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ESTIMATION OF THE EFFECT OF LAND USE AND TREATMENT ON
THE YIELD OF WATER BY USE OF COMPONENT ANALYSIS

AND MULTIPLE REGRESSION TECHNIQUES
CHAPTER I

INTRODUCTION

Many efforts have been made towards rationalizing the
estimation of the effects of land use and treatment on the
yield of water in a watershed. A large number of these es-
timates are still being made by inadequate means. In the
last several years water supply has become critical in many
areas in the United States. Many regions which have adequ-
ate supply of water at the present time must eventually
seek ways to increase this supply to keep up with increas-
ing demands. There are two primary sources of water:
groundwater and surface supply. Of these, there is already
overdevelopment of the groundwater sources in many parts of
the country with resulting falling water table and dried up

wells.
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Water Yield

Precipitation is the source of water yield; Land re-
leases water to streams and underground basins under either
of the two conditions.

1. When precipitation is delivered to th¢ soil sur-
face more rapidly than it can be absorbed; the
surface water flows downhill on the surface.

2. When more water enters the soil than it can hold
the surplus moves downhill beneath the surface; some
of it reappearing in springs, strééms; and lakes;
and some of it flowing into groundwater basins.

The quantity of water released is therefore that portion of
the precipitation supply after demands are satisfied, includ;
ing absorption and storage by the soil, evaporation from
land, vegetation, and water surfaces.

Under natural conditions water is rarely yielded in ways
that are entirely satisfactory so far as man‘s activities are
concerned. There are many circumstances, some natural and
some due to man's entry upon the land, that have made con-
trol over the yield of water necessary.

Considered in the most general terms, control over wa-
ter yield can be exercised by three kinds of activities.

1. Control over the release of water from the atmosphere
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which is meteorological in nature.

2. Use of engineering works and structural modifi-
cations such as reservoirs, water retaining
structures, etc.

3. Make use of the wild or cultivated vegetation that

clothes water yielding areas.

Effects of Land Use and Treatment

The sum of the volumes of water used by the vegetative
growth of a given area of transpiration and building of
plant tissue and that evaporated from adjacent soil; snow
or intercepted precipitation on the area in any specified
time, divided by the area, is called the "consumptive use".
Because these losses represent water which would otherwise
be available for human use, any method by which consumptive
use can be decreased is to be desired. No other single
factor affects runoff in so many ways as does vegetation.
The condition of a watershed's vegetation can determine how
much of the rainfall will be lost to evaporation, appear as
surface runoff, or enter the soil. This study is concerned
with the effects of land use and treatment which is parallel
to vegetation, or runoff, and where possible, ways of chang-

ing the land practices to increase runoff will be suggested.
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Objectives

The purpose of this study was to estimate the effect of
land use and treatment on the yield of water by a mathemat-
ical model. If this could be achieved succ;ssfully it would
provide a means of predicting water yield for the future by
applying ‘the predicted future values of the parameters in
the model. The present work shoﬁld be viewed as aigilot
study to test the validity of the approach on readily avail;

able data.

Need for the Study

A major goal in water resources planning is to derive
a mathematical model whiéh will maximize the net benefit
from the operation ot a water resources region. To opti-
mize the net benefit it is essential that all the wvariables,
and their interactions, be well defined and that their effect
on the operation of the region be estimable.

A very important part of this is the yield of water in
watersheds of a water resources region. This paper is con-
cerned with the estimation of the effect of land use and
treatment on the yield of water. Methods will be presented
for estimating water yield as streamflow by use of compon-

ent analysis and multiple regression techniques.

In Tables la and 1lb the percent reduction of water
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yield in the nation as a whole, and the increase of yield

due to improved irrigation is shown.

Historical Review and Work by Others

The practice of watershed management was started in the
U.S.A. over 75 years ago. The State of New York in 1868 be-
gan an investigation into the adverse effect that destruction
of forest cover was having on fish. From such a beginning
was launched the present Forest Commission which in 1955 con-
trolled 2.4 million acres of forest preserve for the primary
purpose of protecting water supplies (2). This pioneer work
has lead to many other complicated works of which water yield
estimation is of most importance.

Many methods of evaluating effects of watershed treat-
ment on streamflow have been studied. Federal; State and
local agencies involved in the cont;ol and use of the nation's
water resources are participatiAg iﬁ this area of study. The
Bureau of Reclamation, Soil Conservation Service; and Agri;
cultural Research Service are conducting the "Cooperative
Water Yield Procedures Study” to develop and test methodology
for estimating the effect that conservation activities may
have on the yield of streamflow. This study group ﬁas de-

veloped the so-called "Rational Procedure” method which

consists of applying logic, and known -~ffects, to the problem.
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TABLE Ia

Percent Reduction in Downstream Water Yield
Assuming Current Irrigation Efficiency

N
o
o
o

Item 1980

Land use and treatment . . . . . 0.09
struCtures ® ® [ ] [ ] L ) [ ] * L J L J [ ) [ ] 0 ® 23
Irrigation . . . . « « . « . « . 1.18

e Ne)
o

D whN
Wb w

TOTAL. L4 - L . L L4 * L © Ld L] L4 L 1.50 5.00

TABLE Ib

Percent Reduction in Downstream Water Yield
Assuming Increased Irrigation Efficiency

Item 1980 2000
Land use and treatment . . . . . 0.09 0.23
Structures . . « ¢« « . « « . « o« 0.23 0.34
Irrigation . ° ° e . Y . . . ° e -o. 68 o. 65
MAL. [ ] ® o *® L ] L ] - L ] L ] L] ® L L ] -0036 1.22

(where the negative values indicate increase in water yield.
The difference between 5.00 and 1.22 percent in the year
2000 represents an amount of water of approximately
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It breaks the problem down to its elements on the basis of
climate, evapotranspiration, soils, topography, vegetation;
land use ard treatment, and streamflow, then treating only
those elements subject to effects of conservation use and
treatment of land. The rational procedure provides reason-
able estimates of average annuzal effects of watershed treat-
ment on streamflow in the dry-subhumid-to-arid areas such as
the Great Plains, Midwest, and Southwest.

Reports (12) indicated that a procedure, based only on
statistically significant results secured from studies of
river basins and research watersheds, could not be devel-
oped. This does not mean that a combination of rational
reasoning and statistical results could not be employed. 1In
this paper the author attempted to utilize as much as possible
the statistical results, and in very uncertain situations
rational judgments are used.

As mentioned before a method of the estimation of the
effects of land treatment on streamflow is essential for a
better water resources management. The main objective is to
reduce the consumptive use. Nearly all of the methods known
are based mainly on the estimation of losses due to evapo-
transpiration and seepage.

In the rational procedure, evapotranspiration is regarded
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as one of the most important elements. Many efforts have
been made to reduce evaporation by applying hexadecanol and
octadecanol on water surfaces. The results of pan-evapora-
tion studies are very encouraging; evaporation reductions of
33 to 60 percent have been obtained (l1). However, experi-
ments carried out on small ponds by the Oklahoma State Uni-
versity and the Southwest Research Institute of San Antonio;
Texas, have not been so encouraging. The Institute reported
a reduction of 18 percent in evaporation from a 3-acre pond
near San Antonio during the period October 10-31, 1956.
Oklahoma State University reported reductions in evaporation
of 4 to 5 percent from specially designed 0.3 acre ponds.
Although reductions of evaporation could be artificially
achieved, it is a question whether the resulted benefit could

be higher than the cost.



CHAPTER II

DISCUSSION COF OPERATIONAL TECHNIQUES

Variables Used in the Study

The estimation of the effect of land use and treatment
on the yield of water involves no less than 30 variables.
Many of these variables are dependent on some others. It is
therefore desirable to reduce the number of variables’ to be
used in the model to a2 reasonably small number of independent
variables. The usual method of doing this is by choosing
the most significant variable using a step-wise regression
analysis, and discard the rest. This method does not guar-
antee to give variables which are independent of each other.
No attempt was made to compare results of the two methods.

A more mathematical way of doing this is by using Com-
ponent Analysis Techniques, finding the principal components
of the original variables, and using these principal compon-
ents as our variables for the model. It turns out that these
principal components are independent of each other.

In this study component analysis is used as the primary

9
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step to reduce the number of variables, followed by the use

of regression analysis to determine the model.

Mathematical Techniques

This section is meant as a review of some of the basic
ideas commonly used to explain the physical meaning of some

statistical theories.

Points in n-Dimensional Space
A point in n-dimensions is defined as an ordered set of
quantities (xl, xz, cee xn). These ordered n-tuples can al-
so be interpreted as vectors in an n-dimensional space. We
shall refer to this space as an Sn. Any equation ip the

variables x determines a sub-space in Sn' which is also called

a variety.

Coordinate Transformations

Consider a transformation

n
Y. = > l..x +a, i=1],2, ...n
i j=1 i 3 b §

This can be regarded as a displacement of the origin, repre-

sented by a,, and a "rotation®”, represented by the coeffici-

i
ents lij' It is usually convenient to consider this separ-
ately. Of particular importance is the so-called "orthogonal"

transformation.
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i j=1 ij 3j
where n
jéj—l lij ljk B 511: o
=1, i=k
= 0, i#k

Coefficients 1 can always be chosen as to obey the above
condition. Writing L for the matrix (lij) and L' for its
transpose we see that LL' = I where I is the unit matrix.
Thus |L||L' = 1, and since the determinants of the matrix
and its transpose are equal, we have ILI2 = 1, We shall
take the determinant as +1l. The negative sign corresponds
to the "left-~handed" transposition and does not affect the
properties with which we are concerned. Also
Y = IX
and L'Y = L'IX =X

Thus the transformation is bi-orthogonal.

Equation of a Flat or Hyperplane Through Given Points
In n-dimensions the general equation of an (n-1l)-flat
is a;x; + ayx, + e anxn = k. If this passes through n

points with coordinates Xyjr Xojr eee Xpgo i=1,2, ... n,

we have n equations typified by
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a.x.. +ax + ...ax _ =k i=1], 2, ... n
1 1i 2 2i n ni

Eliminating the (n+l) constants a_, a_, ... a k from the

1’ "2 n’

(n+l) equations, we have for the equation of the (n-1) -

flat
X x e o o o X 1
1l 2 n
x x e o o o X 1
11 21 nl
L] - [ ] L ] [ 3 ® = 0
xnl xnz e o o o xnn 1

If the matrix (x_ ) is not of rank n the points are not in-
1j
dependent and the (n-1) - f£lat is not uniquely determined.

The generalization to n dimensions of results which are
familiar in two and three dimensions will offer no diffi-
ij) is of

rank 2 the three points lie on a line and a single infinity

culty. For example, with n = 3, if the matrix (x

of planes will contain them.

Component Analysis

Suppose we have p variates Xyo Xyo e xp, each observed

2

on n individuals. We can represent the observations in a

matrix form:
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_~ N
x x L d * [ ] - x
11 12 In
x21 x22 c e o o x2n
xp l xpz L ] - - L ] xpn
—~ -

where Xij represents the jth observation on the ith variate.
The object of component analysis is to reduce the number of
variates. To do this we shall introduce linear transform-

ation of type

ﬁ; P
L= Z Qs X.
1 j=l 1j J

It is hoped that we can express the data in terms of
fewer than p of the < ‘'s. We thus reduce the dimension of
the problem to m<p variates. But this is not always possi-
ble, therefore, we shall try to carry out an approximate re;
duction in this sense.

We shall choose the a, . coefficients so that the first
of our new variates 'Gi has as large a variance as possible;
we shall then choose 1@2 orthogonal to the first and to have
as large a variance as possible; and so on. In this way we
transform into new uncorrelated variates which account for

as much of the variation as possible in descending order.
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It may be that the first two or three variates account
for nearly the whole of the variation, say 85 or 90 percent;
and the contribution of the other p - 2 or p - 3 is small.
We can then say that the variation is represented approxi-
mately by the first two or three variates and in favorable
circumstances may be able to neglect the remainder.

The technique of extracting orthogonal components in
order of decreasing variance is called principal component
analysis; and the sets of §- values are the principal éom-
ponents. It can be shown that the rank of the correlation
matrix is equal to the- number of transformed variates, fgi;
required to represent the data. For example, if a four-
variate model has a correlation matrix with minors and co-
factors such that its rank is two, the implication is that
two sets of variates, é;l and ‘;2 are sufficient. This does
not imply that any two of the original input variates, such
as xl and x4, can be found explicity in terms of the remain-
ing two, x2 and x3. Instead, two blends, zgl and ‘52’ are
so defined that all the characteristics of the data are main-

tained. To evaluate the components, t;i, it is necessary to

solve the following characteristic matrix equation

r.. . -AI =0
1]

in which rij represents the correlation matrix; I denotes
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thé-unit matrix and A indicates an underdetermined scalar
multiplier.

This can be explained as follows: Let us again exa-
mine the set of p variables, each observed on n individuals.
This can be considered as a set of p vectors in S,- They de-
termine an Sp which may be considered as immersed in the Sn'
In this SP we can find linear transformations to new vari-
ables Yyr Yoo oo yp which are orthogonal. We can do so in
many ways. Let us choose for y, the axis for which the

corresponding variables > 1 xk has the greatest variance,

ik
i.e., such that the sum of projections of the vectoré on to
it is a maximum.‘ Measuring as usual from a origin at the
means and taking the vector tc have unit length, we have to
minimize
(Z1; %) (X1 x,)
subject tonli2 = 1. This leads to finding the ungonditioned
maximum of X° 1i 1j rij - %\Efliz and finally to
|r - AI| =0

where r is the correlation matrix.

)\ is analogous to a lagrange multiplier. The above
equation yields, in general, a p-rooted polynomial in A ,

whose roots are the eigen-values of the matrix.

If the matrix of coefficients, rij' is positive-definite



}=2

(<)

as all correlation matrices must be, it can be shown that
p

> )\‘i = p, and moreover, if the original variates are
i=1

derived from a normal population or a population rendered
normal by a transform,

Ai 100% =P
P b 3

in which Pi represents the percentage of variation accounted
for by the ith component. &ll the 7\i°s are real and non-

negative.

Multiple Regression

Suppose y is an observable random variable, and xl, x2,

cee xn are observable mathematical variables. Suppose that

y depends on p other variates xl, x2, voo xp. These need not

be independent, and in fact may all be powers of x, a single
variate.

We shall call x, ... x_ the predictors and y the pre-

1 P
dicted variates. The usual problem is to f£ind the best lin-
ear predicting equation for y of the form:
¢=3> pyx; i=0,1,2, ...p.
To avoid introd:cing a separate constant term, the first
variate x, is a dummy which always takes the value 1. The

¥

coefficient bi are called partial regression coefficient.
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They are estimators of the true regression coeffigient 65.
which are supposed to characterize the population, and they
are calculated from a set of observations of each of the
p+l variates made on N individuals from the population.
Let us denote the observed value of x; on the individuals

numbered K by x

ix
K X X X ™
11 12 3 ° ° ° ]_n
x21 x22 © 3 - ° xzn
xpl xpz L] . L] L] xpn
Y y I 4
71 2 n |

The true regression equation in the population is

M= = p;x i=0,1,2, ... p
1

The xi's are fixed numbers, or at least the errors in X
are small compared with the error in y.

The bi will therefore be chosen to minimize the sum of
squares of the difference between the observed y, and the
theoretical 070< . This is the method of least sgquares. We

want

2 . e
% (v, - Zﬁ’i x;)° = minimum.
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Differentiating the above expression with respect to r%i
and equating the derivative to 0, we obtain Eéi, which is

equal to bi'

X Y - : xX,.) =0
% i (°< %63 J)
i' j = 0, 1, 2, e oo p

or

p A\
> 2. X, X 3.

=2 X v
x =0 ¥ Jx 3 ~x 1X "
i=0,1,2, ... p.
This is a system of p+l linear equations in the p+l un-

knowns 2 ., with 2. =D.:
E>J ’33 J

b0 350 + bl ag; + . . bp aOp = g0

Popaio* Pyt - - Ppp=9

bo apo + bl apl + . . bp app = gP
where:

13 T 2 Fix By

93 =%xio< Yo

This is the so-called “normal equations® of the regress-
ion problem. We than compute the bi“s from this system of

linear equations, and find the regression egquation
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Q = £ + R x_ + ...3 X
0 11 P P

which is the best linear predicting equation for Y.

When one is using the same data to derive several forms
of a linear equation it is believed that the criterion to
use for selection of the form that "best" fits is to choose
the form which has the highest coefficient of determination,

2
R . This is the simple correlation coefficient between Y

PaS
and Y.

R? = 1 - var (Q)

var (Y)
It specified the ratio of the variance explained by the
prediction equation to the total variance of the dependent
variable. Thus an R? of 0.90 signifies that only 10 percent
of the variance in the sample is unexplained by that part-
icular regression equation. The square root of the coeffi-
cient of determination, R, is called coefficient of multiple

correlation.



CHAPTER III

BASIC MODEL FOR OKLAHOMA

Description
The main factors andG their inter-relationships can be

seen in a simplified scheme shown below.

Climate
Snow-||Evapotran-| | Soil Vegeta- |Land Use & |Precipi-| |Ground
melt ||spiration tion Treatment tation water
L I I | 1 L 1
1
Surface
Runoff
Streamflow

For the state of Oklahoma the effect of evapérating water sur-
faces such as farm ponds, reservoirs, etc., is very great on
the yield of water due to the long hot summers. Snow-melt
gives very little contribution to streamflow. In this model
the effects of land practices on the yield of water is mea-
sured in terms of streamflow reduction. Thus the model is

20



21
treated in a global sense instead of breaking it down in
small details. Streamflow is a final form of water yield
readily available to men. It was decided that annual re-
cords would give good results because these periods include
a complete annual climatic variation. The effect of ground-
water variation is this covered by the effect of land
practices and vegetational variaticn. It was also decided
that the four factors, evapotranspiration, soil character-
istics, vegetation and land use and treatment could be
reasonably grouped together and represented by two new
variables that account for most of their variations. It wvas
later determined that this group could be very well repre-
sented by the number cf farm ponds and the first principal
component of the most significant land practices such as con-
tour farming, cover cropping, etc.

Sparkman (3) shows that the state of Oklahoma could be
roughly divided into three general rainfall regions. The
eastern region is bounded on the west by the 40 inch rain-
fall line, which roughly follows the line of 96 degree
longitude. The central division is in turn bounded on the
west by the 30 inch rainfall line, roughly paralleling the
98 degree longitude line; and the western region lies be-

yvond the 30 inch rainfall line. In the eastern division
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rainfall varies from a low of 40 inches to a high of 51
inches per year. The central region has an annual rainfall
varying from 30 to 40 inches. The water situation in the
western part of the state is the most critical. A mean
annual rainfall of 30 inches in the eastern part of this
region decreases to less than 17 inches at the western bor-

der. See Figures Ia and Ib.

Analysis and Solution

The scheme shows the main factors which we shall design-

ate by X0 Xys X0 X ,» X_ and x7 respectively from left

4’ *5° ¥g

to right. Using multiple regression analysis an equation of

the form Y = F (xl, X ces x7) can be derived, where

20
Y = streamflow
F = a linear function for example
Suppose we have n sets of observations. We can consider
these as n points in a seven-dimensional space. The problem
could not be interpreted physically as finding a2 flat or
hyperplane in this seven-dimensional space which contains the
n points. It could be that the main factors have in itself

i

subfactors. Let us consider x land use and treatment which

5'
can be controlled by men. There are about 30 practices that
are classified as land use and treatment. It is desirable to

find one or two, preferably one parameter which represents
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the whole group, if such a parameter exists. To do this
we use component analysis as our tocl. Suppose we were
successful in finding this "principal component® which re-
presents for 90% of the variations of the entire group.
This means an important reduction of the dimension of the
problem. If as the final result we have only three var-
iables left X0 xz, and x3, we simply try to find the
equation
Y = F(xl, xz, x3)

which is a flat or subspace in four dimensional space. From
this equation we can predict values of Y for the future by
substituting the future values of the xi"s in the equation.

Records in county offices of the Department of Agri-
culture in 77 counties in Oklahoma list the land practices
over a period of 17 years. The types of records available
to this study is shown in the appendix. By thorough exam-
ination of the data and consultation with experienced work-
ers in this field it was decided that the diversified land
practices can be';educed and well represented by 7 parameters.
Several graphs of these parameters versus runoff were plotted
to get a general idea of their interactions. This study is

meant to show the validity of the method and is therefore far

from being perfect. It is hoped that when more complete data
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is available a better result could be achieved using this
same method. In this work a study was made on three water-
sheds in Oklahoma: Washita River above Clinton in the west-
ern part of the state, Black Bear Creek above Pawnee in the
northern part, and Clear Boggy Creek above Caney in the
south-eastern part of the state. The areas of these water-

sheds are 1977, 580, and 720 square miles respectively.



CHAPTER IV
MODEL TEST

Procedure
The systematic steps of the procedure are as follows:

l. Using past experiences and logical judgments,
the variables are chosen and divided according to
their importance.

2. Compute the correlation matrices of the var-
ious groups of variables according to need.

3. Compute the principal components by computing
the eigen-vectors of the correlation matrix.

4. Determine the best linear regression equation
uging the most significant parameters, in our case
a combinag;on of original input data and first prin-
cipal components.

5. Predict the future values of the parameters
and substitute in the equation to predict future
values of the regression.

The computations are so cumbersome as to require the use

27
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of a digital computer. A program for use with the IBM dig-
ital computer is_on file in the School of Civil Engineering
and Environmental Sciences, University of Oklahoma; Norman;
Oklahoma.

Results show that the effects of farm ponds are not
always as would be expected, namely, reducing the yield of
water. In the Washita watershed above Clinton farm ponds
improve the yield of water when the number of ponds is
small. When the number increases to a certain level then the
ponds will start reducing water yield.

If we strictly follow statistical reesults, regression
equations with largest coefficients of multiple correlation
should be chosen. However, due to errors in the data and
unexplained climatic effects, such is not the case. Instead,
the equations which give the best explanations are preferred.
Thus statistical results are used as much as possible within
the limitations of rational judgments.

In this study the first principal components of land
use in all cases account for more than 60% of the group
variations. On.account of this and in order to damp uncer-
tain fluctuations; only the first principal components are
used to represent the groups. The remarkable thing in this

study is the finding that the main agricultural practices
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could be represented by their first principal component with
a high degree of accuracy.

In the regression analysis we seek for an equation which
best estimates streamflow as a function of precipitation;
number of farm ponds, and the first principal component men-
tioned above. Standardized variables are used in order to
eliminate dimension, thus making the variables uniform in the

equation.

Discussion of Results
Case I: Washita Watershed above Clinton
Area: 1977 square miles
Mean annual precipitation during the period
1946 to 1960: 24.09 inches
The first three land practices tested for their inter-
correlations are contour farming, cover cropping, and range
and pasture seeding. Annual data over a period of 15 years;
1946 to 1960, Table 2a, was used. A component analysis is
applied and the principal components of these three variables
computed.
Results:

Correlation matrix.
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TABLE 2a

Percentage Area of Land Practices in Washita Watershed above Clinton, Oklahoma

Percent Percent Percent
Acreage Standard-~ Acreage Standard- Acreage Standard- First
Contour ized Cover ized Range & ized Principal
Farming Cropping Pasture Component
Seeding
xl Yy Xy Y, X3 Y, zy
1946 5.48 ~-2.184 4.00 -1.246 0.56 -1.119 -0.026
1947 7.00 -1.672 5.82 -0.819 1.08 -0.946 -2,010
1948 0.50 -1.167 8.55 -0.178 1.25 -0.889 -0.015
1949 10.00 -0.662 11.20 0.443 1.48 -0.813 -0.914
1950 11.15 -0.275 13.35 0.948 1.60 -0.773 -0.497
1951 12,55 0.196 15.80 1.523 2.26 -0.552 0.114
1952 14.05 0.701 18.45 2.145 2,71 -0.402 0.713
1953 12,55 0.196 3.73 ~-1.309 3.82 ~-0.032 -0.162
1954 11.52 -0.150 4.00 -1.246 3.40 -0.172 -0.492
1955 12.60 0.213 8.50 -0.190 3.75 -0.055 0.078
1956 13.75 0.600 10.20 0.209 4.22 0.101 0.548
1957 15.00 1.021 12.40 0.725 4.85 0.312 1.00

(01



TABLE 2a (Continued)

Percent Perxcent Percent

Acreage Standard- Acreage Standard- Acreage Standard-~ First

Contour ized Cover ized Range & ized Principal

Farming Cropping Pasture Component

Seeding
X Y X2 Y2 X3 Y3 23

1958 15.75 1.274 10.33 0.239 7.25 1.112 1.700
1959 15.40 1.156 7.20 -0.495 9.96 2,016 2.050
1960 14,20 0.752 6.12 -0.748 10.55 2,213 1.820
Means 11.97 (0 9.31 0 3.92 0 -0.001
Standard
Deviation 2,97 1 4.26 1l 2.99 1 1.780

1€




TABLE 2b

Runoff, Rainfall, and Number of Ponds in Waéhita watershgd above Clinton, Oklahoma

Runoff Rainfall . Number of Ponds

acre~-ft Standard- inches Standard-  Original Standard~-

per year ized __per year ized numbeyx ized
1946 62150 -0.5593 23.51 -0.0982 743 -1.6080
1947 "~ 144100 0.6597 26.56 0.4217 897 -1.4130
1948 63490 -0.5361 22.79_ -0,2209 1041 -1.,2310
1949 182000 1.5190 28.56 © 0.7627 1287 -0.9210
1950 89440 -0.0868 21.90 -0.3726 1425 -0,7466
1951 177900 1.4440 25.39 0.2222 1675 -0.4307
1952 19090 ~1.3040 15.95 ~1.3860 1850 -0.3596
1953 23550 -1,2270 18.86 ~0.8908 2100 0.1062
1954 93280 -0,.0203 17.80 -1.0710 2300 0.3589
1955 63650 -0.5333 25.92 0.3126 2326 0.3917
1956 16380 -~1,3510 13.96 -1.7260 2545 0.6685

1957 137900 0.7523 30.90 1.1610 2770 0.9528

(4



TABLE 2b (Continued)

Runoff Rainfall Number of Ponds
acre~-ft Standard- inches Standard- Original Standarxd-
pexr vear ized per vear ized . number ized

1958 34450 -1.0380 22,24 -~0.3146 2968 1.2030
1959 168700 1.2850 36.35 2.0900 3083 1.,3480
1960 140500 0.7973 30.60 1,1100 3229 1.5320
Means 94452 0 24,09 0 2016 0

Standard
Deviations 57750 1l 5.87 1l 791 1l

€e



Contour farming

Cover Cropping

Range and pasture seeding (x3) \\9.7479 -0.1561

34

(xl) r/1.0000 0.3647

{x_) 0.3647 1.0000

The first principal component is

Z, =y; + 0.2984 y, + 0.8952 y,

*3

with A= 1.8. Hence this accounts for 1.8 X 10C¥ = 60%

3

of the whole variations of Xye X0 and x_.

1

2 3

X, x2, x3 are percentages of areas used for contour

0.7479
-0.1561

1.0000

N

~

farming, cover cropping, range and pasture seeding respect-

ively.

where yl, y2, y3 are standardized values of xl, X , X

/\ = characteristic value of the matrix.

2

The correlation matrix of runoff, precipitation, number of

ponds and the first principal component 2

1

ing, cover cropping and range and pasture seeding is:

Runoff
Precipitation
No. of Ponds

2
1l

é 1.0000

0.7943

-0.0111

-0.1254

~

0.7943 -0.0111

1.0000 0.2227
0.2227 1.0000
0.2294 0.8307=

-0.1254

0.2294

0.8307

1.0000

3

., of contour farm-

N

~

This result is in accordance to what one would expect.

The correlation between runoff and precipitation is 0.7942,
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positive. This means that increased rainfall results in
increased runoff. The correlation between runoff and num-
ber of farm ponds is -0.0111; negative. It means that in;
creased number of farm ponds results in less runoff when
other conditions remain constant. This is to be expected.

Using precipitation, number of ponds and Z1 as the
independent variables we then seek for the best fit equation
for the prediction of runoff as a function of the three in-
dependent © ariables. Multiple linear regression analysis
was performed on the data of Tables 2a and 2b. For computa;
tion, the Doolittle procedure was used. Several equations

are tried and the results are shown below:

Equation R2
1. Y =0.876 + 0.9551 X, + 0.0429 X,
- 0.3303 X, + 0.1166 X;2 - 0.2370 X,?
+ 0.0186 X,2 | 0.7819
2. Y= 0.0937 + 0.9630 X, + 0.0777 X,
- 0.3628 X, + 0.1213 Xx,2
- 0.2152 X2 0.7814

3. Y = - 0.1279 + 0.8500 X; + 0.1749 X,

- 0.4198 X, + 0.1278 X;? 0.7600
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4. Y = - 0.0002 + 0.8615 X, + 0.2110 X,

- 0.3734 Xq 0.7446

Using R, the correlation of multiple regression as the
criteria of testing the goodness of f£it, it was found the
following equation:

Y = 0.0876 + 0.9551 X, + 0.0429 X

1 2
- 0.3303 X5 + 0.1166 X;2 - 0.2370 X2

2
+ 0.0186 X532

is the best fit. The equation gives results which is in
accordance to what a rational judgment would expect. Thus
it is justifiable to use it as our model for this watershed.
The closeness of the values predicted from this equation to
the observed values is shown in Figure 2d.

We then perform the so-called "Sensitivity Analysis" on
the independent variable. All except one of the variables
in the equation is allowed to vary through out its full

possible range, and the effects on the predicted runoff values

are noted. Results are shown in Figures 2a, 2b, and 2c.
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Case II: Black Bear Creek above Pawnee
Area: 576 square miles
Mean annual precipitation during the period
1946 to 1960: 29.642 inches
The first four land practices tested for their inter-
correlations are contour farming, cover cropping; range and
pasture seeding, and crop residue management.
As in Case I, data over a period of 15 years, Table 2a,
was used, and similar analysis applied.
Results:

Correlation matrix.

X X X X

1 2 3 *a
Contour farming (x;) [ 1.0000 0.6185 0.8851 0.7931 )
Cover cropping (xz) 0.6185 1.0000 0.2480 0.1314

Range & pasture seeding (x;) 0.8851 0.2480 1.0000 0.9761

Crop residue management (x4) L\p.7931 0.1314 0.9761 1.0000//

The first principal component is:

2y = Yl + 0.5091 Y, + 0.9942 Y3 + 0.9425 Y4

with A\ = 2.945.
Hence this accounts for 2;§2§.x 100% - 74% of the whole

variations of x,, x5, x,, and x,, where Y;, Y, Y3, Y, are

3

standardized values of Xy. X, X

2 3

7\ = characteristic value of the matrix.

¥} X .
4



TABLE 3a

Percentage Area of Land Practices in Black Bear Watershed above Pawnee, Oklahoma

Percent Pexcent Percent Percent
Acreage Standard Acreage Standard Acreage Standard Acreage Standard First
Contour -ized Cover -ized Range & -ized Crop -ized Principal
Farming Cropping Pasture Residue Component
Seeding Manage-
ment
*1 Yy X2 Y %3 Y3 X4 Yq !
1946 0.75 -1.740 0.42 -1.815 0.1l1 -1.285 1.29 -1.290 ~5.160
1947 1.27 -1,508 0.88 -1.424 0.25 -1.156 2.90 -1.046 -4.370
1948 1.81 -1.263 1.22 -1.127 0.38 -1.047 3.69 -0.927 -3.752
1949 2.45 -0.962' 1.77 -0.649 0.55 -0.899 4.87 -0.747 =2.891
1950 3.15 -0.665 2.48 -0.041 0.77 -0.704 6.34 -0.524 -1.880
1951 3.78 -0.381 3.46 0.808 1.02 -0.481 7.27 -0.383 -0.809
1952 4.63 -0,.002 4.28 1.520 1.25 -0.282 8.78 -0.155 0.350
1953 4.68 0.025 2.93 0.354 0.90 -0.591 6.59 -0.487 =0.841
1954 5.57 0.422 3.46 0.810 1.74 0.145 8.45 -0.204 0.787
1955 6.23 0.720 3.65 0.972 1.93 0.315 9.52 -0.041 1.490
1956 7.04 1.080 3.73 1.040 2.10 0.461 10.90 0.167 2,227
1957 7.65 1.358 3.76 1,072 2.38 0.705 12.24 0.371 2,956

A4



TABLE 3a (Continued)
Percent Percenc Percent Percent
Acreage Standard Acreage Standard Acreage Standard Acreage Standard First
Contour =-ized Cover -ized Range & =-ized Crop -ized Principal
Farming Cropping Pasture Residue Component
Seeding Manage-
ment
*) Yy *2 Yy *3 Y3 %4 Yq %)
1958 6.85 0.996 2.43 -0.081 2.91 1.170 17.07 1.104 3.159
1959 6.42 0.806 1.60 -0.802 3.46 1.621 22.71 1.960 3.857
1960 7.10 1.111 1.79 -0.636 3.89 2,030 24.33 2.206 4.887

£v



TABLE 3b

Runoff, Rainfall, and Number of Ponds in Black Bear Watershed above Pawnee, Oklahoma

Runoff Rainfall Number of Ponds
acre-ft Standard- inches Standard- Original Standard-
per yeaxr ized per vear ized nunmber ized

1946 84490 -0.4381 26,42 -0.3773 17 -1.2210
1947 136800 0.0660 29.54 -0.0119 31 -1.1610
1948 80090 -0.4805 21.30 -0.9768 45 -1,.1010
1949 138800 0.0853 32,57 0.3429 62 -1,0290
1950 81520 ~0.4667 27.21 -0.2848 85 -0.9313
1951 145200 0.1469 36.88 0.8475 121 -0,7777
1952 66360 -0.6128 21.96 -0.8995 190 -0.4833
1953 38460 -0.8816 27.05 -0.3035 263 -0,.1719
1954 12020 -1.1364 17.23 -1.4534 - 369 0.2802
1955 156900 0.2597 31.01 0.1602 A424 0.5149
1956 2900 -1,2243 16.37 -1.5541 492 0.8050
1957 358200 2.1995 49,12 2.2808 539 1.0010
1958 59230 -0,.6815 29,51 -0.0155 592 1.2310
1959 288300 1.5259 38.61 1.0501 652 1.4870
1960 300000 1.6386 39.85 1.1953 669 1.5600
Means 129551 0 29,64 0 303 0
Standard )

Deviations 103774 1l 8.54 1l 234 1

ot

144
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The correlation matrix of runoff, precipitation, number of
ponds and the first principal component Zl of contour farm-
ing, cover cropping, range and pasture seeding, and crop

residue management is:

Runoff 71.0000 0.9220 0.4457 0.434¢
Precipitation : 0.9220 1.0000 0.3579 0.3636
No. of Ponds 0.4457 0.3579 1.0000 0.9616
z, 04349 0.3636 0.9616 1;60001/

¥,

This result is not in accordance to what one would eﬁpect.
Tﬂé correlation between runoff and precipigation is 0.9220,
positive, which is good. But the correlation of runoff with
the number of ponds and 2, is positive; which is not in
accordance with rational judgment. Such a case could be ex-
plained by the fact that there are errors in the data and
that there are masked fluctuations in streamflow.

We try to level off the effect of these inconsistencies
by seeking for the regression equations which best describes

the relationships. Several equations are tried and the re-

sult shown below:

Equation R2
1. ¥ =0.871¢ X, + 0.2684 X, - 0.0468 X3 0.867
2. Y =-0.0997 + 0.8469 X; + 0.2523 X,
- 0.0590 X3 + 0.0984 X;? 0.880
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Equation R2
3. Y =0.5122 + 0.7217 X, - 0.1511 X,
+ 0.0558 X, + 0.1481 x,?
+ 0.3621 X,2 0.915

4. Y = - 0.4692 + 0.7323 X, - 0.3812 X,

+ 0.1581 X, + 0.1274 x,2 + 0.0716 xz2

+ 0.0291 x32 0.921
5.In ¥ = - 0.2502 + 0.3430 In X; + 0.6801 X,

+ 0.0529 X 0.4153

3

To describe the effects of land practices on runoff, equa-
tion 2 gives the best fit. 1It's Rz-value is 0.89 which is
very reasonable. This equation also best describes the re-
lationships of precipitation and streamflow. To describe the
effects of farm ponds on streamflow, equation 4 is chosei.
The closeness of the predicted values to the observed values
is shown in Figure 3d.

Results of the "Sensitivity Analysis" are shown in Fig-

ures 3a, 3b, and 3c.
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Case III: Clear Boggy Creek above Caney
Area: 720 square miles
Mean annval precipitation during the period
1946 to 1960: 39.66 inches.

The first three land practices tested for their inter-
correlations are contour farming, cover cropping, and crop
residue management.

As in Case I and II, data over a period of 15 years,
Table 4a, was used, and similar analysis applied.

Results:

Correlation matrix.

3 x, x3

" N
Contour farming (xl) 1.0000 0.4844 0.7986
Cover cropping (xz) 0.4844 1.0000 0.8760
Crop residue management (x3) \0.7986 0.8760 1.0000/’

The first principal component is
2, = 0.8458 Y, + 0.8858 Y, + ¥,
with A = 2.4514. Hence this accounts for‘3&§§iﬁ-x 100% =
82% of the whole variations of Xy Xy and X3 where ¥qy- yz;
and y; are standaxdized values of Xyo X5 and X3
A = characteristic value of the matrix.

The correlation matrix of runoff, precipitation, number of

ponds and the first principal component Zl' of contour




TABLE 4a

Percentage Area of Land Practices in Clear Boggy Creek Watershed above Caney, Oklahoma

Percent Pexcent Percent
Acreage Standard- Acreage Standard- Acreage Standard- First
Contour ized Cover ized Crop ized Principal
Farming Cropping Residue Component
Manage-
ment
! Yy X2 ¥2 *3 Y3 Z)
1946 2.34 -1.5255 1.34 -1.9134 2.34 -2.4932 -5.4784
1947 2.79 -0.4490 1.87 -~1.0224 3.06 -0.7206 -2,0059
1948 3.09 0.256? 2.29 -0.3264 3.27 -0.2062 -0.2786
1949 3.24 0.6142 2.45 -0.0627 3.24 0.1751 0.6389
1950 3.50 1.2387 2.60 0.1916 3.61 0.6314 1.8488
1951 3.56 1.3723 2.62 0.2189 3.70 0.8551 2.2096
1952 3.72 1.7554 2.82 0.5603 3.95 1.4685 3.4495
- 1953 2.84 -0.3396 1.77 -1.1904 3,05 -0.7397 -2,0814
1954 2.94 -0.1049 2.12 -0.6037 3.16 -0.4745 -1.0980
1955 3.06 0.1781 2.79 0.5045 3.56 0.5201 1.1176
1956 3.09 0.2690 3.29 1.3326 3.66 0.7651 2.1730
1957 3.16 0.4246 3.84 2.2416 3.94 1.4472 3.7919
1958 2.73 -0.6041 2.95 0.7776 3.42 0.1676 0.3454
1959 2.33 -1.5491 2.14 -0.5714 2.94 -1.0038 -2,8202
1960 2.33 ~1.5363 2.40 -0.1361 3.19 -0.3915 -~1.8114

zs



‘TABLE 4b

Runoff, Rainfzlil, and Number of Ponds in Clear Boggy Creek Watershed above Caney, Oklahoma

———

Runoff Raiufall Nuhber of Ponds
acre-ft Standard- inches Standard- Original Standard-
per vear ized per year ized numbex ized

1946 604600 1.2698 47.89 0.8839 219 . -1.4366
1947 289100 -0.1472 38.62 -0,1117 323 -1.2170
1948 343700 0.0980 34.70 -0.5327 386 -~1.,0240
1949 295000 -0.1207 43,05 0.3641 451 -~0.9467
1950 561700 1.0771 44,48 ' 0.5177 494 -0.8559
1951 207500 -0.5137 32.65 -0.7529 607 -0.6173
1952 128100 -0.8703 27.30 ~1.3276 758 -0,2985
1953 302000 -0.0892 43.82 0.4468 847 ~0.1106
1954 213500 -~0.4867 30.58 -0.9752 966 0.1406
1955 138900 -0.8218 37.17 ~-0.2674 1090 0.4024
1956 35210 -1.2875 25.10 -1.5639 1241 0.7212
1957 961400 2.8723 62.70 2.4747 1324 0.8965
1958 268600 -0.2393 34.32 -0.5735 1440 1.1414
1959 238900 -0.3727 47 .87 0.8818 - 1615 1.5109

1960 240000 -0.3677 44.67 0.5381 © 1730 1.7538

€S
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farming, cover cropping and crop residue management is:

Runoff /’100000 0.8354 -001470 0.0166\\
Precipitation 0.8354 1.0000 0.1290 -1.1980
Number of Ponds -0.1470 0.1290 1.0000 0.1206
Z1 \\0.0166 -0.1980 0.1206 1.000

As in the other two cases, the correlation between runoff and
precipitation is positive, between runoff and number of ponds
negative as one would expect, and very small between runoff

and Z,. Results of the regression analysis are shown below:

Equation R2
1. Y= - 0.3143 + 0.7197 X; - 0.3790 X,
+ 0.0187 X3 + 0.2524 X;2
+ 0.0701 X,2 - 0.0013 X,° 0.8795
2. ¥ = - 0.3145 + 0.7205 X; - 0.3746 X,

+ 0.0211 X5 + 0.2467 xl2

+ 0.0679 x22 0.8795
3. ¥ = - 0.2410 + 0.7399 X, - 0.3543 X,

+ 0.0096 X, + 0.2410 X, 0.8778
4. Y = - 0.0001 + 0.9199 X; - 0.2940 X,

4+ 0.946 X 0.8444

3
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Equation R?
+ 0.1110 X, + 0.0264 x33 0.8444

6. Y = - 0.2421 + 0.7400 X, - 0.3528 X,

+ 0.0107 X_ + 0.2388 X2 + 0.0005 X,2  0.8778

To estimate the effect of farm ponds on runoff, equation 1
gives the best result. This equation also best describes
the relationship of precipitation and runoff. In the case
of agricultural practices, equation 3 gives the best des-
cription. The closeness of the predicted values and the
observed values is shown in Figure 4d.
Using these equations as our model a sensitivity analy-

sis is performed, and the results shown in Figures 4a, 4b,

and 4c.

Identification of the First Principal Component

A correlation matrix of the agricultural practices and
their principal component is computed for each case. It was
hoped that from these matrices the first principal coméonent
in each case could be identified in terms of the agricultural
practices.

Results:
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Case I ‘
_~ ' ~
Contour farming 1.0000 0.3646 0.7479 0.9697
Cover cropping 0.3646 1.0000 -0.1561 0.2854
Seeding 0.747° -0.1561 1.0000 0.8703
Z2 0.9697 0.2854 0.8703 1.0000
1l ~ ~

Correlation between contour farming and 2, is very high,

0.9697. Hence, Z., could be best identified as contour farm-

1
ing.
Case II
. - : N
Contour farming 1.0000 0.6184 0.8852 0.7931 0.9686
Cover cropping 0.6184 1.0000 0.2479 0.1312 0.4929
Seeding 0.8852 0.2479 1.0000 0.9761 0.9631

Crop residue management 0.7931 0.1312 0.9761 1.0000 0.9129

2, 0.9686 0.4929 0.9631 0.9129 1.0000
N ~

As in Case I the highest correlation was found to be that of

2, and contour farming.

Case III
. N
Contour farming (/1,0000 0.4845 0.7986 0.8375
Cover cropping 0.4845 1.0000 0.8760 0.8771

Crop residue management 0.7986 0.8760 1.0000 0.9902

Z

1 0.8375 0.8771 0.9902 1.0000
~ : ~
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Different from the earlier two cases, in this case the corre-

lation between Z1 and crop residue management is the highest.

Future Projections
The number of farm ponds in 1980 and 2000 are estimated
to be 63 and 85 percent higher than the present number re-
spectively. The following table shows the estimate value in

our water resources region (1).

TABLE 5a

Estimated Number of Ponds and Other Reservoirs in
Upper Arkansas, White and Red River
Water Resources Region

Year Item Number Surface
in acres
1959 125900 62950
1980 Ponds 205000 102500
2000 232950 116475
1959 Other 500 2000
1980 - Reservoirs 2150 8600
2000 2500 10000

Table 5a shows that the number and surface area of farm ponds
are much larger than those of other reservoirs, and ar: there-
fore much more significant. Based on this information the

estimated number of ponds in our three watersheds are:
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TABLE 5b

Estimated Number of Ponds

Case I Case II Case IITI
1980 5050 1020 2635
2000 5630 1200 2975

The acreage of agricultural practices in the year 1980 and
2000 is estimated to be 10 and 15 percent higher than the

present value respeétively.

TABLE 5c

Estimated Acreage of Agricultural
Practices in Percents

_Case I Case II Case III
1980 '35 38 15
2000 37 40 17

Results of future projections are shown in Figures 5a, 5b,

and 5c.
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CHAPTER V

SUMMARY AND CONCLUSION

Results in this study show that the effect of farm ponds
on water yield is significant. Water yield could be in-
creased by limiting the number of farm ponds in a watershed,
and bybimprovement of agricultural practices such as contour
farming and cover cropping.

Multiple linear regression, with 3 "independent" vari-
ables, accounts for about 85% of the variances of water
yvield. The relationships of runoff and rainfall are the same
in all three cases. The relative effect of farm ponds on
runoff in Case I is a little different from those in Case II
and IIXI when the numbers of ponds are small, but they are all
the same when the numbers of ponds are large. The relative
effect of agricultural practices on runoff are the same in
Case I and II.

Due to the sample size being limited to 15 years, the
developed regressions do not provide a rigorous formula for
estimation. They are presented rather to show that this ap-
proach provides a "simple" method by which effect of land use
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and treatment.can be estimated. The results suggest that
a large-scale study could provide a better accuracy.

It would be difficult to compare results of this method
'with those of the Rational Procedure Method developed co-
operatively by the Bureau of Reclamation, Soil Conservation
Service, and Agricultural Research Service. In this study
the regression equations found for predicting runoff from
precipitation, number of ponds, etc., are mainly intended to
predict future values rather than to determine the effect cf
each element on runoff as done by the Rational Procedure Met-
hod. Only time will determine how accurate these future pro-
jections are.

Land practices are greatly influenced by economic
factors. Thus estimates of projected land practices could

be determined by finding the trend of the economic indexes.
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APPENDIX
Data on number of ponds and agricultural practices were
obtained from the Department of Agriculture Offices. A
sample of the data sheet is shown in this appendix. Data on
streamflow and rainfalls were obtained from the monthly

publications of the Weather Bureau in Oklahoma.

Method of Data Collection of Farm Ponds

A census of farm ponds in Cleveland County was made.
Based on the résult of this trial study further steps were
then plénned for the collection of more data from other parts
of the state to determine the average surface area, storage

capacity and depth of farm ponds.

Analysis of the Data

We assume that the sampled populations of the counties
have equal variances within a fixed range. This range is
determined from the desirable precision of the measurements.
It seems reasonable that we can measure the depth witp one
foot of ﬁrecision.

From the collected data of Cleveland County, an attempt
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is made to determine the size of samples which should be
collected from other counties in order to get a reasonably

high confidence.

Sample Size Determination

If X is the mean of a random sample of size n taken

2

from a normal population having mean 4t and variancéCT . then

t=X-MU
>/
Vn
is the value of a random variable having the Student-t
distribution with n-1 degree of freedom. Suppose the con-
fidence width is 24,

d=t g_

b

We can use this to solve for n since CTi.is a function of n.
However, when using this equation to obtain a sample size
one needs an estimate of the variance.

Suppose we were sampling from an infinite population,

2 2
0 = @
X

n

Thus from the previqus equation,

n=¢t2 g2

2
a
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where C72 = variance of the random variable,

t = random normal variate, or if only an estimate of
CTZ, say Sz, is available, t is the Student-t
value,
d = desired precision.

Based on the above method, data from four other counties,
Woodward, Pushmataha, Kiowa, and Rogers County, were col-
lected. We decided to divide the state of Oklahoma into 5
regions: Northwest, Northeast, Southwest, Southeast, and
Central. The means for the four variables of interest for

each region are:

Drainage Surface Storage Depth
Area Area (acre- (f£t)
(acres) (acres) ft)
Southeast - 5.21 0.55 ~1.75 9.31
Northwest 117.53 2.21 l1.61 16.27
Northeast 29.19 0.81 2.70 8.74
Southwest 43.78 2.23 5.53 12.82

Central 53.65 2.05 10.20 12.30
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