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lkj & Hkkjh o"kkZ ds dkj.k Åijh tyxzg.k {ks=ksa ls uhps dh vksj cgus okys ty ds vR;kf/kd rst 
izokgksa dks lekfgr djus ds fy, ufn;ksa ds rVksa ds vanj dh rjQ vi;kZIr LFkku gksus ds dkj.k ck<+ vkrh gSA 
vle vkSj es?kky; ds mi[kaMksa vkSj Hkkjr ds mRrjh iwohZ Hkkxksa ds mifgeky; if’pe caxky ds {ks= nf{k.k 
if’peh ekWulwu _rq ds le; ck<+ ls xzLr jgrs gSaA bl v/;;u esa vle vkSj es?kky; ds mi[kaMksa rFkk 
mifgeky; ds if’peh caxky ds dqN pqfuank ftyksa esa yxkrkj o"kkZ okys 2 vkSj 3 lIrkgksa ds lqfuf’pr 
Fkzs’kksYM eku ds vk/kkj ij igys Øe ds ekdksZo psu ekWMy }kjk vkdfyr fd, x, laHkkoukvksa dks crkus dk 
iz;kl fd;k x;k gSA dqNsd fo’ks"k {ks=ksa ds fy, Hkkjh o"kkZ dh laHkkouk okyh vof/k;ksa dk irk yxk;k x;k gS 
tc o"kkZ dk ckSNkjksa dh laHkkouk,¡ 80 izfr’kr ls vf/kd gksus ij mu {ks=ks esa Hkkjh o"kkZ dh psrkouh vkSj muls 
fuiVus dh ;kstuk cukbZ tk ldrh gSA 

 
ABSTRACT. Floods are caused by the inadequate capacity within the banks of rivers to contain the high flows 

brought down from the upper catchments due to heavy rainfall. The sub-divisions Assam and Meghalaya and Sub-
Himalayan West Bengal from northeastern parts of India are prone to flood conditions in the southwest monsoon season.  
In the present study an attempt has been made to give the probabilities computed by first order Markov chain model with 
certain threshold value for 2 and 3 consecutive wet weeks for selected districts of the sub-divisions Assam and 
Meghalaya and Sub-Himalayan West Bengal. The critical periods identified for certain region when probabilities of wet 
spells exceed 80% may lead to give awareness and planning for heavy rainfall in those areas. 
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1.  Introduction 
 

Floods are caused by the inadequate capacity within 
the banks of rivers to contain the high flows brought down 
from the upper catchments due to heavy rainfall.  The long 
term changes in extreme rainfall over India has been 
studied by Guhathakurta et al. (2010) due to the 
occurrences of some exceptionally very heavy rainfall 
during recent years causing flash floods in many areas.  
One of the most significant consequences of global 
warming due to increase in green house gases would be an 
increase in magnitude and frequency of extreme 
precipitation events.  Joshi & Rajeevan (2006) examined 
the trends in extreme rainfall indices over India. 
 

In northeastern parts of India normal rainfall in 
southwest monsoon season in major parts exceeds      
1000 mm.  In some parts of Assam and Meghalaya and 
sub- Himalayan West Bengal, it exceeds 2500 mm.  
Floods are recurrent phenomena.  Almost every year some 
parts of the country are affected by the floods of varying 

magnitude which cause serious nature of damages over 
the years.  
 

Markov chain probabilities have been used in a 
number of applications.  Gabriel and Neumann (1962) 
used a Markov chain model for daily rainfall occurrences 
at Tel Aviv. Robertson (1982) has applied Markov chain 
probabilities for 2 and 3 consecutive dry and wet spells in 
respect of drought and flood assessment. Chowdhury 
(1981) identified dry and wet spells over Bihar.  
Khambete and Biswas (1984) applied Markov chain 
model in determining drought proneness. Pandharinath 
(1991) applied Markov chain probabilities model to 
Andhra Pradesh.   Gore (2000) made study of dry and wet 
spells over all meteorological sub-divisions of India.  Gore 
and Thapliyal (2000) studied occurrence of dry and wet 
weeks over Maharashtra in detail.  
 

The sub-divisions Assam and Meghalaya and Sub-
Himalayan West Bengal from northeastern parts of India 
are prone to  flood  conditions  in  the southwest  monsoon  
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TABLE 1 
 

Threshold rainfall amount based on Co-efficient of Variation (C.V.) 
of the seasonal monsoon rainfall 

 

S. No. C.V. (%) Rainfall Amount (mm) 

1. < 20% 50 

2. 20 - 30% 40 

3. 30 - 40 % 30 

4. 40 - 50 % 20 

5. > 50% 10 

 
 
season.  In the present study an attempt has been made to 
give the probabilities for 2 and 3 consecutive wet weeks 
for selected districts of the sub-divisions Assam and 
Meghalaya and Sub-Himalayan West Bengal computed by 
first order Markov chain model with specified threshold 
value [based on coefficient of variation (C.V.)] of rainfall 
for the monsoon season recommended by Annual 
Monsoon Review Meeting (AMR 1997). The simple and 
conditional probabilities of wet weeks for the standard 
weeks from 23rd to 39th during the southwest monsoon 
season, would help to identify the ciritical periods in 
which the probabilities of 2 or more consecutive wet 
weeks are exceeding 80 to 90% in certain districts of 
Assam and Meghalaya and Sub-Himalayan West Bengal 
creating worst flood conditions. 
 
2.   Data and methodology  
 

A criteria for a wet week for a district is defined 
when the amount of rainfall for that week is more than 
specified threshold value based on Coefficient of 
Variation (C.V.) of rainfall for the southwest monsoon 
season.  The details of the threshold rainfall amount based 
on C.V. (Recommended by Annual Monsoon Review 
Meeting, 1997) are given in Table 1.  A normal seasonal 
rainfall, C.V. (%) for June to September and threshold 
rainfall values for defining a wet week for various districts 
of Assam and Meghalaya and Sub-Himalayan West 
Bengal are tabulated in Table 2.  The threshold rainfall for 
various districts as shown in Table 2 varies from            
40-50 mm, whereas C.V. varies from 10-30%. 

 
The initial and conditional probabilities for dry and 

wet week of Markov chain model of 1st order as given in 
WMO (1982) are as below: 

 

P(D) = F(D) / n 

P(D/D) = F(D/D) / F(D) 

P(2D) = P(D)w1 × P(D/D) w2 

P(3D) = P(D) w1 × P(D/D) w2 × P(D/D) w3     (1)

P(W) = F(W) / n 

P(W/W) = F(W/W) / F(W) 

P(2W) = P(W) w1 × P(W/W) w2 

P(3W) = P(W) w1 × P(W/W) w2 × P(W/W) w3 

 
Where, 
 

P(D) → Probability of the week being dry 

P(D/D) → Conditional probability of dry week 
preceded by a dry week 

P(2D) , 
P(3D) 

→ Probabilities of 2 and 3 consecutive dry 
weeks respectively starting with the week

P(W) → Probability of the week being wet 

P(W/W) → Conditional probability of the wet week 
preceded by a wet week 

P(2W), 
P(3W) 

→ Probability of 2 and 3 consecutive wet 
weeks respectively starting with the week

N → Number of years of data 

w1, w2, 
w3 

→ Indicate 1st, 2nd and 3rd consecutive 
wet/dry week respectively 

F(D) → Number of dry weeks 

F(D/D) → Number of dry weeks preceded by dry 
week 

F(W) → Number of wet weeks 

F(W/W) → Number of wet weeks preceded by wet 
week 
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TABLE 2 
 

Rainfall variability over Assam & Meghalaya and Sub-Himalayan West Bengal in SW monsoon season 
 

S. No. District No. of Stations Normal R/F (mm) C.V. (%) 
Threshold value of 

R/f (mm) 

Assam and Meghalaya 

1. Nowgong 13 1174 20 - 30 40 

2. Sibsagar 12 1412 < 20 50 

3. Garohills 03 2027 20 - 30 40 

4. Lakhimpur 12 1996 < 20 50 

5. Dibrugarh 02 1793 10 - 20 50 

6. M.N. Cachar 04 1759 20 - 30 40 

7. Cachar 16 2036 < 20 50 

Sub-Himalayan West Bengal 

1. Coochbehar 05 2534 20 - 30 40 

2. Darjeeling 07 2370 < 20 50 

3. Malda 03 1144 20 - 30 40 

4. Jalpaiguri 06 3013 < 20 50 

5. West Dinajpur 05 1268 20 - 30 40 

 
 
 
 
 
 
 

TABLE 3 
 

Period in standard weeks for the simple and conditional probabilities of wet weeks ≥ 80% 
 

S. No. Name of District P(W) (P(W/W) P(2W) P(3W) 

  Assam & Meghalaya weeks for ≥ 80% 

1. Nowgong 24 - 36 22 - 35 24 - 30, 32 24, 25, 27, 28 

2. Sibsagar 23 - 36 22 - 36, 38 24 - 30 25, 27 

3. Garohills 22 - 34, 36 37 22 - 34, 36, 37 24 - 26 24 

4. Lakhimpur 22 - 37 22 - 36 23 - 32 23 - 30 

5. Dibrugarh 24 - 31 23 - 28, 30 - - 

6. M. N. Cacher 23 - 29, 31 - 35 22 - 28, 30 - 34 24 - 26 - 

7. Cacher 23 - 35 23 - 34, 36 23 - 30, 32 23 - 27 

Sub-Himalayan West Bengal 

1. Coochbeehar 23 - 29, 32, 37 22 - 28, 31, 36 - - 

2. Darjeeling 23 - 38 22 - 37 23 - 35 23 - 33 

3. Malda 27, 32 23, 25 - 28, 31, 34 - - 

4. Jalpaiguri 23 - 38 22 - 37 23 - 32, 35 23 - 26, 29 

5.  West Dinajpur 26 - 28, 32 23 - 27 - - 
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Assam and Meghalaya 

 

P
ro

ba
bi

li
ty

 (
%

) 
P

ro
ba

bi
li

ty
 (

%
) 

                                                                

P
ro

ba
bi

li
ty

 (
%

) 

Weeks  
 

Fig. 1(a). Probability of wet spells by Markov Chain model for the districts of Assam and Meghalaya sub-division 

 
 

Sub Himalayan west Bengal 
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Fig. 1(b). Probability of wet spells by Markov Chain model for the districts of Sub-Himalayan West Bengal. (PW - Probability of wet week, 
PWW – Probability of wet week preceded by wet week, 2W & 3W – Probability of 2 and 3 consecutive wet weeks respectively) 

 



 
  
                                 GORE & CHAVAN : WET SPELLS OVER NE INDIA LEADING TO FLOOD                            479 

The initial and conditional probabilities for dry and 
wet weeks for selected districts of Assam and Meghalaya 
and Sub-Himalayan West Bengal have been considered 
from the publication, Met. Monograph, Hydrology No. 
12/2000 by Gore (2000) entitled, “Study of dry and wet 
spells for meteorological sub-divisions of India”.  A daily 
rainfall data for 90 years (1901-1990) has been used from 
National Data Centre, Pune. The probabilities are 
categorized in 4 classes, viz., high (> 70%), moderate (51-
70%), low (30-50%) and very low (< 30%). 
 

In Assam and Meghalaya the probabilities of wet 
weeks and conditional probabilities of wet preceding wet 
weeks are mostly high for all the districts. The 
probabilities for 2 consecutive wet weeks are moderate to 
high.  The probabilities of 3 consecutive wet weeks are 
moderate or moderate to high. The probabilities of dry 
weeks are very low for all the districts.  The conditional 
probabilities for dry preceding dry weeks are very low to 
low.  The probabilities of 2 and 3 consecutive dry weeks 
are very low. 
 

In Sub-Himalayan West Bengal and Sikkim the 
probabilities of wet weeks and conditional probabilities of 
wet preceding wet weeks are mostly high for all the 
districts.  The probabilities for 2 consecutive wet weeks 
are moderate and those for districts Darjeeling and 
Jalpaiguri are high.  The probabilities of 3 consecutive wet 
weeks are low to moderate and those for districts 
Darjeeling and Jalpaiguri are high.  The probabilities of 
dry weeks are very low for all the districts.  The 
conditional probabilities for dry preceding dry weeks are 
very low to low.  The probabilities of 2 and 3 consecutive 
dry weeks are very low. 
 
 
3. Results and discussion 
 

The variability of the Markov chain probabilities 
during the southwest monsoon season for various districts 
in Assam and Meghalaya and Sub-Himalayan West 
Bengal is depicted in Fig. 1. Table 3 shows the period in 
standard weeks for various districts for which the simple 
and conditional probabilities for wet weeks exceed 80%.  
It can be seen from Table 3 that the probabilities of wet 
weeks equal to 80% or more are noticed for most of the 
period during the southwest monsoon season over the 
major area of Assam and Meghalaya.  In case of Assam 
and Meghalaya, there is 80% or more probability of 2 
consecutive wet weeks with rainfall more than 50 mm 
during the weeks from 4th June to 29th July and 6th August 
to 12th August for Cachar, from 11th June to 29th July for 
districts Nowgong and Sibsagar.  During 6th to 12th 
August, again, the probability of 2 consecutive wet weeks 
is more than 80% for Nowgong. The probability of 2 

consecutive wet weeks is more than 80% from 4th June to 
12th August for Lakhimpur, while the probabilities exceed 
80% for Garo Hills and M. N. Cacher only from 11th June 
to 1st July.  The district  Cacher shows the probability of 3 
consecutive wet weeks exceeding 80% from 4th June to 8th 
July, while, the district Nowgong shows the probability of 
3 consecutive wet weeks exceeding 80% from 11th June to 
24th June and from 2nd July to 15th July.  The district 
Lakhimpur has the largest period from 4th June to 29th July 
for the probability of 3 consecutive wet weeks exceeding 
80%. 
 

In Sub-Himalayan West Bengal, the districts 
Darjeeling and Jalpaiguri show the probabilities of wet 
weeks exceeding 80% and persistent rainfall during the 
southwest monsoon season. The probability of 2 
consecutive wet weeks more than 80% is noticed from 4th 
June to 2nd September for Darjeeling and from 4th June to 
12th August and from 27th August to 2nd September for 
Jalpaiguri. The probability of 3 consecutive wet weeks 
with the probability exceeding 80% is from 4th June to 19th 
August for Darjeeling, from 4th June to 1st July and from 
16th July to 22nd July for Jalpaiguri. 
 
 
4. Conclusions 
 
(i) The districts Cacher, Nowgong, Sibsagar and 
Lakhimpur from Assam and Meghalaya show a large 
period of persistent rainfall during the southwest monsoon 
with a probability for 2 and 3 consecutive wet weeks 
exceeding 80%. 
 
(ii) The districts Darjeeling and Jalpaiguri from Sub- 
Himalayan West Bengal show a large period of persistent 
rainfall during the southwest monsoon with a probability 
for 2 and 3 consecutive wet weeks exceeding 80%. 
 
(iii) Such a persistent rainfall may create a flood situation 
in northeastern parts of India, during the southwest 
monsoon season.  For most of the high hilly districts like 
Darjeeling etc. the flood last for a shorter duration because 
water moves down fast over those regions.  The critical 
periods identified for different districts when the 
probabilities of wet spells exceed 80%, may lead to give 
awareness and heavy rainfall warning in those areas. 
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