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STUDIES ON RAINFALL CLIMATOLOGY AND
LENGTH OF GROWING PERIOD FOR PADDY
CULTIVATION OVER ORISSA

I. Orissa is a predominantly agrarian state having
41.3% of the total area under cultivation out of which kharif
paddy occupies 65% area and 70% of the cultivated land is
rainfed Orissa Agricultral Statistics (1990-91). Under rain-
fed condition the distribution pattern of the area under paddy
and production potentiality of the crop in different parts of
the state is closely linked with the length of growing period
and frequency of dry spells of various length. Moreover, in
erratic rainfall areas or where dry period is expected within
the growing season knowledge on probability of having
consecutive dry period of one or two weeks duration is of
great importance. If such a dry period coincides with the
critical growth stages, this could damage the crop. So, a
comprehensive knowledge of the probability of rainfall for
a particular area is of great importance because of economic
implications of rain sensitive operations.

A number of research papers have been published on
dry spell probabilities during the monsoon season by differ-
ent authors namely Basu (1971), Victor and Sastry (1979),
Chowdhury and Abhyankar (1984) and Khambete and
Biswas (1984). So, an attempt has been made here to deter-
mine the length of growing period for kharif paddy on the
basis of onset and end of rainy season following forward and
backward accumulation method.

The study area relates to cight representative districts
of Orissa. Table 1 gives details of the selected stations along
with data period. These stations represent different agrocli-
matic zones. Balasore, Cuttack, Bhubaneswar and Ganjam
(Gopalpur) are in coastal areas whereas, Koraput, Kalahandi
(Bhawanipatna), Bolangir and Sambalpur are in interior part
belonging to the drier tract of the state. Weekly (Standard
Meteorological Week; SMW) rainfall needed for the com-

TABLE 1
Details of observation stations
Coordinates
Stions  Latitude  Longitude Data Period
Balasore 21%3I'N 86°S6E 1960-69.
1974-90
Cuttack 20°28'N 85°56'E 1960-90  except 1970
Bhubaneswar  20°IS'N  85°S0E  1960-90  except 1974
Gopalpur 19°16'N  84°53E 1960-90
Sambalpur  21°2'N  §3°S®’E, 1960-90  except 1970,
1979
Bolangir 204N B3°30°E 1960-90  except 1970,
1972
Kalahandi 19°SO'N 83°1I'E 196090  except 1970,
1974
Koraput 18°49'N  B2°43E 1960-84

putation of forward and backward accumulation of the sta-
tions were collected from the records of India Meteorologi-
cal Department. Criterion like 75mm accumulated rainfall
for onset of growing season of dry seeded crops and 200mm
accumulated rainfall for initiation of puddling of wetland
paddy as assumed by Morris and Zandstra (1978) has been
adopted for the study. They stated that (500-300) mm accu-
mulated amount represents termination of wet season alter
which sufficient rain would be expected to sustain a second
paddy crop assuming a fully charged soil profile at planting.
The same has also followed here. The variability of accu-
mulated amount for the stations is studied according to the
method described by Oldeman and Frere (1982). The
method is the ranking order method described by Frere et al
(1975) and Doorenbos and Pruitt (1977). In this, each rain-
fall record is assigned a ranking number m to give prob-
ability levels Fa(m) which has calculated as -

Fa (m) = 100n/ (n+1) (n

Where n is the number of years. The frequency and
probability of dry spells are calculated following Markov
chain model described by Robertson (1976). Here, a dry
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Fig.1(a). Cumulative probability of having received 75 mm & 200 mm rainfall and of still receiving 500 mm, 300 mm & 100 mm rainfall and

the probability of having at l€ast 2 (two) consecutive dry weeks

week is considered any week receiving rainfall less than the
weekly potential evapotranspiration values of the respective
week of the stations. Monthly potential evapotranspiration
values for different stations of Orissa calculated by Lenka
(1991) are interpolated for weekly values. The probabilities
are then calculated as:

P(D) = F(D)IN (2)
P(DD) = F(DD)/F (D) (3)
Where P(D) = Probability of dry week

F(D) = Frequency of dry week

P (DD) = Probability of a dry week preceded by a dry
week

F(DD) = Frequency of a dry week preceded by a dry
week

N = No. of years.

Similarly,
P(W) = F(W)IN 4)
P(WW) = F(WW)/F (W) (5)

P(W) = Probability of wet week
F(W) = Frequency of wet week

P(WW) = Probability of a wet week preceded by a wet
week

F(WW) = Frequency of a wet week preceded by a wet
week and the probability of two consecutive dry weeks
starting with first week of the month is:

P(D) week 1* P (DD) week 2 (6)

2. The onset and end of rainy season based on forward/
backward accumulation of weekly rainfall and the cumula-
tive probabilities of accumulated amount of the stations of
coastal Orissa as determined by the aforesaid method along-
with 2 consecutive dry weeks are presented in Figs. 1(a-d).
The results are discussed at 75% probability level only. Tt
can be noticed from the above figures that at least 75mm
rainfall accumulated on 17 and 24 SMW at Balasore and
Gopalpur respectively. The date for the same is 20 SMW at
both Cuttack and Bhubaneswar. Among the stations of
interior Orissa the date for accumulation of at least 75mm
rainfall is 24 SMW at both Sambalpur and Bolangir as
compared to that of 25 and 23 SMW at Kalahandi and
Koraput respectively. The above figures also reveal that the
period of 200mm accumulated rainfall is 23, 24, 26, 27 and
28 SMW at Balasore, Cuttack, Bhubaneswar, Gopalpur and
Koraput respectively. But the date of accumulation of
200mm rainfall is 27 SMW at stations — Bolangir, Sam-
balpur and Kalahandi,

From the above figures, it can also be seen that at
Balasore and Bhubaneswar at least 100 mm rainfall can
still be expected during 39 week (end ol September). At
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Fig.1(b). Cumulative probability of having received 75 mm & 200 mm rainfall and of still receiving 500 mm, 300 mm & 100 mm rainfall and the probability

of having at least 2 (two) consecutive dry weeks

Sambalpur, Bolangir and Kalahandi the duration for the
same is from 36 SMW, at Koraput it is from 37 SMW, while,
at both Cuttack and Gopalpur the amount can be expected
from 38 and 41 SMW respectively. The above figures also
reveal that 300mm accumulated rainfall can be expected
from 35 SMW (27 August -2 September) in all the stations
of coastal Orissa except Gopalpur where the cut-off date for
the same is 37 SMW. The date for accumulation of 300mm
rainfall can be expected from 33 SMW at Sambalpur, Bo-
langir and Koraput but for Kalahandi the date for the same
is 32 SMW. Besides this, for all the stations of coastal
Orissa 500mm rainfall can still be expected from 32 SMW
but among the stations of interior Orissa 500 rainfall can still
be expected from 29 SMW at Kalahandi. At Sambalpur the
date for the same is 31 SMW whereas, at both Koraput and
Bolangir the cut-off date for the same is 30 SMW.

From the above discussions it can be noticed thatamong
the stations of coastal Orissa, in case of dry seeding, growing
season starts at the earliest delayed (17 week) at Balasore
and gets delayed with decrease in latitudinal values of the
stations. The stations show similar trend in case of 200mm
accumulation also. In case of backward accumulation, with
increase in accumulated values from 100 to 500mm the cut-
off date of rainy season of all the stations becomes same
which is 32 week. For onset, both Sambalpur and Bolangir
take 3 weeks to accumulate 200mm rainfall from 75mm.
The duration for the same is 2 and 5 weeks at Kalahandi and
Koraput respectively. At the end of rainy season all the
stations of interior Orissa except Koraput takes 3 weeks to

drop from an expected 300 to 100mm rainfall. For Koraput.
the duration for the same is 4 weeks.

2.1. The probability of occurrence of dry week, dry
week followed by dry week and two consecutive dry weeks
of coastal and interior Orissa are presented in Tables 2 & 3
respectively. It is seen from Table 2 that for the initial 4
weeks of rainy season (23 to 39 SMW) the probability of
occurrence a week being dry lies between 0.60 to 0.70 and
0.50 to 0.80 at Bhubaneswar and Cuttack respectively.
However, at Balasore, for the first 3 weeks the values for the
same varies from 0.52 to 0.72 but for the rest period of the
season it is less than 0.50 at both Balasore and Bhubaneswar
but at Cuttack less than 0.50 is obtained upto 37 SMW
except in certain weeks after the initial 4 weeks of rainy
season. At Gopalpur the probability of occurrence of dry
week lies between 0.55 to 0.89 during south west monsoon
period. At both Kalahandi and Koraput at the initial 3
weeks of rainy season the probability of a week being dry
lies between 0.65 to 0.90 and 0.69 to 0.78 respectively
(Table 3). In case of Sambalpur and Bolangir the first 4
and 5 weeks of rainy season represents the value of a week
being dry is from 0.55 to 0.96 and 0.64 to 0.93 respectively.
Less than 0.50 probability of a week being dry ranges from
27 to 36 SMW, 28 to 36 SMW, 26 to 37 SMW, and 26 to
38 SMW at Sambalpur, Bolangir, Kalahandi and Koraput
respectively.

The probability of a week being dry followed by an-
other dry week is less than 0.50 from 30 to 39 SMW and 28
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Fig.1(c). Cumulative probability of having received 75 mm & 200 mm rainfall and of sull receiving 500 mm, 300 mm & 100 mm rainfall and the
probability of having at least 2 (two) consecutive dry weeks
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Fig.1(d) . Cumulative probability of having received 75 mm & 200 mm rainfall and of still receiving 500 mm, 300 mm & 100 mm rainfall and the
P! g
probability of having at least 2 (twg) consecutive dry weeks

to 37 SMW at Bhubaneswar and Cuttack respectively.
While, at Balasore the value for the same lies between 26 (o
38 SMW except in certain weeks. At Gopalpur, less than
0.50 valuc is noticed on 29 and 30 weeks. But unlike coastal
Orissa the probability of a dry week followed by another dry
week is highly variable during southwest monsoon among
the stations of interior Orissa (Table 3).

3. It is observed from Fig.l1(b) that rainy season at
Balasore lasts for 23 weeks (17-39 SMW). The scason with
heavy rainfall sufficient to grow paddy is from 23 to 35
SMW. As the duration is short (13 weeks) cultivars like -
Parijat, Subhadra, Partha and Neela that can mature within
90 day’s can be grown here successfully. Moreover first
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week of June (23 week) seems to be a reasonable planting
date of the said cultivars as risk of two consecutive dry
weeks is less during the period. So, plant will not suffer
from any moisture stress if transplanted during the period.
For both Cuttack and Gopalpur the duration of rainy season
is 18 weeks but for Bhubaneswar the duration for the same
is 20 week. However, the duration of heavy rainfall suffi-
cient to grow paddy for all the stations are same which is
about 10 weeks (26 - 35 SMW). Thus, it is obvious that this
duration is short for paddy crop. However, very short
duration cultivars like — Heera, Rudra and Kalinga- III can
be grown here. But farmers have to wait till end of June i.e.,
upto 26 week for planting of these cultivars as, probability
of two consecutive weeks being dry is less than 25 per cent
during the period. [Figs. 1(a&b)]. If planting is done during
this period crop will face less risk of dry spell during growth
cycle, thereby moisture stress will not be a limiting factor.
This will ensure good harvest with optimum input and
proper management practices. From the Figs. 1(c & d) it is
seen that unlike coastal Orissa, the length of growing season
of all the stations of interior Orissa is very short. At both
Sambalpur and Bolangir the length of growing season is 13
weeks (24 to 36 SMW). Whereas, at Koraput and Kalahandi
the duration for the same is 16 (22 to 37 SMW) and 12 (25
to 36) weeks respectively. The duration of heavy rainfall
sufficient to grow paddy is 6 and 5 weeks at Kalahandi and
Koraput respectively as compared to that of 7 weeks at both
Sambalpur and Bolangir. So it is adviseable not to grow
paddy crop at those stations under rainfed as assured water
availability for such a short period will adversely affect
normal growth and development of the crop resulting poor
yield, leading to paddy cultivation non profitable.

The study leads to the following conclusions

(i) Among the stations of coastal Orissa commence-
ment of growing season for dry seeding crop is the earliest
at Balasore followed by both at Cuttack and Bhubaneswsar
and Ganjam. The stations also show the similar trend for
accumulation of 200 mm rainwater for initiation of pud-
dling.

(1) Over the districts of interior Orissa growing season
for dry seedings crops starts first at Koraput followed by
both at Sambalpur, Bolangir and Kalahandi but for initia-
tion of puddling operations accumulation of 200 mm rain-

water is same at all the stations except Koraput where the
lag period for the same is one week.

(iif) Accumulation of higher amount is much more
gradual than that of lower amount over the districts of
coastal Orissa.

But among the stations of interior Orissa the onset and
end of rainy season is much more variable at Koraput than
that of other stations.

(iv) Short duration paddy cultivars like Parijat, Sub-
hadra, Partha, Neela erc. may be grown successfully at
Balasore and very short duration cultivars like Heera, Rudra
and Kalinga-III may be cultivated as rainfed at
Bhubaneswar, Cuttack and Ganjam.

(v) As the duration of heavy rainfall sufficient to grow
paddy is very short at all the stations of interior Orissa no
paddy cultivars can be grown there successfully as rainfed.

References

Basu, A.N., 1971, "Fitting of a Markov chain model for daily rainfall data
at Calcutta”, Indian J. Met and Geophys, 22, 1, 67- 77

Chowdhury, A. and Abhyankar, V.R., 1984, "A Markov chain model for
the probability of drought incidence in India”, Mausam, 35, 3,
403-405.

Doorenbos, J. and Pruitt, W.0O, 1977, Irrigation and Drainage paper no. 24,
FAO Rome.

Frere, M, Rijks, J.Q. and Rea, J., 1975, Tech. report, FAO/UNESCO/WMO
inter agency project on Agrometeorology, FAO, Rome.

Khambete, N.N. and Biswas, B.,C, 1984, "Application of Markov chain
model in determining drought pronness,” Mausam, 35, 3, 407- 410.

Lenka, D, 1991, Irrigation and Drainage, Oxford and IBH publication.

Morris, R.A. and Zandstra, H.G, 1978, Land and Climate in relation to
cropping pattern in rainfed lowland rice: Selected papers from the
1978 Int. Rice Res. Conference, IRRI, Los Banos, 255-274

Oldeman, L.R. and Frere, M, 1982, A study of the Agroclimatology of the
humid tropics of Southeast Asia, Tech. Note no. 179, WMO No.
597.

Orissa Agricultural statistics, (1990-91), Directorate of Agriculture and
Food production, Govt. of Orissa

Robertson, G.W, 1976, Dry and wet spells. Project field report A- 6, part
of project MAL/71/529. UNDO/FAOQ and FELDA, Malaysia.

Victor, U.S. and Sastry, P.S.N., 1979, "Dry spell probability by Markov
chain model and it’s to crop development stages”, Mausam, 30, 4,
479-484.

G.C. DEBNATH

Regional Meteorological Centre, Calcutta-27, India
21 April 1999, Modified 7 March 2000.




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090

