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ABSTRACT

The daily rainfall of 29 districts of Tamil Nadu during northeast monsoon is used for principsl
companent analysis Qut of 29 districts. 22 districts are grouped inta five homogenous Sub-regions
which are having stronger re[ahnnehlp with five Varimax rotated principal components and the
7 districtz are found with weak / moderate relations to any of the Principal components Tamil
Nadu Is regionalised in to five Suh~fe.;gmn5 based on strong m{atrnnzhlp with first 5 PCs, Sub-
ragion 1 comprizes of districts Cuddalore, Perambalur, Pudukattal, Thanjavur, Thiruvarur and
MNagapattinam. The Interior districts Madurai, Sivagangs. Virudhunagar and Dindugul makea sub-
region |l The districts Dharmapuri, Szlem. Namakkal, Karur, Erode. Nilgiris and Coimbatore
make Sub-region ||| and the districts Chennai. Kanchipuram, Vellore and Thiruvallur form Sub-
region W Thegroup of districds Tirunelveli, Thoothukudi and Kanyakumari make Sub-region V

Keywords: Principal sompanant andysis, sub-regions norfheast manssen, olimale vansbies

1. Introduction |

Tamil Madu is one of the southarnmoest states
of India The proximity of s2a influences the climate
of eastern and southam part of Tamli Nadu whersas
hilly oragraphy and distance from the =23 play an
important role overrest of the State The topography
and proximity te sea influences the rainfall

distribution of Tamil Nadu and lhe state provides

an interesting area for studies of spafial variability
of rainfall As per convention followed by India
Metearological Department at Channal, Tamil Nadu
iz divided into four sub reglons mainly based on
their preximity to coast and their geagraphical
Incation for the purpose of regional level forecasting
of waather over Tamil Nadu (Fig 1). They are
namely. (1) North Coastal Tamil Nadu (NCTN), (2)
South Coastal Tamil Nadu [(SCTN), (3) Narth
Intedior Tamil Nadu (NITN}-and (4) South Interior
Tamil Nadu (SITN), It may be.neoted that objective
regionalisation concept i= not a factor for the
classification of the administative districts

Ubfective regionalisation based on different cli-
mate variables like tempearature and rainfall is the
basiz for dividing the largs areas into many sub ra-

gions This ragionalisafion can be obtained by us-

ing differant mathods, ranging from-=tementary link-
ags analysis to moere complex mulfivariate statisti-
cal technigues like factor analysis cluster analy-
sis, correspending analysis, et Sumnerand Bonell
(1990) used linkage analysis regionalisation of

\Watles based on the dally rainfall data. Barmring (1987)
applied cemmon faclor anglysis for the
regionalisation of dally rainfall of Kenya. White et al
11981) made use of clustar analysis and differsnt
rotation algarithins to monthly Pennsylvanian pre-
cipiiation data while Banell and Suminer (1992) used

cluster analysis and abligusly retated Principat Com-

panent Analysis (PCA) for the daily precipitation in
Wates Fovell and Fawvell (1393) idgentified the cfi-
matic zones and sub zanes of the conterminous
United States frem menthly temperatures and pre-
cipitation after clustering the orthogonally rotated
principal compopents. Also objective regionalisation
was doene by Sumner at al (1993) for Malloresa;
Periago etal (1991) for Catalonia and Remerc et al
{1999) for whole of Spain Therefare, arriving an
objective regional division shall be more meaning-
ful and can be explained with reasoning Furthar
such objective analysis will facilitats forecasting in
a moge meaningful way

Identifying basic rainfall reglons of Tami Nadu
shisctively, therefore, may explain the sub regional

‘eharacteristics of the distribulion. In other wards:

the identification of the 29 districts of Tamil Nadu
into fewer objective rainfall regions can ssrve for
practical administrative purpeses This type of
regionalisation has potaniial use in providing a
regional short. medium and long range forecasting
of rainfall during NEM s=ason
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Fig 1 29 districts and fout sub-regions of Tamil
Nadu
2. Dataand Methodology

The daily rainfail data of 1?3 rain gauge stations
of Tamil Nadu during the main ralny s2ason namely
nurl:heaﬁi monsoon ssason (1st October ta 315
December) forthe period from 1965 to 1996 is used
Therain gange stations are spatially well distributed
in thz slate and there is no spatial bias in the data
s=t Based on this data, the daily minfall data of the
29 districts of Tamil Nadu during northeast monsoon
sezason for the period of 31 years (1965 10 1996) is
constructed. The daily rainfall series is a completa
tima senas. Here 5- moede Principal componant
analysis (PCA) Is carizd out taking 29 districts as
va ﬂﬂhlEE and 2852 days rainfall as cases to provide
an shjective pluviometric regionalisation of Tamll
Nadu.

Since the casual mechanisme of precipitation
ar= fuzzy and ovarlapping, the regionalisation basad
ot untatated PCs will have averlapping areas Fof
this reason, assuming the rotation can produce
simple structuras (as in Gong and Richman, 1995),
ratation of PCs has been attempled. The ratation
of components wanis lo simplify the mlerpfe!aﬂun
ofthe derived varlables and 10 ELFtﬂTFjE-'E by & criterion
o obtain a 'simple structure” If the division of a

region Into fakly homegeneous areas is required,
the rotated PCs will asimost inevitably do it better
than unrotated PCs (Jolliffe, 1957) Since the
loadings of various PCs depend upon the number
of PCs retained for rotation several eritedia based
on dominant varanca rule are suggested by various
authors fordeciding how many PCslo be ratained.

Kalser criterion {Kaisar, 1958) Scree test
(Caitle, 1996).& Log-Figen value (LEV) diagram
(Craddock et 3l 1969}, Praisendorfers rule ‘N ars
ganerally used as mathods to decide the numbar

-‘PCsto baretained for rotation. Kaiser criterion says

T4

that the factors with Eigen values having greater
than ane are to be retained forrotation Figure 2(a)
is the Stree plat and 2(b) is LEV diagram. The goal
hare i to Identify the break in slope or a cut off in
the difference betwesn successive PCs in the plot
Tha method of Preizendorfar's rule N (Preizendorfer
st al (1881), Wilks (1995)) identifies the largest
number of principal components to be invelved an
the basis of resampling lests invalving the
distribution of Eigen values of tandomly generated
dispersion matricas  Th= first mathod auggestsn
PCs for rotation but other three methods stggestd
PCe for rotation Here in this study, the first 5 BCs
are reialnad for refation as per Kaiser's criterlan.
Generally Vatimax (orthogonal) (Richman, 1986
1987), Quartimax (orthogonal), Equamax
{erthogonal)and Oblimin (obligus) (Richman, 1981)
rotation mathods are used forrotation of PCs. Here
in this study, Varimax rotation 15 ussd to find out
mas! Interpretable simple siructure of PC leadings.
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3. Results and Discussion
31 Variance explained by Principal
Components

Table 1 shows the Eigen values and the
corresponding variancs explained by each PC with
the cumulative percentage of total variance The
component leadings.are the corrslation co=fiicients
between the variables and components analogous
to Pearson's comelation coefficient v’ The sguared
compenent losdings are the percentage of variance
in that variable explainsd by the compenent Te gt
the percentage of variance in all the varlables

accountad for by each componen!, add the sum of
the squared factor loadings for that component and
divide by thenumber of variables. Hars the first 10
principal compensnis are sufficient for 2xplaining
£5% of total variance while first 14 and 20 principai
components ars needed to explain 90% and 95%
of total variances respectively The first five PCs
sxplained about 73% of total variance In this study
firsi five companents are chosen for interpretation
and further analysis, a= # is often cusfomary Lo
restrict the choice of Elgen values higher than of
a2qual to 1.0 only.

TABLE 1 _
Variance and cumulative variance explained by first 10 PCs based on 2852X%29 matrix.

PC Numbers  Eigen value Cumulative Variance (%} Cumulative % of
Eigen value Total variance.
01 1243 1233 4288 42-88
02 321 14.24 11.07 5395
03 255 1823 8.93 6295
o4 217 2040 751 7038
05 1.00 21.40 346 7385
06 073 22 13 252 7638
07 0.72 2285 247 7383
08 0.65 2350 2.26 81.09
09 035 24 6% 194 8303
10 050 24:56 1.73 3477
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Fig 3 Loadings of unrotated Principal Components
{@] PC-1 [b) PC-II (B}PC-HH (d) PCAV
{2} PC-V.

3.2 Unrotated Principal Components.
The facior loadings of first 5 PCs are shown in

‘Flg.3. The raw or unrotated component | (varlance

explainad 43% | has positive loadings In all districts.
This means thatall dislricts are positively correlated
with PC | This PC indicates that first source of
variance in the data is associsted with the averall
magnitude of rainfall events in the regign as a whole,
In the table factor loadings greater than 0.7 ars

found in cantral coastal districis along with Dindugul

and in some north interior districts PC [l {variance
sxplained 11%) has positive leadinas of more than
0.3 in south TN and negative foading of less than -
0.3 in'north codstal and neighbouring north interior
districts. PC lll (variance-explained about 8% has
positive loadings (mere than § 3) in central coastal
districts and in south coastal districts. Negative
lzadings (less than -0 3) ar= found over northwest
Tamil Nadu PC IV (variance explainad is about
8%) has posltive loadings of more than 0.3 in
Cauvary basin region and adjoining districis white
northeast Tamil Nadu have negative loading offess
than -0.3. PCV (varianceexplained isabout 3 5%
has positive loading of more than 0.3 in southem
tip of Tamil Nadu while Madurai have negative
lzadings less than 0.3

3.3 Varimax rotated Principal Components
A Varimax solution ylelds results, which make
it a5 easy as pessihiz to identify each variable with
a single component This is the most comman
rotation aption. Varimax rofation is done keeping
the first & Principal componenis for rotation and the
factor loadings of the flve rotatad PCs are

caleulated. The coefficients of determination

axpressad in parcentage are shown in Fig. 4(a -
). The component loadings of Varmax rotation are
givenin Table 2

From the Flg 4 it is seen that the central
coastal  districts of Tanjavur, Tiruvarur
Magapattinum, Pudukotial, Cuddalore and the
naighbouring district Perambalur are strongly
related to PC | The districts Tiruchirapalli and
Villupuram are mederately related and Karur
& Ramanathapuram are weakly related to PC
| The sthar districts are having Insignificant
refationship with PC | It can be s2an from the
figure 4 that the four scuth Interior districts
namely Mazadurai, Slvaganga, Virudhunagar
and Dindugul are having strong relatienship
with PC 1. The districte Ramarathapuram and
Theni are moderately related to PC 1l and the
districts Coimbatare, Teothugudi, Tirunalvelj,
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Karur and Pudukotial are weakly reiatgd to PC

I, It can be Inferred from figurs 4 that the north
inlerior districts Salem, Eroda, Namakkal
Dharmapuri -and hilly district Nilgins are having
streng relatienship with BC Il The districts
Karur and Coimbatore are moderately related
while the districte Thiruvannamalai, Vellore
Ferambalur, Dindugul and Tiruchirapalli are
weakly relatad to BT |l

It Is seen from Fig 4 that the north coasial
districts namely Tiruvallur, Kanchipuram and
Chennal and the neighbouring interior district Vellore:
are having strong relationship with PC [V The
districts Tiruvannamatal & Villupuram are
moderately related to PC IV The districts
Charmapuri and Cuddalors are weakly reiated to
BC V. From the Fig 4. it can be infarred that the
south coastal districts namely Tirunelvell

TABLE 2
Loadings of Varimax rotated Principal
Components

Bci  pCn PEmM PCIV LV
CuN 0 .11 i) .11
KNI 025 043 010 007
L 018 010 010
CDL 012 |
YIL.F 0. i 4
™I 0.8 020
TEE . il §
NGP (i) ]
FOU 06
™M .
VLR faz R
DHAL 018 004
MK 030 0.6
SLA 30
CAIR 1104
ERD 44 0.20
NLG o o4 oig
KR
PRM
THP 02
RAID o
INL 0.6
TIK 0.00
KYE LR
MDE 137
THN (35
5VE 14 =S 015
VED 112 LRSS 0.23
OND 015 012

-Mﬂrlr M 07
-
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Kanyakumari & Toothugudi arg stronaly related
while the district Ramanathapuram Is weakly related
to PC V. In other words the districts Chennal,
Kanchipuram, Tiruvallur are strongly related to BC
IV, the districts Tanjavur, Tiruvaror, Nagapattinum
are having strong relation with PC I, the districts
Namakkal Salem, Erode & Nilgiris are strongly
refatad to PE I, the district Kanyakumari is strongly
relatad to PC V and the districts Madural, Sivaganga




& Virudhunagar are sfrongly refated 10 PC 1l The
district Theni Is mndemteiy related to PC IV The
district Cuddalore is having a strong relationship
with PC [ and is having a w=ak relationship with
PCIV

The district Villupuram Is modaratzly relaied to
PC 1 & PCIV. The Pudukettal district is having &
strang relatianship with PC | and ls having a weak

———
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Fig 4=
Fig:4Loadings of Varimax rotated Principal

PC PC-I PC-
gné%ﬂ?;"g{:tﬂ € (@) PC- (=) PC-IIN(d)

refation with PC IV The Tiruvannamalai district is
having moderate relatiorship with PC IV and waak
refationship with BC 1l while the Vellore district is
having sirong relationship with PC IV and & weak
relationship with PC Il The Dharmapuri district Is
having a strong relation with PC 1l and a waak

relation with PCIV. The Colmbatore districtis having

a3 moderate refation with PC 11l and 2 weak ralation
with PC Il. The district Farambalur is strongly
refated to PC | and weakly related te PC Il while
Tiruchirapalii i moderately relsted ta PC | and
waakly ralatad 10 PC Il The districts Tirunelveli &
Taothuaudi are strongly related to PC IV and weakly
related 1o PC || The Dindugul district is strongly
related 1o PC |l and weakly related to PC Ill. The

‘Ramanathapuram district Is having & moderats

relation with PC Il and weak relation with PC [ and
PC V while the Karur district is having maderate
refation with PC Il and weak relation with PC | and
PC Il. By Varimax rotation it is found that the
distriets Villupuram, Tiruvannamalal, Tiruchirapalli,
Ramanathapuram. Coimbatore, Karur and Theni
(iable 3) do not have strong relalions with any of
the PCs These districts are unclassifiad districts.
They may bs grnupe:l intea region called a
fragmanted rainfall region.
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Fig 5 Five homogenesus sub-regions and
fragmeanted region of Tamil Madu

4. Regionalisation of NEMR

Sinca Varimax rotation is battar to interpret the
22 disiricts into group of 5 regions, the results of
Varimax rotation I= uzed for regionalization of Tamill
Nadu Based on the strond relationship of the
distiicts with five principal comporients, Tamil Nadu
iz =plitinto five homeganeous sub regions (Fig.5)
Hiowever it i5 found that some of the districts ars
found with the high loading in facter & but they are
spatially non contiguous. Table 3 and 4 gives the
mean, SO, minimum and maximum rainfail in the
manth of October, November, December and
Northeast monsoon seasen '

41 Sub-region | : Central coastal region

Thie reglon | comprises of Cuddaiers. Tanjavur
Tiruvarur, Nagapattinum, Pudukottal and
Parambalur districts Except Perambalur all the
districts are localad over Ceniral ceastal Tamil
Nadu. Hence this region may be called as 'Central
Coastal region or Cauvary defta basin'. This region
covers an area of 20 615 sq. km. There are 34 rain

gauges out of 173 rain gaugs stations in this region

and tha avatage height of the rain gauges is 55m
amsl This region receives a maan rainfall of 2011
mm, 259 7 mm. 157mm and 813 Gmmwith standard

TABLE 3
Mean, SD, minimum and maximum rainfall of 5 regions in the month of October and November.
October November
Mean 5D Min Max Mean SD Min Max
Reg 1 2011 962 452 568717 2597 1480 28.1 B56 5
Reg 2 1528 893 640 4332 1823 873 10.4 4508
Reg 3 1707 68T 12 38138 107.3 680 52 271.0
Reg 4 2075 110.2 107 5559 2287 1367 48 5454
Heg b 1794 Teb 330 3987 2009 958 257 4534
TABLE 4
Mean, SD, minimum and maximum rzinfall of 5 regions in the month of December
and during NEMR
December S NEMR
Mean S0 Min Max Wean sD Win Max
Reg 1 157.0 1307 03 BG4 8 B13.5 2100 1720 1149.8
Reg 2 678 579 6z 227 4233 1212 1782 7344
Reg 3 361 410 6.0 2354 3167 108.0 844 6166
Reg 4 97 6 109.0 oo 569 & 5331 2005 1062 12122
Reg 5 89.8 T6Z 0.4 379.7 4687 154.5 1578 9318
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deviation of 96 Zmm, 148 8mm, 130 7mm and
210.0mm in tha month of Octeber. Novembar

O=cember and NEM seasop respectively This
region receives a minimum rainfall of 45.2mm and
a maximum of 587 7mm, a minimum of 28 1mm and
a maximum of 856 5. 3 minimum of 0 3mm and a
maximum of 664.8 mm in the month of Ociober

Movembar and Decamber respectively During
MEM seas0on. It recelves & minimum taial rainfall of
172 mm and & maximum total rainfall of 1150 mm
during NEM s=asen.

4.2 Sub-region Il : South interior region

The districts Madurai, Sivaganga. Virudhunagar
and Dindugul constitutethe region |l These districts
are south intenor districts and this region may be

called as ‘south interorregion’. This region covers:

ararea of 18,108 sg. km: There-are 23 rain gauges
in the region and the average height of the rain
gauvgesis 244 m amsl ThisTegion receives a mear
einfall of 192 .8 mm. 162.3 mm., 67 .8 and 423.Zmm
with standard deviation of 9 3Imm. B7.3mm

S7T5mm and 121 2 mm in tha menth of Cctober

November, December and NEMS respectively

This region receives a minimum rainfall of 64 .0mm
and a maximum ef 433 2mm, a minimum of 10 4mm
grid a mazimom of 490.8. 8 minimum of 1.2 mm
and a maximum of 232.7 mm in the month of
Cctober, November and Dacember respectively

During MEMS, it receives a minimum total rainfall
of 178.2Zm and a maximum total rainfall of 734 4 mm
during NEM3

4.3 Sub-region |l : North interior or Northwest
region

The districts Dharmapuri, Namzkkal, Salem
Erode and Nilgins form the region |l The districts
are located ovarnorth Interior Tamil Nadu and this
region may be called as 'north interior region’. This
region covers an area of 29028 sg_ km._There are
36 'rain gauges locatsd in the region and the
average hsight of the rain gauges is 555 m amsl
This ragion racelves a mean rainfall of 1707 mm.
107.3 mm, 39,1 and 316.Tmm with standard
deviation 0f 68 7fmm,_ 63.0mm, 41 Ommand 1080
mm in the manth of Octobar, November, Decembat
and NEMS respectively. This region feceives g
minimum rainfall of 41 2mm and 3 maximum of
381 8mm_aminimum of 5 2mmand a maximum of
2710, a minimum . of 0 0mm and g maximum of
225 4 mm In the month 6f October, November and
Dzcember respactively During MNEMS it recelves
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a minlmumtotsl rainfal of 84 dmm acd & maximum
loial rainfall of G166 mm during NEN'S

4.4 Sub-region IV : Northeast or north coastat
region

Rezglon |V comprises of Chennal

Kanchlpuram, Thiruvallur and Vellore districts.

‘Except Vellore. zll the ather districis are located

over north coastal Tamil Nadu and this region may
ba designated as ‘nerth coastal or northeast
region’ This region covers an grea of 14143 ag.
km. Thers are 19 rain gauges in tha reglon and
the averaqge helght of the rain gauges is 104 m
arnsl This region recelves a mean ralnfall of 207 5
mm, 228 7 mm, 97 &'and 333 1mm with standard
deviation of 110.2mm, 138 7mm, 109 0mm and
200 5 mm in the month of October, Noveniber,
December and NEMS respectively. This region
receivas a minimum rainfall of 10 7Tmm and a
maximum of 566:9mm. a minimum of 4 mm and
a maximum af 545 1, a minimum of 0.0 mm and 3
maximum of 569 8 mm in the month of October,
November and December respeciively, During
NEMS, it receives a minimum total rainfall of
106 2Zmm and 2 maximum total rainfall of 1212 .2
mm diring NEMS

4.5 Sub-region V : South Coastal region

The districis Tirunelveli, Thoothukudi and
Kanyakumari make the regian V. These districts
are located ovar south coastal Tamll Nadu and
this region can be called 25 'South coasial region”
This region coversan area of 13116 sg. km. There
are 22 rain gauges in the ragion and the averags
haight of the rain gauges is 66ma m s |

This reglon recaives a mean rainfall o7 175 4
mm, 200 9 mm, 89 5 and 469 7mm with standard
deviation of 76 Smm, 85 Bmm, 76 2mm and 154 .5
mm in the month of October, November,
December and NEMS respectively. This region
recaives @ minimom rainfall of 33 0mm and a
maximum of 385 Tmm, a minimum of 2% 7mm and
a maximum of 493 4. a8 minimum af & 4mm and &
maximum of. 3757 mm in the month of Octabar,
Movember and December respectively, During
NEMS, it receives a minimum total rainfall of
157 8mm and  maximum tetal rainfall of 331.8
mm diring NEMS.

Comparing the mean rainfall in the moenth of
Ociober betwean the regiens, the Reglon 4, which
is lacated in northeas! pan of the siate. recelves
highver rainfall 6T 207 5 mm but with higher standard
daviation of 110mm while the regiend recaives low



m=an rainfall of 171 mm with low standard deviation
of B9mm. As far ag, the mean rainfall In the month
of November is concerned, the Region 1, which is
locaizd in the central coastal part of the state
recelves higher mean monthly rainfall of 207 5 mm
but with higher standard deviation of 143 mm while
the region3 receives low mean rainfall of 107 mm
with low standard deviation of 68mm  In December
also. the regioni recelves a higher mean maonthly
rainfall of 157mm with higher standard deviation of
131mm. The standard devialion of region 3 and
reglon 4 is mores than the mean monthly rainfall in
thie month of December | 2., the CV = more than
100%. The region1 receives higher mean NEMR
with higher standard devialion of 210mm

4.6 The iragmented regions

The districts  namely  Villupuram.
Thiruvannamalai Coimbatore, Karur
Tiruchirappalli, Ramanathapuram and Thenl are
unclassified districts as per strong alignment to any
of the five principal compenents found: Villbpuram,
which is lying betwsen the Reagion 4 and 1 and
Ramanathapuram which s locatad batween reglon
1 and 5. are coastal districts. The districts
Colmbataore and Thenl are located close ths
'Wastern Ghats' and the rest of the disfricts are
interior districts Each of the sub reglons sutiined In
the figure & comesponds to agraphical area where
a distinct setof a mechanisms act sither te=nhance
or suppress the rainfall activity. These mechanisms
are basically rzlaizd to the configuration and position
of rainfall ganerating matearalogical cenditions and
weather systems ar fo the Intaractions (bath
enhancing and suppressing) between ths
topography and the rain bearing alr flows

5. Conclusions

Taking the 79 districts as variables and the
dally district rainfall of 2852 days of NEM
season (1st October to 315t December) of the
period 1965-195% as observations/ceses, 5-
mode prln{'.ﬂpal companent analysls was dons
Varimax rotation is dans by taking five PCs and
it classifies 22 districts in to five groups.
Halance of 7 districts ara found with weak /
moderate relations to any of the PCs either by
Varimax rotation. Tamil Nadu is regionalised
based on strong relationship with 5 PCs: Sub-
region 1 comprises of districts Cuddalore
Ferambalur, Pudukottai, Thanjavur Thiruvarur
and Nagapattinam, The districts Madurai
Sivaganga, Virudhunagar and Dindugul make
Sub-region ll. The districts Dharmaapuri, Salem,
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Mamakkal Karur, Erodes  Nilgiris and
Coimbatore make Sub-region 1l and the districis
Chennal Kanchipuram, Vellore and Thiruvallur
form Sub-region V. The group of districts
Tirunelyali, Thoethukudi and Kanyakumar
make Sub-region V
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