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• ··' ABSTRACT 

The purpose of this study was to quantify the relation
ships between yield, technology, and weather for three crops 
in a fourteen-county region of Texas in order to estimate 
the economic effects of weather modification activities. 
Multiple regression analysis was used to estimate the crop 
yield response to assumed increases in average precipitation. 
The estimates of increased crop production were converted to 
monetary values and an input-output model was used to give 
a preliminary estimate of the economic activity generated 
in the region by increased crop revenues. 

Results of the study indicate that there could be sub
stantial direct increases in agricultural incomes resulting 
from assumed increases in average precipitation. The late 
winter months, January through March, and the summer months, 
June through August, were shown to have the greatest effects 
on crop production. Each dollar of direct income gain would 
lead to between 5 0  and 6 4  cents additional activity as a 
result of multiplier effects. The total regional effects 
of a 1 0  percent increase in average March rain were shown 
to be approximately $5 0 0 , 0 0 0 . 
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1. INTRODUCTION 

1.1 Background 

The Division of Atmospheric Water Resources Manage
ment, Bureau of Reclamation, United States Department of the 
Interior, has been given the task of "establishing a verified, 
working technology and operational management framework by 
1980 capable of producing additional rain from cumulus clouds 
in the sub-humid High Plains Region. " The five-year program 
is titled "The High Plains Cooperative Program (HIPLEX) ." 

To carry out this cloud seeding endeavor, three field 
research sites were selected along the High Plains. These 
sites are near Miles City, Montana, Goodland, Kansas, and 
Big Spring, Texas. 

The Bureau of Reclamation, working through the Texas 
Water Development Board (TWDB) under a cooperative agreement, 
made available to the Board certain funds for carrying out 
specific tasks in the Southern portion (Big Spring area) of 
H IPLEX for the Federal Fiscal Year 1975. 

A portion of these funds was awarded by the Board 
(under contract) to the Colorado River Municipal Water District, 
Big Spring, Texas, to collect and document rainfall data from 
a network of 50 recording rain gauges and approximately 94 
wedge-type fencepost rain gauges. The District is also to 
operate an RD-65 rawinsonde unit to measure atmospheric 
temperature and humidity profiles during operational days. 
The District's seeding aircraft pilot is recording cloud base 
height, temperature and various updraft characteristics on 
those clouds seeded. 

Since 1971, the District has sponsored a rainfall 
stimulation project. The District at first awarded a contract 
to a private firm to conduct an operational cloud seeding 
program for the purpose of inducing rainfall (TWDB, 1974) . 
The primary goal of the project was to increase runoff into 
the storage lakes in the area, primarily Lake J.B. Thomas 
and E.V. Spence Reservoir. The District is now seeding 
clouds· with its own aircraft and equipment. 

Another part of the funds made available to the Board 
by the Bureau was assigned by the Board (under contract) to 
Meteorology Research, Incorporated, Altadena, California to 
upgrade and maintain the Snyder-based, Bureau-owned M-33 r�dar 
system used to measure certain cloud parameters for post analyses 
of cloud characteristics and seeding effectiveness. 



A portion of the FY 75 funds made available by the 
Bureau was earmarked for in- house use by the Texas Water 
Development Board to begin a study of the economic effects 
of weather modification. The first phase of this study is 
described in this report. 

1. 2 Approach 

The immediate goal of the HIPLEX program is to 
reduce scientific and management uncertainties in cloud seeding 
technology for the High Plains region. One of the uncertain
ties identified by the Bureau is determining the circumstances 
under which precipitation increases would be desirable from 
economic and social viewpoints. Specifically, how much 
economic value can be expected from a controlled increase 
in rainfall, and who will realize the benefits. It might 
well be expected that increased rainfall during certain times 
of a crop's growing season would be beneficial, and at other 
times detrimental. Increased rainfall in the middle of 
harvest time, for instance, may destroy part of the crop, but 
increased rainfall in the·early stages of its growth may give 
it the boost it needs to establish itself. 

For this reason the Bureau allotted $5, 0 0 0  to the 
Board and the Board matched that amount to begin a study of 
agricultural production in the Big Spring-Snyder area during 
Federal Fiscal Year 1975. A detailed work plan was prepared 
by the Board covering a full 3�-year research effort. The 
initial emphasis of the study (FY 75) was to estimate the value 
of additional crop yields resulting from hypothetically-induced 
rainfall. These direct effects were realized as increases in 
income to the agricultural producers of food and fiber. The 
results of this preliminary demonstration study are described 
in this report. 

With the completion of this portion of the study, 
further investigations into the economic effects of hypo-
thetically-induced precipitation by cloud seeding can be 
made, should additional funds be made available to the Board. 
For example, with data on grass response to additional rainfall, 
the effects on livestock production may be determined. 

Effects other than agricultural may also be examined. 
These include the effect of increased rainfall on the level of 
municipal and industrial water supplies and water-use patterns, 
and the effects on recreational use of study area reservoirs. 
Indirect effects of additional rainfall by cloud seeding may 
be estimated through interindustry analysis. Interindustry 
analysis can be used to estimate changes in regional income, 
employment, and output in different sectors of the economy. 

The effects of induced rainfall on municipal and 
industrial water supplies can be examined using a forecasting 
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model developed by the Board. This information could be quite 
useful to new industry which might want to develop in this 
region. Recreational effects can also be examined through 
the relationship between induced rainfall and the condition 
of study area reservoirs. Using methods already refined by 
the Board, the economic impact of increased recreational 
activity resulting from more stable water levels in the 
reservoirs could be determined. 

1 . 3  Objectives 

The specific objectives of the present phase of the 
study are: 

1 .  Determine response of cotton, grain sorghum, 
and wheat to changes in the average amount of 
precipitation during various times of the year; 

2 .  Determine direct income effects resulting from. 
changes in crop response; 

3. Determine effects on regional output, income, 
and employment of changes in crop response. 

I 
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2. THE STUDY AREA 

The area selected for this study consists of a 14-county 
region of the Texas Permian Basin lying generally between 
the Cities of Abilene, Lubbock, Midland, and San Angelo 
(see Figure 1). The counties included in the study are 
Borden, Coke, Dawson, Fisher, Garza, Glasscock, Howard, Kent, 
Lynn, Martin, Mitchell, Nolan, Scurry, and Sterling. 

The terrain is characterized by plains in the West sloping 
downward to rolling hills in the East. The Caprock Escarpment 
divides the two types of terrain. Soils in the area are 
generally red or brown sandy loam several feet thick. This 
type of soil easily supports extensive crop production. 

Precipitation in the study area varies from an annual 
normal of about 14 inches in the Southwest to about 22 inches 
in the East. Mean monthly temperatures range from 40 F in 
January to 82 F in July. 

The study area encompasses 12,678 square miles, or 8,113, 920 
acres. Of this total area, 7, 911,443 acres or approximately 97 
percent are used in farming and ranching. This farmland is 
divided between cropland, both dry and irrigated, and rangeland. 
Of the 2,559,894 acres used in cropland, 230,409 acres are 
irrigated (Census of Agriculture, 1969) leaving 2,329,485 
acres dependent on rainfall to supply its water needs. 

Five surface water storage facilities constructed on the 
Colorado River or on its tributaries are located in or near 
the study area. These facilities are Lake J.B. Thomas, Lake 
Colorado City, and E.V. Spence Reservoir on the Colorado River, 
and Champion Creek Reservoir and Oak Creek Reservoir on the 
tributaries. These facilities provide water to the major 
cities and industries encompassed by the District. 

Population in the study area is generally declining. It 
dropped from a level of 149,056 in 1960 to 128,587 in 1970. 
Of this 1970 population, 49.4 percent lived in the Cities of 
Big Spring, Snyder, Lamesa, and Sweetwater (Census of 
Population, 1970). Except for Howard County, in which Big 
Spring lies, all the counties in the study area are expected 
to experience continuing declines in population. It has 
been projected by the Economics Division of the TWDB that 
by 1980, population in the study area will be 116,100, 
eventually reaching a level of 101,600 by the year 2020. 
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The work force participation rate of the population rose 
slightly from 35.1 percetit in 1960 to 38.7 in 1970. Of the 
52,310 members of the work force in 1960, 2,140 or 4.1 percent, 
were unemployed. This unemployment figure was reduced in 1970 
when 1, 290 (2.6 percent) of the 49,740 member work force were 
unemployed. 

Total and relative agricultural employment increased from 
1960 to 1970. Agricultural employment rose from 10,330 ( 20.6 
percent of the work force) to 12,085 (24.9 percent of the work 
force) . 

The economy of the area is centered basically around 
agriculture and oil. Farming, primarily cotton, grain 
sorghum, and wheat, accounted for 27.9 percent of all earnings 
in the region in 1970. Although the mining industry contri
buted only 6.1 percent to the total earnings of the region, 
spinoff industries such as production of oil field machinery, 
petrochemicals, textiles, and fertilizers gave the oil industry 
quite an impact on the economy (Bureau of Economic Analysis, 
19 72) . 

Another factor which emphasi zes the importance of agriculture 
in the study area is that of proprietor's income. Proprietor's 
income is defined by the Bureau of Economic Analysis as the 
value of income earned by unincorporated businesses, less 
expenses. Farmers, doctors, lawyers, entrepreneurs in nonfarm 
businesses and others in self-employment status are included 
as proprietors. In 1970, total proprietor's income for the 
region was $125.4 million of which farm proprietors earned 
$87. 0 million, 69. 4 percent of the total. 
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3. CROP YIELD RESPONSE 

The purpose of the Crop Yield Response portion of the study 
is to estimate the possible effects of hypothetically-induced 
precipitation on the production of agricultural crops in the 
Big Spring-Snyder Study Area. The general nature of the 
relationship between crop yields and precipitation is well 
known. At certain times of the year, additional precipitation 
will increase yields while decreasing them at other times. 
Yields are a function of more than just rain, however. Soil 
characteristics, farming skills, temperature, fertilizer use, 
and crop varieties are also influential in determining yields. 
For the purpose of this study, the above factors are described 
by the relation: 

Yield = f (Precipitation, Temperature, Technology) 

Before this relationship can be used to provide estimates of 
the effects of specific amounts and timings of additional 
precipitation, it must be given quantitative content. 

The technique used to provide this content was multiple 
regression analysis. As it is used in this, and many similar 
studies, multiple regression provides a means of statistically 
estimating the functional relationships between variables. 
The general form of the regression equation is: 

y = bo + bl xl + b2 � ... + bn � + e 

where: 

Y = the dependent, or predicted variable - crop yield. 

= the independent, or predictor variables -
precipitation, temperature, technology. 

b0 , • • •  ,bn = empirically derived constants. 

e = a residual error term. 

In this form, the coefficients can be used to estimate the 
effects on a predicted variable of a change in one of the 
predictor variables if all the other variables are '�eld 
constant at their means. " With appropriate theoretical 
justification, as in the case of rain during the harvest 
season, it is possible to attribute causal significance to 
the changes measured in this way. During this first phase 
of the study, a functional relationship of this type was 
specified for each of the major crops produced in the region 
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and was used to estimate the effects of weather modification 
at different times of the year. 

Specifications of a regression function of the type used 
here requires the collection of repeated observations of 
variables which are presumed to reflect the relationship. 
The variables in this study consisted of average crop yields, 
monthly precipitation, monthly minimum and maximum temperatures, 
and the level of technology. An observation consisted of the 
values for each of these variables for a particular.crop year. 

3.1 Data Acquisition 

3.1.1 Yields 

Total crop production and harvested acreage in 
each county in the region were obtained from reports of the 
Texas Crop and Livestock Reporting Service (Unpublished, 1975) . 
These data were available on an annual basis for the three 
principal crops grown on the area. Production data on cotton 
and wheat cover the time span from 1940 to 1973, while data 
on grain sorghum were not available before 1959. 

Production and acreage data were aggregated to 
the regional level and for each of four Crop Reporting Districts 
(see Figure 2). Gross crop production was converted to yield 
per acre for each district and the region in order to "average 
out" some of the technological influences on yields which are 
not related to time. By using the production and acreage 
harvested of all producers in the region, an average yield is 
produced which reflects the distribution of such factors as 
farming practices, management skills, and soil characteristics. 
While this yield per acre may be inappropriate for estimating 
the production from a specific tract, it does provide an 
estimate of what could be expected in the region as a whole, 
weighted by the existing mix of attributes in the region. 

Since the procedure used to determine values 
for the weather variables requires a specific geographic con
trol point, the "crop activity .center" of each area was 
determined. The crop-activity, or production center for a 
crop is defined as the geographic point through which a north
south axis divides the harvested acreage equally between east 
and west, and an east-west axis divides it equally between 
north and south. Figure 3 shows the location of the production 
centers for each crop. The centers shown in Figure 3 were 
developed using the average number of acres harvested in the 
ten years from 1964 to 1973 (see Table 1) . This crop activity 
center served as the location of the average yield per acre 
and was the.point for which weather observations were developed. 
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TABLE 1 

Average Acres Harvested by Crop-Reporting District From 
1964 to 1973 

Crop Reporting District Cotton % Grain Sorghum 

1-S 501,915 66.5 227,090 

2-N 63,165 8.4 17,795 

2-S 188,020 24.9 50,780 

7 1 ,957 0.2 2,585 

TOTAL 755,057 100.0 298,250 

% Wheat % 
-

76.1 6,537 21.4 

6.0 2,705 8.8 

17.0 20,540 67.2 

0.9 808 2.6 

100.0 30,590 100.0 



3.1.2 Precipitation 

The frequent variation in the amount of 
precipitation experienced by different locations within small 
areas is well known. This variability makes the selection of 
proper observations of rainfall for use in regression analysis 
very difficult. This difficulty is extenuated in this study 
by the fact that the dependent variable represents the weighted 
average yield per acre at the production center of a fairly 
large region. 

Previous studies have dealt with this problem 
in several different ways and with varying degrees of success. 
The most common, and leas t successful, technique is the 
selection of a "representative" weather s tation. "Representa
tive" is sometimes defined as "closest" and s ometimes as "most 
typical." In either case, this method suffers from geographic 
vagueness in addition to the local variation mentioned above. 
An improvement over the "repres entative station approach" 
is the use of several stations to develop an average value for 
a region. This average can be computed in several ways, 
notably the simple arithmetic averaging of values, and through 
the use of Thiess en polygons . The first method is crude, while 
the s econd is time consuming and laborious . 

The approach used in this study draws upon the 
techniques of computer graphics to determine weights for the 
weather stations used in computing an' observation for the 
production center of a region. The procedure was to define 
a leas t-s quares plane ooove a region bas ed on weighted obser
vations from within the region and to evaluate the plane at 
a point above the production center. 

The precipitation records of �7 National 
Weather Service Stations were us ed in these calculations . 
The stations are among those lis ted in Table 2. The longitude 
and latitude of each station were converted to rectangular 
meas ures of the X and Y dis tance from an arbitrary origin. 
To minimize the error caus ed by the convers ion from polar 
to rectangular coordinates, an origin in the approximate 
center of the study area was chosen. After the conversion, 
however, a constant was added to all coordinates to shift 
the entire region to Quadrant I for computational convenience. 

For each month of the 34- year period of record, 
a weight was determined for all weather stations within 32.5 
miles of the production center which recorded an observation 
for the month. Traces were treated as observations of zero 
precipitation. The weights were recomputed each month so that 
the data used in the regressions were based on the maximum 
amount of information available. 

-12-
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TABLE 2. Weather Stations Used in Big Spring-Snyder 
Weather Modification Study 

Map # 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Station # 
16 
34 

248 
268 
394 
493 
779 
786 

1128 
1511 
1875 
1903 
1974 
2082 
2448 
3214 
3253 
3401 
3411 
3445 
3828 
3890 
3992 
4278 
4570 
4841 
4960 
5013 
5158 
5183 
5351 
5411 
5859 
5890 
5891 
6495 
6747 
6932 
7074 
7146 
7206 
7431 
7669 
7678 
7743 
7782 
7940 
7943 
8201 
8373 
8433 
8630 
8818 
8939 
9122 
9154 
9501 
9847 
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Station Name 

Abilene WB AP 
Ackerly 3SE 
Andrews 
Anson 
Aspermont 2S 
Ballinger lSW 
Big Lake No. 2 
Big Spring 
Brownfield No. 2 
Case Range 3S 
Coleman 
Colorado City 
Cope Range 
Crane 
Dickens 
Floydada 
Far san 
Funk Ranch 
Gail 
Garden City lE 
Guthrie 
Hamlin 
Haskell 
Hords Creek Dam 
Jayton 
Knapp 6SW 
Lake Abilene 
Lamesa lSSE 
Lenorah 
Levelland 
Loop 
Lubbock WB Airport 
Mertzon 
Midland WB AP 
Midland 4ENE 
Oak Creek Lake 
Paint Rock 
Penwell lSSE 
Plains 
Polar 
Post 
Rankin 
Robt. Lee 
Roby lESE 
Roscoe 
Rotan 
San Angelo Dam 
San Angelo WB AP 
Seminole 
Slaton SSE 
Snyder 
Sterling City 
Tahoka 
Tesco 
Trent 2ENE 
Truby 3ESE 
Water Valley lNNE 
Winters lNNE 



The weighting function is based on the distance 
between a station and the production center in relation to all 
of the distances to all of the other stations (Unitech, 1973). 
Weights for each observation were determined by the following 
formula: 

where: 

w. = the weight for weather 1 

r. = the Cartesian distance 1 (i) and the production 
miles. 

n 
R = � r 

i=l i 

s 
n 

= E (1 - ri/R)
2 

i=l 

station (i) . 

between weather 
center; r. < 3 2. 5  

1 -

These weights were applied to each observation of rainfall and 
a set of simultaneous equations were solved to determine the 
value of a least-squares plane above the production center. 
The value at this point was interpreted as the weighted 
average precipitation for that location. 

3. 1. 3  Temperature 

Temperature data used in this study were 
developed in exactly the same way as the precipitation data. 
Since temperature is subject to far less local variation than 
rainfall, stations up to 60 miles from the production center 
were included in the averages. 

National Weather Service records of minimum and 
maximum monthly temperature for 58 stations (see Table 2) were 
extracted from the Texas Water Oriented Data Bank for use in 
these computations. Average temperature is the simple average 
of the reported minimum and maximum. 

3.1. 4 Technology 

The productivity of American agriculture has 
risen throughout the past forty years. This increas e in 
productivity is the result of a wi�e variety of factors. The 
introduction of drought resistant hybrids, improved planting 
and harvesting machinery, and improved levels of management by 
the region's producers contribute to the increasing average 
yields. The general level of technology can be assumed to 
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increase over time as a result of the additive nature of the 
type of changes described above. The basic measure of 
technology used in this study, therefore, was time. Technology 
was assigned a value of 1 in 1940 and was increased annually 
to a value of 34 in 1973. 

A plot of regional yields over time is shown 
in Figure 4. From this plot it is apparent that yields of 
cotton and wheat have increased at a faster rate since 1956 
than they did before. This observation led to the development 
of a second measure of technology similar to that used in a 
study by Thompson to account for the increased use of nitrogen 
in the United States in the years 1944 to 1946 (Thompson, 1969) . 

This second measure of technology consisted of 
two variables. One variable started with a value of one in 
1940, increased by one each year until 1956, after which it 
remained constant at 17. This variable was considered a 
measure of pre-1956 technology. The level of technology 
since 1956 was represented by a variable which had a value 
of 1 from 1940 to 1956, when it began to increase by one · 
each year. 

It appears in Figure 4 that a technology factor 
for cotton which increases with time prior to 1956 would not be 
applicable. The trend line shows that cotton yield actually 
decreased with time from 1940 to 1956. The reason for the 
downward slope of the line, however, is not due to a decrease 
in technology; it is a result of the general drought period 
during the first half of the 1950's. If the technological 
trend is computed for two separate segments of this time 
period, it can be shown that the trend increased from 1940 
to 1950. It then dropped to a new level in 1951 and increased 
again from that lower level through 1956. 

3.2 Regression Models 

Regression functions, or models, were specified for 
each crop at the regional and crop reporting district level. 
The equations were determined using the step-wise regression 
routine of the UCLA BIOMED statistical package on the TWDB's 
Univac 1106 (Dixon, 1971) . 

Although a total of 15 equations were developed, this 
discussion will be limited to the regional models for cotton, 
grain sorghum and wheat. Complete �esults for all of the models 
are given in Appendix A. In all cases, the regression equations 
are significant at the 0. 5 percent level. All of the coefficients 
are significant at the 5 percent level. With one exception, the 
coefficient of determination, R2, is above .80. 
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As might be expected, the crop reporting district 
models are generally more detailed than the regional models, 
i.e., they typically contain a larger number of variables. 
On the regional level, some of the fluctuations in crop yields 
which are felt in the different sub-regions are cancelled out. 
At the average level of the region only a few factors are 
necessary to explain a very large part of the variation in 
yields from year-to-year. 

3.2.1 Cotton 

The regional model for cotton contains only 
one variable from each of the three main categories of 
data: the sum of January through March precipitation, 
the average temperature in August, and the level of technology 
since 1956. 

The specific model is: 
A 2 2 
Y = 649.84 + 41.81X1- 1.86X1 + 5.20X2 - 0.08X3 

where: 
A 

Y = estimate of cotton yield per acre (lbs) . 

xl = technology level since 1956. 

X2 = sum of January through March rainfall 
(inches) . 

X3 = average August temperature (degrees F) . 

This model is successful in accounting for approximately 81 
percent of the variation in annual yields in the region at the 
99.5 percent confidence level. 

Preseason rainfall has a strong positive effect 
on crop yield. With each inch of rainfall in the January to 
March time period, yield will increase 5.20 pounds per acre. 
One inch of rain, however, would be more than half the mean 
rainfall in this period. In terms of weather modification, 
measuring the effects of a 10 percent increase in rainfall 
would be more realistic. A 10 percent increase in January 
rainfall would increase yield by 1.13 pounds per acre. 
Expanded by the 755,057 acres harvested in the region, the 
increased production of cotton would be 853, 214 pounds, or 
1,706 bales, plus 727 tons of cottonseed. Production increases 
from a 10 percent increase in February and March rainfall are 
1,465 bales of cotton, 624 tons of cottonseed and 2,477 bales 
of cotton and 1,055 tons of cottonseed, respectively. 

It can be observed that temperatures in August 
have a negative effect on cotton yield. An increase in August 
average temperature from its mean value of 80.22F to 81.22F 
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would cause cotton yield to decline by 12.92 pounds per acre. 
Cotton would seem to be quite sensitive to high August 
temperatures in this region. 

The technology variable in this equation is 
expressed in a quadratic fOrm. The negative coefficient for 
the squared term reflects the fact that technology tends to 
move ahead in bursts. After each burst, its effect on 
crop yield becomes less and less until the point at which 
increased applications of the same technology become counter
productive. It would appear from the solution to the quadratic 
that the region may be in a period of decreasing influence for 
technology with respect to cotton. 

3.2. 2 Grain Sorghum 

The regional model for grain sorghum is 
very simple in terms of the variables; they are few in 
number and all in linear forms. The model, however, is 
successful in accounting for 83 percent of the year-to-year 
variation in yields at the 99.5 percent confidence level. 
Specifically, the grain sorghum model is: 

A 

Y = 394.47 + 10 3.72X1+ 10 7.58X2 

where: 

Y = estimate of grain sorghum yield per 
acre (lbs) . 

X1 = sum of January through March rainfall 
(inches) . 

X2 = sum of June through August rainfall 
(inches) . 

As in the cotton model, preseason rainfall is 
an important determinant of grain sorghum yields. Each inch 
of January to March rainfall in the region increases yields 
by nearly 104 pounds per acre, about 8 percent of the average 
yield over the period of record. Ten percent increases in 
the mean rainfall at the center of grain sprghum production 
in the months of January, February, and March would increase 
production in the region by 6.2, 5.0, and 10 .4 pounds per 
acre, respectively. Applied to the 298, 250 acres harvested 
in the region, a 10 percent increase in mean rainfall from 
January through March would increase regional sorghum 
production by over 6.4 million pounds, or 114, 623 bushels. 

months 
gains. 
summer 
study. 

A similar increase in rain during the summer 
from June through August would result in even larger 

Mean rainfall at the production center during the 
months was 6.64 inches during the period of this 

Two-thirds of an inch of additional precipitation, 
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the re fore , woul d increase regional sorghum produc t i on by 
ove r 21 mi l l i on pounds . 

The absence o f  a temp e rature var i ab l e  from 
thi s  mode l does not me an that tempe rature does not h ave an 
e ffe c t  on crop yie l d .  In fac t , the crop report ing distri c t  
mode l s  l i st e d  in App endix A indicate that temp e rature i s  
re l at e d  t o  yie l d  i n  three o f  the four case s .  The me aning 
o f  the regi onal mode l i s  that the two rainfal l terms, taken 
al one , acc oun t  fo r 83 p ercent of the vari a t i on in annual 
yi e ld s .  The remain ing 17 p e rcent o f  the vari a t i on i s  the 
result  of other fac tors , such as temp e rature , techno l ogy, 
and wind . The absence of a t e chnology te rm in the equation 
probab l y  resul t s  from the re lat i ve ly short period  o f  record 
for grain so rghum .  

3.2.3 Whe at 

The characteristics of whe at produc t i on are 
such that the yi e l d  and we athe r data had to be tre ated 
di ffe rently from tha t for cot ton and grain so rghum .  Whe re 
cot t on and grain sorghum are norma l l y  produced on a calendar 
ye ar cyc l e ,  whe at is pr oduced on a July to  June cyc l e . For 
whe a t ,  Jul y t o  Sep tembe r c ould be consi dered to be p re - p l anting 
se ason, October and Novembe r  the p l an ting se ason , December to 
Ap ri l to be grazing  and growing se ason, and May and June to 
be the harvest season . Fo r thi s  p o r t i on o f  the study, the 
bene f i t s  arisi ng from gra z i ng whe at during the winter were 
not consi dered; only grain wheat  yie lds were re gre sse d against 
weather vari ab l e s .  

The regional mode l for whe at conta ins a 
techno l o gy t e rm ,  three rainfal l te rms, and a temp e ra ture te rm .  

A 

Y = 844.90 - 79.49X1 + 486.611X1 + 44.70X
2 

+ 92.98/X3 + 157.68/X� - 195.79IX5 

whe re:  

Y = e stimate of whe at yi e l d/ac re ( lbs) . 

xl = l eve l of te chnology since 1956. 

x2 = sum of October and November rainfa l l . 

x3 = sum of Jul y through Sep tember rainfal l .  

X 4 
= sum o f  December through Ap r i l  rainfa l l . 

xs = aver age March tempe rature . 
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As in the c o tton mode l ,  the technol o gical l e ve l  reaches a 
p o int whe re add i t i onal app l i cat i on o f  the same forms o f  
techn o l o gy wi l l  actua l l y  decre ase p roduc t i on .  Thi s  c an b e  
in terp rete d  to me an that one canno t  simp ly continue t o  
incre ase app l i ca t i ons o f  techno l ogi cal i nnovations and 
exp e c t  to re ce i ve incre ased re turns . 

As mi ght be e xp e c te d ,  any rainfall rece i ve d  
from July t o  Apr i l  wi l l  posi t i ve l y  affe c t  crop yie l d .  The 
smal l  number of acres harvested wi thin the re gion , h oweve r ,  
makes whe at a rather i nsi gni fi cant crop . The acre age har
vested for wheat grain i s  only 4 p e rcent o f  that harveste d 
for cotton , so any economi c e ffe cts from incre ased rainfa l l 
are also sma l l . For examp le,  a 1 0  p er cent increase in 
rainfa l l  during the De cemb e r  through Ap r i l  growing se ason 
woul d only incre ase re g i onal produc t i on by 9 , 0 5 0 bushe l s .  
In the July to  Sep temb e r  p re - p l ant ing p e ri od, a 1 0  percent 
incre ase would only raise product i on by 6 , 0 5 7  bushe l s .  
Howeve r ,  whe at has a value i n  te rms of gra z ing during the 
wi nter months wh i ch wi l l  be consi dere d in the next ph ase 
of the p ro j e ct . 
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4. ECONOMIC EFFECTS OF INCREASED YIELDS DUE TO WEATHER, 
MODIFICATION 

The Crop Response functions described in the previous sec
tion provide some o£ the information necessary to estimate the 
economic effects of additional rainfall caused by weather 
modification. In conjunction with data on crop prices and 
harvested acreage, the crop yield regression models can be used 
to make a preliminary estimate of the direct economic effect on 
agricultural incomes in the region of increasing crop yields. 
the effects of weather modification on other sectors of the 
regional economy will be addressed in later stages of this 
study. 

Average harvested acreage for each of the three major crops 
was determined from Texas Crop and Livestock Reporting Service 
data for the years 1 9 64 through 1 9 7 3 . Table 1 shows these 
average acreages for each of the four crop reporting districts 
and for the region as a whole. Two districts, !�South and 
2-South, contain approximately 9 0  percent of all the harvested 
acreage in the region. 

Table 3 gives the average prices received by farmers for 
the three crops in 1 9 6 7 . The year 1 9 6 7  was chosen because it 
is the base year for the input-output model which will be used 
later to estimate the economic activity in the region which 
would be induced by additional income received by the farming 
sectors. 

Two major assumptions have been made with respect to costs 
in the determination of the economic effects of increased yields 
in this study. First, it is assumed that the agricultural 
producers in the region are not paying the cost of weather mod
ification activities. While this may not necessarily be true 
in future projects, the assumption seems reasonable in this 
case because the project was formulated to stabilize the 
municipal water supplies in the region and the agricultural 
benefits are external to this primary goal, The second 
necessary assumption is that the effect of increased rainfall 
would be to improve the results a farmer would get from whatever 
level of technology and skill he applied to crop production. 
It is assumed that the farmer would not increase the amount of 
fertilizer, seed, or machine time he used, but rather, for each 
given amount of these things, his return would be better. The 
only costs which would increase with the higher yields would 
be the costs of transporting and storing the extra production. 
Since the changes in yield per acre which result from the' 
amounts of additional rainfall assumed in this study are small, 
no attempt was mad e to net the transportation and storage costs 
out of the gross change in farm receipts which were computed. 
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TABLE 3 

Pr i c e s  Rece ived by Farme rs in 1 9 6 7  

Crop Pr ice  Uni t  

Co t t on $9 4 . 33 5 0 0  lb . b a l e  

Co ttonseed* 52.55 t on 

Gra in Sorghum 1 . 0 3 5 6  lb . bushe l 

Wheat  1 .  4 5  6 0  lb . bushe l 

* Co ttonseed i s  est imated at . 426 t ons of 
cottonseed per bale o f  cott on produced . 

SOURCE: Foote , 1 9 7 0 .  

-22-



Two assump t ions were made with respect to re c e ip t s  al s o  .
. F i rs t ,  it was -as sumed that all  o f  the incre ased c rop product1on 

could  be s o l d .  Second , it was as s umed that the quant i ty of 
incre as e d  product i on would  not be sufficient ly l arge as t o  lower 
the p ri c e  rece ived for i t . Bo th of the s e  assump t ions s e e me d  
reas onable s ince the l argest product ion increase resul t ing 
from a 1 0  p ercent increase in  yie l d  was l e s s  than 1 percent of 
the region's 1 9 7 3  product i on .  

T able 4 p rovides a summary of the incre as es in revenue 
rece ived by farmers which cou l d  be e x.pected as a result o f  an 
as s umed 1 0  p er cent incre as e i n  the me an monthly rainfall for 
the region . Th i s  t abl e was ,deve loped by app lying the increased  
yi e l ds p e r  acre de ri�ed in  the p revi ous se ct ion t o  the average 
harve s ted  acre age in  the region.  The 1 9 6 7  commodity pri ces 
were used t o  val�e the change in reg ional pro duct i on .  Dashes 
in the t ab l e  indicat e  th at p recip i t at ion fo r that month was not 
us e d  in the re gre s sion model  for a part i cu l ar crop . Thi s  is  
no t an indi cat i on that addi t i onal rain fal l is value less in  
tho s e  months ; i t  i s  a result  of  the regression appro ach us ed in 
thi s  s tudy. For this re ason , c are should be taken in comparing 
the  total  regional e ffe cts on income be tween di ffe rent months . 

Totals for di fferent months shoul d  b e  comp ared onl y  when the 
s ame crop s were used  to e s t i mate the economic e ffects in e ach 
month . It shoul d- al s o  be not e d  that i t  is not always p o s s i bl e  
to s um the monthl y  value s , even f o r  the s ame crop , to  arrive at 
the total change wh i ch would be-expected in respons e to a 1 0  
p e r cent in cre as e i n  the average rain fa l l  for a group o f  months . 
Th i s  problem results  from the non - l ine ar relationship be twe en 
crop yi e l ds and s ome of the p re cip i t at ion variab l e s . 

The f i rs t three months of  the ye ar , however , are present in 
the regre s s ion mo dels for al l three crops and are l inear for 
two of the m .  T ab l e  4 indicates that subst ant i al ben e fits c ould  
re sult from incre ase d precip i t at ion in  the l at e  w inter months . 
For the two major crops grown in the.study are a ,  cott on and 
grain sorghum , the months of January , Feb ruary, and March com
prise the "pre-p l ant ing'peri o d . Much of the precip itation dur ing 
th i s  period  is s tored in the s o i l  and p rovides the mo isutre that 
i s  required t o  g et young p l ants o ff to a st rong s t art . The 
regres s ion mode l s  for cotton and grain sorghum r e fl e ct the fact 
that thi s  s trong st art p lays a very i mp ortant ro l e  in  dete rmining 
the ul t i mate yi e l d  of the crop . T�is is the growing s eason for 
whe at and yi e l ds pre sumab l y  re spond to greater than ave rage 
rain fal l .  

The value of incre ased product ion in the region resulting 
from an assume d rainfa l l  wh ich is 10 percent higher tha.1 normal 
during e ach o f  the l ate winter months ranges from $ 2 0 5 , 0 0 0  to 
$3 2 3 , 6 0 0 . Di ffe ren ces in th e incre ased production re sult from 
the differences in normal monthly rainfal l between months . The 
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imp o r t ance o f  rainfal l to the cotton industry in the s tudy 
ar e a  is  refl e cted by  the fact that i t  comp r i s es l e s s than 7 0  
p e rcent o f  the acre age h arve s t ed i n  the reg i on , but accounts 
for ovei 8 0  p e rcent o f  the e s t imat e d  incre as e i n  income . 

Incre as e d  precip i t at i on in the three s ummer months woul d 
al s o  s eem to p romis e  s ub s t ant i al b ene f i t s .  Incre as e d  p roduction 
o f  g rain sorghum alone coul d incre as e income by  we l l  over 
$1 0 0 , 0 0 0  i n  e ach month whe r e  precip i t a t i on was r a i s e d  1 0  per
cent above no rmal . S ince the. summer p r ecip i tat i on t e rm in the 
grain s orghum model  is line ar , it is p o s s ibl e to s um the · 

monthly e ffect s t o  arrive at a total o f  $389 , 0 0 0  addi t ional 
income whi ch could result from an incre a s e  in the average 
rainfal l in the are a .  

Whi l e  the regre s s i on model for cot t on does not include a 
s ummer precip i t at i on vari ab l e ,  the corre l a t i on b e tween rainfa l l  
and yi e l d  i s  p o s i t ive . It s e ems ent i rely reas on ab l e  to a s s ume 
that a mode rat e  ( 1 0  peTcent )  incre as e in pre c ip i t a t i on dur ing 
the growing s e ason  woul d  have a b ene f i c i al e ffect on cotton 
yi el ds . For th i s  reas on , i t  i s  p o s s ib l e  that the monthly t o t a l s  
f o r  the summe r  months sub s t ant i al ly undere s t imat e t h e  add i t i onal 
income wh i ch woul d b e  generat e d  in the reg ion i f  it were p os s ib l e  
t o  incre ase  average r ainfal l by  1 0  p e r cent . The t otal regional 
e ffe cts of additi onal  rainfa l l  in s pr ing and f a l l  months als o 
may be unde res t imat e s , but the p l ant ing and harve s t in g  p at terns 
of cotton and grain s orghum make it almo s t  as l i ke ly  that the y  
ar e ove r e s t imat es . 

Tab l e  4 indicates  only the di rect income e ffects  for the 
three regional mo de l s . The values wh i ch we re comput e d  fo r 
each o f  the crop rep o r t in g  di s t r i ct mod e l s  are s hown in 
App endix B .  

As p revi ous l y  po in t ed out , T ab l e  4 ind i c ates tho s e  di rect  
e ffects on  agri cultural income in the  re g i on whi ch might b e  
expected  to r e s u l t  from an assumed 1 0  p e r cent increas e i n  
p re cip i t a t i on dur ing cert ain spec i fi e d  months o f  the ye ar . 
The t o t al e conomic effec t , howeve r ,  does no t end when that 
ext r a  in come re aches the f arme r's p o cke t . The farme r who 
re ce ived the extra income w i l l  sp end a cert ain p o r t i on , s ave 
a ce rtain port i on , and p ay t axes . When he spends more money,  
he is  buying goods and. s ervi ces produced by  othe r s e ctors o f  
the e conomy. Thi s , in turn , c aus es othe r  s e ct o rs o f  the 
economy to incr e as e  the i r  output . To produc e the i ncre as ed 
output thes e s e ctors mus t increase the i r  purchas e s  o f  r aw 
products and l abor . Thi s  cyc l e  o f  bus ine s s  act ivity cont inues  
unt i l  virtual ly every s e c t or of the e conomy i s  affect e d .  

Orie wide ly-accepted method o f  e s t imat ing the e ffects o f  
spending in a r e g i on and f o r  t r acing thos e e ffects through the 
var i ous se ctors of a re g i onal economy i s  the Leont i e f-typ e  
input - output mode l . Th i s  model i s  es s enti ally a mathema t i cal  
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TABLE 4 

Direct Income Effect by Month and Crop Due 
to 10% Increase in Rainfall (Regional Models)* 

(Thousands of Dollars) 

Jan. Feb. March April May June July Aug. Sept. 

Cotton 176. 3 176. 3 264. 4 

Grain Sorghum 34. 1 27. 0 56. 8 - - 135. 5 135. 5 118. 0 

Wheat 2. 0 1. 7 2. 4 4. 7 - - 2. 6 2. 8 3. 5 

TOTAL 212. 4 205. 0 323. 6 4. 7 135. 5 138. 1 120. 8 3. 5 

* Values based on average acres harvested 1964 - 1973 and on 1967 prices received. 

NOTE: Dashes indicate that these variables did not appear in the model. 

Oct. Nov. Dec. 

7. 3 3. 1 2. 2 

7. 3 3. 1 2. 2 



fr amework in wh i ch th e inputs requi red to produce an indus t ry's 
output are b a l anced agains t the trans act i ons wh i ch dis t r ibute 
i t  among o ther in dus t r i e s  and final c onsumers . F inal cons umers 
include such groups as households , gove rnment s ,  e xport s , and 
invent o r i e s . _  Through app rop riate  manipul at i on , th i s  mode l c an 
b e  us e d  t o  examine the re gional cons equences o f  changes whi ch 
t ake p l ace in a s ingl e s ec t o r . 

The re l at i onships b e tween r e g i onal output , income , and 
emp loyment and changes in a spe c i fic  s e ctor can be shown as 
nume r i c al mul t ip liers . The s e  mul t ip l i er s  refl e ct the way in 
wh i ch e conomi c act ivi t ie s  are interre l at e d .  F o r  examp l e, an 
output mul t ip l i e r  for a s ector would indi cate the t o t al e ffect  
on re g i onal  output g iven a uni t  change i n  f inal demand ( c on
sump t i on) for the product o f  that s ec t or . An income mul t i p l i e r  
indi cates the t o t al reg i onal change in p ayments t o  hous eho l ds 
result ing from an incre as e in the output o f  a s ec t or wh i ch 
would requ i re i t  to increase  i t s  p ayments t o  hous eho lds by one 
d o l l ar . The mathemat i cs invo lved in det ermining the s e  e ff e c t s  
are well-e s t ab l ished , but are beyond the s cop e o f  this  report . 
The reade r  who i s  int eres t e d  in a good intioduct ion to input
output analysi s i s  directed t o  the l i st o f  refe rence s  fol lowing 
this report . 

In the input-output framewo rk , the t o t al change in re g i onal 
act ivity wh i ch results from a g iven change in a specific s ec t o r  
can b e  cons i dered t o  have three  p arts . The di rect e ffect 
cons i s t s  o f  the o r i g inal change in a s ector . Thi s  direct change 
brings ab out an indi re ct e ffect as othe r indust ries  exp and the ir 
outputs t o  provide inputs t o  the o r i g inal s e ctor . The output 
expans i ons in both the or i g inal and the indirect industries  
pro duce add i t i onal in come t o  hous eho l ds who s e  sp ending induces 
a furthe r exp ans i on of output . 

It i s  th i s  induced e ffect wh i ch i s  mos t  app l i cab l e  t o  the 
cas e  o f  change result ing from incre a s ed r ai nfal l . S ince it was 
as s ume d that the incre a s ed product ion result ing from any 
incre ase in pre c ip i tat i on could be ach i eved wi thout direct cos t 
to the farmer , the incre ased revenue would be real i zed as 
add i t i onal profits  in the hous eho ld s e ctor . Fur ther e ffects  o f  
this added profit  come about when the farm hous eho ld spends i t  
on cons umer goods , p ays addi t i onal t axe s , o r  s aves fo r future 
inve s tment or consump t i on .  Th is  as sump t ion means that on ly 
that output exp ans i on re sult ing from incre ased hous eho l d  
cons ump t i on would re s ult from the incre ased output of the 
crop s e ctors . 

It als o me ans that i t  is  no t p o s s ib l e  t o  us e the input
output mul t ip l iers for the three crop s e c tors to e s t imate the 
indirect  and induced effects of increased output wi thout f i r s t  
adj us t ing the mode l . One o f  the b as i c assumpt ions o f  the 
input - output mo de l is that an indu s try's "p roduct i on rec ipe" 
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is fixe d .  When we as s ume that al l of  the addit ional revenue 
woul d  go to hou s eholds , we ·are imp l i citly changing the recip e . 
Det e rm inat i on o f  pre c i s e  output , income� and emp loyment effects  
woul d  require a t ime�consuming pro c es s o f  adj us tment and mani
pul at ion . S in ce th� input - otitput model b e ing us e d  in thi s  
f i rs t phase o f  th� s tudy wi l l  b e  rep l aced i n  l at e r  phas es b y  
one whi ch was . develop ed s o l e ly for thi s  re�i on, i t  was dec i de d  
to onl y  app roximate the consump t i on effects o f  increased crop 
revenues  at th i s  t ime . 

An e s t i mate o f  the regional effects o f  increas e d  crop pro
duc t i on can b e  made b y  re ferr ing t o  the hous eho l d  column o f  the 
input - output t ab l e s  and as king the que s t i ons "What i s  the e ffec t  
of  an incre as e i n  hous eho l d  ·spending?" It i s  as s umed that farm 
hous eho l ds have approximat ely the s ame consump t ion p att erns as 
a l l  other hous eho l ds in the reg i on and that hous eho l d  consump t ion 
p at t e rns do not change ove r the re l evant r ange o f  incomes . 
Under the s e  condi t i ons , a mul t ip l i e r  can b e  c a l cu l at ed whi ch 
re fle ct s  the output expans i on gene rat ed in the region in respons e  
to a change i n  the hous eho l d  s e ct or . * 

T ab l e s  in clude d  in an exi s t ing mode l o f  the Texas Hi gh 
P l ains were us e d  to e s t imate the total regional e ffects o f  
incre ased  crop p roduction and revenue as s o ci ated with as s umed 
incre as es in ave rage precip itation (Osborn , 1 9 7 2 ) . The 
hous ehol d - output mul t ip l i e r  des cribed ab ove is 1 . 4 9 7  in this 
mode l .  This m e ans that e ach do l l ar of  hous eho l d  spen ding 
generates an addi t i onal fifty cents of activity in the region . 
Thi s  mul t ip l i e r  app e ars reasonab le in l i ght of  the induced 
e ffects  s hown in T ab l e  5 .  

A range w i th in wh i ch the "t rue " regional e ffec t  o f  incre as ed 
crop p ro duct i on probab ly l i e s  i s  es t imat e d  by the d i re c t  p lus 
induc e d  e ffe cts  on the upp er end and the direct p lus consump t i on 
e ffe cts  on the l ower s i de .  The induced e ffe ct includes activity 
generated  by indirect  e ffects we have assumed did not increas e ,  
wh i l e  the consump t i on e ffect ne g l e ct s  the adj us tments in other 
components o f  f inal demand whi ch result from increas ed hous e 
ho l d  t axes and s avings . 

The range of  to t al output e ffects in the region resul t ing 
fr om an as sumed 10 percent incre as e in precip i t at i on c an b e  
de t e rmined by app lying the hous eho l d  output and induced e ffect 
mul t ip l i e rs t o  the value s found in T ab l e  4 and Appendix B .  For 
examp l e , Tab l e  4 shows that if rainfal l in March could be 
inc re as ed by 1 0  p e r cent , revenue from cot ton woul d  incre as e by 
$2 6 4 , 4 0 0 , revenue from gr ain s o rghum would increase  $56 , 8 0 0  and 
revenue from whe at by $ 2 , 4 0 0 .  Thi s  produce s  a t ot al direct 
effect of  $3 2 3 , 6 0 0  in the r e g i on .  Thi s  direct increas e  in 

Th i s  mul t ip l i e r  i s  g iven by divi ding the s um of  the hous eho l d  
co lumn i n  the c l o s ed mode l interdependence matr ix b y  the e l ement 
in the hous eho l d  row . 
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TABLE 5 .  Output Multip l i er  Effects 

Sector 

Cotton 

Direct Effect 

Grain Sorghum 

Wheat 

Source: Os born, 1972 

1. 00 

1. 00 

1. 00 

- 28 -

Induced Effect 

1. 640 

1. 496 

1.183 

.. 



output would generate activity of at least $ 484, 400 ($3 23, 600 
x 1. 497) . Multiplying the induced effect multipliers from 
Table ·s by the change in each respective crop gives an upper 
estimate of the total regional effect. In this c ase , the 
cotton output effect is $433, 600 ($ 2 64, 400 x 1 . 640) , the 
grain sorghum effect is $ 8 5, Z O O  ($ 56, 800 x 1 .  496) , and the 
wheat effect is $ 2, 800 ($ 2 , 400 x 1. 1 83}. This gives a total 
output effect of $ 521 , 600 for the region. 

Further examples of this procedure could be given but 
would serve little purpose. The purpose of this procedure is 
to provide a rough estimate of the regi6nal effects of weather 
modification which will be refined later by m aking the required 
adj ustments to a model developed for this area in order to make 
the estimates in a "strict" input-output framework. The 
development of a model for this specific area will also facil
itate the computation of income and employment effects of 
increased production in the region. No attempt was made to 
estimate these effects during this phase of the study. 
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5 .  SUMMARY AND FUTURE PLANS 

5. 1 Summary 

The purpos e of tl;li s  phas e of the s tudy was t o .  det e r 
mine y i e ld -we ath�r - te chnology re l at ionships for three maj or 
crops whi ch cou l d  b e  used  to e s t imat e the econom i c  effects of 
we ather modi f i cat i on act iv i t i e s . Mul t ip l e  regres s i on analy s i s  
was us ed t o  quant i fy the funct i onal re lat i ons wh i ch we re us e d  
to e s t imat e the crop y i e l d  respons e to as sumed incre as es in 
p r.ecip i t at ion .  The e s t imat e s . of incre as e d  crop pr·oduct ion 
were convert e d  to monet ary values in order to det e rmine the i r  
reg ional e conomic e ffects . An input - output mode l . was us ed t o  
give an prel imin ary e s t imat e o f  the addit ional act iv i ty 
gene rated  in the region by increased crop revenue s .  

Some of the maj or f indings of this s tudy were : 

1 .  The great e s t  crop respon s e  to increas es in rain
fal l  occurs when the precip i t at ion i s  rece ived 
b e fore the crop is  p l anted or dur ing i t s  growing 
s e ason .  For the two maj or crops , cot ton and 
grain s or ghum , the s e  two p e r iods include the 
months of January , Feb ruary , and March , and 
June , July and Augus t ,  re spect ive ly .  Dur ing 
the s e  p eriods , s i gn i f i cant incre ases  in crop 
product ion cou ld result from incre ased aver age 
precip i t at ion . 

2 .  The effe cts  of technol ogy on the p roduct ion of 
cot ton and wheat app e ar to adhe re to the ecnomic 
princip le of dimin i s h ing marginal re turns . That 
i s ,  the influence of a part i cular t e chnology 
decre as es over t ime . For each add i t ional incre 
men t of the t e chnolog i cal factor, a smal l e r 
re turn is  rea l i zed . 

3 .  Sub s t ant ial  increases  in reg ional crop revenue 
could  result from an incre as e in mean monthly 
precip i t at ion of 10 pe rcent in the l ate  winter 
and summe r months .  The greates t e conomic b en e f i t  
i n  terms o f  direct revenue result ing from incre as e d  
rainfal l in a s ingle month would occur in March .  
Bas e d  on 19 67 p r i ce s , crop revenue i n  the s tudy 
are a could incre as e by app roximat e ly $ 3 2 3 , 600 i f  
normal March precip i t at i on could b e  incre as ed by 
10 percent . 

· 

4 .  There are s igni f i cant regiona l e ffect s  on output , 
income , and emp loyment as soci ated with the s pending 
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of increased receipts from crop production. 
Because of the nature of the assumed increases 
in production, it was not possible to directly 
estimate the regional effects through the input 
output model. Howe·ver, an existing input-output 
model was used to estimate a range within which 
the total re�ional effect should be contained. 
This range indicates that the total effect of a 
1 0  percent increase in normal - March precipitation 
would be in the �rder of $ 5 0 0 , 0 0 0 . 

5 . 2  Future Plans 

During the next phase of this .. study further effects 
of increased precipitation are to be examined. Of primary 
concern will be determination of rangeland response to increases 
in rainfall. Some preliminary work has al·ready been done to 
provide the basis for this task. However, since this is a 
relatively new field of research, new methods of determining 
this response may have to be developed. 

Once this rangeland response is determined, indirect 
relationships between increased rainfall and livestock production 
will be estimated. Although it is expected that the quantity 
of rainfall will have no effect on the numbers of livestock 
raised, it is felt that it will have a very strong effect on 
the cost of bringing the livestock to market weight. 

As the data on livestock response becomes available, 
it will be combined with the data on crop response �lready 
determined, and production functions for each enterprise will 
be computed. The use of these production functions in a linear 
programming framework will determine the optimum mix of crops 
and livestock in order to maximiz e  returns to the agricultural 
sectors of the regional economy for different assumed increases 
in precipitation. 

An input-output model will be constructed for this 
region. This model will be used to perform the estimation of 
regional output, income, and employment effects of increased 
crop production. Adj ustments to the model will be made in 
order to estimate the indirect and induced effects and to com
pute precise multipliers for each agricultural sector. 

Estimates of the economic effects of weather modifica
ti�n on non-agricultural sectors of the economy will be made. 
These estimates will be related to the agricultural effects to 
arrive at an overall economic impact model for the Big Spring
Snyder Study Area. 
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APPEND IX A 

Crop Re spons e Reg r e s s ion 
Models  
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Reg ional Cotton 

" 2 2 
Y = 6 4 9 . 8 4 + 4 1 . 8 1X 1 - 1 . 8 6X 1 + 5 . 2 0X 2 - 0 . 0 8X 3 

( 7 . 8 4 4 0 0 ) *  ( 0 . 4 7 8 6 3 )  

Y = 2 9 2 . 7 4 l bs / acre 

X 1  • Techno logy Leve l 2 ( 6 . 2 8 ) ** 

( 1 . 2 5 5 8 8 )  ( 0 . 0 3 5 6 7 )  

X 2 = S um o f  January thru March Rain ( 1 . 8 8 inches )  

X 3  = Ave rage August Temperatur e  ( 8 0 . 2 2F ) 

S . E .  = 6 0 . 6 3 5 8  

F .. 2 4 = 2 5 . 4 3 0  ' 
2 

R = . 8 0 9 1  

* * 

Indicates  S t andard Error of  the Regre s s ion Coeff i c i ent 

Ind icat e s  Me an Val ue of  the Vari ab l e  
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D i s t r i ct 1 - S  Co t ton 

Y = 1 7 3 4 . 4 9 + 5 9 . 7 0 /X"  + 1 3 5 . 3 0X + 3 4 . 9 8 X  - 3 . 2 8X 2 
1 2 3 3 

( 9 . 9 4 4 2 4 )  ( 2 2 . 0 0 0 9 2 )  ( 1 2 . 1 9 1 4 8 )  (1 . 2 4 3 7 5 )  

+ 5 2 . 7 4X - 5 6 8 . 7 7 �  � 5 
( 1 5 . 1 0 2 0 6 )  ( 2 0 7 . 4 8 6 7 2 )  

Y = 3 3 1 . 1 2 l b s / acre 

X = Techno l ogy Leve l 
1 . 

2 ( 6 . 8 8 )  

X = January Rainfal l  ( 0 . 5 0  i nche s )  
2 

X = October Rainfa l l  ( 2 . 1 1 inches") 
3 

X = June Minimum � 
X = Ave rage June 5 

S . E .  = 5 2 . 4 3 0 8  

F = 2 0 . 3 4 1  
6 1 9 

' 
R2 = 0 . 8 6 5 3  

Temp e rature ( 6 4 . 1 4 ° )  

Temper ature ( 7 8 . 3 7 ° )  

-37-



Dis trict  2 - S  Cotton 

Y = 7 3 5 . 7 + 3 5 . 4�Xl - 1 . 59X 2 + 2 . 0 7X 2 + 40 . 46X - 2 . 7 8X 2 . 1 2 3 3 

( 8 . 497 01) ( 0 . 51986) ( 0 . 7 2217 )  (13 . 658 7 6) ( 0 . 7 68 0 3 )  

y = 

X = 
1 

X = 
2 

- . llX 2 
4 

( 0 . 0 3697 ) 

246 . 3 2  lb s / acre 

Technology Level 2 (6 . 46) 

S um  o f  January thru March Rain ( 2 . 61 inches ) 

X = Sum o f  June thru Augus t  Rain (6 . 69 inche s )  
3 

X = Ave rage Augus t  
4 

S . E .  = 59 . 9543 

F = 18 . 8 0 7  
6 , 2 1 

.R 2 = • 8431 

Temperature (81 . 62F ) 
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Dis t r i c t  7 Cot t on 

9 = - 8 3 8 . 8 3 + 2 2 . 2 9X - 1 . 4 2X 2 + 8 0 . 1 8 ;x- - 4 . 3 2X + 4 . 93X 
1 2 2 3 a. 

( 6 . 0 0 0 7 0 )  ( 0 . 3 6 7 7 7 )  ( 1 9 . 2 6 1 6 8 ) ( 1 . 7 9 2 5 4 )  ( 2 . 1 8 9 0 6 )  

- 4 0 . 9 4X - O . l OX 2 + 4 7 3 . 1 3 ;x-
s 6 7 

( 1 2 . 4 0 2 4 6 )  ( O . 0 2 5 1 1 )  ( 1 9 3 . 9 9 5 4 5 )  

Y = 1 3 1 . 7 5 lbs/ acre 

X = March Rainfa l l  ( 0 . 8 7 inche s )  
1 

X = Sum o f  June thru Augus t  Rainfal l ( 5 . 3 1 inche s )  
2 

X = March Min imum Temp er ature ( 3 9 . 9 3;F J  
3 

X = Ap r i l  Min imum Temperature ( 5 1 . 46f)  
4 

X = July Min imum Tempe rature ( 7 0 . 9 0 ;F) 
5 

X = Average Augus t  Tempe rature ( 8 2 . 1 1 F) 
6 

X = Ave rage July Tempe rature ( 8 3 . 5 8 ;F) 
7 

S . E .  = 2 2 . 8 1 9 9  

F = 1 1 . 6 1 5  
B , 1 1 

R2 = 0 . 8 9 4 2  
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Regional Grain Sorghum 

.... 

Y = 394.4 7 + 1 03.7 2X + 1 07.58X 
1 2 

( 2 0. 39296) ( 1 5. 7 8954 ) 

Y = 1 3 2 3. 8 7  lbs/acre 

X = Sum of January thru March Rainfall ( 2.08 inches) 
1 

X = Sum of June thru August Rainfall (6.64 inches) 
2 

S.E. = 146. 7 702 

F = 29.543 
2 1 2 

Ra 
= 0. 8 3 1 2  

-40-



Di s tr i ct 1 - S  Grain Sorghum 

" 

Y = 2 0 5 . 2 2 + 2 8 3 . 1 5� + 1 0 7 . 8 0X 
1 2 

( 5 3 . 0 0 7 3 1 )  ( 1 3 . 9 2 4 3 9 ) 

Y = 1 2 8 0 . 4 7 l b s / acre 

X = Sum o f  January thru March Ra infa l l  ( 2 . 0 2 inches )  
1 

X = Sum o f  June thru Augus t Rainfal l ( 6 . 6 9 inche s )  
2 

S . E .  = 1 3 2 . 0 5 3 1  

F = 3 4 . 8 9 0  
2 ' 1 2 

R2 = 0 . 8 5 3 3  
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Dis t r i c t  2 - N Grain Sorghum 

" 

Y = 5 4 9 . 8 7  + 1 7 . 7 3  X 1 2 - 2 0 6 . 5 0 X 2 + 90 . 6 3X a - 9 8 . 0 5X �  

( 1 . 7 8 7 1 6 )  ( 5 0 . 3 0 5 1 0 )  (19 . 3 8 8 8 5 ) ( 1 6 . 2 64 6 3 )  

- 5 6 . 0 3 X 5  + 1 6 6 . 0 7X 6  

( 8 . 7 5 8 1 0 )  ( 2 7 . 2 8 0 5 6 ) 

Y = 1 4 3 4 . 6 7 l b s / acre 

X 1  = Sum o f  January thru March Ra infa l l  ( 2 . 43 inche s )  

X 2 = November Rain fal l  ( 0 . 7 7  inche s )  

X a  = May Minimum Temp erature ( 5 6 . 39p )  

x � = July Max imum Tempe rature ( 9� . 4 8F J  

X s = August Max imum Temperature ( 9 2 . 6 3F )  

X 6  = September Minimum Tempe rature ( 6 0 . 7 3F )  

S . E . = 1 1 1 . 5 3 0 1  

F &  a = 2 6 . 9 3 0  
' 

R2 = 0 . 95 2 8  
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D i s t r i c t  2 - S  Grain Sor ghum 

" 

y = 2 7�7 4 5 . 3 3 + 3 . 34X 2 + 3 4 . 7 7X 2 - 8 6 7 .  4 5 /X  + 1 2 . 7 6X 2 
1 2 2 3 

( 0 . 4 4 0 4 6 )  ( 6 . 0 5 5 2 6 )  ( 2 3 3 . 2 1 8 1 0 )  ( 2 . 0 9 5 4 9 )  

- 9 4 1 . 9 6ff"" - 2 6 2 8 . 8 0 /X  
3 4 

( 1 3 6 . 7 1 2 2 6 )  ( 2 7 5 . 6 2 8 3 4 )  

y = 1 4 8 4 . 7 3 

X = Te chno logy L evel 3 ( 8 . 0 0 )  
1 

X = Sum 
2 

o f  Apr i l  and May Ra infa l l  ( 4 . 3 1 inche s )  

X = Sum o f  Sep t emb er and Octob er Rainfa l l  ( 5 . 7 5 inche s )  
3 

X = Average July Temper atur e ( 8  2 .  6 1F )  
4 

S . E .  = 9 8 . 7 5 1 8  

F = 3 4 . 4 8 9  
6 ' 8 

Rz = 0 . 9 6 2 8  
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D i s t r i c t  7 Gra in Sorghum 

"' 

Y = 1 0 , 1 7 5 . 54 + 1 4 3 . 1 7X 1  - 1 3 7 . 3 8X 2  + 8 8 . 0 7X 3  - 3 4 . 8 7 X� 

( 6 0 . 8 1 4 0 8 )  ( 4 0 , 7 7 9 7 6 )  ( 2 7 . 2 8 5 9 0 )  ( 1 5 . 1 8D 6 1 )  

- 7 2 . 7 6X 5  

( 2 1 . 9 1 3 8 3 )  

Y = 1 2 8 5 . 0 7 l b s / acre 

X1 = March Rainfa l l  ( 0 . 9 5  inche s )  

X 2  = Augu s t  Ra infall { 1 . 7 6 inche s )  

X a  = Sep t ember Ra infa l l  (3 . 5 0 inche s )  

x �  = Ap r i l  Maximum Tempera ture ( 8 0 . 3 4f )  

X s = May Max imum Temperature ( 8 6 .  4 7·F ) 

S . E .  = 1 9 0 . 7 4 2 2  

F s 9 = 1 2 . 9 4 1  
' 

R2 = 0 . 8 7 7 9  
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Re g iona l Whe at 

,.. 
Y = 8 4 4 . 9 0 - 7 9 . 4 9 X  + 4 8 6 . 6 l ;x- + 4 4 . 7 0X + 9 2 . 9 8;x-

1 1 2 3 

( 1 8 . 7 3 8 2 5 )  ( 9 4 . 8 3 0 7 1 )  ( 1 6 .  2 7 7 2 3 )  ( 2 8 . 3 3 1 4 3 )  

+ 1 5 7 . 6 8 ;x- - 1 9 5 . 7 9 ;x-
� 5 

( 3 7 . 5 9 7 3 5 )  (61 . 6 7 8 4 3 )  

y = 7 1 1 . 54 lb s /acre 

X = Te chno l o gy Leve l 2 ( 6 . 6 9 )  
1 

X = Sum o f  October and Novemb er Rainfa l l  
2 

X = Sum o f  July thru Sep t emb er 
3 

X = Sum o f  Decemb er thru Apr i l  � 
X = Average March 5 

S . E .  = 8 8 . 2 8 0 0  

F = 3 4 . 3 2 0  
6 ' 1 9 

R2 = 0 . 9 1 5 5  

Temper ature 
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Ra infa l l  

( 5 3 . 8 SF ) 

( 3 . 1 5 inche s )  

( 6 . 8 5 inche s )  

( 5 . 3 2 inche s )  



Dis t r i ct 1 - S  Whe at 

" 
Y = - 2 5 5 3 . 39 + 3 1 . 7 4X - 4 . 7 6X 2 + 3 8 4 . 8 l;x- + 2 2 5 . 14;x-

1 2 2 3 

( 9 .  4 7 2 79) ( 1 . 6 0 8 3 3 )  ( 1 2 0 . 4 0 5 96 )  ( S O . 6 4 3 3 1 )  

+ 6 5 . 5 2X - 1 1 5 6 . 1 2X + 5 0 . 6 1X 2 + 2 64 6 . 8 7 ;x-
.. 5 5 5 

( 1 6 .  0 2 1 79) ( 3 7 6 . 5 8 0 0 2 )  ( 1 6 . 0 1 4 8 1 )  ( 8 8 6 . 3 3 44 9) 

Y = 7 2 8 . 96 lbs / acre 

X = Techno l ogy Level 1 ( 1 5 . 5 8 )  
1 

X = Sum o f  July thru S ep t emb e r  Rain fa l l  ( 6 . 3 3 inches )  
2 

X = Sum of October and Novemb e r  Rainfal l  ( 2 . 8 4 inche s )  
3 

X • Sum o f  Dec emb e r  thru Apr i l  Rainfa l l  ( 3 . 2 6 inches ) 
.. 

X = Sum of May and June Rainfa l l  ( 4 . 04 inches )  
5 

S . E .  = 1 3 0 . 8 4 3 7  

F = 1 3 . 0 5 4  
8 ' 1  5 

R2 = 0 . 8 7 44 
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Dis t r i c t  2 - N Wheat 

Y = 1 5 5 4 . 0 0 + 1 . 8 9X 2 - 3 7 . 2 8X 7 7 . 4 3X + 1 6 6 . 4 5 ;x-
1 2 s � 

( 0 . 3 0 5 1 4 )  ( 1 1 . 4 7 1 2 3 )  ( 2 2 . 6 3 1 1 4 )  ( 6 2 . 1 9 6 4 1 )  

+ 3 1 . 11X  + 2 7 . 2 7X - 1 8 . 7 8X - 3 6 . 5 6X - 2 5 . 2 2X 
5 6 7 8 9 

( 1 1 . 8 2 3 5 1 )  ( 9 . 4 9 5 6 2 )  ( 5 . 2 9 6 2 3) ( 8 . 9 1 8 6 1 )  ( 4 . 3 4 6 3 0 )  

Y = 7 9 1 . 8 6 lb s / acre 

X = Te chno logy Level  2 ( 7 . 1 0 )  
1 

X = August  Rainfal l ( 2 . 3 9 inche s )  
2 

X = June Ra infa l l  ( 2 . 2 7 inche s )  
3 

X = Sum o f  May and June Ra infa l l  ( 5 . 2 7 inche s )  � 
X = Augus t  Minimum Temper atur e ( 6 5 . 6 5 F)  

5 

X = Novemb er Min imum Temp erature ( 3 6 . 4 9 f) 
6 

X = January Minimum Temperature ( 2 4 . 6 8 F) 
7 

X = June Minimum Temp e rature ( 6 3 . 3 3 F) 
8 

X = Novemb er Maximum Temperature ( 6 4 . 5 4 F) 
9 

S . E .  = 9 3 . 6 2 4 4  

F = 1 7 . 3 0 8  
9 ' 1 1 

R2 = 0 . 9 3 4 0  
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Dis tr ict  2 - S Wheat 

"' 

y = - 1 8 3 6 . 6 8 - 9 1 . 0 2X + 5 3 0 . 4 9 �  + 1 7 8 . 36 �  + 4 . 56X 2 
1 1 2 3 

( 1 8 .  8 3 6 4 0 )  ( 9  5 .  3 9 0 2 0 )  ( 2 7 . 8 1 3 0 8 )  ( 0 . 5 8 9 5 4 )  

- 2 . 1 9 X  2 - 0 . 1 7X 2 + 2 4 0 . 9 6 � 
.. 5 6 

( 0 . 6 0 5 4 0 )  ( 0 . 0 3 2 8 2 )  ( 9 7 . 9 7 0 1 2 )  

y = 8 1 3 . 3 7 l b s/acre 

X = Techno logy Leve l 2 ( 8 . 1 6 )  
1 

X = Sum o f  July thru Sep t emb er Rainfa l l  
2 

X = Sum o f  December thru Apr i l  Rainfal l  
3 

X = Sum o f  May and June Rainfal l  ( 6 . 0 1 
.. 

X = Ave rage March 
5 

X = Average Apr i l  
6 

S . E .  = 6 9 . 5 2 04 

F = 2 8 . 8 1 4  
7 , 1 1 

R2 = 0 . 9 4 8 3  

t emperatur e ( 5 3 . 5 7}?)  

Temp eratur e  ( 6 4 . 6 0F) 
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D i s tr i c t  7 Wheat 

A 

y = - 2 0 , 1 2 7 . 2 0 + 5 8 8 . 4 5X 2 6 0 . 8 5 fl  + 5 . 1 6X 2 + 7 . 7 5X 2 
1 2 3 4 

( 1 0 3 . 2 1 0 7 8 )  ( 6 3 . 0 5 1 9 7 ) ( 1 . 1 1 7 6 0 )  ( 1 . 9 0 8 8 2 )  

- 3 1 . 8 3X 2 "' l 6 5 6 . 6 0 fl  - Q . 2 3X 2 + 1 0 7 0 . 1 2 fl  
5 5 6 

( 6 . 9 4 6 1 5 ) ( 3 3 1 . 1 7 7 8 0 ) ( 0 . 0 8 5 9 4 )  

y = 6 9 3 . 0 0 lb s / acre 

X = Te chno l ogy Level 1 ( 1 6 . 8 2 )  
1 

X = Techno l o gy Level 2 ( 8 . 2 4 )  
2 

X = Sum o f  July thru Sep tember Ra infa l l  
3 

X = Sum o f  De c emb er thru Apr i l  Rainfa l l  
4 

X = Sum o f  May and June Rainfa l l  ( 5 . 1 3 5 
X = Average Mar ch Temperatur e ( 5 5 . 04p)  

6 

X = Average May 
7 

S . E .  = 1 2 3 . 7 9 4 9  

F = 
8 ' 8 

R2 = 

8 . 1 1 6  

0 . 8 9 0 3  

Temperature ( 7 3 . 2 4:F )  
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7 
( 2 9 3 . 9 7 9 6 6 )  

( 5 . 5 2 inche s )  

( 5 . 1 9 inche s )  

inches ) 
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· APPEND IX B 

Direct I ncome Effect by Month and Crop Due 
to 10% Increase in Rainfall (District Models)* 

Jan. Feb. March Aprj.l May June July Aug . §_eE.!!_ Oct. Nov. Dec. 

District 1 - S 

Cotton 792. 6 - - - - - - - - 505. 5 
Grain Sorghum 24. 4 18. 6 40. 2 - - 109. 0 104. 9 87. 4 
Wheat . 6  . 5 . 9 1. 7 ( - 3. 0) ( -2. 6) . 5 . 4  . 5  2. 4 . 6  . 4  

District 2- N 

Cotton 16. 7 16. 7 16. 7 - - 45. 3 45. 3  45 3 
Grain Sorghum 2. 1 1. 7 3. 1 - - - - - - - ( - 5. 2) 
Wheat - - - - . 7 (- . 6) - (- . 6) 

I District 2- S VI w 
I Cotton 21. 9 21. 9 43. 9 - - 22. 2 16. 4 16. 4 

Grain Sorghum - - - 16. 8 24. 6 - - - 13 , 7  9. 3 
Wheat 2. 1 2. 4 2. 9 5. 7 4. 3 3. 7 3. 2 3. 8 5. 0 - - 3. 0 

District 7 

Cotton - - - - - . 2 . 2 . 2 
Grain Sorghum - - . 6 - - - - ( - 1. 1) 1. 5 
Wheat . 2 • 2 . 2 . 3  . 1  . 1  . 1  . 4  . 3  .,. ... , 1  

TOTAL 860. 6 62. 0 108. 5 29. 2 26. 7 177. 3 170. 6 152. 2 21 , 0  517 � 2  (- 4 t 6) 3. 5 

* Values based on average acres harvested 1964 - 1973 and on 1967 prices received .  

NOTE : Dashes indicate that these variables did not appear in the model. 




