9

CROPPING
SYSTEMS

DISCRIMINATION IN
TERMS OF

GROUNDWATER
EXTRACTION




INDEX

Section Description Page No.
5.1 Overview 97
5.2 Hypothesis 97
53 Technique used 97
5.3.1 Discriminant function analysis 97
54 Results 98
5.4.1 Canonical Discriminant functions 100
542 Pair-wise comparison between cropping systems 100




5.1 Overview

Since groundwater extraction was observed to be significantly verying across the
wells in the watershed in terms of the cropping systems irrigated by these wells, it was
presumed that the cropping systems practiced in the watershed were, in a way,
discriminated by the groundwater extraction pattern on individual wells. Farmers seemed
to be aware of the volume of groundwater that could be extracted from their wells and,
therefore, decided the crops and cropping pattern to be taken in the command area of their
wells.
52 Hypothesis

It was examined whether groundwater extraction by different cropping systems
discriminate the cropping systems practiced in the watershed in terms of water use. It was
hypothesized that,
a) the cropping systems were discriminated in terms of groundwater extsaction
b) a large percent of discrimination in the crop systems practiced was explained by the

groundwater extraction over and above the variance accounted for by control
variables,

53 Technique used

Discriminant function analysis was used to examine the hypothes:s. This analysis
is used to determine whether two or more groups are significantly different from each
other with regard to the mean of a particular variable. If the means for a variable are
significantly different in different groups, then this variable discriminates between
groups.
53.1 Discriminant Function Analysis

Discriminant analysis has two steps: (1) an F test (Wilks' lambda) is used to test if

the discriminant model as a whole is significant, and (2) if the F test shows significance,
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then the individual independent variable is assessed to see which variable differ
significantly in mean by group and these is used to classify the dependent variable.
Discriminant analysis shares all the usual assumptions of correlation, requiring linear and
homoscedastic relationships, and untruncated interval or near interval data. It also
assumes proper model specification (inclusion of all important independents and
exclusion of extraneous variables). Discriminant analysis gives pair-wise group
comparisons which display the distances between group means of the dependent variable
in the multidimensional space formed by the discriminant functions. The pair-wise group
comparisons gives an F test of significance, based on Mahalanobis distances, of the
distance of the group means, enabling the determination if every group mean is
significantly distant from every other group mean. The eigen value, also called the
characteristic root of each discriminant function, reflects the ratio of importance of the
dimensions which classify cases of the dependent variable. The unstandardized
discriminant coefficients are used in the formula for making the classifications in
Discriminant Aanalysis, much as b coefficients are used in regression in making
predictions. The constant plus the sum of products of the unstandardized coefficients with
the observations yields the discriminant scores. That is, discriminant coefficients are the
regression-like b coefficients in the discriminant function.

Muitiple Groups Discrimination Analysis was performed with groundwater
extraction as independent variable against the cropping systems as grouping variable
(dependent variable).

5.4 Results

Box’s test of equality of covariance matrices was performed on the data to
examine the suitability of the discriminant analysis for the existing data set. The

discriminant analysis assumes the homogeneity of group variances and co variances,
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though, it could still be robust even with violation of this assumption. Moreover, the
present analysis was performed to test the hypothesis about the discrimination in cropping
system by the mean groundwater extraction and larger percentage of variance in the crop
system groups being explained by the groundwater extraction over and above the variance
accounted for by control variables.

The test of homogeneity of cropping system covariance worked out to be
significant (Tables 5.1 through 5.3), confirming that the covariances do not differ. This
was, however, interpreted in combination with log determinants, which interprets about
group’s covariance. The larger the log determinant, the more that group's covariance
matrix differs. However, examination of log determinants for individual cropping systems
revealed that during the year 2003-04, only a couple of cropping systems; pure cotton,
cotton-fennel had larger determinants and pure sunflower had much smaller determinants
than the rest of the cropping systems. The other systems had about similar log
determinants. Similarly, during the year 2004-05, except for summer pearl millet, wheat-
paddy and pure castor, the log determinants of other crop systems did not differ much.
During 2005-06, in fact, despite significance of box’s M (P = 0.03), all the cropping
systems had about same log determinants. Therefore, despite significance of box’s M, a
closer look at log determinants suggested that discriminant analysis could still be used to
the data set for examining the significance of discrimination of cropping systems in terms

of the groundwater extraction.

The hypothesis about the equality of mean levels of groundwater extraction was
tested (Table 5.4) and it was revealed that the cropping systems significantly differed in
terms of the mean groundwater extracted for all the years, irrespective of the rainfall. The
pooled dﬁta analysis for the three years also confirmed this observation. In the ANOVA

table, the smaller the Wilks’ Lambda, the greater is the importance of the independent
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variable, groundwater extraction, to the discriminant function. The Wilks' Lambda varied
between 0.06 to 0.16 during 2003-04 to 2005-06. This was, however, significant in all the
individual years as well as in pooled data, indicating importance of groundwater
extraction in discriminating cropping systems. In other words, a sizeable proportion of
discrimination among the cropping systems was accounted for, by the groundwater
extraction. The F statistics also confirmed the significance of the discrimmation functions
during the three years under study.

5.4.1 Canonical discriminant functions

Further, the eigen value of canonical discriminant functions and the canonical
correlations re-affirmed the observations of the analysis as explained in the previous
section.

The eigen value, which is the characterist_ic root of the discriminant function
explained the variance in the cropping system explained by the function. The eigen values
for all the years turned out to be significant as revealed by the Wilks’ Lambda. Also, the
squared canonical correlation, which is the percent of discrimination in the cropping
systems explained by the groundwater extraction, showed that more than 90 per cent
variation in the dependent variable was discriminated. The low values of eigen value and
canonical correlation in the pooled data of the three vears can be explained by the high
variability of the rainfall parameter in the pooled data set. Particularly, the year 2005-06
was an exceptionally high rainfall year, while the years proceeding it was just about the
normal.

5.4.2 Pair wise comparison between cropping systems

This explains the distance between the means of cropping systems in terms of the

groundwater extraction. The ‘F’ test based on Mahalar.obis distances was used to test the

significance of the distances of cropping system means.
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significant distance from most of the cotton based systems except wher. combined with

fennel, wheat and sunflower (Table 5.6). Further, cotton mono crop also had significant
distances from most of the other mono cropping systems like paddy, castor, fennel, wheat
and summer pearl millet mono crops. On the contrary, non-cotton based cropping systems
were, by and large, not significantly discriminated from each other.

During 2004-05, while observations about cotton and cotton based cropping
systems were about similar (Table 5.7), some of the ather mono crops like fennel, cumin
and summer pearl millet were also significantly different from cotton based cropping
systems.

During the year 2005-06, the same observations were made on cotton based
cropping systems. Cotton mono crop, however, was not significantly discriminated
against the mono crop like fennel (Table 5.8). As also observed elsewhere, this year
received a very high rainfall and the resultant groundwater recharge, hence mono
cropping was not much practiced. The cotton based cropping systems had significant
difference among themselves as well as other non-cotton based cropping systems as in
previous years.

The analysis revealed distinct groups in terms of significant discrimination.

a) Cotton and cotton based cropping systems formed one distinct group during
all the years.
b) Non-cotton based cropping systems formed another distinct group as during

2004-05.
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d)

Among mono crops, cotton mono crop and others such as padcy, castor,
fennel, cumin and summer pearl millet mono crops individually formed
distinct groups.

The non-cotton mono crops taken together did not form one distinct group as

these were not significantly different among themselves.
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Table 5.1: Box's test of equality of covariance matrices, 2003-04

CROPS Rank Log Determinant
Year: 2003-04
Cotton alone 1 12.140
Paddy alone 1 9.602
Castor alone 1 8.626
Cotton-fennel 1 11.529
Cotton, castor 1 8.747
Fennel alone 1 8.390
Cotton, maize 1 5.727
Sunflower alone 1 -25.969
Summer bajara alone 1 5.483
Pooled within-groups 1 11.673
Box’s M 82.822
F ' Approx. 12.326
dfl 8
df2 186.919
Sig. 0.00
Table 5.2: Box s test of equality of covariance matrices, 2004-05
CROPS Rank Log Determinant
Cotton, castor 1 12.018
Cotton-cumin 1 10.957
Cotton pure 1 10.908
Cotton- fennel, cumin 1 9.811
Cotton, castor-wheat 1 9.197
Cotton-fennel 1 10.331
Cotton-summer bajara 1 8.403
Summer bajara alone 1 7.633
Paddy-wheat 1 5973
Castor alone 1 -23.928
Pooled within-groups 1 11.143
Box's M 51.800
F Approx. 5.613
dfl 9
df2 188.34

Sig. 0.00
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Table 5.3: Box s test of equality of covariance matrices, 2005-06

Cropping system code Rank Log Determinant
Cotton alone 1 12.599
Cotton-fennel, cumin 1 14.645
Cotton-fennel 1 13.623
Cotton, castor-fennel 1 15.694
Cotton-cumin i 15.293
Fennel alone 1 11.740
Cotton, castor- summer bajara i 14.788
Cotton-summer jowar 1 15.187
Cotton, castor-fennel, cumin,wheat, isabgol-summer 1 14.711
bajari
Cotton, castor-fennel-summer bajara 1 15.662
Cotton-fennel-summer bajara 1 14.209
Pooled within-groups 1 14.522
Box's M 23.756
F Approx. 2.015
dft 10
df2 228.546
Sig. 0.03
Table 5.4: Test of equality of group means
Wilks' Lambda F dfl a2 Sig.
Year : 2003-04
Groundwater extraction 0.16 11.02 18 39 0.00
Year: 2004-05
Groundwater extraction 0.06 20.56 22 31 0.00
Year: 2005-06
Groundwater extraction 0.16 7.22 26 36 0.00
Year: 2003-04 to 2005-06
Groundwater extraction 0.60 4.60 28 183 0.00
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Table 5.5: Canonical Discriminant functions

Period Eigen Wilks’ Chi- Df Significance Canonical

value Lambda square probability correlation
2003-04 5.09 0.164 84.89 18 0.00 091
2004-05 14.59 0.064 112.62 22 0.00 0.96
2005-06 522 0.161 87.70 26 0.00 0.91
2003-04 to 0.66 0.60 99.24 28 0.00 0.63

2005-06
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