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ABSTRACT. The average linkage method of cluster unalysis was applied for classifying the districts of Andhra
Pradesh on the basis of monthly rainfall recorded in different seasons. The method of clustering has the advantage
of least subjectivity in cluster formation unlike that of the principal components method. The analysis was carried
out seasonwise on the basis of 30 years of monthly rainfall Jata covering the years 1961-62 to 1990-91. It was found
that the districts of Andhra Pradesh can be classified into 5 10 7 clusters which depend on the season. East and West
Godavari districts of coastal Andhra region exhibited a similar pattern in the rainfall of all the seasons; cenain dis-
tricts of Telangana region also exhibited a similar pattern in rainfall of all the seasons excepting the southwest mon-
soon. [n certain clusters, there was a representation of districts from all the three regions of the State. Seasonwise

clusterings are also discussed.

Key words — Cluster analysis, Principal components.

1. Introduction

Delineation of regions (or districts) according to
climatic variation is an important step in agricultural
planning. Such classification helps in increasing the
stability in the crop production. Due to the advent of
computers, many advanced multivariate procedures
such as the principal component analysis are being
used for this purpose (Gadgil and Joshi 1980,
Prabhakaran er al. 1992, Chowdhury er al. 1993). The
approach has the limitation that it represents the
larger differences among the objects (which are to be
classified) fairly well but it distorts the differences bet-
ween the.closer objects (Rohlf 1970). Further, the for-
mation of groups is subjective, i.e.. based on only the
visual inspection of the two (or three) dimensional plot
of the component scores of the objects (Sneath and
Sokal 1973).

Contrary to the component analysis approach, a
variety of methods which were developed only for
classification purpose and listed under cluster analysis
are available. The major advantage of these methods is
that unlike the principal component analysis, the ele-
ment of subjectivity in the formation of groups (clus-
ters) is almost minimum. These methods are
commonly applied in taxonomy. An application of

*— For a detailed review of these methods one can refer Everitt (1974)

(325)

these methods for classifying the 18 States of India
based on agrb-economic indicators is also available
(Goel and Vasisht 1990). There seems to be no attempt
at applying thesé methods for classifying the regions
on the basis of climatic variations. In this study, an
attempt has been made to classify the districts of
Andhra Pradesh State on_the basis of seasonal and
annual rainfall (monthwise) by using a suitable
method of clustering, viz, the average linkage
method.

2. The approach

The various methods of cluster analysis can be
categorised into the following approaches :

(a) Hierarchical techniques, (b) Optimisation
methods, (c) Density or mode seeking methods, (d)
Clumping techniques, and (e) Ordination methods*.
Among these approaches, the methods developed
under hierarchical approach are commonly applied
due to the advantage that the relative differences bet-
ween the objects (classified within a group and those
outside it) can be readily viewed through a tree
diagram, known as the dendrogram.

Among the several methods in hierarchical
approach, the single linkage or nearest-neighbour
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method has been advocated for application, as it was
found to satisfy the properties such as:

(i) Invariant to transformations,

(ii) Powerful in estimating the true partitions
when the true partitions include a single
largest sub-set,

(iii) Set consistent,
(iv) Optimises the ‘connected set of pairs, and

(v) Possesses the property of chaining and
monotonicity

(Mardia er al. 1989, Baker & Hubert 1975 and Jar-
dine & Sibson 1971).

In single linkage method (and also in hierarchical
methods). the objects are classified on the basis of a
criterion which is assumed to be measuring the
similarity between the objects. A comparison of such
similarity coefficients among the pairs of objects
finally leads to a dendrogram. Thus the method groups
the objects which are ‘nearest’ to one another in the
following way :

Let there be k objects which are to be classified into
different groups on the basis of a p variate observation
vector x . Let there be ‘n’ observations on each of these
objects which are obtained by drawing a random sam-
ple of size n. The similarities among the objects are
measured in the form of distances and the most com-
monly applied measure is the Mahalanobis’ D2
statistic (which is the generalised distance):

D% = [x® — x] =1 [x® — x|,

fori# j=1,...,k

where, Dl,-j is the squared distance between the (i, /)th
objects, [%), X)) are the mean vectors of (i, j)th objects
and S is the matrix of pooled variance and covariance
of the objects.

These inter-object distances (i.e., dz,-j ordy) form the
distancé matrix D. From D, the moét closest pair-of the
objects (in terms of the least dj;) is considered as the
initial cluster. In the subsequent steps, the search for
the next closest pair is continugci not from the D matrix
but from the revised D matrix which represents the dis-
tances of the initial cluster with the other objects
along-with those already existing in the D matrix. The
procedure can be explained from the following exam-
ple in which 5 objects are to be classified into different
clusters on the basis of their following distance
matrix D :

Objects 1
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The initial cluster is obviously the pair of objects (1, 3)
having the least distance (dy3 = 2). The D matrix is
then revised in terms of the distances of the initial clus-
ter (i.e, 1. 3) with the other objects as follows :

{1,-3) 2 4 5

(1.3) 0 3 6 10
D= 2 30 7 9
4 6 7 0 1

5 0 9 11 0

The distance of (1, 3) with any other objectj in the D is
obtained from the criterion, d{]”j = min [d)j. d_;j]. Pro-
ceeding in the similar way the next closest pair can be
seen to be (1, 3) 2 whose distance = 3. Due to this
choice, the revised distance matrix Dj beconies :

(1,32 4 5

(1.3,2 0 6 9
Dy = 4 6 0 1
5 9 110

Here also, the distance of (1, 3, 2) with any other object
say 4 is obtained from the same minimum dj; criterion
as follows :

daza = min [dy4, d34, d24] = min [8, 6, 7] = 6.
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TABLE 1

Clustering of districts in Andhra Pradesh State

Cluster Southwest monsoon Northcast monsoon ot weather period Overall period
No
1 EGD. WGD. HYD. KRSN.  SRK. VZG. LGD EGD. WGD EGD, WGD. VZG. SRK
VZG. SRK
2 GNTR. MBNR, NLG MBNR. KRMN, MDK. KRSN. CHTR. GNTR. GNTR. CDP. KRSN
ADB, WGL. KHM. NLG KRNL. ANTP. KHIM
3 CDP. CHTR. KRNL. NLR.  WGD, KRSN. GNTR. NLR. CDP MBNR. NLG. KRNL. HYD
ANTP CDP. CHTR
4 NZB. ADB KRNL. ANTP. IHYD. HYD CHTR
NZB
5 WGL. KRMN, KHM, MDK NLR NZB. ADB, NL.GG. KRMN, ANTP
MDK, MBNR. WGL
6 — — VG NZR. ADB. WGL, KRMN,
MDK. KHM
7 — - SRK NLR

SRK — Srikakulam. VZ(i — Visakhapatnam. EGD — East Godavari. WGD — West Godavari, KRSN — Krishna, GNTR — Gunrur,
NLR — Nellore, KRNL — Kurnool. ANTP — Anantapur. CDP — Coddapah. CIHTR — Chittoor, HYD — Hyderabad, NZB — Nizamabad.

MDK — Medak. MBNR — Mehboobnagar.
ADB — Adilabad.

NLG — Nalagonda.

Finally, the closest pairin D5 is (1. 3, 2. 4). Id“_;zn = 0]
so that there are two clusters (1, 3. 2.4) and (5). The new
distance matrix during this step is:

(1.3.2.4) 5
Dy = (1.3.2.4) 0 9
5 9 0

The distance matrix during each step of scarch serves
as a base for cluster formation. i.e. these matrices pro-
vide ‘links’ for the clusters (that are existing) with the
other objects. These can be conveniently represented
in the form of a dendrogram (tree diagram) by taking
the objects, i.e.. the order in which they are screened on
X-axis and the corresponding distances on Y-axis. The
dendrogram of the above numerical example is pre-
sented in Fig. 1. Cluster formation can be viewed from
this diagram by taking some threshold distance dy, i.e.,
clusters can be formed such that the inter-cluster dis-
tances of all the clusters are > djy. The choice of dy is
arbitrary and depends on how close the clusters are to
be formed. In the above example if do is fixed at 6.0.
then there can be two clusters. viz,, (1. 3. 2, 4) and (5):
similarly, setting dy at 4.0 lcads to three clusters, viz,
(1, 3, 2), (4) and (5) (Fig. 1). It is thus obvious that the
element of subjectivity in this approach is involved
only to the extent of choice of dp.

The major limitation of the above approach is that
during any step for the search of cluster. the distance of
the cluster already existing in the step with the other
objects is obtained on the basis of the minimum dis-
tance criterion. Such computation would lead to

WL — Warangal.

KHM — Khammam. KRMN — Karimnagar.

extremitics. These extremities can be refined by
taking the average of the distance of the objects,
instead of the relatively minimum value. This. essen-
tially. is the approach involved in the average
linkage method. The average linkage method was
found to be useful in representing the true partitions
in a betler way as compared to the single linkage
method (Sokal and Sneath 1963). Further. it was
found to be useful when “a formal non-overlapping
hicrarchy is desired” (Sneath and Sokal 1973). For
illustrating the average linkage method. the same
distance matrix can be considered. The revised dis-
tance matrices in the subsequent steps of search are
as [ollows :

(1.3) 2 - 5
(1.3) 0 35 7.0 11.0
D, = 2 3.5 0 7.0 9.0
4 7.0 7.0 0 11.0

5 11.0 9.0 11.0 0

eg., d“g,)z = |dpy + d3o|/2 = (3 +4)/2 = 3.5

(1.3.2) 4 5

(1.3.2) 0 7.0 10.3

Dy = 4 7.0 0 11.0
5 10.3 11.0 0

e.g. dnzyu= ldatdsatdayl/3=(8+6+7)/3=1.0.
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Figs. 2 (a-d). Dendrogram for: (2) southwest monsoon, (b) northeast monsoon, (¢) hot weather period, and (d) overall period

(1,3,2,4) 5
Dy = (13,24 0 10.2
5 10.2 0

For the above example, incidently both ihe
approaches lead to the same clusterings (and the
objects within them), for the respective thresholds (dy)
of 7.0 and 3.5. However, the inter-cluster distances
are different.

3. Data

In the present study, the average linkage method is
applied for classifying the 20 districts of Andhra
Pradesh State on the basis of 30 years of monthly rain-
fall data covering the years 1961-62 to 1990-91.* The
classification was obtained corresponding to the rain-
fall of the following seasons :

S. No. Seascn Variables (monthly rainfall)

1 Southwe t monsoon June-September (4 months)

(3]

October-December (3 months)
March-May (3 months)
June-May (12 months)

Northea: t monsoon
3 Hot wee her period
4 Overall

nuary-February) was not considered for classifica-
st of the years the ramfall during these

Winter season (J
tion, as in n
months was zer

* A P. State con prises of 23 districts. Out of these, 3 districts, viz.

Prakasam, Viz inagaram and Rangas Reddy were formed in the
later years. H nce complete data were available only for the
20 districts.

Thus for the classification corresponding to the
southwest monsoon rainfall, the analysis is based on
the observation vector *x’ which comprises of 4 rainfall
variables, i.e, June to September. Similarly, the num-
ber ol variables involved in the analysis of other
seasons is indicated in the above table.

The relevant data were collected from the Season
and Crop Reports and Statistical Abstracts of Andhra
Pradesh State.

4. Results and discussion

The average rainfall of the 20 districts of Andhra
Pradesh State (over 30 years) recorded under the dif-
ferent months of the season is presented in Table 2.
The districts of Andhra Pradesh State are divided into
three administrative regions, viz., Coastal Andhra (dis-
tricts 1 to 7), Rayalaseema (districts 8 to 11) and
Telangana (districts 12 to 20). As can be seen (Table 2),
there is a considerable spatial variation in the rainfall
received during the different seasons.

Southwest monsoon — July and August can be seen
to be the peak rainfall months of this season in all the
districts of coastal Andhra and Telangana regions.
Nizamabad district of Telangana region recorded the
highest average rainfall of 305 mm during August.
However, in Rayalaseema region, it is the September
month which recorded the peak rainfall. As regards
the consistency in the rainfall, June and July were
found to be the months of (relatively) consistent rain-
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TABLE 2

Average monthly rainfall of Andhra Pradesh (1961-62 to 1990-91)

District Jun Jul Aug Sep Oct Nov Dec 7 Jan Feb Mar Apr May
(1 (2) (3 (4) (5) (6) (7) (8) (9 (1) (1 12) (13)

Coastal Andhra region

] I Srikakulam
Mean (mm) 145.96 178.54 182.79 199.08 183.00 84.04 441 6.06 15.64 17.71 24,48 68.67
C.V. (%) 45,55 3.4 RERE 44.84 6U.16 13146 168.23 17538 161.82 165,23 79.46 91.68
2 Visakhapainam
1 Mean (mm) 123.67 156.12 173.83 16841 193.79 80.12 5.04 771 14.08 21.46 3558 106.87
CV. (%) 43.60 3258 41.12 3648 5538 12757 18305 15175 15556  131.77 83.95 13479
3 East Godavan .
Mean (mm) 128.67 193.33 201.17 16529 19000 91.33 1575 6.88 12.83 9.63 2392 7763
CV. (%) 50.44 48.08 47.70 39.82 360.67 130.76 169.47 16921 16770  185.19 137.19 158.36

4 West Godavan
Mean (mm) 13000 21254 21975 160.58 160,79 6842 12.58 6.67 10.67 12.21 26.88 70,67

CV. (%) 65.71 49.99 51.95 3825 53.09 143.07 91.19 168.12 19414 214.01 142.49 15126
S5 Krishna
Mean (mm) 11046 199.88 189.83 156,73 14742 7120 14.79 492 7.88 9.50 13.67 54.50
C.V. (%) 42.01 49.72 49.32 48.18 57.16 120.85 17404  216.65 158.17 160.75 109.27 166.69
E 6 Guntur
Mean (mm) 3412 151.54 14283 141.79 13413 83.50 17.63 5.63 9.17 9.75 11.38 6229
CV. (%) 43.52 54.60 55.88 50.67 50.99 111.37 175.22 185.85 176.45 151.59 144.22 175.94
7 Nellore 1
Mean (mm) 39.08 92.63 88.2] 10954 25238  279.63 100.50 15.83 14.50 4.87 10.21 43.12
CV. (%) 4258 4R.02 76.25 5943 6192 5442 8339 25157 34456 13930 129.31 151.92
Rayalascema region
f 8 Kurnool
Mean (mm) 7229 111.38 122.83 142.38 101.08 2975 5.79 150 1.63 7.00 15.33 5025
CV. (%) 28.59 51.72 73.80 43.84 80.51 102.11 15078 23178 20435 164.56 67.87 68.15
9 Anantapur
Mean (mm) 4742 67.29 69.42 14325 10529 3729 759 1.46 2.63 6.13 14.08 58.63
! CV. (%) 4532 89,73 78.50 49.83 3561 92.19 10936 24263 214.56 171.39 7238 65.88
! 10 Cuddapah
| Mean (mm) 58.00 105.21 101.54 135.67 13554 86.79 267 367 325 5.83 11.25 4396
f CV. (%) 38.80 67.07 74.84 5321 5492 67.38 98.25 31893 7335 154155 113.24 7041

11 Chittoor
Mean (mm) 54.13 106.04 95.83 141.42 158.00 141.38 6125 7.4 1025 921 17.58 54.83
CV. (%) 3843 46.34 6027 4299 48.68 5299 9219 25141 23048 173.28 92.10 63.60

Telangana region

12 Hyderabad
Mean (mm) 121.58 181.00 17517 159.21 101.00 2333 3.13 825 6.46 11.75 18.92 31.17
CV. (%) 31.18 53.56 58.85 6045 92.58 209.37 160.78 181.56 23278 158.63 92.81 127.60

13 Nizamabad
Mean (mm) 17263 29825 31533 180.54 8146 18.04 4.08 7.12 5.29 9.00 7.58 23.63

CV. (%) 5644 49.39 59.50 76.86 10941 194.04 187.75 141.16  206.00 199.60 86.%4 172.57
14 Medak

Mean (mm) 13946 23725 228.58 16925 8242 1933 2.88 521 538 7.29 16.50 2921

CV. (%) 3838 6047 5157 59.24 91.58 178.84 17566 19258 21937 178.51 99.68 12394
15 Mehaboobnagar

Mean (mm) 84.00 144.17 151.21 147.46 82.04 2371 1.83 263 342 6.96 *15.71 3813

CV. (%) 2523 47.01 5542 4372 91.94 162.13 15484 21220 2562 183.82 80.29 12796
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TABLE 2 (Comul)

(n (2) (3) 4 (5 16) N (8) 9) (1 (1 (12) (13)
16 Nalagonda

Mean (mm) 101.92 152.00 14121 140.12 10321 39.00 R3 4383 375 8.00 12.63 3388

CV. (%) 4167 5667 4425 5951 232 13489 22338 16333 20159 18360 8388 11254
17 Warangal

Mean (mm) 151.54 272.13 22925 15225 Y600 2546 921 8354 992 10.83 11.29 36.33

CV. (%) 48.51 53.13 44 46 39.83 R3i3R 125.84 191.07 171.36 183.62 174.44 72.02 117.59
18 Khammam

Mean (mm) 14954 291.75 253.50 170.63 116.08 30,83 413 483 7.79 9.75 17.42 61.79

CV. (%) 4394 41.10 45.00 4095 1537 130.06 25418 132.04 144.01 164,78 79.38 14475
19 Karimnagar .

Mean (mm) 160.46 262.83 23038 15217 7954 2088 6.92 1125 7.63 9.29 13.92 25.17

CV. (%) 4936 49.84 3205 S0l 106,63 152.24 22672 11423 195.82 134.36 84.67 12429
20 Adilabad

Mean (mm) 180.04 306,13 30692 15475 72.33 14.46 r iy 371 R.83 10.17 10.33 2142

C.V. (%) 4493 37.08 30.87 6346 10578 157.13 187.05 127.89 163597 217.4 88.73 135.40

fall in all the districts of the State. eventhough the
average rainfall during these months is low.

Northeast monsoon — During this scason. October
was found to be peak as well as consistent rainy month
in all the districts of coastal Andhra and Rayalasccma
regions. The Coefficient of Variation (C.V.) ranged
from 48% (Chittoor) to 80% (Kurnool). In Telangana
region eventhough October is the peak rainy month
(116.08 mm. Khammam). it is unstable (C.V. ranged
from 75 to 106%).

Hot weather period — Highest rainfall during this
season was recorded in May in all the districts of the
State. However. it was associated with a high degree of
instability in the districts of coastal Andhra and
Telangana regions.

The results of the clusterings obtained by applying
the average linkage method are presented in Table 1
and Figs. 2 (a-d). It can be observed in general that the
clustering differed from season to season due to the
differences in the availability of rainfall in the seasons
(and also among the districts). Further. the districts
classified under a cluster also need not be from the
same region. These clusterings can be. therefore, con-
sidered seasonwise.

Southwest monsonn — The similarities in the pat-
tern of rainfall among the districts as observed in the
form of the distance matrix D have lead to classifica-
tion of the districts into § clusters during this scason. It

can be observed from the distance matrix (Table 3)
that in the 13th row which represents the dl,j values
of Nizamabad district. no other district is as close as
Adilabad  (d%; = 0.30). llence these two districts
formed a cluster** Extending the same analogy. it
can be observed from 12th row (Ilyderabad) that no
other districts excepting the 5 districts of coastal
Andhra Pradesh (1 to 3) are relatively closer to
Iyderabad |Table 3 and Fig. 2 (a)]. Needless to men-
tion that the districts classificd in a cluster for this
season have a ‘similar’ pattern of rainfall during June
1o September months. This can also be verified from
Table 1.

Northeast monsoon — Therve  existed 5 clusters
Jduring this season. The 7 districts of coastal Andhra
region can be seen to be classified into 2 clusters
alongwith the districts ol Rayalasecma region:
whereas. the 6 districts of Telangana region alone
formed the largest cluster. Nellore is classified
as an independent district (single district cluster)
due to its highly “differential’ pattern of rainfall
during October to December months [Fig. 2 (b)].
Nellore recorded relatively highest rainfall during
these months as compared to the other districts
(Table 1).

Hot weather period — Contrary to the earlier
seasons, independent behaviour of 3 districts can be
observed in the clusterings of this season. Out of these.
two districts are [rom coastal Andhra region (Srika-
kulam and Visakhapatnam). The largest cluster

** Ta avoid complexity in presenting the number of tables. the distance matrix D is presented only corresponding to southwest monsoeon season.
Tt is hoped that this Table 3 would serve the purpose forexplaining the genesis of the clustering approach. The [inal outcome, however, can be

studied through the dendrograms ol the respective seasons.
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(consisting of 7 districts) consisted of mostly the same
districts of Telangana that were classified in northeast
monsoon [Fig. 2(<)]. Further. districts from all the
three regions find their representation in the next
largest cluster.

Overall period — When the rainfall of all the 12
months is considered. it has resulted in a different
classification. The 7 districts of coastal Andhra were
classified into 3 clusters, with Nellore representing a
single district cluster. Similarly. the 9 districts of
Telangana were grouped into two clusters cach con-
sisting of respectively 6 and 3 districts of this region
[Fig. 2(d)]. As in northeast monsoon. Nellore
emerged as a single district cluster: two districts of
Rayalaseema. viz. Chittoor and Anantapur also
exhibited an independent behaviour with regard to
the annual rainfall.

It can be thus observed that there is some
similarity in the clusterings of Telangana districts in
all the seasons excepting the southwest monsoon.
Similarly. East and West Godavari districts of coastal
Andhra exhibited the same similarity in the pattern of
rainfall during all the seasons considered for the
study : whereas. barring the southwest monsoon. the
districts of Rayalascema region exhibited a distorted
behaviour in the rainfall during the remaining
Seasons.

These similaritics in the pattern of rainfall would
help in planning suitable agricultural technologics
specific for the clusters of the districts. as each cluster
represents a homogeneous group. Rainfall is one of
the important decision variable for agricultural plan-
ning. Information on similarities in the pattern of
rainfall of a cluster of districts would help in crop
planning and also in the choice of technologies such
as selection of suitable crop variety (depending on the
availability of rainfall). time of sowing. fertilisation
and contingent planning. This concept is implemen-
ted in the agro-climatic regional planning, initiated
by the planning commission.

5. Conclusion

The average linkage method of clustering has been
applied to classify the 20 districts of Andhra Pradesh
State on the basis of the availability of rainfall in dif-
ferent seasons. It was found that due to the variation in
the rainfall during the different seasons, the clus-
terings of districts varied from season to season. In a
majority of clusterings, there was a representation of
districts from all the three regions of Andhra Pradesh.
Information on seasonwise clusterings would be
beneficial for planning crop improvement measures
suitable for a cluster.
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