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ASSOCIATION BETWEEN AGRICULTURAL LANDUSE AND
PHYSICO-SOCIO—-ECONOMIC PHENOMENA :
A MULTIVARIATE APPROACH

V.S. Datye and S.C. Gupte, Pune

ABSTRACT : An attempt is made here to express quantitatively the influence
of some selected physico-socio-economic phenomena on agricultural landuse.
With the help of ICL 1904 S Computer unit (Package ICL 1900 Statistical
Analysis XDS 3/26) the effect of fourteen variables on the landuse types of Poona
District with respect to hundred thirty five observations (physical regions) was
explained using the techniques simple correlation, multiple regression and
Principal Component analysis. The results of the correlation analysis and mul-
tiple regression bring out the importance of factors of physical environment viz.,
distance from crest, slope<3° and slope>20°. The influence of socio-economic
factors is not that significant except on the cash crops. The Principal Compon-
ent analysis helps to define seven ‘dimensions’ of agricultural landuse. The load-
ings and eigen values on the components for each of the fourteen variables and
mapping of the component scores for one hundred thirty five physical regions

help understand the characteristics of spatial variations.

INTRODUCTION

The location of agriculture and the
possible explanation of landuse types has
attracted many scholars working in the field
of agricultural geography. With the advent
of sophisticated quantitative techniques,
Geographers are better equipped to deal
with the locational problems. In agricultural
geography quantitative techniques have been
used for quite a long time. These techniques
provide the means by which one can study a
large number of variables and understand
their significance in the explanation of
occurrence of phenomena. Multiple regres-

sion and correlation models have been used
by McCarty et al. (1956), Hartman and
Hook (1956), Garrison (1956 b), Thomas
(1960 a), Yeates (1965), King (1961),
Salisbury and Hart (1965), Lakshmanan
(1964), Russwurm (1964) and many others.
The principal component analysis is not very
popular with the geographers. Moser and
Scott (1961), Ahmad (1965) and King
(1966) have applied this technique to study
various interrelationships. In this paper an
attempt is made to explain how and to what
extent do the factors of physico-socio-
economic environment influence the agricul-
tural landuse in Poona district.
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The district is located in the central
part of Western Maharashtra. It is triangular
in shape with a part of the crest of the
‘Sahyadri’ mountains as its base. The dis-
trict receives maximum rainfall (over 3000
mm), in the ‘ghats’ section (western parts)
and the rainfall decreases progressively east-
wards to less than 500 mm. The transi-
tional zone receives rainfall between 1000
mm and 600 mm. The western most part of
the district is characterised by rugged relief
and steep slopes. This is the source region of
the major rivers in the district. Eastwards
in the transitional zone and semi arid part of
the district the valleys open out with low
devides and gentle slopes. The cropping
pattern of the district is dominated by jowar
and bajra followed by oilseeds, pulses, cash
crops, rice, wheat and inferior millets.

Initially the district was divided
into 135 physical units based on variations
in rainfall, relief and soils. Data for major
landuse types and other variables were
collected at village level for the year 1974-75
and later grouped into 135 regions,

It is observed that rice is grown in
the western parts of the district with rainfall
above 1000 mm. A variety of crops is grown
in the transitional zone and jowar dominates
the cropping pattern of semi arid eastern
parts with rainfall below 500 mm. Areas not

suitable for rice cultivation are given to grass
in the western hilly parts. Cash crops includ-
ing vegetables, fruits, cotton, sugarcane are
generally not attempted without irrigation.

1

METHODOLOGY

In order to investigate the associa-
tions between landuse types on the one hand
and physico-cultural elements on the other,
following fourteen variables — X, to X
dependent and X, to X4 independent —
were carefully selected from the set of
available variables.

X - Net sown area (NSA) (Per-
centage of total area)

Xy — Grass (Percentage of total
area)

X3 - Rice (Percentage of NSA)

X4 - Jowar (Percentage of NSA)

X5 - Bajra (Percentage of NSA)

Xg - Cash crops (Percentage of
NSA)

X5 - Irrigated area (Percentage of
NSA)

Xg — Accessibility

X — Owner Cultivators (Percen-
tage of total agricultural
workers)

X10 — Density of population

X11 — Slope less than 3°

X12 - Slope greater than 20°

X3 - Distance from crest

X14 — Distance frommajor stream

Among the independent variables,
distance from crest indirectly represents the
variations in the rainfall distribution. It is
assumed that amount of rainfall decreases as
the distance from crest increases. This is
backed by the fact that all the isophyets are
almost parallel to the crest line. Thus, this
variable in fact represents the rainfall pattern.
Secondly increasing distance from crest
also means change of relief from hilly,
rugged areas to broad open valleys, low
divides and low plateaus. It, therefore,
reflects the variations in climate as well as
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in relief. Another variable distance from the
major stream (of order 6th and above),
is defined in order to bring out the varia-
tions in the landuse with changes in the
slope characteristics and soils across the
river valleys. Two more variables of slope
types represent also ‘relief” factor. The
amount of slope in degrees was obtained
from the available one inch topographic
maps. The variables irrigated area and
accessibility in terms of route length per unit
area, are included to estimate the relation
between these two economic elements and
the landuse types. Lastly the variables
population density and proportion of
owner cultivators may throw light upon the
impact of social factors upon landuse.

The relationships are further
studied and analysed applying quantitative
techniques like simple correlation, multiple
regression and principal component analy-
sis. It would have been impossible to handle
a large volume of data consisting of 14
variables and 135 observations without the
help of ICL 1904 S Computer unit of the
Regional Computer Centre, Pune. Package
ICL 1900 Statistical Analysis XDS 3/26
was used for the above analysis.

CORRELATION ANALYSIS

The correlation analysis brings out
clearly the importance of physical factors
like slope and distance from crest (rainfall)
and economic factors like irrigation and
accessibility as major factors influencing
the landuse patterns (Table I). ‘The increas-
ing proportion of cultivators in the hilly
tracts with low NSA and the decreasing
proportion of owner cultivators in the irri-
gated areas with cash crops is clearly brought
out. However, the distance from major
streams which differentiates between valley
locations and divide locations does not show
any significant relationship with the landuse
variables except that for bajara.

MULTIPLE REGRESSION

In all six multiple regression equa-
tions were derived in order to estimate the
influence of physico-socio-economic vari-
ables (X5 to X ,) onhe location of agricul-
tural landuse (X; to Xg) in 135 regions of
the district defined earlier. The partial
correlation coefficients derived indicate the
intercorrelation of one independent vari-
able with the dependent variable, with all
other independent variables held constant.
Thus, these coefficients indicate the relative
importance of each independent variable in
explaining the total variance. The signifi-
cance of the individual multiple regression
coefficients was tested at 0.01 and 0.05
levels of significance. Lastly the level of
‘explained variation’ indicated by R“ was
calculated. The results of the analysis are
summarised as follows:

1. Dependent variable X; NSA

Independent variables X5 to X 4

Among the variables included in the
regression set distance from crest appears to
be very important, followed by slope < 3°
and population density. The coefficient is
negative for the variable slope >20°. Slope
above 20° and distance from stream are not
significant though they are included in the
regression set. About seventy eight per cent
of the variation is explained by the five
above mentioned variables. Though the
correlation analysis reveals significant rela-
tionship of NSA with all variables (except
distance from stream) only five variables
were included in the regression set and only
three were observed to be significant in
explaining the occurrence of NSA. How-
ever, the economic factors having significant
positive correlations with the NSA as reveal-
ed by correlation analysis do not occur in
the regression set.
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2. Dependent  variables X, Grass
Independent variables X5 to X 4

The occurrence of grass is strongly
influenced by distance from crest and slope
<3°, Regression coefficients for both are
negative. The factors distance from stream
and slope > 20° are less important in the
regression set. These four variables account
for about fifty three per cent of the total
variation. Like NSA, grass also has signifi-
cant correlations (‘r’ values) with all the
remaining variables except distance from
stream but only four were considered
important enough to be included in the
regression set. Though grass has a strong
positive correlation with slope >20°, in the
regression analysis the effect of slope >20°
upon grass is not that significant. The
economic factors which have significant
negative correlations with grass do not occur
in the regression set.

3. Dependent variable X3 Rice

Independent variable X7 to Xq4

The occurrence of rice is explained
by six independent variables. Of these b’
coefficients for three i.e. slope >20°, dist-
ance from stream and slope<3° are import-
ant. Regression coefficients for the rest are
not significant and thus, the contribution
of the variables owner cultivators, distance
from crest and irrigated area to the total
variation is not important. The total varia-
tion explained by six variables i§ about sixty
per cent. The correlation analysis reveals
that distance from crest has a strong nega-
tive correlation and distance from stream
does not have a significant relation with
rice. However, in the regression analysis
distance from stream, explaining the loca-
- tion of rice confined to valleys appears to
be more important than the distance from
crest.

4. Dependent variable X,  Jowar
Independent variable X5 to X;,

Four variables' in the regression set
explain the occurrence of jowar. The only
variable which contributes significantly to
the total variation explained is distance from
crest. The regression coefficients for the
remaining variables i.e. slope < 3° irrigated
area, and slope > 20° are not significant
indicating their lesser importance. About
sixty five per cent of the total variation is
explained by these four variables. Slope<3°,
which has a very strong positive correlation
with jowar does not appear that significant
in this regression analysis. Another interest-
ing relationship is between irrigation and
jowar which is positive in correlation analy-
sis but because of the combined effect of
other variables it has become negative in
the multiple regression analysis.

5. Dependent variable Xs Bajara
Independent variable X, to X14

The variables slope >20°, distance
from stream and distance from crest are
more or less equally important in explaining
the occurrence of bajara as,indicated by the
respective partial correlation coefficient
values. Other variables like slope <3° and
population density are less important. The
total variation explained is rather low at
twenty six per cent. Bajara does not have
very strong correlations with other vari-
ables as indicated in the correlation analysis,
though some important relationships are
singled out in the regression analysis. Bajara
has a positive correlation with the distance
from crest as revealed by correlation analysis
but the regression coefficient slopes nega-
tively.

Dependent variable X, Cash crops

Independent variables X7 to X4
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The regression coefficients for five
variables in this case are significant. Only
for the variable distance from stream ‘b’ is
not significant. The contribution of the
variable irrigated area is most important in
explaining the occurrence of cash crops
followed by population density, slope >20°,
distance from crest and owner cultivators.
The total variation explained is about sixty
eight per cent. The correlation coefficients
for distance from crest and accessibility are
nearly equal but in the regression set accessi-
bility has not been included. Besides, the
correlation coefficient is positive for dist-
ance from crest and negative for distance
from stream but the regression coefficients
are negative and positive respectively.

The application of multiple re-
gression model to explain the influence of
various factors upon agricultural landuse
reveals that among the set of selected

"independent variables, by and large, the
‘variables related to physical environment
like slope < 3°, slope>>20°, distance from
crest and distance from major stream appear
to be more important than the factors
chosen to represent the socio-economic
environment like irrigated area, accessibility,
proportion of owner cultivators in the total
agricultural workers and population density.
Only in the case of cash crops the most
important variable contributing to the total
explained variation is irrigated area. In this
particular case other variables like popula-
tion density and proportion of owner culti-
vators are also important.

In five of the six equations, the ‘b’
coefficient for distance from crest is signifi-
cant and the partial correlation coefficients
also indicate its importance as an explana-
tory variable. The variables slope <3 and
slope > 20° have significant ‘b* coefficients
in three cases each whereas the distance
from stream appears to be a less important
explanatory variable with significant ‘b’ co-
efficients is only two equations. Among the

socio-economic variables ‘accessibility’ was
not found to be important enough to be
included in the regression set at ninety five
per cent level. Thus, it does not appear in
any of the regression equations.

PRINCIPLE COMPONENT ANALYSIS

The application of principal compo-
nent analysis to the data matrix of fourteen
variables and one hundred thirty five obser-
vations is aimed at investigating the basic
dimension of agricultural landuse.

The maximum number of possible
components is equal to fourteen which is
equal to the number of variables. As the
first seven components explain about ninety-
one per cent of the total variation, the
remaining seven components which explain
only nine per cent of the total variation are
not extracted and ninety per cent was deter-
mined as cutoff point (Table II).

The loadings of the fourteen vari-
ables on the seven components, which indi-
cate the correlation of each variable with
each component are shown in table III.

The variables are rank-ordered with
respect to their loadings on the principal
component. The loadings on this compon-
ent are not so strong (above 0.30 or below
-0.30) for six variables. Among these, three
positive loadings represent NSA, slope<3°
and distance from crest which are balanced
by the negative loadings on rice, grass and
slope > 20°. Thus, the first component
appears to explain a strong physical factor
NSA dimension.

The second component contains
some variables like jowar and distance from
crest which have positive factor loadings
(above 0.30). The negative factor loadings
for the variables population density, and
cash crops are strong (about 0.50) and rela-
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TABLE 1II : PERCENTAGE OF VARIANCE ACCOUNTED FOR BY EACH COMPO-

NENT

Component Number

Per cent of total Variance

1 48.44
2 12.51
3 9.72
4 6.72
5 6.40
6 3.64
7 3.40
tively less strong for irrigated area. Thus,

this second component describes jowar —
distance from crest dimension where cash
crops and irrigated area are less significant.
The third component where bajara and
distance from stream are strongly positively
loaded (0.63 and 0.52 respectively) has weak
negative loadings on variables jowar, irrigat-
ed areas rice, etc. This is a dimension which
describes heavy concentration of bajara.

In the fourth component irrigated
area and distance from stream have mode-
rate positive loadings (0.37 and 0.36 respec-
tively) whereas it has a very strong negative
loading on variable accessibility (-0.73). It

can be labelled as an irrigated area dimension.

The fifth component has only two variables
i.e. bajara and proportion of cultivators
with positive factor loading (0.36 and 0.28
respectively) and two strong negative load-
ings on the variables distance from stream
(-0.61) and accessibility (-0.50). This can be
called as distance from stream and bajara
dimension. Component sox has a moderate
positive loading (0.43) on variable slope
20° and two very weak positive loadings on
variables accessibility and bajara (0.20 and

Accumulated Per cent
48.44
60.95

70.67

71.39
83.79
87.43
90.83

0.14 respectively). The significant negative
loadings describe variables owner cultivators,
grass, population density and distance from
stream. It can be called as a slope > 20°
dimension. The seventh component con-
tains a very strong positive loading (0.70)
on variable owner cultivators followed by
not so strong positive loading on irrigated
area (0.33), slope > 20° (0.23), NSA
(0.22) and rice (0.21). On the negative
side this is counter balanced mainly by
grass (-0.41). It can be identified as owner
cultivators dimension.

Based on the above observations
the following seven ‘dimensions’ can be
identified:

To know the degree to which the
variation in the individual variables has been
subsumed by the seven components the
squares of the loadings of each variable on
each component are summed up and the
sum is expressed as a percentage. The vari-
able which is most adequately accounted for
is distance from stream followed by acces-
sibility and owner cultivators. The variable
that is least accounted for is slope <3° and
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i) Component I
ii) Component I
iii) Component III
iv) Component v
v) Component v
vi) Component VI
vii) Component VII

in this case only eighteen per cent of the
variation in the variable is subsumed by the
seven components.

The component scores on each of
the above seven components were obtained
for one hundred thirty five regions. The
scores were mapped for the first three com-
ponents at the discrete interval of 1 S.D.
on positive and negative sides.

Component one separates the eas-
tern and transitional zones of the district
from the western parts (Fig. 1). The posi-
tive loadings on this component for NSA,
slope <3° and distance from the crest results
in high scores for regions having high percen-
tage of their total area under cultivation
with increasing proportion of gently sloping
land and distance from the crest. The
negative loadings on this component for rice,
grass, slope >200 and owner cultivators
result in low scores for regions having
higher proportion of rice and grass,high
relief indicated by higher slopes and higher
proportion of cultivators to the total agricul-
tural workers. .

The positive loadings on compon-
ent two for jowar and distance from crest
produce a different spatial pattern of scores
(Fig. 2). Eastern and central parts of the
district are separated from the western part

NSA, slope 3°, distance from crest
Jowar, distance from crest

Bajara, distance from stream
Irrigated area, distance from stream
Bajara, owner cultivators

Slope 20°

Owner cultivators

but the division is not as clear as revealed by
the scores on component one. The strong
negative loadings for variables population
density, cash crops and irrigated area are
responsible ~for lower negative scores.
Obviously these are the regions which have
higher density of population and higher
proportion of cultivated area under irriga-
tion and area under cash crops.

Figure 3 reveals a slightly different
spatial pattern with high scores resulting due
to strong positive loadings on component
three for bajara and distance from stream,
showing a concentration of bajara in the
central portions of the district. Here the
proportion of bajara to the total cultivated
area is higher. To the east and west from
this central part are regions with low scores
resulting from the negative loading for vari-
ables jowar and irrigated area. Bajara gener-
ally is grown on inferior soils on divides and
as the distance from stream' increases, pro-
portion of area under bajara also increases.

CONCLUSION

The quantitative techniques used
here to find out the association between
characteristics of variation in the landuse
and socio-economic as well as physical
environment are of great value as tney
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throw light upon the contribution of each
independent variable towards explaining the
occurrence of landuse types. The results
of the correlation analysis and multiple
regression bring out the importance of the
factors of physical environment which have
a strong influence on the landuse. The
principal component analysis also has
brought out these relationships more clearly
defining seven dimensions of landuse and has
further provided a comparatively deeper

appreciation of the variation in regional
characteristics.  The loadings and eigen
values on the components for each of the
fourteen variables and the component scores
for 135 physical units also have brought
out the characteristics of spatial variations.
In fact, mapping of the component scores
for the three components have very clearly
brought out the validity of the regional
frame developed on the basis of relief and
rainfall variations.
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