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1. Introduction

Haintall 1= ene of the most important
phenomenona of monsoon season The ameuntof
rainfall fiuctuates in days, wasks, months and
segsons ovar a wide rangs The guastion hawever
remains. whether the variations are purzly random
of there remaing an identifiable pattem in variatians
A variatian is perhaps, the fluctuation about a long
term average value The variabillty may be on
several time scales, such as days. weeks and
menths or diverse spatial scales, such as stalion
district or state. The South Weast Maensoan (SWM),
organized spatially over laros scals, persistant In
time for sevaral months It would thus be usafulto
study the data on few optimum scales In the
present investigatlon the maonthly minfall dats of
West Benoal has been considarad. The preliminary
statistical Information is available. The

sutocorrelations and power spectral densitiss cfthe:

stations:are obiained (Chandra and Dhar, 1975;
Basu, 2001; Basu=tal. 2004 and Basak, 2014) It
is revealed that they are mostly white noise
processss except 3 few cazes Infact no temporal
paitem amerges in monthly rainfall at station level

Hewever, as the inter-station data are known 1o be
spatially corfelated, thete may be some kind of
trend that could be identified The present wark Is
coniacted with both spatial and temporal variation
by decomposing the large scale dala into principal
componants (FCs) in time and empirical erthogonal
functien (EOF) in spaca. Earller, few works in this
respectin All India leval are Bediand Bindra (1960),

Hastanrath and Rosen (1983), lyenger and Basak
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ABSTRACT

The Principzs| Componant Analysis (FCA) ls utilized in realizing the temporal variability of South
Manzoon (SWM) rainfall. The monthly rainfall data of Wesl Bengal spread over 21 stations for
period of 60 years have bean analyzed for inlra-seasonal and Inter-annual variability. The siudy
brings out statistically significant Inter-annual signals In the monthly and SWM rainfall
Conditional probabilities are prepsred for a few normezl/ below narmal transitionz. A sample
prediction exsrclze for July-August using such transitlon prabability has been found to be suctessful.

Heywnrds Seuth West Mornscon rainfall. Rainfall variability, Principal Components, Empiricsl
unchon - Ergenvalue, Spahal structurs, Predictadilily, Tranaition probability.

(1854} for nerth-2ast India Mahapatra etal (2001},
for Karnataka. lyenger (1951) far West Bengal,
Hazak (2014), The main emphasiz In thiz paper i=
to lecata spatial structure In the field and the
temporal pattemn detaciable In the daia In the
present study it is shown that PCs can be used (o
compars and if n=cessary, group the ‘'years' The
PLC of moenthly and seasonal data reveals
interesting information about intra-seasanal and
imzr-annual variability

2. Data

The analyzed datz in cument investigation are
the manthly rainfall data of 21 selectad stations
spread over West Bengal and extending aver 50
years from 1501 to 1960 The stations considerad
In Wesl Bengal are presented in Fig. 1 and
corresponding detalls are presented In Table 1.
While it would be rsasonable to consider moars
number of stations; there ars restrichons dus to
data-gaps and unequal length of time seres.
Moreaver, itis not clearwhether inclusion of more
number of stations would enhance or dilute the
signal that may be presant. Thus, 3 skeleton number
of stations are considered in the study The siate
of West Benagal i= of conslderable intarest, as two
meteurnluglc_al subdivisions _of Iindian
Matsorological Depaiment namely, Gangetic West
Bengal (GWE) and Sub-Himalayan West Bengal
(SHWE]) are in West Bengal The GWE raceivas
about 580% of SWM rainfall namely 2000 mm
Regarding monthly analysis. SHWB recelves
maximum rminfallin July, accounting for 463 of tolal



TABLE 1

Stations detail with tests of Gaussianness-and trend

Sl. No. Station Name -I;aliiuﬂla;"f_nngi'tu&é Sub-division  K.5 siatistics Mann-Kendall &
1 Jaipaiguri 26:53N,88.72E SHWB* 05182 0 0248
2 Allpurduar 26.47N,89 55E SHWB -1.7619 01729
3 Darjesiing 27 10N,88 30E SHWB -1.1400 4.1810°
3 Kalchin| 26 41N .89 25E SHWS -2.0728" 200260
5 Malda 2503N,88 13E SHWE 05182 0 0791
6 Kishangani 26.12N.67 93E SHWB 05182 0.0667
7 Mengne 26 90N 88 50E ‘SHWS 01038 00248
8 Mathabhanga 26.35N.89 27E SHWB 05182 0.1582
g Amta. 2258N,88 02E GBS 14510 00655
10 Arambag 22.88N.87 T8E GWB 04148 0.1612
11, Budge Budge 22 48N 89 18E GWB 05182 20,0124
12 Bongagn 2307N.88.82E GWSB 11400 g 0576
13 Burdwan 23.25N 87 85E GWB 0.103% -0.0927
14 Ghatshila 22 50N 86 50E GWS 003854 0.0226
15 Sagar Istand 21.65N:88.05E GWE 1.1460 0.1175
16. Kukraha] 2218N,88 12E Gwa 01038 -0 0889
17 Ranaghat 23.18N.8B 55E GWB 01936 1559
18 Uluberia 22 47N 89.12E GWB -1.4509 0.1175
19, Vishmupur 23 08N.87 32E GWB 20728 00333
20 Kharagpur 25:12N.86.55E GINB 0.7255 0.0508
21, Silda 63N 86 80E GWE 11400 0.0847

*Significant at 5% leve! *Sub-Himalayan West Bengal * Gangetic West Bengal
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Fig.1 Station Data Network of West Bengal

SWM period. It Is followsd by June. August and
Seplember With this in view, monthly PCA analysis
iz camed out for SWM period (June-Septamber) of
the statlons of West Bengal

3. Method of Analysis

The state wise data matrix of size 21x60 has
been used for analysis Firstly the statistical
praperiies such as mean, standard deviation,
skawness and kurtosis are evaluated for 2ach
station For Principal Componant Analysis (FCA)
the mean centered data time serlesis analyzad to
find the principal components (PC) as presented
IGnanadesikan 1977) '

Lat. R be theactual rainfall at statieni (i1, 2.,
M) in the year t (1=12, N, then, ths centerad
fata serjes ars
Y 5 P
n=R-m) m=(3)Bh R
The covatiance matrix | constructed as
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C, =(UNZE,
The arthonormal eigenvalues (4] | of the
symmetrical matrix are extracted such that the |

vector {4 ] comespongs to the " larpest elgenvalus
A of the covarianca matrix

The minfall anomaly at station iin yeartcan be
rapresented as onthogonal decompesition in terms
of principal componsnts In time and empirical
arthogonal function (EOF) inspace, namely

n= Lz po,
The principal companents are defined as
Pa= Ty

This transforms the original ime serles ¢, inte
tha new lime sefies B which also reﬂ&cis this
spatial vanation of the anglrral serizs 1he first few
principal component sefigs p_, usually account far
3 larga proportion of the spatial variation contained
in the data set It is found that p , can be usad to
extract the temparal variablity in the data while the
eigenvectors (¢ ) represent spatial patierns
undetlying the data

The percentage of variance explained by the
siganvaluss for 2ach of the months is presentad in
Table 2. It |s found that for all the months first 4
eigenvalues (] =1, .4) accounts for 27-34%, 15-
19%, 7-12% and 6-8% of total variance (Table 2)
The third and fourih sigenvalues contribute to anly
7-12% and 6-8% respectively. The first four

gigenvalues taken for all the months June-
Septembar contributa zbout 50-70% of total
variance.

4. Monthly Rainfall

Monthly tainfall patitems gresent an intaresting
feature as indicaled in Table 2 for the first and
sacond Engﬂ‘del..lE,_ respactively While the first
eigenvector (e.v.) dominates the spatial structurg;
itis observed thatis maximum in June, The feature
s followed by a gradual decrease from July to
Seplembear Also for the second slgenvalue, the
next dominant spatial siruciure increases from May
ta reach a peak in Juns This is followed by a
decrease in August

A battar view of how the rainfall field = getting
prganized is: provided by the eigenvectors (e.v]
shown in Fig 2(zk-(b) to Fig 5{a)-{b) Here first
two e.v.s are shown As the first ey, Is shvays
predominant, the month—to-month transition would
be of impartance It is sean that the whole siate is

=spatially comelated (excapt Jelpaigur, Alipurduar

and Kalchini in porthem parl) in June. This means
that abovaibelow normal fluctuation slong the
southern part which has the largest weight, would
indicate similar trends in other partofthe state The
pictura changes In July when the firsta v davelops
a spatial contrast dividing the state into 3 regions.
In the northern part of tha siaie, there are two
fegions (with pesitive and negative s.v.) and in

southern part. a reglon of pasitive ev. It may be

_ TABLE 2
Result of Monthly PCA of Stations: First Ten Eigen-values& Cumulative
percentage of variance explained

‘3lNo.  JONE JULY AUGUST SEFTEMBER
Elgan-val % var expl Elgen-val % var expl Elgen-val Ssvarespl Eigen-val % varexpl

1 71285 339500 83312 301485 51916 294340 57457 27 3748
2. 32237 49.090% 38987 4BT135 36580 469079 32662 429281
3 74307 60878 17398 5p.9984 16364 547005 20408 526452
4. 15353 681866 13682 615138 1.4067 613553 14042 593320
5 18270 730774 17516  B8%521 11603 665248 13168 &B5.5577
& 07453 TabB266 10528  74:5348 11172 722451 11288 709778
7. 08775 798528 09435 790230 09899 759550 (9402 754545
5. 05088 827519 07363 8235008 07925 807233 07313 79.0323
5 086038 855254 06267 854849 06213 536915 06368 820363
10. 05825 &7 7652 05726 882117 05681 863969 D.5773 8474E9
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interpreted wharzin abova/below rainfall In rzgloen
of pasitive 8 v would indicate below/avarage rainfall
in the region of negative e:v. The pattern intensifies
in August and contrast matures to grow to two
regions of eonirast. From the seuthem pari o the
fringe of the northem hill and from the portham hills
along with doors area, there are two regions of
contrast In Septembar, the pattarm of August gats
restored It clearly indicates growth maturity and
development of dominant pattern of rainfzall
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Fig 2a First elgenvector - June Variancs
explained =33.9500%.

Fig.3a First gigenvactor- July. Variance
explained =30 1485

Fig Z b Second sigenvector -June Variance Fin.3b Szcond eigenvector - July. Varianca
explainsd = 15 3508%. explained = 18 5651%
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Fig.da First eigenvector - August Variance
explained = 2% 48402

Fig 5a Flrst siganvector- Eg{ateml:l_er Variancs
explained =27 3748% o

Fig 4b Second eigenvector -August
Variance explaingd = 17.4239% ¢

Fia.5b Second sigenvactor -Seplember.
Variance explained =15 5534%
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An Interpretaiion of the 2™ e v would pracesd
in the simllar Ines. As this accounts for sbout 15-
18% ofthe vatiance il iz pefiaps the locai fealure
not related to atmospheric scales The 2™ =v in
June indicates g contrasi of four regions namaly
northem hills, mid-central part. south-central and
extrems sauth respectivaly In July it indicates a
whole stat2 in the same stale with centrasi davelops
on the West part This is intensified in August In
Septamber the contrast develops in Wwesti and east

paris gfthastate The 3" and 4" 2 v, paitarn which
are nol gresented here deplet furthar localscales
aver which tha rainfall is fluctuating about its long
term mean valus

The temporal variability of the rainfall is carried
over ta the PCs in descending arder ofimporiance.

‘Eachp, (1. 2 .. )Is a time series sampled annually

and would lead Lo Information an inter-annual
variabllity All the first 4 PCs of the 4 months have

TABLE 3

Frequency of sign sequences in PC1.PCA of monthly PCA (N=60 years)

sign
- +- —+ ==

Obs. Expt. Obs. Expt. Obs. Expt. Obs. Expt. Chi-sg. obs.
Month: JUNE |
PC1 10 87627 14 142373 14 142313 M 207627 0.0164
802 17 162881 14 147118 14 147118 14 132881 01381
PC3 15 13.2882 13 67241 13 147118 18 162881 07988
PC4 20 152543 10 147458 10 147488 19 142542 GINZT
Month: JULY
PC1 14 101694 11 148305 10 138305 24 201895 42206
PC2 16 157627 15 162372 14 142373 14 137627 00153
BC3 15 13.2851 13 147119 13 14719 18 162881 07988
PC4 13 152547 17 147458 17 147458 12 142542 13788
Month: AUGUST
BCH 13 110169 12 13989 13 149831 29 190189 11074
PC2 8 10 1695 16 13.8305 17 148305 18 201535 13539
PC3 12 147458 17 142542 18 152542 12 147458 20457
PC4 17 142542 12 147458 12, 147459 15 152542 20457
Maonth: SEPTEMBER
P 13 152542 17 147458 47 147458 12, 142542 13788
P2 12 101635 13 148305 12 138305 22 201694 (09538
PC3 17 147458 13 152642 12 142542 17 147457 13788
PC4 18 15.2542 11 147457 11 147457 18 142542 38071

=*Values significant at 5% level.
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been studied to test this existence of auto-
comretation for 2 maximum lag of & years: Only a
marginally significant auts-correlation such as
JunePC4 (lag2 lagd), JulPC2 (lagh), JulPC3 (lag2
and lagh), AugPL3 (lagb), SepPC3 & PC4 (lagl)
at 5% level are observed The auto-comelations
though somstimes significant would be of Iile
impartance in ferecasfing PCs

As a further tesl of annual asseciatien, the
numbser ef changes in the sign of the first 4
components, namsly (++ +-: -+ -] has bean
coliectied in 8 two-way confingency table Theze
are tested against the expected number of
ceeurrenca if the changes ware dus fo chance
{(Tanle 3) The PC series such as PC4 of June
BC1 of July and PC4A of Seplember are found
significant at 5% level Hence, yesario-year
assaclation i changesin slgn in the above monthly
PC serigs can be accepiad as sxhibiting a pattam
and cannot be dismiss=d as simply dus to chance
at 5% leveal

5. Monthly Transition

It has been verified and menfionad that statien
rainfall do== not show month-te-manth corralation
This does nol exclude the poessibliity of a correlation
axisting among pfincifaj component (PC) series
PC series are. in fact area rainfall serizs whare
weights of staligns are assigned in an optimal way
However the paossibiiity of whether the PCs
EEFIEE.EMmg the size of West Bengal can bring out
a feature is still apen_ If the monthly assodiations
arz present Inthe rainfall daiz itls sxpectedio reflect
into the concesrmed PCs. Here, ane: particular
indicator of this ralation, namely the transition in
sign Is examined If rainfall in 2 given month Is
nomial at all sampling stations, ail the correzponding
FCs would be ezsentially zera. As the first PC
dominates the spatial vatation, when it i zerp #is
expected the rainfall also to be near its own nemal

value Thus. the dependence if any in the signs

woutd indicats pattems in the inter-month variafion
of rainfall In Table 4{(a), the pbserved number of
sequencas of ++ +- -+, — are listzd for the fist
PC Foreachrow in Table 4(3), the persisiance or
change In the sign can be shown on 2 2 x 2
contingency table The significance of ths
essaciation is tested agamstthe number expected

it the sign changes ars purely by chance: For
example for June the first PCis+ve 16+ 15=
31 times. The corresponding number far July is 16
+ 16 = 32 Neow, if the PCs of June and July are
indegendent. the expecied number of occurrences
of the ++ szguence in 60 cbservations would be

158

(31x32)/60=16 .53 Thess frequencies are also
listed in Table 4fa) The null hypothesis H. is"thers
is no dependence:in the month-te-manth sign
changes The chi-squars («2 jtest is eppliad 1o test
this hypothesis (Rohatgl 1984) The obsarved x2
values listed in Table 4(a) are compared with the
tzbulated x2 value of 3 84, 3t one degree of freedom
and at 95% significance Whenavar the observed
valug excesds the tabulated value: tha null
hypothesis is rejected. Howaver, it is observad that
manthly transitions for the first PC do not exhibit 2
pattam and are purely due to chance.

Howsver It i obsarved thal for first PC I is
surprisingly sbserved that the transition from July
to August could beaccepted as exhibiting & pattemn
at 5% level and cannot e simply dismizsed as
being random, whareas the other monthly
transitions are puraly random

A similar analysls for the sign changes of the
27 PC Is also performed and Is presented in Table
(k) Az indicated in thetable allthetransitions ars
puraly randam at 5% leval

The 3" and 4" PC series. though are of
sacondary importance explaining about 11% and
7% ofvariance the persisience or s:hange in sign
are also tesled and ars prasented in Tables 4]
and &{d) respectively It is observed that far PC4,
fram June to July transitions exhibit a pattern of
sign sequence at 1{(% level of confidence  All the
other transitions may ks accepled as purely
randam

In Table 5 s&ll frequencies cksefved and ths

‘correzponding expected due to chance are

presented for the inter-month PC transitions.
namely, June-July, July-August and August-
September are presanted. |1 is interesting to note
that in case of June-July PC4-PC3 and in case of
August-September, PC1-PC2 is clearly identified
as nol due to chance at 10% level, wheteas the
othar transitions can be accepted as purely random
It iz-already noted that first four PCs may be
considerad for monthiy analysis, in the month June-
July, when SWM is in developing form and in
August-Szptember, whan 3WM is in fully matured
form, the significant transition provides an indicstion
af how the rainfall cauld be In the process of matured
form and would be an interesting phenomenaon.

6. South West Monsoon (SWM)
varijation

An analysis similar to monthlies has baen
carried out on the SWM rainfall aver 21 stations for



_ TABLE 4 (A}
Frequency of sign sequences in PC1 of monthly rainfall (N=50 years)

%ﬂ—} 4+ = -+ -
Month & Obs. Bxpt Obs. Expt. Obs. Expt. Obs. Expt.  Chi-sq.obs
Jun-Jul 8 185333 15 14 4567 16 154667 13 135333 00763
Jul-Aug 9 13.3333 23 18:6667 16 11.6867 12 163333 51735
Aug-Sep & 104167 17 145833 17 145833 16 204167 16477
*Values significant at 5% level
TABLE 4 (B)

Frequency of sign sequence in PC2 of monthly rainfail (N=6Q years)
5911—} — - -+ —
Month +  Obs. Expt Obs. Expt. Obs. Expt. Obs. Expt. Chi-sq.obs
Jun=Jul 5 103995 1% 13.6000 17 156000 19 203995 056543
Jul-Aug 10 112867 16 147333 16 147333 18 192667 04434
Aug-Sep 13 13.0000 13 130000 1T 170000 17 G000 0 QO0D

_ TABLE 4 (C)

Frequency of sign sequences in PC3 of monthly rainfall (N=50 years)
Sign = +* - - 2z
Month & Obs. Expt Obs. Expt. Obs. Expt Obs. Expt.  Chi-sg.obs
Jun-Jul 15 135333 14 154687 13 144557 18 165333 057608
Jul-Aug 15 140000 13 140000 15 16.0000 17 160000 02679
Aug-S=p 15 150000 15 150000 15 150000 15 15.0000 ©.0000

TABLE 4 (D)

Frequency of sign sequences in PC4 of monthly rainfall (N=60 years|
gﬁn._}' - = -+ A
Month . ObsEpt  ObsExpt Ghs. Bxpt. _ Obs. Expt  Chisgabs
Jun-Jdul 19 155800 12 155000 11 145060 18 145000 3.2703°
Jul-Aug 12 150000 18 150000 18 150000 12 1500002 4090
Aug-Sep 153 155000 15 145000 e 155000 14 14.5000 0.0667

"Walues significant 21 10% level

tha perled 1300-1989 The first five components
explain about 70% of total varlance as inspeciedin
the analysis (Basak, 2014) The spatial arganization
sffirsttwo sigenvectors (e.v ) for SWM is presentad
in Figures 6 and 7 respectively. Inspection of the
Fig. b for the first 2 v. indicates a North-South
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contrast having nsgative leadings bensath the
Malda station. namely Sangeatic West Bengal
(GWB) and escentially positive loading north of it,
namely Sub-Himalayan West Bangal (SHWB) As
an Intsrpreiation it may be thought of shovalbelow
normal ralnfzll in the Southern stations throughout



TABLE 5

Frequency of sign sequences for inter-month transition of Principal Components
(N=6{ years}

Sign

Obs. Expt.  Obs. Expt.  Obs. Expt.  OGbs. Expt Chisq. obs,

JUNE-JULY
PC1-PC2 12 12.8000 12 111888 20 19.2000 16 167999 0.1786
PC2-PC1 15 134333 16 17.8667 11 128667 18 154333 0.6671
PC2:PC3 16 14 4667 15 165333 12 135333 17 154667 0.6305
PC3-2C2 13 154667 16 135333 19 165333 12 144667 16315
PC3-PC4 13 145000 16 145000 17 155000 14 155000 0.5007
PC4-FC3 11 14 4667 20 165333 17 135333 12 154667 32296
JULY-AUG

PC1-BCZ 12 10.8333 14 151867 13 141667 21 188333 03801
PC2-E01 14 13:8667 18 181333 12 121333 16 158667 00048
PC2-BC3 14 16:0000 12 160000 16 146000 12 140000 10714
PC3-PC2 10 11.66567 18 163333 15 133333 17T 166666 0.7653
PC3-PC4 16 14.0000 12 140000 14 160000 18 160000 10714
PC4-PC3 16 15.0000 14 150000 14 450000 18 150000 0.2867
AUG.SEP

PC1-BC2 g 10.8333 18 156667 17 148867 17 148333 22418
PC2:PC1 12 12,5000 13 125000 18 175000 17 17.5000 0.0688
PC2-PC3 13 125000 12 125000 17 175000 18 17.5000 0.0686
PC3-PC2 15 125000 15 175000 10 125000 20 17.5000 1.7143
PC3:PC4 17 155000 13 145000 14 155000 16 145000 0.6007
PC4-2C3 15 150000 15 150000 15 150000 15 150000 0.0000
"Values significant a1 10% level

PC2-PC3 13 125000 12 125000 17 175000 18 175000 00686
PC3-PC2 15 125000 15 175000 10 125000 20 175000 1.7143
PC3-PCA 17 155000 13 1458000 14 155000 16 145000 06007
PC4-PC3 15 150000 15 150000 15 150000 15 150000 00000

*Walues significantat 10% level.
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tha SWM 2sazon which has largest weight would
indicate a similar-trend in Northern stations and a
biglow/above normal In the Marth siatons.

For the 2+ a.v.. a dominant positive and
negative loading s observed in the southem region
{balow Malda station)-and also in Northam region
of thae state (Fig.7) Clearly, it indicates straight-
forward two regions among Morthern stations (with
positive and negative in loadings] indicating
varation of SWM among the Nerthem stations In
togather the e v s shows a highly correlated field
in case of SWM.

—=
-

“{E‘lﬁ

Fig 7 Station Network with Second Eigen-vecter
{SYVM )

7. Inter-annual variability

The SWM PCs are however, Important
bacauss thay indicate the prasence of annual
signal. A similar analysis for the sign sequence
changas as in Saclion & is performed for the SWM
principal components (PC) sefies p, (j=1, 2 .5
The 3™ BL saries shows pradominantly significant
transition in changss in =sign at 1% laval of
significarice; slso first PC series possess the
significant transition at 5% level All the other PC
series are clearily identified as purely random Thus
the first and 3% component of PCA of the SWM
ralnfall coniributing 23.90% and 10.53%
respectively of total variance represenis a patlam
with characteristic term as a year or 2 muitiple of it
As an axampie, the time series of the first PC shows
a prademinant peried of nearly 2 te 7 years meaning
that the same sign parsist far 2 to 7 years before a
changs in sign takes place (Fig €)

8. Grouping the year

When rainfall over a large area is considerad, it
iz desirable to arrive at an area rainfall value ez a
walghled avarage of the rainfall at the individual

stations, It may be mentlensd that first PC = &

dominant weightad average of the statian rainfall
and Is a good measure of area rainfall, Further. since
the second component is pradominantly second in
atder #C1 and PC2 on any time-scale are the two
mosi impartant characteristics of minfall In a
particular year for the whale netwerk of siations.
Thus, with PC1 and PC2 as cogrdinates the yearly
data may be represented on a diagram. Such a
reprazentation as in Fig. 9 produces a meaningful
way of comparing the years for the SWM rainfall
When each station recelves exactly its own normal
rainfall, all principal componanis s Zero. Such a
year coincides with the origin In Fig. 9 The neaily
normal years fall around the origin. Years with
excessive rainfall that is flood years such as 1917,
1922 =tc. have large positive PCY and PCZ valuss
are placed far away from arigin in the first quadrant
Alsg, years with deficit rainfall years (draughts),
namely 1918, 1920 1941 sic possess negative

‘PC1, PC2 values and are placed on the fourth

guadrant Neamess of two or more years on this
diagram Indicates almost similar atmospheric
conditions. Such informalion may help In
manipulating the behavior ¢f rainfzll
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9. Predictability of SWM rainfall

The gquestion next ta variability is perhaps
predictability f the variability, which is a deviation
of rainfall about its leng-term avarage value, iz not
purely random it is expecied to possess a temporal
relationship to be detectable; the most probable
relationship Is a linear one. Bul in the present
context it has been pointed out that monthly rainfall
anaomalies exhibit ne or margmmally significant

autocomelations. Thus, linear refationships fortima-.

wisa avolution usually do not hold with suitable
statistical test Allematively as nen-linear relation
is complicated, the kind of statistical tast o detact
the relationship is cumbersome and difficult 1o
interpret Moreover, the kind of statistical
meathodology to deiect nonlinsar relations Is not
obvious: Principal companent analysis (PCA) may
be utilizad in this connection. As PCs ars found to
possess statistically significant trends in seme
cases, it may be appropriate to first predict the PCs

and then estimate the rainfall in lermz of past data.

‘Flrst and 3™ PCs of the SWM rainfall show

significant annual transitions and it is plausible 1o
ask the probability of the naxt year PC being above/
below average {+ or —), if in the prasent year it is
abovelbeiow average (+ or —) The two-state
transition prabability matrix far first and third PC &5
found fo ba-

ﬂ' 6“53 0.38460

- A
Bl 0.75
+_[025 075
7] [u 6470 03529

Now, it iz 2asy to ses thal the first PC stands
for annual persistence mode-and third PC stands
for annual osclliatary mod. For West Eﬂngal asa
whole with the present data, the oscillation in the
2+ PC Iz attributable te chance and thus prediction
through a fransition may not be justified

TABLE b
Comelation of station with the first PC for South West Mensoon
(SWM)

S1.Ne. Correlation Stn. Average (July) (mm)
1 05872 26685017
2 0.6843 23712548
3 0.Thah 23111583
4 06324 30306015
5 @.5581 1100 1395
& 05014 17480213
7 05191 2545 4435
8 8571 2365.8715
) 0.1062 1234 6466
10 06290 10252199
" 0002 12733282
12 0 4847 11457432
13 0.2338 1089.3658
14 -0 4510 11255633
15 95345 1335:6848
16 02317 1251 1495
17 -0 505%8 9144081
18 0.1657 11978098
19 9.4117 10735714
20 -0 3884 1102.0283
21 02877 1054 1980
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The first PC in the SWM datz Is the major PC
component contributing 1o about 25% of vatiance
through PCA: Il may be accepted as area rainfall
as the weighis area cplimaily assignsd The
tranaition probablity ef first PC thatis, as obtained
from the annual association of signs Alsg, it is
noticad thatthe most of the stations are f2irly nighly
correlated (excep! a few) with the first PC of SWM
rainfall (Table &3, The strong correlation betweaen
first PC and SWM rainfall leads 19 the inference
that whean significant can be tdken as the
considerable part of SWM rainfall Then_ for
example. for SWM rainfall, the above averags
rainfall will be followed by an above average rainfall
with &£3% probability. Thes. a2 kind of prediction
exercise is fruitful for those siation SWM rainfalls
which are fairly highly cormelation with SWM

A prediction exercise I8 undertaken for the
SWM rainfall of the 21 stations wherain the SWM
rainfall of the years 1961-1%65 which are nol
included in the PCA has been considared The

number of couniz of above/below SWM rainfall (1 e
++ 4. =+ -} are counied and percentage of
success is evaluated with respect to transition
matrix it i= ohsarvad that the percentaga of 4+,
+-, ¢ — transitions closaly match with the fransition
matrix, for example, for ++, 0 55from 1961-85 data
against 0 83 from analysis and for — 083 from
1961-85 data agalnst 0. 75 from analysis (transition
matrix)

10. Predictability of monthly rainfall

In earlier section it has been pointad out that
regarding SWM the significant first PC has brought
forward some exisience of predll:tahillty far SWM
rainfall

Howsavar, it has been obsarved that in Tabls
4(a) that fransitien of first FC from July to August is
not random and exhibit 3 pattam The concemed
transition prababiiity for the fist PC is

28 072

A=
(P17 i.'l_E? 0.43

TABLE7
SWM rainfall of stations asbove/below average with percentage of transition

e e W

+ Above Average; - Eulmw Auﬂmge No. of ﬁfgns

Years
Station Name Aver. SWM 18381 1882 1983 1984 1985 T
(mm)
Jalpaigari 2552 75 = . + + . 1 111
Darizsling 2311.16 + . + + - 1210
Kalchini 3030 60 + ¥: - + + 21110
Malda 110014 - - - + - 16012
Mongpo 2545 44 + = = + + 1111
Mathabhanga 2369 87 # + - - + L A |
Amta 1234 b5 - - + = - 1111
Arambag 1025 22 + - - - - 010 3
Budge Budge 127333 - - - - - 000 4
Burdwan 10889 .37 - - - - - 000 4
Ghatshila 112956 - - - < - 0112
Sagar Isiand 1335 68 + = + = - 0211
Kukrahati 1251.15 - - + - - 0112
Ranaghal 414 41 - ¥: - + I 1'2 0
Kharagpur 119203 + + = - 1210
Silda 1054 24 * - - - - 1 1.0 3
Percent of transition 554537 63
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This. repmsents an oscillstory mode. The abave
avsrage rainfall in July s expected to be following

by a below average with 72% probability. This

skawness of the transition is very moch intarasiing
jeature that comes out systematically in preseni
analysis It has been verified that in case of monthiy
analysis. majority of the stations are highly
correlated with the first PC of July and August
(Tables Ba and 8b raspactivaly)

This implies that a kind of pradictability fer first
PC for July and August would be valld for station
rainfall InTable @ for all the siations, the transifions
of July to August are presanted It Bas been found
that transition from July to August when thie SWM
is in maturad form, maiches fairly well with the
transition probability. It Is observed that the
perceniage af ++ +- -+ —transitions closely match
with the transition matrix, for example, for—' 0 53
fram 1961-85 data against 047 from analysis
itransition matrix)

11. Discussion

The appreach in commen in understanding the
time serigs siudies of both monthly and SWM
rainfall Iz that of autocarrelation and powerspecirum
analysis_Howevar the main difficulty arises in the
analysis is the fact that the sarizs ars mostly pursly
random. Mareover, therainiall stations being widely
spread and hemg corrslated: amang themsslves.
siraight forward time series analysis is cemplicated
and cumbersome The analysis of individual the time
series of station would also neglect the spatial
structure that are Inadvertently prazent in 8 largs
area like state. To ovarcome the ensuing difficulty.
one needs non-inear technigues such as bi-
spectrum analysls (Hartmann and Michelsan.
1589) This definitely asks for a demarcation of area
of station rainfall as parformed by lyenger and
Basak (1994) for Al India and lyengar (1891) for
Kamataka PCA provides some sont of solution for
the difficulty A largs number of stations spreading

TABLE B A
Correlation of stations with the first PC for July

S1.No. Correlation Stn. Average (July) {mm)
1 0:5872 26685017
2 1 5843 23712549
1 4937 7872166
2 -0:5898 886.2615
3 0. 1542 761 1501
4 -0.3760 9144133
5 -0.1473 295 5099
6 05573 540 7315
7 0886 815 5567
8 15230 589 4133
g 07586 342 4866
10 0. 7401 3164349
11 0 7487 352 0000
12 0.4313 318 8933
13 0 5951 330-3250
14 05777 340 1783
15 0.3786 382 4116
16 (06083 364 2517
17 0 5458 240 5766
18 08153 352 6349
19 0 5448 3127799
20 02718 314 1499
21 0.5414 294 7767
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over long area ks handlad simullansously a3z well
as the number of components for studying
variabliity becontes comparatively less than the total
number of stations:

PCA can be consider=d 1o be a generallzed
Feurier decomposition of a random fisld In this
iechnique. a large number of station date may be
handled simultaneously 16 account for spatial
variabllity but undoubtedly the numbzas of
compenents Lo be studied will be kess Lhan the total
number of statiens. In the present study, FCA
technigue is ussd to understand SWM rainfall
variability. The station data which are neither
uncorrelatad nor parfactly correfated geats
ransiormed into PCA and sdradd the iemporal
varlable charactenstic for complete network of
siations:

The advantage of this & apparent when we
obseérva thal for West Bengal rainfall for SWM
period, the first e v. explains less than 50% of
spatial variance but the first PC and area rainfall
are highly corretated (= 0.8 as observad) and the

first= v. demarcates hwo séparate zones, ramely
north #ad south zone (Fig ) Similarly. the 2" and
other significant PCs are connecied o the area
rainfall in regions where In the corresponding e v
has the same sign. The temporal signals that may
be present over large spatial regions would be

«carried over inlo the first faw PC ime series after

automatically efiminating neises retaining in othae

‘PCs. called spatial noise:

Heagarding SWM rainfall predictabiiity, whanever
the PCs show any kind of refationship in auto-
camrelation or Power Spectral that are significant
can he predicted as it is commenly dane in time
zernes analysis Howsver, s pradiction exsrcise
with the help of transition probability (above/below
nomal) of PC1 results in a fairly good pradiction of
SWM rainfall (Takie 7)

Mareover, far the prediciabllity of monthly
rainfall, 3 prediction exardse based on PC1 July-
August iransition resulted In reasanable prediction
of July-August manthly rainfall (Table 9)

TABLEG B

Correlation of stations with the first PC for August

SLNo. ‘Correlation Stn. Average (July) (mm)
1 07653 6559783
2 (7326 6533233
3 0.5475 598 1383
4 03309 7398448
5 6.0174 2814116
6 0.4537 444 0948
7 (6216 §34 7050
8 07221 50858983
E £:5420 345 6900
10 -0.5951 299 65162
1 {15522 3525399
12 0 4722 3233200
13 03715 30356833
14 04951 337 1656
15 {5738 380.4882
18 45201 3403883
17 {02572 254 D050
8 4 5300 3439783
15 04024 3306932
20 -0.1304 164 3908
21 00346 316.2817
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TABLE 3§
JulylAugust rainfalls of Statlons above/below average with pereentage of transition

+Above Average: - Below Average J=July: A=August

Years
Station Name  Aver. SWM 1981 1982 1983 1984 1985 =+ + +_
LA i3 Iiz A NA WA

(mm).

Jalpaidgiir 787 12/ o — 4 . 4 2111
655 98

Darizsling TBY .18 ++ -+ -t ++ -+ 2030
558.14

Kalchini Y4 .41 “+ ++ ++ = ++ 31180
73984

Malda 28551 -4 +- +- = +- 0311
281.41

Klshangan| 40 7y - -+ 0011
44409

Mongpo 819 54/ - -+ - ++ % 3020
' 534 71

Mathabhanga 629 41/ =+ -5 1910
506.9¢

Amita 342 39 o +- s -4 8 20 2
349 69

Arambag 31643 - -- - +- — 0122
289962

Budgs Budge 362.00/ -+ - - - - 0122
' 352 54

Burdwan 33032 — - - ++ = 1 4.0 3
30368

Ghatshila 340.18¢ = = - 0 10 2
3[7AT

Sagar lzland 382 41/ -+ -- ~+ +- -+ 0131
38049

Kukrahatl 36429/ -+ — = 4= =% 01 13
340.40

Ranaghat 240 53/ - -+ - -t -+ 0032
25400

Vishnupur 31278 - - 000 2
33065

¥haragpur 3YE -4 -+ -4 ++ -+ 1040
164 89

Sida 294 24/ -- -+ +- - - D 21 2
316 28

Percent of transition 48 57 47 53
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12. Summary and Conclusions

PCA are sometimes used in metzorological
data analysis producing a decomposition of the
data field inlo spatial sigenvaciors (2 vs) and &
temparal lime series Whilst e.v. pattamn I2 tsed In
meteorologicsl fisld, the usefulness of the PC time
series has recaived limited attention in the slate-
wiza analysis. =specially in Wast Emgai for rainfall
varabllty. The present investigation’is motivated
by the passibility that f=w PCs may contain valuable
information reqarding the maturity. genssis and
variability of rainfall duting SWM paried The monthly
rainfall data of Wesi Bengal spread over 21 stations
fora peniod of 60 years show that PCA Is a valuable
tool in grooving insight into temporal pattemns
thraugh transition probabiliies of the first and 37
PCs Forthe state. the rainfall varations in Juna.
July. -August and Septembsr are related in
sequance Transitions of fiuctuations except from
July to August are dusto chance Forthe stats as
a whale for the SWM geriod the first and 3~ PC
exhibit significant iner-annual transition whereas
the 2=PC shows 'no significant trend

A prediction axercise for pradicting the July-
August in the 5 years: in 1961-65 through an
esiimated transition probabijlity has beaen
surprisingly successful Howsver, further datalled
analysis is required to quantify predictability of the
BCs as forecast able signals of impending rainfall
variations
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