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CHAPTER I 

INTRODUCTION 

The High Plains area Includes forty-four counties 

in West Texas and six counties in Eastern New Mexico 

(Figure 1). These counties are included in part or whole 

of the caprock escarpment and are subject to negligible 

natural recharge. This area also consists of over I4. 

million Irrigated acres (33 per cent of the cropland) 

which are solely dependent upon the underground water 

aquifer for its source of supply. Therefore, the basic 

problem is the dilemma of expanding individual develop

ment of ground water resources for irrigation which re-
2 

suits in declining water tables. The futiire loss of 

water will seriously hamper the general economy of the 

High Plains because water for irrigation purposes provides 

an integral part of area Income. 

Purpose of Study 

The purpose of this study is to determine the 

1 
Allen V. Kneese, Water Resource Development and 

Use (Kansas City: Federal Keserve Bank or Kansas City, 
T959)# P« 5* Hereafter cited as Kneese, Water Resource 
Development and Use. 

Kay V. Billingsley pointed out, that if present 
rates of pumpage were to be continued, the underground 
reservoir would be exhausted in less than thirty years; 
Economics o£ Ground Water Recharge (Lubbock, Texas: Texas 
Technological College, D. A. E. Series No. 5> 1958), p. 7. 
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relationship between an increase in Higji Plains income 

(total and farm) and an Increase in crop production by 

the use of ground water application. Through the use of 

various analytical tools, such as regression analysis and 

predictive equations, the extent to which the area is 

dependent on irrigated farm income will be determined. 

More specifically, ground water used for crop production 

will be established as the prime determinant of the basic 

income flow of the High Plains area. Further, this rela

tionship will be used to predict the future farm income 

and economic activity of this area. 

Underground water aquifers have declined and 

probably will continue to decline in the High Plains area. 

With this future decline in underground water, there will 

be, in all probability, an expected decrease in irrigated 

income. The question which must be solved is: Will this 

decrease in Irrigated income bring forth a significant 

decrease in gross area income and farm income in the High 

Plains area? 

Many related questions concerning the problem may 

be proposed. Is total income dependent upon irrigated 

income, and if so, to what degree is this dependent? Would 

there be a consequent reduction in income with a decrease 

in ground water application and a reversion to dryland? 



Method of Investigation 

In a study of this nature, it is desirable to 

include the important variables that influence variation 

in income. It is equally desirable that the causal rela

tionship between the variables be logically analyzed. 

The choice of variables and causal relationships will be 

analyzed by the use of simple, partial, and multiple 

correlation. V/ith the use of simple and partial corre

lation, it is logically possible to distinguish between 

causes and effects of major and minor importance and to 

discriminate between primary and secondary causation and 
3 

between direct and indirect causation. It is possible 

to determine if the significant variables have been 

selected because the coefficient of multiple correlation 

(R 1.2314.5) s\ams up the combined relation of the dependent 
li 

variable to the several Independent variables. 

Simple, partial, and multiple correlation co

efficients were computed for fifty High Plains counties, 

using data for selected census years 1930, 1914-0, I9I4.5* 

1950, 1955> and I960 (Figure 1). The census year 1935» 

a drought year, was eliminated from the analysis since 

3 
John R. Riggleman and Ira N. Pishbee. Business 

Statistics (New York: McGraw-Hill Inc., 1938), p. 251. 

Ezekiel Mordecal, Methods of Correlation Analysis 
(New York: John Wiley and Sons, inc., 1930;, p. l7fc. 



it was non-representative. 

After the simple, partial, and multiple correlation 

coefficients have been analyzed and the relationships that 

exist have been determined, the four independent variables 

will be further classified into fourteen independent var

iables and the Jt Elimination Program will employ the tech

nique of multiple regression, thus selecting the significant 

variables that will best estimate the dependent variables. 

In the t Elimination Program, the data will consist of 

total figures of the fifty counties in V/est Texas and 

Eastern New Mexico for the years of 1929 through 1959• 

The program will employ the following equation: 

t^ = a +y%iXj^ (K = 1, 2, 3) 

Also, the adjusted coefficient of determination (IT ) will 

be calculated. 

In this program, all independent variables enter 

the regression equation and are eliminated from the equa

tion on the basis of significance of the partial regression 

coefficients (b») tested with t. Thus, the final regres

sion equation will consist of those independent variables 

possessing partial regression coefficients that are sig

nificant at either the .01 or .05 levels of probability. 

Therefore, the model lends itself well for employing 

the t Elimination Prof̂ ram because the final regression 

equation will only contain variables that are significant 

and degeneracy can be eliminated because a variable which 



is approximately a linear combination of the other lnde« 

pendent variables is not entered into the final regres

sion equation. 



CHAPTER II 

CORRELATION ANALYSIS 

Relationships between the four independent var

iables (capital investment in agriculture, acres irrigated, 

total population, and farm workers) as compared to the 

three dependent variables (gross cash farm income, farm 

operator family level of living index, and total area 

Income) were calculated by simple, partial, and multiple 

correlation techniques. These correlation findings were 

used to analyze the problem of possible future reductions 

In income from irrigated farming due to depletion of 

underground water supply. Ihese findings were also used 

to examine the resulting repercussions in the general 

economy. 

Analysis of Variables 

Simple, partial, and multiple correlation 

coefficients were computed for fifty High Plains counties 

using data for selected census years 1930, 191̂ .0, 19l4.5» 

1950, 1955» and I960 (Figure 1). When computing these 

coefficients, four independent and three dependent var

iables were employed. The first independent variable is 

capital investment In agriculture which consists of the 

"^Fredrick E. Croxton and Dudley J. Crowder summar
ize the formulas for simple, partial and multiple correla
tion in Practical Business Statistics (2nd ed.; New York: 
Prentice-Hall, inc., l9i;tJJ, p. 14.39. 

7 
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approximate value of farm land and buildings. The second 

independent variable, irrigated areas, relates only to 

that part of the land in farms to which water is applied. 

The third independent variable is total population and 

includes persons of all ages and classes. The fourth 

independent variable, farm workers, takes into account 

both farm family and hired workers. 

The first dependent variable is gross cash farm 

income which consists of cash receipts from crop and 

livestock marketing plus government benefits. The second 

dependent variable, farm operator family level of living 

index, includes four statistical items that are available 

from census of agricultural data. The third dependent 

variable is total area Income. It consists of income from 

all sources such as wages, salaries, dividends, interests, 

and government payments. Further explanation and source 

of these variables are discussed in Appendix A. 

The results obtained by the simple and partial 
7 

correlation analysis are summarized in Tables 1, 2, and 3» 

"These items are as follows: 
1. Percentage of farms with electricity. 
2. Percentage of farms with telephones. 
3. Percentage of farms with automobiles. 
Ij.. Average value of products sold or traded in 

the year preceding the census per farm reported. 

'The magnitude of the correlation coefficient may be 
affected by conditions other than the inherent relationship 
between the independent variable and the dependent variable. 
A. C. Rosander presents a concise list of these conditions 
in Elementary Principles of Statistics (New Jersey: D. Van 
Nostrand Company, Inc., l"957J» PP« 331-355* 



These tables indicate the direction and magnitude of both 

the simple and partial correlation coefficients for each 

of the following dependent variables and the four independ

ent variables: 

Dependent 

X-j_ (l) •• Gross Cash Farm Income, 

X^ (2) =a Farm Operator Family Level of Living Index, 

^1 (3) =" Total Area Income. 

Independent 

^2 ™ Capital Investment in Agriculture, 

X^ = Acres Irrigated, 

Xĵ  « Total Population, 

X|- = Farm A^orkers. 

These partial correlation coefficients are of the fourth 

order. The results of multiple correlation analysis are 

also summarized in Tables I4., 5» and 6, which indicate the 

magnitude of both the multiple coefficients and the ad

justed coefficients of total determination for each of 
8 

the three dependent variables. 

Gross Cash Farm Income 

For the census year I9I4.O, capital investment in 

agriculture and farm workers jointly accounted for 68.7 

Mordecal Ezekiel summarized what a correlation 
analysis reveals in Methods of Correlation Analysis (2nd 
ed.; New York: John Wiley aM sons, inc., 1^4.7), pp. 159-
162. 
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per cent of the variance in gross cash farm income (Figure 

2). The results for the census year 19l4.5» indicated 

similar relationships to those in 19l|.0, with capital in

vestment in agriculture and farm workers jointly account

ing for 70 per cent of the variance in gross cash farm 

income. 

Capital investment in agriculture and acres 

Irrigated, however, accounted for only 62.2 per cent of 

the variance in gross cash farm income for the census 

year 1950. There was a negative partial correlation 

coefficient between irrigated acres and gross cash farm 

income (Table 1).^ However, this is primarily due to 

the complex interrelationship between capital invest

ment in agriculture and acres irrigated (Table 1). This 

interrelationship indicated a simple correlation coeffi

cient of +O.83I4. for the census year 1950 and +0.920 for 

the census year 1955 (Figure 2). 

Analysis of data from the 1955 census year indi

cates that capital Investment in agriculture, acres 

irrigated, and farm workers accounted for 87»7 P©r cent 

of the variance in gross cash farm income (Figure 2). 

The partial coefficients revealed that the relationship 

9 
This negative partial coefficient may be due to 

the form of the partial correlation as G. Undy Yule and 
M. G. Kendall point out in their section on fallacies in 
the interpretation of correlation coefficients. An Intro
duction to the Theory of Statistics (Fourteenth eT7 rev.; 
Drury Lane,'TIondon: CHarles Grlttin and Company Limited, 
1950), p. 302. 
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of gross cash farm income with capital investment in 

agriculture was greater than with farm workers or acres 

irrigated. 

Therefore, these data indicated an established 

relationship between capital investment in agriculture 

and gross cash farm income for census years 1914-0, 1914-5» 

1950, and 1955* This relationship existed regardless of 

the effects of acres irrigated, total population, and 

farm workers. Consequently, the proportion of the un

accounted-for variability explained by capital investment 

in agriculture i^i2»3k5^ ranged from 27.8 per cent for 

the census year 1914-0 to I4.I4..9 per cent for the census year 

1955. 

Thus, the introduction of the variable, value of 

irrigation equipment and facilities, which is highly 

correlated with capital investment in agriculture, will 
10 

further support the following implications. Capital 

investment in agriculture has a high degree of association 

with gross cash farm income. Therefore, value of irriga

tion equipment and facilities is also closely associated 

with gross cash farm income. It can then be inferred, 

if the above is true, that as irrigation exploration 

The correlation coefficient between capital in
vestment in agriculture and value of irrigation equipment 
and facilities was highly significant (r = 0.528) for 
census years 1930 and I9I4.O. This coefficient was com
puted from agriculture and irrigation census material, 
including the fifty counties that have been used through
out this thesis (Figure 1). 
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development decreases (less spent on irrigation explora

tion equipment and facilities) the amount of variance in 

gross cash farm Income accounted for by value of irriga

tion exploration equipment and facilities will also 

decrease. Thus, another hypothesis may be added and 

substantiated — that irrigated exploration cost is 

correlated significantly to gross cash farm income. It 

has not been determined, however, whether or not a change 

in irrigated costs will cause a corresponding change in 

gross cash farm Income. 

Farm workers, the other independent variable 

accounting for variances in gross cash farm income, also 

indicated a relatively high degree of interrelationship 

with capital investment in agriculture (Figure 2). This 

interrelationship ranged from a simple correlation of 

+0.838 in 191̂.0 to+0.736 in 1955* It is further noted 

that as farm workers account for more of the variance 

in gross cash farm income, there is a tendency for less 

correlation between farm workers and capital investment 

in agriculture (Figure 2). Therefore, farm workers will 

be present to influence the intensity of association 

between capital investment in agriculture and the depen

dent variables unless it is held constant or partialed 

out. 

Farm Operator Family Level o£ Living Index 

The magnitude of multiple correlation coefficients 
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indicates that other variable or variables not included 

in this study had an effect on the dependent variable 

farm operator family level of living index. 

Analysis of the data indicated that capital in

vestment in agriculture, acres irrigated, and farm workers 

jointly accounted for I4.7 per cent of the variances in 

farm operator level of living index for the census year 

1930 (Figure 3). However, in I9I4.O, 1914-5, and 1950, 

capital investment in agriculture and farm workers 

accounted for 16.5 per cent, 31.6 per cent, and 51-8 

per cent respectively of the variances in farm operator 

family level of living index. In 1955* two Independent 

variables, acres irrigated and total population, accounted 

for 61̂..8 per cent of the variance in farm operator family 

level of living index. It is further noted that 6I4..6 

per cent of this variance was associated with acres 

irrigated (Table 5)* 

Farm workers indicated an inverse relationship 

with farm operator family level of living index (Table 

2). This relationship was highly significant for the 

census years 1930, 1914-0, 19l|.5» and 1950 when the influence 

of the other independent variables were held constant 

(Table 2). Consequently, this established inverse rela

tionship may be due to three reasons: (1) the remaining 

farmers share agricultural resources with fewer people, 

(2) the remaining farmers tend to be better farmers, and 
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(3) a general movement of hired workers from the farm by 

increased technology. 

Capital Investment in agriculture, the last 

independent variable accounting for variances in farm 

operator family level of living index, also indicated a 

relatively high degree of Interrelationship with farm 

workers (Figure 3). This interrelationship ranged from 

a simple correlation coefficient of 40.727 in 1930 to 

-••0.802 in 1950. 

Total Area Income 

For the census years 1930, 19ll-0, 1955, and I960, 

the coefficients of multiple correlation between total 

population and farm workers as independent variables and 

total area income as the dependent variables were respec

tively as follows: 0.919, 0.956, O.99I4., and 0.996 (Table 

6). Also, for the above indicated census years, the 

partial correlation of total area income with total popula

tion was greater than with farm workers (Table 3). ^or 

the census years 19l|-5 and 1950, however, total population 

and capital Investment in agriculture were the independent 

variables accounting for 91 per cent of the variances in 

total area income. 

U. S. Department of Agriculture, Level of Living 
Indexes, Statistical Bulletin No. 2OI4. (Washington: U.S. 
Government Printing Office, March, 1957), PP. 3-5* 
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The partial coefficient, r̂ , ^«^, for census years 
ll\.*d33 

1930, 19I|.0, 1914-5, 1950, 1955, and I960 were as follows for 

the respective years: +0.908, tO.953, 10.951, t0.9lj-8, 

-4-0.992, and +0.991; (Table 3). The magnitudes of these 

partial coefficients indicate an established relation 

between total area income and total population, regardless 

of capital investment in agricultiju»e, acres irrigated, 

and farm workers. 
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Fig* 2.—Relationship Between Signifioan't. 
Independent Variables and Gross Cash Farm Income for 
the 50 County Area of Vest Texas and Eastern New Mexico, 
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TABLE 1.—Relationship Between Independent Variables and 
Gross Cash Farm Income for the 50 County Area of West 
Texas and Eastern New Mexico for Indicated Census Years 

Independent 
Variables 

Capital Investment 
in Agriculture 

19l;0 
I9I4.5 
1950 
1955 

Acres Irrigated 
I9I4.O 
1914.5 
1950 
1955 

Total Population 
I9I4.O 
I9I4.5 
1950 
1955 

Farm Workers 
19l]-0 
19!i5 
1950 
1955 

Coefficient 
of Simple 

Correlation 

+0.828 
+0.836 
+0.776 
+0.888 

+0.14.85 
t0.1;53 
10.51^2 
+0.750 

+0.318 
+0.365 
+0.308 
+0.14.61 

+0.760 
+O.76I1 
+0.596 
+O.8I4.7 

Coefficient 
of Partial 
Correlation^ 

+0.528 
+0.561 
+0.663 
+0.670 

+0.165 
-0 .056 
-0 .307 
-0 .367 

--O.II16 
-0 .166 
-0 .195 
-0 .173 

+O.22I4. 
+0.223 
+0. OI4.6 
+0.619 

^These partial correlation coefficients are of 
the fourth order. 
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TABLE 2.—Relationship Between Independent Variables and 
Farm Operator Family Level of Living Index for the 50 
County Area of West Texas and Eastern New Mexico for 

Indicated Census Years 

Independent 
Variables 

Coefficient 
of Simple 

Correlation 

Coefficient 
of Partial 
Correlation^ 

Capital Investment 
in Agriculture 

1930 
I9I4.O 
I9I4.5 
1950 
1955 

Acres Irrigated 
1930 
I9I4.O 
191̂ 5 
1950 
1955 

-O.1I4.7 
+0.029 
-0 .110 
+0.237 
+0.773 

+0.090 
+0.131 
-0.0814. 
+0.100 
+0.808 

+0.l|.9l4. 
+0.370 
+O.I1I4-5 
+O.6I4.O 
+0.058 

+0.311 
+0.216 
-0 .018 
-0 .035 
+0.[j.01 

Total Population 
1930 
I9I4.O 
19I|5 
1950 
1955 

-0 .173 
+0.058 
-0 .135 
-o.oili . 
+0.361 

+0.059 
+0.182 
-0.050 
+0.010 
+0.116 

Farm Workers 
1930 
I9I4.O 
191^5 
1950 
1955 

-0.553 
-0 .219 
-O.I4-O6 
-0.2214-
+0.5W 

-0.692 
-O.l4.99 
-0.576 
-0.693 
+0.001 

*Tbese part ia l correlation coef f i c i ents are of 
the fourth order. 
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TABLE 3.—Relationship Between Independent Variables and 
Total Area Income for the 50 County Area of West Texas 

and New Mexico for Indicated Census Years 

Independent 
Variables 

Capital Investment 
in Agriculture 

1930 
191].0 
19lv5 
1950 
1955 
I960 

Acres Irrigated 
1930 
I9I4.O 
191^5 
1950 
1955 
I960 

Total Population 
1930 
I9I1-O 
I9I4-5 
1950 
1955 
I960 

Farm Workers 
1930 
I9I4.O 
191^5 
1950 
1955 
I960 

Coefficient 
of Simple 

Correlation 

+0.359 
+0.255 
+0.31 -̂7 
+0.393 
+O.I|.5i4. 
+0.l4Ji2 

+0.115 
+0.168 
+0.198 
+0.314 
+O.3I8 
+0.2k2 

+0.900 
+0.928 
+0.914-2 
+0.950 
+0.993 
+0.995 

+0.311 
+O.2I4.9 
+0.307 
+0.1^31 
+o.li.5o 
+o.lioo 

Coefficient 
of Partial 
Correlation** 

+0.150 
+0.137 
-0 .208 
-0 .1k2 
+0.165 
+0.173 
" 

-0 .080 
-0 .015 
+O.OI17 
-0 .069 
-0 .068 
-0 .031 

+0.906 
+0.953 
+0.951 
+O.9I4.8 
+0.992 
+O.99I4. 

-0 .^22 
-0 .502 
-0 .171 
-O.OI4.5 
-0.14.76 
-O.L.23 

These partial correlation coefficients are of 
the fourth order. 
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TABLE i|..—Multiple Correlation Coefficients Between Inde
pendent Variables and Farm Income for the 50 County Area 
of West Texas and Eastern New Mexico for Indicated Census 

Years^ 

Census 
Years D.V. Independent 

Variable(s) 

Standard 
Error of 
Estimate 

Coefficient 
of Multiple 
Correlation 

Coefficient 
of Total Dc" 
termination 

I9I4.O 
I9I4.O 
I9I4.O 
191̂ -0 

X , ( l ) 
xtd) :l 
:1 XT(1) 

X2>X^,XK,X^ 

^ 2 ' $ 1 L ' ^ 5 
x t d ) X 

Xp,X 2*^5 

2II4.O95 
213989 
2II4-679 
220358 

O.8I1.5 
O.8I4.I 
0.837 
0.828 

0.688 
0.688 
0.687 
0.679 

191|5 
I9I4.5 
191̂ 5 
191̂ 5 

) X i ( l 
X i ( l ) 
xi(i) 
xj(i) 

X2»X^,X[,,X5 
X2»Xh,X5 
X2,X5 4 ^ 

21^411-66 
21014.536 
2II72O6 
2I689I4.5 

O.8I4.9 
0.8[|.9 
0.8^1 
0.836 

0.697 
0.702 
0.701 
0.693 

1950 
1950 
1950 

X i ( l ) 

ill] 
X2»X3,X]^,X5 
X2>X3,Xj^ 
^2*^3 

I66II8O7 
I628578I4. 
I653IO3I4. 

0.807 
0.807 
0.798 

0.620 
0.628 
0.622 

1955 X i ( i ) X 2 , X 3 , X K , X 5 
1955 X i ( i ) x | , x^ ,x^ ^ 

7938028 
800511-67 

0.9l4^ 
0.9li-l 

0.878 
0.877 

follows: 
The explanation of the independent variable Is as 

Capital investment in Agriculture 
Acres Irrigated 
Total Population 
Farm Workers 

D.V. rr Dependent Variable 
X (1) = Farm Income 
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TABLE 5«—Multiple Correlation Coefficients Between Inde
pendent Variables and Farm Family Level-of-Living Index 
for the 50 County Area of West Texas and Eastern New Mexico 

for Indicated Census Years^ 

Census 
Years D.V. 

Independent 
Variable(s) 

Standard 
Error of 
Estimate 

Coefficient 
of Multiple 
Correlation 

Coeff ic ient 
of Total De
termination 

1930 
1930 

Xi(2 
Xi(2 

x^,X3 ,xu,x^ 323 
X2,X3,X5 -̂  317 

0.710 
0.709 

O.L1.6I 
O.I4.7O 

I9I4.O 
1914-0 
I9I4-O 

Xi(2 
Xt(2 
Xt(2 

X2*X3,Xj ,̂X^ 
X2*X'5,X^ 
xi,x| ^ 

265 
268 
276 

^•51^ 
0.14.88 
O.UI4.6 

0.198 
0.189 
0.165 

1914.5 
191;5 
19I4.5 

X-,(2 
Xi(2 
Xi(2 

X 2 * X 3 , X L , X 5 1399 
X2,Xh,X5 "̂  1370 
X2 ,X5 "^ 13104. 

0.588 
0.588 
0.587 

0.288 
0.303 
O.3I6 

1950 
1950 
1950 

1955 
1955 
1955 
1955 

Xi(2 
Xi(2 
Xi(2 

X2,X3,XK,XK 23I4. 
X2,X5,X^ 229 
^2»^5 2214. 

X. (2 
X t (2 
X i ( 2 

X2*X3,X[^,Xj 269 
263 
258 
260 

O.73I4. 
O.73I4-
0.73li. 
0.815 
0.815 
O.Slh. 
0.808 

0.t98 
0.509 
0.519 

O.63I4. 
O.6I42 
O.6I1.8 
O.6II.6 

follows: 
X2 
X3 
^k 

T̂he explanation of the independent variable is as 

Capital investment in Agriculture 
Acres Irrigated 
Total Population 
Farm Workers 

^D.V. =s Dependent Variable 
X^(2) = Farm Family Level of Living Index 
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TABLE 6.—^Multiple Correlation Coefficients Between Inde
pendent Variables and Total Area Income for the 50 County 
Area of West Texas and Eastern New Mexico for Indicated 

Census Years* 

Census 
Years D.V. 

b Independent 
Var lab le(s ) 

Standard 
Error of 
Estimate 

Coeff ic ient 
of Mul t ip le 
Cor re la t ion 

Coef f ic ien t 
of Total De
terminat ion 

1930 
1930 
1930 

3) 
3) 
3) 

X2»X3,Xr,X^ 
X2>XJ^,XK 

11-36352 
I4.29636 
n.33362 

0.922 
0.921 
0.919 

0.838 
O.8I1.O 
0.839 

I9I4.O 
I9I4.O 
19L}-0 

3) 
3) 
3) 

X2*X3,Xj^,X^ 
X2,XK,XI-

I4.9027I4.8 
14.797210 
I+78I4J4.2I 

0.957 
0.956 
0.956 

0.910 
0.909 
0.910 

• ^ ^ • ^ i f e - ^ 

I9I4.5 
I9I4-5 
191^5 

Xl 
Xl 
Xl 

3) X2,X3,xi,,X5 
3) X2,xi^,x5 
3) X2,Xi| 

19325111 
18914.7500 
190961}.Ol4. 

0.957 
0.957 
0.956 

0.908 
0.910 
0.909 

1950 
1950 
1950 

Xl 
Xl 
Xl 

3) X2,X3,Xi,,X5 
3 X2,xj ,x^ 
3) X2,xi; ^ 

514-891356 
53808130 
53210362 

0.958 
0.958 
0.958 

0.911 
0.913 
0.9114-

1955 
1955 
1955 

Xl 
Xl 

I] 
3) 

x|,x^,x| ^ 
Xk'^5 

28I4.09556 
27923261 
28705319 

0.995 
0.995 
0.9914-

0.989 
0.989 
0.988 

I960 
I960 
1960 

Xl 
Xl 
Xl 

3 X2,X3,Xi^,X5 
3) X2,XL*X5 
3) Xî .,x5 

38531111 
3773014.35 
38770213 

0.996 
0.996 
0.996 

0.991 
0.991 
0.991 

follows: 
The explanation of the Independent variables is as 

Capital investment in Agriculture 
Acres Irrigated 
Total Population 
Farm Workers 

D.V. ss Dependent Variable 
X-i(3) =: Total Area Income 

2k 
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Summary 

Inferences drawn from the findings of the corre

lation analysis indicate various relationships between 

the four independent variables with each of the three 

dependent variables. The first independent variable, 

capital investment in agriculture, revealed a significant 

unchanging relationship with the two dependent variables, 

gross cash farm income and farm operator family level of 

living index; but the partialed correlation coefficients 

between capital investment in agriculture and total area 

income were non-significant. The second independent 

variable, acres irrigated, indicated varying relation

ships with each of the three dependent variables. The 

third independent variable, total population, possessed 

significant partial coefficients with just one dependent 

variable, total area Income. Consequently, the partial 

coefficients were non-significant for the other two 

dependent variables, ci*oss cash farm income and farm 

operator family level of living index. The last inde

pendent variable, farm workers, indicated an inverse 

relationship with farm operator family level of living 

index and total area income. Farm workers, however, 

were directly related to gross cash farm income. 

Further investigation of the relationship 

e5?tablished between the first independent variable, 

capital investment in agriculture, and the two dependent 
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variables, gross cash farm income and farm operator 

family level of living index, indicated significant par

tial correlation coefficients. Thus, for the indicated 

census years I9I4-O, 19l|-5, 1950, and 1955, this established 

relationship existed regardless of fluctuations in acres 

irrigated, total population, and farm workers. 

The second independent variable, irrigated acres 

when compared to the three representative dependent 

variables, gross cash farm income, farm operator family 

level of living index, and total area income, showed 

varying correlation magnitudes. Consequently, the par

tial correlations coefficients were non-significant between 

irrigated acres and total area income. However, there 

was a trend toward a negative relationship between irri

gated acres and gross cash farm income. This negative 

partial correlation was due to the high degree of inter

relationship with capital investment in agriculture. 

Therefore, the presence of capital investment in agri

culture will be present to influence the intensity of 

association between acres irrigated and gross cash farm 

income. The correlation between irrigated acres and the 

dependent variable, farm operator family level of living 

index, was significant for the census years 1930 and 

1955. However, these partial correlation coefficients 

between irrigated acres and farm operator fanily level 

of living index were non-significant for the census years 
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1914-0, 1914-5, and 1950. 

Results of the relationship between the third 

Independent variable, total population and total area 

Income indicated highly significant (1 per cent level) 

partial coefficients. The partialed coefficients, how

ever, were non-significant when total population was 

tested with the two dependent variables, gross cash farm 

income and farm operator far.illy level of living index. 

Finally, the partial coefficients were significant 

and negative between the fourth independent variable, 

farm workers and farm operator family level of living 

index, for the census years 1930, I9I4.O, 1914-5, and 1950. 

In 1955, however, this partial coefficient was non

significant. Also, the partial coefficients were non

significant and positive between farm workers and the 

dependent variable gross cash farm income for the census 

years I9I4.O, 19l4-5> and 1950; but was significant in 1955 

(r̂ nj 2V ="^0.620). Lastly, the partial coefficients 

were significant and negative between farm workers and 

the dependent variable, total area Income, for the census 

years 1930, I9I4-O, 1955* and I960; but non-significant for 

the census years I9I4.5 and 1950• 



CHAPTER III 

MULTIPLE REGRESSION ANALYSIS 

The _t Elimination Progran was used to select 

significant independent variables (X,, X^, . . ., X^. ) 

that explained total area income and gross cash farm 
12 

income. In this program, all independent variables 

enter the regression equation but are eliminated on the 

basis of significance of the partial regression coeffi-

13 

cients (b») tested with t. Therefore, the final regres

sion equation consisted of only those Independent variables 

possessing partial regression coefficients (b«) that 

were significant at either the .01 or .05 levels of 

probability. Further explanation and source of the var

iables employed in this analysis are given in APP31TDIX B. 

Yearly (1929-1959) data for each of the variables 

from the total of 50 counties in West Texas and Eastern 

New Mexico were used in this analysis. A brief review of 

the United States economic fluctuations that have taken 

place since 1930 will prove helpful in this analysis 

Robert Steel and James Torrie further develop 
the multiple regression technique in Principles and 
Procedures of Statistics (New York: McOraw-Hlll Book 
Company, inc., I960;, pp. 277-301. 

13 
^George W. Snedecor expands on the elimination 

of variates in Statistical Methods (l4.th ed.; Ames, Iowa: 
The Iowa State College Press, 19i4.b), pp. 369-371. Here
after cited as Snedecor, Statistical Methods. 

28 
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because the Independent variables will fluctuate through 

an increase or decrease in production and/or an increase 

or decrease in price. Thus, the United States' economic 

fluctuations may have influenced some of the independent 

variables. A brief history of the time period involved 

is as follows: In the first year of this time period 

(1929), the nation was experiencing a panic. The second

ary post-war depression was in the years 1930 to 1937* 

From 1938 to 19i4-5 the United States was undergoing the 

years of defense and the war time economy; from I9I4.6 to 

I9I4.7, the post war boom; and from I9I4.8 to 1914-9, the 

readjustment years. In the early fifties, 1950 to 1952, 

the nation was in the Korean conflict; and in 1953 and 

1951|-, the readjustment years, and from 1955 to the present, 

the government has been concerned with domestic expansion. 

Empirical Findings 

In all, fourteen regression equations were cal

culated, eirht with total area income and six equations 

with gross cash farm income. The sign and degree of 

significance of these regression coefficients are pre

sented in Table 7. The T[^ Is given in equation 8 for Ŷ ^ 

and equation 6 for Y2; however, the other Ti for each 

equation are also given to indicate the levels where each 

independent variable is eliminated. The model for the 

multiple regression is given in APPENDIX B, Table 1. 
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Total Area Income 

In the analysis employing total area income as 

the dependent variable, the R for the final regression 

was .993. ̂  The final regression equation with indicated 

values is: Ŷ ^ = 1.163 * 10^ + 3.537X3̂  - 0.979X^ + 8l.712X<̂  

+ 0.1414.8x̂ 2 "" (7.005 • 10"^)X^. . 

The signs of the regression coefficient which 

correspond to the signs of the partial coefficients do 

not coincide with the sign of some of the simple (gross) 
15 correlations. The sign of the simple correlation 

coefficient between total area income and total popula

tion (X̂ j.) was positive. The sign of the simple correla

tion coefficient between total area income and value of 

other dryland grains (X̂ )̂ was also positive. However, 

the signs for the regression coefficients of these vari

ables were negative. The results concerning the differ

ences in signs indicate the possible danger of drawing 

conclusions from simple correlations computed by the 

•There is little chance of obtaining this value 
from a population of uncorrelated variates, as indicated 
by Table 136, George W. Snedecor, Statistical Methods, 
p. 351. 

1^ 
Snedecor discusses this point in Statistical 

Methods, p. 3kk> P* 363. 
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least squares method. 

As previously stated, one of the most Important 

objectives of this study was to analyze the factors that 

Influence total area income. Value of irrigated alfalfa 

hay, one of the variables that significantly influenced 

total area income, was not developed because the author 

felt that it was a side effect. ' However, the variable 

most significant in explaining variations in total area 

was value of irrigated cotton. The regression value for 

this independent variable was 3.5 dollars, which means 

that with a change in one dollar of irrigated cotton 

(harvested), there will be a corresponding change of 3.5 

dollars in total area income. This will remain true as 

long as the existing linear relationship remains. Thus, 

Ĥf/. B. Back and J. D. Tarver, in their study, 
"Interdependence of Population and Economic Variables and 
Change in State Per Capita Personal Incomes," Proceedings 
South Western Social Science Association, ed. John H. 
Southern (Galveston, Texas: Agricultural iiconomics Sec
tion, Southwestern Social Science Association, 1959), p. 
11, arrived at similar conclusions with reference to 
differences in signs between simple (gross) correlation 
coefficients and regression coefficients. 

In this case, it may reasonably be assumed that, 
because of the low alfalfa acreage in this area, total 
area income would cause alfalfa hay income to increase. 
Thus, as this variable does not fit the assumption as 
set forth in this model, it v̂ ill be eliminated from the 
analysis. 

Fredrick V. Waugh explains in Graphic Analysis 
n wo. 

I8i _,„^„„ ,„„,.._.„ 
in Economic Research, U. S. D. A. Bulletin No. bi]. ̂ Washing-
Tonl U. S. Government Printing Office, 1955), pp. 1-3, 
the Importance of graphic analysis, when assuming linear 
relationships. 
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total area income is dependent upon value of irrigated 

cotton. This relationship indicates a significant 

(simple) correlation coefficient of i-0.968 (APPENDIX B^ 

Table 2). 

In 1959, I4.7 per cent of total area income 

($2,189,2714-,000) was stimulated by irrigated cotton in

come ($288,258,000). If irrigated cotton income deter

mined 100 per.'cent of total area income, then 1959 total 

area income would have been 3.5 times ^288,258,000. 

As stated above, however, irrigated cotton income deter

mined only 1|.7 per cent of total area income and the 

remaining 53 per cent consists of other factors. 

To illustrate the drastic effect that a reduction 

in irrigated cotton income would have on the High Plains 

area, a 5 P©r cent reduction in total Irrigated cotton 

Income was assumed (Table 8). A 5 per cent reduction 

results in a net loss of $llj.,i4.12,000 in irrigated cotton 

Income which causes a net loss of 150,976,000 in total 

area income (Table 8). 

Therefore, underground water is an important 

determinant of total income in the High Plains and any 

further depletion of this asset should be seriously con

sidered. A statement by W. L. Broadhurst in July, 1958 

issue of West Texas Business Report was to the effect 

that evidence is conclusive that where large quantities 

of water are being withdrawn for irrigation purposes in 



TABLE 8.—The Effect of a 5 Per Cent Decrease in Irri
gated Cotton Income, for 1959, Upon Total Area Income 

Irrigated 
Cotton 
Income 
(in $1000) 

Amount of 
Total Area 

Income 
Determined Residual 

by Income , 
Irrigated (in JlOOO)'' 
Cotton 
Income 

(in $1000)^ 

Total Area 
Income 

(in ^1000) 

1959 -
Actual 288,258 1,019,569 1,169,705 2,189,2714. 

1959 -
Assumed 
5 Per 
Cent 
Decrease 

Net Loss 
Due to 5 
Per Cent 
Decrease 

273,814.6 968,593 1,169,705 2,138,298 

Il4-,l4-12 50,976 50,976 

Derived by multiplying the irrigated cotton 
income by the indicated regression value (3.537). 

Total area income not explained by irrigated 
cotton income. 

31̂  
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the High Plains, the rates of withdrawal can not be 

continued indefinitely. This would support the hypothet

ical cases where a decrease (5 per cent) in irrigated 

cotton income was assumed and the resulting repercussions 

were analyzed (Table 8 and TablelO). Broadhurst went on 

to explain, however, that evidence is just as conclusive 

that through orderly development and more efficient use 

of both under^jround water and natural precipitation, a 

favorable economy can be sustained for generations. 

Further, an explanation of the remedial measures 

employed in the development and efficient use of under

ground water and natural precipitation would be helpful 

in analyzing the problem as set forth in this thesis. 

The practices that will be considered are: (1) water 

conservation practices such as artificial recharging, 

recirculating system, underground irrigation pipe, bench-

levelling and seeding of grasses (Caddo switch grass and 

Midland Bermuda), and (2) new additional sources of irri

gation water. Two such sources might be the proposed 

Canadian River project and the untapped salt water that 

is located beneath the present underground water. 

The first of these water conservation practices, 

artificial recharging of natural runoff and tailwater, 

is still in the infant stage in the High Plains area. 

Some farmers in the High Plains started "recharging" In 

I9I4J4., but serious problems (silting and "cave-ins") have 
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19 discouraged many farmers to recharge. Althou£^ some 

farmers have installed recharge systems, they are not 

currently operating them until the previously mentioned 

problems have been solved (silting and "cave-ins"). The 

second water conservation practice, a "re-circulating 

system", has favorable recognition in the High Plains 
20 

area. C. 0. Carnahan, a Hereford farmer, has recently 

installed a "re-circulating system" which has been per-
21 

forming efficiently and effectively. This system was 

built with the idea of utilizing underground water pro

duced and natural run-off water that ordinarily would 

have been wasted. The savings of this wasted water 

amounted to an investment cost of 158,000 to utilize the 

tailwater from about 960 acres. The third water conserva-

tion practice, underground irrigation pipe, enables High 

Plains farmers to "stretch" their underground water much 

farther. A Lubbock County farmer, ?. E. McNabb, stated 

that "water will go twice as far by using underground 

19 
Walter Rogers, Current Economic Problems of 

Recharging Irrigation Wells on the High Plains District 
of West Texas, Unpublished BuTleTInTLubbock:, Texas: 
Texas Technological College and College Station, Texas: 
Texas Agricultural Experiment Station, 1961). 

^^Lubbock Avalanche Journal, June 18, 1961, p. I4. - F. 

21 
This system stores the water in a surface-

reservoir whereas a recharge system stores the water in 
the underground water aquifer. 
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22 
pipe than if we used open ditches." An example of this, 

as stated by McNabb, was that with the underground pipe 

he can efficiently irrigate an 80-acre field whereas 

before, with the open ditch, 60 acres only would be irri

gated by planting time. To distribute his irrigation 

water and conserve all natural rainfall, McNabb bench-

levelled 300 acres of his sloping land. McNabb also 

seeded 28 acres of Midland Bermuda in a level "lake" 

bottom that is sijirrounded by bench-levelled land. Prac

tices that may be employed in the future are those of 

seeking new and additional water supplies for irrigation. 

One of these future practices, the Canadian River 

project, was approved by eleven cities, including Lubbock, 

and will not be subtracting from or dependent upon the 

underground water that is so essential to High Plains 
23 

agriculture. 

However, an efficient means of desalinating the 

underground salt water has not been economically feas

ible. '' For example, the average estimated cost of 

converting saline ground water is 75 cents per 1000 

^Lubbock Avalanche Journal, June I4., 1961, p. 5 - P* 

-̂̂ Ibid., November 23, I960, p. 1 - F. 

^See David W. Miller, "Development and Utilization 
of Saline Ground - l/ater Resources," Third Annual Water 
Conference (New Mexico: New Mexico State University, Nov., 
1958). 
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gallons. In addition to the prohibitive cost, another 

limiting factor Is the problem of disposing residual 

brines. 

To illustrate the effect that water saving 

practices would have on the economy of the High Plains 

area, a 10 per cent increase in total cotton income was 
26 

assumed. A 10 per cent increase in irrigated cotton 

income would result in a net increase of $2£,8lL|.,000 in 

irrigated cotton income which would cause a net increase 

of $101,915,000 in total area income (Table 9). 

Gross Cash Farm Income Y2 

When the dependent variable gross cash farm in

come was employed in the analysis, the T?̂  for the final 

regression was .986. There were six equations computed 

with gross cash farm income and the final regression 

equation is as follows: Yp = I.6OO • 10^ + 2.268X + 

1.226X2 + 3.y-4-6Xĵ  - l.k52X^ - 5l.76X^ - 27.83X<̂  i- ̂ITX̂ ^̂  

- 2910.14.9X13 - (6.107 • 10"̂ )X3Lĵ . 

The signs of the regression coefficients are 

opposite or do not correspond with the signs of the simple 

(gross) correlations between gross cash farm income and 

^^Kneese, Water Resource and Development, p. 56. 

pZL 

It was further assumed that cotton allotments 
remained constant. 



TABLE 9.—The Effect of a 10 Per Cent Increase in Irri
gated Cotton Income, for 1959, Upon Total Area Income 

Irrigated 
Cotton 
Inc ome 

(in $1000) 

Amount of 
Total Area 

Income 
Determined Residual 

by Income 
Irrigated (in $1000)^ 
Cotton 
Income 

(in $1000)^ 

Total Area 
Income 

(in 51000) 

1959 -
Actual 288,258 1,019,569 1,169,705 2,189,2714. 
1959 -
As Slimed 
10 Per 
Cent 
Increase 317,072 I,121,lv8l4. 1,169,705 2,291,189 

Net In
crease 
Due to 10 
Per Cent 
Increase 28,8114. 101,915 101,915 

a_ Derived by multiplying the irrigated cotton 
Income by the indicated regression value (3.537)• 

Total area income not explained by irrigated 
cotton income. 
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the independent variables; value of other dryland grains 

(X£̂ ), value of irrigated vegetables and value of irri

gated alfalfa hay (X<^). In the case of the simple 

correlation between gross cash farm income and the above 

independent variables, the indicated sign was positive. 

However, signs for the regression coefficients of these 

variables were negative. 

As previously stated, it is also an objective 

of this study to analyze factors that influence gross 

cash farm income. The variable most significant in 

explaining variations in gross cash farm income was 

value of irrigated cotton. The regression value for 

this independent variable was 2.3 dollars, which mesins 

that with a change in one dollar of Irrigated cotton 

(harvested) there will be a corresponding change of 2.3 

dollars in gross cash farm income. Thus, gross cash 

farm income is dependent on value of irrigated cotton. 

This relationship indicates a significant (simple) 

correlation coefficient of +0.8914- (APPENDIX B, Table 3). 

In 1959, 73 psr cent of gross cash farm income 

($893,14-07,000) was stimulated by irrigated cotton income 

(\5288,258,000) . If irrigated cotton income determined 

100 per cent of gross cash farm income, then 1959 gross 

cash farm income would have been 2.3 times $268,258,000. 

However, as stated above, irrigated cotton income deter

mined only 73 per cent of gross cash farm income, and the 



remaining 27 per cent consists of other factors. 

Gross cash farm income constitutes a major sector 

of the economy in the High Plains. To illustrate the 

effect that a reduction in irrigated cotton income would 

have on gross cash farm income, a 5 per cent reduction 

in total Irrigated cotton income was assumed. This results 

in a net loss of SII4., 14.12,000 in irrigated cotton income 

which causes a net loss of $32,686,000 in gross cash farm 

income (Table 10). 

To illustrate the effect that water saving prac

tices would have on the High Plains area, a 10 per cent 

increase in total irrigated cotton income was assumed. 

A 10 per cent increase results in a net increase of 

$28,8114.,000 in irrigated cotton income which causes a 

net increase of 165,372,000 in gross cash farm income 

(Table 11). 

Summary 

During the years 1929 through 1959, total area 

income was jointly dependent upon five variables. These 

variables are as follows: value of irrigated cotton, 

value of irrigated alfalfa hay, value of mineral produc

tion, value of dry land other grains, and total population. 

However, value of irrigated cotton was more significant 

in predicting total area income. The center of attention 

was focused upon the findings of this independent variable. 



TABLE 10.—The Effect of a 5 Per Cent Decrease in Irri
gated Cotton Income, for 1959, Upon Gross Cash Farm Income 

Irrigated 
Cotton 
Income 
(in JlOOO) 

Amount of 
Gross Cash 

Farm 
Income 

Determined 
by 

Irrigated 
Cotton 
Income 

(in ilOOO)^ 

Residual 
Income 

(in $1000)° 

Gross Cash 
Farm 
Income 

(in §1000) 

1959 -
Actual 288,258 653,769 239,638 893,b,07 

1959 -
Assumed 
5 Per 
Cent 
Decrease 273,81+6 621,083 239,638 860,721 

Net Loss 
Due to 5 
Per Cent 
Decrease Ii4.,l4.12 32,686 32,686 

derived by multiplying the irrigated cotton 
Income by the indicated regression value (2.268). 

Gross cash farm income not explained by irri
gated cotton income. 
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TABLE 11.—The Effect of a 10 Per Cent Increase in Irri
gated Cotton Income, for 1959, Upon Gross Cash Farm Income 

Irrigated 
Cotton 
Income 
(in $1000) 

Amount of 
Gross Cash 

Farm 
Income 

Determined 
by 

Irrigated 
Cotton 
Income 

(in #1000)a 

Residual 
Income , 

(in UOOO)'^ 

Gross Cash 
Farm 
Income 

(in OlOOO) 

1959 -
Actual 288,258 653,769 239,638 893,14.07 

1959 -
Assumed 
10 Per 
Cent 
Increase 317,072 719,114.1 239,638 958,779 

Net In
crease 
Due to 10 
Per Cent 
Increase 28,8114. 65,372 65,372 

^Derived by multiplying the irrigated cotton 
income by the indicated regression value (2.268). 

Gross cash farm income not explained by irri
gated cotton income. 

10 
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For every change in one dollar of value of irrigated 

cotton (harvested), there was a corresponding change of 

3.514- dollars in total area income. 

A linear relationship existed between value of 

irrigated cotton and total area income. Therefore, a 

decrease in value of irrigated cotton will cause a de

crease in total area income. Consequently, declining 

water levels should be of primary concern in this area, 

because as the water level decreases irrigated income, it 

directly decreases total area income. If the same rela

tionship between value of irrigated cotton (harvested) 

and total area income should exist in the future, as has 

in the past, the following situation could occur: If 

the High Plains would experience a 5 per cent decrease 

in irrigated cotton income, this would amount to a de

crease of 1L|. million dollars in irrigated cotton (Table 

8). 

This water decline, however, could be offset by 

the use of water conservation practices. Also, through 

more efficient use of underground water, irrigated cotton 

income could be increased in this area. Through the use 

of practices such as artificial recharging, recirculating 

systems, and underground pipe, the High Plains would ex

perience a 10 per cent increase in irrigated cotton income, 

which would amount to 28 million dollars (Table 9). This 

28 million dollar increase in irrigated cotton would 



determine an additional 101 million dollars to total area 

income. 

The hypothesis was accepted; therefore, total area 

Income was dependent upon irrigated cotton income of the 

High Plains. This irrigated cotton income is so correlated 

that a change in irrigated cotton income will brin^ about 

a corresponding change in total area income. 

During the years 1929 through 1959, gross cash 

farm income was jointly dependent upon nine variables. 

These variables were as follows: value of dry land grain 

sorghum, value of irrigated cotton, value of dry land 

cotton, value of other dryland grains, value of irri

gated vegetables, value of Irrigated alfalfa hay, farm 

workers, and total population. In regard to these variables, 

value of irrigated cotton was the only variable that impli

cations were made and inferences drawn about, as this 

variable directly tests the hypothesis as previously stated. 

The regression value for irrigated cotton inccjme was 2.2; 

which means that for every change in one dollar of irri

gated cotton income, there was a corresponding change of 

2.2 dollars in gross cash farm income. Therefore, the 

hypothesis was accepted to the extent that gross cash farm 

income is jointly dependent on value of irrigated cotton, 

along with value of dry land cotton, value of dry land 

grain sorghum, and capital investment in agriculture. 

As water levels affect irrigated Income, it so 
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directly Influences gross cash farm income. If the same 

relationship between value of irrigated cotton and gross 

cash farm income should exist in the future, as has in the 

past, the following situation could occur if the High 

Plains would experience a 5 per cent decrease in irri

gated cotton income: This would amount to a decrease of 

II4- million dollars of Irrigated cotton. This fourteen-

milllon dollar decrease in value of irrigated cotton 

would cause the High Plains to suffer a decrease of 30 

million dollars in gross cash farm income (Table 10),. 

Moreover, if the High Plains would experience a 10 per 

cent increase in irrigated cotton income, there would be 

an increase of 28 million dollars in irrigated cotton. 

This twenty eight-million dollar increase in value of 

irrigated cotton would create an increase of 65 million 

dollars in gross cash farm income (Table 11}. 



CHAPTFJR IV 

SUMMARY AND CONCLUSIONS 

The problem area of this study involved the de

clining water tables of the High Plains due to irrigation 

application with resulting repercussions in the general 

economy. This problem was examined with the following 

hypotheses in mind: (1) Is irrigation (cost and income) 

related to gross cash farm income, level of living index, 

and total area income? (2) If 1 above is true, does irri

gated income determine gross cash farm income and total 

area Income? 

In the correlation analysis, acres irrigated and 

capital investment in agriculture were selected to solve 

the above hypotheses. The first independent variable, 

capital investment in agriculture, revealed an established 

relationship between gross cash farm income and farm 

family level of living index. This established relation

ship existed regardless of fluctuations in acres irrigated, 

total population and farm workers for census years I9I4.O, 

I9I4.5, 1950, and 1955. ^ e variable, capital investment 

in agriculture, was combined with another variable, value 

of irrigation facilities and equipment, to establish the 

hypothesis that irrigated cost was correlated to gross 

cash farm income and farm family level of living index. 

This hypothesis was tested and accepted. The other vari

able, irrigated acres, related varying magnitudes of 

ki 
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correlation coefficients when tested with the three 

dependent variables. This variable, however, did not 

Indicate relationships that might be expected with the 

three dependent variables. This may be explained by the 

fact that, when capital investment is partialed from the 

simple correlation between acres irrigated and the depen

dent variables, the magnitude is close to zero, while the 

simple correlation is not. This may be due to two reasons: 

(1) capital investment in agriculture may be an Intervening 

variable; that is, the causation effect of X on Y operates 

through capital investment in agriculture, or (2) that the 

correlation may be spurious between acres irrigated and 

the three dependent variables. This could occur when 

capital investment in agriculture jointly effects acres 

irrigated and the given dependent variable. 

In the multiple regression analysis there were 

five variables that influenced total area Income. In 

regard to these variables, value of irrigated cotton was 

most significant in predicting total area income. The 

regression value, for irrigated cotton income, was 3.514-, 

which means that for every change in one dollar of value 

of irrigated cotton, there was a corresponding change of 

3.51j. dollars in total area income. 

With respect to total area income, there were two 

hypothetical cases assumed. One case assumed a 5 per cent 

decrease in irrigated cotton income, and the other assumed 
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a 10 per cent increase in Irrigated cotton income. Re

sults of the first case, assuming a 5 per cent decrease 

in irrigated cotton income, indicated that there would 

be a decrease of II4. million dollars in irrigated cotton, 

which would cause the High Plains to suffer a decrease 

of 50 million dollars in the total area income. Results 

of the second case, assuming a 10 per cent increase in 

irrigated cotton incone, indicated that there would be 

an increase of 28 million dollars, which would determine 

an additional 101 million dollars of total area income. 

When computing the multiple regression equation, 

employing gross cash farm income as the dependent variable, 

there were nine variables that influenced gross cash farm 

income. Value of irrigated cotton was the only variable 

that was used to make implications and to draw inferences 

because this variable directly tests the hypothesis as 

previously stated. The regression value for irrigated 

cotton income was 2.2, which means that for every change 

in one dollar of value of irrigated cotton, there was a 

corresponding change of 2*2 dollars in gross cash farm 

income. 

V/ith respect to gross cash farm income, there were 

two hypothetical cases assumed. One case assumed a 5 Per 

cent decrease in irrigated cotton income, the other case 

assumed a 10 per cent increase in irrigated cotton income. 

Results of the first case indicated that there would be a 
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decrease of Ik million dollars in irrigated cotton income, 

which would cause the High Plains to suffer a decrease 

of 30 million dollars in gross cash farm income. Results 

of the second case indicated that there would be an in

crease of 28 million dollars, which would determine an 

additional 65 million dollars in gross cash farm income. 

Consequently, the hypothesis was accepted. Total 

area income and gross cash farm income were dependent 

upon Irrigated cotton income of the High Plains. This 

Irrigated cotton income is so correlated that a change 

in irrigated cotton income will bring forth a corresponding 

change in total area income and gross cash farm income. 
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APPENDIX A 

VARIABLES ET-IPLOYED IN CORRELATION ANALYSIS 

Total Gross Cash Farm Income 

This estir.ate includes cash receipts from ar̂ ri-

cultural and livestock marketing plus government bene

fit, but does not include the farmers income from the 

off-farm labor and investment. 

Source: "Survey of Buying Power," Sales 

Management Magazine, 1930, I9I4.O, 1914-5, 1950, 1955, I960. 

Farm Operator Family Level of Living Index 

These Indexes are based on four statistical items 

that were available from census of Agriculture data for 

each county in the United States for five years in the 

twenty-five years covered as follows: 

1. Percentage of farms with electricity. 
2. Percentage of farms with telephone. 
3. Percentage of farms with automobiles. 
k. Average value of products sold or traded 

in the year proceeding the census per 
farm reported. 

These indexes were adjusted for change in purchasing 

power for farmers' dollar. Studies have shown that 

various items are closely related. Farm houses with 

electricity are more likely to have other household 

facilities and conveniences than those without elec

tricity and farm families with automobiles are more 

likely to be able to take advantage of various services 

such as health facilities, libraries and recreation. 

55 
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Source: Margaret Jarman Hagood, Farm Operator 

Family Level of Living Indexes for Counties of U. ̂ . A., 

U. S. Department of Agriculture, 1957. 

Total Area Income 

Gross effective income is income from all sources 

such as wages, salaries, dividends and interest, govern

ment payments and all miscellaneous items of income. 

The income figure is income before taxes are paid and 

is called effective income because it measures real in

come and not merely dollars and cents. The estimate is 

based upon a formula first devised by Sales Management 

Magazine in 1929. It was improved materially in 1937 

through the addition of an estimate of the non-money 

income of farmers and small-town residents and more 

recently correlation studies which show the relationship 

between income and retail sales, and between bank debits 

and both sales and income. Procedure for estimate of 

effective buying power — after apportion to each state 

its share of the total national income, based upon 

studies of retail sales, income tax returns, bank deb

its, carloading, dividend payments, agricultural market

ing, etc.; the total state Incomes are then distributed 

by counties according to a percentage figure which is 

based upon known relationship between the county and 

the state. Income from all sources include the 
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following: 

Wages 

Salaries 

Dividends 

Interest 

Rents 

Entrepreneural income 

Government payments 

All miscellaneous sources of income. 

Source: "Survey of Buying Power," Sales Management 

Magazine, 1930, I9I1.O, 19k5, 1950, 1955, and I960. 

Capital Investment in Agriculture 

Capital investment includes value of land and 

buildings. With the application of the variable, capital 

investment in agriculture, the assumption is that there 

remains a high positive correlation between value of land 

and buildings and value of irrigation equipment and 

facilities. If value of irriratlon equipment is corre

lated to capital investment in agriculture and total 

area income is dependent upon capital investment in 

agriculture, it would then be evident that total income 

is also dependent upon value of irrigation equipment and 

facilities. 

Source: Census £f Agriculture, 1930, I9I4.O, I9I4.5, 

1950, 1955, and I96O. 
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Acres Irrigated 

This relates only to that part of the land In 

irrigated farms to which water was applied. Plowever, 

this figure does not include irrigated cropland that was 

not harvested and not pastured. 

Source: Census £f Agriculture, 1930, I9I4-O, 1914-5, 

1950, 1955, and I960. 

Total Population 

The total population in this study includes persons 

of all ages and all classes (white and non-white). 

Source: Population Census; 1930, I9I4.O, 1950, and 

i960. "Survey of Buying Power," Sales Management Magazine, 

1911-5 and 1955. 

Farm Workers 

This includes the number of farm family and/or 

hired workers. The farm labor was obtained in three 

parts: (1) operators working, (2) unpaid members of 

the operator's family working, and (3) hired persons 

working. Operators were considered as working if they 

worked one or more hours; unpaid members of the operator's 

family, if they worked 15 or more hours and hired persons 

if they worked any time during the calendar week specified. 

Source: Census £f Afr.riculture, 1930, I9I4.O, 1914-5, 

1950, 1955, and i960. 



APPENDIX B 

VARIABLES EMPLOYED IN MULTIPL^^ REGRESSION ANALYSIS 

There were two dependent variables employed in 

the Jb Elimination Program. These two dependent variables, 

total area income and gross cash farm incone, have been 

previously discussed in Appendix A for the correlation 

analysis. 

A brief resume of the fourteen independent 

variables employed in the t Elimination Program is as 

follows: 

Value of Cotton Harvested from Non-Irrigated and 

Irrigated Acreage 

Irrigated values Include only those farms with 

wholly-irrigated acreage. The cotton was measured in 

round bales averaging 500# in weight. 

Source: Census of Agriculture, 1930, 1935, I9I4-O, 

I9I4.5, 1950, 1955, and I960; Texas and New Mexico Crop 

Reporting Service, and U. S. D. A. publication. Cotton 

and Related Data, Number 99, 1957, ?• 60. 

Value of Other Grains Harvested from Non-Irrigated and 

Irrip;ated Acreage 

The crops Included in the category of "other 

grains" are wheat and corn. 

Source: Census of Agriculture, 1930, 1935, I9I4-O, 
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I9k5f 1950, 1955, and I960; Texas and New Mexico Crop 

Reporting Service, and U. S. D. A., publication. Grain 

and Feed Statistics, Number 159, 1957, p. I4J4-. 

Value of Grain Sorghum Harvested from Non-Irrigated and 

Irrigated Acreage 

This includes the seed of sweet sorghum and the 

seed from various hybrids, as well as from grain sorghums. 

Source: Census of Agriculture, 1930, 1935, I9I4-O, 

I9I4-5, 1950, 1955, and I960; Texas and New Mexico Crop 

Reporting Service and U. S. D. A. publication. Grain 

and Feed Statistics, Number 159, 1957, P- 14-2. 

Vclue of Vegetables Harvested for Sale from Non-Irrigated 

and Irrigated Acreage 

The values for these items represent a cross 

addition for each individual farm. The crops listed as 

vegetables are as follows: potatoes (sweet or white), 

asparagus, beans (lima, snap, string, or wax), beets, 

broccoli, cabbage, cantaloupe, carrots, cauliflower, 

cowpeas, okra, onions, peppers, tomatoes, and mixed 

vegetables. 

Source: Census of Agriculture, 1930, 1935, 

I9I4.O, 1914-5, 1950, 1955, I960; Agricultural Prices, 

Agriculture Research and Marketing Service, Number 960, 

I960. 
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Value of Alfalfa Hay Harvested from Non-Irrigated and 

Irrig;ated Acreage 

As listed in the Agriculture Census, these figures 

include both alfalfa and alfalfa mixtures. 

Source: Census _o£ Agriculture. 1930, 1935, I9I4.O, 

I9I4.5, 1950, 1955, and I960; Texas Almanac. 

Value of Mineral Production 

The main minerals produced in this area are as 

follows: petroleum, natural ras, salt, stone, helium, 

and gas liquids. 

Source: Mineral Yearbook, U. S. Bureau of Mines, 

Texas Almanac. 

Capital Investment in Agriculture 

Capital investment includes value of land and 

buildings. With the application of this variable, the 

assumption is that there remains a high positive corre

lation between value of land and buildings and value of 

irrigation equipment and facilities. If value of irri

gation equipment is correlated to capital investment in 

agriculture and total area income is dependent upon 

capital investment in agriculture, it would then be 

evident that total area income is also dependent upon 

value of irrigation equipment and facilities. 

Source: Census o£ Agriculture, 1930, 1935, I9I4-O, 

I9I4.5, 1950, 1955, and I960. 
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Number of Farm Workers 

!Ihe farm labor was composed of three groups: 

(1) operators working, (2) unpaid members of the oper

ator's family working, and (3) hired persons working. 

Source: Census of Agriculture, 1930, 1935, 1914-0, 

I9I4.5, 1950, 1955, and I960. 

7;^~ . 



TABLE 1.—Model Employed in the Multiple Regression Analysis 

Yi = a + b3_xi+ b2X2 + ... + h^^^x-^^ 

^2 = a + ^1^1+ b2X2 +...-»• b^^x^^ 

Where: 

Y-^ r= Total Area Income. 

Yg zz Gross Cash Farm Income. 

X]^ =: Value of irrigated cotton harvested. 

X2 = Value of non-irrigated cotton harvested. 

Xo =: Value of irrigated grain sorghum harvested. 

XK n Value of non-irrigated grain sorghum harvested. 

X^ ~ Value of irrigated other grains harvested (wheat 
and corn). 

X£̂  IT Value of non-irrigated other grains harvested 
(wheat and corn). 

Xy — Value of irrigated vegetables harvested. 

Xg r: Value of non-irrigated vegetables harvested. 

X^ z: Value of irrigated alfalfa hay harvested. 

X^Q i: Value of non-irrigated alfalfa hay harvested. 

X-il — Capital investment in agriculture. 

'̂]̂2 ̂  Value of mineral production. 

Xĵ ^ = Number of farm workers. 

•̂ Ik - '̂ o'tal number of population. 
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TA^LE 2.—Relationship of Independent Variables to Total 
Area Income, Fifty Counties in West Texas and Eastern New 

Mexico, 1929-1959 

Coefficient Coefficient 
Independent Variable of Simple of Partial 

Correlation Correlation^ 

Value of irrigated cottona +O.968 +0.712 

Value of dry land cotton®- +O.332 +O.720 

Value of irri-ated grain sorghum^ +O.9I4.3 +0.051 

Value of dry land grain sorghuri^ +O.I4.6O N.A.® 

Value of irrigated corn and wheat^ +O.877 -O.38I 

Value of dry land corn and wheata -0.035 •"O.7I4.I 

Value of irrigated vegetables^ +O.907 -0.500 

Value of dry land vegetables^ +0.[;.63 +0.038 

Value of irrigated alfalfa haya +O.79I4. +0.6'L9 

Value of dry land alfalfa haya +0.673 +O.673 

Capital investment in agriculture^ +0.968 +O.O8O 

Value of mineral production^ +0.960 +0.256 

Number of farm workers^ +0.327 —0.906 

Total populationa +0.100 N.A.^ 

a 
Crop harvested. 

b 
These partial correlation coefficients are of 

the fourteenth order. 

c 
N.A. (Not available). 
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TABLE 3.—Relationship of Independent Variable to Gross 
Cash Farm Income, Fifty Counties in West Texas and Eastern 

New Mexico, 1929-1959 

Value 

Value 

Value 

Value 

Value 

Value 

Value 

Value 

Value 

Value 

C 
Independent Variable 

C 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

Capital : 

Value of 

irrigated cotton®* 

dry land cotton®" 

Irrigated grain sorghum^ 

dry land grain sorghum®" 

irrigated corn and wheat®" 

dry land corn and wheat^ 

irrigated vegetables^ 

dry land vegetables®" 

irrigated alfalfa hay^ 

dry land alfalfa hay^ 

Investment in agriculture®" 

mineral production®" 

Number of farm workers^ 

Total po] 

i 

pulation®" 

Crop Harvested. 

oefficient 
of Simple 
orrelation 

+O.89I4-

+O.5I1.6 

+0.835 

+O.56I4. 

+0.807 

+0.122 

+O.83L1. 

+0.552 

+0.81+9 

+0.586 

+0.956 

+0.861 

+0.115 

+0.239 

Coefficient 
of Partial 

Correlation 

+0.669 

+0. 8I4.6 

-0.293 

+0.714.7 

-0.14.70 

-0,614.2 

-0.275 

-0.313 

-0.314-5 

+0.211]. 

+0.639 

+0.171 

-0.582 

-0.2G5 

•V. 

These partial correlation coefficients are of 
the fourteenth order. 
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