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Introduction

Agriculture, industry and hydel-power in any
part of India are dependent on the performance
of the soutlr-west monsoon rains. 75 to 90Va of
the annuai rainwater potential over most of the
country depends on thrs monsoon. Although Goa
is part of the more humid area of the Western
Coas(al Plain, it does not fbrm an exception. The
Indian monsoon is rightly described as 'The Life
and Soul of the Country' as the livelihood of the
majority of its people depends upon timely and
adequate rains. The Indian monsoon is known
for its vagalies, unpunctuality in intensity, fre-
quency and duration. Moreover. the monsoon is

characterised by inegularities in its advent and
retreat resulting in floods and droughts in one or
the other part ofthe country. The country spends
biliions of rupees to cornbat floods and droughts.
an amount. which could be otherwise made avail-
able for developmental purposes. Hence, the
analysis of rainfall deserves special attention at

the micro level for better planning and manage-
ment of the vital and precious water t'esource.

The El-Nino is one of the l6 parameters
taken into account by the Indian Meteorological
Department while forecasting the monsoon rain-
fall. The present paper tries to find out r.vhether

the annual rainfall in Goa is influenced by El-
Nino episodes which are believed to result in
drought and flood years in the central Circum-
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Pacific region. and, if so, to what extent? For
this purpose, annual and seasonal rainfali data
for the period 1901-2000 for Panaji (Observa-
tory) and Marmagao (Aerodrome) were ana-
lysed. These were compared to the All-lndia
mean data. The objectives were as follows:

I ) To prepare a slrmmery of drou-eht and flood
years with reference to

a) Association between EL-NINO years
and drought / flood / normal years.

b) Association between non EL-NINO
years and existence of drought I flood I
normal years.

2) To assess the intensity of drought / flood
years with reference to EL-NINO and non
EL-NINO years.

3) To examine the extent of such probability.

4) Decadal analysis ofdrought / flood years.

Methodology

The criteria adopted in identifying the droueht/
flood/ normal years is the percentage departure
from the rainfall normals (officially used by the
I. M. D. Pune). Their probability level has been
worked out. Based upon standard deviation the
drought categories of mild, rnoderate, phenorn-
enal to severe were assessed. For the significance
level Standard Error technique has been applied.
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The coel]rcieut of variation and the decadal dis-
tribution of drought/flood have been rvorked out.

Analysis

The occurrence of the Ei-Nino phenomenon is

centered in the central Pacific Ocean between
20 clegree North and 10 degree south of the equa-

tor. Hou,eter it int'luences the surtace sea tem-
perature of the Indian Ocean in different rvays.

Dr"rrins the EL-NINO episode there is an unusual
rise in the temperature of the Peruvian Current,
which is attributed to r,veakening of easterlies irr
this area. At tlre same time the temperature of
the Arabian Sea also increases (Khole Medha.
1999)., Pune) weakening South-West winds and

changing the strength of Arabian Sea Branch of
the monsoon.

The El Nino:'Southern Oscillatiori (ENSO)
phenomenon has its core region in the Pacific to
Indian Ocean basin. It does not afl-ect the cli-
matic varjability in the core region alone, but is
of great importance to the global climatic sys-
tem. The ENSO phenomenon occurs er,erv 2 to
7 years. During the hundred-1,ezrr period 1901-
2000, tu,enty-five years u,ere El Nino years out
of which the years 1940141. 1982183 and 19911

98 are consiclered to have been super Ei-Nino
years.

Table No. 1 gives the rainfall departure in
percentage and standard deviation during the
Summer Monsoon for EL-NINO as well as non
EL-NINO years for Panaji, Marmagoa along
with the ail-India mean (after Parthasarth-v; data

available oniy upto l99I). For Panaji and
Marmagoa. out of 100 years the rainfall percent-
age departure for 28 years is given. The mean
per annum and standard deviation as u,ell as co-
efficient of variation has been calculated. The
table reveals that the values of mean per annunl
are less than mean values of such years sholv-
ing the standard deviation (+/-). Standard de-
viation is (+/_) 60.00 and 5,1.00 for Panaji and
Marma-eoa u,hich is quite hi-uh as compared to
the all India (+/- 10.3-5).

Under all-India droughts we nnderstand that
iarge areas of the countly experience monsoon
failure. Out of 20 years of all-lndia drought,
tivelve drou-ehts coincided rvith EI-Nino years

rvhile ei-eht occun'ed in non-El-Nino years. In
the case of Goa, not all-India drought years were
drought years. They were either drought, flood,
u'et or normal years. Drouglit years are years

rvith a standard deviation of-1.00, flood years

with standard deviation + 1.00 and wet vears rvith
a standard deviation of+0.07. Out of 28 years

I']anaji had 12 drou-qht/flood years, 8 of which
coincided with the El-Nino and 4 with non El
Nino years. Marmagoa had 10 drought/f'lood
years, 6 coincidin,s with El Nino and 4 u,ith non
Ei Nino years (Table 2). Whereas at the all India
Ievel years of the super El-Nino phenomena are

severe drou-eht years. Goa experienced l94l a

severe drou_sht but l982l83 and l99ll98 flood
)'ears.

Minor variations at annual and seasonal level
may be the outconre o1'certain phases of devel-
opment of EL-Nino during the year.

Table No.3 shows drou-eht categories based

on Standard Eror. Mild drought years are 6 for
India, and 3 and2 for Panaji and Marmagoa re-
specti\ely. rnoderate drought years are 8. 4 and
0 respectively. At India level severe and phe-

nomenal drou-eht years are 3 each but there are

no wet and llood years. Goa experienced severe
but no phenomenal drought years. Panaji expe-
rienced 2 severe drou-eht years and Marma,uoa

3 such years. However, Panaji and Marma-9oa

have 7 and 8 rvet years respectively and 5 flood
years each.

Conclusions

1) There were 3 severe and 3 phenomenal
all-lndia drought years: all are linked with
EL-NINO episodes.

2) The severe drou-sht years in Goa also

show a relationship with EL NINO vears.

3) Nearly half of the EL NINO years are

normal years in Goa
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Table No.1 EL-NINO Episodes & RainfallOver Goa and and All lndia
(1901 to 2000)

Rainfall Departure in Percentage Standard Deviation (o)

No Drought / flood
years

All lndia Panaji Marmagao All-lndia Panaji Marmagao

A SAS SA A

1 1901

2 1902 - ENSO

3 '1904

4 1905 - ENSO

5 1911 -ENSO
6 1918 - ENSO

7 1920 - ENSO

8 1925 - ENSO

I 1928

10 1941 - ENSO

11 1951-ENSO
12 1965

13 1966 - ENSO

14 1968 - ENSO

15 1969 - ENSO

16 1972 - ENSO

17 1974

18 1979

19 1982 - ENSO

20 1983

21 1985

22 1986

23 1987 - ENSO

24 1991 - ENSO

25 1992

26 1997 - ENSO

27 1998 - ENSO

28 2000

-10.14 -15.29 -2

_19.6

-10.61

-15.56

-11.27

-21.30

-15.48

-4.95

-12.15

-10.80

-20.00

-11.03

-11.82

-22.18

-10.73

-11.74

-10.18

-15

-4

-44

-J

8

-4

-Z

-11

-32

31

-1q

12

JZ

6

-37

-16

-4

-46

-4

-1.5
11-t I

-E

-12.5

-JZ

29

-19

10.6

30.8

5.5

-39

-0.9

-1.4

-2.0

- t.c
-1.4

-1.1

-z,o

-1.2

-1.9

-1.3

-1.0

-1.3

-1.8

-1.0

-11 .97

-15.93

-13.59

-23.63

-15.63

-1.2

-1.6

-1.4

-2.1

_1 -7

-2 1.8

-45 -45

-26 -26

-28 -27

-34 -35

-7

t4. t

-16

-l

20

10.5

-1.2

30

-5

-34

-zo

-10

-20

-10

-43

6

5

-10

-9

-4

-40

32

7

6

39

16

-27

1

-4

24

14

35

-6

ZJ

-7

-34

-26

-10

-23

-11

7.5

-45

+5.5

-3

-19

-12

-7

-40

32

-21

4

37

15

-39

19

12

-1.6 0.02

1.09

0.3

-1.8

-0.98

-1.03

- t.52

-0.48

0.03

-1.8

0.05

0.5

0.03

0.1 0

-0.28

-1.24

1.6't

-0.5

0.74

1.63

0.48

1.46

0.22

0.5

0.83

1.28

0.78

1.52

-0.08

1.43

0.18

1.56

-1.19

-0.43

- 0.88

-0.43

0.39

-1.98

o.32

0.28

0.4

0.4

-0.13

-1.8

1.52

oJ7

0.34

1.85

0.79

-1.22

0.09

-0.17

0.03

1.17

0.68

1.66

-9.89

- 14.55

-13.29

-16.78

-13.20

- t t.4t

-23.40

- I Z.Z4

-16.96

- lJ. /J

7.5

-7.62

-8.80

-11.48

-7.80

-10.86

-12.83

-18.20

-7.96 -6-15

14

24

13

29
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27No. of years

Mean (cm)

Ivlean/annum

S.D

C,V.

20

109.23

100.30

+/-10.35

10.32

20

85.24

78.20

+l-8.47

10.8

28

260

272

+i-60

22.05

28

250

252

+l-54

21.42

27

Note: A - Annual S - Seasonal



Table No.2 Probability Level

Categories of years lndia Panaji Marmagao

No of years No of
years

No of
years

Prob Prob

'1 . Non-ENSO years but drought / flood years

2. ENSO years but not drought years.

3. ENSO years and drought / flood years.

4. Non ENSO Normal years

5. Total No. of Years+

0.04

0.09

0.08

0.07

0.04

0.11

0"02

0.07

o

0

12

0

ZU 28

4

11

o

7

28

4
U

8

7

Table No. 3: Drought categories based up on standard error(s)

Categories of drought S. D. Range lndia Panaji Marmagao

1. ruitd

2. Moderate

3. Severe

4. Phenomenal

5. Wet years

6. Flood years

Normal Years

Total No. of years

1 - 1.24

1.25-1.49

1.5-2.00

>Z.UU

>0.071

>1S.D.

b

B

J

J

J

2

2

7
tr

I

2

3

2820

I
5

10

28

Table No.4 Decadal Distribution of Floods/Drought years (1901 - 2000)

Decade No. of ENSO
years

Panaji Marmagoalndia

Drought Floods Drought Floods Droughts Floods

1 901 -'10

1911 -20

1921-30

1931-40

1941-50

1951-60

1961-70

1971-80

1981-90

1 991 -2000

2

J

J

4

1

3

J

2

2

2

1

.JJ

1

1

4

1

1

J

a

4

1

28 years

0.20 0.8

11
11
-2

28 years

0.07 0.05

'1 
1

11
^-Z

28 years

0.05 0.05P

1
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1
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4t In Goa ENSO yerrs can be either drou-sht

or tlood years.

-5) EL-NINO-Monsoon interaction is a
compiex issue and is a cirallenge to the

climate sciences as the Indian monsoon
mav be dependant on many more factors

such as atmospheric. oceanic and temes-

trial conditions.
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