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ABSTRACT. The principal component analysis (PCA) is applied to understand the spatial and temporal variability
of monsoonal rainfall in the state Assam in India. The Southwest Monsoon (SWM) rainfall data over 12 widely spread
stations located over the state has been analyzed for a period of 60 years for understanding variability. A statistically
significant trend and a above/below transition signal has been observed for a few stations and the corresponding principal
components (PCs). Coherent regions of Northern and Southern Assam have been identified through PCA to bring out the
possible significant signals. It is observed that some of PCs for state-wise and coherent regions have positive or negative

trend and significant above/below transition.
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1. Introduction

Southwest Monsoon (SWM) rainfall is an important
phenomenon connected with the weather and agriculture
of the state of Assam. The amount of rainfall in different
stations of the state over considerable range fluctuates.
Variability may be understood on different time scales
such as day, month and season and on diverse spatial
scales namely, station, district, state and country. As
SWM is an organized spatial phenomenon on a large scale
and is existent over a months’ time, it may be useful to
study the data in some optimally chosen scale. The state of
Assam and SWM is chosen for the study. A very few
investigations in the state based on statistical analysis on
daily, monthly and seasonal data has been undertaken by
investigators. A few literatures are available for other
states (Basu et al., 2004; Chanda and Dhar, 1975; Basu,
2001). The paper discusses randomness of the SWM time
series. However, as the inter-station data are spatially
correlated, there may be some kind of trend that could be
identified. The present work is connected with the

decomposition the series into spatial and temporal
variations by the principal components in time and
empirical orthogonal functions (EOFs) in space. A few
works in this respect in the All India level are by Bedi and
Bindra (1980); Hastenrath and Rosen (1983); lyenger and
Basak (1994), for West Bengal Basak (2014), for
Karnataka lyenger (1991) and for North East India
Mahapatra et al. (2011). The emphasis in the paper is to
choose the spatial structure in the field and temporal
pattern detectable in the data.

2. Data

In the present study, the data analyzed are Southwest
Monsoon (SWM) rainfall (June-September) over 12
stations of Assam for the period of 60 years (1900-1960).
The state of Assam along with the stations considered is
presented in Fig. 1. It is, however, understandable to
include more stations along with longer period of time.
But, there are some limitations due to data gaps and
unequal length of data of station time series. However,
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Fig. 1. Station data network of Assam

inclusion of more stations may or may not enhance the
desired signal. Meanwhile, an optimum number stations
and length of time has been considered. The rainfall in
Assam is of considerable interest. The state Assam
situated in the rainfall subdivision of India Meteorological
Department (IMD), namely, Assam and Meghalaya. Both
the plane lands and hilly areas are located in different
parts of the state. The SWM rainfall accounts for the bulk
of the rainfall over the state overall and accounts for about
70% of total annual rainfall.

3. Principal component analysis
If Ri be the actual SWM rainfall at station

i(i=1,2.,M)inthe year t (t =1, 2,.., N), then, the
anomaly data series are

1 N
e = (R -m); m, = (_)z R,
N
From the symmetric covariance matrix defined as
N
Cij =1/ N)zritrjt
t=1

the eigenvalues (A;) and the eigenvectors (¢;) are
extracted such that the j-th vector (¢;) corresponds to the
j-th largest eigenvalue A;of the covariance matrix.

The rainfall anomaly at station i in year t can be
represented as orthogonal decomposition in terms of
principal components in time and empirical orthogonal
function (EOF) in space, namely,

M
fi = Z P;?;
=

Fig. 2. Station network with first eigen-vector

and the rainfall series r; are transformed to principal
component series defined as

and reflects the spatial variation of the original
series. The first few principal components series pj
account for a large spatial variation contained in the data
set. These pj, series can be utilized to extract the temporal
variability in the data while the eigenvectors (¢;) represent
spatial patterns contained in the data.

Spatial organization of the rainfall field can be
viewed by the structure of eigenvectors or EOF pattern for
first principal component explaining 24.27% of the total
variance is presented in Fig. 2. It may be thought of
mainly as Northern (i) and Southern (ii) contrast having
negative loadings for Northern stations, namely Goalpara,
Nowgong, North Lakhimpur, Dibrugarh, Jorhat and
Sibsagar and also positive loading for Southern stations,
namely, Dhubri, Nalbari, Gwahati, Golaghat and
Halflong. Also, an isolated station in the Plateau of
Assam, namely Silchar (iii) is observed with negative
loading.

As an interpretation, it may be thought of
above/below normal rainfall with the largest weight in the
Northern stations and Silchar would indicate a trend of
below/above normal in the Southern stations. This EOF
pattern may be considered as the dominant pattern of
summer precipitation with distinct phase of monsoon. The
pattern behavior perhaps results from the North/South
oscillation of monsoon trough. In fact, the Northern and
Southern stations of Assam do not experience similar
SWM rainfall exactly at the same period; it may
be an interpretation of that. No other specific quantitative
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conclusions can be drawn from the EOF patterns as
it is difficult to verify the significance of the sign
and values of the station weights given by the
eigenvectors.

EOF of second principal component indicate positive
loading for all the stations. Consequently, it infers that all
the stations of Assam posses’ similar pattern of rainfall.
However, as EOF of second principal component accounts
for only 13.66% of total variance, it is perhaps a local
feature not related to emergent large scale SWM rainfall.

The EOF’s of the third, fourth and fifth principal
components explain less variances and the concerned
importance are not presented. First five principal
components of the SWM precipitation data contribute
above 66% of the total variance. It is interesting to note
that not more than three components are required to
represent the SWM rainfall over the whole state.

4. Study of inter-annual variability of station
rainfall

The statistical properties of all the rainfall time series
rip i=1,2,..,M;t=1, 2, ..., N) have been examined for
their statistical properties.

For the purpose of studying the Gaussianness of the
series, the Kolmogorov-Smirnov (K-S) test (Hays
& Winkler, 1970) is applied. All the 12 station
rainfall series have been studied for the existence of
Gaussianness (Table 1). Except for the station
Halflong (No. 6) and North Lakhimpur (No. 9) which are
marginally significant, all the SWM time series may be
considered as Gaussian at 5% significant level.

For further analysis, each of the 12 rainfall series is
assumed to be ergodic. Thus, presence of any trend is to
be detected in the data series r;; from the data. The Mann-
Kendal rank statistic test (WMO 1966b) is applied to test
the existence of linear or non-linear trend, if any
(Table 1). The rainfall series of Dhubri (No. 1), Dibrugarh
(No. 2) and Silchar (No. 12) exhibit a negative trend at 1%
level whereas Goalpara (No. 4), Jorhat (No. 7) and
Sibsagar (No. 11) exhibit a negative trend at 5% level.
The time series of North Lakhimpur, Dhubri and
Dibrugarh are presented in Figs. 3-5.

As a further test of annual association, all the rainfall
seriesri (i=1,2,..,M;t=1,2, ..., N) have been studied
to test the presence of auto-correlation for a maximum lag
of 3 years (Table 2). Inspection of the table reveals that
the auto-correlation at lag 1 and at lag 2 is significant at
5% level for North Lakhimpur (No. 9) and Nowgong
(No. 10); it is significant at lag 1 at 5% level for Silchar

(No. 12) and finally, at lag 3 at 5% level for Gauhati (No.
3). However, the auto-correlations when significant are
too small and marginal to be of any help in forecasting the
rainfall. The time series of North Lakhimpur (No. 9) and
Nowgong (No. 10) do not posses significant trend but
possessing significant auto-correlation. Those stations
may be attempted for possible prediction exercise.

Another aspect of the rainfall series is the presence
of periodicity. The Power Spectral Density (PSD) function
using Hamming Window (Blackman and Tukey, 1958) is
utilized to test the existence of periodicity. The test
indicates reveals that all the data series as white at
5% level. It may, however, be noted that no prominent
temporal pattern emerges at the station level.

5. Further study of inter-annual variability of
station rainfall

It has been studied that station rainfall mostly does
not show any significant year-to-year variability as
evidenced by auto-correlation and PSD function.
However, the possibility of a year-to-year association
existing in SWM rainfall series still persists. A particular
pattern predominant in the rainfall anomaly (fluctuation
about long term mean), namely the transition in sign of the
anomaly is studied (lyenger, 1991).

With respect to long term mean, the rainfall anomaly
such as ++ (+ve and +ve anomaly in two consecutive
years) etc. are presented in two way contingency table
(Table 3). The significance of the association is tested
against the expected number, as if the change in sign in
anomaly is purely due to chance. The tabulated chi-square
at 1 degree of freedom at 5% level (3.84) is utilized for
acceptance or rejection of Null hypothesis: ‘there is no
dependence in the year-to-year sign changes’.
The results of Table 3 clearly indicate that for the
stations Nowgong (No. 10), the year-to-year change in
rainfall anomaly clearly exhibit a pattern, which is not
purely due to chance. The time series of the SWM
rainfall of Nowgong (Fig. 6) exhibit a predominant
period of 5 to 8 years before a change in anomaly pattern
takes place.

It is very interestingly observed that the station
Nowgong (No. 10) which does not exhibit significant
trend (Table 1) and significant autocorrelation (Table 2) at
5% level indicates significant anomaly pattern.

6. Study of inter-annual variability of principal
components

It may be noted that the principal components (PCs)
in descending order of magnitude carries out the temporal
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Stations detail with tests of Gaussianness and trend

S. No. Station Name Lat./Long. Zone K-S Statistic Mann-Kendall T
1. Dhubri 26.02° N, 89.98° E S -0.2073 - 0.3118***
2. Dibrugarh 27.47° N, 94.92° E N 0.4146 - 0.2576***
3. Gauhati 26.18° N, 91.75° E S -1.2073 0.0078
4. Goalpara 26.18° N, 90.63° E N 1.0364 -0.2226**
5.  Golaghat 26.52° N, 93.98° E S -0.2073 -0.1017
6. Halflong 25.17° N, 93.02° E S -1.7619* -0.1751**
7. Jorhat 26.90° N, 94.20° E S -1.1400 -0.2282**
8. Nalbari 26.45° N, 91.43°E S -1.2020 -0.1012
9. North Lakhimpur 27.23° N, 94.12° E N -1.7619* - 0.0452
10.  Nowgong 26.37° N, 92.70° E N 0.2073 -0.1175
11.  Sibsagar 26.98° N, 94.63° E S 1.3473 - 0.0926
12.  Silchar 24.75° N, 92.08° E | -0.5182 -0.2994***

* Significant at 10% level, ** Significant at 5% level, *** Significant at 1% level, N = Northern, S = Southern, | = Isolated

TABLE 2
Stations detail with auto-correlation up to lag 3
Auto-correlation
S. No. Station Name Zone
Lag 1 lag 2 lag 3
1. Dhubri S 0.2500 0.2349 0.1783
2. Dibrugarh N 0.1259 0.1752 0.1952
3. Gauhati S 0.1517 0.1283 0.3217**
4. Goalpara N 0.0807 0.1614 0.0127
5.  Golaghat S 0.1671 0.1267 0.0022
6. Halflong S 0.0696 -0.2720 0.2696
7. Jorhat S 0.3321 -0.0855 -0.0331
8. Nalbari S 0.1985 0.1715 0.1294
9.  North Lakhimpur N 0.4600** 0.4563** 0.2723
10. Nowgong N 0.4367** 0.3007** 0.1382
11.  Sibsagar N -0.0841 0.0143 0.0975
12.  Silchar | 0.2609** 0.2123 0.2441
**Significant at 5% level, N = Northern, S = Southern, | = Isolated

variability of the rainfall at the station level. Each
dominant p;; (j = 1, 2,..., 5) is, however, a time series
sampled annually and carry out the information on inter-
annual variability and carry out the information on inter-
annual variability.

An analysis similar to the SWM rainfall series has
been carried out on the principal components series
pi(G=1,2,..,5) in question. All the other p; series are

found to be Gaussian as per the results of the K-S test
(Table 4). Also, the Mann-Kendall rank statistics test
indicates that PC1 possess significant trend at 1% level
and so does PC3 at 5% level (Table 4). The PC series
pit =1, 2,..., 5) have been studied to test the presence of
auto-correlation for a maximum lag of 3 years. PC2 is
significant at lag 1, lag 2 and lag 3 at 5% level, whilst PC1
is significant at lag 1 and lag 3 at 5% level; also, PC4
and PC5 are significant at 5% level at lag 2; though PC4
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TABLE3

Frequency of sign sequences in SWM rainfall of 12 stations (N = 60 years)

Station name Sign ++ Sign +- Sign -+ Sign - Chi-sg. obs.
Obs. Expt. Obs. Expt. Obs. Expt. Obs. Expt.
Dhubri 16 13.76 12 14.23 13 15.23 18 15.76 1.3590
Dibrugar 17 15.25 13 14.74 13 14.74 16 14.25 0.8265
Gauhati 16 15.25 14 14.74 14 14.74 15 14.25 0.1517
Goalpara 16 15.25 14 14.74 14 14.74 15 14.25 0.1517
Golaghat 18 16.81 14 15.19 13 14.19 14 12.81 0.3878
Halflong 12 10.59 13 14.41 13 14.41 21 19.59 0.5651
Jorhat 18 15.76 12 14.24 13 15.24 16 13.76 1.3646
Nalbari 13 11.90 14 15.10 13 14.10 19 17.90 0.3352
North Lakhimpur 14 10.59 11 14.41 11 14.41 23 19.59 0.5651
Nowgong 15 11.90 11 14.10 12 15.10 21 17.90 2.6624**
Sibsagar 11 10.59 14 14.41 14 14.41 20 19.59 0.0478
Silchar 16 14.25 13 4,75 13 14.74 17 15.25 0.8287
**Significant at 5% level
TABLE 4

Principal components detail with tests of Gaussianness, trend and auto-correlation

Auto-correlation

S.No. Station name K-S statistics Mann-Kendall T

Lag 1 Lag 2 Lag 3
1. PC1 -0.8291 - 0.4102*** 0.4122** 0.2295 0.3716**
2. PC2 1.3473 0.0531 0.4262** 0.4905** 0.4004**
3. PC3 -0.2073 0.1684** 0.1351 0.0510 0.2250
4. PC4 1.3473 0.0667 0.0915 0.3107** 0.0423
5. PC5 1.0364 0.0486 -0.0378 0.2691** -0.3432
6. PC6 -0.2073 0.1333 0.0911 -0.1125 -0.1034

***Significant at 1% level, **Significant at 5% level

TABLE 5

Frequency of sign sequences in principal components of SWM rainfall of 12 stations (N = 60 years)

Station name Sign ++ Sign + Sign -+ Sign - Chi-sg. obs
Obs. Expt. Obs. Expt. Obs. Expt. Obs. Expt.
PC1 18 13.29 10 14.71 10 14.71 21 16.29 6.0520**
PC2 22 15.25 9 14.74 9 14.74 19 14.25 8.8934**
PC3 17 15.25 15 14.74 15 14.74 12 14.25 0.0349
PC4 20 15.25 14 14.74 15 14.74 10 14.25 0.0083
PC5 12 16.81 17 15.19 17 14.19 13 12.81 1.3788
PC6 15 10.59 17 14.41 11 14.41 16 19.59 0.5651

**Significant at 5% level
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and PC5 contribute merely 9.45% and 8.07% of total
variance respectively. Time series of PC1 and PC2 which
are possible candidates for a prediction exercise. None of
the PSD functions are found significant at 5% level
indicating absence of periodicity in the PC series.

7. Further study of inter-annual variability of
principal component series

The PC time series pjy (j =1, 2,..., 5) are optimally
area-weighted SWM rainfall series, although the question
remains whether the PCs representing the size of the state
Assam would bring out the feature of year-to-year
anomaly.

A similar analysis for the sign sequence changes
as in Section 5 is performed for the PC series
pit G = 1, 2,..., 5). It is surprisingly observed that both
main PCs, namely PC1l and PC2 possess significant
transition at 1% level. All the other PC series are clearly
identified as purely due to chance. Thus, the first and
second components of PC analysis of the SWM rainfall of
Assam contributing 24.27% and 13.66% respectively of
total variance represents a pattern with characteristic term
as a year or a multiple of it. The time series of PC1 shows
a predominant period of nearly 4 to 10 years meaning that
the same sign persist for 4 to 10 years before a
change in sign takes place (Fig. 7). Similarly, PC2
shows a predominant period of nearly 5 to 8 years (Fig. 8).
It is interesting to note that PC1 and PC2 having
significant auto-correlations exhibit significant anomaly
pattern.

8.  Grouping the years

Whenever, we consider the area rainfall, it means the
weighted average of the individual station rainfall in the
optimal way. The first two dominant PCs, namely PC1
and PC2 on any time scale would indicate the main
feature of rainfall are the most important characteristic
rainfall for a particular year for the network of station.
Thus, with PC1 and PC2 when presented in a diagram
would bring the feature of a particular year. The normal
years are near origin and the drought/flood years are away
from origin. Years with excessive rainfall (flood), so
called flood years such as 1910, 1911, 1915, 1916, 1931,
1954 have large positive PC1 and PC2 values and away
from the origin (Fig. 9). Also, years with deficit rainfall
years (droughts), namely 1901, 1905, 1911, 1918, 1920,
1941, 1951 posses negative PC1, PC2 values are also
away from the origin in other direction. Those years are
presented in Fig. 9. Moreover, one can mark years with
prescribed percentage variations about the normal
rainfall on this figure. Nearness of two or more
years on this diagram indicates that for these

years atmospheric conditions are similar. Such
information could help in foreshadowing droughts and
floods.

9. Analysis in coherent zones

The study so far presented is considered all the
SWM data of state-wise 12 rainfall stations spread over
Assam. The stations are located in the regions of different
climatic conditions and/or topography and are certainly
not homogeneous. Consequently, the significant
variability patterns or signals that emerged for the state as
a whole state may not be valid for smaller regions.
Moreover, the signals which are too weak to be detected
in the state-wise network of stations may become stronger
if principal components are extracted for a smaller
coherent region. The EOF pattern of the first principal
component of network has been utilized for the emergence
of three coherent zones (Fig. 2). Keeping this in view, the
stations situated in the northern region in the state
indicating negative EOF loading is considered as Northern
stations. These five stations are: Golagaht, Nowgong,
North Lakhimpur, Dibrugarh and Sibsagar. The stations
are at the foothills of Himalaya and perhaps, the
orography plays the role for the Northern stations. Also,
the set of other 6 stations situated southern part of the state
is viewed as Southern stations. The stations are Dhubri,
Gauhati, Goalpara, Halflong, Jorhat and Nalbari. The
stations are all at the plane lands of Assam with
apparently similar properties. An isolated station Silchar is
situated at the Southern fringe of the state. The principal
component analysis (PCA) for the set of Northern stations
and Southern stations (excluding isolated station) have
been carried out separately for the period 1901-1960 as
explained in the earlier sections. The statistical properties
are extracted for the concerned PCs for the Northern
stations and Southern stations separately. For Northern
stations, all the PCs are Gaussian with PC1 having
negative trend at 1% level. PC1 and PC2 (explaining
about 24% and 15% of total variance respectively) possess
significant auto-correlations at lag 1, lag 2 and lag 3 (at
5% level) (Table 6). The time series of PC1 and PC2 of
Northern stations are presented in Figs. 10 and 11
respectively. However, for Southern stations, all the PCs
are Gaussian with PC1 having negative trend at 1% level.
PC1 and PC2 possess significant auto-correlations at lag
1, lag 2 and lag 3 (at 5% level) whilst PC3 possess
significant auto-correlations at lagl and lag2 at 5% level.
The characters of the time series of Southern stations are
presented in Figs. 12 and 13 respectively.

The procedure for extracting sign sequence of year-
to-year anomaly pattern is applied for the PC series for the
set of Northern stations and Southern stations separately.
Inspection of the results reveals that for Northern
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TABLE6

Principal components detail with tests of Gaussianness, trend and auto-correlation for Northern stations

Auto-correlation

S. No. Station Name K-S statistics Mann-Kendall T
Lag 1 Lag 2 Lag 3
1. PC1 0.2073 -0.3458*** 0.5145** 0.3450** 0.2964**
2. PC2 -0.8291 -0.0859 0.4100** 0.4453** 0.3762**
3. PC3 0.4145 - 0.0903 0.3997** 0.2821** 0.1194
4. pPC4 0.1703 -0.1244 0.1244 0.1107 -0.0356
***Significant at 1% level, **Significant at 5% level
TABLE 7
Frequency of sign sequences in principal components of Northern stations (N = 60 years)
Station Name Sign ++ Sign +- Sign -+ Sign - Chi-sg. obs.
Obs Expt Obs Expt Obs Expt Obs Expt
PC1 26 20.19 9 14.83 8 13.83 16 10.83 7.9273***
PC2 16 10.59 9 14.41 9 13.83 25 19.51 8.0265***
PC3 12 9.76 12 14.24 12 14.24 23 20.76 1.4605
PC4 11 10.59 14 14.41 14 14.41 20 1959 0.0478
PC5 15 12.81 13 15.19 12 14.19 19 16.81 1.3134
***Significant at 1% level
TABLE 8

Principal Components detail with tests of Gaussianness, trend and auto-correlation for Southern stations

Auto-correlation

S. No. Station Name K-S statistics Mann-Kendall T
Lag 1 Lag 2 Lag 3
1 PC1 -0.2073 -0.2813*** 0.4919** 0.3112** 0.3211**
2 PC2 1.0364 -0.0282 0.4540** 0.4604** 0.3919**
3. PC3 1.0364 -0.0723 0.2501** 0.2004**  -0.0708
4 PC4 -0.2073 0.0011 0.1248 0.1621 -0.1180
5 PC5 1.0364 -0.1288 0.1362 0.2691** 0.0260
***Significant at 1% level, **Significant at 5% level
TABLE 9
Frequency of sign sequences in principal components of Southern stations (N = 60 years)
Station Name Sign ++ Sign +- Sign -+ Sign Chi-sg. obs.
Obs. Expt. Obs. Expt. Obs. Expt. Obs.  Expt.
PC1 20 16.81 12 15.19 11 14.19 16 12.81 2.7868*
PC2 21 13.76 7 14.24 8 15.24 23 15.76  14.2559***
PC3 15 11.46 11 14.54 11 15.54 22 18.46 3.4961**
PC4 12 12.35 15 14.64 15 14.64 17 17.35 0.0347
PC5 17 14.45 12 14.25 13 15.25 17 14.74 1.3769

***Significant at 1% level, ** Significant at 5% level, * Significant at 10% level
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stations PC1 and PC2 exhibits significant year-to-year
transition pattern at 1% level;, clearly showing that the
year-to-year patterns cannot be dismissed as simply due to
chance in those cases (Tables 7).

Inspection of the results also reveal that
for Southern stations, PC2 exhibits significant year-to-
year ftransition pattern at 1% level whilst PC1
and PC3 exhibits that year-to-year transition
pattern at 10% level and 5% level respectively,
Consequently the year-to-year patterns of PCs
cannot be dismissed as due to chance
(Tables 8 and 9).

10. Emergence or diffusion of sign sequences
of SWM rainfall and inter-annual
variability

The review of results indicates that all the 12 SWM
rainfall series, except a few (such as Nowgong and North
Lakhimpur) are white noise processes. The series is
mostly normal and having no trend except for a few cases
(such as Dhubri, Dibrugarh, Goalpara and Halflong). No
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Fig. 13. Time series of second principle component of Southern Assam

oscillations are observed in any of the series as
indicated by their respective PSD functions. But,
the examination of test of significant sign sequence
shows year-to-year rainfall anomaly pattern for
Nowgong. It is to be noted that the station Nowgong is
located at hilly areas of 5 Northern stations of Himalayan
Assam.

Both the dominant PCs, namely PC1 and PC2
explaining 24.27% and 13.66% of total variance
respectively show significant year-to-year transition in
sign sequence of anomaly pattern.

11. Discussion

A conventional approach for time series analysis
(SWM rainfall or PCA series) is extraction of auto-
correlation and power spectral density. However,
difficulty arises to analyze the time series through
classical spectral analysis as most of auto-correlations and
power spectral densities are insignificant at the station
level. However, as the rainfall stations are widely spread
and may be correlated among themselves, the
straightforward time series considering all the stations are
difficult and complicated in the vast topographic area like
a state. The analysis of the time series of the stations
would obviously neglect the inherent spatial structure that
is emergent in the state that play a vital role in emerging
or diffusing any signal. The SWM rainfall is large scale
organized phenomenon spread on a long length of time
(SWM) and so the area rainfall instead of station rainfall
are more preferable. This requires demarcation of the area
connected to station, as indicated by lyenger and Basak
(1991) and Basak (2014). PCA is a solution to the
difficulties. In lieu of handling with a large number of
station data, only a few significant PCs are to be
considered. PCA can be thought of as a generalized
Fourier decomposition of a random field. Although, the
identification of the periodicity is not directly possible, the
energy contained in different components is extracted as
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the eigenvalue and eigenvector of the covariance matrix.
In the present study, for the Assam rainfall stations PCA
has been demonstrated in understanding the SWM rainfall
variability. The station data which are neither perfectly
spatially correlated, nor exactly uncorrelated, gets
transformed into PCA but contain the entire temporal
characteristic for complete station network. The advantage
of this is very apparent when it is observed that for Assam
SWNM rainfall, the first PC explain less than 30% of spatial
variance; but a representative of all the stations and posses
all the characteristics. It is because all the stations are
highly correlated with PC1. Another advantage of the
analysis is the delineation of different zones of the state as
per its topography and geographical location such as
Northern stations and Southern station (also North-South
oscillation).

12.  Summery and conclusion

In the current study, the SWM rainfall spread over
12 stations of Assam for 60 years has been considered. It
may be mentioned that study of temporal variability of
rainfall (SWM or otherwise) did not receive much
attention in the past except a few, particularly for the state
of Assam. In the studies, the statistical tools namely, PCA,
regression analysis and others are utilized. The SWM
rainfall is a large scale spatially organized phenomenon
and leads to existence of variation at spatial and temporal
scales along with considerable spatial correlations among
the stations. A common approach for time series analysis
(SWM or PCA) is the study of auto-correlation and power
spectral analysis. In the state of Assam, at the station
level, the autocorrelations at different lags are mostly
insignificant or of very small magnitude when significant;
also, as the rainfall stations are widely spread and may be
correlated among themselves, the straight forward time
series analysis is complicated. However, efforts are made
to identify some kind of temporal association for the
SWM series and PC time series. The SWM station wise
data are, except a few are white noise; but the 2x2
contingency table yield significant relationship for a
station namely, Nowgong (No. 10), indicating that
anomaly pattern of year-to-year rainfall of the station are
not purely due to chance. In the same way, when applied
to PC series, the above/below average contingency table
also yield similar trends such as PC1, PC2 of All Assam
stations; PC1, PC2 of Northern stations and PC1, PC2
and PC3 of Southern stations exhibit similar relationships.

The process is an interesting one and may be useful in
identifying impending signal in SWM rainfall in Assam.
However, intense analysis is required for establishing the
signals of the rainfall fluctuation.
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