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ABSTRACT
Key Words:
Nandiyar river basin Nandiyar river basin, located in the central Tamil Nadu plains, was subjected to
Basin morphometry dimensional analysis. Initially, through correlation matrix, the interrelationship between
Factor analysis the various morphometric variables of the basin was found out. Using factor analysis,
Dimensional analysis the individual morphometric parameters were grouped into a small number of factors

and through the analysis of the factor scores, the sub basins of the Nandiyar river were
studied to find out the existing relation between the factors and the sub basins. In
addition, remedial measures have been suggested for the various environmental
problems of the Nandiyar basin.

INTRODUCTION

Morphometric analysisisan important aspect of quantitative geomorphology and isused primarily
to study the geometrical aspectsof the landforms. Traditionally, it has been used to study theterrain
featuresin general and watershedsin particular. Among the various aspects of morphometric analy-
sis, basin morphometry dealing exclusively with watersheds has received much attention from the
hydrol ogists and geomorphol ogists since watersheds/drainage basins can be effectively utilised to
solve wide variety of environmental problemslike soil erosion, surface runoff, slope instability to
nameafew.

At the same time, basin morphometric studies usually involvelarge set of morphometric param-
eters. Often, the availability of such large data hindersthe identification of those morphometric pa-
rameters that really play a dominant role within a drainage basin. Hence, in basin morphometric
studies, statistical methods like factor analysiswhich help in datareduction and detect the underly-
ing structure in relationship between various morphometric parameters have proved to be highly
useful (Klovan 1975). In the present study, morphometric parameters of the Nandiyar basin have
been subjected to statistical analysis as to identify the interrelationship among the large set of
morphometric variables. Later, factor analys swascarried out to identify the small number of factors
that explain most of the variance observed within the much large set of morphometric parameters.

STUDY AREA

Nandiyar basin is located in the central Tamil Nadu plains and lies between 10°53'-11°84" N
latitudesand 78°48'-78°57" E longitudes covering an area of nearly 291 4. km (Fig. 1). It iscovered
inthe Survey of India(Sol) toposheetsNos. 58 1/16 and 58 J/13 on 1:50 000 scale. The river Nandiyar
originates in the northwestern corner of the study area at an elevation of 345 m and runsfor nearly
100 km before its confluence with the River Cauvery. The study area has semiarid climate and re-
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ceives an average annual rainfall of 750 mm of which more than 60 % falls during the northeast
monsoon months (October-December).

Nandiyar basin owing to itslocation at the existing crystalline-sedimentary contact zoneis un-
derlined by diverselithological formationsranging in age from precambrian to cretaceous. Sedimen-
tary rocks of the cretaceous period cover amajor part of the study areaand arerepresented by marls,
coralline limestones, shales, sands and sandstones, whereas crystalline rockslike fissile hornblende
biotite gneiss and granites cover a minor portion. Geomorphologically, the study area is mostly
covered by pediments and a ong the stream coursesthese pedimentsare buried under unconsolidated
materials. In addition, severe devel opment of gully erosionisapeculiar phenomenon observed in the
study area. Asaconsequence, considerable areain the northeastern corner of the Nandiyar basin had
been convertedinto bad lands.

MATERIALS AND METHODS

Initially, basin boundary was demarcated by tracing all thetributaries of the Nandiyar river fromthe
toposheets, and stream ordering was carried out based on Strahler’s classification. The same has
indicated Nandiyar to beasixth order river. Later, sub basinsand inter basinal areas of the Nandiyar
basin were found out. For demarcating the sub basins, only those streamswhich confluencedirectly
into the principal river of the basin (Nandiyar river) and having a stream order of three and above
were taken for consideration. Accordingly, 11 sub basins were demarcated (Fig.1). Therest of the
sudy area, falling outsdethe margin of these

sub basinsand drained by streamshavinga |
stream order of below threeweremarkedas | Snaae

inter basinal aress.

Subsequently, to understand the dimen-
sional characteristics of these 11 sub basins,
the linear, relief and areal aspects of the
Nandiyar basin were calculated following
the methods of Chorley (1957), Chorley et
al. (1957), Horton (1932, 1945), Melton
(1959), Miller (1953), Schumm (1956),
Strahler (1952) and 14 important
morphometric parameterswere derived (Ta-
ble 1). Using the same, correlation matrix
was computed (Table 2) to understand the
exigting interrelationship among these 14
morphometric parameters (variables) and
also as afirst step towards factor analysis.
L ater, factor extraction wascarried out with g
aminimum acceptableeigenvalue asgreater |5z 3. subfasns
than one. From the original 14 variables, | EEEEE e Basina aeea
threefactorswere extracted. The factor |oad-
ing matrix was rotated to an orthogonal
simple structure according to varimax rota-
tion and a new set of rotated factor matrix Fig. 1 Sub basins of Nandiyar river basin,
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was derived (Table 3). Finally, using factorj
scores, which isameasure of the influence of
each factor on each case, these 11 sub basins
weregtudiedto find out thefactor having much
influence on it. On the basis of the same, a¥
morphometric model was prepared for th
entire Nandiyar basin (Fig.2).

RESULTS AND DISCUSSION

Inthe present study, the datamatrix used con-
sisted of 14 morphometric parameters (vari-,
ables), which were derived after applying th
linear, relief and areal characteristicsof the 1
sub basins (observations) of the Nandiyar ba-
sin. Initially, when these 14 morphometric
variableswere subjected to correlation matrix g
it was observed that there exitsa strong posi
tive correlation among the basin area andigzrff
stream length, basin area and basin length,f; ﬁﬂ; R
basinareaand elongation ratio, basin areaandg] -w;_fm-

basin perimeter, basinlength and basin perim- g ;
eter, basin perimeter and elongation ratio, and i
maximum basin relief and ruggedness number
It isworth to mention here that morphometric
parameterslike basin area, basin length, basin
perimeter and total stream length usually have strong correl ation in regions of homogenous climatic
conditionslike the present study area.

On the contrary, strong negative correlation was observed between channel maintenance and

R Y n

XN '.\-;.'l =T B
Fig. 2 Morphometry mode for entire Nandiyar river basin.

Table 1: Forteen important morphometric parameters (data matrix).

Sub Stream  SL LG DD CM SF A L P RE RF KA H RH RN
Basins Order

1 3 5.75 115 230 043 320 250 325 750 049 024 056 0.024 0.010 0.11
2 3 7.50 076 151 066 181 497 450 110 070 019 052 0.033 0.010 0.10
3 4 355 129 258 039 218 13.74 80 220 109 025 041 0.042 0.010 0.18
4 5 1115 094 187 053 245 5950 170 330 223 041 0.69 0.053 0.003 0.20
5 4 1150 106 212 047 280 5430 130 360 266 032 053 0.049 0.004 0.21
6 3 8.50 146 291 034 445 292 30 750 062 028 065 0.016 0.005 0.09
7 3 4.50 163 326 031 652 138 20 6.00 044 031 048 0.008 0.004 0.05
8 3 3.55 132 263 038 741 135 175 450 049 044 084 0.006 0.003 0.03
9 4 78.0 129 258 039 420 3027 11.0 250 175 042 061 0.040 0.004 0.21
10 4 395 110 220 045 206 17.96 9.0 220 127 025 047 0025 0.010 0.11
11 3 455 088 1.76 057 178 2581 120 280 136 021 041 0.046 0.004 0.16

SL-Total stream length, LG-Length of overland flow, DD-Drainage density, SF-Stream frequency, A-Basin area, L-Basin
length, P-Basin perimeter, RE-Elongation ratio, RF-Form factor, KA-Circulatory ratio, H-Maximum basin relief, RH-Relief
ratio, RN-Ruggedness number, CM-Channel maintenance
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Table 2: Correlation matrix among the 14 morphometric parameters.

SL LG DD CM SF A L P RE RF KA H RH RN

SL 1.000

LG -0.357 1.000

DD -0.354 1.000 1.000

CM 0.242 -0969 -0.970 1.000

SF -0.390 0.761 0.758 -0.703 1.000

A 0.987 -0435 -0434 0.330 -0.423 1.000

L 0.929 -0.533 -0.530 0.426 -0.594 0.946 1.000

P 0.932 -0497 -0494 0.385 -0.613 0.930 0.969 1.000

RE 0.989 -0410 -0.407 0.295 -0.447 0.975 0.922 0.953 1.000

RF 0391 0340 0.337 -0402 0.602 0.350 0.196 0.114 0.302 1.000

KA -0001 0176 0169 -0.213 0.605 0.008 -0.164 -0.281 -0.068 0.764 1.000

H 0.813 -0.657 -0.654 0.576 -0.770 0.824 0.902 0.908 0.826-0.068 -0.337 1.000

RH -0.395 -0.237 -0.235 0.220 -0.514-0.410 -0.271 -0.217 -0.345-0.706 -0.496 -0.027 1.000
RN 0.862 -0.407 -0.404 0.296 -0.632 0.824 0.875 0.900 0.861 0.093 -0.337 0.937 -0.086 1.000

Table 3: Rotated factor matrix.

Parameters Factor 1 Factor 2 Factor 3 Communality
Total stream length 0.962 -0.117 0.206 0.981
Length of overland flow -0.290 0.942 0.154 0.995
Drainage density -0.286 0.944 0.148 0.996
Channel maintenance 0.177 -0.950 -0.170 0.963
Stream frequency -0.475 0.565 0.641 0.955
Basin area 0.936 -0.213 0.222 0.970
Basin length 0.936 -0.285 0.038 0.959
Basin perimeter 0.961 -0.214 -0.068 0.975
Elongation ratio 0.955 -0.160 0.138 0.958
Form factor 0.254 0.299 0.874 0.918
Circulatory ratio -0.212 -0.035 0.912 0.879
Maximum basin relief 0.860 -0.405 -0.205 0.945
Relief ratio -0.311 -0.221 -0.768 0.735
Ruggedness number 0.929 -0.123 -0.164 0.906
Total variance explained

Total 7.943 3.707 1.483

% of Variance 56.737 26.479 10.595

Cumulative % 93.811

drainage density, and channel maintenance and length ratio. In addition, it wasal so noticed that the
correlation between stream length and circulatory ratio, basin areaand circul atory ratio, maximum
basin height and relief ratio, and maximum basin height and elongation ratio are near zero.

Subsequently, after applying the rotated varimax factor, three factors were derived (Table 3).
Thefirst factor hasan eigen value of 7.943 and explains nearly 57 % of variance. The second factor
hasan eigen value of 3.787 and the variance explained by it accountsto 26.5%. Thethird factor was
noticed to have an eigen value of 1.483 and it explains 10.6 % of variance. Overall, cumulatively
these three factors explain nearly 94% of the variance and the variability among these 11 sample
points (sub basin) liesin three dimensions. Factor loadings, which show the degree of closeness
existing between the vari abl es and factors when studied has shown the presence of three classes, viz.,
1. low (closeto zero), 2. medium, and 3. high (approaching one).
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Table 4: Factor scores.

Sub basin no. Factor 1 Factor 2 Factor 3
1 -0.84459 -1.7576 -0.61428
2 -1.0292 -1.98405 -0.576613
3 0.39247 0.81628 -1.45170
4 1.36216 -0.82782 -1.20592
5 1.55008 0.04705 0.16516
6 -0.69561 0.81839 -1.3863
7 -0.74398 1.64578 -0.06674
8 -1.31798 -0.04910 2.05912
9 0.92781 0.69958 0.59046
10 -0.02456 -0.09624 -0.86227
11 0.42341 -0.89411 -0.58818

Rotated factor 1: It is emphasized asthe prime factor in Nandiyar basin asit accounts for nearly
57 % of the total variance. Under this factor, important morphometric parameters like total stream
length, basinarea, basin length, basin perimeter, el ongation ratio, maximum basin relief and rugged-
ness no. were found to have significant positive loadings. The occurrence of all positive loadings
indicatesthat all the morphometric parameters|oaded under thisfactor act in the samedirection. This
means, either the increase or decrease of the value of any selected morphometric parameter loaded
under this factor would lead to the development of similar trend in the remaining morphometric
parameters. For example, with theincrease of basin area other morphometric parameterslike basin
length, basin perimeter and the total stream length too obviously increase and vice versa. Thein-
crease of maximum basin relief and ruggedness no. with the increase of total stream length can be
explained aswherever theterrainisrugged and isof higher elevation, runoff will be more compared
toinfiltration. Asa consequence, such areaswill have avery dense (fine) stream network that auto-
matically leadsto theincrease of total stream length of the basin.

The morphometric parameters loaded under this factor generally explain the characteristics of
“basin magnitude” aswith the increase of the basin area all the other remaining morphometric pa-
rameters are expected toincrease. Hence, thisfactor wastermed as* basin magnitude factor” .

Rotated factor 2: It is the second major factor in Nandiyar basin and explains 26 % of the total
variance. Under thisfactor, three high loadingswere observed. L ength of overland flow and drainage
density were found to have significant positive loadings whereas channel maintenance has signifi-
cant negative loading. The same indicatesthat channel maintenance decreases with the increase of
valuefor length of overland flow and drainage density. Onthe contrary, length of overland flow and
drainage density act in the same direction. Generally, length of overland flow defines the path that
surface runoff followsfromitsorigin to the point where it entersa concentrated flow area (channel).
Obviously, more thelength of overland flow naturally resultsin theincrease of the overall drainage
density of the area whereas constant channel maintenance, being the inverse of drainage density
decreaseswith the increase of drainage density values. The morphometric parameters|oaded under
thisfactor generally have greater control over the drainage characteristics and runoff conditions of
the basin, and hence, thisfactor wastermed as “ runoff factor”.

Rotated factor 3: Thisfactor was observed to explain nearly 11 % of the total variance. Under this
factor, stream frequency, form factor and circulatory ratio were found to have significant positive
loadingswhereasrelief ratio was negatively |oaded. Thisindicatesthat sream frequency, circulatory
ratio and form factor act inthe same direction whereasrelief ratio hasan inverse relationship with all
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the above morphometric parameters. In general, relief ratio isameasure of overall steepness of the
basin and in the present study it indicatesthat basnswith high values of relief ratio have low values
of stream frequency, form factor and circulatory ratio. The morphometeric parametersloaded under
thisfactor generally definethe areal aspectsand shape characteristics of the basin, and hence, it was
grouped under “ shape factor”.

Factor scores. Generally, factor scores are estimated to understand a variabl € srelative spacing or
standing on a particul ar factor under consideration. Inthe present study, factor scores(Table 4) were
estimated in order toinfer which among the above discussed threefactors hasa significant influence
among the 11 sub basins of the Nandiyar river. The results have shown that morphometric param-
etersgrouped under ‘ basin magnitude factor’ control the sub basins4, 5, 9, 10 and 11, whereas sub
basins 3, 6 and 7 were found to be under the influence of runoff factor. Finally, shape factor was
found to have much influencein the sub basins 2 and 8.

Theabove inferenceswere a so substantiated by thefact that severe gully erosion observed inthe
study areawas, infact, noticed to beamajor environmental probleminsub basins6 and 7, which are
asper the statistical analysisinferred to be under influence of runoff factor.

CONCLUSION

Morphometric parameters grouped under basin magnitude factor play amajor rolein Nandiyar ba-
sin, asthey account for the largest proportion of the variance observed (nearly 57 %). Morphometric
parameters grouped under runoff factor come second whereas shape factor comes third. Drainage
network inthe Nandiyar basin seemsto haveastrong structural control and exhibitstypical dendritic
pattern. The severe development of gully erosionindicatesthat soil erosion and excessrunoff arethe
major environmenta problems of the study area. Hence, remedial measureslike gully plucks, check
damsand wasteweirsarewarranted in proper placesto minimisethese problems. Drastic water |evel
fall dueto over exploitation isyet another major problem in the study area. Hence, to improve the
groundwater conditions, the inter basinal areas which have good infiltration capabilities could be
utilised by constructing check dams/ponds/tanksat suitable places.
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