irr. al. s•saa• 
22U PRICI 23 
2265 YIILD 12.5 .001 
2266 PHOSPHATI 11.25 
2267 NITROGill 10.00 
2268 nm 6. 1'7 
2269 ahc 8.5 
2270 PVIUI ll.U 
2271 FUILI 37.11 
2272 J.IPAIRM 3.54 
2273 liPAU.I 7.22 
227C '-'IORM 22.'70 
2275 '-'lORI 6.60 
2276 HAl VIS! 23.15 
2277 IHTER&ST 5.21 
2271 P'IXID US.Ol 
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2279 JA.N-WATER L 10 
2280 F£8-WI\TER J.OO 
2281 11AI\-WATSR t. 00 
2282 aay·WATIR t. 00 . 00 
2283 IU..!ull.oats 
2284 PJUCI 0.21!1 
221!15 YIILD 41!1.00 
2 2845 nJII.I Jl. 31 
2281 •i.te 101.78 
2211 JAN-WATER 2.00 
2289 FS:B-WATIR J.OO 
2290 11Al-WATIR ]. 00 
2291 NOV-WATIR •. 00 
2292 UR. full. soybeans ir:r:.al.5oybeans 
2293 PftlCI '.' 2291 YIILD u. 00 21 
22U FUlL I JJ.31 
2296 abc 187.26 
2297 harve•t 37.80 
2291 Pla-WATil t. 00 
2299 MAy-WA'l'll t. 00 
2300 j~m-WATil t.OO 
2301 IRR. (full J .hay Ill. Cp2 I .hay IRA.. al. hay irr:.a2.hay 
2302 IIU. (!ull,pll .hay lRJl. (p2,pl2) .hay IRR.. al. hay ir:r:.a2.hay 
2303 PRICI OS. 
2301 YriLD 10.00 
2305 FUlL I 75.37 
2306 abc 117.26 
2301 haRvest JSO 
2308 aar-WATIR t.OO 
2309 ape-WATER t.OO 
2310 jun-WATIR I. 00 ' 2311 jul-WATIR 4.00 1. 25 
2312 au9-WATIR t. 00 1. 25 
2313 IRR. full.GUAR ir:r:.at.guar 
2314 PRICE 16.00 
2315 YIELD 18.50 • 0 01 
2316 HEOB 7.50 
2317 HERBAPPL J.so 
2318 PHOSPHAT& 11.25 
2319 NITROGEN 10.00 
2320 SliD I. f.O 
2321 INSIC1'IC 15.50 
2322 FUIUI U.20 
2323 nJILI 4 0.20 
2321 R.IPAIRM J.69 
2325 REPAIU 1. 83 
2326 LABOR~! 22.91 
2327 LA&ORI 7.15 
2328 KAAVIST 25.55 
2329 INTBRIST 1.53 
2330 PIU:O 131.18 
2331 INSBCTAIPL ).50 
2332 LABORO 11.05 
2333 MAit-WATBR c.oo 
23Jfo MAY-WATIR ).00 
2335 JUN-WATIR 3.00 
2336 JUL-WATBR 3.00 
2337 IRA. !ull. CABBAGE irc.a2.eabbaqe 
2338 PRICI 3.50 
2339 YIIID 650.00 . 001 
2340 .... 7.!20 
2311 PKOSPHATI lt.7!> 
2342 NITP.OGIM 25.00 
2343 SlED 130.00 
23U INSICTIC 150. DO 
234~ FUIIM 17.00 
23U FUlL I 36.29 
23t7 A.IPAUM '"" 23U RIPAIRI 1.00 
2319 LABOR~! 27.02 
2350 LABORI 8.80 
23Sl IWIVUT 1072.50 
23~2 INTIU.ST 13.015 
2353 PIXID lU. 70 
235t PISTICAIPL 35.00 
235~ LABOIO 132.59 
23~6 JUL-WATII 6.00 
2357 HJG-WATIR 5.00 
2351 SEP-VATIR fo.OO 
2359 Ilt.R. !ull.CANTALOP icc.al.cantalop 
2360 PIUCI 6.00 
2361 YULD JOO.OO • 001 
2362 .... 7.50 
2363 PHOSPHATI 18.15 
2364 HITROGIIf 25.00 
2365 SliD so.oo 
2366 INSIC1'IC 22.50 
236'7 FUKUI 1!.20 
2361 runt H.02 
2369 RIPAIRM 5.03 
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23"10 HPAIRI 7.SO 
2311 '-'BOIU< J2. 45 
23"72 :.A.BOU 8. 25 
23"7 3 KAlVIST 1275.00 
2374 lNTIItUT 10.95 
231!1 FIXIC 151.24 
2376 FUMGIC 10.00 
2371 PISTICAPPL 14.00 
2318 LABO•o 'J9.U 
2l79 FIJ-WATIR l. 00 
2380 XAJt-WATU LOO 
2 3111 APR-WATIR t.. 00 
23 82 I"'AY-WATil fo. 00 
2383 UR. full. CVCUMBER irr.aZ.cucWI\~t 
2314 PUCI 6. 50 
2385 YIILD 250.00 .001 
2316 KIU a.oo 
2387 PHOSPKATI 20.00 
2311 MITIOGD 20.00 
2389 SliD 78.00 
2390 INSICTIC 10.00 
2391 fUIUI lS. 79 
2392 f\IILI 36.11 
2393 RIPAIQI 4..30 
239t UP Alii 8.10 
239!1 LABOIUI 211.01 
2396 LABOR! 8. 91 
2391 KARVIST 1125.00 
2398 INTEUST S.96 
2399 FIXED U6.3"7 
2400 1'1JMGIC 30.00 
2401 USTICAPPL 14.00 
2402 LABORe 49.72 
2403 JUL-WATil 4.20 
24 04 N.JG-WAT&:l LOO 
2405 SEP-WAT&a t.OO 
2406 OCT-WATil 4.00 
2407 IRR. !ull.ONION irr.•Lonion 
2408 PRICI 7.50 
2109 YIELD 500.00 0. 001 
2410 PHOSPKATI 18. "75 
2411 NITROGIJI 25.00 
2112 SliD 111.00 
2113 INSICTIC 30.00 
2414 fUIUI 18.65 
211S FUlL I 40.82 
2116 lt.IPAilM S.Ol 
2117 RIPAIRI 9.00 
2118 LAIIOAM 33.31 
2119 LAIIOli 9.90 
2120 KARVIST 212S.OO 
2121 IMTIUST 20.1"7 
2122 FIXED 170.10 
2123 FUHGIC 42.00 
2121 PiSTICAPPL 17. so 
212S LAIIORO 55.25 
2126 JAH-WAUR 4.00 
2127 K.U-WATil 3.00 
2121 AU.-WATJl 3.00 
2129 OCT-WATil 4.00 
2130 OIC-WATil t.OO 
2131 + IR.R. full. taucte> 
2132 PRICI 7.90 
2133 YIILD 165.00 
2134 v•rco.~t 370.00 
2135 KARVUT 726.00 
2136 dec.-WATIR 12.00 
2137 .. r-WATII 6.00 
2131 .. y-WAfiR 6.00 
2139 + IRA.full.wate~l 
2110 PRICI 6.00 
2111 YIILD 165.00 
2412 verca~~t 330.00 
2413 KARVUT 150.00 
2111 !•b-WATI& 12.00 
211S .. r-WATil 6.00 
2116 epr-WATD 6.00 
241"7 -y-ntn 6.00 
2U8 + 1 RJ.. full. honeydew 
2U9 PRICI 7.418 
2150 YIELD 600.00 
2151 verc:oat: Ul.OO 
2152 IWtVIST 2010.00 
2153 !eb-WATil 12.00 
2HI .. r-WATII 6.00 
21S5 epr-WATII 6.00 
2156 .. y-WATII 6.00 
2157 IllJ.. full. swt:eorn 
21SI PRICI 3.73 
24S9 YIIID 100.00 
2160 vereo.t 219.76 
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ZUl KAIWEST .. 4 ' JQ 
2462 jan-w.uu J. 00 
2463 aay-WATil If. 0 0 
2461 jun-WATil 8.00 
246!o jul-IIATII. '- 00 
246& Ilt.Jt., full. potato 
2U"7 PIUCI 9.00 
2ue YIILD 22S.OO 
2U9 vateOI!t.. 1810.t9 
zno H.AlVIST 1012. so 
2471 jan-WATII J. 00 
2172 aay-WATII 9.00 
2173 jun-WATil 8.00 
2·111 jul-WATIJ LOO 
2175 IRR. full.pep~n 
2176 PRICI 6. so 
2111 YUt.a t 00. 00 
2t78 vareo.t 110.S> 
2t79 KAAVUT 1360.00 
2UO jul-WATII 7.00 
2181 auq--WATII 12.00 
ZU2 up-WATil 12.00 
2183 oet-WATII. 6.00 
2181 nov-WATU 6.00 
2US I RR. f\l.ll. LETTUCI 
2111 PAICI 5.~o 
2U7 YIItD soo.oo 
zue PHOSPHATI 20.00 
2U9 NITROOIW S6.2S 
2490 SUD 28.00 
2U1 INSICTIC 88.00 
2192 FUILH 18.26 
2193 PUlL I 21.21 
2t91 RliPAIQII 4.78 
249!1 REPAili 6. 00 
2196 LABOIUI 29.93 
2U7 LABOR I 6.60 
2198 HARVIST 2250.00 
2199 INTERJST 6.SJ 
2500 FIXED 1U.9S 
2501 FUliGIC 35.50 
2SOZ PESTICAIPL 38.50 
2503 LABORO 66.21) 
2501 OCT-WATU LOO 
2SOS MOV-WATII t.OO 
2S06 DIC-WATII LOO 
2507 + IU. full. CARROT irr.a2.c•rrot 
2508 PRIC. 5. 75 
2509 YIILD 310.00 0.001 
2510 HBRB '1. so 
2Sll PHOSPKATI 18.75 
2512 NltRCGIM 30.00 
2513 SKID 70.00 
2511 INSIC"UC 3.25 
2515 FUBLH 15.47 
2516 FUILI 40.82 
2517 P.EPAIQII 4.30 
2518 REPAIR I 9.00 
2519 LABOIUI 26.57 
2S20 LABORI 9.90 
ZSZl HARVUT 1350.00 
2S22 INTIRIST 11.80 
2523 FIXItl 152.15 
ZS21 FUliGIC 30.00 
2525 PI.STICAPPL 10.50 
ZS26 JVL-WATII 6.00 
2527 AUG-WATII 3.00 
ZSZB SIP-WATII 3.00 
ZS29 OCT-WATII 3.00 
2530 MOV-WATII 3.00 
2531 + I R.I.. full. PIAIIU'TS irr.al.peanut.s 
ZS32 PRICI 33,75 
2533 YIIID 35.00 .001 
2S34 FIDIM'S 19.23 
2S3S HERB 11.02 
2536 HUBAPPL 20.19 
25J7 PMOSPHA1'1 17.50 
2S31 SliD 67.20 
ZS39 IMSICTIC 1S.32 
2510 FUILH 17.78 
2SU FUILI 60.35 
ZSI2 RIP AUK 4. 93 
2SI3 UP Alii 2S. 31 
2SII LABOIUI 31.83 
25U LABOOI 11.70 
2546 KAAVUT 60.12 
2517 INTII&S1' 13.51 
ZSIB FIXID IJS.lS 
2SU FU!fGIC '72.50 
2550 PISTICAPPL 10.20 
ZSSl LABORO 16.57 
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2.SS2 !"Vo.'i--.A!ER L JO 
Z:SSJ ~1JN-WATiR 1 o. o a 
2554 JUL-IIIATU. 5. 00 
2:!15~ IRR. !ull. SPINACH irr.a2.!!1plr.ach 
2556 PRICI 6. ao 
2551 YIILC ts.O. 00 450 
2558 PKOSPHATI 10. a o 
2559 NITROGIM 22. 50 
2560 SUD 36.00 
2561 INSICTIC "10. 0 0 
2562 FUIUt 18. 12 
2563 FUlL I 36.29 
256t R.EPAIRJII t.9J 
2565 A.IPAIRI II. 00 
2566 LAIO"" 3l.89 
2561' LAlOR! 1!. 80 
2561 HAJt.VIST 1951.50 
2561 INTIUST 13.11 
25"70 PIXIO 15LU 
25"71 FVNGIC 35.00 
2572 PISTICAI'PL 24.50 
2573 LAIOIO 38.67 
257C JAH-WATIR 4.00 
2515 SEP-WATIR 4.00 
2576 oet-WA.Til 0.00 
2S.71 NOV-WATII 4.00 
2578 IR.R. full, SORGHAY 
2579 PIUCI 65.00 
2580 'iU:LC 10.00 
2581 PHOSPHATI 15.00 
2582 NITROOIM 6.00 
2583 su:o 12.80 
2584 FUIUt 10.30 
2585 FUlL I u.u 
2586 R.EPAIRK 2.30 
2587 REPAIIU 9. 64 
2588 LAIO"" 19. 15 
2589 LAlOR I 11.10 
2590 h.aRvest )50 
2591 INTi liST 2.20 
2592 FIUD UL 5>1 
2593 APR-WATil 4.00 
2594 JlJM-WATil 4.00 
2595 JUL-WA.Tia. 4.00 
2596 AUG-WATil 4.00 
2597 d.ry. full. COTTOM 
2598 PRICI 0. 71 
2599 'iiiLD 350.00 
2600 FEOIMS 20.66 
2601 HERB 7.50 
2602 PHOSPMA.TI 5.00 
2603 NIT !lOGIN 2.50 
260t SEED 1.20 
2605 INSICTIC 17.10 
2606 FUBUt 13.85 
2607 RSPAIRJII 3.61 
2:608 u.ao ... 24.60 
2609 IWI.VIST 7i .9t 
2610 INTIU.ST 1.89 
2611 PIXID 79.C2 
2612 PISTICAPPL 10.50 
2613 de fie ·16 
2614 dry. fu.ll.CORJf 
2615 PRICS 2.60 
2616 YIELD S9.00 
2617 PEOJNS lO.U 
2611 HIRB u.oo 
2619 HERBAPPL 3.50 
2620 PHOSPHATI 10.00 
2621 MITRCGD 6.00 
2622 suo 15.72 
2623 FUIUt 13.11 
2621 R.IPAIItJII 3.16 
2625 u.ao ... 22.33 
2626 H.UVUT 30.26 
2627 IMTEU.S1' 1.15 
2628 ram 68.16 
2629 d•fic ·• 2630 • dry. full. SORGHUM 
2631 PRICI t.U 
2632 'iiilD 30.00 
2633 FED INS S. 5t 
2631 HIRB 10.00 
2635 HEUAPPL 3.~o 

2636 PHOSPHAtl 10.00 
2637 NI'tROGIII 6.00 
2631 SEIO 2. tO 
2639 1'1J!Ut 13.18 
26t0 RBPAl"" J.U 
26H U.S0"" 22.33 
2612 KAAVIST 27.00 
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264) 
26U 
26H 
2646 
2641 
26U 
26U 
26SO 
26!11 
26SZ 
26SJ 
26St 
2655 
2656 
26!17 
2UI 
26St 
2660 
26U 
2662 
2663 
2664 
2665> 
2666 
2667 
2661 
266t 
2670 
2671 
2612 
267] 
2674 
2675 
2676 
2617 
2611 
2619 
2680 
2611 
2682 
26U 
26U 
268S 
2686 
2687 
2618 
2689 
2690 
2691 
2692 
2693 
2694 
269S 
26U 
2697 
2691 
2699 
2700 
2701 
2702 
2703 
270. 
2705 
2706 
2707 
2701 
2709 
2710 
2711 
2712 
2713 
27U 
27U 
2716 
2717 
2711 
2'719 
2720 
2'721 

INTEREST 
fiX!C 

PRICI 
YIILD 
PHO.SPHATI 
NrTROGIN 
SliD 

"'"'"' RIPAUM 
LAIOOM 
K.UVI.ST 
INTIRIST 
PIXIO 

PltCI 
YIILD 
HIU 
HIUAPPL 
PHOSPHATI 
NITROGII 
SliD 
INSIC'fiC 
FUIUI 
RIPAIRM 
LAIONI 
HAJIVUT 
IMTIR&ST 
FIX liD 
INSIC'fAPPL 

PRICB 
YIILC 
fliOINS 
HIOB 
SliD 
FUIUI 
REPAUM 
LAIOOM 
H.U.VIST 
INTIRUT 
FIXED 
ruNGIC 
PISTICAPPL 
LAIORO 

PRICI 
YIELD 
PHOSPHATI 
NlTJlOGIN 
SliD 
FUIUI 
RliPAIRK 
LAIONI 
haRve•t 
INTIUST 
FIXIC 

L25 
~l'.'Hi 

dry.full.WINWMT 
3.'78 

20.00 
7.50 
J. 00 
~.60 
1 • ., J 
2. 0. 

15. !16 
22.SO 

2.3!1 
12S.U 

dry. tu 11. GU.u 
16.00 
8. 00 
1.50 
3.50 
3. 75 
5. 00 
•. 40 
6.50 

ll.90 
3. 01 

19.72 
22.40 

2. 40 
67.06 

3.50 
dry. full. P[A}IIJTS 

33.75 
5.10 

Jt. 0 l 
12. B9 
33.60 
15.38 

4.22 
25.59 
15.10 
5.56 

108.91 
7.80 

22.50 
8. 29 

dry. full. SORGH.AY 
65.00 
.. so 

10.00 
4. 00 
9.60 
8.26 
2.18 

13.01 
157.50 

1. 35 
45.93 

•Note: aisc &nd harvest for dry soy ar• .6 of irr soy. 
+ dry. full. soybeans 
PRICJ: 5. 5 
YIElD 22.68 
abc 112. J6 
harve•t 23.09 

Note: yielQ !or dry oats is irr oats .5 
aisc set to . 6 of irr oats. 

dry. full. oats 
PRIC. 0.28 
YIILD 237. ~0 
abc 6fo.6'7 
• N~e: 

tRia 
YIILD 
abc 
haRvest 

yhld tor dry hay s._ u yield for 
harv"t b ir.r hay ha.rv .. t • . f.S> 
ai•c 1• i.rr hay abc • . 6 

dry.full.hay 
n. 
4.S 

70.36 
1~7 .!tO 

cccccccccccocccccccccccocccccccccccccccccccccccccccccccccccc 
SPIC si.aulation.a ot crop yielQ and water use were conduct.ct 

!or selected cr~. veqet.able•, and sorqhua-hay tor the Ed\oOards 
aquifer area. The selected crops and veqetables were corn, :otton, 
sorqhua, oats, winter-wheat, peanut, cabbaqe, lettuce, spinach, 
carrot, cuc~r. cantaloupe, and onion. Sixteen actual weatner 
year cleta tor Uvalde County wer• used for EPIC simulations. 
Thue years were 195fi, 1951, 19U, 1962, 1988, 1~80, 1~82, 1969, 
1974, 19'72, 1976, 1977, 1979, 1981, 1958, and 1987. Weather y .. r 
data beyond Ul7 were not used since weathar y .. rs bet.,..een 1956 
and 1917 account tor the .o;~t. dry, •on. wet, and averaqe {nor11.aU 
years. 
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~or crops. &rri1&tion stra~eqJes ~•r• ~ 5 ~~ !:r ~;~~!~4~~~~ 
!Oll •ot~ture scenar1oa !SOt and 751 so1L ~OlStJre,, a.t~rna~l~• 

lt'ti.qation endinq dates la.q. Apr JO, May JO, J·Jne JC .~:.! -!lnd 
alternative irriqetion •ethocls ((urrCJW and !!iprl.nl:l~rl . .l.n 
irriqation atrateqy ot CSO-Hay-F thus i~plies ~ s&~ulatlon f~r 

corn when soil aoi.stur• reaches SOt, irrigation "'PPllc&tlon •nds 
on Hay 30 and when furrow irriqation is used. Siml:arly, 
':"7!1-May-S i•pli•• a ~i•ulat.ion for corn with '7S\ .soll molst'Jre, 
"rriqation endinq date ot May 30 and "prinKler irrigation. For 
cotton, the irriqation endinq data• ~re based on early blo01111 ·EB1, 
tint bloc. !PI), and fiut optn boll !FOl which corre.spond to 
irriqation endinq dat•• ot May 31, June JO, and July 31, 
respectively. Si•ulations tor dryland .scenarto were aL.so conducted 
for all crops. 

Pot vaqatablaa, siaulation• ~r• conducted for alternative 
soil 110hturaa and i rr iqation .. thoda (fur row and spr inlt:lar 1 , 
Alternative irriqation andinq data• ware not used for vaqetablas 
since vaqet&blas require continuous irriqation. 

Si.aulationa for hay ware based on fraction of qrowinq season 
{a pr~edure uaad in EPIC) where hay was harvest~ several times 
throuqhout the year. 

t• and t.S• o! water ptlt •pplication were •J.sed for furrow and 
sprinkler irriqation, raspaetivaly. Irriqation efficiency was 
a••uaoad to be 701 and 951 for furrow and sprinkler irnqation, 
ra•pec:tivaly, i•plyinq that for furrow irriqation, 301 of the 
water ~• loat thrcuqh runoff, evaporation, and/or parcol•tion 
where•• only Sl wa~ loat under ~prinkler irrigation. 

Unit• !or crop and veqatebla yields are the !!lame as in Jose 
Pane's Crop lnterprisa Budqets and the unit for monthly water use 
u in aere ineh.a.s. 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

sat eropstrat (crops,lando,all~trat) 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
JPIC YIELD and WATER USE output by IRRIATION STRATEGY 

cccccccccccccccccccccccccccccccocccccccccccccccccccccccc 

tabla corn(aqite•,racharqall,allstratl 

2166 
2767 
2768 
2769 
2770 
2771 
2772 
2773 
277t 
2775 CSO-May-F CSO-Jun-F <:75-May-F C75-Jun-F 

CiS-Jun-S C-Oryland 
2776 Yield.l956 

132 so 
2111 Jan-Wetar.l9S6 

3 
2718 
27'79 
2'780 

• 

Pa~Watar.l956 
Mar-Water-.1956 
Apr-Watar.USI 

2781 May-Watar.l956 

• 
2782 Jun-Wat.ar.l956 

• 2783 Jul-Watar.l9S6 
278t 
2785 
2786 

Auq-Water.US6 
Sep-Watar. 1956 
Oet-Watar.19S6 

2787 Nov-Water .1956 
2788 Dae-Watar.l956 
2789 
2790 Yield.l951 

U2 
2791 Jan-Watar.l9S1 

3 
2792 
2793 
279t 

• 

hb-Water.1951 
Kar-Water.19S1 
Apr-Water. 19Sl 

2795 Kay-Watar.1951 
7.S 

2796 Jun-Watar.l9S1 

• 2791 
2791 
2799 
2800 
2801 
2802 
2803 

Jul-Watar.t9Sl 
Auq-Watar.1951 
Sep-Watar.l9S1 
Oet-Watar.19Sl 
NQV-Water.19Sl 
O.C-Watar.1951 

Z80t Yiald.l96l 
1U 

2805 Jan-Watar.l96J 
3 

2806 
2807 
2801 

• 
Feb-Water .1963 
Ker-Watar.l963 
Apr-Water. 1963 

2809 May-llatar.1963 
7.S 

2810 Jun-Wat•r.1963 

• 

03 

12 

12 

117 

12 

123 

12 

100 1!4 128 

12 16 16 

12 16 16 

12 16 

!38 128 

12 16 16 

12 12 

12 16 

112 13S 162 

12 16 16 

12 12 

12 16 
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CSO-May-S 

7. s 

1.S 

122 

7.S 

128 

7.S 

6 

CSO-Ju.n-S 

113 

7.S 

7.S 

7.S 

113 

7 .s 

7.S 

119 

7.S 

• 
7 .s 

C"?S-May-S 

lOS 

133 

7.S 

110 

7.S 



2811 Jul-Watu. 1 j6J 
2812 Auq-Watu .l96J 
281l Sep-Water. 1 HJ 
281( Oct -Water. 19U 
281!". Nov-Water. l96J 
2816 O.c-W'ater .196J 
2817 
28111 Yield-1919 " lll 101 130 : ")0 llt "' 133 " 2819 Jan-Water. 1989 

l 
2820 Feb-Water. 1989 
2821 Mer-Water.l989 
2822 Apr-Water.l989 12 12 16 16 "'~'.5o 7.S 

9 
2823 May-Vet.er.1919 12 12 • 7 .s 

1.S 
2121 Jun-Watu .1989 12 16 7.S 

9 
2825 Jul-Watu. 1919 
2826 Auq-wner.1989 
2827 Soep-Water. 1989 
2828 Oct-Watu .1919 
2829 Nov-Water. 1989 
2830 C.c-Water. 1919 
2131 
2832 Yhld.19!t2 lll 1ll l2S l5S 119 110 130 

lSI S9 
2833 Jan-Water. 19!t2 

l 
283t hb-Water. 1952 
2835 M•r-Water.19!t2 
2836 Apr-Water.l9!t2 12 12 16 16 7. s 7.S 

9 
2837 May-Water.19!t2 12 12 6 7.S 

7.S 
2838 Jun-Watar. 1952 12 16 1.S • 
2139 Jul-Water.19!t2 
2810 Auq-Water. 1952 
28U Sep-Watar.1952 
2842 Oct -water. 1952 
2813 Nov-Water .1952 
28U Dec-Water .1 U2 
28CS 
28U Yhld.1918 97 llS lOS lll lOS 119 111 

131 58 
2817 Jan-Water. 1981 

l 
2848 Feb-Water. 1988 
2819 Mar-Waur.19IUI 
2850 Apr-Water.1988 12 12 16 16 7.; 1.5 

9 
2851 May-Water.l988 12 12 6 7.S 

1.S 
2852 Ju.n-Water. 1988 12 16 7.S 

9 
2853 Jul-Water.1988 
285t AU9-W&tet.1988 
2856 Sap-Wehr. 1911 
2856 Oct-Water. 1988 
285"1 Nov-vuer. 191t 
28SI Oec-Wat.er. 1981 
2859 
2860 Yield.lUO lU 139 llO lS8 121 116 us. 

161 .. 
2861 Jan-Water.1980 

l 
2862 Feb-Water. 1980 
2863 Mar-Water.l910 
286t Apr-vaur.UIO 12 12 16 16 7.S 1.6 

9 
2865 May-Vater.1980 12 12 6 7.' 

7.6 
21166 Jun-Vater.ltiO 12 16 1.6 

• 
2867 Jul-Water.1910 
2868 Auq-Water .1910 
2869 Sap-Vetu.l910 
28"70 Oct-Wetar.1910 
2871 H'ov-Weter. 1980 
28"12 O.C-Water.l980 
2813 
28"7t Yield.l982 117 !ll 12 8 1S6 122 113 1ll 

162 61 
2875 Jan-Water .1912 

3 
2876 f'eb-Water .1982 
28"77 Mar-Water .1982 
2878 Apr-Water. 1982 12 12 16 16 7.S 7.6 

9 
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2879 M•y-ili•t•r. ~H2 . ; 
'.' 2880 Jun-W•ter. l 982 " '·' • 

2811 Jul-Waur .1912 
2882 Au9-Watar .1 912 
2883 S.p-waur. 1912 
2811 Oct-Watar.l912 
2U5 Nov-Water. 1912 
2886 O.c-Weter.l912 
2881 
2888 'field.l96t 121 HO 1)2 :il::: 126 117 137 

166 " 28!9 Joan-Water. 1969 
3 

2890 Peb-llater. 1969 
2891 Kllr -Water. 1969 
2192 Apr-lfater.l96t 12 12 16 16 7.5 '.s 

9 '· 2893 May-Water. 1969 lZ lZ • '·' 7.S 
2891 Jun-lfater. 1969 12 :6 '·' 9 
2895 J1.1l-Vater .1919 
2896 A\lq-Watet.l969 
2197 Sep-llater .1969 
2191 Oct-Water .1 969 
2199 MOII-Ifaur.19159 
2900 Dec-Water .1969 
2901 
2902 Yhld.l9H ,. 113 "' "2 103 118 112 

13S .. 
2903 Jan-Vater.1974 

3 
2904 Fab-Water.l974 
2905 Mer-Waur.Ui4 
2906 Apr-Water .1974 12 12 16 16 '·' l.S • 290'7 May-Water.19'"'14 12 12 7.S 

7.S 
2908 Jun-llater.U74 12 16 7.S 

9 
2909 J\ll-Water.l9i4 
2910 Auq-Water.l97t 
2911 Sap-Wner .1971 
2912 Oct-Water. U'"'ll 
2913 NOll-Water. 19'71 
29lt O.c-Vater.l97t 
291S 
2916 Yhld.l9"72 9S 112 102 130 101 116 110 

Ill ss 
2917 Jan-Water .19'"'12 

3 
2918 Feb-Watar.l972 
2919 Kar-Watar.19i2 
2920 Apr-Water .1972 12 12 16 " '·' l.S 

9 
2921 Klly-Water. 1972 12 12 7.S 

7.S 
2922 Jun-Watar. 1972 12 16 7.S • 2923 J\ll-Vatar.1972 
2921 Auq-Water. 1972 
292S Sap-Water. 1972 
2926 Oct-Water.1972 
2927 Nov-lfater.1972 
2928 O.C-Watar. 1972 
2929 
2930 Y'hld.l976 127 146 139 166 133 lSI lt2 

173 70 
2931 Jan-Water .1 911 

3 
2932 Peb-llater. lt?l 
2933 Kar-V'ater.lt?l 
2931 Apr-Water .1 916 12 12 • 7 .s 

7.S 
29351 tt.y-lfater. 1916 12 12 6 6 7.S 

'·' 2936 Jun-water .1 t16 12 l6 7.S 
9 

2931 Jul-Water.l976 
2938 Auq-Water .1976 
2939 Sap-Wat.er.1976 
2940 Oct-Water. 1976 
2941 M011-lfater.1976 
2912 Dec-Watar.l916 
29U 
2914 Yhld.1977 liS llS 126 liS 120 Ill 132 

160 60 
Z91S Jan-Water. 1977 

3 
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2946 Feb-Water.l97.., 
2941 Mar-Water. I 97'7 
29U Apr-Water. 1971 12 l2 

• 16 " 1.; 1.; 

29U Kay-Watar.l977 12 .. 1.; 
7.5 

29SO Jun-Water. 1971 

• !2 " 1. 5 

2951 Jul-Watar. 1977 
2952 Au9-Watar. 1977 
2953 Sap-Water. 1977 
29St Oct-Water.l977 
29S5 Nov-Water .1977 
2956 O.c:-Water.l977 
29!17 
29!11 Yiald.l979 lll 153 115 172 liO 158 119 

176 76 
2959 J-.n-Vater. 1979 

3 
2960 Pab-Vater. 1979 
2961 Kar-Watar.l979 
2962 Apr-Water. 1919 1.5 

1.5 
2963 Kay-Water.1979 1.5 

1.5 
2Ut Jun-Watar .1979 

I. 5 
2965 Jul-Water.l919 
2966 Auq-Watar .1919 
2967 Sap-Water. 1919 
2968 Oc:t -Water. 1919 
2969 Nov-Watar. 1919 
2970 Dee-Water. 1979 
2971 
2972 Yhld.1981 129 148 111 168 135 156 111 

175 n 
2973 Jan-Watar. 1981 

l 
2971 Pab-Water. 1981 
2975 Mar-Water.l981 
2976 Apr-Watar.1911 12 12 7.5 

7.5 
2977 May-Water. 1911 12 12 7.5 

7.5 
2978 Jun-Watar.l981 12 16 7.5 • 
2919 Jul-Water.l98l 
2980 Auq-Water .1 98 l 
2911 Sep-Watar.l981 
2912 Oet-Watar.1981 
2983 Nov-Water .1981 
2984 O.c:-Watar. 1981 
29U 
2986 Yield. USI 126 115 138 165 132 152 110 

112 69 
2987 J-.n-Watar .19!18 

l 
29811 Feb-Watar.l9S8 
2989 Mar-W'ater .19!:11 
2990 Apr-Water. 1951 12 12 7.5 

7.5 
2991 May-Watar.l951 12 12 7.5 

7.5 
2992 Jun-water .1951 12 16 7.5 

9 
2993 Jul-Waur.1951 
au AU<)-Watar.l958 
2995 Sap-Waur.19SI 
2996 Oet-Water.l951 
2997 NOY-Watar.1951 
2998 Dac:-Watar. 1951 
2999 
JOOO Yhld.1917 136 155 111 171 112 160 151 

171 71 
3001 Jan-Water .1917 

3 
3002 Feb-Water. 1911 
3003 Mar-Water .191'7 
3001 Apr-Water.191'7 1.5 ... 
3005 May-Water. 191'7 1.5 

1.5 
3006 Jun-Watar. 1917 

1.5 
3007 Jul-Watar.l987 
3001 Auq-Water.l987 
3009 Se~Vatar. 1917 
3010 Oet-Vatar.1981' 
3011 Nov-Water. 1987 
3012 O.c:-Watar .1987 
3013 
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}0 14 
Jl)l5 t•ble cotton(•qitee,rech•t9•ll,allstratl 
3016 Cot!IO-E&-F Cot50-F8-f ':c': ~:- ~ :.- F -::.t 7':1-::a-r -)t.~"l-F8-F (;:lt .. 5-FO-F :ot:,O-EB-S ':ot:,o-ra-s 

':otSO-F0-5 Cot15-E8-S Cot?5-F8-S Cot75-FO-S ':e-o:-:rl 
3017 Yhld.l956 S02 541 5-, ':l36 0:.01 662 >11 "' '" 50 609 668 JOJ 
3018 Jan-Wat.er.1956 
3019 Feb-Water. 1956 
3020 Jlller -Water. 1956 
3021 Apr-Water.l956 .. • 6 

• < 12 •. 5 1.5 1.5 

3022 M'ay-Water.l956 " " " 1.5 1.5 1.5 
'.5 7.5 '. 5 

J02l Jun-Watar. 1956 l2 12 1.5 1.5 
7.5 7.5 

3021 Jul-Weter.1956 12 1.5 
7.5 

3025 Auq-Water.19S6 
3026 Sap-Water. 1 U6 
3021 Oct-Watar.t9S6 
3021 Nov-Water. 19~6 
3029 Dec-Water. 1956 
3030 
lOll Yield.l9S1 552 593 629 587 606 '" 562 600 636 

593 661 718 341 
3032 Jan-Water. USl 
3033 Feb-Water.US1 
l03ol Jlllar-Water.19Sl 
30JS Apr-Water. 19S 1 .. , L5 L5 
3036 May-Water. 1951 12 l2 l2 •. 5 0.5 L5 

7.5 7,5 '. 5 
3037 Jun-Water.19Sl 12 12 0.5 L5 

7,5 7. 5 
3038 Jul-Water.19S1 12 1.5 

7.5 
3039 Auq-Water. 19S 1 
3040 Sap-Water. 19!!11 
lOU 0ct-Watar.19!!11 
3042 Nov-Water. us 1 
30tl Dec-Watac. 1951 
lOU 
JOtS Yhld.t963 561 601 639 596 665 720 511 no 601 

602 612 721 352 
3046 Jan-Water. U63 
3047 Feb-Water. 1963 
lOU Mar-Watac. 1963 
3049 ~c-Watac.19U 

L5 L5 L5 
JOSO Kay-Water. 1963 12 12 12 1.5 1.5 1.5 

7.5 7.5 7.5 
3051 Jun-Watar .1963 12 12 1.5 1.5 

7.5 7.5 
3052 Jul-Watar.t963 12 1.5 

7.5 
JOS3 "-uq-Watac.l963 
3051 Sap-llatar.196J 
3055 0ct-Water.196J 
J056i Nov-Water. 191153 
1051 Dec-Water .19tl 
3051 
lOSt Yield. 1919 501 579 618 575 613 699 ... 586 620 

579 6U 707 323 
3060 Jan-Water.l989 
3061 Feb-Water .1989 
3062 Kac-Vatar.1919 
lOU ~r-Watec.1989 12 12 12 1.5 1.5 •. 5 

6 6 6 
JOlt May-Wate.r.t989 12 12 12 •. 5 1.5 1.5 

7.S 7.5 7.S 
1065 Jun-Water. 1919 12 12 1.5 1.5 

7.S 7.5 
3066i Jul-Water. 1919 12 1.5 

7.S 
3067 "-ug-Water. 1919 
3061 Sap-Water. 1919 
3069 Oct-Water. Ult 
3010 NOY-IIater.191t 
3071 Dac-Vate.r. 191t 
3012 
3011 Yhld.l952 553 ;93 629 567 656 '" ;62 599 636 

593 662 711 lU 
3071 Jan-Veter.19S2 
3075 Feb-Water. 1952 
3016 Mar·Veter. 19!»2 
3071 -'Pc-Vatar.l952 

1.5 I.S LS 
3078 Key·llater. 1952 12 12 12 1.5 1.5 1.5 

7.5 7.5 7.5 
30'79 Jun-Weter.1952 12 12 1.5 1.5 

7.S 7.5 
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J080 JlJl·""•t•r. ~ lS2 l2 
7.5 

J081 Auq-Weter. 19';2 
)082 Sep-Weter.l9~2 

lOll Oct-Weter. 19~2 
lOU Mov-Wetar.19~2 
lOU O.c -Wet er. 19~2 
lOU 
lOI'? Yiald.1981 ;;; 597 6]] "' 660 714 ,., 603 641 596 666 721 "' lOll Jen-Weter. 1981 
3089 F"eb-Water.1981 
3090 11ar-Wate.r.1981 
3091 Apr-Wete.r. 1988 ... • . 5 L5 
]092 11ay-Weter.1981 12 12 12 .. ; ••• ... 7.; 7.5 7.5 
lOU J\lft-Watar. 1988 1 2 12 ••• .. , 

7.5 7.5 
l09.t Jul-Weter. 1988 

7.5 
12 •. 5 

3095 Auq-Watar .1981 
]096 S.p-Water .1911 
3091 Oet-Weter .1988 
3091 Nov-Weter. 1981 
1099 O.c-Weter. 1981 
3100 
3101 Y1eld.l980 ,, 59S 631 S88 658 715 563 601 . 638 

'" 663 7U 311 
3102 Jan-Wetar. 1980 
3103 P"eb-Weter. 1980 
llO.t Mar-Water. 1980 
3105 Apr-Water.1980 

1.5 I.' L5 
3106 Mey-Wa'ter .1980 1 2 12 12 L5 .. , 1.5 

7.; 7 .• 7.5 
llO'? Jun-Water.1980 12 12 L5 1.5 

7.5 7. 5 
3108 Jul-Wa1:er.1980 12 L5 

7. 5 
3109 Auq-We'tar. 1 UO 
3110 Sap-Water. 1980 
3111 Oct-Wate.r.l980 
3112 Nov-Water. 1980 
3113 O.c:-We'ter. 1980 
311-t 
3115 Yield.l982 582 621 661 617 681 "2 sn 631 669 

623 ... 717 370 
3116 Jan-Wa'ter. 1982 
3117 Feb-Water .1982 
3118 M41r-Wuar.1982 
3119 Ap.r-Water.1912 

L5 I. 5 1.5 
3120 Hay-Water .1982 12 12 12 ... ... .., 

7.; 7.5 
7 ·' 3121 Jun-Water. 1982 12 12 ... L5 

7.5 7 .s 
3122 Jul-Water.l982 12 L5 

7.5 
3123 Auq-ilater.1912 
3124 Sep-Water.1982 
3125 Oet-Vete.r .1982 
3126 Nov-Water. 1912 
312'7 O.c:-Water.l982 
3128 
3129 Yhld.1969 562 60S ... 597 .. , 722 572 711 ... 

603 673 728 3SS 
3130 Jan-Wa1:er.196t 
3131 Feb-Vatu. 1969 
3132 Kar-Water.t969 
3133 Apr-Water. 1969 

I.S I.S I.S 
313. Hay-Water .1969 12 12 12 I.S •. s 1.5 

1.5 7.5 7.5 
3135 Ju.n-Water. 1969 12 12 LS L5 

1.S 1.5 
3138 Jul-Water .1969 12 I.S 

1.5 
3137 Auq-Watar.l969 
3138 Sap-Watar.l969 
3139 Oct-Wa1:er.1969 
3110 Nov-Water. 1969 
3141 Dec:-Water. 1969 
3142 
31U Yield.197.t 5U 583 622 579 617 701 553 590 628 

584 052 709 329 
llU Jan-Vater.197t 
l1U Feb-Water.197C 
3110 Mar-Water .197t 
3107 Ap.t·Wate.r .1971 12 12 12 •. s 4.5 .. , 

• 6 
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3148 May-Watar.liiH 
'" ... .. , I. 

7.; 7.; '.; 
lll9 Jun-Watar. 1914 

7.' '·' 
.. 12 .. , . ; 

3150 Jul-Wat.er. 1914 12 .. ; '.' 3151 Au9-Weter. 1914 
3152 Sep-Water.1914 
3153 Oct-Water.l974 
3154 NOY-IIolter, 1974 
3155 O.c-Water.l9741 
llS6 
Jl57 Yield.l972 S42 S81 ''' SlB "6 702 5S1 ••• 627 ;u 650 "' 327 
3UI Jan-Wat•r.l912 
JU9 Feb-Water. 1912 
3160 l'lar-Water. 1912 
lUI Apr-Watez-.1972 12 12 12 4.> ... ... 

6 6 
3162 l'lay-Water. 19"'12 12 l2 l2 4.> I.S I.S 

1.S 1.S 1.S 
3163 Jun-Vatar.l972 12 l2 I.S ... 

1.S LS 
3164 Ju1-Watu.19'?2 l2 4.' 

7.' 
3165 Au.q-Water.l9'?2 
JU6 Sep-Weter.l912 
3167 Oct-Water.19"12 
3168 Nov-Watar.1972 
3169 C.C-Water.l972 
3170 
3171 Yield.l976 110 754 '" '50 816 810 no 761 ,,. 

1SO 820 87S 152 
3172 Jan-Water.l976 
3173 Feb-Water.l976 
3174 !Uir-Vater .1976 
l175 1q)r-Vater.l976 

0 0 
3176 Kay-Water.1976 

I.S 4.S 1.5 
3177 Jun-Watar.19711S 

4.S ... 
3171 Jul-Vater .1976 

4.S 
3179 Auq-Water .1976 
3180 Sep-Vater .1976 
3111 Oct-Vater.197t 
3182 Nov-Vat.ar. 1916 
3183 Dec-Water .191'6 
Jilt 
JUS Yhld.l977 549 ••• 626 584 6S2 710 "' S96 633 

S89 6S1 714 340 
3186 Jan-Water.l977 
3187 lab-Water .1977 
3181 Mar-Water .1977 
3189 Apr-Vater.l977 

1.5 4.5 ••• 
3190 May-Water. 1977 12 l2 12 4.5 I.S I.S 

7.5 7.S 1.5 
3191 J\U\-Water .1971 12 12 1.5 1.5 

7.S 7.S 
3192 Ju1-Watar. 1977 12 I.S 

1.5 
l19J A\ac;o-Vater. 1977 
3194 Sap-Water .1977 
3195 Oct-Water .1977 
3196 lfov-Vater. 1977 
3197 O.C-Water.l977 
3191 
3199 Y1eld.l979 1U 160 ,,, 1S6 821 81S 125 706 804 

1SS "' .. , ... 
3200 Jan-Vat.er.l9'79 
3201 Fab-Wat.er.1979 
3202 Mar-Water .1979 
3203 Apr-Vatar.1t7t 

0 0 
3204 Kay-llatar.lt79 

I.S t.S I.S 
3205 Jun-Watar. U7t 

'·' 1.5 
3206 Ju1-Watar.197t 

I.S 
3207 Au9-Vatar.1979 
3201 Sep-Watar. 1979 
3209 Oct-Vater.l979 
3210 Nov-Vater.1979 
3211 Dac-Vater.l97t 
3212 
3213 Yhld.l981 619 662 691 655 '21 779 62! 667 706 

6S7 730 70S 395 
3216 Jan-Water.l981 
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3 215 Feb-ilfater.l'H<. 
3216 Mar-Water. l ~81 
3217 Apr-Water. l9et ... .. , I.S 
3211 May-Water.l911 .. , I.S I.S 
3219 Jun-Water.l911 

••• .., 
3220 Jul-Water.l911 

I.S 
3221 Auq-Water-1981 
3222 Sep-Water. 1911 
3223 Oct-Water .19111 
3224 Nov-Water.l911 
3225 Dee-Water. 19tH 
l22fi 
3227 'thld.l9~1 613 6SS 

6SI 721 770 300 
3221 Jan-Water. 1951 
3229 Feb-Water. 1 9SI 
3230 Kar-water. 1958 
3231 Apr-vner.l958 .. , I.S I.S 
3232 May-water. 1958 

I.S I.S I.S 
3233 Jun-Water .1958 

I.S '·' 3234 Jul-Watar.l958 
•. s 

3235 Auq-Water. 19~1 
3236 Sap-Vata.r.1958 
3237 Oet-Water.l951 
3231 Nov-Wahr .1958 
3239 O.c-Watar.1958 
J2tO 
32U Yhld.l98'T B02 

796 86. 923 • 86 
32C2 Jan-Vater.19B1 
3213 f'ab-llatar. 1981 
3244 Mar-Water. 1987 
32t5 Apr-Water. 1987 

0 0 
32U M•y-vatar. 1981 

I. S I.S I.S 
320 Jun-Watar. 1987 

I.S I.S 
3218 Jul-Water. 1987 

I.S 
32U Auq-Wet•r. 1987 
3250 5a~Watar. 1917 
3251 Oet-Watar.l987 
3252 Nov-Watar.l987 
3253 C.c-Water.l987 
J25t 
3255 
3256 table oats ( aqit-. raeharqall, all.!trat) 
3257 

075-Apr-S 0-0ryl&nd 
3258 'field.\956 

57 21 
3259 Jan-Water.l956 

3 
3260 Feb-Water. 1956 

3 
3261 Mar -Water. 1956 

l.S 
3262 Ap.r-waur.1956 

3 
3263 May-Water. 1956 
3261 Jun-Watar. 1956 
3265 Jul-Vater .1956 
3266 Auq-Veta.r. 19S6 
3261 Sep-W•t•r.l951 
32U Oet -Water. USI 
3269 Nov-Wat.ar.1956 

I.S 
3270 Dec-Water. 1956 

I.S 
3271 
3272 i'idd.U51 

62 32 
32'13 Jan-Watar.l9Sl 

3 
3274 Feb-Vata.r.l951 

3 
3275 Mar-wuar.19S1 

l.S 
3276 Apr-Watar.1951 

3 
3277 Hay-Water. 1951 
3278 Jun-Watar.1951 

050-K•r-F 050-Apr-F 

IS so 

so Sl 

691 ... 71S n2 621 601 700 

,. ,. 362 HI 7U 801 813 

075-Har-F 075-Apr-F 050-Mar-S 050-Apr-S 075-Mar-S 

52 " 17 Sl 53 

l.S l.S l.S 

I.S 

I.S 

57 59 52 56 58 

1.5 1.5 l.S 
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3219 Jul-1oi'ater. ~ t') l 
lZBO A.uq-Weter.l9')1 
J211 Sap-Water.19S1 
3212 Oct-Watar.1951 
3213 1fov-Water.l9Sl .. , 

••• 
J2U 

••• 
O.e-Vater.1951 .. ; 

328$ 
3216 Yh1d.19U ,. ,. 62 .. , 61 63 

67 36 
3217 Jan-Water. 1963 

3 
J288 Feb-Water. 1963 

l 
3219 ~r-llater. 1963 1.> 1.> "' 1.5 
3290 Apr-Watar.196J 

3 
3291 Kay-Water. 1963 
3292 J\U\-Water. 1963 
3293 Jul-Water.l96l 
329t Auq-lfet•r. 1963 
329!t Sap-Water. 1963 
32" Oct-Water .1963 
329'7 lfov-W'<•ta.r.196l "' 1.5 
3291 Dae-Watar.196l .. , 

4.5 
3299 
3300 Yield. 1919 S6 61 63 66 sa 62 6S 

68 37 
3301 J•n-Wetar. 1989 

3 
3302 Pab-Watar. 1989 

3 
3303 Kar-Water.1U9 "' 1.S 1.S 

1.5 
JJOt Apr-Water. 1919 

3 
JJOS Klly-Water.1989 
3306 J\U\-Water .1919 
330'7 Jul-Wuer.1919 
3301 Au9-llater .1919 
3309 Sep-Wat•r. 1919 
3310 Oct-lluer.19t9 
3311 Nov-Wat•r .1919 1.> 

1.S 
3312 Dec-Water .1989 ... 

••• 
3313 
3314 Y1eld.l952 , 63 61 67 >9 •• 67 

6t 3t 
3315 Jan.-Water. 19S2 

3 
3316 feb-Water. 1952 

3 
331'7 ,..r-llater .1952 1.S 1.> 1.S 

1.S 
3311 Apr-Water.1952 

3 
3319 Me.y-Water .1952 
3320 Ju.n-Water .1952 
3321 Jul-Water.l9!t2 
3322 Au9-Water.1952 
3323 Sap-Water. 1952 
3324 Oct-Water .1952 
3325 Jlov-Watar.l952 0 "' 1.5 
3326 O.C-tlatel' .1952 ... 

1.5 
3327 
3321 Yhld.l911 S2 , .. 61 " sa 60 

61 31 
3329 Jan-llater.lttl 

3 
3330 Pab-llatar. 1911 

3 
3331 Mar-llater.1911 1.S LS 1.> 

1.5 
3332 Apr-Water. 1911 

3 
3333 May-Water .1981 
lllt Jun.-Water. 1981 
3335 Jul-Water .1911 
3336 Au9-Water.1911 
3337 Sep-Water .1911 
3331 Oet-Waur.1911 
3339 Jlov-Watar .1911 LS 

1.5 
3310 Oac::-Water .1911 ... 
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I. I 
3.341 
3.342 Yield. 191!10 15 19 o) ~ ;:~ 17 61 63 67 J6 
JJU Jan-W'eter, 1910 

3 
lJU hb-Water. 1980 . 3 

3 
JlU Hac--Watar.l980 t.l l.S 1.1 

"' lJU Apr •Watu. 1980 
3 

3347 May-Watu .1980 
3348 J\l.tl-ifatar.l980 
llU Jul-Watu. 1980 
JJ!IO Au9-Water. 1980 
JJH Sap-Watar.l980 
3352 Oet-Water.1980 
3353 

1.1 
NOY•W'&Ur, 1980 1.1 

3354 O.C-Wat.r-.1980 1.1 
t.S 

lliS 
llS6 'ti&ld.1982 66 71 7] 'I 68 72 74 

78 II 
JJ!t7 Jan-Water. 1982 

J 
3358 Feb-Water. 1982 
3359 Mar-Water .1982 t.l l.S l.S 

t.s 
3360 Apr-Watar.1982 

3 
3361 May-Watu.l982 
3362 Jun-Watn. 1982 
3363 Jul-Wuar.lU2 
3364 Auq-Water.1982 
3365 S.p-Watar.l982 
3366 Oet-Watu.l U2 
336'1 Nov-Water. 1 U2 t.S 

t.S 
3368 o.c-vatar.l982 1.1 

l.S 
JJ69 
33'70 Yield.l969 .. 63 66 68 6l .. 67 

71 J9 
3371 Jan-Water.1969 

3 
3372 feb-Water. 1969 

3 
3373 Kat-Water .1969 !.I LS !.I 

LS 
3374 Apr-Water.l969 

3 
ll75 Hay-Watar.l969 
3376 Jun-Wet.ar.l969 
3377 Jul-Wat.ar.l969 
3378 IU.19·Watar. 1969 
3379 Sap-Watar.1969 
3380 Oct-Watar.l969 
3381 Nov-W'atu.l969 LS 

LS 
3382 Dee-Water. l !Ui9 ._, ,_, 
3383 
3384 Y1eld.l974 19 •• •• •• 61 6S 67 

71 J9 
338!1 Jan-Water.l971 

3 
3386 re~Wate.r.l974 

3 
3387 Mar-Watar.lt'74 LS I.S LS 

LS 
3311 Apr-Vater .1974 

3 
JJ89 Kay-Watar.l9.,4 
3390 Jun-Watar .19.,4 
3391 Jul-Watar.lt.,l 
3392 Auq-Vatar.19.,1 
3393 Sep-Vatar. 19.,1 
3J91 Oct-Watar. 19.,1 
3395 NOY-IIatar. 1974 LS 

LS 
3396 O.C-Watar.1974 ,_, ._, 
3397 
3391 '/hld.l972 n 52 51 57 so " 16 

60 30 
3399 Jan-Watar. 1972 

3 
3400 Feb-Water .1972 

3 
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3401 
1.1 

Mar:-Water.l9'72 : . ~ . I 

3402 Apr-Water .1972 
l 

l4 OJ May-Water. 1972 
3404 Jun-Water. 1972 
3405 Jul-Water.l912 
3406 Auq-Water.l9'72 
3407 Sep-Water.l912 
HOI Oct-Water.l9"12 
3409 

1.1 
Nov-Water. 1912 . ; 

JUO 
1.1 

O.c-Water.l9"12 .I 

3411 
3412 Yiald.l9'76i •• 10 7) 75 68 12 'I 

71 14 
3413 Jan-Water. 19"16 

3 
lUI Peb-Watar.19"16 
3111 Mar-Water.19"16 

1.5 
1.1 1.1 :. s 

3416 Apr-Water.19'76 
3 

3417 Kay-Water.1976 
lUI Jun-Vater.l976 
3419 Jul-Vater.1976 
3420 Auq-Vater.l9'76 
H21 Sap-Water .1976 
3422 Oct-Watar.l976 
3423 Nov-Water. 1976 I. I 

1.1 
342fl O.c:-Water.l976 :.I 

1.5 
H2S 
3426 'iiald.19i7 62 66 69 '1 61 68 ., 

11 11 
3127 Jan-Watar. 1977 

l 
3121 Feb-Water. 1917 

3 
3129 Mar-Watar .19'17 1.1 1.5 1.1 

l.S 
3130 Apr-Water. 197'7 

3 
3131 M..y-Vater. 197"1 
3132 Jun-Water. 19'77 
3133 Jul-Watar.197'7 
34Jfl Aut;-Vater. 1917 
JIJ!t Sep-Vater.1977 
3136 Oct-Water .1917 
3137 Nov-Water. 19"77 0 :. 5 

1.1 
Jill O.c:-Watar .1977 1.5 

1.1 
3139 
JUO Yhld.1919 11 19 Bl 83 16 80 82 

"' .. 
3111 Jan-Water .1979 

3 
3112 Feb-Water .1979 
3113 Mar-Water. 1979 1.1 1.1 1. 

1.1 
lUI Apr-Water.l979 

3 
JU!t May-Water. 1979 
lUI Ju.n-Water.l979 
JU7 Jul-Watar.l979 
3141 Augo-Water. 1979 
3119 Sap-Water .1979 
3150 Oct-Watar.197t 
3111 Mcv-Watar. 1979 1.5 

1.1 
3452 O.c:-Waur .1979 1.5 

1.1 
HSl 
liSt 'tl.eld.UU 69 73 ,. 78 11 11 " 11 11 
3115 Jan.-Wetar.1911 

3 
3456 Fab-Vater.ltll 
3157 Har-Watar. 1911 1.5 l.S 1. 5 

1.5 
liS I Apr-Vatar.l911 

3 
JtS9 Hey-Water. 1911 
3160 Jun-Watar. 1 til 
3161 Jul-Water.ltet 
3162 Aut;-Watar.1911 
3163 Sep-Watar .1911 
3416t Oct-Water.1911 
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H6!1 !filov-Of'•t•r. 1 ~81 .. I.S 
3&66 O.e-Watar. l98 l 

. I l.S 
J467 
3461 Yield.l9~8 •• ,, "< "' ,, 1S " " " JUt J•n-Water.1958 

l 
3470 hb-Water.19S8 
3471 Kar-Watar.19SI 1.1 1.1 1.1 l.S 
34'?2 A;lr-Water .1958 

l 
303 May-Water .1958 
3C71 Jun-Water .1958 
3115 Ju1-Vater.USI 
3176 A\lq-Water .1951 
3111 5ep-Wat•r.1951 
3171 Oet-Wuer .1951 
3179 lfov-Water. 1951 1.5 

1.5 
3110 O.C-Vater .1951 1.5 

l.S 
Jill 
H12 Yhld.l98"7 69 " 16 78 71 " " II " JUJ Jan-Water. 1911 

l 
lUI hb-Water.1987 
JUS Har-Water.l981 1.1 1.5 1.5 

1.5 
JU6 A;lr-Watar. 198'7 

l 
3U'7 May-Water. 198'7 
JUIJ J~.~.n-waur. 1981 
3U9 Jul-Water.1981 
JUO Auq-Water. 1987 
3491 S•p-Watar .1987 
3492 Oet-Water.l981 
3493 NOY-Water.l987 1.5 

I.S 
34941 Dec-Water. 1987 I.S 

I.S 
JUS 
3496 
3197 table sorq:hua Caqit•, rec:ha.rqall, allstrat) 
3498 550-May-f 550-Jun-F S1S-Hay-F 515-Jun-F 550-Hay-S SSO-Ju.n-5 575-May-S 

575-JUI'I-S S-Oryland 
3499 'lield.U56 36 " 42 " l8 41 .. 

'' 22 
3500 Jan-Water. 1956 
3!»01 Feb-Watar.l9S6 
JS02 Mar-Watar.19!!.6 
3503 Apr-Water.1956 12 12 16 16 7.5 7.5 

• 
3501 May-Water. 1956 12 12 16 16 7.1 7.5 

• 
3505 Jun-Watar.1956 12 16 7.5 

• 
3506 Jul-Water.l956 
3501 Auq-Water.1956 
3508 Sap-Water. 19!16 
3509 Oct-Water. 1956 
3510 Nov-Water. 1956 
lSII Oac-llatar. 19S6 
JSI2 
3513 Yleld.l951 " .. 12 60 18 5I " .. 29 
JSU Jan..Vat•r .1951 
3515 Fab-Watar.19Sl 
JSU Mar-Vater.19Sl 
3511 Apr-Water .1951 • 12 12 6 1.> 

'·' 3518 May-Water .1951 12 12 '·' '·' 3119 Jl.lft-Vatar. US1 12 16 7.1 

• 
3520 Jul-Watar. 1951 
3121 Auq-Watar .1951 
3122 Se~Watar .19U 
3523 Oet-W.titat.19Sl 
312« Nov-Watar.l9!!11 
l52S O.C-Vatar .19!!11 
3126 
J527 Y1eld.l96l 41 ,. 52 61 .. 5I " u ]0 
JS28 Jan-Water. 1963 
3529 Feb-Water .1963 
J.SlD Mar-Watar.196l 
3531 Apr-Water. 1963 12 12 6 6 7.1 
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7.5 
3~32 May-Wat.•r, 1963 i 2 " '·' 7.5 
J!lll Jun-Watar.l96l 

• 12 :6 7.' 

J$Jt Jul-Watar. 1963 
HJS Auq-Watar, 1963 
Hl6 Sap-Watar.l96J 
3537 Oct ·W'aur. 1963 
3538 Nov-Watu.196J 
3539 O.c-Watar.196l 
3540 
HH 'thld.l989 " .. " " 01 so p 

" 21 
3512 Jan-Water .1989 
JSU Pab-Wat.r-.1989 
JSU "-r-Wat.ar.l989 
JSH• Apr-Water. 1989 

7.5 
12 12 7.5 

3546 May-Water .1919 12 
1. 5 

12 6 7.5 

3517 Jun-Watu .19119 12 16 7. 5 • 3511 Jul-Watar.l989 
3519 Auq-Wat.ar.1911't 
3550 S.p-Watar. 19119 
3551 Oct-Watar.l919 
3552 Nov-Water. 191!19 
JSSJ O.c-Watar.l 989 
35>54 
JSSS 'tield.l9S2 .. Sl 50 " 16 •• 52 

61 21 
3556 Ja.n-Vatar.19SZ 
355"7 Feb-Water. 1952 
3558 !1u-Wnar.1952 
3559 Apr-Water .1952 12 12 7.5 

7.5 
3560 May-Water .1952 12 12 7.5 

7.5 
3561 Ju.n-Vatar.l9S2 12 16 7.5 • 3562 Jul-Watar.l952 
3563 Au4J·W'atar.lU2 
3561 Sap-Vatar.19S2 
3565 Oc:t-Vatar.l952 
3566 Nov-Vatar.1952 
3567 O.C-Watar. 1952 
3561 
3569 Yiald.l988 12 52 •• 56 .. " 50 

60 26 
3570 Jan-Water.l9BI 
3571 Feb-Vat.er.19U 
3512 Ma.r·W'atet.l981 
35'73 Apt·Water.1981 12 12 7.5 

7.5 
3511 May-Vatec. 1981 12 12 7.5 

7.5 
3515 Ju.n-Watar.1981 12 16 7 .; 

• 
3516 Jul-Water.1911 
3$11 Au•;Hiater .1911 
35'71 Sap-Veter. 1911 
3519 Oct-Vat.ec .1981 
3510 Mov·W'ater.1911 
3511 Dec-Water .19U 
3512 
3583 Yiald.1910 16 .. 52 60 .. .. 5I 

" 29 
3511 Jan-Vater.191D 
3515 hb-Wet.er. 1910 
3516 Mar-Weter. 1 teO 
3517 Apr-W•t•r .1 910 12 12 6 7.5 

7.5 
3511 Kay-lf•ter.ltiO 12 12 7.5 

7.5 
3519 J\&ft-V•ter. 1910 12 16 7.5 

9 
3590 Jul-V•tar.1tl0 
3591 Au9-V•tar.1t10 
3592 Se~V•ter.1tl0 
3593 Oct-V•ter.l910 
3591 M'ov-Watar.l910 
3595 Dec-Water. 1980 
3596 
3597 Y1eld.1912 16 56 52 60 .. .. 5I .. 29 
3591 Jan-Water.19112 
3599 Feb-Water .1912 
3600 Mar-Water. 19112 
3601 Ap.r-Wat.e.r. 1982 12 12 7.5 

7.5 
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J602 Hay~ioiatec.l9!12 .; 
7.> 

3603 Jun-Watac. 1982 12 " 7.> 

' 3604 Jy1-Watar.1982 
3605 AYq-Watar. 1912 
3606 Sep-Water .1982 
3607 Oct-Water. 1912 - 3601 Ncrv-Weur .1912 
3609 Dec-Water. 1912 
3610 

I 
3611 Y1ald.l969 16 ,. ;z 60 .. >a " .. 29 
3612 Jan-Water .1969 
3613 Feb-Water .1969 
36U Mar-Water .1969 
36U Apr-Water. 1969 12 12 6 6 7.> 

7.5 
3616 May-Vatar.196t 12 

7.5 
12 6 7.> 

3617 Jun.-Water. 1969 12 l6 7.> 
9 

3611 Jul-Vaur.U6t 
3619 Aut-Water. 1969 
3620 Sap-Water .1969 
3621 Oct·Water.1969 
3622 Mcrv-Watar .1 t69 
3623 Dec-Water. 1969 
3621 
3625 Yiald.l974 II >I p " u >l 19 

" 2> 
3626 Jan-Watar.197t 
3627 Feb-Water .197t 
3628 Har-Watar.1974 
3629 Apr-Water.l974 12 12 7.> 

7.5 
3630 Kay-llatar .191t 12 12 6 7.' 

7.5 
3631 Jun-Watar.t911 12 !6 7.5 

9 
3632 J'ul-Vatar. 19'74 
3633 ltug-Water.1914 
3631 Sap-Water .1911 
3635 Oct-Watar.l971 
3636 Nov-water .1974 
3637 Dee-Watar.1914 
3631 
3639 Yhld.l972 10 >0 16 " 12 >2 " Sl 25 
3640 Jan-llatar .1972 
3641 Peb-Vatar .1972 
3642 Mar-Vatar .1972 
3643 Apr-Water .19"72 12 12 6 7.> 

7.5 
JUt M4!y-Vatar .1972 12 12 7.> 

7.5 
3615 Jun-Watar .1972 12 !6 7.5 

9 
3646 Jul-Watar. 1912 
3617 i\uq-Watar.1972 
36U Sap-Watar.1972 
3619 Oct-Watar.1972 
3650 Nov-Wat.ar.1972 
lOS! Dac-Watar.l912 
3652 
3653 Yiald.l976 Sl .. " 67 >S •• 62 

71 33 
3654 Jan-Vatar .1976 
3655 Feb-Watar.l976 
3656 Kar-lf'atar.1971 
3657 Apr-Water. 1971 12 !2 6 7.> 

'·' 3651 May-lfatar. 1971 12 12 6 7 .s 
7.5 

3659 Jun-Wata.r.1971 12 !6 7.5 
9 

3660 Jul-Watar.tnl 
3661 Auq-Vat-.r.U71 
3662 Sap-Watar .1971 
3663 Oct-Watar.1971 
3661 Nov-Watar.1971 
3665 Dac-Wat.ar.1971 
3666 
3667 Yia1d.l977 IS ss " ,. 17 57 Sl 

63 20 
3661 Jan-Watar.1977 
3669 Feb-Watar. 1977 
3610 Har-Vatar.1917 
3671 Apr-Water .1917 12 12 6 7.5 

7.5 
3672 May-Water .1977 12 12 6 7.5 
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7. I 
l67J J ... n-Watar . 19 11 

' 
12 >i '·' 

)67, Jul-Watu.19n 
361!1 ,.\uq-Wat.er, 1917 
3676 Sep-Wo~ta.r. 197'7 
3677 Oct-Water .1971 
36'71 Nov-Water, t 977 
36'79 O.c-Watu .1977 
3680 
3611 'thld.l97t " " 61 61 72 67 

77 " l68Z Jan-Water. 1979 
3613 Fab-Watar.l979 
3611 Mar-Wat.ar. 1919 
3615 Apr-Wata.r.1979 1.1 

·-~ 3616 P'llly-lfate:r. 1979 
1.~ .. ~ 

3687 Jun-Watu.l979 

·-~ 3688 Jul-llater .1979 
3689 Au9-lfatu .1979 
36t0 Sap-Water.l979 
3691 Oct-Waur.1979 
3692 llov-llat.ar. 1979 
3693 Dec-Watar.U79 
3691 
369$ 'tiald.Uil II 6~ 60 68 16 67 63 

72 33 
3696 Jan-Water.l981 
3697 Fab-Watar. 1981 
3698 Har-Watar .1981 
3699 Apr-Waur.lUl 

7 -~ 
12 12 '-~ 

3700 Hay-Water. 1 U 1 !2 12 • 7.5 
7.~ 

l?Ol Jun-Wat.ar.l981 12 16 7.~ 

' 3702 Jul-Wat.er.l981 
3?03 Auq-Watar. 1981 
3"701 Sap-Wahr. 1981 
3'70~ Oct-Water.l911 
3706 Nov-Water. 1981 
3707 Dec-Waur.l98l 
3701 
3709 Yhld.1951 ~2 63 58 66 II .. 61 

70 32 
3710 Jan-Waur.l9511 
3111 Fab-Watar, 1951 
3'712 Kar·Watu.19SI 
3713 Ap.r·Wahr.19SI 12 12 7.5 

7.5 
3714 May-Water.l958 12 12 '·' 7.~ 

3115 Jun·Water. 1951 12 16 7.5 

' 3716 Ju.l-Water. usa 
3117 Auq·W'ater.1951 
3711 S•p-Water.1951 
3719 Oc:t-Watar.USI 
3720 Nov-Vatu. 1951 
3721 O.C·Vatar.USI 
3722 
3723 Yh1d.1917 60 71 66 72 62 73 •• 78 3~ 
3121 Jan-Water. 1917 
3725 Feb-Water. 1917 
3726 Mar-Water .1917 
3727 Ape-Water. 1911 1.~ 

I.~ . 
3721 May-Water .1 911 1.5 .. ~ 
3729 Jun-Vater. Ul1 

••• 
3730 J\l1-Watar. Ul1 
3731 A'lq-Water. 1917 
3132 S•p-V..tar. 1917 
3133 Oct-Water .1911 
3731 Nov-Wat•r.ltl7 
3735 O.C-Watar .1911 
37315 
3137 
3731 tabla winwht fa9it ... nct\ar9all. alhtratl 
3739 WSO-Mar-f WSO·Apr·F W75-Mar-F 11{75-Apr-F W~O-Har-S WSO-Apr·S W75-Mar·S 

W'iS-Apr-S 111-Drylancl 
3710 Yield.l9S6 30 3~ 37 10 32 36 38 

12 H 
3711 Jan-Water .1956 

3 
3712 Peb-Wat•r .1 956 
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l 
l713 H'ar-Water.l956 l.S l.S l.S I.S 
J1U Apr-Water .1 9!l6 

l 
l'?U May-Watar.l956 
3741 Ju.n-Water. 19So6 
J7P Jul-Wet.u.lUI 
J7U Auq-Water. 1956 
J7U Sap-Watar.1956 
J'?SO Oct-Watar.l951 
]751 Nov-Wnu.t956 4.$ 

4.$ 
3752 O.c-Water.L956 ... 

4.$ 
3753 
3151 Yiald.1951 l1 36 l8 4l ll J1 l9 

" 11 
3'755 Jan-Water. 1951 

l 
3756 Fab-Watar.l 951 

l 
37S7 Mer-Vuer.USI 

1.$ 
1.$ 1.$ l.S 

3751 Apr-Weter.t951 
l 

3759 Hey-Water .1951 
3760 Jun-Watar.USl 
3761 Jul-Watar.USl 
3762 Auq-llatar.l951 
3763 Sap-Watar.ltSl 
3761 Oct-Water. 1951 
376!1 Nov-Water, 195 1 ••• 4.$ 
3766 

4.$ 
O.c-Water.USl ... 

]767 
31151 Yield.1963 ,. l9 4l 4S l6 40 42 

46 20 
3'769 Jan.-Watar.l963 

l 
3'770 Feb-Watar.l963 

l 
3771 Mar-Water. t9U 

1.$ 
1.$ 1.$ 1.$ 

3772 Apr-Watar.196J 
3 

3773 Hay-Watar.t963 
3774 Jun-Water .1963 
]775 Jul-Water. 1963 
3776 Auq-Watar. 1963 
3771 Sap-W•ter .1963 
]771 Oct-Water.l96l 
Jnt 

1.$ 
Nov-Wat.er. 1963 l.S 

3180 O.c-Watar .1963 ••• ... 
3781 
3782 Yield.1989 36 11 <2 41 37 u " .. 21 
3'783 Jan-W•t•r .1919 

l 
3784 F•b-W•ter .1 919 

3 
J78S "-r-W•ter. 1989 1.$ 1.5 1.$ 

l.S 
3711 Apr-W•ter.l919 

l 
3711 May-W•ter .Uit 
3711 J\Ul-W•t.u.19U 
3719 Jul-W•ter.Uit 
3790 Auq-W•ter.Uit 
3791 Sep-W•ter. Ult 
3792 Oct-ll•t•r .1tlt 
3193 IIOY-II•ter .1919 1.5 

1.5 
379& Dec-llat•r. 191t ... 

•• $ 
3195 
3196 Yield.19SZ 37 42 " p l8 " 45 .. 22 
3791 Jan-W•ter .1 952 

3 
3798 Feb-Vat•r. 1 9S2 

3 
3199 M•r-Weter .1 952 l.S 1.5 1.5 

1.5 
3100 Apr-Water .19S2 

l 
3801 M•y-Weter. 1952 
3102 Jun-Weter .1 9$2 
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Jea3 Jul-W'atar-.19~2 

3!10t Auq-Water-.19~.2 

3805 Sap-Water .19!)2 
3806 Oc:t-Water. 1952 
3807 Mov-Water. l9S2 

l.S l.S 
1808 Dec -Water. 19!t2 

I.S I.; 
3809 
3810 Yield.l988 ll J8 " .. " ,. ll .. 19 
3811 Jan-Water .1988 

l 
3812 feb-Water. 1988 

) 

Jill Mar-Watar.l988 
I.S 

l.S I.S l.S 

3811 Apr-Watar.1918 
l 

lllS May-Watar.1981 
Jill Jun-Watar.1988 
3117 Jul-Watar.1981 
3811 Aug-Water. 1911 
3119 S.p-Watar.19111 
3120 Oct-Water .19118 
3821 Nov-Vatac-.1981 ... ... 
3822 

I.S 
O.e-Water. 1918 I.S 

382l 
3824 Yi•ld.l910 " 39 ll .. 36 10 12 

16 20 
l82S Jan-Water. 1980 

3 
38215 Fab-Watar.l980 

l 
3127 Mar-Watar.l910 

l.S 
l.S l .• I.S 

31!121 1.pr-Watar. 1980 
3 

Jl29 May-Watu. 1910 
J830 JW\-Watar. 1910 
Jill Jul-Watar.UIO 
3832 Auq-lfatar. 1910 
Jill Sap-lfatar.l910 
3134 Oct-Watar.1910 
3135 Nov-Watar.1910 I.S 

1.5 
3836 0..:-Watar. 1910 I.S 

I.S 
3137 
3838 Yiald.l982 12 .. .. 52 13 17 .. 

S3 26 
3839 Jan-Water.l912 

3 
3840 Fab-Watar.1982 
38U Mar-Watar.l982 I.S I.S l.S 

l.S 
3842 Apr-Water .1982 

3 
3113 May-Watar.1982 
38U Jun-W'at•r. 1982 
3145 Jul-llatar.l982 
J8U Aug-Water. 1982 
3847 Sap-Water .1912 
311141 Oct-Water.Ut2 
3819 Nov-W'at•r.1912 1.5 

1.5 
3150 Dee-Water. 1982 0 0 LS 

1.5 
3151 
l8S2 Yiald.191J 38 12 .. 18 39 13 .. 

19 23 
JBSJ Jan-water .1969 

3 
3851 Pab-Watar.uet 

3 
38SS Kar-Watar.lttt l.S l.S l.S 

1.5 
3856 Apr-Watar.1919 

l 
JIS7 Kay-Wat•r.191!i9 
3851 Jun-Watar.191!i9 
3859 Jul-Watar.1969 
3860 Au.9-Watar.lt69 
J81!il Sap-Vatar.1969 
3862 Oct-Wat•r.1969 
3863 Nov-Vatar.191!i9 l.S 

l.S 
3864 Dee-Watar.191!i9 ... 

••• 
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lSU 
3866 'thld.1911 " " " " " 13 ,, 

49 23 
3861 Jan•W.nar. 19'11 

3 
3868 Fab-Watar.1971 

3 
3869 Kar-Watar.1971 l.S I.S l.S l.S 
31'10 Apr-Water. 1971 

3 
3171 "-y-Water.U71 
3872 Jun-Watar.1971 
3173 Jul-Watar.1971 
3871 Auq·Watar.1971 
3175 Sep-Water.1971 
3876 Oct-Wner.l971 
3177 Nov-Water .1971 l.S 

I.S 
3878 Dec-Water. U71 4.5 

I.S 
3879 
3810 Yiald.1972 30 3S J7 10 l2 36 38 

42 IS 
3881 Jan-Watar .1972 

3 
3882 Fab-Watar. 1972 

3 
3183 Mar-Watar.1972 

I.S 
l.S !.S I.S 

38111 Apr-Water. U72 
3 

l88S Ma.y-Watar. 1972 
3886 Jun.-Water. 1972 
3887 Jul-Watar. 1972 
3818 A.uq-Watar.l972 
3889 Sap-Water.1972 
3890 Oct-Watar.l972 
3891 

I.S 
Nov-Water. 19'72 ••• 

3892 O.c-Water.U72 I.S 
I.S 

3893 
3891 Yiald.1976 42 '' .. S2 13 17 .. 

Sl 26 
JetS Jan-Watar.l976 

3 
3896 Feb-Water .1976 
3897 Mer-Water .1976 

I.S 
l.S l.S LS 

3898 Apr-Water .1976 
3 

3899 May-Watar.U76 
3900 Jun-Water.l976 
3901 Jul-Water.l976 
3902 Au9-Watar .1976 
3903 Sep-Water.1976 
3901 Oct.-Watal'.U76 
3905 Mov-Water.1t76 I.S 

I.S 
3906 Dec-Water .19'76 0 I.S 

I.S 
3907 
3908 Yield.1977 39 13 " •• •• .. .. so 24 
3909 Jan-Wat.er.1977 

3 
3910 Peb-Watar. 1977 

3 
3911 Mar-Watar.l917 l.S I.S I.S 

I.S 
3912 Apr-Water .1977 

3 
3913 May-Water.l977 
3911 Jun-Watar.U77 
3915 Jul-Watar.1977 
3916 Auq-Watar.1977 
3917 Sap-Water .1977 
3911 Oct-Water.l977 
3919 lfov-Water.l977 I.S 

I.S 
3920 Dec:-Water.1977 I.S 

I.S 
3921 
3922 Yhld.1979 .. .. 52 S6 17 51 SJ 

57 30 
3923 Jan-Water.1979 

3 
3921 hb-Water .1979 
3925 Mu-Water .1979 I.S !.S I.S 

I.S 

Appendix A - 48 



J9Z6 Ape -iiater. L ~H 
3 

3927 May-ifater.l919 
lt28 Jun-Water. 1979 
3929 Jul-ifeter. 1979 
3930 A.uo;-Weter-. 1979 
3931 Sep-W•ter-. 1979 
3932 Oct -Wat•r- .1979 
3933 Nov-Water-.1979 I.S 

'·' 3931 Oee-Wat•r. 1919 l.S 
l.S 

3935 
3936 Yield.l981 .. 47 so " " .. Sl ss 21 
3937 Jan-llater.1981 

3 
3938 Feb-Water, 1981 
3939 Mu-Waur. 1911 

l.S 
l.S l.S l.S 

3910 Apr-Watez-.1981 
3 

3911 May-W•ter.1981 
3912 Jun-Water. 1981 
3943 J\ll-Watar.l981 
3944 A1.1q-W•tar. 1981 
JUS Sep-W.uer.l981 
l9U Oct-Waur.l981 
3917 Hov-Waur.l981 I.S •. s 
3918 Oec-W&ter.1981 l.S 

l.S 
3919 
3950 Yhld.19S8 .. 47 50 :. .. " .. 51 

ss 28 
39Sl Jan-Water.l9S8 

3 
3952 Feb-Water. 1958 
3953 Mar-Waur.l9S8 1.5 l.S l.S 

l.S 
39SI Apr-Wuar .1958 

3 
395!. May-Watar.l958 
3956 Jun-Vater.19S8 
3U7 Jul-Watar .1958 
3958 AU9-Water.1958 
US9 Sap-Waur.USI 
3960 Oct-Vater.l9S8 
3961 Mov-Water.l9S8 I.S 

•. s 
3962 Dec-Water. 1958 l.S 

1.5 
3963 
3964 'iiald.1987 .. 47 50 " " .. 51 

S5 28 
3965 Jan-Water. 198'7 

3 
.3966 h~Water. 198'"7 
.3967 Mar-Water. 1947 l.S 1.5 l.S 

1.5 
3968 Apr-Water. 1987 

3 
3969 May-Water, 1981 
3910 Jun-Water. 198'7 
3971 Jul-Water .1987 
3972 Au9-Water. 1987 
3913 Sap-Water. 198'"7 
3914 Oc:t-Water.un 
3975 Nov-Water. 191'7 I.S 

1.5 
3916 O.C-Wetar. 1 91'"7 1.5 

1.5 
391'7 
3911 
3979 table Peanut•l•91t-, recharl)'all,all.stratl 
3910 Pnutso-r Pnut15-F PnutSO-S Pnut7S-S Pnut-dr-y 
3981 '/1eld.1956 20 21 21 26 7 
3982 Jan-Water .1 956 
3983 Fe~Water .1 nl 
3911 Mar-Water. 1951 
3985 A.pr-Water.USI 8 12 1.5 
3986 May-Water. 1956 • 12 1.5 
398'7 Jun-Vater. 1956 16 20 10. s 13. s 
3988 Jul-Weter.US6 12 16 ' lO.S 
3989 Au9-Weter.l95o6 
3990 Sap-lietar. l9S6 
3991 Oct·Wetar.l9~6 
3992 Nov-Water. l9S6 
3993 O.C-Wetar.l9!16 
3994 
3995 'iield.19Sl 23.5 27 24.S 2' 
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J996 Jo~n-Watu.l951 
3997 Feb-Water. 1951 
l9tl Mac-Watec.l9S1 

J "' 
Apr-Water.l951 • .., 

4000 May-Water, 1951 • 12 .. , • 4 001 Jun-Water.1951 l6 20 10. 1J. 5 
4002 Jul-Water.1951 12 16 • 10.5 
I OOJ Auq-Water. 1951 
1004 Sep-Water .19S1 
1005 Oct-Water. 1951 
1006 Nov-Watar.l951 
4007 O.c-Watar.l9!11 
1008 
1009 'ih1d.l96l 25 29 27 )[ '.' 1010 Jan-Water.19U 
1011 Feb-lfater. 1963 
4012 Ker-Water. 1963 
lOll Apr-Water. 1963 I 8 J .. , 
COlt Kay-Water. 1963 8 12 .. , • 1015 Jun-Water. 1963 l6 20 10 . ' ll. s 
1016 Jul-Vater.1963 12 l6 10. s 
4017 Auq-Watec.l9U 
4018 S•p-Watec .1963 
IOU Oct-Water.l96l 
4020 Nov-Water .t9U 
1021 Dec:-Wetar.196l 
4<J22 
4023 Yiald.1919 21 21. s 22.5 27 '·' 402t Jan-Water. 1919 
4025 Feb-Water. U89 
4026 Hac-Watar.1989 
1027 Apr-Water. 1989 8 12 .. , • 1028 Kay-Water .1989 8 12 .. , • '029 Jun-Water. 1989 16 20 10 . ' 13.5 
IOJO Jul-Water .1989 12 16 ' 10. 5 
lOll Auq-Watec. 1919 
40J2 Sep-Water.1919 
4033 Oc:t-W•ter. 1989 
1034 lfov-Watu. 19 89 
4035 Oac-Vater. 1989 
1036 
4037 'iiald.l9S2 21 2i.S " 29.5 .. ' 4038 J.n-Watec.19S2 
1039 Feb-Water .1952 
lOCO Mar-Water. 1952 
cou Apr-Water. 1952 I • .., 
1042 May-Watac.l9S2 8 12 I.S 6 
IOU Jun-Water .1952 16 20 10.5 lJ. 5 
cou Jul-W•t•r .1952 12 16 ' 10.5 
4015 Auq-1fatet.l952 
4016 Sap-Watar.l952 
1017 Oct-Water. 1952 
IOU Nov-Water. 1952 
4049 Oee-Watu. 1952 
IOSO 
1051 Yiald.1981 23.5 27 2LS " 1052 J.n-Water. 1988 
4053 Feb-Water.19U 
1051 Kar-Watar.l911 
tOSS Apc-Water.1981 I • J I. S 
1056 May-Water. 1981 • 12 I. S • 4057 Jun-Watec .1981 16 20 10.5 ll. 5 
to sa Jul-Water.l911 12 16 ' 10.5 
1059 Auq-Watar.UII 
4060 Sap-Water. 1911 
1061 Oct-Water. 1981 
tOU Nov-Water. 1988 
tau De~-wnar. 1911 
1064 
106~ Yield.l910 21 30 27.5 J2. s 10 
t066 Jan.-Watar.l910 
fi061 Fab-Wetec.l910 
•on Kar-Watec.UIO 
40t9 Apr-Wetaz- .. 1910 • 8 I.S 
fi070 Kay-Wetar.1910 • 12 1.5 6 
,071 Ju.n-llatar. 1910 16 20 10. s ll. 5 
10'72 JuJ.-Watar.ltiO 12 l6 ' 10. 5 
4073 Auq-Watu. UIO 
fi01't Sap-ll'eter .1 910 
1075 Oct-Water. 1910 
4076 Mov-Veter.l910 
1077 O.C-Wetec. 1910 
fi071 
IOi9 Ylald .. l912 28 31.5 29 Jl 10. s 
10110 Jan-Weter.l9112 
1081 Fab-Vetar.1982 
I 0112 Kar-Wner.1912 
1083 Apr-Water .1912 I • J •. s 
fiOIC Kay-Water .1982 8 12 I.S 6 
•cas Jun-Water .1982 12 l6 ' 12 
4086 Jul-Watac.l912 12 l6 10.5 
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4087 Au~-"'n•r. 1 ~82 
4088 Sep-..,ater.l982 
4 0119 Oct-Weter.l'H12 
1090 Nov-Waur.l982 
4091 Dee-Water .1912 
4092 
4093 Yield.1969 26 JO :!1. ):!.'; :0 
4094 Jan-Water. 1969 
409S Fab-Watu. 1969 
1096 "-'r -Water. 1969 
1097 Apr-Water. 1969 8 I. I 
4091 May-Water. 1969 12 I. I 
409t Jun-Watar. 1969 16 20 10. 1 J . I 
&100 Jul-Watar.l969 12 16 10. I 
4101 AuCJ-Watu. 1969 
U02 Sep-Watu .1969 
UOl Oct-Water o 19419 
no• Nov-Water 0 1969 
uo~ Oee-Water o 1969 
4106 
4101 Yield.l974 2l.S 25 23 27.5 
HOI Jan-Vater.l971 
U09 Feb-Water o 197t 
4110 Mer--Water .1974 
Ull Apr-Water .1974 12 1.1 
4112 Kay-Water .1974 • 12 1.5 
4113 Jun-Watar.U74 16 20 10.5 ll. 5 
4114 Jul-Watar .1974 12 16 • 10. 5 
IllS Auq-Water-.1974 
4116 Sap-Wuar.1974 
4117 Oct-Watar.l9'1'1 
1111 Nov-Watar.19'1'4 
4119 Dee-Water .1974 
4120 
4121 Yiald.1972 22 26 " 28 9.1 
4122 Jan-Water.191'2 
4123 r.b-Waur. 1972 
U24 Her-Water .1972 
U2S Apr-Water.l972 I J I. I 
U26 May-Water .1972 8 12 1.5 
4127 Jun-Watar. 1972 16 20 10.5 13.5 
U28 Jul-Wat.ar.1972 12 16 • 10.5 
1129 Auq-Watar .1972 
UJO Sap-Water. 1972 
4131 Oct-Water.1972 
1132 Hov-Watar. 1912 
1133 Dee-Water o191'2 
1131 
UJS Yield.1916 33 JS.5 32.5 " 11 
U36 Jan-W'atero1916 
4137 Feb-Water .1976 
1138 Mu-Water.1976 
4139 Apr-Water .1976 I 8 3 1.5 
UIO May-Water .1976 8 12 1.5 6 
tlll Jun-Water .1 t76 8 12 6 ' H42 Jul-Wo~ter.19'76 12 16 • 10 . 
uu Aut;~-Watar.1976 

uu Sep-Water.1976 
uu Oct-Water .1976 
4116 Nov-Water .19'76 
un Oae-Watar .1976 
uu 
uu Yiald.l97'7 21 28 26 29. 5 •. 5 
4150 Jan-Water .197'1' 
USl Fab-Watar .1 9'17 
US2 Mar-Watar.19'17 
USJ Apr-Wat.ar. 1 91'7 I 8 3 I. I 
4154 May-Wat.er .1 97'7 • 12 1.5 6 
uss Jun-Watar. 1 9'77 16 20 10. So 13.5 
1156 Jul-Watar .1977 12 16 ' 10.5 
4U7 Au9-llatar. 191'7 
USI Sep-Vater .1 971 
11!19 Ol:t-Watar. 1971' 
U60 NOY-IIatar. 1 t'71' 
tUl Dac-Watar.1917 
t162 
4163 Yiald.U79 31 31 31.5 " ll 
t16t Jan-W'atar .191t 
tU~ Fab-Wat.er.lt1t 
4166 Mar-Wetar .1979 
1167 Apr-Water .1 9'79 • J I . 5 
4161 May-Wetar. 1979 12 1.5 6 
4169 Jun-Wat.ar. 1979 • 12 6 • 4170 Jul-llatar. U7J 12 16 • 10.5 
U71 Au9-Vatar. 1979 
4172 Sap-Watar.1979 
11'13 Oct-Water. 1979 
U7t Nov-Watarol979 
1175 Dee-Water .1979 
4176 
4177 Yield.UIIl 30 33.5 30 35. s 11. s 
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4178 Jan-wner. 1981 
t179 V.b-Water. 1981 
uao Mar-watar.lUl 
4Ut Apr-Watu.1911 .. , 
4182 May-water.1981 12 . ; 
Ull Jun-Watar .1981 12 16 12 uu Jul-Watar .19111 12 16 " .; 4185 Auq-Watar. 1911 
4116 Sap-Water .1911 
U87 Oct-W'atar.lfll 
4181 Nov-Watar.1911 
U89 O.c-Water.l981 
4190 
4191 Yle1d.l9~8 ,. )) 30 ); ll 
H92 Jan-Water.l9~8 

uu reb-Water. 1951 
419t Ker-Water.1951 
4195 Apr-Water. 1951 I • I. ; 
uu May-Water. 1951 • 12 .. , 6 
un Jun-Weter. 1951 12 u ' 12 
1198 Jul-Vater.1UI 12 16 ' 10.5 
1199 Au9-llater .1958 
1200 Sep-Veter. 1951 
1201 0Ct-Watar.1UI 
4202 Nov-Water .19SI 
4203 Dec-Water. 1951 
1204 
1205 Yhld.l987 lt .5 )7 )I II 16 
4206 Jan-Water, 1987 
4207 P'ab-Water. 1987 
4201 Mar-Watar.l917 
• 209 Apr-water .198'7 I ' 1.5 
1210 May-Water .1917 • • 1.5 
4211 Jun-Weter. 198'7 12 16 10.5 
1212 Jul-Water. 1911 • • 1.5 
1213 Auq-Water. 1987 
4211 Sap-Vatu. 1987 
4215 Oct-Water. 1987 
1216 Nov-Water. 1917 
4217 O.C-Watar.l917 
4218 
4219 
4220 table Onion(aqit ... racharqall,allstrat} 
1221 OniSO-F Oni75-F Vni50-S Oni 75-S 
1222 Yield.1956 •5o 159 155 I 66 
'223 Jan-Water. 1956 • ' ) 6 
422t Feb-Water.l956 • • ) 6 
4225 Mar-Water .1956 • ' ) 6 
4226 Apr-water.1956 • ) 

4227 May-water.l956 
1221 Jun-Water .1956 
4229 Jul-Water.1956 
1230 Auq-Water.l956 
4231 Sap-Water .1956 
4232. Oct-Water. liJ56 
4233 Mov-Water.l956 
t2JI Dec-Water. 11J56 
1235 
1236 Yiald.UU 151 160 156 167 
1237 Jan-Water.1951 ' ) 6 
4231 Feb-Water.1951 8 6 
4239 Har-Water.11J51 • 1240 Apr-water. USl • 12U May-Wat.er.l951 
412t2 Jun-Water.l951 
1213 Jul-Water.1951 
12U Auq-Water.l951 
4215 Sep-Watar.l951 
4216 Oct-Water .1 Ul 
12t7 MOY-Watar.1951 
12U Dec-¥atar.l951 6 
'2" 
4250 Yhld.UU .,. 163 "' 170 
41251 Jan-water .u•l • • ) • 1252 re~Water .1963 I • 3 6 
<2S3 Mar-Wat.er.19U • I 1.5 
1251 Ap.r-vatar.l963 I 1.5 
1255 Ma.y-lfata.r. 1913 
42~6 Jun4fate.r .1 961 
1257 Jul-Water. 1963 
<251 Auq-Water .1963 
412~9 Sap-Mater .1 963 
1260 Oct-Watat.l963 
1261 Nov-Water. 1963 
4262 Dec-Water. 1963 
4263 
412641 Yield.l989 lSI 165 162 172 
41265 Jan-Watar.l989 • ) • 0266 Feb-Water. 1989 • ) 6 
4267 Mar-Water .1989 I l.S ) 

12U Apr-Water.19Bt I 1.5 ) 
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4 269 May-Water. t 189 
.f270 Jun-Wat•r. 191!19 
4271 Jul-Wuer. 1989 
12"12 Au9·Water.l989 
1273 Sep-Wetar.l989 
12"74 Oct-Water .1989 
427!:1 Nov-Water. 1989 
4276 O.c -Water. 1989 
427'7 
42'71 'tiald. USl "' 466 4 63 '" 42'79 Jan-Watar.t9S2 I 6 
4280 Pab-Watu.195Z 
4281 Mar-Watar.l9S2 l.S 
4282 Apr·Watar. 1952 l.5 
4283 May-Water .1952 
usc Jun-Water. 1952 
UIS Jul-Water.l952 
4216 Auq-Watar .1952 
1217 Sap-Water. 1952 
1211 Oct-Water .1U2 
1219 Nov-Water. 1952 
4290 O.e-Water.19S2 
1291 
4292 'thld.UII I 'I 163 119 170 
t293 Jan-Water .1981 I • 3 6 
4294 Peb-Water .1918 I • J 6 
1295 Mar-Water .1 988 I I l.5 3 
1296 Apr-Water. 1981 I I l.5 3 
429'7 May-Water .1988 
4291 Jun-Water.l988 
4299 Jul-Water.1988 
4300 AuiJ-W&ter. 1918 
4301 Sep-Waur. 1988 
4302 Oct-Water.l988 
tJOl Mov-Water.l988 
4304 O.e-Wat.er.l988 
4305 
4306 'tie1d..l980 151 160 156 161 
430'7 Jan-Watar.l980 ' • 3 6 
1308 Feb-Water. 1980 ' • 3 6 
4309 Mar-Water. 1980 ' 8 J 6 
UlO Apr-Watar.l980 J 6 
1311 May-Water. 1910 
4312 Jun-Water. 1910 
1313 Jul-Water.l980 
Ult AUIJ-Watar.1980 
4315 Sap-Watar.1980 
4ll6 Oet.-Vaur.1910 
131"1 Nov-Water.l980 
uu O.c-Wat.ar.l980 
Ul9 
t320 Yield.l982 119 '61 162 170 
fiJ21 Jan-Water. 1982 ' 8 J 6 
4322 Feb-Water. 1 UZ J 
023 Mar-Water .1912 l.5 
U24 Apr-Water. 1982 l.5 
1325 May-Water.1982 
4326 Jun-Water.1982 
1327 Jul-Water.l982 
4328 Auq-Watar. 1982 
1329 Sap-Watar.1982 
4330 Oc::t-Watar.l982 
Ull Nov-Water. 1982 
1332 O.C-Water. 1982 
1333 
Ult Yie1d.1969 '" ... 160 171 
tJJ!t Jan-Water. 1969 I • 3 6 
4J36 Peb-Watar. 1969 I • J 
Ul'? Mar-Water. 1969 • l.5 
1338 Apr-Water. 1969 • l.5 
4339 May-Water .1969 
1310 Jun-Watar. U6t 
uu Ju1-Vatar.1961 
1312 Auq"-W&ter .1 t6t 
1313 Se~at•r .1 96t 
uu Oct-Water.l969 6 
uu lfov-llater.lt6t 
1311 Dec-Water .1961 
un 
1318 Yidd.19'7t 157 161 460 170 
uu Jan-W•t•r-19"11 ' 3 • 
u~o Peb-Water. 1971 l • 1351 Mar-Vater. 19"71 !.5 l 
1352 Apr -Water. 1971 t.S 
tlSJ May-Water .19"74 
USt J'-ltl-W&tar.U71 

'"~ Jul-Weter.l9'74 
1356 Au9-Watar. 19'74 

'"' Sep-Water.1974 
use 0c.t-Water.1971 
IJH Mov-W•t•r .19741 
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060 O.c-Wat..r.197f 
4361 
U62 Yhld.1972 ... "' '" ... 
U6J Jan-Water.l912 ' ' U6t Peb-Watu. 1912 ' un H"ar-Wat•r.lt72 
U66 Apr-Waur.1912 
U61 May-Water.1912 
4361 Jun-Water.1972 
4369 Jul-Wat.er-.1972 
4)10 Auq-Watu.19"12 
1371 S•~Water.1972 
U72 Oct.-Water.l972 
U7l Nov-Water.l972 
U7t Oec-Water.l972 
ll1' 
U76 Yield.1976 163 169 161 175 
U17 Jan-Water.1976 I I 3 3 
U71 reb-Water .1976 I ' 3 • U79 Kar-Water.1976 I l.S 3 
1380 Apr-Water .1976 0 l.S 0 
Ull May-Water. 1976 
UIZ Jun-Watar .1976 
Ull J\ll-Watac.1976 
lltt AuQ-Watar.1976 
IllS Sap-Water. 1971 
4316 Oct-Vuer.l97S 
un Nov-Water. 1976 
43811!1 O.c-Watat.l976 l.S 
4319 
U90 Yhld.l971 ISS I 63 16l ... 
U91 Jan-Water. 1977 I 8 3 • 4392 P'eb-Water .1977 I ' 3 
U93 Mar-Water.197'7 I I l.S 
1391 Apr-Water .1977 I l.S 
U9S May-Water .1977 
U96 Jun-Watar. 1917 
U97 Jul-Water.l971 
Ute A1.1q-Water .1971 
U99 Sep-Vater .1977 
HOO Oct-Water .197'7 • UOl Nov-Water .1917 
1102 Dec-Water. U77 
HOl 
HOI Yield.1979 168 111 112 180 
uos. Jen-Water .1979 I I 3 3 
1106 Feb-Water. 1979 3 • 1107 Mu-Watar.1979 l.S 3 
UOB Apr-Water.1979 l.S 0 
1109 May-Water.l979 
1110 Jun-Water. 1979 
Ull Jul-Watar.l979 
4112 Auq-Water. 1979 
1113 Sap-Water. 1979 
lilt Oct-Watar.1979 
UlS Nov-Water.U79 
1116 Dec-Water .1919 l.S 
111"1 
uu Yhld.ltll 169 115 413 Ill 
uu Jan-Watar.1911 • 3 l 
U20 Fab-Watar.lUl 8 l 6 
1121 Mar-Watar.l981 • l.S l 
1122 Apr-Water. 1911 l.S 
1123 May-lfatar.l981 
4124 Jun-Watar.l981 
U2S Jul-lfater. 19 81 
1126 Auq-Wat.ar.l981 
U27 Sap-Watar.19tl 
1128 Oct-Water. 1911 
4129 Nov-Water. 1911 
UJO Dec-Water .1981 l.S 
Ull 
1132 Yhld.ltSI 165 <71 169 '" 4133 Jan-Watar.U!t8 I I l l 
1131 hb-Watar.1951 I • 3 • IUS Mar-Watar.lUI I I l.S 3 
Ill I Ap.r-watar.19!tl I 0 l.S 
IU7 May-llatal".19!tl 
1131 Jun-Watar. U!tl 
Ult Jul-llat:a.r.1951 
1110 Au9-Watar. 19SI 
uu Sap-Water .19S8 
Ul2 Oct-Watar.19!!tl 
uu Nov-Water. U!t8 
1111 C.C-Watar. 1951 l.S 
HIS 

•u• Yhld.l911 163 169 161 ns 
Ul1 Jen-Watar .1987 I I 3 3 ....... Eab-Wata.r. 1981 3 
4449 Mar-Water. 198'1 l.S 
U50 Apr-Water .1911 l.S 
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USl M•y·Wat•r, l ';87 
US2 Jun-Wat•r-1987 
U~J Jul·Watar.1981 
4U4 A.uq-Watar .1911 
4H~ Sap-Water. 1917 
4U6 Oct-Waur.1U7 
4457 Nov-Water. 1917 
44~1 o.e-Wat•r.l917 1.5 
4U9 
4UO 
4461 table Cabbaqe {41qita•. racharqall, all st. rat J 

1462 C41bb$0-F O:abb7S-F ':"5bb50-S Cabb75-S uu Yhld.l9So6 >00 ,.. ,., 60l 
"61 Jan-Wat.r-.1956 
41U Peb-Water.l956 
4161 Kar-Water.U!l6 
4161 ~r-Water. 19!.6 
4161 "-y-Watar. 19$6 
un Jun-Watar. 19$6 
U70 Ju.l-Vater.l9!>6 12 1.5 • U71 A.uq-Water. 19!.6 8 4.5 4.5 
4472 Sap-Water. 19!16 8 4.5 •. 5 
4173 Oct-Water .19$6 
1474 Nov-Veter. 19!.6 
1175 Oec-Water.l956 
4176 
4177 Yhld.1951 570 "' ;77 589 
4171 Jan-Watar.l951 
U79 Feb-Water. 1951 
4180 Mar-Watar.19Sl 
U.ll A.pr-Watar.l951 
U82 May-Watar.l9Sl 
4483 Jun-Weter.l951 
uu Jul-Watar.l951 ll 1.5 • uas Au9-Va-tar.USl 8 4.5 1.5 
4486 Sep-Water.19S1 ' 4.5 .. , 
4487 OCt-Water. 1951 
4181 HOY-Water .1951 
4489 Dae-Water.1U1 
U90 
U91 Yia1d.l963 571 519 ,,. >90 
U92 Jan-Weur.1963 
U93 htHiater . 1963 
4191 Mar-Wat.ar .1963 
4195 Apr-Water. 1963 
U96 Kay-Water .1963 
1197 Ju.n-Watar.1963 
1198 Jul-Watec-.1963 12 •. 5 • 
"" Auq-Vater.1963 • . . , .. , 
1500 Sep-Water .1963 • . . , .. , 
1501 Oct-Vater.196J 
4502 Nov-vaur.l96J 
1503 Dac-Watar.l963 
I SOl 
1505 'tield.191!19 "' 581 ;70 592 
4506 Jan-Water. 1989 
1507 Feb-Water. 1989 
1508 Mar-Water. 1989 
C509 Apr-Watet.l9B9 
1~10 Kay-Water.lU9 
4511 Jun-Water.l989 
4512 Jul-Watar.l989 12 •. 5 • 1513 Aug-Water. 1989 • • . 5 1.5 
ISU Sep-Wate.r.l919 8 1.5 1.5 
C515 Oet-Water.l989 
1516 Nov-llater.l919 
1517 o.c-watar.un 
•~u 
4519 Yhld.1952 572 580 577 591 
4520 Ja.n-Vater.19S2 
4521 Pab-Vater.19!t2 
4~22 Mllr-Water .19!12 
4~23 Apr-Water.19S2 
4~21 Kay-W'at.er.l9!t2 
4525 Jun-Water .19$2 
1526 Jtd-llater. 1952 12 ·-~ • 4!127 Aug-Wat.er.l952 • • .. ~ 4.5 
4!121 Sep-Wat.er.lt$2 • • .. ~ 4.5 
4~29 Oc.t-Water.lt$2 
·~30 Nov-Water.19S2 
l!t31 Dec-Vatar.l9S2 
1532 
4!133 Yiald.1911 ,. 581 SOl 592 
1531 Jan-Watar.l981 
1535 Feb-Watar. 1911 
1536 Mar-Watar.l911 
4!137 Apr-Water. 1981 
4531 Kay-W•ter.1911 
1539 Jun-Water. 1918 
4~40 Jul-Watar .1918 12 •. 5 • ISU Aug-Water .1981 8 1.5 1.5 
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·~42 Sep-Wetet.: ~88 ... t.~ 
1543 Oct-Watet.19U 
uu Nov-Water .1981 
HU O.c-Water.l911 
uu 
nn Yhld.ltiO 610 620 6l9 .,, 
uu Jan-Water.1910 
csn Peb-Watet.1910 
H!>O Mar-Water .1910 
1551 Apr-Water.1910 
usz May-Water. 1910 
4553 J\li\-Watar .1910 
U!>l Jul-Water .1910 12 ... 6 uss Au9-Watu. 1910 J J 
U56 Sep-Wate.r. 1980 J ... 
1551 Oct-Watet.l9110 
45511 lfOY-Water. 1910 
1559 Dec-Watet.1910 
1560 
1561 Yield.l912 600 610 615 622 
1562 Jan-Vatu. 1912 
4563 Pab-Watar. 19112 
1561 Mar-Water. 1912 
4565 Apr -Water. 19112 
1566 May-Water. 1912 
U67 Ju.n-Wate.r. 1912 
4568 Jul-Wata.r. 19112 l 1.5 
4569 Au9-Watar.1912 .. , 1.5 
U"?O Sep-Watu .1912 ... .. ' 
4571 Oct-Water .19112 
1512 Nov-Water. 1912 
4513 Dec-Water. 19112 
4511 
45"75 Yield.l969 620 '" 630 "' 45"76 Jan-Water .1969 
4577 reb-Water .1969 
45711 Mar-W.uu. 1969 
4579 Apr-Water.1969 
1580 May-Water. 1969 
1581 Jun-Wate.r. 1969 
U82 Jul-Wat•r .1969 1.5 
1583 Au9•Vater .1 969 I. S 
45111 S.p-Vater. 1919 
ISIS Oet-Water.1U9 
1586 Nov-Watar. 1969 
un tt.c:-Watar .1969 
45111 
4519 Yiald. 1971 610 618 '" 660 
U90 Jan-Water.1971 
4591 rab-Watar.l971 
4592 Mar-Water.1911 
1593 Apr-Water. 1914 
4591 May-Water .1971 
4S9S Ju.n-Wat•r .1911 
1596 Jul-Wat•r.l9"71 I I.S 
4597 Au9-Water.1974 0 0 
1598 Sap-Water.19"74 0 0 l.S 
1599 Oct-Watar.19"71 
4600 Nov-Water. 1911 
1601 Dec-Water. 1911 
4602 
4603 Yiald.l912 610 620 622 6JO 
4601 Jan-Water .1972 
uos Fab-Water.1972 
1606 Mar-Water. 1912 
1607 Apr-Watn .1972 
16011 May-Water .1912 
4609 Jun-Water .1972 
4610 Jul-Wata.r. 1972 I.S 
1611 Au9-Water.1112 .. ' 1612 Sap-Water .1972 J 
1613 Oct-Water.U72 
1611 Hov-Wata.r.lt72 
1615 O.C.-IIete.r. U72 
1616 
461,. Yiald.l9'71 612 6SO 6>5 667 
1611 Jan.-Wata.r .1 t71 
1619 P•b-Wet•.r. U76 
1620 Mer-Water .1 t"71 
1621 Ap.r-llat•.r .1 t'71 
1622 Mtly-Wata.r. 1916 
1623 Jun-Water .1976 
4621 Jul-Water.l976 0 0 l.S 
162S AuCJ-Watar. 1976 I 1.5 J 
1626 Sap-Water .1976 0 l.S J 
1627 Oct-Water.1976 
1621 Nov-Water. 1976 
4629 tt.c:-Watar.1976 
IOJO 
lUI Yield.1971 S70 >77 571 sas 
1632 Jan-Watar .1911 
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Ull Feb-W'at•r, ~ ~71 
UH Mar-Water. 1911 
46JS Apr-Weter. 1911 
4636 May-Water. 1971 
4637 Jun-Water. 1977 
4611 Jul-Water.l917 12 .. , 
4639 1\UCJ-Wat•r. 1971 .. , .. , 
Uto Sap-Water. 1977 .. , .. , 
4641 Oct-Wuar.1977 
4U2 Nov-Water. 1977 
4613 Dec-Water.1977 
uu 
4645- Y1eld.l979 610 620 .,, 63J uu Jan-Water.l919 
un Peb-Water.l979 
uu Mu-Water.l919 
un Apr-Water .1979 
16~0 May-Water.l979 
16H Jun-llat.r.1979 
16~2 Jul-Water.1919 1.5 ' USl Auq-Water.U79 ' .. ~ 
usc Sap-Water.1979 ' ··~ 4655 Oct-llatar.1979 
US6 Nov-Water. 1979 
4657 Dec-Water. 1979 
4651 
1659 'fh1d.1981 590 '" '" 60~ 
4660 Jan-Waur. 1981 
4661 Feb-Waur. 1911 
4662 Mar-Water. 1981 
4663 Apr-Water.19111 
4664 May-waur.1981 
4665 J\U\-Water. 19111 
4666 Jul-Waur.1911 8 I . ; 
4667 Auq-Water.l9111 8 .. , 
4668 Sep-Watar.19111 8 .. , 
4669 Oct-Watar.UIIl 
4670 Mov-Watar.1911 
4671 Dec-Water.lUl 
U72 
46"73 Y1eld.19SI 610 617 6>2 660 
467" J-.n-Water. 1951 
4675 Feb-Water. USI 
4676 Mair-Watar.l951 
4677 Apr-Water. 1951 
4678 May-Water. 1951 
4679 Ju.n-Vuar. 1951 
1680 Jul-Water.1958 1.5 
4681 Auq-Vatar. 1951 • l.S 
4682 Sap-Water .1958 0 1.5 
1683 Oct-Waur.1958 
1681 Nov-Water. 1958 
UB!t O.c-Waur. 1951 
4686 
4687 't1ald.191'7 649 6S. 661 672 
UBI Jan-Water-.191'7 
4689 Feb-Water. 1917 
4690 Mar-Water. 1917 
4691 Apr-Water. 1917 
4692 Kay-Water .1911 
4693 Ju.n-Watar. 1917 
4694 Jul-Water.1917 1.5 l.S 
4695 Auq-llater. 1917 l.S ' 4696 Sap-Water. 191'7 1.5 ' U97 Oct-Water .1987 
4691 Mov-W..tar. 1987 
4699 O.C-Vatar .1987 
4100 
tiOl 
4102 table carrot faqit-, recharqa.ll, alhtratl 
003 c.rrso-r Cur75-F Carr50-S Carr75-S 
001 'i1eld.19St 311 322 n• lJO 
nos J-.n-lletu .1 tst 
006 Feb-V•tu. 1 tst 
007 ... r-Water.19SI 
POl Apr-Water .19St 
009 ... y-W.ter.ltsl 
010 Ju.n-Wat.er.ltsl 
4711 Jul-Water.lt!tl 12 6 • 012 Auq-waur.USt 8 ' 6 
013 Sep-Vat.er .19St 8 l 
nu Oct-Watu .19~6 I ' 015 Nov-Watar.1956 8 .. , 6 
4716 Dec-Water. 1951 
4717 
1718 Y1eld.1951 307 "' l12 322 
4719 J-.n-V•ter.1951 
4720 Feb-W•ter.19!11 
1721 Mar-Wau.r.1951 
4.722 Apr-Wat.er.l951 
t723 May-Water. 1 U 1 
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t72f. Jun-W•ter.l951 
f,i 2!» Jul-Wuec.l951 :z 
.., 26 Auq-Wetec.l951 
027 Sep-Wat•r.lUl 
f.728 Oct-Weter.l 9!»1 
4129 MOY-Watet.lUl 1.5 
1130 O.c-Water.19Sl 
t7Jl 
t7J2 Yield.l9U '" '" l11 321 
4733 Jan-Wetec. L9U 
47Jt Feb-Wetet. L 9el 
nn Ker-Watu.1963 
1736 Apr-Water. 1963 
4737 Mtiy-Wat.n. 1963 
031 Jun-Wat•r. 1963 
t7lt Jul-Wat•r. 19 63 12 • 17t0 Aufi!-Wat•r.l9U • J 
nu Sep-Wet•r. 1963 • J 
1112 Oc;t-Wet•r.l963 • J 
nu Nov-Wu•r.19U • 1.5 
nu Dec-Water. 1963 
t74S 
nu Yhld.UI9 312 323 JZO l31 
017 Jan-Water. 1919 
1711 Feb-Water. 1919 
nu Ma.r-Weter.1919 
1150 Ap.r-Wat•r .1989 
4751 May-Water.1919 
4752 Jun-Water. 1919 
t753 Jut-Water. 1919 12 
1754 Auq-Weter. 1989 • 4755 Sep-Weter. 1989 • 4756 Oct-Water.1919 ' 1757 MOY-Wate.r.L919 1.5 
4758 O.e-Water.l989 
4759 
4760 Yield.1U2 306 lll J 12 l21 
t161 Jen-Wuer.1952 
t762 Feb-Watec. 1952 
4763 Mu-W•ter.l952 
1764 Apr-Water. 1952 
176!» May-Watec. 1952 
1766 Jun-Waur.L9S2 
&767 Jul-Weter.l952 12 
4761 Auq-W•ter.19S2 • 1769 S•p-Water. 1952 3 
t.770 Oct-Water.l952 ' t771 Nov-Water.L952 1.5 
t.772 Dec-Watet.1952 
4773 
4774 Yield.1988 301 ll5 lll JZZ 
4775 Jili\-Watet.l911 
4776 Feb-Water.l988 
4777 Mer-Water.1981 
t778 Apr-Water.1981 
t779 Mtiy-Watar.l988 
4780 Jun-Water. 1988 
081 Jul-Water.l981 12 • 4782 Auq-Water. 1988 8 ' nu Sep-Water.1981 8 J 
nu Oct-Wate.r.1988 8 ' nas Nov-W•ter.1918 1.5 
1186 Dec-Water. 1981 
t787 
t788 Yield.1980 321 J35 llO 312 
t189 Jan.-Wat.ar.l980 
t790 Peb-lfat.er. 1980 
t191 Mer-Water. 1980 
t792 Apr-Vat•r.1910 
t793 May-Wate.r .1980 
094 Jun-lfater.l980 
nn Jul-Wate.r.l910 6 
t796 AWJ-Veter.1910 6 
t797 Sep-Vete.r.ltiO 6 
4798 Oct-Wat.er.l910 6 
4799 Nov-Weter.l980 
4800 Dec-Water.1910 
UOl 
4802 Yield.l912 317 ]27 "' ]]7 
U03 Jan-Vater.1912 
uoc feb-Water. 1912 
U05 Mar-Wat.er. 1912 ... , Apr-Water .1912 
U07 May-Wat.er. Ul2 .... Jun-Water. 1 IJ82 
U09 Jul-Water.1912 1.5 
UlO Auq~-Wat.er. 1912 ' 6 
Ull S•p-Wat.er .1912 l 6 
Ul2 Oc:t.-Water.191!12 J • Ull Nov-Water .191!12 1.5 6 
uu Dec~Water.l982 
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4 e ts 
4816 Yi•ld.l969 l86 l96 .l -,,;: 40) 
4817 Jan•W'at•r.l969 
4811 Peb-Wu•r. 1969 
41!119 Kar-Water.l969 
4820 Apr-Wat•r.1969 
4821 Kay-Water. 1969 
4822 Jun-Wat.r. 1969 
U2J Jul-Wat.er. 1969 
1821 AuCjl-Wat..r. 1969 
U2S Sep-Watu.l9U 
U26 Oct-Water.l969 . 5 
482'7 Nov-Water. 1969 1.5 
4821 Dec-Water.l969 
4829 
UJO Yi•ld.l974 )07 "' )9) 404 
Ull Jan-Water .19'H 
UJ2 hb-Water.19741 
1133 Mar-Water.l971 
1831 Apr-Water .1974 
IllS May-Water.1974 
UJ6 Jun-Vater.l971 
UJ7 Jul-Water .1974 I 
Ull A\19-Water. 1974 0 
1839 Sap-Water. 1974 0 0 
U40 Oet-Vater. 1974 I 1.5 
uu Nov-Watar.l974 I l.S 
4842 o.c-waur. 1974 
1813 
uu Y1ald.1972 316 327 321 )37 
4845 Jan-Watar.1972 
uu Peb-Water. 1972 
U47 Mar-Watar.1972 
uu Apr-Water.l972 
4849 May-Vater.l972 
4850 Jun-Vatar.1972 
US1 Jul-Water.1972 1.5 
US2 Auq-Watar.l912 ) 

USl Sap-Water. 1912 ) 

USI Oet-Water .1972 3 
uss Nov-Water. 1972 1.5 
US6 O.c-Vatar. 1972 
4857 
use Y1eld.l976 390 101 )98 110 
US9 Jan-Water. 1916 
1860 Peb-Watar. 1971 
1161 Mar-Water. 1976 
U62 Apr-Waur.1976 
U63 May-Vater.1976 
4864 Jun-Watar. 1976 
486S Jul-Watar.l976 0 
4866 AU.9·Water.l976 1.5 
4167 Sep-Watar.1916 0 
U61 Oet-Wner .1976 
U69 Nov-Water .1976 1.5 
4870 Dec-Water.1976 
4871 
4872 Yield.1977 315 )26 323 336 
4873 Jan-Water.1977 
U74 Peb-Watar.1977 
1875 Mar-Water. 191'7 
4876 Apr-water. 197'7 
U77 May-Watar.197'7 
U78 Jun-Water.1977 
1879 Jul-Watar.l9'7'7 1.5 
4810 Au9-Watar. 1977 ) 

4181 Sep-Vater .1977 J 6 
uez Oet -water. 1977 I J 6 
1883 llov-llatar. 197'7 • I.S 6 
18U O.C-Vat.er. 1977 
4885 
4886 Yiald.1979 306 311 ll2 l21 
4817 Jan-Vatar.1979 
U88 Pab-Vater .1979 
U89 Mar-Vatar.191t 
1890 Apr-Vater.1979 
4891 May-Wate.r.l979 
4892 Jun-Wate.r.lt'79 
4893 Jul-lleter.197t • 12 6 9 
1891 Au9-M'ate.r.1t1t I • J 6 
18ts S•p-Wate.r. 1971 I 3 • Ut6 Oct-Water. 1979 J • 1897 llov-Vat•.r. 19'79 1.5 6 
1898 O.C-Wat•r. 1919 
1899 
4900 Y1•ld.l981 3U J26 323 ]36 
4901 Jan-ilat•r.1911 
4902 P•b-Wat•r.1981 
4903 Kar-Water.1981 
4904 Ap.r-Watar.l911 
nos May-Water. 1911 
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4906 Ju.n-Watu.liJ81 
1901 Jul-Watar.lUl . I 
4908 Auq-Water. 11)11 
4909 Sep-Wat.er. 1911 
1910 Oct-Water.ltlll 
Ull Nov-Water.19111 t.; 
Ul2 O.c-Water. 1911 
191l 
nu Yhld.19!tl )22 ))6 llO ltl 
1915 Jan-Water.l9!tl 
1916 Feb-Water. 19~1 
un Mar-Water.19!t8 
1911 Apr-Water.19~1 

1919 May-Water. 1958 
41920 Jun.-Water. 1958 
4921 Jul-Water.U!tl 
4922 Auq-Watu.lt!tl 
U23 Sep-Water.1951 
4921 Oct-Water.1951 
192S Nov-Water .1951 
4926 Dec-Water .1951 
4927 
4921 Yiald.l91'7 313 JZI 320 Jll 
U29 Jan-Wate.r. 198'7 
U30 reb-Water. 1981 
Ull Mac-llata.r. 1917 
t9l2 Apr-Vater.l917 
Ull May-Waur.l917 
193f Jun-Water.l911 
t935 Jul-Water. 191'7 12 6 ' Ul6 Auq-Watar.lU'7 8 J 6 
• 93'7 Sap-Water. 1917 8 J 6 
tUI Oct -Water. 1917 8 J 6 
t939 Nov-Water. 198"7 1.1 
nco O.c-Water.l91'7 
nu 
1912 
nu tabla Cantdop(aqi t ... rachacqall, all.stut l 
uu CantS O-F Cant'75-F Cant50-S Cant?S-S 
ncs Yiald.1956 2SO 260 213 262 
t9"6 Jan.-Vater.l956 
tU7 Feb-Water .1956 J t.S nu Ma.r-Vatar ,l9!U 12 t.S ' uu Apr-Water .1 U6 12 t.S ' 1910 May-Vater.1956 12 4.S ' US! JW'I-IIatar .1956 
U52 Ju.l-Vater .1956 
1953 Auq-Water.l956 
195& Sap-Watar.1956 
49SS Oc:t-Watac .19U 
19S6 Nav-watar.US6 
US7 Dac:-Water.1956 
usa 
U59 Yiald.1951 260 268 263 2?0 
4960 Jan-Watar.l951 
4961 tab-Water.l9S1 4 4. I 
1962 Kar-Watar.1951 4 J t.l 
1963 Apr-Water. 1951 • 12 .. ; ' t96t May-Water. 1951 • 12 t.S ' 196S Jun.-Water .1951 
t966 Jul-Water.1951 

'"' Auq-Water.1951 
1961 Sap-Water. 1951 
1969 Oc:t-Vater.l951 
U70 Kov-Water.l951 
1911 Dec-Water. 1951 
1972 
1973 Y1eld.l9U 267 27~ 210 2'77 
197t Jan-water .1 913 
1975 Feb-Vatu. 19t3 I t.S 
197t Mar-Water. 1 ttl 4 • 3 t.S 
1977 Ap.r-Watar.1913 • 12 I.S ' 19'71 May-Weter.l"3 I • J t.S 
1979 Jun-Water. 1 ttl 
1980 Jul-Water, 19U 
1911 AUIIJ-Vatel'.l96l 
Ul2 Sep-Water.19U 
t9U Oc:t-Water.UU 

"" Nov-Watar.19U 
19U 0.C.-Water.196l 
Ul6 
Ul7 Yield.l989 2~4 262 217 264 
Uti Jan-Water .1989 
nu Pab-Water .1989 • 8 J t.S 
U90 Kllr-Water.l919 8 12 .. ; ' 1991 Apr-Water.1989 12 I.S ' 1992 May-Water .1989 12 I.S 
uu Jun-water .1919 

"" Jul-Water .1989 
199S Au9-Water. 1989 
4996 Sap-Water. 1989 
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097 O-:t-.,at•r.l~89 
4991 Nov-Wn•r. 19! 9 
U99 O.c-Wat.r. 1989 
sooo 
SOOl Yhld.1U2 257 2 .. :60 267 
S002 Jan-Watarol9S2 
SOOl hb-Watel' o 19!!12 • . . ; 
5004 Mar-W•tar.19S2 • . . ; 
soos Apr -waur. 1952 12 .. , 
5006 Kay-Watar.1952 12 .. , 
5007 Jun-Water.l952 
5008 Jul-Water.19S2 
5009 Auq-W4111tar.l9S2 
SOlO Sep-Water. l U2 
5011 Oet-Watar.l9S2 
5012 Hov-Watar. 1952 
SOll O.C-Water. 1952 
sou 
5015 Y1eld.1911 256 261 2S9 266 
sou Jan-Water. 1988 
5017 Feb-Water.1981 • I. 5 
5011 Har-Watar. 1981 8 4.5 
5019 Apr-Water o 1988 12 .. ; 
!!1020 May-Water o 1981 12 1.5 
5021 Ju..n-waur .1911 
S022 Jul-Waur.l981 
5023 Auq-Watar .1911 
502C Sap-Watar .1988 
5025 Oct-W•ter.UU 
5026 Nov-Watar.1981 
5027 O.c-Watar. 1981 
5028 
5029 'iia1d.l980 2 .. 27l 268 215 
SOJO Jan-Watar.1910 
5031 Peb-Wuer. 1980 8 1.5 
5032 Mer-Water. 1980 8 l .. , 
5033 Apr-Water.1910 12 I. 5 
503t May-Water .1980 12 I. 5 
5035 Jun-Watar .1980 
5036 Jul-Water.UIO 
5037 Auq-Water.l980 
SOli Sap-Water ol980 
5039 Oct-Water .1980 
SOH Mov-Wuar. l 980 
sou Dec-Water o 1980 
S042 
sou Yield.l982 269 211 212 280 
sou Jan-Water. 1912 
sou Feb-Water. 1912 • I. 5 
5016 H•r-Watarol982 8 I. 5 
SOC7 Apr-Water. 1912 12 I. 5 ' sou May-Water.1912 • l 1.5 
sou J\11\-Wat.er. 1982 
so so Jul-Watar.1912 
5051 Au9-Water.1912 
5052 Sep-Watar.1982 
5053 Oct-waur.1982 
5051 Nov-watar.1982 
5055 O.c-Water. 1982 
5056 
5057 Yieldol969 261 269 261 211 
so sa Jan-Water. 1969 
SOS9 F•b-Water.1969 I I . 5 
5060 Mar-Wat•r.19U I • l I . ; 
s.on Apr-W•tar.1969 I 12 1.5 
5062 May-Water.l969 I 12 1.5 
5063 Jun-W•ter. 1969 
S06C Jul-Watar.1969 
506~ AuCJ-Wataro1961 
5ou Sap-W411iter.1961 
5067 Oet-Vetarol961 
SOli l'ov-V•tar.1961 
5069 Dec-Water .1169 
5070 
5071 'tia1d.19741 2SS 2U 258 265 
5072 J.an-Vater.1911 
5073 Feb-Water. 1911 I • l '·' 507. Mar-W•t•r. U7t • 8 l 1.5 
S07S Apr-W•ta.r.197• • 12 1.5 
S07t l1•y-Wata.r.117t • 12 1.5 
5071' Jun-Vater. U7t 
5078 Jul-W•tar. U1't 
S079 AuCJ-V•taro197t 
soao Sap-W•tar. U7t 
SOil Oct-W•tar. U7t 
5082 Nov-Vater.197t 
sou O.c-W•tar .1171 
5011 
so a; Yie1d.l972 ZSJ 261 256 26l 
5016 Jan-Watar.1972 
5087 Feb-Water .1972 I. 5 
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5088 Mar-Wat.er.l972 12 1.5 
5089 Apr-Wat.er .1972 12 L5 

,5090 Hay-Water, 1972 12 1.5 
5091 J\&n-Waur. U72 
5092 Jul-Watar.191l 
5093 Auq-Water. 1972 
sou S•p-Watu.1972 
5095 Oct~Wate.r .1972 
!1096 Nov-Vatar. 1972 
!»091 O.c-ilat•.r. 1972 
5091 
5099 'thld.l976 277 284 270 '" 5100 Jan-Water. 1976 
5101 Peb-Water.1976 .. , 
5102 Ma.r-Water .1976 '.' S10J Apr-Wat.r.U76 12 ' . ; 
5104 May-Water. 1976 • J .., 
S10S JW\-Watu.1976 
H06 Jul-Vater.1976 
5107 AU9-Vater.U76 
HOt Sap-Vater.1971 
5109 Oc:t-Water .1971 
H10 Nov-Water .197i 
5111 Dec-Waur.l976 
5112 
5113 Y'1ald.lt77 2st 266 261 268 
5111 Jan-lfatar.l977 
HU Peb-Water .1977 ' • 3 1.5 
5116 Ma.r-Water. 1977 4 • J '·' 5117 Apr-Water. 1977 • 12 1.5 ' 5118 May-Water .1977 8 12 .. , ' 5llt Jun-Wate.r. 1977 
5120 Jul-Water.l971 
5121 AuqHCater. 1977 
5122 Sep-Watu. 1977 
5123 Ot:t-Water .1971 
5124 Nov-Water .1977 
5125 Dec-Water, 1977 
5126 
5127 Y'ield.1979 273 280 275 283 
5121 Jan-Water. 1979 
5129 Feb-Water .1979 8 J .. , 
suo Mar-llatar.1979 • 3 .., 
5131 Apr-Watar.l 979 12 '. s 9 
5!32 May-Watar.1979 8 J .. , 
5133 Jun-Watar.1979 
5131 Jul-Water.t979 
5135 Au9-llater, 1919 
5136 Sap-Water .1 919 
5137 Oct-Water .1979 
5131 Nov-Watar .1979 
5139 Dec-Water. 1979 
suo 
Slll 'tield.1981 282 289 284 292 
SU2 Jan-Water. 19111 
5113 Feb-Water.Uil 8 3 .. , 
StU Mar-Water.UI1 • 3 .. , 
5U.5 .\pr-Water .1 911 12 .. , 9 
5U.6 May-Water, 1911 8 J 4.5 
5117 Jun-Water.l911 
5141 Jul-Wate.r.1981 
5149 Au.9-Wata.r.1911 
H50 Sa~atar, 1911 
SUI Oct-Vater.1911 
5U2 Nov-Water .1911 
5153 Dec-lf•ter.Uil 
5151 
SISS Yield.USI 263 271 266 273 
SU6 Jan-Water .1 951 
SU'7 hb-Water. lUI 8 l ... 
5UI Ker-Wate.r. USI 4 ' J ... 
SlSt Ap.r-tr•te.r. USI ' 12 ... ' •uo May-Water. USI ' 12 4.5 
5161 Jun-lletar. USI 
5162 J\ll-Water.1151 
5Ul Auq-Vater.lUI 
5!64 Sap-Water. 1951 
•us Oc:t-Vatel' .1151 
sue Hov-lfate.r .11$1 
5167 t»c-Vater .1951 
5161 
5!69 Yi.td.1917 292 lOO 294 302 
S170 Jan-Vatu. 1917 
51'71 feb-Water. 1917 8 ' .. 
5!72 Mar-Water. 1917 8 4.5 
5173 Apr-Water .1917 8 .. , 
5174 May-Water .1917 8 ... 
Hi'S Jun-Watar. 1911 
5176 Jul-Vater.1917 
5177 Auq-Water. 1917 
5178 Sap-Wate.r.1987 
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5179 :.C~ -iol'atar. ~ 187 
5180 Mov-Watar. 1987 
511!1 O.e -Waur. l 987 
5112 
!1113 
SlU t~l• Cucwae.r ( aqi taa, rechar9all. allstrat) 
5115 Cuc:SO-P C·.Jc:75-F Cud O-S <:·J-::"7'!1 -s 
5116 Y1ald.19S6 221 232 :H "' 5117 Jan-Water. 1956 
SUI Feb-Water. 1956 
5189 Mer-Vahr. 1956 
5190 Apr-Vater.l956 
5191 Key-Weter.1956 
5192 .1\u\-Waur. 1956 
5193 Jul·Water. 1956 12 .. , 
5191 Auq-Vaur .1956 12 .. , 
5195 Sep-lilatar. 1956 12 .. , 
5196 Oet-Water.1956 • J L5 
5197 Jov-llater .1956 
5191 O.C-Water.1956 
5191 
5200 Y1ald.l951 222 232 225 237 
5201 Jan-Water. USl 
5202 Pab-Water.1951 
5203 Ker-Water .1 951 
5201 Apr-¥atar.1951 
5205 M.y-Vatar .1951 
520t Jun-Vater.1951 
5207 Jul-Water. lt51 12 .. , 
5201 Auq-Water.l951 12 .. , 
520t Sap-Water. 1951 12 L5 
5210 Oct-llater.l951 • L5 
5211 Nov-Water .1951 
5212 O.c-Waur.1951 
5213 
5211 Yhld.19U 183 191 187 ,. 
5215 Jan-Water .1963 
5216 Feb-Water .1963 
5217 Mar-va tar .1963 
5211 Apr-Vatar.lt63 
5219 Mtly-Watar.1963 
5220 Jun-Vatar .1963 
5221 Jul-Vatar.l963 12 .. , 
5222 Aug-Waur.UU 12 L5 
5223 S~Wat.ar.1963 12 1.5 
5221 Oc:t-Vatet .1963 12 • 
5225 Nov-Water .19U 
5226 O.C-Watar. Ul!il 
5227 
5221 Yhld.1919 187 195 189 198 
5229 Jan-Water. 1919 
5230 Feb-Water. 1919 
So231 Ker-Watar. 1919 
5232 Apr-Water. 1989 
S.2ll May-llatar. 1919 
5231 Jun-Water.l989 
5235 Jul-Watar .1989 12 L5 
5230 ~-Watar.l919 12 1.5 
5237 Sap-Wat.ar .1989 12 1.5 
5231 Oct-llatar.l919 12 • 5239 MOY-Watar. 1989 
S.240 Dac-Vatar. 1989 
5211 
5212 Yie1d.1952 191 199 193 202 
5243 Jan-Water. 1952 
szu Fa~Watar. 1952 
5215 Mar..Watar. 1952 
5216 Apr-Water, 1952 
5241 May-llat•r. 1952 
5211 Jun-Vat•r. 1952 
5219 J1.1l-llatar. 1952 12 I. 5 
5250 Auq-llat•r .1 t\2 12 I. 5 
5251 S~llat.er.lt!2 12 1.5 
5252 Oct ...Wat.a.r. 19$2 12 • 
5253 Jov-Vat.er .1 95Z 
52SI O.C-IIatar.l 952 
52SS 
52S6 Yield.UII Ill 193 186 195 
S257 Jan-llat.ar .1911 
5251 fab-Vata.r .1 911 
5259 Mar-Vater.UII 
5260 Apr·Watar .1 911 
S261 May-Water .1911 
5262 Jun-Watu. 1981 
5263 Jyl-wat.u.1911 12 L5 
526C Au9-llater.1911 12 L5 
S2U Sep-Waur. 1981 12 L5 
5266 Oct-Wat.ar.1911 12 
5267 NOY-Vatar .1 911 
5261 O.C..Wetar .1911 
5269 
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5270 Y1eld.l9BO "' .::67 .:':l>l ~ 7 ~ 
5271 Jan-Water-. 1980 
!1.272 Feb-Water. 1910 
S.27l Mar-Water-.1980 
!1.274 Apr-Water-.1911!10 
!1275 May-Water-. 1980 
527& Jun-Water-. 1980 
5277 Jul-Water-.1910 12 . ; 
!1271 Au9-Weter. 1980 12 . ; 
!1279 sap-Wner. 1 no .. , 
5280 Oct-Watar.1910 .. , 
5281 Nov-Water.1910 
5282 DK-Water. 1980 
!1.213 , .. Yield.1982 181 192 186 19S 
52U Jan-Water. 1982 
~286 reb-Watu. 1912 
S217 Mar-Water. 1982 
S2U Apr-Water.UU 
~219 May-Water. 1912 
S290 Jun-Water. 1912 
S291 Jul-Water .1tl2 12 .. ~ 
S292 Au9-Water. 1912 12 o.s 
S293 Sap-Water. 1982 12 .. ~ 
5291 Oet-Wata.r. 1912 12 • 
529$ Nov-Water. 1912 
52U Dec-Water. 1912 
S297 
5298 Yie1d.l969 276 287 281 .:93 
5299 J-.n-Watar. 1 U9 
5300 Feb-Water. 1969 
SlOt Mar-Water.1969 
~302 Apr-Water. 1969 
5303 May-Water.1969 
SlOt Ju.n-Watar. 1969 
5305 Jut-Water. 1969 I.S 
530& Auq-Water. 1969 .. ~ 
5307 Sep-Watar. 1969 .. , 
SlOB Oet-Water.l969 I.S 
S309 Nov-Watar. 1969 
5310 Oec-Watar.1969 
5311 
S312 Yhld.197C 278 288 282 291 
5313 Jan-Watar.197C 
S3U Fab-Watar.19'7C 
SllS Mar-Watar.l971 
5316 Apr-Water.l971 
5311 Kay-Water.1911 
5318 Jun-Water.1971 
5319 Jul-Water.1971 .. ~ 
5320 Auq-Water.1971 I.S 
5321 Sap-Water-.1971 I.S 
S322 Oct-Water.1971 I.S 
5323 Nov-Water.1971 
~324 Dec-Water.1971 
S32S 
5326 Yield.l972 2SO 262 2SI 266 
5327 Jan-Water.1972 
~321 Feb-Water. 1972 
~329 Kar-Watar .1912 
SllO Apr-Watar.1972 
5331 May-Watar.l972 
5332 Ju.n-Water .1972 
S3ll J\ll-Water.1972 8 12 .. ~ 6 
Slll AUC)-Watet.1972 8 12 I.S • SllS Sap-Watar.1972 4 8 3 .. ~ 
S336 Oet-Wat.ar.1972 4 8 J I.S 
5337 Nov-Watar.l972 
Slll Dac-Watar. 1972 
5339 
SJCO Yiald.l971 27S 286 280 291 
5311 Jan-Vater.U71 
Sl42 Feb-Water .1911 
~34l Mar-Water .1 971 
53U Apr-Watar.1971 
S34S May-Watar.1971 
SlU Jun-Watar.1911 
53n Jul-M'atar.l971 • I.S 
53tl AUC)-Wata.r. 19'76 • I.S 
S349 S.p-llatar.l916 • I.S 
5350 Oct-Water. 19'76 8 I.S 
~3Sl Mov-Water.19'76 
S3S2 Dae-Wate.r.19'16 
SlSl 
S3St 'tield.1971 223 231 226 210 
SlSS Jan-V•ter.1917 
~3S6 P•b-Water .1917 
535'7 Mar-Watar.1917 
5358 ,\pr-Watar.1977 
S3S9 May-Wet•r .191'7 
~360 Jun-Vatar .19'17 

Appendix A - 64 



5361 Jul-Watec.l977 ,, .. , 
5362 Auq-Water.l977 12 .5 
5363 Sep-Waur.l977 12 . I 
!JU Oct.-Vater.l97"7 • 4 .I 
5365 Nov-Vater.1977 
5366 C.c -Vater. 1977 
5367 
5368 Yield.l9'79 100 191 :as ~94 
5369 Jen-Watar.l979 
5370 Feb-Wat.er.1979 
53'71 !1ar-Wat.er. 1979 
5372 Apr-Water. 1979 
5373 Hay-Wner.1979 
Sl7t Jun-Water.l979 
5375 Jul-Water. 1979 12 1.1 
5376 Auq-Water. 1979 12 1.1 
53"77 Sap-Water.1979 12 1.1 
SJ71 oct-Water. 1 nt 12 • Sl79 Nov-Water. 1 9'19 
SJIO O.c-Wner.1919 
1311 
1312 Yield.1981 213 ,., 216 , .. 
SJU Jan-Water.l91L 
Slit feb-Water. 1981 
5315 Mar-Water. 1911 
1386 Apt'·Water.1911 
531"7 Key-Water, 1981 
5311 Jun-Water.l911 
S389 Jul-Wat.er.1911 12 I. I 
Sl90 Au9-llater.l981 12 1.1 
Sl91 Sep-Waur .1981 • ' I. I 
5392 Oct-Wat.er.1981 • ' 1.1 
1393 Nov-Wat.er.1981 
5394 Dec-Water .1981 
5395 
1396 Yiald.l958 270 281 271 , .. 
5-397 Jan-Water. 1951 
1398 Feb-Water.1958 
1399 Ku-waur.USI 
5400 Apr-Water. 19SI 
S401 Hay-Watar.L9SI 
St02 Jun-W•tar.lUI 
StOJ Jul-Watar.l951 12 1.1 6 
100• Auq-Watar.L951 8 l 6 
1001 Sap-Watar.19SI • ' 1.1 
5406 Oct-Watar.l9SI 1.1 
S40"7 Nov-Watar.l951 
5408 Dec-Water .19!.1 
5409 
5410 Yiald.l98"7 220 231 221 236 
Stll Jan-wnar.1917 
St12 Feb-Water. 1987 
1013 Kar-Watar.l98"7 
StU Apr-Watar.19t"7 
sus ~y-Watar.L917 

1116 Jun-Watar.l917 
SU7 Jul-Wat.ar.1987 12 1.1 
SUI Auq-Watar.l917 12 1.1 ' 5419 Sap-Water. 1917 12 1.1 ' 1120 Oct-Vatar.1917 • J 1.1 
1.21 Nov-Watar.1917 
1022 Dec-Water .1917 
1123 
1120 
1121 tabla Lattuca (aqit•, nchar9&ll, dhtratl 
Sl26 IAtS.o-r Lat.1S-r Let.SO-S [At.75-S 
1127 Yiald..1956 480 190 .. , ... 
Sl28 Jan-Water. 1956 
St29 Pab-Watu .lt!ta 
StJO Ker-Watat'. 19Sa 
1031 Apr-Wa~ar .19S6 
1132 May-Va~ar.ltSI 
SUJ Jun-wa~er.ln• 
Sill Jul-Watar.ll51 
lOll Auq-Water.ltSI 
1136 Sap-Watar.1951 
Stl1 Oc::t-W•ter.ll!ll • 12 4.5 
SUI Nov-Water .1 95& • 12 1.5 
Stlt O.C-Watar.1U6 8 12 I.S 
suo 
SIU Yiald.l951 481 190 181 191 
SU2 J.n-Watar.l9SL 
5143 fab-Water.19Sl 
SUI "-r-Watar.19!11 
SUI Apr-Water .19!11 
SU6 May-Watar.19Sl 
Slt1 Jvn-Watar.USL 
sua Jul-Watar.l9Sl 
StU Auq-Watar.19Sl 
5150 Sep-Water.19Sl 
Sill Oct-Watar.L951 12 •. s 
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5452 Jrfov-Water.l951 12 . 5 
5Ul O.c-Water.l9Sl 12 . ' SUI 
StU Y1eld.l963 175 182 180 "' 54!16 Jan-Watar.196l 
545'7 rab-Watas-. 196l 
5458 Mar-Watuo 19tl 
SUI Aps--Waur-. 196l 
suo Hay-Watu. 19U 
SUl Jun-Water.l9tl 
5462 Jul-Water.lttl 
5463 Auq-Weter.19U 
5464 Sap-Water. 1963 
sus Oct-Water.196l 12 .. , 
SU6 Mov-Wuer. 1963 12 .. , 
sen Dec-Water. 1963 12 .. , 
5161 
5169 Y!old.l919 175 080 079 085 
54"70 J.n-Vetar. 1989 
snt Feb-Water. 1919 
5112 Mar-Water. 1989 
St1J Ap.r-Watar .1989 
541t May-Wat•r .1989 
54"75 Jun-W'ate.r .19119 
5416 Ju1-lfata.r. 1989 
54 "71 Aut-Water. 1989 
5471 Sap-Wner. 198 I 
5419 Oct-Vatu. 1919 • 12 0.5 
suo Mov-Waterol919 • 12 .. , 
5181 Dec-Water o 1919 • 12 .. , 
54112 
SI8J Yiald.l952 171 181 179 182 
SUfi Jan-Water. 1952 
S085 F•b-Wat•r. 1952 
S.486 Mar-Watar. 1952 
518"7 Apr-Water.1952 
SoUl May-Water. 1952 
S089 Jun-Water. 1952 
5490 Jul-Water.19S2 
5491 AuCJ-Water.19S2 
S492 Sap-Wnar. 1952 
SUl Oct-Water. 1952 • 12 1.5 9 
SoUl Mov-Watar. 1952 8 12 1.5 • sus Dec-Water o 1952 12 I.S 9 
5196 
SU"7 Yiald.l981 no 176 171 180 
SUI Jan-Water .1911 
5499 r.b-Water. 1911 
5500 Mar-Water. Ull 
5501 Apr-Water. 1988 
5502 May-Watar.l988 
5503 Jun-Water. 1988 
SSOI Jul-Water.1988 
ssos Auq-Water .1988 
5506 S.p-Water o 1981 
5507 Oct-Water. 1988 8 12 0.5 
5508 HOY-Water .1988 8 12 o.s 
5509 Dec-Water o 1918 8 12 I. 5 
5510 
5511 Yield.l980 492 ... 193 505 
5512 Jan-Water. 1910 
5513 reo-water 0 1910 
5511 Kar-Watar. 1910 
5515 Apr-Waterol910 
5516 May-Water. 1910 
5517 J'Yn-Water. 1910 
5511 Jul-Watar.1910 
ssu Auq-Wata.r .1980 
5520 Sep-Water.1910 
5521 Oct-Water.1910 I • • 5522 Jov-Watar .1910 • 12 0.5 • 5523 Dac-Watar. 1910 • 12 1.5 • S521 
5525 Yhld.1912 192 ... 191 SOl 
5526 Jan-Watar. 1982 
5527 feb-Water.1tl2 
SS21 Mar-Wo~tar.l912 
S529 Apt-Water .1912 
5530 tc.y-vater.1912 
SSl1 JUn-W•t•r .1912 
S532 Jul-Vate.r .1912 
SSll Auq-Wat.r .1 912 
5531 Sap-Water. 1912 
SSJ5 Oct-Water.1912 I • • 5536 llov-Wat.ar. 1912 • 12 0.5 • 5Sl7 Dec-Water.l982 • 12 0.5 • SS38 
5539 Yhld.1969 520 S28 >26 533 
5510 Jan-Water. 1969 
5511 Felt-Water .1969 
5SI2 Mar-Water. 1969 
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SS4l A.pr-Watar.l:;69 
s.s.u M•y-Watar.l969 
ssts. J~o~n-Watar.l969 

ss.u J~o~l-Watar.1969 

SSP Auq-Weter. 1969 
ssu Sap-Water. 1969 
s.sn Oct -Water. 1969 
5550 Nov-W•t•r. 1969 
55S1 O.c-W•t.r. 1969 
5552 
SSSl Yiald.l97• 190 198 091 "' sss• Jan-Watar.l971 
55 !:IS P'eb-Water.l97t 
5S56 Mer-Water. 1971 
5557 Ap.r-Water.1971 
5551 May-Water .1974 
5559 Jun-Watu.1974 
SS60 Ju.l-Weter.l97• 
S5U Auq-Water.l974 
5562 Sap-Water. 197• 
5563 Oct-waur.1914 a 3 
5561 Nov-Weter. 1914 12 I. 5 
S5U O.C-W•ter.l974 12 I. 5 
5566 
556'7 Yield.l9'72 170 176 171 ISO 
5568 Jan-Water.1912 
5569 Pab-Watar .1972 
5570 Kar-Water.l972 
5571 Apr-Wetar .19'72 
5572 Kay-Water. 1912 
5513 Jun-Watar.l912 
5574 Jul-Watar.l912 
S515 Auq-Watar. 1912 
5516 Sap-Water .1972 
SS71 Oct -Water. 19'72 8 12 I. 5 
5578 Nov-Water. 1912 8 12 1.5 
5519 Dec-Watar.1912 8 12 I. 5 
5510 
5511 Yhld.1916 196 503 199 10 a 
5582 Jan-Water.l976 
5513 Feb-Water .1976 
So Sit Ma.r-Water.1976 
5585 Apr-Watar.l976 
5516 Key-Water .1916 
5587 Jun-Water.1976 
5581 Jul-Vater.191111i 
5589 Auq-Water.1978 
5590 Sep-Vater .19'76 
5591 Oct -Water. 1976 8 3 
5592 IIOY-Water.19'7ifi 12 I. 5 
5593 Dec-Water.l976 12 I. 5 
5591 
1595 Yiald.1977 191 197 191 103 
5596 Jan-Water.l977 
5597 P'eb-Watel'.l977 
5598 Mar-water .1971 
5199 Apr-Water.1971 
5600 May-Water .1971 
5601 Jun-Watar .1971 
5602 Ju1-Watar .191'1 
5603 Auq-Watar. 1971 
1601 Sap-Water .1911 
5605 Oct-Water. 1971 3 
5606 Nov-Water. 1971 12 1.1 
560'7 Dec-Water. 1971 12 1.5 
5608 
1609 Yield.1919 171 180 479 I 81 
5610 Jan-Water. 19'79 
5611 Feb-Water. 1919 
1612 Mar-Water .1 t19 
1613 Apr-Watar .. 19'79 
5611 May-water. 1979 
5615 JW\...Watar.1t1'9 
SU6 Jyl-Wat.er.1979 
5611 Auq-Wata.r.191'9 
sua Sap-Water .191'9 
5619 Oct-Water. U19 12 1.1 
1620 lfov-Vatar. 1 t1t 12 1.1 
1621 Oac-Watar.l919 12 1.1 
1622 
1623 Yiald.1911 175 Ill 479 186 
1621 Jan-Vatar.1981 
1625 re~Watar.1981 

1626 Mar-Water.1981 
5621 Apr-Water. 1981 
5621 May-W•t•r. 1981 
5629 Jun-Weter.1911 
S6JO Jul-Wetar.1911 
1631 Au9-Water .1981 
1632 Sep-Watar.1911 
5633 Oct -Water. 1981 12 I.S 
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56H Nov-Wetu. 1981 12 .. 
S6J!t o.c-Wet .... Un l 2 .I 
S6J6 
56J7 Yhld.19!ol 491 100 196 106 
SUI Jan-Water. 1 Ul 
5639 Feb-Water. 19SI 
5640 Mar-Water. 1951 
5641 Apr-Watar .1951 
56U May-Waur. 1958 
56U Jun-Watar. 1958 
S6U Jul-Watu.1951 
56U Au9-llater. 1 Ul 
5646 Se~Vaur .1951 
5647 Oet-Watar. 1951 ' 6 
5>641 Wov-Water. 1951 12 1.5 
U19 O.C.-tlatar. 19SI 12 1.5 
5150 
56$1 Y1eld.191'l' 176 "' 180 106 
5U2 Jan-Water .1911 
5UJ Fa~ater. 1 987 
5651 Mar-Water. 1917 
sus Apr-Water .1917 
S65f May-Water.1917 
5657 Jun-Water.1911 
U51 Jul-Water .1 917 
5659 A.uq-Wuer. 1917 
5660 Sa~Water. 1917 
5661 Oct-Water.l91'7 12 1.5 
5662 Nov-Water .1917 12 I . 5 
566J Oec-Vaur. 1917 12 1.5 
5664 
5665 
5661 table Spinach la9it•. nchar9all, alhtrat 1 
5667 SpinSo-r Spin7S-f Spin!»O- S SpinH-s 
5661 Y1eld.1956 U6 Ill ua 116 
5669 Jan-llata.r .1956 
5670 Feb-Water .1956 
5671 Mer-llater.1956 
S6i72 Apr-Water.USI 
S67J May-Water.1956 
5671 Jun-Water. 1956 
5675 Jul-Water .1956 
5676 Auq-Water .1956 
5677 Sap-Water. 1956 12 I.S 7.5 
5611 Oct-Water.1956 12 1.5 7.5 
5679 Nov-Water. 1956 12 1.5 7.5 
5680 Dec-Water .1 956 12 1.5 7.S 
S681 
5612 Yhld.lt!»l us Ill 139 116 
S61J Jan-Water. US! 
5614 Feb-Water.19Sl 
5685 Har-Water.l951 
5686 Apr-Water.19S1 
5617 May-Vat.r.19Sl 
5611 Jun-Vater .1951 
S619 Jul-Water.1951 
5690 Aut-Water.1951 
5691 Sep-Water.1951 I 12 1.5 7.5 
S692 Oct-Water. 1951 I 12 1.5 7.5 
S69J Nov-Vater.1951 I 12 1.5 7.5 
5691 O.C.-Vater .1951 I 12 1.5 7.5 
5695 
S69e Y'ield.196l ll6 Ill us 117 
5697 Jan-water .1963 
5691 Feb-Water. 1963 
5699 Mar-Water .1 963 
5700 Apr-Water .1963 
5701 May-lfater.l96l 
5702 Jun-Vatar.196J 
5703 Jul-Vater.1t6l 
5701 Auq-Vater. 1 til 
510!1 Sap-Water. 1 til 12 1.5 7.5 
5701 Oct-Water. Ull 12 1.5 7.5 
5707 Nov-W•ter .1 ttl 12 1.5 7.5 
5701 C.C-Water.lt6l 12 1.5 7.5 
5709 
5710 Y1old.191t 110 116 112 150 
5711 Jan-Water.191t 
5112 hb-Water .1 tit 
5713 Mllr-llater .1 98t 
5711 Apr-W•t•.r .1919 
5715 Mlly-Vater .ltlt 
5716 Jun-ifate.r .1919 
5717 Jul-Water.1ttt 
5718 Au«J-Water.ltlt 
5719 Sap-Water .191t I 12 1.5 7.5 
5120 Oct-Water .1919 I 12 1.5 7.5 
5721 NOY-IIater, UU 8 12 1.5 7. 5 
5722 Dec:-Water.ltlt I 12 1.5 7.; 
5723 
5721 'field.l952 IJ7 112 ll7 116 
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S72S Jan-Watec.l952 
~'726 Feb-Water .1952 
~727 l'lar-Water. 19~2 
~721 Apr-Wetu. 1952 
S729 May-Veter.19S2 
sno Jun-Vet.er. 1 9!12 
Sill Jul-Vatar .1 952 
Si32 Auq-Water. 1952 
Sill Sep-Vatar. 1 U2 12 4.5 7.5 
5731 oct -Vaur. 1952 12 4.5 7. 5 
S'7JS Nov-Vatar.1U2 12 4.5 ' 5 
5'736 O.C-Watac .1952 12 4.5 .,.5 
5737 
5131 Yhlcl. 1911 429 ... 4J4 447 
Silt Jan-Water. 1981 
5710 hb-Watec. 1988 
57U Ku -Water. 19tl 
57U Apc-Vater.1911 
S'?tl Kay-Vatat .1911 
5711 Jun-Vatar. 1911 
S7U Jul-Vater.1911 
5716 Aug-Water. 1911 
5717 Sap-Water. 1911 12 4.5 7.5 
5711 Oct-Water. 1911 12 4.5 7.5 
S719 lOY-Water .1918 12 4.5 '. 5 
5750 Dec-Water .1918 12 4.5 7. 5 
5751 
57S2 Yhld.1910 .. I 460 455 4 64 
5753 Jan-Water. 1910 
5751 Pab-Wat.u. 1980 
5755 Kar-Watar. 1980 
5756 Apr-Water. 1910 
5757 Kay-Watu.l910 
5758 Jun-lrlater. 1910 
5759 Jul-Wat.er.1980 
5760 Aug-Water. 1910 
5761 Sap-W'atar. 1910 12 4.5 7.5 
5762 Oct-Water. 1910 12 4.5 7.5 
5763 NOY-W'ater.1980 • 3 4.5 
5761 O.c-Water.1910 12 4 . 5 7.5 
5765 
576i6 Yhld.1912 UJ 451 .. , 455 
5767 Jan-Water .1912 
5761 Feb-Water .1912 
5761 Mar-Vatar .1912 
5770 Apr-Vata.r .1912 
5771 Kay-Watar.1912 
57"72 Jun-Vata.r. 1982 
5773 Jul-Watar .1912 
5771 Auq-Water, 1912 
5775 Sap-Water. 1912 12 4.5 7.5 
5776 Oct-Watar.1912 12 4.5 7. 5 
5777 Nov-Watar.1912 • 3 4.5 
5771 Dac..Watar. 1912 12 4.5 7.5 
5779 
5780 Yie1d.1969 U2 491 486 "' 5701 Jan-Watar.l969 
5782 Fab-Watar. 1969 
!:1783 Mair-Vatar.1969 
!:1781 Apr-Water. 1969 
5785 "-Y-Vat:et.1969 
5786 Jun-Watar. 1969 
5787 Jul-Vater.1969 
S788 Aug-Wat.ar. 1969 
5719 Sep-Wet.ar.l969 4.5 
5790 Oct-Water. 1969 4.5 
5791 Nov-Wetar.1969 4.5 
5792 Dac-Vatar. 1969 4.5 
5793 
5191 Yield.U71 150 159 454 .. , 
5195 Jan-Vatar.lt71 
5796 Pab-Watar .1 t7C 
579'7 Kal'-Water. 1971 
5791 Apr-Water .1t71 
$799 "-y-Vatar .1111 
5800 Jun-Watar .U11 
5801 J\ll-Vater.lt11 
5102 Aug-Vatar.1t14 
5803 Sap-Water. 1911 I 12 4.5 7.5 
!.804 Oct-Water .1974 • 12 4.5 7. 5 
5105 lov-Vatar.l971 • 3 4.5 
5806 Dee-Water .1971 12 4.5 7. 5 
5807 
5801 Yi.ald.1972 442 450 ... 454 
5109 Jan-Water. 19'12 
5110 Fab-Watar.1972 
Sill Kar-Watar. 1972 
5112 Apr-Watar.l972 
5813 "-y-Watar. 1972 
5814 Jun-Watar.l972 
511$ Jul-Watar.1972 
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S816 Auq-Watar.l972 
SU7 S•p-Wat•r.l972 12 .. ' '·' SUI Oct-W'at.r.l912 12 .. , 7.5 
Silt Mov-Water.U12 ' l 4.5 
5820 O.c-Wat•r.11J72 12 .. , 7.5 
Sl21 
5122 'thld.l97t Ul 492 487 ••• 582] Jan-Watar.l976 
sue F•b-Watu. 1976 
S825 M.lr-Watu.l976 
S82ti Apr-Watu.l976 
5827 M•y-Watar. U7t 
51121 J~.m-Wat•r .1976 
51129 Jul-Watar.l976 
51130 Aufi•Water.1976 
Sill Sep-lfater .1976 •. 5 
5U2 Oc:t-Vater .19'71 .. , 
Sill Nov-Water. 19'71 4.S 
Silt o.c-wner.l9'71 4.S 
sus 
SUi Yiald.197'7 •sa 467 462 171 
513'7 Jan-Water. 197'7 
SUI Feb-Waur.19'7'7 
SU9 Mar-Water. 197'7 
51140 Apr-Water. 1971 
StU May-Water. 197'7 
SIU Jun-Water .1971 
SIU Jul-Wat.ar.l977 
SIU Auq-Vaur.1977 
san Sep-Vau.r. 1977 12 .. , 7.S 
5846 Oct-Water. 197'7 12 .. , 7.5 
Sat'? Nov-Water. 1977 8 l 4.S 
san Dec ·W'atar. 1977 12 4.S 7.S 
san 
5150 'thld.1979 tlO HZ 4lS ... 
5851 Jan-W•ter.19'79 
SIS2 Feb-Water. 1979 
585] Mar-Watar.1979 
sese Apr-Vater.l979 
sass H•y-Wat.ar. 19'79 
S8S6 Jun-Watar. 19'79 
S8S1 Jul-Vatar.l9'79 
5851 Au9-Water. 1979 
5859 Sap-Water. 1979 I 12 I.; 7 .• 
Sl60 Oct-Water .1979 8 12 1.5 7.5 
5811 Nov-Water.1979 I 12 I.S 7.S 
S862 C.C-Watar. 19'79 I 12 ... 7.S 
S86l 
S86t Yield.l981 159 168 163 172 
sus Jan-Watar.1981 
S8fi6 re~Water.l981 
5867 Kar-Wuar. 1981 
5868 Apr-Water. 1981 
san May-Watar.1981 
5870 Jun-llatar .1981 
5871 Jul-Water.l981 
5872 Auq-Watar .1981 
5873 Sep-Vatar.1911 12 I.S 7.; 
Sl'?t Oct-Vata.r.l91l 12 4.S 7.5 
5875 Nov-Water .1911 8 l 1.5 
5876 O.C-Wat.ar.1981 12 I. S 7.5 
587'7 
5871 'tiald.l9!18 172 110 176 185 
S879 Jan-Vatar.l951 
5810 Fab-Vatar.U!tl 
Sill Mar-Watar.19!tl 
5882 Apr-Watar. 1951 
Sill Key-Water .1951 
5884 Jun-Watar .1951 
~••s Jul-Water.19!tl 
5116 Auq-lleter.lUI 
518'7 Sep-Watar. UU 8 I.S 
5881 Oct-V•t.er. UU I 1.5 
sen Nov-llat.ar.ltsl 8 l 1.5 
5190 O.C-Wat.er. USI 12 I. S 7.5 
sen 
5192 Yield.l91"7 Ill 115 110 119 
519l Jan-Vatar. Ul7 
519t reb-Water. 1917 
san Kar-W•tar.l917 
~196 Apr-Water. 1987 
589'7 May-Vatar. 1987 
Sl91 Jun-Vater .1981 
5199 Jul-Water.1987 
5900 Auq-Veter .1987 
5901 Sep-Watar .1987 I 12 1.5 7.~ 
S902 Oct-Vater.U87 8 12 1.5 7.5 
59 0J Nov-Veter. 198'7 e 12 1.5 7.5 
S90t Oec-Vatar .198'7 12 1.5 7.5 
5905 
5906 
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')907 t.abl• •or-c;JHay 1•9 i t.••· r•cl".a r ~all, all!! t. rat. l 
$908 HaySO-F Hay7S-F "~1:. )-S H•y7S-S 
!>909 Yi•ld.lt~l •. l 8.1 8.2 '. 5 5910 Jan-Wat.er.l9!16 
~911 P'•b-Wat.er.l9~1 
5912 Mar-Wat•r.1956 
5913 Apr-Water, USI 
'HU May-Watar.19!J6 
5915 Jun-Wat•r .1956 
5916 Jul-Wauc. 1956 
5917 Auq-Watar. 1956 
5911 Sep-Watu.l956 
5919 Oet. -Water. 1956 
5920 Nov-Water.1956 
5921 O.c-Weter. 1956 
5922 
5923 Yhld.l9Sl 8.2 8 .• 8. '. 5 592t Jan-Water. 1951 
5925 Fab-Vetu.lUl 
5921 Mar-Vatar.1Ul 
5927 Apr-wate.r.lU1 
5921 Kay-Vater.19Sl 
5929 Jun-Vater.lt51 
5930 Jul-Vatar.lUl 
5931 Au9-Watar.U!tl 
5932 Sap-Water. 1951 
5933 Oct-Watar.l951 
sue Nov-Water. 1951 
5935 Dec-Watac.l951 
SUI 
5937 't'hl.d.l963 8.7 8.9 8. 8 
5931 Jan-Water .1963 
5939 hb-Vater. 1963 
59t0 Mar-Water .19U 
59U Apr-Water. 1963 
59U May-Water. 19U 
5913 Jun-Water. 1963 
StU Jul-Watar.l963 
591!o Au9-Watar. 1963 
5946 Sap-Water .1963 
5917 Oct-Watar.UU 
5911 Mov-Wat.ar. 1963 
5949 Dec -Water. 1963 
5HO 
59Sl Yiald.l989 8.1 8 .• 8. 2 8.5 
5H2 Jan-Water. 1919 
5953 Feb-Vatar.l989 
595t Kar-Watar. 1989 
5955 Apr-Water .1989 
59515 May-Water .19119 
SU7 Jun-Vatar .1919 
!:1958 Jul-Watar.l919 
5959 Au9-Watar .1919 
5960 Sep-Waur. 1919 
5961 Oct-Water. 1919 
5962 llov-Watar.19119 
5963 Dec-Water. 1919 
596t 
5965 Yield.l952 8,5 8.6 8. 7 8.8 
5966 Jan-Water.1952 
5967 Feb-Water. 1952 6 
5961 Kar-Vatar.l952 6 
5969 Apr-Water. 1952 ; 
5970 ~y-Watar.1952 ; 
5971 Jun-Vatar. 19!o2 ; 
5972 Jul-Watar.19!o2 ; 
5973 Au9-Water.ttS2 
5974 Sap-Water. 1952 
5975 Oct-Water .19!5o2 
5976 •ov-Vater.l952 
5917 Dec-Water .1952 
5911 
5979 Yiald.ltll ••• 8.9 9. L 
5910 Jan-Water. 1911 
S9U rao-w.tar. 1 ,.. • 5912 Mar-Water .1911 • 591!13 Apr-trater. Ull ; 
5911 May-tl'ate.r. 1911 ; 
S915 Jun-Vater. Ull ; 
5986 Jul-Water.1911 ; 
598'7 Au9-lfetar. 1981 l 
SUI Sap-We tar. 1911 
5989 Oct-Water. 1918 
5990 Nov-lfetar.1981 
5991 Dec-Water. 1918 
5992 
5993 Yield.l910 8.9 •. l 9.2 ••• !:1994 Jan-Water .1980 
5995 F•b-lfater. 1910 
5996 Mar-Water. 1910 
5991 Apr-Watar.1910 
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S998 May-Water. 1980 : ' ) 
~999 Jun-Water. 1980 
6000 Jul-Watac-.1980 
C5001 Auq"-Wat.er. 1910 
6002 Sep-Watar.1980 
600l Oct-Water .1910 
6001 Nov-Water.UIO 
6005 O.c-Watar.UIO 
6006 
6007 'tield.l982 '·' ••• '.' ... 
6001 Jan-Wat.er.19112 
6009 Peb-Watar. 1912 .. 
6010 Mar-Watar .1982 l 
6011 Apr-Water.l982 J 
6012 May-wuu. 1982 1.> t.> 
lOll Jun-Water. 1912 1.> 1.> 
6011 Jul-Watar.1982 1.> 1.> 
1015 Au9-Watar. 1912 l l 
15016 Sap-Water. 1982 
6017 Oct-Vatu. 1912 
1011 Nov-Water. 1912 
6019 Dec-Water. 1982 
1020 
1021 'tield.Ufi9 8.3 ••• 8.> 8.6 
1022 Jan-Wat.,..t969 
1023 Peb-Watar.1969 6 
1021 Mar-Water .1969 • 6025 Apr-Water .1969 l 
6021 May-Watar.t969 J 
6027 Jun-Water .1969 l 
6021 Jul-Wete.r.1t69 l 
6029 Aug-Water. 1969 J 
6030 Sap-Water .1969 
6031 Oct-Watu.1969 
6032 Nov-Water. 1969 
6033 Dec-Water. 1969 
1034 
60JS Yield.U7C 10.2 10 .I 10.!) 10.8 

''" Jan.-Watu. 19'71 
fi037 Feb-Water. 191C J 
1038 Kar-Water.197C J l 
1039 Apr-Water .t97t t.> l.> 
60410 May-Water .1971 l.S 1.> 
60411 Jun.-Water .1974 l l 
1012 Jut-Water .197t l 
6013 1d..i9-llater.1974 a 
60U Sap-Water. U7C 
6045 Oct-Water. 1974 
6046 Nov-Water. 1971 
10t7 Oec-Water.197t 
fiOtt 
60Ct Yield. 1972 8.1 8.8 8.9 
6050 Jan-Water.lt72 
6051 Pab-Water .1972 • 6052 Mar-Water.l972 
6053 Apr-Water.l972 
60St May-Water .1972 
lOSS Jun-Water. 1972 
60S6 Jul-Wuer.l972 
6057 Au9-Watar.1912 
lOS I Sep-wnar .1972 
60$9 Oct-Water.l972 
1010 Nov-Watar.l972 
6061 Dec-Water. 1972 
1012 
IOU Yield.1976 10.1 10.7 ll 11.5 
1011 Jan-Water. 197t 
6015 reb-Water. 1976 
1016 Kar-vatar.197fi 
1061 Apr-Vatar. 197t l.S 
6011 May-llatar.lt71 • l.S l.S 
6069 Jun-llatar.lt11 • • l.S l 
6070 Jul-llat.er.lt71 0 0 0 a 
6071 Auq-ll•t.•.r.lt71 • • L' l.S 
1072 Sep-W•te.r.lt71 
1073 Oct-llat.e.r.l9'71 
60'71 lov-W•te.r.1971 
6075 Oec-W•te.r.lt71 
607a 
6077 Yield..1977 ••• ••• • . l 
6071 Jan-Wat.er.l977 
60'79 Feb-Water .1977 ' 6080 Ma.r-Wat•r.t97'7 6 
1011 Ap.r-Vat•.r .19'7"7 l 
6082 May-Water.1917 
lOll Jun-V•ter. 1917 
6084 Jul-wet:er·. 1971 
60U Aut-Vater.191"7 
1081 Sap-Water. 1917 
601'7 Oet-Water.1917 
6081 Nov-Water .1917 
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6090 
60t1 
6092 
6093 
6091 
609S 
6096 
6091 
6091 
6099 
6100 
6101 
6102 
6103 
6104 
6105 
6106 
6107 
6101 
6109 
6110 
6111 
6112 
6113 
6114 
6115 
6116 
6117 
6111 
6119 
6120 
6121 
6122 
6123 
6124 
6125 
6126 
6127 
6121 
6129 
6130 
6131 
6132 
6133 
6134 
6135 
6136 
6137 
6131 
6139 
6UO 
61U 
6112 
6113 
61U 
6US 
6U6 
6U7 
61U 
6149 
15150 
6151 
6152 
6153 
6154 
6155 
6156 
6157 
6151 
6159 
6160 
6161 
6162 
6163 
6164 
61U 
6U6 
6U1 
6168 
6U9 
6170 
6171 
6172 
6173 
6171 
6115 
6176 
6177 
6178 
6179 

'field. 1979 
Jan-Wehr. 1979 
Feb-Water. 1979 
Mar-Water .1919 
Apr-W•tar.1979 
N•y-W•ter. 1979 
Jun-Water.lt79 
Jul-W•ter. U79 
Au9-W•ter. 1919 
Sep-Wnn. 1979 
Oct-W•t•r-1979 
Nov-W•ter.1979 
Dec-Wuer.l979 

'tield.1911 
J•n-W•ter .UU 
Feb-W•ter.1911 
MIIZ' -W•ter. 1911 
Apr-Water. 1981 
M.ey-W•t•r. 1911 
Jun-Water.l911 
Jul-Wat.er.1911 
Auq-Watu .1911 
Sep-Water.ltll 
Oc:t-Water.l911 
Nov-Water. 1911 
Oee-Water.1911 

'tield.1UI 
Jan-Water.l958 
Feb-Water.l958 
Har-Waur.l9S8 
Apr-Water.l951 
May-Water. 1958 
Jun-Water. 1951 
Jul-Wuer.l951 
Auq-Water .19!»8 
Sep-Wo~ter.1951 
Oet-Wo~ter.1958 

Mov-Wo~ter.USI 
Dec-W•ter.l958 

Yield.l91'T 
Jan-Water.l917 
Feb-Water .1917 
M.er-Watar.1987 
Apr-W•tar.UI7 
Kay-Water .1917 
Jun-Water .19117 
Jul-Water.198'7 
Au9-Water .1987 
Sap-Water, 1917 
Oct-Water .1981 
Nov-Water.liJI7 
O.C.-W•t•r. 1917 

10.5 10.8 

10 •• 10.6 

11 11.2 

11.. 11.6 

Cre•t• Dryland info. for IPIC Sorqhey 
~orgh•yl•yiatd•,racharga,•Hay-Dry•J • 

~orqhay I •yield•. rach.lrqa. •HaySo-r•J ,. . U 1 : 

ll. 

t.S 

' .5 

0 
1.5 

11 

J 
l.S 
0 
1.5 
1.5 
1.5 
J 

ll.l 

1.5 
1.5 
1.5 
1.5 
0 
1.5 
1.5 

11.8 

1.5 
1.5 
1.5 

0 
1.5 
1.5 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
End of Dat• 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

cccccccccccccccccecccccccccccccccccccccccccccccccccccccccc 
Percent Chan9• in Prie .. to Refl.et NO F'AIV1 PFlOGJI.Noll 

<trc. Bill Myda"s workJ 
• coccccccccoocccccccc: :cccccccccccccccccccccccccc 

Par ... te.r 
I c.ottcn. 

winwh.t 
h•y 

Pc.han9elc.r~J 
JS.2, corn 
I. 3, ~orqh\a 

-1. 3, :1orqhay 

4.1, 
"1.9. 

-1. J I 

raqd•ta(•pric.a•,lando,pen .. tr•t.cropl • 

soyb-eans -1. 9, 

.. . ' 
.5 
.5 
.5 

. 5 

.5 

11.2 

1.5 
1.5 
1.5 
1.5 
J 
J 

11. 6 

I.S 
l.S 
J 
1.5 
0 
1.5 
1.5 

12.2 

1.5 
1.5 
1.5 

0 
1.5 
1.5 

ra9(tata{•p.rica• ,lendo,panutnt,crop)• ( l•Pchanqe {cropl/100); 
• ccccccoocccccccccccccccccccccucccccccccccccccccccccccccccc 

~•t• dry•t.ratlallstrat) IPIC Dryland Strataqias 
I C-Dryland, Cot-Cry, S-Cryland, 0-Cryland, 

W-Drylancl, Pnut-dry, Hay-Dry , full/ 

w.tstrat(alhtratl 
spkstrat!allstrat) 

htrat (allstrat) 
/C'SO-KIIy-r, ~0-Jun-r. 

550-May-P, SSO-Jun-F, 
050-Kar-r, oso-Apr-r, 
1150-KIIr-r, vso-Apr-r, 

&:PIC Irriqation Stntaqia.:1 
&:PIC Sprinkler Strataqi•~ 

IPIC F'~o~rrow Strataqiu 
C'75-M.Iy-F, C'7!1-Jun-f', 
575-May-F, 5'75-Jun-F, 
07S-Kar-r. 075-Apr-F, 
V15-Mar-r. W15-Apr-f', 
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6180 
6181 
6182 
6183 
61U 
6US 
6186 
6111 
6111 
6119 
6190 
6191 
6192 
6193 
619t 
619~ 
6191 
6197 
6198 
6199 
6200 
6201 
6202 
6203 
620t 
6205 
6201 
6207 
6201 
6209 
6210 
6211 
6212 
6213 
6214 
62U 
6216 
6211 
6218 
6219 
6220 
6221 
6222 
6223 
622t 
622~ 
6226 
6227 
6228 
6229 
6230 
6231 
6232 
6233 
6234 
6235 
6236 
6237 
6231 
6239 
6210 
62H 
62t2 
6243 
62U 
6215 
6216 
62U 
6211 
62U 
6250 
6251 
62~2 
6253 
62SI 
6255 
62~6 
6251 
62~1 
6259 
6260 
6261 
6262 
6263 
6261 
62155 
6266 
6267 
6268 
6269 
6210 

?~.,.-tSJ-F. ?nut1S-F, !'50-May-F, 
:.111SD-F, Onl75-F, 
';.abb!IO-r, ~abb7~-r, 

':a.r.rSO-f, Carr7S-F, 
-=..nt~O-r, Cant75-F, 
cueso-r. cue15-F, 
r..tso-r. t.et15-r, 
SpinS.o-r, Spin'?S-r, 
HayS O-F, Hay1S-f, 
HSO- .... y-f, H15-May-F, 
CotSO-D-F • CotSO-F'I-F, CotSO-FO-F, 
eot.n-n-r. Cot15-ra-r, cons-re-P/ 

wetst.rat (st.rateqyl • yas ; 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Thh .. ys whether d.rylancl h an irriqat.ion st.rateqy. 
ccccccccccccccccccccccccccccccooccccccccccccccccccctcccccc 

wetstrat (dryst.rat)S (not s ..... tdrystrat, Hfull"l J • no ; 

spe.t.ratlwetst.ratl • yes 
sp~tratl!strat) • no ; 
htat 1 !stratl-yas 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
rnehJde Dryhnd in Furrow Strateqhs. 

ccccccccccccccccccccoccccccccccccccccccccccccccccccccccccc 
fst.rat(d.rystrat) • yaa : 

ccccccccccccccccccccccccccccccoocccccccccccccccccccccccccc 

sat watrlaqita•l Monthly watar usa 
/jen-watar,!ab-w.tar.•a.r-watar,apr-watar,may-wata.r,jun-watar 
jul-watar,auq-watar,sap-watar,oct-watar,nov-wetar,dae-wata.r/ 

apieit•<•qit .. ) Itau p.roduead by EPIC (yiald ' wat.arJ 
apieit .. {w.trl • yes ; 
apicit•l'"yield"l • yas : 

par ... tar raqdatal (aqitaa, racharqall,lando, all.Jtrat, crops) 
• raqdata (yields and irr usa! developed by EPIC 

CC'tcctctcccccccccccccccccccccccccccccccccccccccccccccccccc 
FILL IN LARGE T~LI WITH CROP TABLES 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

.ra9Cfata2 (apieit ... raeharq•, "irr• ,wat.Jtrat, '"corn") 
• cornlepieit ... r•charqa,wetst.ratl : 

raqr:t.eta2 laplei t .. , reeharqa, '"dry" ,drystrat, "corn'"J 
• eornlaplcita•,r•charqa,drystratl ; 

raqclataZ !apieitaa, .racharqe, "irr" ,watstrat, ".sorqhua"l 
• sorqhua(apieita•, r•eharqa,wetstratJ : 

raqdata2 lapicitaa,raeharq•, '"dry", dryst.rat, "sorqhua"l 
• .sorqhua(apieitaa,racharqa,d.rystrat) : 

raqdata2 {apic:it ... raeha.rq•, '"irr'" ,watstrat, "winwht "l 
• winwht (apic:it .. , racharqe,watstrat) ; 

raqdata2 Capieitaa, raeharq•, '"dry• ,drystrat, "winwht" J 
• winwht(apic:itaa,racharqa,drystrat) ; 

ra9(Jata21apiei taa, racharq•, '"irr'", ~t.!ltrat, '"peanuts"} 
• paanuts(apieite•,racharqe,watst.ratl : 

raqclata2 fepieitaa, r•charCJa, '"dry•, drystrat, "peanuts" l 
• paanvtslapic:it .. ,recharqa,drystrat) ; 

raqdata2 (apieitaa, r.charqa, '"it r•, .,..tstrat, "c:abbaqe") 
• eabbaCJa (apic:itaa,racharqa, wetstrat 1 : 

reqdata2 (apleit•,racharCJ•, '"ir.r• ,watst.rat, '"lattuea"l 
• lattuca(•pieit-,r.charq•,watatratl : 

raqdata2 (apieit•, racharqa, •trr• ,wtot•trat, "spinach") 
• apinac:AI..,ieit•,racha.r~,..,.tatrat) : 

.raqdata2(epicit-,racha.rqa,•irr•,watstrat,'"ca.r.rot•) 
• earrot(apicit .. ,racharqa,wet•trat) ; 

ra¢ata2 lapieit ... raeharCJa, '"irr•, wat.Jtrat, "c:ueu.Jilbar"J 
• c:uc:u.ber{apicit .. ,racharq•.wetstrat) ; 

raqclata2fapieit .. ,.recharqa,•trr•,wetstrat,•c:antalop"l 
• centaloplapicit••.racharqa,wat.stratl : 

raqdata2 Capicit .. , racharqa, '"1rr•, wetstrat, "onion" l 
• onion(apieitaa,raeharqa,wetstrat) ; 

ragdata2 (apicitaa, rachar9a, •trr• ,wetstrat, "sor9hay") 
• sorqhay(apieitea,rachar9••wetstrat) ; 

raqdata2 {apicitaa, raeher9•• •ctry", drystrat, "sorqhay'"l 
• sorqhay(epieitaa,racherga,dryatrat) : 

Appendix A- 74 



6271 • -:otton(eptcltem,recha.rqe,wet.3tratl : 
6272 ra9(1ata2 ( epici te•, r•charqa, "1ry", dryst rat,"'-: ott ::;n" 1 

6273 • cottonlepieita•,r•charqe,drystratl : 
6Z7e 
627!t ra9dataZ lapici t ... rechar9e, '"ir r", ~oo~atstrat, '"oats" 1 
6276 • oet• feJ>ieit .. , rechacqa.~tstrat. 1 : 
6277 ca9(Sat.a2 f•J>iei t .. , rechat9a, "dry•, drystcat ... oats") 
6271 • o.t.•fal)icite•,c•chac9e,dry•tratl : 
6279 
6210 cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
6281 Adjust Oat• to reflect O.at Pasture 
6212 cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
6213 
62U raqdata2 C •y iald'", rechar9e', "ire'" ,wat.strat, "oats" 1 
621!t • o.ata(•yiald'",recharqa.~t.stratl • 47!)/66 ; 
6216 raqdata2 ( •y lald'", reehar9•• "dry" ,drystrat, •oats" 1 
6217 • oet•<•yteld'",reehat9e,drystratJ • 47S/66 ; 
6211 
6219 cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
6290 tran•fer Value• tra. Sor9hu. hay to Hay (or don't) 
6291 cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
62U 
6293 • ra9dataZ (aqit .. , racharqa, '"icr·• ,wetstrat, "hay• I 
6291 • • raqdataZ (aqit .. , racharqe, "irr", ..,.tstrat, "sorqhay" I 
62U 
629t cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
6297 Total {Ar\nu.al) irriqation water required 
6291 cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
6299 
6300 raqdata2 (.OW.tar•, rach&r9•· '"irr• ,wat..strat, crop2 I 
6301 
6302 sua(watr, raqdata21watr,racharqe, .. irr".~tstrat,crop2J J; 
6303 
630e CC'Cc:t'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
6305 Create aontl\ly irrigation water required confor•ing to month 
6306 CCCCC'CCCCCCC'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
6307 
6301 raqdata2 c•jan'", racharq•, "ire", wat.strat, crop2 I 
6309 • raqdata2 ( •j an-water", racharqa, "icr•, ...,.tstrat, crop2 J 
6310 ragdata2 ('"feb'", racharqe, "irr• ,~oMtstrat, crop21 
6311 • ra¢ata2 I •tab-water•, recharge, '"irr•, ~oMt.strat, crop2 J 
6312 raqdata2 l'"aar•, rachar9e# '"ire• .~t3t.tat, crop21 
6313 • raqciata2 I '"•ar-watac•, racharq•, "icr•, watstcat, crop21 
6311 raqdata2 ( •apr•, rac:har9e, '"ire•, watJittat, crop21 
631! • raqctata2 ( •apr-water•, recharqa, "irr'", wat.strat, crop21 
6316 raqdataZ 1••ay•, recha.r9e, '"irr•,wetstrat,crop21 
6317 • raqdata21"'11ay-water•, racharq•, "irr• ,loHit.3trat, erop2 I 
6311 raqdata.l I '"jun•, rechar9e, '"ire". watstrat, crop2 J 
6319 • raqQ&ta21'"jun--....tar•, rachar9e, "i r r•, ~tstrat, crop21 
6320 raqciataZ I '"ju1'", recharge, 00 ir r" ,~oMtlltrat, erop2l 
6321 • raqdata2 t•jul-watar", recharge, "irr•, wat.st rat, crop2 I 
6322 raqdata2 l"'a\lq•, reeharqe, '"i rr•, wat•trat, crop2 I 
6323 • raqdata2 ( •eu.q-watar•, recharqe, "it r", wet.str at, crop2 1 
632t raqdata2 1•••1>'", recharq•, "i r r", watl!lltrat, crop2 J 
6325 • raqdata2 ('"sap-water", recharge," ir r'", ~oo~atstrat, crop2 J 
6321 raqdata2 ( •oct •, rechar9e, "i rr", ...,.tstrat, ccop2 I 
6327 • ragcH!ta2 ( •oct-water•, racharqa, "1 r r •, ~oo~atstrat, crop2 J 
6321 raqdata21•nov•, racharqa, "i tr", watstrat, crop2) 
6329 • raqdata2 ('"nov-w.ter•, recharge, "lrr•, ~oo~etstrat, crop2J 
6330 raqdata2 I '"dec'", rachar9e, "irr•, wetstrat, erop2l 
6331 • raqd.ata2 I "dec -water", rac:harqa, •t rr", ~oo~etstrat, crop2 1 
6332 
6333 cccccccccccccccccccccccccccccccccccccocccccccccccccccccccccc 
633t Create Sprinkler Strateqie• tor Pe~a Crop• 
633!t ccccccccccccccc:ccccccccccccccccccccccccccccccccccccccccccccc 
6336 
6337 raqdata( •yield•, '"irr•, •t\lll-••, •soyba~'"l • 
6331 raqdatat•yield'",'"irr'"#'"!\lll*,•.soyba&l\.8'") • 
6339 s\lll(rac:harqe, probtrecharqa) • 
6340 ra.gdat.a2 t•yt•ld•, rachar,e, •trr•, '"s7S-jun-.s•, "sor9hua•1 
6341 sualracharqe, problrecharqel • 
6342 raqd.ata2 (•yi•ld•, racharqa, •trr•, •s7S-jun- t•, '"sorqhu.'" I 
6JU 
6341 ra¢ata(tMtr,•l.rr•,•tull-••,•soybaan••l • 
6345 ra¢ata(tMtr,•trr•,•f\lll•,•soybean••J • 
6316 •ua<rachetfe, prob(racharqel • 
6347 raqdatal C'"loreter•, reeharqa, •trr•, •.s1!t-jun-.s", "sorqhua"J 
6JU su.(recl'lerte. probtrecharge) • 
634 9 ragdatal {'"loreter•. r~~eharqe, '"l.rr'", '"s7S-jun- f", "sorqh\111" J 
uso 
6351 raqdata ("'yield• # •irr•, '"f\111-•'", '"hay'") • 
63$2 raqdata(•yteld"','"irr•,•tull*,"hay•J • 
US3 S\lll(racharge# prob(recharqel • 
USC raqd.ata2 ("'yield'" ,recharq•, •trr•, "hay.,S-s", •,orqhay'"J 
6355 S\lll(rach•rqa, probCrachar9•l • 
6356 ragd.ata.Zt•yield•, rachar9•• '"irr•, "hay7S- t•, '"sor9hay"l 
635., ••t repc:ropal (crops~ I /hay, .s•s ... , •oybeans, 9'-l•r, cantalop, onion, peanuts/ 
6351 I 

6359 raqdata ('"yield'", '"ire•, '"al-s", npcropall • 
6360 raqdatal'"yiald". '"irr•, •at•, repcropaU: 
6361 raqdata(w.atr ,"irr•,•at-.s•,repcropal) • 
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6J62 
6J6l 
6364 
6J65 
6366 
636'7 
6361 
6]69 
6370 
6371 
6372 
63'73 
63741 
637S 
6371 
637'7 
U78 
6379 
6380 
6311 
6312 
6313 
63841 
6385 
6316 
6387 
6388 
6389 
6390 
6391 
6392 
6393 
6JU 
6395 
6396 
6397 
6398 
6399 
64100 
64101 
6fi02 
6fi03 
6fi01 
6405 
6406 
6fi0'7 
6408 
6109 
6410 
6411 
6412 
6413 
6U41 
611S 
6416 
641'7 
6411 
uu 
U20 
6421 
6422 
6423 
6424 
642S 
6fi26 
6fi27 
6128 
6429 
6430 
6431 
6432 
6433 
6U4 
6435 
6436 
6137 
6431 
6U9 
6440 
6111 
6U2 
6U3 
6U41 
61U 
6446 
6U7 
6418 
6U9 
6150 
6451 
6452 

, "ire", "al" ,rapcropal J •o. 6J IJ. }; 

rao;~data(watr,"1rr•,•tull-s•,"hay•J • 
raqdata l,.,.tr, •ir.r•, •full'", '"hay'"J • 
.~,..lrachar;a, probl.rachacqal • 
caqdata2 1-,.,atar", rachacqa, "i r c", "hay75- s", ".sorghay" 1 ) I 
~~ C racherqe, prob C racharqa J • 

raqdata2 ('"water", racharo;~a, "i. c c", "hay15- t", ".sorghay" 1 1 

raqdata ( "yiald", "'lr c•, "ful.l-S'I", "papper.S'I "l • 
raqdata {'"yield". '"i rr•, •full", "'peppers" 1 • 
:II~Crecharqe, problrecher;el • 
raqdata2 ("yield", recharge, •trr". '"cuc7S-s'". "cucUI!lber" 1 1 J 
•~(racharqa, proO!racharqaJ • 
raqdata2 ("yiald'". recharqa, •trr•, '"cue/S-t .. , "cuc~r") 

ra9data (watr, •tn·•, •full-s•, "papper.s'") • 
raqdata lwatr, "irr•, '"full•, "pappe.u") • 
•~lrechar9•· probfrecharqa) • 
raqdata2 ("water•, recharqe, "ire•, •cuc75-s'", "cucuabar'"J 
.sua(racharqe, ptOOirecharqa) • 
raqd.ata2 I "water•. rechar9•• "irr'", •euc7S- f", '"cucumber" 1 

raqdata 1 •yield•, '"ire'", "full-•'", "honeydew'" I • 
raqdata (•yield'", • ire •, "full", '"honeydew" I • 
.sua(rechatqe, prob(recharqel • 
raqdata2 ('"yield", racharqa, • irr'", •cant 75-s", "cant a lop" l 1 I 
sua(racharl)a, probfrecharqel • 
raqdata2 ("yield"', recharqa, "ir r•, "cant 7S- (", "c:antalop'' l 

ragdata(watr,'"irr","full-s'","honeydew") • 
raqdata (w.et.r, '"ire•, •ft.~ll'", '"honeydew" I • 
sua(recharqe, problrecharqe) • 
raqdata2 ('"water", racharqa, "irr", "cant15 -s", "cantalop" l 
31ualracharqe, prob!rech•rqe} • 
raqdata2 ("watar'" .racharqe, '"ire•. "cant 15- f", "cantalop" l 

ragdata f "yield'", '"ir r•, •tull-.s'", "potato'" I • 
raoqdata I '"yialct•, •trr'", • fYll'", '"potato") • 
S'lua(racharl)a, prob(recharqal • 
ra.gdata2 ('"yield'", raeharqe, •trr•, '"carr75-s", "ca c rot .. , 
sualracharge, prob(raeharl)el • 
raqdata2 ('"yield", recharqe, '"ire•, •carr75- f", "car rot "l 

ragdata(watr, '"ire•, '"full-s'", "potato") • 
raC}data lwatr, "irr•, "full". "potato" I • 
s~(raeharqa, problracharl)a) • 
raqdata2 ( "water•, recharqe, • ire•, "ear r15-•", .. carrot" I 
su.(raeharqe, problrecharl)a) • 
raoqdat.a2 (""watar", recharqa, • ire•, "car r75- f", "carrot" I 

raqdata 1 •yiald'", •ire•, "!t.~ll-s'", "swteorn") • 
raiJCiata l'"yielct'", '"ire'", • ft.~ll'", •swt.corn"l • 
sua(racharqa, prob(racharqe) • 
raqdata2 I '"yield'", recharqa, '"ir r'", "e'75-j Yn-s", •corn'") 
sua(racharge, probfrecharqal • 
raqdata2 (•yield•, recharge, •trr•, '"c75-jun-t•, "corn") 

raqclata (watr, '"irr•. '"full-•'". •swecorn") • 
raqdata {wetr, •trr•. '"full'", ".swt.corn"l • 
.sua(recharqa, problracharge) • 
raqdata2 {-water•, r.char9e, "irr•, ""c75- jun-s", •corn") 
sua(recharge, probfrecharl)e) • 
ra¢ata2 ('"we tar'", racharqa, '"ire•, '"c75-jun- f'", '"corn'") 

ra9Cfiata I •yield'", "ire'", •full-s'", '"ta.ato• I • 
raqdata ('"yield'", '"ire•, •full'", "to.ato•) • 
sua(racharl)e, prob(rachaC9al • 
ragdata2 ('"yield'", recharge, '"irr•. '"cuc7S-s•, "cucuabar"l 
•ualracha.tg:e, pcob(racharqel • 
raqdata2 ('"yield'", racha.r9e, '"irr'", '"cue75- t•, "cucuabar" J 

raiJdata(wetr,•irr•,•full-a'", •ta.ato'") • 
raqdata lwatr, '"ire•, '"full'", •toaato'"l • 
sua(rac:har~, ptobfrach.er~JaJ • 
ra¢ata2 (._tar•, rac:harga, '"irr•, •cu.c75-s'", "cucl.laber'") 
st~a(reeharqe, probCracharqe) • 
ragdat.Z ( -..,.tar•, rachar,a, '"irr•. •cuc75- t•. "cueuaber" l 

raqdata ('"yield'", '"ire•, '"full-a•, '"watar.el'") • 
ra9dat.a (•ytald'", '"i rr•, •full'", "watar .. l'"l • 
.sua(racharqe, probfracharqa) • 
raqdata2 ('"yield'", recharge, '"ire•, •cant75 -s•, .. cantalop" l 
sua(recharqe, p.tob(recharqoel • 
ra9data2 ('"yield'", recharge, '"ire'". •c:ant'7S-f". "cantalop"l 

raqdata(watr,•irr•,•tull-•"· "water•el'"l • 
raqclat.a (watr, '"irr'", • fyll", '"water .. I'" l • 
.suafracharqe, prob(racha.rl)a) • 
r•CJd•ta2 I "we. tar•, rechar9e, '"ire•, '"cant75-s'", •cantalop" l l I 
.sua(recharge, problrecharqe) • 
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l!if.Sl 
6fo Sf, 

US!> 
U56 
US"'' 
6fo51 
6U9 
6UO 
6Ul 
6U2 
6Ul 
Ull 
6465 
6t66 
6C61 
U61 
6469 
64'70 
64'71 
6472 
64'73 
6471 
6175 
6171 
64'7'7 
U11 
64.'79 
6UO 
6Ul 
6U2 
6183 
6181 
6U5 
6U6 
648'7 
6488 
6U9 
6490 
6491 
6492 
6U3 
6194 
6U5 
6196 
6U'7 
6U8 
6U9 
6500 
6501 
6502 
6503 
6§;01 
6~05 
6506 
650'7 
6501 
6509 
6510 
6S11 
6512 
6~13 
6511 
6515 
6S16 
651'7 
6511 
6519 
6S20 
6521 
6~22 
6523 
6521 
6S2S 
6521 
652'7 
6S21 
6529 
6530 
6531 
6Sl2 
6~33 
6Sl& 
6535 
6536 
653'7 
6Sll 
6Sl9 
6510 
6SU 
6St2 
6St3 

ccccccccccccccccccccccccccccccccccccccccccccc::ccccccccccccc 
M•lc• dryhnd an option tor •ny give-n f•tH 

ccccccccccccccccccccccccccccccccccccccccccccc:c:ccc:cccccccc 

•r•qd:ete(eqite•,•irr•,•dry•,cropJSr•qdata!'"Yl•~1","1ry","fu.ll",cr::Jp) 
• • raqd•taleqite•,"dry•,"tull'",crop) ; 

par ... ter coat 1a91t .. 1 co•t ot •9 itetu/ 
h•rv•cre 1, f'!DlNS 1 ,HERB 1 .HERSAPPL L Pf.IOSPHATE 
NITilOGIN 1, SliD l ,INSiCTIC 1 ,F'UEI..H l,FUELI 
UPAIJI.M l, fixed ,varcost l, defic 0, 
REPAili 0 ,I..ABOIU1 l , LABORI 0 ,H.AP.VEST 0, INTEREST 
P"J'NGJC 1 ,PSSTICAPPL 1,MISC l,INSECTAPPL l,t.ABORo 1/ 

set adjust I aqi t•J aq it ... whose u.saq• can be adjusted 
I harvac.re, FE:OlMS , HERB ,HERBAPPL ,PHOSPHAT& 

MITROGII , SliD , lKSiCTIC , ruEt.K 
RIPAIJI.M v•rcost, 
~M interest, 
n.JlfGIC , PISTICAI'PL ,HISC ,INSICTAPPL ,LA&ORo 

set wet•rcl•plaq1t .. l it ... whose use d•pend• on wat•r u.s• 
I FUILI, REPAIRI ,LAIORI 

cccceccccccccccccccccccccccccccccccccccccccccccccccccccc 
ADJUSt WAtER USI TO CONFORM WitH ACTUAL ·.iA.TER USE 

CCCCCCCCC'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

ra9(Jate (14tr, •tr.r•, w•t•ratat, crop) Sr•qdat•l "yield", '"ir r", "full", c ropl 
• raqclata(watr,"irr•,wat•rstat,cropl • 107.8 I 66.126105: 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Total !Annual} itti9ation wat•r r•quired 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

raqdata I -water•, •irr•, wat•rstat, crop I 
$raqdatal'"yi•ld•, "ir r'", waterstat, crop I• 

sua(watr, raqdatalw.t.r, •trr• ,wat•rstat, crop) J: 

cccccccccccocccccccccccccccccccccccccccccccccccccccccccccccc 
haaai9" .onthly 1rri9etion water to aonth 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

raqdata c•jan•, "irr•, waterstat, crop I 
• raqdatal•jan-wat•r", '"irr• ,14tarstat., cropl 

raqdata ( •t•b", "i rr", watarstat, crop} 
• raqclat.al"fab-w•t•r•, "irr", wat•rstat, crop) 

r•qdatal•••r", *irr", waterstat, crop} 
- raqdata c• .. r-wat•r". •trr" ,waterstat, crop I 

r•qdata I •epr", '"irr•, wateratat, crop) 
• raqd.et.a ( •apr-water•, •1rr" ,14terstat, crop) 

raqdat.a ( "aay•, '"irr• ,wet•ratat., crop) 
• raqdate (•aay~t•r", "irr" ,wat•rst•t, crop I 

raqdatal"jun", '"irr• ,water•tat, crop) 
• ragdata I '"j un~t•r", "irr", wat.•ratat, crop) 

raqdata('"jul'", •trr• ,wat•rstat, crop) 
• raqdatal"j ul-wat•r", •trr•, waterstat, crop) 

raqQatal"auq•, •trr" ,wat•rst•t, crop) 
• raqdeta ( "au9-wat•r", "irr•, watarstat, crop I 

raqdatal"sep•, •irr", wateratat, crop) 
• reqdet.•("sep-wat•l'", "irr• ,weter•t.at, crop I 

raqdata I "oct •, •1rr•, wat•ratat, crop) 
• raqdatal'"oct~ter•,•trr",wat•r•tat,cropl 

raqdata ( "nov•, "irr", weteratat, crop) 
• .ragdata ("nov-watar•, "Lrr• ,wat•ratat, cropl 

raqdet.a("dec:", "irr• ,waterltat,cropl • 
raqdata("dec-watar•, "irr• ,wat•rstat, c.ropl ; 
ragdata ("jan-water•, "irr• ,waterstat, crop) •0 
raqdata c•teb-weter•, "Lrr• ,wat•ratat, cropi•O 
r•qdata c-..r~tar•, "Lrr• ,weterstat, eropl •O 
r•qdata("apr-wat.•r•, "Lrr• ,wataratat, eropl •O 
ra9(1ata(-..y-w.at.•l'", "1rr• ,watarstat,c.ropl•O 
r•qdata ("jun-wat•~·, •trr• ,wat•rstat, eropl •0 
r•qclata("ju.l-w.at•r", •trr•, w•t•r•t•t, erop) •0 
raqdata("&u9•wat•r•,•irr•,wat•rstat,crop)•0 
raqdatal"s•p-water•,•irr•,wat•ratat,crop)•O 
r•qdata ( "oct-water•, "ire•, waterst•t, erOi)I•O 
raqdata ( •nOY-wat•r", •irr•, w•t•rstat.. eropi•O 
reqdata ( •dee -w•ter•, •trr", watarstat, crop) •0 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C FILL IN BLAHK VAWES C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

reqdata(adjust,lando,ws,crop) 
flraqdat.al"yield",lando,ws,erop) 9t. 0) 
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6SU 
6SU 
6546 
65fl"' 
65U 
uu 
6SSO 
6551 
6SS2 
!5553 
655(1 
65So5 
6556 
6557 
6558 
6559 
6560 
6SU 
6S62 
6563 
6SU 
6565 
6566 
6567 
6568 
651159 
6570 
6511 
6572 
6573 
6SH 
6575 
6576 
6577 
6So71 
6579 
6SIO 
6581 
6SI2 
6513 
65U 
6SU 
6SI6 
6517 
651!11 
6S89 
6590 
6St1 
6592 
6593 
6594 
6595 
6596 
6597 
6598 
6S99 
6600 
6601 
6602 
6603 
6604 
660S 
6606 
6607 
6608 
6609 
6610 
6611 
6612 
6613 
66lfl 
6615 
6616 
6617 
6611 
6619 
6620 
6621 
6622 
6623 
6621 
6625 
6621 
6627 
66211 
6629 
6630 
6631 
6632 
6633 
6631 

• raqdata l.ct)u.st, :ando, '"full" ,cropJ 
Sf raqdataladjust,lando,wa,cropl eq 'J1 

1 Sraqdata f adjust., lando, ws, crop J • 

raqdata f adj uJit., lando, wa, crop): 

raqdatat'"price•, lando, w•, crop) Sraqdata ("yield ... 1 -tndo, w.s, : r ~p 1 

• raqclata I •price•, lando, •full", crop) ; 

ccccccccccccccccccccccccccccccccccccccccccccccc-:::c:c:cccccc 
O.ticiancy Pa~ant and harvest co.st t~re based ?n '(l~ld 

I till i.n) 
cccccccccccccccccccccccccccccccccccccccccccc:::::cc:::c:cccc 

ra9data('"dafic'" , lando, w•, crop) 
Sraqdata I '"yield", lando," full", crop! • 

raqdatal"def ic'" , lando, • full", crop) 
I raqdatal'"y iald'", lando, • full", crop) ; 

ralfldatat•harva.st • , lando,watarstat, crop) 
Sraqdata I '"yield'", lando, water stat, c ropJ • 

raqd.ata I '"harvest • , lando, '"lull", crop) 
raqdata !'"yield'", lando, '"f1.1ll'", crop): 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Caluclata Total Acta Coati, Total Ravanua, and Mar9in 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

raqd.atal'"totrav• ,lando, watarstat, eropJ 
.f ragdatal'"yiald'", lando, wat.ar,tat, eropl • 

raqdata I '"priea'", lando, waters tat, crop) 
• ralfldata {'"yield'", lando, watarstat, c:ropl ; 

raqcl:atal'"totcost •, lando, water stat, crop) 
Sraqdata ('"yield", lando,watarstat, c ropJ • 

sua {adjust, cost 1 adj u.Jt 1 • ragdata 1 adj u.Jt. 1 ando, water.stat. crop) l ; 

raqdatal-..rq'",lando,watar.stat,eropJ • 
ragdata I •tot.rav•, lando, wat•rstat, crop) 

- ragdata ( •totcost•, lando, w.tautat, crop} 

raqdatal'"•arq2•,lando,watarstat,crop) • 
ragdata I • .. rq•, lando, watarstat, crop) 

- raqdata ( '"harva.!lt •, lando, w.tarstat, crop) 
• taqdata l'"yiald'", lando, ..,.tent at, eropJ 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Raarranqe Data 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
PARAKBTIR &CRISULtSILando,qroups,YEAR,crop.J,aonth) BLANEY CRIDDLE; 

BCRISULfS I Lando, eounty, raeharqe, crops, aonth) 
• BCrasult I Lando, CROPS, racharqa, aonth, county) ; 

par ... tar a&Cnsults (I.AJrmo, 9roups, yaar, CROP,) annual SLANEY CRIDDLE; 
a&Crasults (LAH'Oo, county, rachar9a, CROPs I 

• dCrasult{l.ANDo,CROPs,racharga,c:ounty) : 

pa.r ... tar BCAYG(LAlfDo,Gl.OUPS,CROPS,aonth) AVERAGE BLAHiY CRIDDLE; 
BCAYG{LAHDo,county,CIOPS,~thl 

BCav (UJIDo, CROPS,eounty,IIOnthl ; 

par-tar aqdata2 (aqitaa, rachargall, lando, crop.s, all.stratl 
sat .savaqit•laqit .. J; 
.sava9it .. l'"yiald'"l -yes; 
savaqi t- I •priea'"l -y••: 
savaqi t- ( '"harva•t • I -ya•; 
savaqit-l'"tot.eoat '"I •y••r 
aqdata2 (savaqit .. , racharqe,lando,eropl, all.strat) • 

taqdata(s.vaqit .. ,lando,&llttrat,eroplJ: 
option aqdata2:J:2:l: 
•dilplay agdataZ,raqdata; 
par...ta.r a9data(aqit .. ,lando,crops) 

savaqit .. t•yialct.•J-no; 
aqdatal•avaqit .. ,lando,cropal• 

raqd.atal•.vaqit•,lando, '"full•, erop.31J; 

aqdataZ (•yield•, recharqe. '"dry• ,cropl, •tull'"J • 
+ ( ragd.atal"yiald•, •dry•, •tuu•, eropll 

• &ICUSULTS("DJtY•,•uvdda'",liCKARGI,cropl) J; 
aqdata2 (aon.th, racharqe, '"irr•, eropl, spkJitat J • 

ra¢atal.anth, '"1rr•, .spks~at, cropl I 
• 9CRISULTS ('"IItl'", '"uv<llda'", RICHARGI,CROPl,month); 

agdat•2 (aonth, rac.harga, '"irr•, cropl, !stat) • 
raqd.at<I(IIOnth, '"irr•, !stat, cropll 

• aclUSULTS!'"IRA", •uvalda", RECHARG'i,CROPl,ll'lonth): 
•di•play aqdata2,c.ropl,erop2; 

savaqit .. ('"yi.ald'"l•yas; 
savaqit .. (aonthl•yes; 
aqdata2 { savaqi ta•, raeharqe, lando, crop2, allstr•t I 
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66H 
6635 
66l'7 
6631 
6639 
6640 
6641 
6642 
66U 
66U 
66U 
6646 
6641 
66U 
6649 
6650 

INCWOI 
6652 
66Sl 
66~1 
6655 
66~6 
6651 
6651 
6659 
6660 
6661 
6662 
6663 
6664 
6665 
6666 
6661 
6661 
6669 
6610 
6611 
66'72 
66'73 
66'74 
6615 
6616 
661"1 
6611 
6619 
6610 
6611 
6612 
6613 
6614 
6615 
6686 
6617 
6681 
6619 
6690 
6691 
6692 
6693 
6694 
669S 
669t 
6697 
66911 
6699 
6700 
6'701 
6'702 
6'703 
6'70t 
6105 
6'706 
6'70'7 
6'701 
6'709 
6710 
6711 
6712 
6713 
6'714 
6115 
6116 
6111 
6111 
6119 
6120 
6721 
6'722 
6'723 
6721 
6125 

$ raqdataZ ( savaq i. tara, recnar 1•, l ar,.j~. 11l: ~t r 11t, : r:;.p;:: I 
raqdata2 ( savag i t••· recharqe, lando, allst rat, c r :;.p2l 

option aqdata2:J:2:l; 
option aqdata:J:2:1; 
display aqdata2: 
di.1play aqdata; 
cr~trat (crop.~~,lando, alhtratl •yesS 

su.({savaqitaa,racharqal 
, aqdata2 ( savaq i ta•, racharqa, lando, crops, al! ~t rat l l : 

crop.8trat ( crop2, "dry•, •tutt• J •no; 
display crop.ltrat; 

spkstratfspk.ltatJ•yas; 
display spk.1trat: 

/aac/.ccar 1/ actwarda/ dryyaar 1 aqaodal 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Thia Kodel Prod.ucaa fraa Capture Aq Values 
cccccccccccccccccocccccccccccccccccccccccccccccccccccccccccccc 

OPTIOW LIMROW • 0: 
OPTION LIMOOL • 0: 
OPTION ITIRLIM • 1000000; 
OPTION RSSLIM • 1000000: 

sat acounty(qroupsl lhays,ba~ar.•adina,ca.all 

weounty (group• J I kinney, uvalda/ 
~haadfraqra•sl lj17haad,sabhaad/ 
aaplocfraqr•••·•qu) lj11haad.endj17haad,sabhaad.end3abheadl 
agcoun~y(groupsl I Uvalda, Medina, Kinney, Bexar I 

aqcounty(qrou.p4) I Uvalda, M~ina 1 
payallg(aqcou.ntyl coun~ies eliqabla for payment ; 
payaliq(a9countyl-yas: 

al iu t•onth, .onth21 : 
sat •tl'attypa ( landa, allstra~ l 

lrr~ypa (lando, luw1a) ir ri9ation cal at. Lonsh ips 
dry, dry, irr. 1 sprinkler, !urrcwll; 

s~ra~typa I '"dry•, dry.1trat J•y••: 
strattypat•sprinkler•,spk•tratJ•yas: 
•trattype t•furrow'", fstat ) •yes: 
di•play strattypa; 

Pu ... tar Li!tp(recherqell,r•9ionJ PWipinq Oi.stanca as Adjusted : 
Liftp(rachar;a,raqionl•l; 

Tabla Ltno(ra<::har9all,raqlonJ Original PVHPING DISTAJrfCI IN VERT FEET 
frca optl•ization (no rast.rictlon.s). 

1956 
1951 
1963 
1919 
1980 
1971 
1916 
1958 
1981 

scalar 

sot 

USTLIFT 

168 
166 
16~ 
161 
161 
1'6 
1S1 
110 
131 

sprinkon 
spktran• 
Price 
fixacr•• 

WESTLIFT 

163 
162 
161 
160 
156 
1~1 

11~ 

131 
121 

pes valua activates sprinkler I 1 I 
do 1 allow furrow to sprinkler conversions 
dry year option p.r i.e a 

do ...,. have a !bead acraaqa ba.se 

I 0 
I 0 
10/ 

cropu••• (cropa) cropa which u•• water during blocked period 
cROPali9(raeharg&ll,cropa,l&n4o,dl.Jt.ratl irriqat strategies eliq tor payment 
buyoutyear(.recharqelll buyout yaar•: 

cropu•••lc.r~)-nol 
cROPaliqt.rec:har~. cropuselll,lando, allstratJ •no; 
buyoutyHr (recharqe) -yes1 
•cropu•••t•corn•)•y••l 
•cROPelit trecharqe, cropu•••.lando, allstrat l •yes; 

par ... t.er 
hol4acre•l•9county,zone,landa,crop•,racharqeJ acre• that aust be irriqat 
I 

sot WATUSIY!AR(USIYIAll 
I 1919 I : 

YEAR OF WATEl USB IM CURAEMT MODEL 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Total Puapinq an4 Sp.rinflow Lt.its 

• cccccccocococ~c~c~c~c:ccccccocccccccccoocooccccccccccccccccccccccccccccccc 

Ovanll pu11pin9 liait - o 450000 or 400000 

spl'inqain Miniaua Co.al sprinqflcw - 0 150 o~ 200 
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6726 
6121 
6121 
6729 
61]0 
67]1 
67J2 
6133 
61H 
67)5 
6731 
61)1 
67ll 
6739 
6740 
67U 
6712 
671l 
67U 
6711 
6711 
6711 
67U 
67U 
6750 
6751 
6752 
6753 
6154 
6755 
6756 
6757 
6158 
6759 
6760 
6761 
6762 
6763 
6764 
6765 
6766 
6767 
6161 
6719 
67'70 
6111 
6'7'72 
61'73 
67'74 
6775 
6776 
67'77 
6778 
6779 
671!10 
6781 
671!12 
671!13 
6'784 
6'715 
6786 
6'717 
6'788 
671t 
6790 
6791 
6792 
6793 
6794 
619$ 
6796 
6797 
6791 
6799 
6800 
6801 
6802 
6803 
6801 
6805 
6806 
6807 
6801 
6809 
61!110 
61!111 
61112 
61!113 
61!114 
6811 
61!116 

I :l I ; 

ccccccccccccccccccccccccccccccccccc'=ccccccccccccccr:c:c;cccccccc 

.tat allnk(.cntl\,aontl\2) Set linkl.nq month.! f-:.r aqqreqation 
/jan. jan, hb. (jan, t'eb), mar. (jan, feb,111arJ, 
apr.ljan,!eb,•ar,aprl, aay,fjan,!eb,•ar,apr,mayl, 
jW\. {jan, teb,111ar ,apr,aay, junl, 
jul. {jan, teb,&~~r,ap.r,aay, )un, jull, 
auq. f jan, tab, aar, apr, aay, jun, jul, auq), 
.tap. {jan, tab, ••r, apr, aay, j un, ) ul, auq, sap! , 
oct. (jan, tab, ••r, apr, aay, j un, jul. auq, .!lap. oct.l , 
nov. I jan, feb, ••r, •pr, 111ay, jun, jul. auq, .!lep, oct., nov!, 
dec. f jan, teb,aar, apr ,may, j1.m, jul, auq, .!lap, oct, nov, dec) 1 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

!DWARDS AQUIFik HODIL SPECIFICATION 

CCC'C'CC'CCCCCtcccccccccccccccccccccccccccccccccccccccccccccccccc 

VAJ.IAILU 

AqProtit 

pOSITIVI VAJ.IABLU 
Lintncharqall,r~ion} Raq1onal PUHPING DISTA.HCI IN VERT FEET 
-'9Pl.&apCa.t ( retion, zonall, racharqalll Acre Foot Cost of PUIIpinq AG 
ENDWATIRI•ndh•ad,reeharqalll ENDING WATER LEVEL 
AGWATIRI;roup.s,zonall,rechar;all,aonthl AGRICULTURAL WATER USE 
DEVIUIG{groupa,zonalll DEVELOPED IR.RIGABLE LAND 
FurrTOCIYfageounty,zonalll Furrow LAND CONVERTED TO ORYLAHD USi 
SpkTOORY(aqeounty,zonallJ .!lprinkler LAND CONVERTED TO DRYI.AHD 
FurrToSplcfa;county,zon•ll) Furrow land converted to sprin~ler 
CROPMU(ageO'.lt\ty,zonall,MIXESA,landal CROP MIXES USED (Acrul 
AlTSPRING(reehar;all,SPRINGSJ ARTIFICIAL SPRINGFLOW HO lNFEASIBILITY 
CllOPPROD (agcounty, zonall, YEAR, crops, •11 strat) CROP PROOUCTION "eras 
INITWATIR(beqhead) INITIAL WATER LEVEL 
pay buyout (aqcount y, zen•, racharqall) acru bought out 

EQUATIONS 

OBJ OBJECTIVE FUNCTION 
IRRPUMffaqcounty,zonall,YEAR,aonthl IRRIGATION PUMPING BALANCE 
CropAcn (qrou~, zonal!, landa,CJlOPS, YEAR I ACRES tor Crop.sl furrow 
DRYI.\N0(9roupa,zon.tll DRYUND Acres 
FurrowL&ndfqrou~,zonalll Furrow Irriqation Acres 
SpkLandfqrou~,zonalll Sprinkler Irrigation Acru 
IreLand t9roup•, zonallJ Total Irrigated Acres 
PwtpCoAqlqlra91on,zonall.rachargalll Per Acre Foot Cost o! Irr Eqn 
Pu.pLft luqion, recharqall) Bas• PUHPING LIFT BALAHCE 
MaJtConv•rt(qroup•,zonalll Max aat converted to sprinkler 
fixacralaq~county, z:onall, land a, crops, Y•·ar I required landuse 
buyoutp.ay{aqcounty,zone, rechar;alll acres bouqht out 

OIJ.. AqProtit •E• 

- SUM( (a;county, zon•l, OEVIRIUG(aqcounty, zona)) • COSTIRRIG 

.sua( (aqcounty, zonal, 
(AYailZon• ( aqcounty, zona, •sprinkler•) 

+ rurrToSpklaqcounty,~oneJSspktran. )I • CostSpr1nk 

+SUM(RICHAAGI,PROBIRSCHAAGJI•( 
+Sua( (aqcounty, zon•), paybuyout laqcCNnty, zona, recharq•J•prica) 
+SUM{a9cOW\ty, 

sua(land.o, 
s._lcrC'JI)fhcrop(aqcoun.ty, lando, crop l, 

Jua(irrttpellando,landal, 
•~(zon•, 

JU. (atnttrpe <landa, allstrat) 
.Saqdata2 (•yi•ta•, recharc;• ,lando, crop , all.!trat l 
, CROPPROO(aqcoun.t.y, zon•, RECHARO., crop , allJt.rat) 

aqdata2!•y1eld•, reehargo•. lando, erop • all.strat J 
( aqdata (•pric••, lando, crop) 
- aqd.~ota(•harve•t•,lando,crop) l 

agdata(•totcoat•,lando,crop l lllllll 
sua(zon•, 

sua (aonth, AqWatet ( "Uvald•'", zon•. RECHARGE ,aont.hl I 
• AqPuapcost.l......,..ttlift•,zone,recharqa) l 

- sua(zone, 

) ) ; 

sua(aonth, AqWatet(•Madina•,z:one,R.ECHARGE,aonthll 
• AqPu.peost..(•eaJtl1tt•,zona,racharqa) l 

PUKPLFT lr"9ion, RICHARGil •• 
LIFTII\ICHA.RGI, raqionl ••• LittP {rechar;e, ragoionl 
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6817 
6811 
6819 
6120 
6121 
6822 
6823 
6821 
6825 
6826 
682'7 
6828 
6829 
6830 
6131 
6132 
6833 
6831 
6835 
6136 
613'7 
6831 
6839 
6840 
61U 
6812 
6813 
68U 
6815 
68U 
6817 
68U 
68U 
6850 
6851 
6852 
6153 
6854 
6855 
6856 
6857 
6151 
6159 
6160 
6861 
6162 
6863 
6864 
6865 
6866 
6167 
6868 
6169 
68'70 
6871 
6812 
6873 
68'71 
6875 
6876 
6877 
6871 
6879 
681110 
6181 
68112 
6113 
68U 
6885 
61116 
6817 
6181 
6889 
6890 
6191 
6892 
6893 
6191 
6195 
6896 
689'7 
6898 
6199 
6900 
6901 
6902 
6903 
UOI 
6905 
6906 
690'7 

AqP•.-pCost ( req1.on, zone, recherq• J 

·•· 12 • rr•p.llirc + laborc. + r o.ooUSH 
( Liftlrecharqa,reqoion) + AqDitr(zone,reqion) .. 2.ll'psil 

• pnq/ !pe•del l l; 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc-:-:c 
Vat•r U5e Constraint• 

cccccccccccccccccccccccccc;ccccccccccccccccccccccccc::::ccccccc·:c 

IllJJI'UMP faqcO\U\ty, zone, ll£0Ur.RGI, •onth I $Ave i lZone ( eqcount y, z on•, "1 r r" , 
fl-SUMfAGUF,AGIRJliFlC[AGiFFl l l • ( 

s~!crop$iscrop(aqcounty, "irr", crop ) , 
s,. firrtype ('"l.rr'", land a I, 

s~ !strattype ( landa, dhtrat) 
$crop•trat(crop,"irr" ,allstratJ, 

CROPP ROD ( aqcounty, zon•, RICHARGe, crop , allstrat.) 
• •9d•t•2 f•onth, r•charqo•, "irr•, crop , allstratl /12 , 1 1 J 

•l•AGWA'U:R(aqeounty, zone, P.ECHA~£,n~onthl; 

ccocooccccccccccccccccoccccccccccccccccccccccccccccccccccc 
dry y•ar buyout con•trainta 
cccccccccccccccccccccccccccccocooccccccccccccccccccccccc 

ti.x•cre (aqocounty, zone, l.nd•, crop, rechacqel $I 
fh.•cre• and 
irrtype 1•1rr• ,land•> and 

holdacre•(aqcounty,zone,land•,czop,racharqell .. 
s~lall~trat S ( strattype(lanOa,allstratl and 

cropst rat (crop, "i rr'", allstcat l 
and i~crop(aqocou.nty, "irr'",crop) I, 

c-.OPPROC laqcounty, zone, RECHARGE, crop, allstrat 1 
) --

buyoutpaylaqcounty,zone,buyoutyear) .. 
paybuyoutlaqcounty,zone,buyoutyear) 
•1• 

lsualc:rop, 
sua(c:ROPeliqo (buyout year, crop, lando, allstut 1$ 

( cropstrat I crop, lando, albtrat I 
and iscropl•9county,lando,cropll, 

CROPPRODiaqcO\Inty,zone, buyouty .. r, crop, alhtratl) l) 

Spayeliqlaqcounty) 

cccccccccccccccccccccccccoccccccccccccccccccccccccccccccccccc 
Crop Land Constraints 

ccceccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

CropAcre(aqcounty,zone,landa,CROP,RECHARG£1 .. 
.,. ( 1 irrtype I lando, landal , strattype 1 land.a, allstrat 1 1 

t lcropstrat {crop, lando, allstratJ 
and iscroplaqcounty.lando,cropll, 

CROPPROO{aqcounty,zone,RECHAAGi,crop,allstrat) 1 --sua(irrtype(lando,land•l. 
SUM(11IXU, CROP11IXI119County, zone,HIX.ES, landal 

• MIXDATA(aqeO\lnty,lando,CROP,HIXESI J J 

DRYLAWDieqcounty,zoneJ,, 
SUM!MlXIS,SUMICROP, HIXDATA(&9coqnty,•oay•,CROP,HIX!SJJ 

• CROPMIXIaqcounty,zone,MlXIS,"ORY•JJ .... 
AVAILzonelaqcounty,zone,•oav•J + SpkToDry(aqcounty,zonel$sprinkon 

• rurr!oDry(aqcounty,zone) 1 

PUAACIWLUI)I-.c:ounty, zone) •• 
SUMIMIIU,SUM(CIOf, MlXDATAiaqcounty, "irr•, CitOP ,MIX.ESI l 

• CJOPMIX(aqcounty,zone,MIXIS,•turrow•)J .... 
AVAILzone(aqcounty,zon•,••pcinkler•J t <Sprinkon •q OJ + 
AVAIL&one(atcounty,ZOfte,•turraw-1 - PurrToCrylaqcounty,zonel 

- FurrToSpt(agcounty,&cne)ISpkTran• : 

SPJCLNfD(aqcounty,zone) I tpriftton •• 
SUM(MlXIS,•u.CCROP, MIXOATA(IIqcounty,•i.rr•,cROP,HIXES)) 

• CROPMIIIagcounty,zone,MIXI5,•aprinkl•r•JJ .... 
AvailZone(aqcounty,zon•,•sprinkler•J - SpkToCry(aqcounty,zonel 

• PurrToSptlaqcounty, zone) SSpkTran. 

IrrL&nd(aqcounty,zona) .• 
Devirri91•qcounty,zon•J 

·•· 
.SWI( irrtype (•irr• ,landll), 

SUMIMUIS, SUM(CROP, MIXDATA(aqeounty, "irr•, CROP, MIXES I I 
• CROP"lXIa9COUnty,zone,"IXIS,landa Ill; 
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6901 
6909 
6910 
6911 
6912 
6911 
6914 
69U 
6916 
6911 
6911 
6919 
6920 
6921 
6922 
6923 
6924 
692S 
6921 

IMCWDI 
6921 
6929 
6930 
6931 
6932 
6933 
6934 
6935. 
6936 
6931 
6938 
6939 
6940 
69U 
6942 
6943 
6944 
69U 
6946 
6941 
69tl 
6949 
6950 
6951 
6952 
6953 
6954 
695S 
6956 
6957 
6958 
6959 
6960 
6961 
6962 
6963 
6964 
6965 
6966 
6961 
6968 
6969 
6970 
6911 
6972 
6973 

"" 697!1 
6976 
6911 
6918 
6919 
6910 
6911 
6912 
69U 
6911 
6915 
6911 
6981 
6981 
6989 
6990 
6991 
6992 
6993 
6994 
699S 
6996 
6991 
6991 

MaxConvert laqeO\ll\t Y, tone I S SpkTrans .. 
f'u.rrToSpk laqc:ounty, z:one) 

•L-
AveilZonelaqcounty,z:one,•rurrow") .8 : 

cccccccccccccccccccccccccccccccccccccccccccccca:ccccccccccc 

MOOIL EDWAADS /ALL/ : 

Option MLP • MINOSS. 
Option NLP • qaa31b.ll• 

Option NLP • qaa.chk : 

IDIAADS.OPTFILi • 1 

•tiMCLUDI •ede91.be•• 
SOLVI IDW'.U.OS MaxiMIZlNG Aq'Profit USlNG NLP 

/ .. c/-=eer 1/ edwards/ dryy ... r I drystudy 
option aolpl'int • oft ; 
• ccccccccccccccccccccccccccccccccccccccccccccccoccccccccccccc 

Thia progr .. solve .cta9l and writ•• out value. 
POl STMTJJIG AND IJIDlNG HIACS and otter pricu 

oxcccccccoxcccccccccccccccccccccccccccccccccrxcccccccccccc 
••t •c:anario dry year option scenetio• 

lbe•e, ... llyear, ajuneall, •junaf 8 
,uallyear, ujunaall, ujunefll 

di .. (ltOftth, s.onthl; 
set. •canarioslscenariol dry year opt.ion !lcenari~ to run 

/aallyear/ 
sat •••UIMI 

I janinte.r, junaint, all year, t I years, !ixacn. uvaldee, llladl.nac/ 
table acendata(usuae,.sc:an.ariol scenario e:t.si.UIIphons 

ba.se ully•ar ajuneall mjune48 udlye.r ujuneall ujune48 
jan inter 
j~eint 

allyau 
tlyaan 
f1xac:re 
uvaldee 
-.dinac 

0 1 0 01 0:) 
0 0 1 1 1 
0 1 1 
0 0 

0 
0 
1 

Set Dryyear(RKh.a.rgall) identity yaar31 which ue dry 
I 19~1,19Sl,l963,1989,1980 I; 

set PticeSetX Set ot otter Prices 

0 
1 
0: 

I 0,10,20,30,tO,S0,60,70,80, 90,100,110, 12D,130,lt0,150,160, 
110,180,190,200 I 

Pric:eSet !PticeSet.XI set of prices to simuhta 
I 0,10,20,30,40,S.0,60, 70,80,90,100,110,120.UO,lt0, lSoO I 

10, 90 I 
HeadSet Set ot puapin9 lifts that can be ~aed 

I aSO, afO, aJO, a20, a10, aO, plO, p20, pll, p40, pSO I 
HSat (HeadSet I 

I 1150, a40, aJO, &20, a10, aO, p10, p20, pll, p40, pSO I 
I aO I 

~r-ter• 
J11Head(KeadSetl Jl1 Heac:t Oit!uence 
1 .so -so, a40 -40, aJO -30, a2o -2o, •10 -to, .o o, pto 10, 

p20 20, pJO JO, p40 tO, pSO 50 I 
S.abMead(Ha.-d&et) Sabinal Head Oitfuenc:e 
1 .SO -so, a40 -40, a30 -30, 1120 -20, ato -10, .o o, plO 10, 

p20 20, pJO JO, p40 tO, pSO SO I 
LiftLIHeadSet,reehu9ell,rai1Jion) adjust Lift fe6 head levels; 

LiftLIHSat,racharq•, •eutUft•) • Littol.recharp, "eastli!t"l 
-.JUt•.J11H .. d.IHSetl - .ts8•SabKaad!HSatJ : 

Ll!tLIHJet, reeh.arqe, '"westli!t•) • Littol recharfe, "wanli!t"l 
-.2913•.717Kead(HSet) - .t96•SabKead(HSatl : 

~r ... ter• 
obj•u. 
PticeP (Pric:eSet.X) alternativ• cc.penaation prices 
1 o 0,10 10,20 20,10 lO,to co.~o so,6o 60,70 71.80 so, 

90 90,100 100,110 110,120 120,130 130, 
110 140,150 150,160 160,170 170,180 180,190 lt0,200 200 

••• bloc:Donth.laonth) aonth when waur use is bouqht GUt by aidyaar option 
I j~. jul, au9, .sap, oct, nov~ dec I 

c.r~e•2 (crop•) crops Mhich use ~tar lju.rin9 blocked period; 
•!i<J'Ur• C:.l'opl which use water in j'.lne or •fta.r 

cropu.~e•2 (cropll) -yashu. (bloclcaonth., 
sua(allstrat, 

sua(rechu9e, agdata2 (bloct.onth, uc:h•r9•· •trr•. c.rop31, all.stratl > l I; 
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6999 
1000 
"7001 
7002 
7003 
700fl 
"700~ 

7006 
7001 
7008 
7009 
7010 
'7011 
7012 
7011 
'7011 
1015 
70U 
7011 
7018 
70U 
7020 
7021 
7022 
7023 
7021 
7025 
7026 
7027 
7028 
7029 
7030 
7031 
7032 
7033 
7031 
7035 
7036 
7037 
7038 
7039 
7010 
7041 
7012 
7043 
70U 
70C5 
70C6 
70C7 
70U 
70U 
7050 
7051 
7052 
7053 
7054 
7055 
7056 
705"7 
7051 
7059 
7060 
7061 
7062 
7063 
7064 
706S 
7066 
7067 
7061 
7069 
7070 
7071 
7072 
7073 
7071 
7075 
7076 
1011 
7071 
7079 
7080 
7081 
7082 
1083 
7081 
7085 
7086 
7087 
7081 
7089 

3et ~ROPel1q~lrechar1ai~.~r=p3,a•:!~rdt 
cROPeliq2 I red'lolrqe.-:: ropu.ses.2, allst r.lt) 

•ye•l l•ua 1 bloclalonth, 

.. , 
aqdatal ( bloclcaonth, r•cha rgoe. "i r r", : r jp~.~.se.s2, all.st rat) I 

eq OJ; 

holdacr•• ( aqcounty, zon•, landa, crop, recha rqe 1 
.. sua(alhtrat S strattype(hnda,allst.rltl, 

CROPPROD.L(aqcounty,zone, R.EC'liARGE,crop, allHr-at) I; 

CGrOYp io •od•l Groupinqs 
I Feed, Food, Oil, Heyq, Cot, Ve9, 7ot.Crop, Pa~ent I 

CC'Group io •odel Crop Groupin9s 
I Fe«<, Food, Oil, Hayq, Cot, Veq I 

InCGrOYplCCGroup,erop•J Which crops 1n crop qroup1n93 
I Fe.ct. (corn, sorqhwa, oats), 

Food. winwht, 
Oil. (peanuts, soybeans), 
Hayq. (hay, sorqhay), 
Cot. !cot. ton), 
Ve9. ( cabbaqe, cantalop, cucuaber, on ion, 1 et tuce, 

carrot, SPINACH, peppers, honeydew, potato, s~corn, 
toaato, water.•ll I ; 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
Create Par ... tars tor Savinq Valu•s 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

S•t rech(ye•rl R•ch•rq• years •nd Av•r•q• ; 
r.ch(recharq•l • yea 
rech("Ave•) • yes ; 

set it .. type 
/aqinca.e direct aq incona 
~ywaent dry year payaent in all count1es 
totincoa• aq 1nc081e + payments, 
irracre.s irciqated acres fariD.ed 
dryacres dryland acres farmed 
totacr•• total acres f•.r•ed 
a~t•r aq w•ter use 
wellelev well endinq elevation increm•nt 
cc:aaline increase in COIUl sprinqs flow 
.sanaarinc increase in :!an urcos 'Prinqs flow 
qroasi.nc county qross output/ 

it•an... /incoaeint ineoaa wh•n int•rrupted, 
incoaeun ineoae when not interrupted 
p.~y.ent payaants t.o !ar111s 
av9inca.e avaraqa total incoae 
I 

p.~r ... t•r su..arytab(•canario, Lt•aty~. groups, •, price.set) 
su.aarytb(sc:anario, ita~ype. •, zona, pricesatl; 

Par ... ters 
AbanlAnd.{qrou~, zonall, scenario, priceset) Abandoned Land 
sprnlr:land2 (qroup•, z:onal1, ye1u, scenario, pricaset I Sprinkler Land 
dryland2(qrou~,zonall,year,sc:anario,pricasetl Total to Oryland 
!urrl.and2 (9roup11, z:onall, year, sc:•r.ario, priceset) Fur row Land by Zone 
totland2 (qroup•, zonall, year, scenario, pric•set) Total Land in Aq 
Aqrweter (qrou~, year ,aonth., scenario, pricaset J Aq Water 
A~rqin(qroups,zonall,year,.scanario,pric:esetl Aq Variable Pro!. 
Suairriq(acen.rio,pric•••tl 
SuaToDryr•cenario,pric••etl 
Sua.\9Watar (scenario, pricasatl 

Opt ion NLP • Mino•S 1 

Option NLP • q ... chk 1 
BCIIAJUlS.OPTriLI • 1 ; 

LiftP (recharqe, raqion) • san. (hut, Li!tL(HSet, recharqa, reqionJ I; 
display cropatrat,iscrop; 
par ... ter it.t l•cenario); 

loopl•eenariOI, 
itt(•canario)•O; 
ittl•eenarioal•1: 
dhplay itt; 
tixaera•..Oz 
payeliq(eqcounty)•noz 
cROPelit(recharqall, crop•, lando, allatratJ •no; 

it (.scendata (•uvaldec:•, .tcanar io•J qt 0, payal iq ("uvalda" l •yes l ; 
i!(3cend&ta{"aedinac•,sc•n•rio.tl qt 0, payaliq("m•dina"l•ya.tl; 
i! (.tcend&ta ( •tixacra•, scenario• I qt 0, !ixacre3•1 I ; 
i!(.tcendatat•janint•r•,scenarioaJ qt 0, 

cROP•liq tr•ch&rq•, crop8, •dry•, drystret. l •yes$ 
agd•ta2t•yiald",r•charq•,"dry•,crops ,drystratl; 

I : 
i.!{scandatat•juneint",scanati03) qt. 0, 
cROP•lio;l recharo;a. cropus••2, •irr•, allstrat I •y•' 

$(ck0Peliq21r•charqe,cropus••2,allstrat) and 
aqdat•21"yi•ld•,r•char9•,•irr•,cropuse~2.allstrat)); 
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7090 
7091 
?092 
7093 
/094 
?095 
7096 
7097 
?098 
7099 
7100 
1101 
7102 
7103 
7104 
nos 
?106 
7107 
7101 
7109 
7110 
7111 
7112 
7113 
7111 
7115 
71U 
7117 
7118 
'?119 
7120 
7121 
7122 
7123 
7124 
7125 
7126 
7127 
7128 
7129 
7130 
1131 
7132 
7133 
7134 
i'l35 
7136 
7137 
7138 
7139 
7140 
7111 
7lt2 
7U3 
7144 
7115 
7146 
7117 
7UI 
7119 
7HO 
7151 
7152 
7153 
7154 
7155 
7156 
7157 
7151 
7159 
7160 
7161 
7162 
7163 
7161 
7165 
7166 
1167 
7161 
7169 
7170 
7171 
1172 
7173 
7174 
7175 
7176 
7177 
7178 
7179 
7180 

" i!lsc•ndata("48y•ars",scenariosJ ~t ?, 
cROPel i9 ( rechar9e, cropuse.s2, lando, el 1st ca-.:., s 

(not(dryyear(techar!J•IIl •no;J; 
display cropeli!J,fixacras,payeli!J: 

Loop CPric.Sat, 
Price • PriceP!PricaSetl ; 

SOLVI IDWAADS Haxlf1IZING AqProfit USIN'c; NLf' ; 

objs.-
+SUMIRICHARGI,PROB/RICHARGII•l 

SUM! (eqcounty,zone), 
-CiVIRRIG.l1•9county,zonaJ • costraara 

- ( AvailZona ( aqcounty, :zona, "spr inlr:lar") 
+ FurrToSplr:.l faqcounty,z.ona)$!iiplr:trans 1 • CostSprinlr: 

+ paybuyout.lfaqcounty,zone,racharqaJ•prica 
+ s\UI 1 lando, 

sualc:rop$hcropfaqc:ounty, hndo, crop ) , 
.sualirrtype llando,landal, 

su. ( strattypa ( hnda, allstratl 
Saqdata2 {"yield", rac:harqa, lando, crop , allstcat) 
, CROPPROO.l (aqcounty, zona, RECHA~. crop , allstrat 1 

( aqdata21"yiald", ce<:har!J•• lando, crop , d lstrat) 
I aqdatal"pcica" ,lando, ccopl 
- aqdatal"harvest",lando,c:ropJ 1 

aqd.atal"totc:08t", lando, crop l J ) I J J 
- I su.(aonth, AqWatar.lla~county,zone,RJCKAAGI,aonthlJ 

• CAqPu..pc:o•t .1 ( '"westl i ft •, zona, rec:har9•l 
Js .. aas (aqcounty, •uvalcta•J 

+ AqPuapco.st. 1 ( •aastli ft", zone, recharge! 
$.sue as (a!Jc:ounty, "•«<ina"l ) 1 

) )) ; 

AqKarqin laqcounty, zona. rachar!Ja, scenarios, price!et) • 
-CEVIAAIG.l laqc:ounty, zona) • COSTilAIG 

- ( AvaiUona (a!Jcounty, z.ona, "sprinkler'" I 
FucrToSplr:.l(aqc:ounty,zona)Ssplrtrans J • Co!tSprink 

•• paybuyout.llaqcounty,zona,rec:har9•J•prica 
+ su.flando, 

S\Ul(C:top$iscrop{aqcounty,lando, crop 1, 
.sualirrtype(lando,landal, 

sua I strattype I l.anda, allstnt 1 
Saqd.ata2 ( "y ielct•, rac:har!Ja, lando, crop , allstrat 1 
,CAOPPROC.l (aqcounty, zona, RECHAR~. crop , allstratl 

aqdata2 {'"yield•, r•char9a,lando, crop , allstrat 1 
( a9datat•prica",lando,cropl 
- a9data ( •harvest", lando, crop) 1 

aqdata I "totcost'", lando, crop ) J J J II 
I .suafaonth, AqWatar.l(aqcounty,zon•,RECHARGI,•onthll 

•!AqPu.pco.t.ll"wastlift",zona,recharq•l 
Ssuaas (aqcounty, "uvalde" I 

• AqPuapcost. 1 {"east 1 i ft", zona, recha rqel 
$samaaslaqcounty, "me-dina"J 1 J 

a9rwatar f aqcounty, r•char9e, •onth, scenarios, pr icaset 1 
sua (Zona, aqwat•c. l f aqc:ounty, zone, rechacqa ,aonthl l ; 

spcnkland2 (aqc:ounty, z.ona, rec:hacqe, scenarios, pr icesat J • 
sYallcrop,apUtratl, 

CROPPROD.l(aqc:ounty,zona,cacharga,crop,•pKstrat)J: 

fucrland2 ( aqcounty, zona, rec:hacqa, scanari03, pricesat) • 
sua{ I crop, htat I, 

CIOPPROD.l(a!Jcounty,zona,c.charga,crop,fatat )) 

dryland2Caqcounty,zone,rechacqa,scanacios,pricesatl • 
aual lccop,drystratl , 

CROPPROO.l (aqcounty, :zone, recl\arqa,crop, drystratl) 
I 
totland2(aqcounty,zon.a,racharqa,scanarios,pricasat) • 

sua( {crop, ltrat~l. 
CROPPIOO.l{aqcounty,zona,cacharqa,crop,strataqy)l 

U:l.anland (agc:ounty, zona, J1canart01, pricasatJ • availzon• I agcounty, zona,'" irr'") 
- DeYirri9.L(aqcounty,zoneJ 
- furrToDry.Lia!Jcounty,zone) 
- sptToDry.L(eqcounty,:zona) : 

abanlandlqroupe,zona,•c•n•ria.,pcica••tl 
S (&ban land (IJrOU.pt~, zona, •canacio•, pricas•t J lt . 1) •0; 

cccccccccccccccccccccccccccccc:ccccccccccccccccccccccccccccc 
The !ollowinq valuu to be saved and displayed 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Syatrriq (scenarios, pricaset I 
• •uallaqcounty, zonal, O.vircig, Lfa9count.y, zona) I; 

SuaToCryl•canario•,pcieasetl • sw.((aqcounty,zoneJ, 
3ua(rachat!Je,pcob(rachar!Ja) 

•ccyLand2(aqcounty,zona,recharga,3cenarios,pricesat))l 
SWIAqVatar (scenarios, pcicasatl • sua I {aiJcounty, rachar!Je, •onthl, 

Appendix A - 84 



..,181 
7lll2 
71113 
7184 
"118$ 
1186 
118"7 
7111 
7189 
7190 
7191 
7192 
7193 
7194 
719$ 
7196 
719'? 
7191 
7199 
7200 
7201 
7202 
7203 
720C 
720!1 
7206 
7207 
1208 
7209 
7210 
7211 
7212 
7213 
7214 
7215 
7216 
7217 
7218 
7219 
7220 
7221 
7222 
7223 
7221 
722!1 
7226 
7227 
7221 
7229 
7230 
7231 
1232 
7233 
7231 
723S 
7236 
723"7 
72]1 
7239 
'7210 
7211 
7212 
7213 
7241 
7215 
72U 
72C7 
12U 
7219 
7250 
72!11 
7252 
7253 
72SC 
7255 
72S6 
7251 
7251 
7259 
1260 
7261 
7262 
7263 
726& 
1265 
1261 
726'7 
1261 
72U 
7270 
7271 

'aq.,.,ater 'agcounty, ~~o:l"l.ar7e, .11cntt1, ''=~nar •·:::5. ~r 1 -:e,'!'':, 
• Probf rechar 1eJ 1 l ; 

·~nt lte•t~ 
I aqinec:.., eqwetu:!le, aqecre•, wellelev, col!' a 1 i.nc, 'anmar inc, e ~ev 
qro••out/ 

ite~anaa. I inco.eint inc0111.e when interrupted, 
.a.ncCM~eun incOIIle when not interrupted 
pey11ant p,~yaents to farms 
avqlnco.a eva.reqe total income 
I 

•per ... ter su.aarytabl ite•typo~, •, .tcanariol 
• s~arytbl ite•type, •, zone, scenario); 

•~ryt.abl•c•n•r io.e, •aqincc:8e", •qcount y, zone, pr iceset) • 
su. I reeh.ar9•• prob I racharqel • 

AqKarqinfaqcounty,zone,recharqe,scenario~.prieesetl I : 
s._..ryt~Ueenarios, •aqincc.e•, aqcounty, "all .. , pr ieasetJ • 

.tUII(&ona, su.aryt.ab I scenarios," aqinc011e", aqcounty, zona, pr iceset J J ; 
.1...-arytab (scenario•, "aqincc:8e•, "total•, zonal!, pr ieeset 1 • 

.tu. I aqcounty, 
J~..-arytab ( .tcanario., "aqin.co.e'", aqeount y, zonall, pr ieeset I I ; 

s~rytab (Jeanario•, '"peyaent •, aqeounty, zone, pr icesetJ • 
•\Ill I reeharqe, prob I reeharqal • 

peybuyout.llaqeounty,zone,recharqel )•price; 
~~rytab(seenarios, "p.tyaant", aqcounty, "all", pricasetl • 

SUII( zona, s~aryt.&b ( •cenar ios, •payment", agcounty, zona, pricesat I I ; 
s~ryt&b(seanarios, '"pey.ent", "total", z:onall, pricasatl • 
sw.laqcounty, sWUIIaryt.ab ( scanar io.t, '"payment .. , aqcounty, zonall, pr iceset J J ; 

su...ryta.b (.teanarios, "totince.e•, qroups, zonall, pr icaset) • 
s~aryt&blscanerios, '"aglnc-=-a•, qroups, zonal!, prieasatl + 
s~arytablscanarios, "payaant •, groups, zonal!, pr iceset); 

su.aaryt&b (scenarios, "irraere.t•, aqcounty, zone, prieasat l • 
su. I raeharqa, prob I raeharqal 

•s .... ( (crop,allstrat) 
${not drystratlallstratJ), 

CROPPROO. L ( aqcount y, ~one, RECHA.P.GE, crop, allstrat I I I ; 
su.aarytab {scanario., "dryacras", aqcount y, zone, pr icasat 1 • 

JIUII I reeh.arqe, prob I reehar9el 
•sua( (erop,allstratl 

Sldrystrat(allstrat)J, 
CROPPilOO. L(aqeounty, zone, REC"HARGE, erop, allstrat I J I ; 

s~ryt.ab (scenarios,'" [Jlberes'", aqeounty, •all'", price:!let I• 
sua (&one, s,..arytab(:seenario., •tRRaeres•, aqeounty, zone, pr ieaset) l ; 
s~rytab !scenarios, "dryaera••, aiJeounty, '"all .. , prieeset) • 

SUII(zona, s~ryteb(.tcanar'Lo•, •dryacre.t•, aqcounty, zone, prieeset) J: 
s~ryt.&b(scenari~, •totaeras•, aqcounty, zonall, pr ieasat I• 
s~rytab(seanar i~, '"dryaera:s", aqcoun.ty, zonall, pr ieasat I • 
s,_..rytab(scanar io•, •t rraeres", a9eounty, zonal!, prieaset l : 
su.aarytab(seenarios, '"dryaer••'", '"total'", zonall, prieeset J • 

SWI ( aqeounty 1 

sua(zone, Sl~arytab(Sieanarios, '"dryacres'", aqcounty, zonall, priceset Ill; 
Slu.a.rytab (seenarioSI, '"irreeras•, "total'", zonall, pr iea:sat J • 

s .... (aqcounty, 
sua(zona,.t~arytab(seenari~, '"irraeras", aqeounty, zonall. pricaset 1 I 1; 

•~aryta.b (seenaria., •totaere••, •total'", zonell, pr icasat J • 
SIWI { 89COW\t Y 1 

sua(zone,s~rytab(.tcana.riol, "totacres"', aqeounty, zonall. pr ieasatll 1: 
s...arytab(scenarios, "agwata.r•, aqeounty, 11onth, pr ieesatl • 

s..-1 reeharqe, probf recharqel • 
Agn..tar (aqcounty, rach.arqa,•onth, scenarios, pricasat) I; 

.t~rytab (Jicenerio•, "aqwater•, •total•, raonth, pr icasat I• 
su.(a9COW\ty, •...-arytab(ac:•nario•, •aqwater•, aqeounty ,•onth, price.tet l J; 

•~rytabt•c•narioa, "aqwat.er", 9roupa, •all", prieaset I • 
.tua 1-.cw'tt.h, s~rytab <•eenar ioa, •aqwater•, qroups, •onth, pr ieeset I l ; 

s~ryta.b (lcanari~. "'wallalev", •total•, "j 1 ,. , pricasatl• 
lliGPAJ. ("endj 171\ead•, "dec•, •e1•, •eaatuse•l • 
suat..anth, 

•~rytab(sc:enariOII, •aqwatar•. '"llledina"', saonth, pr ieasatl 
-s~rytabf•c•n•rioa,"aqwate.r'",'"aedine•,saonth,•o•Jl 

+RIGPAJ.(•endjl7heacl•, •dec:•. •cl'", "west use'")• 
Sla(..cftth, 

•~.ryt.ab (scenario., •aqwater•, '"uveld•'", saonth, p.ricasat) 
-.1..-.ryt.ab{.teenari~. "a9Watar", "uvalda", s•onth, "'O'"J); 

s~rytab(scena.rioe, "'wall•l.v", •total'", '"sabinal'", prieesat) • 
kiGPARt•aftd.labhead•,•dec•,•cl'",'"aastusa'"J• 
.tua(s.on.th, 

s..-.ryta.b I se•nario.t, •a9"Mtar•, ••edina'", saonth, prieesat I 
-s~rytab(seanario., •aqwater•, 00-.dina", saonth, "0 00 11 

+RIGPAI( 00endsabhaad•, •dee•, •cl". '"weatuse'"l • 
:Sl.lal(.taonth, 

s~rytab l.tcena.rio., •agwatar•, "uvalda•. s•onth, pr ieesat l 
-•~rytab{scenario., "aqwater•, •uvalde", saonth, '"0") I: 

s~ryt&blacenariOII,•coaalinc•,•total•,aonth,pricasetl• 

lJGPAl ( "tpreoa.l", aon.th., •et•, •aestuSia'" l • 
su.ts.onth.S(ord(s.onth) le ord(aont.h)l , 

suaaaryt~(acanario., '"aqwatar•, '"sed ina•, s•onth, pr ieaset.l 
-su.aarytab(.teenario., •aqwatar•, "•edina•, s•onth, '"O"J l 
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7272 ~ll.iGPA.R!":.p.rc::..al" ,month, "cl", ".,..e:.tu:.e"l • 
7273 :.uaf~.onthSiordl:.•onthl le ordltllonthll , 
7 27t :.~&ryt.ab ( ~cena.r io•, "aqwatar .. , '"uvalde", !!!mont t'l, pr 1 ce!!let 1 
727!) -s~ryt.ablsc:anarios,"'aqwatar","u"'alda",!!monttl,"O"ll; 
7 216 s~ryt.atH scenarios, "c:011al inc•, "'total", "all", pr iceset 1 • 

7 2"11 :.u.l.onth, s~rytab lscanarlos, "e081a1 inc .. , '"total", month, pr ices@t 1 

7278 s~ryt.ab I •e:anarios, "Sianaar inc", "total", month, pr i cas at 1 • 
7279 R&:GPAR I •spcsaNMr". aonth, "c 1", "'&&Situsa"'l ~ 
7280 .!IWIUIIOI'IthS{ordls•onthl la ordl•onthll , 
7281 s~rytabfscanario•, "'aqwatac", "aedina", smonth, priceset 1 
7282 -:.,...ryt.ab {.!lcanarios, "'aqwatar"', "raed ina", smonth, "0 '"I 1 
7283 +RIGPAJI. I •spr.tanaar• ,.anth, "cl", '"w&Situsa"l • 
7214 sual•110nth• lord Is-ant h) la ord laonthl 1 , 
7285 !l~tytab{scanarica, "aqwatar", •uvalda", s111onth, pric•••t J 
7286 -su...rytab (scenario•, "aqwatar", "uvalda", saonth, "0'"1 J; 
7287 s~rytab(scan.rios, "Sianaerine", "total", "'all", pricasatl• 
7211 su.(~th, s~rytab{scanari04111, "'sanaarinc"', "total", month, pricasat J 1; 

7289 •~rytab(scenarica,"'9ros•inc",aqcounty,ccqroup,pricesetl• 
7290 + swa( (zona, lando), 
7291 sua(r.charqa, problracharqal • 
7292 su.IInCGroupfCCGroup,cropl, 
7293 suaUrrt~{lando,land.a), 
7294 su.(strattype(hnda,dlstutl 
7295 CROPPlOO.l {aqcounty, zone, RECHARGe, crop • allstcat l 
7296 a!Jdata2 c•y1ald•. recharCJa.lando, crop , allstntll 
129'1 aqdata ("'price• ,lando, crop) 1 ll l; 
7291 
7299 
7JOO l ; 
'7301 option s~eryt.ab:2:,:1: 
7302 display s~arytab,objsu.,paybuyout.l; 
730J 
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Appendix B. Guide to item uses in GAMS code 

------------------------------------------------------------------------------
Table B.l Files where actions on SETS appear 

ITEM NAME DECLARED DEFINED ASSIGNED CONTROL REE' 
------------------------------------------------------------------------------
ADJUST eddata eddata eddata edd.ata 

AGCOUNTY agmodel aqmodel agmodel agmodel 
drystudy drystudy 

AGEFF eddata eddata aqmodel agmodel 

AGIRREFF eddata eddata eddi~ta 

AGITEM eddata eddata eddata 

ALLSTRAT eddata eddata eddata eddata 
agmodel aqmodel 
drystudy drystudy 

ASSUME drystudy drystudy drystudy 

BASIN eddata eddata eddata eddata 

BEGHEAD agmodel agmodel agmodel 

BLOC !<MONTH drystudy drystudy drystudy drystudy 

BUYOUTYEAA agmodel agmodel agmodel agmodel 

CCGROUP drystudy drystudy drystudy drystudy 

CGROUP drystudy drystudy ...... no use 

COUNTY eddata eddata eddata eddata 

COUNTYS eddata eddata eddata eddata 

CROP eddata eddata eddata eddata 
agmodel agmodel 
drystudy drystudy 

CROPl eddata eddata eddata eddata 

CROP2 eddata eddata eddata eddata 

CROPELIG agmodel agmodel agmodel drystudy 
drystudy 

CROPELIG2 drystudy drystudy drystudy 

CROPS eddata eddata eddata eddata 
agmodel agmodel 
drystudy drystudy 

CROPSl eddata eddata eddata 

CROPS2 eddata eddata eddata 

CROPSTRAT eddata eddata eddata 
agmodel 
drystudy 

CROPUSES agmodel agmodel agmodel 

CROPUSES2 drystudy drystudy drystudy drystudy 

DATES eddata eddata eddata 
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DRY STAT eddata edda ta ........ no •.Jse 

DRYSTRAT eddata eddata eddat.a eddata 
aqmod-el drystudy 
:jryst'.Jdy 

DRYYEAR drystudy drystudy dryst.•.Jdy 

ECOUNTY agmodel aqmodel ......... no use 

ENDHEAD eddata eddata eddata 
aqmodel 

EPICITEM eddata eddata eddata eddata 

EQU eddata eddata eddata 
agmodel 

FSTAT eddata eddata eddata eddata 
agmodel drys~udy 

dryst•.Jdy 

FSTRAT eddata eddata eddata 

GROUP eddata eddata ...... no use 

GROUPS eddata eddata eddata eddata 
drystudy agmodel 

drystudy 

HEADSET drystudy drystudy drystudy 

HSET drystudy drystudy drystudy drystudy 

INCGROUP drystudy drystudy drystudy 

IRRTYPE agmodel agmodel agmodel agmodel 
drystudy 

ITEMNAHE: drystudy drystudy .... no use 

ITE:MTYPE drystudy drystudy drystudy 

LAND eddata eddata eddata eddata 

LANDA eddata eddata eddata eddata 
agmodel agmodel 
drystwdy drystudy 

LANDO eddata eddata eddata eddata 
agmodel agmodel 
drystudy drystudy 

MAPLOC agmodel agmodel . .., .. no use 

MIXES eddata eddata eddata eddata 
agmodel agmodel 

MIXESA eddata eddata eddata 
agmodel 

MLINK agmodel agmodel .... no u.se 

MONTH eddata eddata eddata eddata 
agmodel agmodel 
drystudy drystudy 

MONTH2 agmodel agmodel 

MONTHP eddata eddata eddata 

MONTHS eddata eddata eddata 
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OBS eddata eddata eddata 

PAYELIG aqmodel agmodel aqmodel 
drystudy drystudy 

PENASTRAT eddata eddata eddata eddata 

PRICESET drystudy drystudy dryst:.~dy drystudy 

PRICESETX drystudy drystudy drystudy 

PROJECT eddata eddata eddata eddata 

RECH drystudy drystudy •••• no use 

RECHARGALL eddata eddata drystudy eddata 
aqmodel 
drystudy 

RECHARGE eddata eddata eddata eddata 
agmodel aqmodel 
drystudy drystudy 

REGION eddata eddata agmodel eddata 
drystudy aqmodel 

drystudy 

REGRESS eddata eddat.a eddata 
agmodel 

REPCROPAl eddata eddata eddata eddata 

SAMEAS eddata •••• no assn val 
drystudy 

SAVAGITEH eddata eddata eddata eddata 

SCENARIO drystudy drystudy drystudy drystudy 

SCENARIOS drystudy drystudy drystudy drystudy 

SHONTH drystudy drystudy drystudy 

SPKSTAT eddata eddata eddat.a eddata 

SPKSTRAT eddata eddata agmodel eddata 
drystudy drystudy 

SPRINGS eddata eddata agmodel 

STAGE eddata eddat.a eddata eddata 

STRATEGY eddata eddata eddata drystudy 
drystudy 

STRATTYPE agmodel agmodel agmodel agmodel 
drystudy drystudy, 

USEGROUP eddata eddata •••• no use 

USER eddata eddata eddata 

USEYEAR eddata eddata eddata 
agmodel 

liATERDEP eddata eddata •••• no use 

liATERSTAT eddata eddata eddata eddata 

liATR eddata eddata eddata eddata 

liATUSEYEAR agmodel agmodel •••• no use 
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WCOUNTY agmodel aqmodel ..... 11 no '..JSe 

WETSTRAT eddata ~~'!at a ~-:ldata eddata 

WIT EM eddata eddata ~ddat3 ~ddata 

ws eddata eO-jata eddata eddata 

YEAR eddata eddata ~ddata eddata 
agmodel 
dcystudy 

ZONALL eddata eddata drystudy eddata 
aqmodel 
drystudy 

ZONE eddata eddata eddata eddata 
agmodel agmodel 
drystudy drystudy 
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Table 8.2 Files where actions on ?ARAMETERS ~ppear 

ITEM NAME DECLARED DEFINED ASSIGNED REF 
-------------------------------------------------------------------------------------
ABANI.AND drystudy <j r'fS t udy drystudy 

ABCAVG eddata eddat.a ~ddata 

ABCRESULT eddata ~ddata eddata 

ABCRESULTS eddata eddata eddata 

AGDATA eddata eddata eddata 
agmodel 
drystudy 

AGDATA2 eddata eddata eddata 
agmodel 
drystudy 

AGOH'F eddata eddata agmodel 

AGIRREFIC eddata eddata agModel 

AGMARGIN drystudy drystudy drt'study 

AGPCT eddata eddata eddata 

AGRWATER drystudy drystudy drystudy 

AIND eddata eddata ....... no use 

AMUN eddata eddata eddata 

ASSIGNBAS eddata eddata eddata 

AVAILI.AND eddata eddata eddata eddata 

AVAILZONE eddata eddata eddata 
aqmodel 
drystudy 

AVECLIMATE eddata eddata eddata 

AVGRECHAR eddata eddata ..... no use 

BCAV eddata eddata eddata 

BCAVG eddata eddata ...... 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 no use 

CAL2 eddata eddata ..... no use 

CANTALOP eddata eddata eddata 

CARROT eddata eddata eddata 

COIF' eddata .... no use 

CLIMATE eddata eddata eddata 
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CORN eddata eddata ~ddata 

COST edda.ta eddata edda ':a 

COSTIRRIG eddata eddata agmodel 
,jryst'. .. dy 

COSTSPRINK eddata eddata aqmodel 
dryst:..i.dy 

COTTON eddata eddata eddata 

COUNTYWTS eddata eddata no use 

CPUMP eddata eddata ...... no use 

CUCUMBER eddata eddata eddata 

DAYLIGHT eddata eddata eddata 

DAYMONTH eddata eddata ..... no use 

DE eddata eddata agmodel 

DRYLAND2 drystudy drystudy drystudy 

ELAS eddata eddata ........ no use 

fiXACRES agmodel ag:model drystudy agmodel 
drystudy 

!1JRRLAND2 drystudy drystudy ...... no use 

HOLDACRES agrnodel agmodel agmodel 
drystudy 

IN DADO eddata eddata eddata 

IN DEMAND eddata eddata eddata eddata 

INDPCT eddata eddata eddata 

ISCROP eddata eddata eddata 
agmodel 
drystudy 

ISCROP2 eddata eddata ..... no use 

IS DATA eddata eddata eddata 

ITT drystudy drystudy drystudy 

Jl7HEAD drystudy drystudy drystudy 

LABORC eddata eddata agmodel 

LETTUCE eddata eddata eddata 

LIE"l'L drystudy drystudy drystudy 

LIE"l'O agmodel agrnodel drystudy 

LIE"l'P agmodel agmodel agmodel 
drystudy 

LIMIT agmodel agmodel no use 

MIDI FE" eddata eddata no use 

MIXDATA eddata eddata eddata 
agmodel 
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MRECH edda:a ~ddata ~'JJJ.':3 -?:J>ja':.J 

MUNADD eddata eddata <:.>':l':lat3 

MUNDEMAND eddata eddata ...... "0 'JSe 

MUNPCT eddata eddata e-jdata 

MUNUSE eddata eddata eddata 

NDAT eddata edd at a eddata 

NRECH eddata eddata eddata 

OATS eddata eddata eddata 

OBJSUM drystudy drystudy ·:lrystudy 

ONION eddata eddata eddata 

PCHANGE eddata eddata eddata 

PDATA eddata eddata eddata 

PE eddata eddata agmode l 

PEANUTS eddata eddata eada ta 

PERcENT eddata ........ no use 

PNG eddata eddata agmodel 

PRICE agmodel aqmodel drystudy agmodel 
drystudy 

PRICEP drystudy drystudy drystudy 

PROB eddata eddata eddata 
agmodel 
drystudy 

PSI eddata eddata aqmodel 

RAG DATA eddata eddata eddata eddata 

RAGDATA2 eddata eddata eddat a 

RECHARGED eddata eddata eddata 

RECHARGEL eddata eddata eddata 

RECHARGEH eddata ...... no use 

REG PAR eddata eddata drystudy 

REPAIRC eddata eddata agmodel 

ROO'l'WATER eddata eddata eddata 

RUNYEAR eddata eddata ....... no use 

SABHEAD dryotudy drystudy drystudy 

SCENDATA drystudy drystudy drystudy 

SORGHAY eddata eddata eddata eddata 

SORGHUM eddata eddata eddata 

SPINACH eddata eddata eddata 

SPKTRANS agmodel agmodel agmodel 
drystudy 
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SPRINGMIN aqmodel agmodel ....... no use 

SPRINKON agmodel aqmodel -l~mode.!. 

SPRNKLAND2 dryseudy drystudy no use 

SUMAGWATER drystudy d rystudy ...... no use 

SUI1IRRIG drystudy drystudy ..... no use 

SUMMARYTAB drystudy drystudy drystudy 

SUMMARYTB drystudy no use 

SU11TODRY drystudy drystudy .. " ... no use 

TOTLAND2 drystudy drystudy no use 

YPU11P eddata eddat.a ...... no use 

WEATHER eddata eddata eddata 

WEATHERD eddata eddata eddata eddata 

WINWHT eddata eddata eddata 
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Table 6.3 Files where actions ~n EQUATIONS 3~pe3~ 

ITEM NAME DECLARED DEriNE:D ASSIGNEe 

BUYOUT PAY agmodel aqmodel 3qi'T1C'J~~ 

CROPACRE agmodel agmodel aqmocel.. 

DRY LAND agmodel agmodel agmodel 

fiXACRE agmodel agmodel agmodel 

FURROWLAND agmode 1 agmodel aqmodel 

IRRLAND agmodel agmodel agmodel 

IRRPUMP agmodel agmodel aqmodel 

M!\XCONVERT agmodel aqmodel agmodel 

OBJ agmodel agmodel agmodel 

PUMPCOAGEQ agmodel agmodel agmodel 

PUMPLFT agmodel agmodel agmodel 

SPKLAND agmodel agmodel agmodel 
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Table 8.4 files where actions .Jn '/ARI.:-.a~ES 3.ppear 

ITEM NAME DECLARED DEFINED ASSI'3~J£D 

AGPROFIT aqmodel a·~model 

drystudy 

AGPUMPCOST agmodel 3.qmodel 
drystudy 

AGWATER agmodel aqmodel 
drystudy 

AATSPRING agmodel •••• no use 

CRO!'HIX agmodel aqmodel 

CROP PROD agmodel aqmodel 
drystudy 

DEVIRRIG agmodel agmodel 
drystudy 

ENDWATER agmodel •••• no use 

E1JRRTODRY agmodel aqmodel 
drystudy 

E1JRRTOSPK agmodel agmodel 
drystudy 

INITWATER agmodel •••• no use 

LIFT agmodel agmodel 

PAY BUYOUT agmodel aqmodel 
drystudy 

SPKTODRY agmodel agmodel 
drystudy 
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Table 8.5 files where actions on MODELS appear 

ITEM NAME DECLARED DEfiNED 

EDWARDS agmodel agmodel 

.A.ss: :i~JED 

a~:""-:;del 

-:lc;study 

R£f 

aqmodel 
jrystudy 
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Tab!~ 3.6 Items ~orked ~n in t._:e a~."l·:'j~-

SETS 
Item Name DEFINED DECLARED ASSIGNED IMPL-;._.SN :::::rjTROL REf 

AGCOUNTY X X :< )( 
AGE:ff :< X 
ALLSTRAT :< X 
SEGHEAD X )( X 
8UYOUTY£AA X )( ;<. X 
CROP X X 
CROPELIG X X X 
CROPS X X 
CROPSTRAT X 
CROPUS£S X X X 
DRYSTRAT X 
£COUNTY X X 
£NDH£AD X 
EQU X 
fSTAT X 
GROUPS X 
IRRTYPE X X X X 
LANDA X X 
LANDO X X 
MAPLOC X X 
MIXES X X 
MIXESA X 
MLINK X X 
MONTH X X 
MONTH2 X )( 
PAYELIG X X X 
RECHAAGALL X 
RECHARGE X X 
REGION X X 
REGRESS X 
SPKSTRAT )( 

SPRINGS X 
STRATTYPE X X )( X 
USEYEAA X 
WATUSEYEAA X X 
WCOUNTY X X 
YEAA )( 

ZONALL X 
ZONE X X 

PARAMETERS 
Item Name DEfiNED DECLARED ASSIGNED IMPL-ASN :ONTROL REf 

AGDATA X 
AGDATA2 X 
AGDIFF X 
AGIRREFIC X 
AVAILZONE X 
COSTIRRIG X 
COSTS PRINK X 
DE X 
FIXACRES X X X 
HOLDACRES X X X 
ISCROP X 
LASORC X 
LirTO X X 
LirTP X X X 
LIMIT X X 
MIX DATA X 
PE X 
PNG X 
PRICE X X 
PROS X 
PSI X 
REPAIRC X 
SPKTRANS X X X 
SPRINGMIN X X 
SPRINKON X X X 

EQUATIONS 
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Item Name 8Ef:~JE.: :E::..AREO ASS!:;~;~: :··~?:...-.:..sN :-:~.::~.c:.. ;EF 
BUYOUT PAY X X X X 
CROPACRE X X X X 
DRYLAND X X X X 
FIXACRE X X X X 
fURROWLAND X X X X 
IRRLAND X X X X 
IRRPUMP X X X X 
MAX CONVERT X X X X 
OBJ X X X X 
PUMPCOAGEQ X X X X 
PUMPLM X X X X 
SPKLAND X X X X 

VARIABLES 
Item Name DEFINED DECLARED ASSIGNED !MPL-ASN CONTROL REF 

AGPROFIT X X X 
AGPUMPCOST X X X 
AGWATER X X X 
ARTS PRING X 
CROPHIX X X X 
CROP PROD X X X 
DEVIRRIG X X X 
ENDWATER X 
fURRTODRY X X X 
fURRTOSPK X X X 
INITWATER X 
LIM X X X 
PAY BUYOUT X X X 
SPKTODRY X X X 

MODELS 
Item Name DEFINED DECLARED ASSIGNED !MPL-ASN CONTROL REF 

EDWARDS X X X X X 

-------------------------------------------------------------------------------------

Appendix B - l3 



Table B.7 Item.s W'Odced on 1n file dr'/St' ... dY 

SETS 
Item Name DEFINED DECLARED ASS!GNEJ :MPL-~SN :ONTROL REF 

AGCOUNTY :< X 
ALLSTRAT X X 
ASSUME X X X 
BLOCKMONTH X X X X CCGROUP X X :< X CGROUP X X 
CROP X X 
CROPELIG X X 
CROPELIG2 X X X 
CROPS X X 
CROP STAAT X 
CROPUSES2 X X X X 
DRY STAAT X X 
DRYYEAR X X X 
FSTAT X X 
GROUPS X X 
HEADSET X X X 
HSET X X X X 
INCGROUP X X X 
IRRTYPE X 
ITEMNAME X X 
ITEMTYPE X X X 
LANDA X X 
LANDO X X 
MONTH X X 
PAYELIG X X 
PRICESET X X X X 
PRICESETX X X X 
RECH X X 
RECHARGALL X X 
RECHARGE X X 
REGION X X 
SAMEAS X 
SCENARIO X X X X 
SCENARIOS X X X X 
SMONTH X X X 
SPKSTRAT X X 
STRATEGY X X 
STRATTYPE X X 
YEAR X 
ZONALL X X 
ZONE X X 

PARAMETERS 
Item Name DEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF 

ABANLAND X X X 
AGDATA X 
AGDATA2 X 
AGMARGIN X X X 
AGRWATER X X X 
AVAILZONE X 
COSTIRRIG X 
COSTS PRINK X 
DRYLAND2 X X X 
FIXACRES X X 
FURRLAND2 X X 
HOLDACRES X 
ISCROP X 
ITT X X X 
J17HEAD X X X 
LIFTL X X X 
LIFTO X 
LIFTP X 
OBJSUM X X X 
PRICE X X 
PRICEP X X X 
PROB )( 

REG PAR X 
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S~.8HEAD X X :< 
S<::ENDATA X X X 
SPKTRJ\NS X 
SPRNKLAND2 X X 
SUHAGWATER X X 
Sv~IRRIG X X 
SUMMARY TAB X X X 
SUMMARYTB X 
SUMTODRY X X 
TOTLAND2 X X 

EQUATIONS 
Item Name DEfiNED DECLARED ASSIGNED !MPL-ASN CONTROL REF 

BUYOUT PAY X 
CROP ACRE X 
DRY LAND X 
fiXACRE X 
FUR ROWLAND X 
IRRLAND X 
IRRPUMP X 
MAX CONVERT X 
OBJ X 

PUMPCOAGEQ X 
PUMPLFT X 
SPKLAND X 

VARIABLES 
Item Name DEfiNED DECLARED ASSIGNED IMPL-ASN CONTROL REF 

AGPROfiT )( X 
AGPUMPCOST X X 
AGWATER X X 
CROPMIX X 

CROP PROD X X 
DEVIRRIG X X 
FURRTODRY X X 
FURRTOSPK X X 
LI F'l' X 
PAYBUYOUT X X 
SPKTODRY X X 

MODELS 
Item Name DEfiNED DECLARED ASSIGNED IMPL-ASN CONTROL REF 
E~ARDS X X X 

-------------------------------------------------------------------------------------
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Table 8.8 I:ems ~0rked ~n in fi:e ~-:Jr::l3ta 

SETS 
Item Name DEFINED DECLARED ASSIGNED IMPL-ASN ':ONTROL ~Ef 
ADJUST X X X X 
AGEFF X X 
AGIRREFF X X X 
AGITEM X X X 
ALLSTRAT X X X X 
BASIN X X X X 
COUNTY X X X X 
COUNTYS X X X X 
CROP X X X X 
CROPl X X X X 
CROP2 X X X X 
CROPS X X X X 
CROPSl X X X 
CROPS2 X X X 
CROPSTRAT X X X 
DATES X X X 
DRYSTAT X X 
DRYSTRAT X X X X 
ENDHEAD X X X 
EPICITEM X X X X 
EQU X X X 
FSTAT X X X X 
FSTRAT X X X 
GROUP X X 
GROUPS X X X X 
LAND X X X X 
LANDA X X X X 
LANDO X X X X 
MIXES X X X X 
MIXESA X X X 
MONTH X X X X 
MONTHP X X X 
MONTHS X X X 
OBS X X X 
PENASTRAT X X X X 
PROJECT X X X X 
RECHARGALL X X X 
RECHARGE X X X X 
REGION X X X 
REGRESS X X X 
REPCROPAl X X X X 
SAMEAS X 
SA VAG ITEM X X X X 
SPKSTAT X X X X 
SPKSTRAT X X X 
SPRINGS X X 
STAGE X X X X 
STRATEGY X X X 
USEGROUP X X 
USER X X X 
USEYEAR X X X 
WATERDEP X X 
WATERSTAT X X X X 
WATR X X X X 
WETSTRAT X X X X 
WIT EM X X X X 
WS X X X X 
YEAR lt X X X 
ZONALL X X X 
ZONE X X X X 

PARAMETERS 
Item Name DEFINED DECLARED ASSIGNED IMPL-ASN CONTROL REF 

ABCAVG X X X 
ABCRESULT X X X 
ABCRESULTS X X X 
AGDATA X X X 
AGDATA2 lt X X 
AGDIFF X X 
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AGIRREfiC X :< 
AGPCT X X X 
AINO X X 
AMUN X X X 
ASSIGNBAS X X X 
AVAILLAND X X ;.: X 
AVAILZONE X X X 
AVECLIMATE X z X 
AVGRECHAR X X 
BCAV X X X 
BCAVG X X 
BCCONSTANT X X X 
BCOATA X X X 
BCRESULT X X X 
BCRE:SULTS X X X 
CABBAGE: X X X 
CALl X X 
CAL2 X X 
CANTALOP X X X 
CARROT X X X 
COIF X 
CLIMATE X X X 
CORN X X X 
COST X X X 
COSTIRRIG X X 
COSTS PRINK X X 
COTTON X X X 
COUNTYW'I'S X X 
CPUMP X X 
CUCUMBER X X X 
DAYLIGHT X X X 
OAYMONTH X X 
oe: X X 
E:LAS X X 
IN DADO X X X 
INOE:MANO X X X X 
INOPCT X X X 
ISCROP X X X 
ISCROP2 X X 
IS DATA X X X 
LABORC X X 
LETTUCE: X X X 
MIOifF X X 
MIXOATA X X X 
MRE:CH X X X X 
MUNAOO X X X 
MUNOE:MANO X X 
MUNPCT X X X 
MUNUSE: X X X 
NOAT X X X 
NRECH X X X 
OATS X X X 
ONION X X X 
PCHANGE: X X X 
POATA X X X 
PE X X 
E'E:ANUTS X X X 
!'E:RCE:NT X 
PNG X X 
PROS X X X 
PSI X X 
RAG DATA X X X X 
RAGDATI'.2 X X X 
RECHARGED X X X 
RE:CHARGE:L X X X 
RE:CHARGE:M X 
RE:GE'AR X X 
RE:E'AIRC X X 
ROOTWATE:R X X X 
RUNYE:AR X X 
SORGHAY X X X X 
SORGHUM X X X 
SPINACH X X X 
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"!?":"!? X :-: 
WU7HER X X X 
WEATHERO X X X X WlSWHT X X X 
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Table 8.9 

Parameter tile where values are enter~d 
riXACRES agmodel 
LH'TO agmodel 
LIMIT agrnodel 
PRICE agmodel 
SPKTRANS agmodel 
SPRINGMHI agmodel 
SPRINKON agmodel 
Jl7H£AD drystudy 
PRICEP drystudy 
SABHEAD drystudy 
SCENDATA drystudy 
AGDIFF eddata 
AGIRREFIC eddata 
AGPCT eddata 
ASSIGNBAS eddata 
AVA! LLANO eddata 
BCDATA eddata 
CABBAGE eddata 
CALl eddata 
CAL2 eddata 
CANTALOP eddata 
CARROT eddata 
CORN eddata 
COST eddata 
COSTIRRIG eddata 
COSTS PRINK eddata 
COTTON eddata 
CUCUMBER eddata 
DAYLIGHT eddata 
DAYMONTH eddata 
DE eddata 
ELAS eddata 
IN DADO eddata 
IN DEMAND eddata 
LABORC eddata 
LETTUCE eddata 
MIDIFF eddata 
MIXDATA eddata 
MRECH eddata 
MUNADD eddata 
MUNUSE eddata 
OATS eddata 
ONION eddata 
PCHANGE eddata 
PDATA eddata 
PE eddata 
PEANUTS eddata 
PNG eddata 
PSI eddata 
RAG DATA eddata 
RECHARGED eddata 
REG PAR eddata 
REPAIRC eddata 
RUNYEAA eddata 
SORGHAY eddata 
SORGHUM eddata 
SPINACH eddata 
WEATHERD eddata 
WINNHT eddata 
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Table 8.10 L1st cf ?arameters whlch are =~~putea 
~arameter File wh~re values are computed 
HOLDACRES aqmodel 
LIFTP aqmodel 
ABANLAND drystudy 
AGMARGIN drystudy 
AGRWATER drystudy 
DRYLAND2 drystudy 
FIXACRES drystudy 
FURRLAND2 drystudy 
HOLDACRES drystudy 
ITT drystudy 
LIFTL drystudy 
LIFTP drystudy 
OBJSUH drystudy 
PRICE drystudy 
SPRNKLAND2 drystudy 
SUHAGWATER drystudy 
SUHIRRIG drystudy 
SUMMARYTAB drystudy 
SUHTODRY drystudy 
TOTLAND2 drystudy 
ABCAVG eddata 
ABCRESULT eddata 
ABCRESULTS eddata 
AGDATA eddata 
AGDATA2 eddata 
AIND eddata 
AMUN eddata 
AVAILZONE eddata 
AVECLIMATE eddata 
AVGRECHAR eddata 
BCAV eddata 
BCAVG eddata 
BCCONSTANT eddata 
BCRESULT eddata 
BCRESULTS eddata 
CLIMATE eddata 
COUNTYWTS eddata 
CPUMP eddata 
INDPCT eddata 
ISCROP eddata 
ISCROP2 eddata 
ISDATA eddata 
MUNDEMAND eddata 
MUNPCT eddata 
NDAT eddata 
NRECH eddata 
PROB eddata 
RAGDATA2 eddata 
RECHARGEL eddata 
ROOTWATER eddata 
VPUHP eddata 
WEATHER eddata 
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Economic and Hydrologic Implications oflmplementing 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 oflitigation 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 Coma! 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 Coma! 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 14 77 (SB 14 77), 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 Coma! Springs at risk. Despite significant attempts on the part of 

San Antonio to limit pumping, springflow at Coma! 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 a/., 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 Jl7 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 Jl7 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. 

PBEVIOUSBESEARCH 

Despite the prominence the Edwards aquifer debate has assumed in recent years, few 

studies have preformed detailed analyses of the economic and hydrologic impacts 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 all 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 eta!. (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 partially funded by this grant. 

MEmODOLOGY 

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 models, being subsets ofEDOPT, incorporate most of the improvements to 

it. 

l{ydrolo1ic lnyestjgations 

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 Coma! 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, Coma! 

and Hays counties), and western pumping (Uvalde and Kinney counties). Details of this 

hydrologic investigation are documented in Keplinger and McCarl (1995a). 

Table I 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 Coma! 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, Coma! 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, Coma! 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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The Edwards Aquifer Optimization 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 springtlow. 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 springtlow from the aquifer, allowing us to 

investigate more policy questions, especially with regard to eastern versus western pumping, and 

their effects on monthly springflow. 

An Acrlcu!tura! Sector Optimization 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 mark~t water 

rights to the highest bidder. This environment is most accurately simulated by an "agricultural 

sector only" model 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 corning year are based on historical probabilities of receiving various weather 

conditions. 
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Associated with each year 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 ofland 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 ConseJVation SeJVice (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 seJViced by a system (127) in 

order to produce a per acre annualized cost of $3 5.43. 

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 ofPumping. 

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 Peiia (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 value of 

harvest cost is considered where, for each state of nature: 

Harvest cost = (harvest cost I unit harvested) x (units harvested I 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. 

Mode) 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 conveyance 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 ofland 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 themselves 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 ofland 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. 

Dry Year Option Scenarios 

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 lst 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 I st. 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 revenues 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 or 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 "Irrigation Water," "Springtlow 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. 

Eastern A2ricultural Counties versus Western Agricultural Counties 

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 of79,892 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, 34,80 I 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 of94,397 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 ofwater 
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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 1st 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 Coma! 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 ofthe 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 

of2,789 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 Coma! springs, the more vulnerable of the two springs to declining aquifer levels. 

Coefficients from monthly Coma! springflow equations developed in the hydrologic investigation 

were used to determine the effects of reduced irrigation pumping on average monthly Coma! 

springflow in term of cfs. Table 5 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 Coma! 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 Coma! springflow. Most of the reduction in irrigation occurs in April, May and June, 

whereas the greatest impact on Coma! 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 

of37,011 in Medina and Bexar counties as a result of the $1 0/acre dry year offer, results in an 

increase in Comal springflow during the month of August of28.25 cfs, whereas a pumping 
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cutback of87,660 acre feet as a result of a dry year offer of$50 results in and increase in Coma! 

springflow of66.86 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 Coma! 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 springtlows, 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 tum 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 Antonio 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 ofProgram, 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 Coma! springflow and 2) 
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the increase in Coma! springtlow 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 ofWater, 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 Coma! springtlow). For Sections B, C, and D of Table 4, "Cost ofWater, 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 Coma! springtlow, as described earlier. 

Marginal cost refers to the cost of additional units of water or springtlow. 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 ofWater, Marginal" is the additional cost of the program (cost ofthe $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/afto $37/af, while the 

marginal cost of water varies from $4/afto $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 
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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) p'ay 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/afand 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 I 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 ofthe 104,516 acre feet ofthe water saved in the western agricultural counties 

without affecting Coma! 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 Coma! springflow is increased by about 12 cfs if all 

ag pumping in Uvalde and Kinney counties were to cease. 

Jyoe 1st Cutoff Strate~;:ies 

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 possibility 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 1st 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 l st 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 1 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 lst cutoff, water use increases in January, 

April, and May. This results in declines in Coma! springflow (Figure 3) from January through 

May, and smaller increases in springflow for the remainder of the year than for the unanticipated 
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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 1st Cutoff 

For a given offer price, a January 1st 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 
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Growing aquifer demands, interest in maintaining springtlow, 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 1st 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 Coma! 

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 
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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 I st versus a January 1st dry year option 

scenario, and the cost of obtaining the water or springtlow 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 

of87,660 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 springtlow of35,491 acre feet for the 

current year. Springflow at Coma! 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 springtlow, 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 Coma! 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 

Tile Relatlonahlp Between Cutbacks In A&riCulturaJ Pumpin& in U'\-'alde and Kinn<'y Countfest and Increases in I\funJclpal Pumpin& by San 
Alltonlo. 

This relatiorwhip assumes that pumping by San Antonio (Eastern pumping) is increased to the maximum ex1ent possible without negatively impacting 
Comal opringflow during the year of the cutback. 

The greek character J) is used to denote coefficients for the Coma I springflow equation in Table 1. Subscript<; indicate the corresponding variable of 
the coefficient. 

I!.Comal Springflow = 4Eastem Pumping x p ...... _., + 1!. Western Pumping x Pw,·~-··· 

Since we desire Comal springflow to remain unchanged, 

llEastem Pumping x P-- = - 4 Western Pumping x Pw .• ~ --. . 

Thus, 

llEastemPumping I /lWestemPumping = -(-.04/-.28) = -.1429 =-In. 
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Table I. Re~~on Coefficients for Annual Coma! and San rvfarcos Springtlow. and Jl7 and Sabinal Index Well EndinR: Elevations 

Jl7 Sabinal 
Coma I San Marcos Ending Ending 

Springflow Springflow Elevation Elevation 
(acre feet) (acre feet) (feet above sea level) 

117 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 0.080 0.024 0.000015 0.000022 
(acre feet) 

WeolemPumping -0.04 -0.0005 -0.000024 -0.000088 
(acre feet) 

Easlem Pumping -0.28 -0.025 -0.000113 -0.000050 
(acre feet) 

lnlercepl -1924677 -203976 321 ISO 

R-Square 0.93 0.77 0.95 0.96 

Appendix C - 35 



Table 2. States ofNature. Recharge Levels. and Prohahilitics L'scd in Analvsis 

R~se(Sortedlowedto I Year of Recharge I State of Nature I Probability (of total) Dry Years 
hi.best)(l,OOO 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 
178.3 48 
179.6 34 

192.0 55 
197.9 84 
200.2 so 
214.4 89 4 0.14 0.48 
239.4 62 

273.1 43 of 

215.5 52 
308.8 40 Total 
35,.5 88 

399.0 39 
400.7 37 

406.4 80 5 0.21 

413.2 64 

420.1 83 

422.4 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 

824.8 60 

850.7 41 

884.7 68 

894.1 76 7 0.21 

909.6 36 

925.3 71 

952.0 77 

973.0 75 

1,003.3 85 

1,117.8 79 

1,142.6 57 

1,153.7 86 

1,258.2 35 

1,448.4 81 

1,486.5 73 

1,711.2 58 8 0.07 
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2,003.6 87 9 0.02 

628.0 Average 
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Table 3. Total Furrow, and S rinkler Irrigated Acres Drawi~ from Edwards Aquifer 

Total Furrow Sprinkler 
Irrigated Irrigated Irrigated 

Countv 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 

Coma! 0 0 0 

Haya 0 0 0 

Toto I 79,891 55,338 24,553 

Percent ofTotol 100% 69% 31% 

Source: NRCS 
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Table 4. Responac to Offer Price of lmDlemenliru! a Drv Year Option 

Section A. Januarv 1st Cutoff- Uvalac and Kinncl Countieo 

Type of Land Uac Irrigation Water Springtlow Aquifer Reoponac Agricultural Income Cost of Program 
Re11 onac 

Offer Irrigated Amount Total Coot of Water Cost of SpringOow 
Price of Currcnl Comal Eastern Western From 
($) Dryland Applied Reductio Yr. August Region Region Total Operation Total 

Total Furrow Sprinkler (Acrea) (AF) n (AF) (CFS) (feet) (feet) ($) ($) ($) Average Marginal Average Marginal 
(Acres) (Acres) (Acres) (AF) ($/AF) ($/AF) ($/AF) ($/AF) 

0 41 560 28,357 13,203 0 104,516 0 0 0.00 0.00 0.00 2 813 701 2,813,701 0 0 in f. 0 in f. 

10 41,560 28 357 13 203 0 104 551 0 0 0.00 0.00 0.00 2,813 707 2,813,707 0 0 in f. 0 in f. 

20 41,560 28 357 13 203 0 104 551 0 0 0.00 0.00 0.00 2 813,707 2,813 707 0 0 in f. 0 inf. 

30 41,560 28 357 13,203 0 104,551 0 0 0.00 0.00 0.00 2 813,707 2,813 707 0 0 in f. 0 in f. 

40 41,560 28 357 13,203 0 104,551 0 0 0.00 0.00 0.00 2,813,707 2,813,707 0 0 in f. 0 in f. 

50 41,560 28,357 13,203 0 104,551 0 0 0.00 0.00 0.00 2,813,707 2,813,707 0 0 in f. 0 in f. 

60 23,941 10,738 13,203 17,618 54,895 49.621 2.789 5.55 1.67 6.14 3,168,235 2,111,155 1,057,080 149 149 379 379 

70 23,941 10,738 13,203 17,618 54,895 49.621 2,789 5.55 1.67 6.14 3,344,415 2,111,155 1.233,260 174 in f. 442 in f. 

80 23,941 10,738 13.203 17,618 54.895 49,621 2,789 5.55 1.67 6.14 3,520,595 2,111.155 1,409,440 199 in f. 505 in f. 

90 3,265 0 3,265 38,294 6,092 98,424 5.507 10.93 3.30 12.12 4,550,983 1,104,523 3,446,460 245 343 626 879 

100 3.265 0 3,265 38,294 6,092 98,424 5.507 10.93 3.30 12.12 4,933,923 1,104.523 3,829.400 272 in f. 695 in f. I 

110 234 0 234 41,326 448 104,068 5,812 11.53 3.49 12.79 5,483,934 938,074 4,545,860 306 1,364 782 3,610! 

120 0 0 0 41,560 0 104.516 5,836 11.58 3.50 12.84 5,908,681 921,481 4,987,200 334 6,899 855 18.1941 

130 0 0 0 41,560 0 104,516 5,836 11.58 3.50 12.84 6,324,281 921.481 5.402,800 362 in f. 926 in f. 

140 0 0 0 41,560 0 104.516 5.836 11.58 3.50 12.84 6, 739,881 921.481 5,818,400 390 in f. 997 in f. 

150 0 0 0 41,560 0 104,516 5.836 11.58 3.50 12.84 7,155,481 921,481 6,234,000 418 in f. 1,068 in f. 
---
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Table 4. Continued 

Section B. Januarv lsi CUtoff- Medina and Bexar Counties. 

Type of Land Use Irrigation Waler Sprinaflow Response Aquifer RespoDSe A¢c:ultural Cost of Proaram 
Offer Income 
Price Irrigated Amount Total Comal Eastern Westun From Cost of Wa1er Cost of Springflow 
($) Dry land Applied of Current August Region Region Total Operation Total 

(Acres) (AF) Reductio Yr. (CFS) (feet) (feet) ($) ($) ($) 
Total Furrow Sprinkler n (AF) Average Marginal Average Marginal 

(Acres) (Acres) (Acres) (AF) ($/Af) ($/AF) ($/AF) ($/AF) 

0 38,332 26982 11,350 0 94 397 0 0 0.00 0.00 0.00 1,374 515 1,374,515 0 0 inf. 0 inf. 

10 24,447 13 097 11,350 13,885 57,385 37,011 15,034 28.25 6.07 2.68 1,602,128 1,463,278 138 850 4 4 9 9 

20 24,447 13,097 11,350 13,885 57,385 37,011 15,034 28.25 6.07 2.68 1,740,978 1,463,278 277 700 8 inf. 18 inf. 

30 24,447 13.097 11,350 13,885 57,385 37.011 15,034 28.25 6.07 2.68 1,879.828 1,463,278 416.550 II inf. 28 inf. 

40 24,447 13,097 11,350 13 885 57,385 37,011 15,034 28.25 6.07 2.68 2.018,678 1,463,278 555,400 15 inf. 37 in f. 

50 3,531 0 3,531 34,801 6,737 87,660 35,491 66.86 14.32 6.34 2,899.836 1,159,786 1,740,050 20 32 49 78 

60 3,531 0 3,531 34.801 6,737 87.660 35,491 66.86 14.32 6.34 3.247,846 1.159,7S6 2.088,060 24 inf. 59 inf. 

70 950 0 950 37,382 1.858 92.53S 37,403 70.45 15.09 6.68 3.736.095 1,119,355 2,616,740 28 ISO 70 458 

80 950 0 950 37.382 1.858 92.538 37,403 70.45 15.09 6.68 4.109,915 1.119.355 2,990.560 32 inf. so in f. 

90 0 0 0 38.332 0 94.397 38.132 71.81 15.39 6.81 4.530,525 I.OS0,645 3,449.880 37 448 90 1.143 

100 0 0 0 38.332 0 94,397 3S,I32 71.81 15.39 6.81 4.913.S45 1.080.645 3.S33,200 41 inf. 101 inf. 

110 0 0 0 38.332 0 94.397 38.132 71.81 15.39 6.81 5.297,165 1.080.645 4,216.520 45 inf. Ill inf. 

120 0 0 0 38,332 0 94.397 38.132 71.81 15.39 6.81 5.680,485 1,080,645 4,599,840 49 in f. 121 in f. 

130 0 0 0 38,332 0 94.397 3S.I32 71.81 15.39 6.81 6.063,805 1.080,645 4.983.160 53 in f. 131 in f. 

140 0 0 0 38.332 0 94.397 38,132 71.81 15.39 6.81 6,447,125 1.080,645 5,366.480 57 in f. 141 in f. 

150 0 0 0 38,332 0 94.397 38.132 71.81 15.39 6.81 6,830,445 1,080.645 5,749,800 61 inf. 151 inf. 
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Table 4. Continued 

Section C. June 1st Cutoff Unanticipated, Medina and Bexar Counties 

Type of Land Use Irrigation w~ Springflow Aquifer Response Agricultural Cost of Program 
Offer Restonse Income 
Price lrrigaled Amount Total CostofW~ Cost of Springflow 
($) of Current Comal Eastern Western From 

Dry land Applied Reductio Yr. August Region Region Total Operation Total 
Total Furrow Sprinkler (Acres) (Af) n (Af) (CFS) (feet) (feet) ($) ($) ($) Average Marginal Average Marginal 

(Acres) (Acres) (Acres) (AI') (S/Af) ($/Af) ($/Af) ($/AI') 

0 38 332 26,982 11,350 0 94,397 0 0 0.00 0.00 0.00 1,374,515 1,374,515 0 0 0 0 0 

10 33,845 23 762 10,083 4,487 92,972 1,425 470 1.15 0.19 0.08 1,403,547 1,358,675 44,872 31 31 96 96 

20 32,437 22,748 9,689 5,895 91,441 2,955 960 2.38 0.39 0.17 1,453,702 1,335,804 117,898 40 48 123 149 

30 27,743 18,993 8,749 10,589 86,051 8,346 2,665 6.73 1.08 0.48 1.538,065 1.220,385 317,680 38 37 119 117 

40 24,749 17,736 7,013 13,583 83,241 11,156 3,556 8.99 1.44 0.64 I ,651,353 1,108,036 543,317 49 80 153 253 

50 21,587 14,825 6,763 16,745 79.304 15,Q92 4,829 12.17 1.95 0.86 1,813,155 975,916 837,239 55 15 173 231 

60 21,126 14,748 6,378 17,206 78,968 15,429 4,939 12.44 1.99 0.88 1,984,319 951,981 1,032,338 67 580 209 1.760 

70 20,937 14,668 6,269 17,395 78,837 15,560 4,983 12.54 2.01 0.89 2,158.018 940.368 1,217,650 78 1,413 244 4,288 

80 20.937 14,668 6.269 17.395 78,837 15,560 4,983 12.54 2.01 0.89 2.331,968 940,368 1.391,600 89 in f. 279 inf. 

~0 19.956 13.687 6,269 18,376 76,810 17.586 5.509 14.18 2.22 0.98 2.509,058 855,261 1.653,797 94 215 300 828 

100 19,886 13.617 6.269 18.446 76,677 17.720 5.545 14.28 2.24 0.99 2.693,329 848,773 1.844,556 104 1,428 333 5,273 

110 19.046 12.777 6.269 19.286 75.248 19,148 5,943 15.44 2.40 1.06 2,883,393 761.933 2,121,460 Ill 194 357 696 

120 18.055 II ,786 6.269 20.277 73,211 21.186 6,474 17.08 2.61 1.16 3,082,071 648.817 2,433,253 115 153 376 588 

130 17.262 10.993 6.269 21.070 71.863 22,533 6.850 18.16 2.76 1.22 3.288,346 549.246 2,739,100 122 227 400 815 

140 17.262 10,993 6,269 21.070 71.863 22,533 6.850 18.16 2.76 1.22 3.499,046 549,246 2,949,800 131 inf. 431 in f. 

150 17.262 10,993 6,269 21,070 71.863 22,533 6.850 18.16 2.76 .tll. l,l(l9,746 549,246 3,160,500 140 in f. 461 inf. 
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Table 4. Continued 

Section D. June 1st Cutoff Anticioated with 48% Probability, Medina and Bexar Counties 

Type of Land Use Irrigation Willer Springflow Aquifer Re.oponse Agricultural Income Cost of Program 
Re~~ onse 

Irrigaled Amount Total Western From Cost of Water Cost of Springflow 
Offer of Current Co mal Eastern Operation Total 
Price Total [)ryland Applied Reductio Yr. August Region ($) ($) 

($) (Acres) Furrow Sprinlder (Acres) (AI') n (AI') (CFS) (feet) Region Total Average Marginal Average Marginal 
(Acres) (Acres) (AI') (feet) ($) ($/AI') ($/AI') ($/AI') ($/AI') 

0 38,332 26982 II 350 0 94397 0 0 0.00 0.00 0.00 I 374 515 1,374,515 0 0 0 0 0 

10 33,787 23,704 10,083 4,545 93766 631 122 0.51 0.05 0.02 1,412,152 I 366 699 45,453 72 72 373 373 

20 31,373 21,684 9689 6,959 90165 4,232 I 367 3.41 0.55 0.24 1,468,960 1,329,782 139,178 33 26 102 75 

30 28 738 19 955 8,783 9,594 87 181 7,216 2,337 5.82 0.94 0.42 1,554,415 1,266,589 287,826 40 50 123 153 

40 26,215 19,203 7,013 12,117 84,868 9,528 3,087 7.68 1.25 0.55 1,656,287 1,171,618 484,670 51 85 157 262 

50 23,456 16,694 6,763 14,876 80,681 13,716 4,529 11.06 1.83 0.81 1,802,857 1.059,068 743,789 54 62 164 180 

60 22,365 15,987 6,378 15,967 78,577 15,820 5,196 12.75 2.10 0.93 1,958,205 1,000,187 958,018 61 102 184 321 

70 21,155 15,486 6.269 16.577 77,373 17,023 5,562 13.72 2.24 0.99 2,121,298 960,939 1,160,359 68 168 209 553 

80 20,773 14.646 6.127 17.559 75.352 19.045 6.196 15.32 2.50 1.11 2.297.403 892.683 1.404,720 74 121 227 385 

90 17,280 I 1.211 6.069 21.052 75.555 18.842 5.092 14.63 2.05 0.91 2,669.370 77M90 1,894,680 101 inf. 372 in f. 

100 16.182 10.657 5.525 22,150 H.088 20,308 5.396 15.68 2.18 0.96 2,919.469 704,425 2,215,044 109 641 410 6.275 

110 15.239 9.714 5.525 23.093 71.808 22.588 6.128 17.51 2.47 1.09 3.146.362 606,132 2,540.230 112 143 415 445 

120 10.255 6.376 3.879 28.077 73.383 21,014 4,038 15.34 1.63 0.72 3,804,981 435,741 3.369.240 160 inf. 834 in f. 

130 10.255 6.376 3.879 28.077 73.383 21.014 4.038 15.34 1.63 0.72 4.085,751 435,741 3,650,010 174 in f. 904 inf. 

140 10.255 6.376 3.879 28.077 73.383 21.014 4.038 15.34 1.63 0.72 4,366,521 435,741 3,930,780 187 in f. 974 mf. 

150 10.255 6,376 3.879 28.077 73,383 21.014 4,038 15.34 1.63 0.72 4~47,291 435.741 4,211,550 200 inf. 1.043 in f. 
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Table 5. Potential Water Use Reduction from lmplementin2 a Dry Year C ption (Acre Feet}. 

Countv Stratel!Y JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

Uvalde 
Jan 7,947 4,527 5,796 23,365 19,090 23,012 10,313 2,605 798 821 1,255 4,987 104,515 

Medina 1 
Cutoff 6,135 4,050 6,838 21,605 15,937 21,097 8,377 5,046 849 539 687 3,236 94,396 

Medina June 1 Cutoff 
Unanticipated 0 0 0 0 0 16,096 3,057 3,380 0 0 0 0 22,532 . 

Medina June 1 Cutoff ! 

Anticioated (2,7811 1 675 2 163 (6 746) (5 568) 19 512 6641 4137 633 436_ , .. llO 801 21.014 I 

Table 6. Potential Sprinoflow Effect from Im lementino a Dry Year Option- Coma! Sprinos (CFS). 

County Strate~y JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Uvalde 
Jan 0.22 1.87 2.15 5.10 7.00 10.32 I 1.71 11.58 12.05 11.38 11.44 10.49i 

Medina 1 
Cutoff 11.61 15.71 19.79 42.17 53.16 69.28 71.65 71.81 66.05 57.28 51.86 48.45 

Medina June 1 Cutoff 
Unanticipated 0.00 0.00 0.00 0.00 0.00 14.74 16.33 18.16 16.55 14.27 12.82 11.56 

Medina June 1 Cutoff 
Anticipated -5.26 -1.71 1.23 -6.21 -10.97 7.56 12.70 15.34 14.44 12.73 11.~0 lOJ9 
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Figure l. 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 Coma! Springflow from Implementing a Dry 
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Figure 4. Cost of Water and Springflow for Dry Year Option Alternatives. 
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FigureS. 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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Appeadix D. laput Output Modeliac Multiplien 

Table Dl-1 OUTPliT MULTIPLIERS OF BEXAR COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL 1YPEI 1YPE Ill 
I Dairy Fann Products 1 0.2179 0.4478 1.66S7 1.2179 1.6657 
3 AGG RANCH/RANGE FED CAITLE 1 0.215S 0.6143 1.8298 1.2155 1.8298 
5 Cattle Feedlots 1 0.2016 O.S635 l.76SI 1.2016 I. 7651 
6 Sheep, Lambs And Goats 1 0.06S7 2.9668 4.032S 1.()657 4 0325 

7 Hogs, Pigs And Swine 1 0.2117 0.517 1.7287 1.2117 1.7287 

9 Miscellaneous LiveslOCk 1 0.1981 0.2713 1.4693 1.1981 1.4693 

10 Cotton I 0.1744 0.5612 l.73S6 1.1744 1.7356 

11 Food Grains 1 0.292 0.5047 1.7967 1.2920 1.7967 

12 Feed Grains I 0.1758 0.4554 1.6312 1.1758 1.6312 

13 Hay And Pasture I 0.2284 0.4325 1.6610 1.2284 1.6610 

16 Fruits I 0.3014 0.4777 1.7791 1.3014 I 7791 

18 Vegetables I 0.1992 0.3933 1.5925 1.1992 15')25 

20 Miscellaneous Crops I 0.1535 0.7211 1.8746 1.1535 I 1!7-tC. 

Table Dl-2 PERSONAL INCOME MULTIPLIERS OF BEXAR COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL 1YPE I 1YPE Ill 

Dairy Farm Products 0.027 0.0713 0.1501 0.2484 3.6433 '->207-l 

3 AGG RANCH/RANGE FED CATTLE 0.0532 0.0623 0.206 0.3215 2.1693 h 0377 

5 Cattle Feedlots 0.0713 0.0584 0.189 0.3186 1.8190 -t -t69S 

6 Sheep, Lambs And Goats 0.1406 0.0197 0.9948 1.1551 1.1404 1!.2167 

7 Hogs, Pigs And Swine 0.0538 0.0634 0.1734 0.2905 2.1784 5.-t014 

9 Miscellaneous Livestock 0.0245 O.OS86 0.091 0.174 3.3925 7.10S7 

10 Cotton 0.0355 0.0493 0.1882 0.2729 2.3905 7.6973 

11 Food Grains 0.034 0.0767 0.1692 0.2798 3.2570 8.2393 

12 Feed Grains 0.0393 0.0478 0.1527 0.2398 2.2169 6.1022 

13 Hay And Pasture 0.0291 0.0621 0.145 0.2362 3.1344 8.1196 

16 Fruits 0.008 0.0872 0.1602 0.2554 11.8463 J I 76.10 

18 Vegetables 0.0117 0.0536 0.1319 0.1972 5.574 16.8257 

20 Miscellaneous Crops 0.0485 0.0419 0.2418 0.3321 1.8638 6 8529 

Table Dl-3 TOTAL INCOME MULTIPLIERS OF BEXAR COUNTY 
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CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 
I Dail}' Farm Products 0.2308 0.1135 0.2494 0.5937 1.4918 2.5722 

3 AGG RANCH/RANGE FED CATILE 0.3205 0.1049 0.3421 0.7675 1.3274 2.395 

5 Cattle Feedlots 0.3633 0.0983 0.3139 0.7155 1.2705 2.1343 
6 Sheep, Lambs And Goats 0.7571 0.0326 1.6524 2.4421 1.0431 3.2256 

7 Hogs, Pigs And Swine 0.3022 0.1046 0.288 0.6948 1.3462 2.29119 

9 Miscellaneous Livestock 0.3437 0.0967 0.1511 0.5915 1.2815 1.7211 

10 Cotton 0.3614 0.0812 0.3126 0.7552 1.22411 2.011911 

II Food Grains 0.4501 0.136 0.2811 0.8672 1.3023 1.92611 

12 Feed Grains 0.6005 0.0825 0.2536 0.9366 1.1373 1.5591 
13 Hay And Pasture 0.4795 0.1071 0.2409 0.8275 1.2233 1.7257 

16 Fruits 0.1648 0.1592 0.2661 0.59 1.9659 3.51107 

18 Vegetables 0.4945 0.1007 0.2191 0.8143 1.2037 1.6467 

20 Miscellaneous Crops 0.6224 0.0747 0.4016 1.0987 1.12 1.7652 

Table Dl-4 VALUE ADDED MULTIPLIERS OF BEXAR COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Fann Products 0.2356 0.126 0.21166 0.6483 1.53411 2. 7513 

3 AGG RANCH/RANGE FED CA TILE 0.3414 0.1204 0.3932 0.11551 1.3526 2.50-H 

5 Cattle Feedlots 0.31121 0.1128 0.3608 0.8557 12951 2.23') I 

6 Sheep, Lambs And Goats 0.7982 0.0375 1.11992 2.7349 1.0469 1.4265 

7 Hogs, Pigs And Swine 0.3247 0.1203 0.331 0.776 1.3705 2.3\1 

9 Miscellaneous Livestock 0.3661 0.1064 0.1737 0.6462 1.2907 1.7651 

10 Cotton 0.3949 0.0923 0.3593 0.8465 1.2338 2.1436 

II Food Grains 0.4839 0.166 0.3231 0.9729 1.3430 2.0 lOll 

12 Feed Grains 0.6458 0.099 0.2915 1.0363 1.1533 1.60411 

13 Hay And Pasture 0.5321 0.1286 0.2769 0.9376 1.2416 1.7620 

16 Fruits 0.1769 0.1745 0.3058 0.6571 1.91166 3 7157 

18 Vegetables 0.5163 0.113 0.2518 0.8811 1.2188 1.7065 

20 Miscellaneous Cr~ 0.6334 0.0861 0.4616 1.1812 1.1359 1.11647 
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TableDI-5 EMPLOYMENT MULTIPLIERS OF BEXAR COUNTY 

DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE III 
I Dairy Fann Products 10.0389 3.0174 7.5722 20.6285 1.3006 2.0549 

3 AGG RANCH/RANGE FED CATTLE 15.0786 2.8332 10.3882 28.3 1.1879 1.8768 

5 Canle Feedlots 13.7826 2.6497 9.5302 25.9625 1.1923 1.8837 

6 Sbcep, Lambs And Goats 84.21 0.8731 50.1718 135.2549 1.0104 1.6062 

7 Hogs, Pigs And Swine 12.3142 2.7619 8.7436 23.8197 1.2243 1.9343 

9 Miscellaneous Livestock 5.747 2.4316 4.5874 12.766 1.4231 2.2213 

10 Cotton 12.9537 3.4108 9.4909 25.8554 1.2633 1.996 

II Food Grains 11.0972 3.6187 8.5348 23.2501 1.3261 2.0952 

12 Feed Grains 11.0741 2.2042 7.701 20.9793 1.199 1.8944 

13 Hay And Pasture 9.7501 2.8625 7.3149 19.9215 1.2936 2.0438 

16 Fruits 7.0268 . 6.9025 8.0785 22.0077 1.9823 3.132 

18 Vegetables 7.2835 4.1859 6.6519 18.1214 1.5747 2.488 

20 Miscellaneous Cr~ 18.5856 2.4402 12.1943 33.2202 1.1313 171174 

Appendix D - 3 



Table D2-l OlTfPUT MULTIPLIERS OF KINNEY COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE! TYPE Ill 
I Dairy Farm Products I 0.2236 0.184 1.4076 1.2236 1.4076 
3 AGG Range/Ranch Fed Cattle I 0.123 0.1912 1.3143 1.123 13143 
6 Sheep, Lambs And Goats I 0.0418 0.7222 1.764 1.0418 1.764 
9 Mi~llancous Livestock I 0.1049 0.1329 1.2378 1.1049 1.2378 
13 Hay And~ I 0.1188 0.166.5 1.28.53 1.1188 1.2853 

Table D2-2 PERSONAL INCOME MULTIPLIERS OF KINNEY COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Fann Products I 0.2236 0.184 1.4076 1.2236 1.4076 

3 AGG Range/Ranch Fed Cattle I 0.123 0.1912 1.3143 1.123 I 31-13 

6 Sheep, Lambs And Goats I 0.0418 0.7222 1.764 1.0-l 18 1.76-l 

9 Miscellaneous Livestock I 0.1049 0.1329 1.2378 1.1049 12378 

13 Hay And Pasture I 0.1188 0.1665 1.2853 1.1188 1.2!!53 

Table D2-3 TOTAL INCOME MULTIPLIERS OF KINNEY COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Fann Products 0.24.59 0.1021 0.101 0.4489 1.41 S I 1.!!258 

3 AGG Range/Ranch Fed Cattle 0.34.5.5 0.0.579 0.1049 0 . .5083 1.1677 1.-'715 

6 Sheep, Lambs And Goats 0.7608 0.0196 0.3964 1.1768 1.02.58 1.5468 

9 Mi~laneous Livestock 0.381.5 0.0496 0.0729 0 . .504 1.13 13211 

13 Hav And Pasture 0.484 0.0.536 0.0914 0.6289 1.1107 1.2995 
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TableD2-4 VALUE ADDED MULTIPLIERS OF KINNEY COUNlY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE III 

Dairy Farm Products 0.2S07 0.1094 0.1239 0.4839 1.4363 1.9304 

3 AOO RaugeiRaoch fed Cattle 0.3676 0.0638 0.1287 O.S601 1.1735 1.5237 

6 Sheep, Lambs ADd Goats 0.7982 0.0216 0.4862 1.306 1.0271 1.6362 

9 Miscellaocous Uvestoclt 0.4039 0.0541 0.0894 0.5475 1.1339 1.3553 

13 Hav ADd Pasture 0.5321 0.0604 0.1121 0.7046 1.1136 1.3242 

Table D2-5 EMPLOYMENT MULTIPLIERS OF KINNEY COUNlY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Farm Products 10.4592 5.458 3.3274 19.2447 1.5218 1.84 

3 AGG Range/Ranch Fed Cattle 13.9395 2.6033 3.4582 20.0011 1.1868 1.4348 

6 Sheep, Lambs And Goats 61.598 0.8815 13.0612 75.5407 1.0143 1.2263 

9 Miscellaneous Livestock 9.2362 2.2581 2.4029 13.8972 1.2445 1.5046 

13 Hay And Pasture I 1.7033 2.701 3.0112 17.4155 1.2308 1.41!81 
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Table D3-l OtiTPUT MULTIPLIERS OF MEDINA COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE III 

1 Dairy Farm Products 1 0.2543 0.2796 1.5338 1.2543 1.5338 
3 AGG RancbiRange Fed Cattle 1 0.1809 0.354 1.5349 1.1809 1.5349 
5 Cattle Feedlots I 0.3121 0.3855 1.6975 1.3121 1.6975 
6 Sheep, Lambs And Goats 1 0.0534 1.2428 2.2962 1.0534 2.2962 
7 Hogs, Pigs And Swine I 0.1804 0.2611 1.4415 1.1804 1.4415 

9 Miscellaneous Livestock I 0.1755 0.181 1.3565 1.1755 1.3565 

10 Cotton I 0.2642 0.3779 1.6421 1.2642 1.6421 

11 Food Grains I 0.1804 0.2697 1.4502 1.1804 1.4502 

12 Feed Grains I 0.1093 0.2792 1.3885 1.1093 1.3!!1!5 

13 Hay And Pasture I 0.139 0.2541 1.393 I 1.139 1.3931 

16 Fruits I 0.3217 0.3088 1.6305 1.3217 1.6305 

18 Vegetables I 0.1995 0.2421 1.4416 1.1995 1.4416 

20 Miscellaneous Crops I 0.1208 0.5198 1.6406 1.1208 1.6406 

21 Oil Bearing Crops I 0.1538 0.2809 1.4347 1.1538 U347 

Table D3-2 PERSONAL INCOME MULTIPLIERS OF MEDINA COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

I Dairy Farm Products 0.0241 0.0526 0.0859 0.1627 3.1792 6.7401 

3 AGG Ranch/Range Fed Caule 0.0461 0.0382 0.1088 0.1931 1.8281 4.11197 

5 Cattle Feedlots 0.0635 0.0462 0.1185 0.2281 1.7269 3.5927 

6 Sheep, Lambs And Goats 0.1399 0.0116 0.382 O.S33S 1.01126 J.I!IH 

7 Hogs, Pigs And Swine 0.0473 0.039 0.0803 0.1666 1.8251 3.5216 

9 Miscellaneous Livestock 0.0223 0.0364 0.0556 0.1143 2.6355 5.1344 

10 Couon 0.0315 0.0671 0.1162 0.2147 3.1287 6.11153 

11 Food Grains 0.0305 0.0448 0.0829 0.1583 2.4684 5 111311 

12 Feed Grains 0.039 0.0266 0.0858 O.lS14 1.6812 3.8817 

13 Hay And Pasture 0.0295 0.0335 0.0781 0.1412 2.1359 4. 7111 

16 Fruits 0.0074 0.0808 0.0949 0.1832 11.8948 24.6882 

18 Vegetables 0.0105 0.0512 O.o744 0.1362 5.8777 12.%1 

20 MiiCIIllaneous Crops 0.0484 0.030S 0.1598 0.2386 1.6306 4.9351 

21 Oil BeariJ!.g c~ 0.0348 0.0368 0.0863 0.158 2.0577 4.5363 
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Table D3-3 TOTAL INCOME MULTIPLIERS OF MEDINA COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Farm Products 0.2065 0.129 0.1543 0.4898 1.6247 2.3721 
3 AGG Ra.och/Range Fed Cattle 0.2886 0.0888 0.1954 0.5728 1.3076 1.9847 

5 Cattle Feedlocs 0.3237 0.1289 0.2128 0.6654 1.3983 2Q5S6 

6 Sheep, Lambs And Goats 0.7536 0.0266 0.686 1.4662 1.0353 1.9455 

7 Hogs, Pigs And Swiuc 0.2659 0.0897 0.1441 0.4997 1.3372 11!794 

9 Miscellaneous Livestock 0.3126 0.0836 0.0999 0.4961 1.2675 1.51!7 

10 Cotton 0.3211 0.1193 0.2086 0.649 1.3716 2.0211 

II Food Grains 0.4046 0.0847 0.1489 0.6382 1.2093 1.5773 

12 Feed Grains 0.5959 0.051 0.1541 0.801 1.0855 I J.l-11 

13 Hay And Pasture 0.4867 0.065 0.1403 0.692 1.1335 1.-1217 

16 Fruits 0.152 0.1545 0.1704 0.4769 2.0164 3.1377 

18 Vegetables 0.4433 0.0964 0.1336 0.6733 1.2176 1.519 

20 Miscellaneous Crops 0.621 0.0574 0.2869 0.9654 1.0925 1.5545 

21 Oil Bearing Crops 0.5141 0.0707 0.155 0.7398 1.1376 14191 

Table D3-4 VALUE ADDED MULTIPLIERS OF MEDINA COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Farm Products 0.2113 0.1409 0.1807 0.5329 1.667 2.5223 

3 AGG Ranch/Range Fed Cattle 0.3101 0.098 0.2288 0.6369 1.316 2.0539 

5 Cattle Feedlots 0.3425 0.1413 0.2491 0.7329 1.-1127 2.1401 

6 Sheep, Lambs And Goats 0.7982 0.0293 0.8032 1.6307 1.0368 2.0-131 

7 Hogs, Pigs And Swine 0.2883 0.099 0.1688 0.5S61 1.3435 I. 92119 

9 Miscellaneous Livestock 0.335 0.0917 0.117 0.5437 1.2737 1.6221! 

10 Cotton 0.3546 0.1261 0.2442 0.725 1.3556 2.0-14-1 

II Food Grains 0.4384 0.0961 0.1743 0.7088 1.2192 1.6169 

12 Feed Grains 0.6458 0.0572 0.1804 0.8834 1.0885 1.3679 

13 Hay And Pasture 0.546 0.0728 0.1642 0.7831 1.1334 1.-13-12 

16 Fruits 0.1641 0.1637 0.1996 0.5273 1.9975 3.2137 

18 Vegetables 0.4651 0.1027 0.1S65 0.7242 1.2208 15573 

20 Miscellaneous Crops 0.6334 0.0624 0.336 1.0318 1.0985 1.621!9 

21 Oil Bearing Crops 0.5521 0.0796 0.1815 0.8132 1.1441 1.4729 
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Table D3-S EMPLOYMENT MULTIPLIERS OF MEDINA COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

1 Dairy Farm Products 9.93 3.S432 4.6142 18.087S I.JS68 1.8215 

3 AGG Ranch/Range Fed Cattle 14.6363 2.42SI S.8431 22.904S 1.1657 l.S649 

s Canle Feedlots 14.242 4.3338 6.3617 24.9376 1.3043 1.751 

6 Sheep, Lambs And Goats 58.4031 0.7183 20.Sll2 79.6327 1.0123 1.3635 

7 Hogs, Pigs And Swine 10.1726 2.4124 4.31 16.89S 1.2371 1.6608 

9 Miscellaneous Livestock 6.6SSS 2.06SI 2.9866 11.7072 1.3103 1.759 

10 Cotton 13.0091 5.2017 6.2367 24.4475 1.3999 1.!!793 

II Food Grains 10.738S 2.2601 4.4SI6 17.4S02 1.2105 1.625 

12 Feed Grains 12.13 1.3245 4.6078 18.0623 1.1092 141!91 

13 Hay And Pastu~ 10.5619 1.6844 4.194 16.4403 1.1595 1.5566 

16 Fruits 8.0808 6.1995 5.0961 19.9764 1.8414 U721 

18 Vegetables 7.3686 4.2992 3.9959 15.6638 l.SISJS 2.1257 

20 Miscellaneous Crops 22.721 2.0082 8.5794 33.3085 1.088-J 1.4(>(, 

21 Oil Bearin2 Crops 11.5477 1.9867 4.6352 1!!.1697 1.172 15734 
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Table 04-1 OUTPliT MULTIPLIERS OF UV ALOE COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 
Dairy Fann Products I 0.3296 0.3731 1.7027 1.3296 1.7027 

3 AGG Ranch/Range Fed Cattle I 0.2086 0.4141 1.6227 1.2086 16227 
s Cattle Feedlots I 0.341S 0.4SOI 1.7916 1.34JS 1.7916 
6 Sheep, Lambs Aod Goats I 0.0634 1.6349 2.6983 1.0634 2.6983 

7 Hogs, Pigs ADd SwiDC I 0.2078 0.413S 1.6213 1.2078 1.6213 

9 Miscellaneous Livestock I 0.1896 0.2808 1.4704 1.1896 14704 

10 Cotton I O.S692 0.6S 2.2192 I.S692 2.2192 

II Food Grains I 0.236S 0.3471 U83S 1.2365 1.5lH5 

12 Feed Grains I 0.1395 0.318 1.4.576 1.139S 14576 

13 Hay ADd Pasture I 0.181.5 0.3177 1.4992 1.1815 1.4992 

16 Fruits I O.S937 0 . .5434 2.1371 1.5937 2.1371 

18 Vegetables I 0.3779 0.3911 1.7691 1.3779 1.7691 

20 Miscellaneous Crops I 0.2086 0.5742 1.7828 1.2086 1.7828 

Table 04-2 PERSONAL INCOME MULTIPLIERS OF UV ALOE COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Farm Products 0.02S6 0.0966 0.1224 0.2446 4.7773 9.5625 

3 AGG Ranch/Range Fed Cattle 0.0488 0.059 0.1358 0.2437 2.2081 4.9891 

5 Cattle Feedlots 0.0673 0.0687 0.1476 0.2836 2.0213 42163 

6 Sheep, Lambs And Goats 0.1404 0.0184 0 . .5363 0.6951 11309 4 94')2 

7 Hogs, Pigs And Swine 0.0.512 0.0602 0.13S6 0.2471 2.1759 4.8235 

9 Miscellaneous Livestock 0.0237 0.0539 0.0921 0.1697 3.2793 7.1725 

10 Cotton 0.0334 0.1887 0.2132 0.4353 6.6505 13.0.148 

II Food Grains 0.0323 0.0692 0.1138 0.2153 3.1416 6.6647 

12 Feed Grains 0.0392 0.0414 0.1043 0.1849 2.0571 4.7202 

13 Hay And Pasture 0.029 0.0538 0.1042 0.187 2.8569 6.4549 

16 Fruits 0.0077 0.1994 0.1783 0.3853 27.0273 50.2937 

18 Vegetables 0.0111 0.12.53 0.1283 0.2647 12.2.537 237793 

20 Miscellaneous Crops 0.0484 0.0661 0.1883 0.3029 2.3662 6.2566 
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TableD4-3 TOTAL INCOME MULTIPLIERS OF UV ALOE COUN1Y 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE 111 
I Dairy Farm Products 0.2188 0.1614 0.208.5 0 . .5887 1.7379 2.6909 
3 AGG Ranch/Range Fed Cattle 0.3063 0.1028 0.2314 0.640.5 1.33.55 2.0908 
.5 Cattle Fccdlots 0.3428 0.1459 0.251.5 0.7401 1.4255 2.1592 
6 Sheep, Lambs And Goats 0.7.563 O.o316 0.9136 1.7014 1.0417 2.2497 
7 Hogs, Pigs And Swine 0.2878 0.1034 0.2311 0.6223 1.3593 2.162 
9 Miscellaneous Livestock 0.3321 0.0944 0.1569 0.5835 1.2844 1.7567 
10 Cotton 0.3403 0.2.5.58 0.3632 0.9593 1.7517 2.111K9 
II Food Grains 0.4181 0.1103 0.1939 0.7314 1.2576 1.7105 
12 Feed Grains 0.5985 0.0658 0.1777 0.841 1.1099 I 40611 
13 Hay And Pasture 0.4774 0.08.56 0.1775 0.7405 1.1793 1.5512 

16 Fruits 0.157 0.27 0.3037 0.7306 2.7201 -1.65-111 

18 Vegetables 0.4696 0.1718 0.2186 0.86 13659 1.11313 
20 Miscellaneous CroPS 0.6218 0.0957 0.3209 103114 1.15-1 167 

Table 04-4 VALUE ADDED MULTIPLIERS OF UV ALOE COUN1Y 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

I Dairy Farm Products 0.2236 0.1733 0.2426 0.6395 I. 7751 2.!1603 

3 AGG Ranch/Range Fed Cattle 0.3278 0.1125 0.2693 0.7096 1.3431 2 l6-t6 

5 Cattle Feedlots 0.3616 0.1588 0.2927 0.8131 1.4392 2.HX6 

6 Sheep, Lambs And Goats 0.7982 0.0346 1.0632 1.8959 10433 2. 375-1 

7 Hogs, Pigs And Swine 0.3103 0.1133 0.2689 0.6924 1.365 2 2317 

9 Miscellaneous Livestock 0.3546 0.1027 0.1826 0.6399 1.2897 l.XO-t6 

10 Cotton 0.3738 0.2642 0.4227 1.0607 1.7067 2.8374 

II Food Grains 0.4619 0.124 0.2257 0.8116 1.2685 1.757 

11 Feed Grains 0.6458 0.0733 0.2068 0.9259 1.1135 14338 

13 Hay And Pasture 0.5321 0.0954 0.2066 0.8342 1.1793 1.5676 

16 Fruits 0.169 0.2809 0.3534 0.8034 2.6618 4.7524 

18 Vegetables 0.4914 0.1796 0.2.544 0.9254 1.3654 111113 

20 Miscellaneous C~ 0.6334 0.1018 0.3734 1.1087 1.1608 l 7503 
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Table 04-S EMPLOYMENT MULTIPLIERS OF UV ALOE COUNTY 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE III 
I Dairy Fann Products 9.9682 6.2918 6.0ISS 22.2754 1.6312 2.2347 
3 AGG RaochiRange Fed Cattle 14.6S08 3.396 6.6766 24.7234 1.2318 1.6875 

5 CaUie Feedlots 14.2443 S.3696 7.2S63 26.8703 1.377 1.8864 
6 Sheep, Lambs And Goats 69.1399 1.0377 26.3594 96.S37 1.015 1.3963 
7 Hogs, Pigs And Swine 14.6231 3.3972 6.6668 24.687 1.2323 1.68112 
9 Miscellaneous Livestock 9.2362 2.9992 4.S266 16.762 1.3247 UH411 

10 Cotton 12.7544 15.1464 10.4798 38.3807 2.1875 3.0092 

11 Food Grains 10.9679 4.1568 5.5955 20.7203 1.379 1.111192 

12 Feed Grains 11.3932 2.4669 5.1276 18.9877 1.2165 1.6666 

13 Hay And Pasture 10.639 3.2072 5.1225 18.9687 1.3015 1.7829 

16 Fruits 8.0808 15.2462 8.7618 32.0889 2.8867 3.971 

18 Vegetables 7.4319 9.6141 6.3063 23.3523 2.2936 3.1422 

20 Miscellaneous Crops 19.9207 4.7262 9.2576 33.9045 1.2372 I 702 
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Table D5·1 OUTPUT MULTIPLIERS OF EDWARDS AREA 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE III 

Dairy Fann Products I 0.2906 0.5104 1.8009 1.2906 1.8009 

3 AGG RANCH/RANGE FED CATTLE I 0.315 0.6666 1.9816 1.315 I. 9816 

5 Cattle Feedlots I 0.3087 0.6502 1.959 1.3087 1.959 

6 Sheep, Lambs And Goats I 0.0959 2.369 3.4649 1.0959 3.4649 

7 Hogs, Pigs And Swine I 0.2488 0.5399 1.7887 1.2488 1.7887 

9 Miscellaneous Livestock I 0.239 0.329 I.S68 1.239 1.568 

10 Cotton I 0.3388 0.7271 2.0658 1.3388 2.0658 

11 Food Grains I 0.3432 0.5424 1.8856 1.3432 1.8856 

12 Feed Grains I 0.197 0.5079 1.7049 1.197 1.7049 

13 Hay And Pasture I 0.2519 0.4799 1.7318 1.2519 1.7318 

16 Fruits I 0.455 0.6589 2.1139 1.455 2.1139 

18 Vegetables I 0.3104 0.5082 1.8186 1.3104 1.8186 

20 Miscellaneous Crops I 0.2054 0.8771 2.0826 1.2054 2.0826 

21 Oil Bearing Crops I 0.2895 0.5477 1.8372 12895 1.8372 

Table D5-2 PERSONAL INCOME MULTIPLIERS OF EDWARDS AREA 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

I Dairy Farm Products 0.0255 0.0882 0.1705 0.2841 4.4568 II 1409 

3 AGG RANCH/RANGE FED CATTLE 0.0486 0.0761 0.2227 0.3474 2.5648 7.1439 

5 Cattle Feedlots 0.0644 0.0741 0.2172 0.3557 2.1504 5.5218 

6 Sheep, Lambs And Goats 0.1409 0.0248 0.7913 0.957 1.1758 6.7903 

7 Hogs, Pigs And Swine 0.0519 0.071 0.1803 0.3032 2.3689 5.8461 

9 Miscellaneous Livestock 0.0234 0.0664 0.1099 0.1997 3.8399 !1.53112 

10 Cotton 0.0324 0.0997 0.2429 0.375 4.0787 11.5751 

11 Food Grains O.o318 0.0898 0.1812 0.3028 3.8237 9.5189 

12 Feed Grains 0.0391 0.0531 0.1696 0.2618 2.3582 6 7001 

13 Hay And Pasture 0.0293 0.068 0.1603 0.2575 3.3224 !1. 79114 

16 Fruits 0.0076 0.1341 0.2201 0.3618 18.5272 47.3031 

18 Vegetables 0.0109 0.0865 0.1697 0.2672 8.9321 24.411117 

20 Miscellaneous Crops 0.0484 0.0551 0.293 0.397 2.1506 8.2058 

21 Oil Bearing Crops 0.0348 0.0764 0.1829 0.2942 3.1943 8.4472 
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TableD5-3 TOTAL INCOME MULTIPLIERS OF EDWARDS AREA 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE! TYPE Ill 
I Dairy Farm Products 0.2182 0.1492 0.2836 0.651 1.6839 2.9835 
3 AGO RANCH/RANGE FED CATTLE 0.305 0.1442 0.3704 0.8197 1.4729 2.6871 
5 Cattle Fccdlots 0.3284 0.1411 0.3613 0.8307 1.4296 2.5297 
6 Sbccp, l...ambl And Goals 0.159 0.0524 1.3162 2.1275 1.069 2.8031 
7 Hogs, Pigs And Swine 0.2914 0.1225 0.3 0.7139 1.4202 2.4495 
9 Miscellaacous Livestock 0.3285 0.1146 0.1828 0.6259 1.349 1.9055 
10 Cotton 0.3302 0.1584 0.4039 0.8925 1.4798 2.7033 
II Food Grains 0.4215 0.1593 0.3014 0.8822 1.378 2.0929 
12 Feed Grains 0.591 0.0922 0.2822 0.9714 1.1544 1.627 
13 Hay And Pasture 0.4824 0.1177 0.2666 0.8667 1.2439 1.7965 
16 Fruits 0.1561 0.2316 0.3661 0.7543 2.4778 4.8139 
18 Vegetables 0.4603 0.1531 0.2823 0.8964 1.3339 1.9472 
20 Miscellaneous Crops 0.6215 0.1002 0.4873 1.2089 1.1612 I. 9453 
21 Oil Bearing Crops 0.5141 0.1314 0.3043 0.9498 1.2556 U!.n5 

Table D5-4 VALUE ADDED MULTIPLIERS OF EDWARDS AREA 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 

Dairy Farm Products 0.223 0.1638 0.3258 0.7125 1.7345 3.1954 

3 AGG RANCH/RANGE FED CA Tll..E 0.3265 0.163 0.4255 0.915 1.4991 2!!023 

5 Cattle Feedlots 0.3472 0.1593 0.415 0.9215 1.4588 2.6543 

6 Sheep, Lambs And Goats 0.7982 0.0584 1.5121 2.3687 10731 2.9617 

1 Hogs, Pigs And Swine 0.3139 0.1394 0.3446 0.7979 14443 2.5423 

9 Miscellaneous Livestock 0.3509 0.1256 0.21 0.6865 1.3579 I. 9564 

10 Cotton 0.3637 0.1718 0.4641 0.9995 14723 2.7484 

II Food Grains 0.4553 0.1915 0.3462 0.9931 14207 2.181 

12 Feed Grains 0.6458 0.1091 0.3242 1.0791 1.169 1.671 

13 Hay And Pasture 0.5381 0.1394 0.3063 0.9838 1.2591 1.8283 

16 Fruits 0.1688 0.2488 0.4206 0.8381 2.4739 4.9656 

18 Vegetables 0.4821 0.1679 0.3244 0.9744 1.3483 2.0211 

20 Miscellaacous Crops 0.6334 0.1123 0.5599 1.3056 1.1772 2.0611 

21 Oil Bearing Crops 0.5521 0.1574 0.3496 1.0591 1.2851 I. 9183 
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Table D5-5 EMPLOYMENT MULTIPLIERS OF EDWARDS AREA 

CODE SECTOR DIRECT INDIRECT INDUCED TOTAL TYPE I TYPE Ill 
1 Dairy Farm Products 10.0019 4.5896 8.6066 23.1981 1.4589 2.3194 

3 AGG RANCH/RANGE FED CATTLE 14.6225 4.4365 11.2418 30.3008 1.3034 2.0722 

5 Cattle Fc:cdlots 14.2414 4.3482 10.9649 29.5545 1.30S3 2.07SJ 

6 Sheep, Lambs And Goals 64.5843 2.2956 39.9491 106.8289 l.OJSS 1.6541 

7 Hogs, Pigs And Swioc 11.9643 3.4711 9.1044 24.S399 1.2901 2 0511 

9 Miscellaneous Livestock 6.6181 3.117S S.S484 IS.284 1.4711 2309-t 

10 Cotton 12.9065 7.88 12.2607 33.0472 1.610.5 2.560.5 

11 Food Grains 10.88.58 4.6217 9.1469 24.6.545 1.4246 2.26.J8 

12 Feed Grains 11.8.502 2.67 8 . .5645 23.0846 1.22S3 1.9.J8 

13 Hay And Pasture 10.30.51 3.4138 8.0919 21.8108 1.3313 2.116.5 

16 Fruits 7.7487 11.089 11.1112 29.949 2.4311 3.865 

18 Vegelables 7.3926 7.13.54 8 . .5691 23.0971 I. 96.52 3.12-U 

20 Miscellaneous Crops 21.2912 3.7861 14.7916 39.8688 1.1778 1.!172.5 

21 Oil Bearing Crops 11..5477 4.1112 9.2363 24.89.52 1.356 2.155'J 
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