
 

 

EXECUTIVE SUMMARY  

 

 

I. Research Problem  

Climate change is the reality of the time. An increase in temperature by 2 -4ϊC is projected 

by the climatologists for India by 2050s. They expect the number of rainfall days to 

decrease with significant regional variation and an increase in the intensity and frequency 

of extreme events, such as droughts, floods, tropical cyclones, precipitation events, hot 

extremes and heat waves is also being projected. In the North -Eastern region, the number 

of rainy days is likely to decrease by 1 ð10 days and the intensity of rainfall in the region is 

likely to increase by 1 ð6 mm/day. The project ed increase in these events will result into 

greater instability (seasonal/annual fluctuations) in food production which directly 

threatens the livelihood of the farmers. The available evidences from crop growth 

simulation models show a significant drop in  the yields of important cereal crops like rice 

and wheat under the changes in climatic conditions. The impact of climate change on 

agriculture is expected to suffer serious damage in India as Indian agriculture is mainly 

rainfed. In a country that gets ra in for less than 100 hours in a year (a year has 8,760 

hours), this would be disastrous. However, given the fact that the intensity of irrigated 

gross cropped area to gross sown area is only 45.3 per cent, Indian agriculture continues 

to be fundamentally d ependent on the weather. Rainfed agriculture, mostly practiced by 

the poor, is more vulnerable to climate change.   

The hills of India are well known for its biodiversity but at the same time the hill 

eco-system are more fragile. The farmers in the hills s till depend on the local varieties of 

cereals and mostly practice organic agriculture. The productivities of different crops are 

much lesser than the national averages; hence, the hill agriculture becomes more 

vulnerable to the changes in climatic paramete rs. In the absence of occupations, in the 

hills, other than agriculture, the livelihood of the people is expected to be adversely 

affected by the changes in climatic conditions.  

Our present system of knowledge is not enough to develop practical and efficie nt 

in estimating the impact of climate change. Hence, there is a need to further strengthen 

the knowledge base on the emerging challenge of climate change and its impact on crop 

yield and farm livelihood.  

Specific objectives:  

¶ To analyze the trends in rainfall and temperature.  

¶ To estimate the impact of climate change on mean yield and variability in yields of 

major crops and to identify landraces grown by indigenous people to such variability.  

¶ To study the gender specific impact of climate variability o n farm livelihood.  

II. Methodology  

Locale of the study  

The study was conducted in North Eastern Himalaya (NEH) of India which is comprised of 

Sikkim, Darjeeling district of West Bengal (except Siliguri sub -division), Meghalaya, 
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Arunachal Pradesh, Karbi  Anglong district of Assam, Nagaland, Manipur, Tripura and 

Mizoram.  

Sampling Design  

Multistage sampling technique was applied for primary data collection in the 

present study. One vulnerable district, as identified by Central Research Institute for 

Drylan d Agriculture  (CRIDA ), from each of the NEH states was selected randomly for 

primary data collection. In case of Assam, out of the two hill districts i.e, Karbi Anglong 

and North Cachar (N.C. Hills), Karbi Anglong district was selected randomly. Darjeeling 

(except Siliguri Sub -division) district from West Bengal, was selected as it is the only hill 

district in the state. West Tripura district of Tripura wa s identified as the vulnerable 

district by ICAR. But now the district is bifurcated into two districts i.e., West Tripura and 

Khowai; hence, West Tripura district was selected randomly.  

From each of the districts, two blocks were selected randomly. From e ach of the 

selected blocks two clusters of villages consisting of two to four villages were selected 

randomly. From one block 60 farmers, comprising both the gender, male and female 

farmers, were selected randomly using Probability Proportional to Size sam pling. Hence, 

from the two selected blocks of a district 120 farmers were interviewed. Thus, a sample of 

total 1080 farmers was selected from 9 districts of the whole NEH to capture the impact of 

climatic variability on farm livelihood.  

Data  

Both, primary and secondary data were collected for the present study. Gridded rainfall 

data (0.5 0 X 0.5 0) for the period of 1975 to 2007 and temperature data (1 0 X 10) for the 

period 1975 -2009 were retrieved from IMD dataset. Crop acreage, production and 

productivity a t state level were also collected from Statistical Abstract of respective states, 

website of Directorate of Economics and Statistics and personal communication with 

State Agricultural Department. Primary data on socio -economic variables, food, fuel, 

water (drinking and irrigation), income etc. were collected from the farm households, 

using well -structured schedule, to understand the impact of climatic variability on farm 

livelihood.  

Analytical Techniques  

The study used standard meteorological analysis of climatic variables and empirical 

Econometric analysis, tools of social sciences such as case study, focus group discussion 

(FGD) and survey method etc. 

III. Climate Change in North Eastern Himalayas of Ind ia  

Rainfall Situation in North Eastern Himalayas  

The highest normal weekly rainfall of 168.1 mm was received in 29 th Standard 

Metereological Week (SMW) in Darjeeling during the period of 1975 -2007; followed by 

165.0 mm (29 th SMW) in Sikkim, 129.7 mm (27 th  SMW) in Mizoram,126.8 mm (27 th SMW) 

in Meghalaya, 116.5 mm (28 th SMW) in Arunachal Pradesh, 113.0 mm (28 th SMW) in 

Nagaland, 105.8 mm (29 th  SMW) in Tripura, 84.1 mm (28 th SMW) in Karbi Anglong and 

65.8 mm (31 th SMW) in Manipur.  

The highest normal monthly r ainfall of 710.6 mm was received in July in Sikkim 

during the period of 1975 -2007, followed by 700.6 mm in Darjeeling, 531.3 mm in 
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Meghalaya, 501.0 mm in Mizoram, 449.0 mm in Arunachal Pradesh, 431.8 mm in 

Tripura, 347.8 mm in Karbi Anglong, 293.8 mm in Na galand and 274.1 mm in Manipur.  

The highest normal annual rainfall of 2645.3 mm was registered in Sikkim during 

the period of 1975 -2007; followed by 2540.2 mm in Mizoram,  2457.8 mm in Darjeeling,  

2331.1 mm in Meghalaya, 2239.5  mm in Tripura,  2214.3 mm in A runachal Pradesh, 

2204.0 mm in Nagaland, 1747.8 mm in Karbi Anglong and 1541.4 mm in Manipur  during 

1975 -2009 .  

The pre -monsoon and post -monsoon rainfall have showed positive and significant 

linear trend in Sikkim during 1990 -2007, whereas, the monsoon rainfall has exhibited 

declining but insignificant trend during the same period. Similar, trends are found in case 

of Darjeeling also, but the trends are insignificant.  

The annual rainfall and the seasonal rainfalls have exhibited positive trends in 

Meghal aya during 1975 -2007. The trend for monsoon rainfall has been positive and 

significant during 1975 -1989.  

The monsoon shower has exhibited positive trend during 1975 -89 in Arunachal 

Pradesh which turned out to be negative during 1990 -2007 but the trends are  

insignificant.  

The pre -monsoon and monsoon rainfalls have showed negative but non -significant 

trends during 1975 -2007 in Karbi Anglong. The trend for post -monsoon rainfall was 

positive but not significant in during 1975 -2007.  

The trends for all the seaso ns and annual rainfalls are negative in Nagaland 

during 1975 -2007 and the trends are significant for monsoon and annual rainfalls.  

The monsoon rainfall (12.25 mm/year) and annual rainfall (18.49 mm/year) has 

declined in Manipur during 1990 -2007 and the tr ends are statistically significant at 5 per 

cent level.  

The pre -monsoon and monsoon rain fall  have declined during the period of 1975 -

2007 in Tripura. The annual rainfall has also showed negative trend (17.22  mm/year) 

during the study period but the trend i s not statistically significant.  

The seasonal and annual rainfall in Mizoram has  shown positive trends during 

1975 -1989, but they turned out to be negative for the period of 1990 -2007. The declining 

trends are significant for pre -monsoon and annual rainfal ls.  

In a year, more than 50 per cent of the weeks have the probability of being wet in 

Meghalaya, Arunachal Pradesh, Karbi Anglong, Nagaland, Tripura and Mizoram. All the 

monsoon weeks have the probability of being wet week in all the hill districts of NEH , 

except the 21 st  SMW in Arunachal Pradesh.  

Cent per cent and 92.31 per cent of the post -monsoon weeks have the 

probabilities to be dry in Sikkim and Manipur. In other NEH states, more than 76 per 

cent of the weeks have the probabilities to be a dry week.   

The frequency of conditional probability for a given dry week to be preceded by 

another dry week is highest during post -monsoon season (more than 84% weeks).  

The onset of monsoon has been delayed upto 2 nd  week of June in most of the 

states and in case of Mizoram, Sikkim and Tripura it was even in July.  
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Temperature Trends in North Eastern Himalayas  

The normal annual minimum temperature is 16.4 0C in Sikkim, 16.7 0C in 

Darjeeling, 17.9 0C in Karbi Anglong and T ripura, 18.0 0C in Manipur and Mizoram, 18.2 0C 

in Meghalaya, 18.6 0C in Arunachal Pradesh  and 18.7 0C in Nagaland.  

The normal annual maximum temperature is 29.1 0C in Nagaland, 28.5 0C in 

Arunachal Pradesh , 28.2 0C in Tripura, 28.1 0C in Manipur, 28.0 0C in Meghalaya and 

Mizoram, 27.8 0C in Karbi Anglong, 27.1 0C in Darjeeling, and 26.8 0C in Sikkim.  

The trends for minimum temperature for pre -monsoon and monsoon seasons are 

positive and significant in the study area during 1990 -2009, except in Manipur , wher e the 

trends are found insignificant. The trend for annual minimum temperature is similar like 

pre -monsoon and monsoon season.  

For post -monsoon season, the trends for minimum temperatures are positive and 

significant for all the states during 1990 -2009, ex cept Manipur and Tripura where the 

trends are insignificant.  

The trends for pre -monsoon and monsoon maximum temperature turned out to be 

positive during 1990 -09 and are statistically significant for Meghalaya, Arunachal 

Pradesh, Karbi Anglong, Nagaland an d Manipur.  

The increasing trends in maximum temperature for post -monsoon season are 

significant in case of Meghalaya, Arunachal Pradesh, Karbi Anglong and Manipur during 

1990 -2009, whereas, the trend is negative in Nagaland.  

The positive trends for annual  maximum temperature are statistically significant 

for the states of Meghalaya (0.06 0C/year), Arunachal Pradesh (0.06 0C/year), Karbi 

Anglong (0.07 0C/year), Nagaland (0.07 0C/year), Manipur (0.07 0C/year), Tripura 

(0.03 0C/year) and Mizoram (0.03 0C/year) during 1990 -09.  For the period 1975 -09, the 

trends for annual maximum temperatures were significant for Meghalaya, Arunachal 

Pradesh, Karbi Anglong, Nagaland and Manipur where the temperatures have risen by 

0.02 0C/year.  

IV. Climate Change Impacts on Agric ulture  in North Eastern Himalayas  

The mean yield of rice, maize, wheat, potato and ginger were estimated to be 1444.0 

kg/ha, 1571.4 kg/ha, 1742.6 kg/ha, 8163.1 kg/ha and 5146.3 kg/ha, respectively in the 

NEH region of India. The average milk yield in the NEH states is 47.1 thousand MT per 

year during the study period.  

Time trend and rainfall are risk increasing factors in case of rice yield, whereas, 

minimum temperature is variance decreasing factor.  

Rainfall and maximum temperature have significant (at 1 % and 10%, respectively) 

negative influence on mean yield of maize. Minimum temperature and rainfall are risk 

decreasing factors, whereas, maximum temperature is risk increasing factor for yield of 

maize crop.  

Time, rainfall and maximum temperature are mar ginal risk increasing factors for 

wheat yield in the NEH.  
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Only annual rainfall has negative but marginal influence on mean yield of potato 

as well as on variability in yield.  

Maximum temperature and rainfall are marginally risk increasing factors for yield 

of ginger in the region whereas, minimum temperature is strong risk reducing factor.  

Time is risk decreasing factor  whereas , maximum temperature is strongly risk 

increasing factor for milk yield in the study region.  

V. Climate Change Impacts on Farms  and Farming Community  

Section I: Findings of Household Survey  

Socio -economic status  

The average age of the respondent farmers was in between 35 years ( West Kameng) and 

52 years (Lunglei) and the families were composed of, on an average, five to seven 

members in the study area of NEH. Majority of the sample famers were Scheuled Tribe 

(ST) in East Sikkim, Ri -Bhoi, West Kameng, Senapati and Lunglei district. In Karbi 

Anglon g majority of the respondents were OBC. The literacy rate of sample farmers was 

highest (94.17%) in  Lunglei and lowest in Arunachal Pradesh (53.33%). The average 

operational land holding ranged between 0.68 ha (Ri -Bhoi) to 3.48 ha (Dimapur). The area 

under  irrigation was highest in Darjeeling district (82.18%); followed by Ri -Bhoi (50.26%), 

West Tripura (38.67%) and Senapati (29.10%) district and least in Karbi Anglong (6.59%) 

district, followed by Dimapur (9.95%).  

Perception about climate change  

More than 85 per cent of the farmers in the sample districts perceived that the 

summer temperature has increased over the years, whereas, the views were mixed in case 

of winter temperature.  

More than 84 per cent of the farmers in the sample districts perceived that  

monsoon rainfall has declined and majority of them felt that the arrival of monsoon has 

been delayed in all the districts.  

Impact on area  

About 42.99 per cent in Lunglei, 36.67 per cent in Karbi Anglong, 36.49 per cent in West 

Tripura, 24.32 per cent in Sikkim, 20.83 per cent in Dimapur, 13.79 per cent in West 

Kameng, 10.26 per cent in Darjeeling, 9.17 per cent in Senapati and  7.02 per cent in Ri-

Bhoi have reduced the area under rice cultivation in case of late rainfall.  

Whereas, cent pe r cent in Lunglei, 78.57 per cent in Darjeeling, 56.52 per cent of 

the farmers in West Tripura, 53.33 per cent in Karbi Anglong, 50.83 per cent in Dimapur, 

40.00 per cent in Ri-Bhoi, 22.97 per cent in Sikkim, 8.33 per cent in Senapati, 5.26 per 

cent in West Kameng have reduced the area under rice cultivation in case of low rainfall.   

In case of maize, only 14.00 per cent and 13.86 per cent of the farmers reduced 

the area than normal in case of late rainfall and drought/low rainfall, respectively in East  

Sikkim district. Whereas, in Darjeeling, 25.58 per cent and 81.61 per cent of the farmers 

have reported that they have reduced the area under maize crop in case of late rainfall 

and drought, respectively.  

Impact on yield  
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The average decline in productivit y of rice was estimated to be 48.01 per cent in 

Mizoram, 46.22 per cent in Darjeeling, 42.41 per cent in Ri -Bhoi, 40.05 per cent in East 

Sikkim, 39.27 per cent in Karbi Anglong, 38.94 per cent in Dimapur, 36.18 per cent in 

West Tripura, 23.78 per cent in Senapati  in case of droughts/low rainfall situations.  

The productivity of maize has declined by 49.18 per cent and 44.56 per cent in 

Darjeeling and East Sikkim, respectively during the periods of droughts/low rainfall 

situations.  

Impact on pest and disease s 

Majority of the responding farmers perceived that the pests and disease infestations on 

rice crop have increased in recent times and resulted into productivity loss. The 

productivity loss is estimated to be  24.40 per cent in East Sikkim, 16.56 per cent in 

Dimapur, 16.35 per cent in Karbi Anglong, 14.92 per cent in Darjeeling, 12.71 in West 

Kameng, 12.05 per cent in Lunglei, 10.54 per cent in Ri -Bhoi, 9.99 per cent in West 

Tripura and 4.78 per cent in Senapati . 

In case of maize the productivity loss was 24.28 per cent in East Sikkim, 17.19 per 

cent in Darjeeling and 7.36 in West Kameng district due to pest and disease attack.  

Impact on food  

The period of consumption of produce from own farm reduced during the per iods of 

droughts than the normal periods and many of them reported about insufficiency of 

money but no gender discrimination was observed in case of food distribution among the 

family members.  

Water  

Majority of the farmers has reported about shortage in water for irrigation during low 

rainfall period.  

More than 75.00 per cent of the respondents reported that water for drinking 

facility has dwindled during drought season in the districts  of East Sikki m, Darjeeling, Ri -

Bhoi, Kar bi Anglong and Dimapur district w hereas, about 39.56 per cent, 53.27 per cent, 

62.50 per cent and 65.00 per cent of the farmers reported about decrease in drinking 

water facility during the drought season in case of West Kameng, West Tripura, Lunglei 

and Senapati district, respectively.  

Conflicts on water in the village or community in the last 5 years  were reported by 

53.04 per cent of the farmers in Darjeeling, 37.70 per cent in Dimapur, 22.22 per cent in 

East Sikkim but only s ome cases were reported in the other districts under the study.  

Extra burden  

The extra burden during climatic variability was shared by both, male and female 

members of a household for most of the daily activities, except in the case of fetching 

drinking water which was mainly performed by the female members of the family, except 

West Tripura where the extra burden of fetching water was shouldered by the male 

member of the household.  

Adaptation and mitigation strategy  
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About 94.17 per cent  of the farmers in  Karbi Anglong , 93.33 per cent in Senapati , 83.33 

per cent in Dimapur, 79.65 per cent  in Ri -Bhoi , 78.41 per cent in Lunglei 73.08 per cent 

in Darjeeling , 54.55 per cent in West Tripura, 40.83 per cent in West Kameng  and 40.17 

per cent in East Sikkim has changed time of sowing or transplanting in case of late 

rainfall.  

Working as wage labour, especially under Mahatma Gandhi National Rural 

Employment Guarantee Act (MGNREGA) was the best alternative source of livelihood for 

majority of the respondents (57.50 %) in case of climatic variability. Some of them also 

have started business for earning livelihood.  

Migration due to climate change was rare in NEH states, except in Dimapur and 

West Tripura districts where 19.17 per cent and 11.67 per cent of the househol ds 

reported that their family members have migrated mainly to neighbouring villages and 

towns and left the wives and minors back at home , repectively . 

Use of stress -tolerant cultivars (50.00%), health management of animals (21.67%) 

and shift to improved cropping system (20.00%) were the measures considered as 

preferable mitigating options to climate change by the farmers of East Sikkim district.  

Health management of animals (26.67%), use of stress -tolerant cultivars (25.83%), 

shift to improved cropping system (25.83%) and pest and disease management (20.83%) 

were the measures considered as preferable mitigating options to climate change by the 

farmers of  Darjeeling district.  

The mitigation options preferred by the farmers of Ri -Bhoi included use of stress -

tolerant cultivars (93.33%), use of short duration crops (75.00%), adopting pest and 

disease management techniques (69.17%) and shifting to improved cr opping systems 

(54.17%).  

Farmers of West Kameng preferred the use of stress -tolerant crop cultivars 

(60.83%), short duration variety along with other additional crops (51.67%) and shift to 

improved cropping system (43.33%) as mitigating options during the times of climatic 

variabi lity . 

Use of stress -tolerant cultivars (71.67%) and changes in agricultural water 

management techniques (31.67%) were the measures considered as preferable mitigating 

options to climate change by the farmers of Karbi -Anglong.  

In Dimapur, use of stress -tole rant cultivars (69.17%), shift to improved cropping 

system (46.67%), changes in agricultural water management techniques (21.67%), animal 

health management (22.50%) were preferred.  

Use of stress -tolerant cultivars (75.83%), pest and disease management (46 .67%) 

health management of animals and keeping new livestock breeds (10.83%) were the 

measures considered as preferable mitigating options to climate change by the farmers in 

the study area.  

Farmers of West Tripura expressed their preferences for pest and  disease 

management technique (69.17%), stress -tolerant cultivars (59.17%), short duration 

varieties (59.17%) etc. as measures to reduce the vulnerability to climate variability.  
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Pest and disease management technique (80.00%), stress -tolerant cultivars 

(59.17%) and cultivation of short duration varieties (51.67%) were the mitigation 

measures preferred by the respondents in Lunglei district.  

Yield, availability of seeds, taste, tolerance to drought resistance to pest and 

diseases,  market price and demand were the major decisive factors that influenced the 

farmersõ decisions to continue with or change a rice cultivar in the study area of NEH and 

the decisions were primarily taken by the either, husband and wife jointly or by the 

husband only.  

Suitable varie ties  

Addey, Tulsi and  Kale Poge  were the cultivars perceived as suitable in case of 

drought by the farmers of Sikkim. Kagge  and Adde  were the two varieties in Darjeeling 

which were resistant to water stress  situation.  The cultivars like Baphri, Eithati, Laipawa, 

Lahi, Lakang, Lyngkot Saw and Matiasra etc. were considered as suitable in case of 

climate change scenario by the farmers of Ri -Bhoi district. The farmers of West Kameng 

reported that Pangra in rice and Slang and Michi in case of Maize , Sirfur, Misbhalia, 

Phinang and Masuk incase of wheat crop were suitable to climate change scenario. Goya 

and IR -8 were considered suitable in water stress situation in both, Karbi Anglong and 

Dimapur district, in addition, Kohima Special and Ranjit are recognized as suitable variety 

in Dimapur. In Senapati district Tamphaphou, Daranphou, Sonaphou, RCM -5, RCM-9 and 

RCM-10, Addey and KD were considered to be suitable to climate change in Senapati. The 

farmers of West Tripura district perceived Swarna M ahsuri, Paijam, Malati, Ranjit and 

Shatabdi to be resistant to water stress. Aizong, Buhban, Buhpui, Burmabuh, Fangsin, Ido,  

IR ð 64, Tampha Tamphapo, Zobuh were the varieties considered to be resistant to water 

stress condition in Lunglei district.  

Weather information  

Most of the farmers used their traditional knowledge, watched television, consulted 

neighbours and read newspapers for accessing weather information.  

Agricultural loan  

The percentage of farmers has taken loan for agricultural purpose in  the districts under 

study was meager, except Darjeeling where about 42.86 per cent have acquired loan for 

agricultural purposes.  

The awareness about livestock and crop insurance was highest among the famers 

of Darjeeling, followed by Sikkim. In other stat es only a small percentage of famers have 

heard about crop or livestock insurance.  

MGNREGA (91.67%) and PDS ration (97.50%) were the major support the farmers 

received in NEH.  

Section II: Learning from Case Studies  

Potato cultivation has suffered due to increasing temperat ure at Mawlynrei village of Ri -

Bhoi district in Meghalaya. The pest and disease infestation has increased. The farmers 

are now diversifying to other crops to sustain their livelihood.  

The increase in temperature at Mukto village in Tawan g has been conducive for 

cultivation of vegetables, fruits like kiwi, apple etc. and for oranges  at  Dirang.  
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The local varieties have suffered decline in productivity due to increase in 

temperature in Champhai district of Mizoram.  

Jhum  cultivation has also taken the toll due to shortage in rainfall in North 

Tripura district. The Reang jhumias  has st opped cultivating chilli in jhum  land now -a-

days.  

In Sikkim the crops have suffered due to shortage of rainfall. The areas under the 

crops l ike buck wheat, millet, wheat, mustard and sunflower have declined.  

The ginger production has decline d during low rainfall period in Shangbangla of 

Ri-Bhoi. The soft rot disease is also in raise in the village.  

Die back disease has heavily impacted the or ange orchards in Jampui hills in 

North Tripura which is a complex disease.  

The size of pineapple reduces during the low rainfall period in Meghalaya and 

Nagaland. The high temperature can damage the suckers and the production decline 

significantly.   

With the increase in temperature the productivity of local varieties of cardamom 

has declined in Darjeeling and Sikkim and it suited to the improved varieties.  

The milk productivity and disease attack on livestock were negatively  affected due 

to climate change  at Siphir village in Aizwal district.  

In Sikkim and Arunachal Pradesh, the snowfall has declined and restricted to 

higher altitudes only. The yak rearers moved to higher altitudes during summer season 

due to increase in temperature. Similar is the case of mithun in Nagaland. The pasture 

remains greener at high altitude. The yaks suffered higher mortality during the hotter 

years.  

The availability and growth of fish specises have been negatively affected due to 

declining water level and current of khowai riv er which because of low rainfall in Khowai 

district of Tripura. The fish diversity and habitat of fish  has also changed over the years.  

The mosquito population has increased in the whole study area in recent times 

which may be due to increase in temperatur e.  

 





 

 





 

 

This chapter initially discusses the pr oblem scenario and then present  relevant research 

questions  and  objectives to answer those questions. This chapter also reviews the relevant 

literature about the impact of climate change on agriculture and livelihood,  and at the 

end , the  nature and scope of the study  is presented . 

1. 1. Research Problem  

An increase in temperature by 2 -4ϊC is projected for India by 2050s. Climatologists expect 

the number of rainfall days to decrease with significant regional variation.  An increase in 

the intensity and frequency of extreme events, such as droughts, floods, tropical cyclones, 

precipitation events, hot extremes and heat waves is also being projected. In the North -

Eastern region, the number of rainy days is likely to decrease by 1 ð10 days and the 

intensity of rainfall in the region is likely to increase by 1 ð6 mm/day (INCCA, 2010). The 

project ed increase in these events will result into greater instability (seasonal/annual 

fluctuations) in food production and threaten the livelihood of the farmers (Mall et al ., 

2006). The available evidences from crop growth simulation models shows a significant 

drop in the yields of important cereal crops like rice and wheat under the changes in  

climat ic conditions. The impact of climate change on agriculture is expected to b e serious 

in India as Indian agriculture is mainly rainfed. In a country that gets rain for less than 

100 hours in a year (a year has 8,760 hours), this would be disastrous. However, given 

the fact that  the  intensity of irrigated gross crop area to gross s own  area  is only 45.3 per 

cent (GoI, 2011), Indian agriculture continue to be fundamentally dependent on the 

weather. Rainfed agriculture, mostly practiced by the poor, is more vulnerable due to 

climate change (Mongi  et al ., 2010).   

The report submitted b y Commission on Sustainable Agriculture and Climate 

Change (2012) prescribed that the global community must operate within three limits: the 

quantity of food that can be produced under a given climate; the quantity needed by a 

growing and changing populati on; and the effect of climate change on food production. At 

present the planet operates outside that safe space, which is evident from the huge 

number of people who are undernourished. If current trends in population growth, diets, 

crop yields and climate change continue, even then , the world will still be outside this 

ôsafe operating spaceõ by 2050 s. Availability of food for the growing population will be a 

matter of concern under the climate change scenario. The lower farm income due to lower 

production will reduce the access to food to the poor  people . In a country like India that 

has, multiple str essors; such as economic, political and social conditions, in addition to 

climatic factors influence food security. The relationship between human migration and 

climate change started becoming  an issue , that  worthy  of increasing attention in the 

internatio nal realm (Werz and Conley, 2012).  

The hills of India are well known for its biodiversity  but at the same time the hill 

eco-system are more fragile. The farmers in the hills still depend on the local varieties of 

cereals and mostly practice organic agricu lture. The productivities of crops are much 

lesser than the national average ; hence, the hill agriculture becomes more vulnerable  to 

the  change s in climatic parameters. In the absence of other occupations in the hills , the 

livelihood of the people is  expected to be adversely affected by changes in climat ic  

conditions . 

Hill ecosystems provide the most diverse and stringent selection conditions on 

crops grown in such regions. Together with the environment, the farming communities 

select and develop land races that possess multiple stress tolerant traits, and thereby have 
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wider adaptability. Although germplasm collection and characterization programmes 

exist, the core collections are for those focuses  on one or a few stress related traits only. 

The knowledge that farmers may have regarding adaptability of landraces to climatic 

vagaries may help plant breeders to improve these landraces to develop climate change 

resilient varieties.  

Our present knowledg e is not enough to develop practical and efficient, at least in 

quantitative terms, to develop practical and efficient measures to address the problem of 

climate change. There is a need to further strengthen the knowledge base on the emerging 

challenge of climate change and its impact on crop yield and farm livelihood.  

1. 2. Research Questions:  

- What are the trends in major climatic factors (such as rainfall and temperature) in the 

hills?  

- How climate change impacts on the yields of major crops and in tur n affects the farm 

livelihood?  

- Whether landraces grown by the indigenous tribal are resilient to climate change or not?  

1. 3. Specific O bjectives  

 

¶ To analyze the trends in rainfall and temperature.  

¶ To estimate the impact of climate change on mean yield an d variability in yields of 

major crops and to identify landraces grown by indigenous people to such variability.  

¶ To study the gender specific impact of climate variability on farm livelihood.  

 

1. 4. Literature Review  

In India, various studies observed an increasing trend in temperature (Hingane  et al ., 

1985, Rupakumar  et al ., 1994, Pant et al ., 1999, Singh and Sontakke, 2002). However, 

some studies note regional variations in rainfall ( Rupakumar  et al ., 1992; Kripalani  et al ., 

1996; Singh et al ., 2001 ; Mooley and Parthasarathy 1984; Thapliyal and Kulshrestha, 

1991). Semi -arid regions of western India are expected to receive higher than normal 

rainfall as temperatures increases while central India will experience a decrease of 10 to 

20 per cent in winter rai nfall by the 2050s ( Rupakumar  et al ., 1992). Furthermore, 

agriculture will also be adversely affected by shifts in the timing of the rainfall.  

1.4.1. Impact of Climate Change on Agriculture  

Globally, a number of studies tried to capture the impact of climate change on 

agricultural production and productivity (Kurukulasuriya and Rosenthal, 2003; Carraro 

and Sgobbi, 2008; Kameyama  et al ., 2008). Mainly three approaches have been widely 

used in the earlier studies to measure the sensitivity of agricultura l production to climate 

change; agronomic -economic models, cross sectional models and agro -ecological zone 

models (Ranganathan, 2009).  

According to IPCC, 2007 the crop yield in many countries of Asia has declined, 

partly due to rising temperatures and extr eme weather events.  Researchers have found 

that production of major cereal crops viz., rice, maize and wheat in the past few decades 

has declined in many parts of Asia due to increasing water stress arising partly from 

increasing temperature, increasing f requency of El Nino and reduction in the number  of 

rainy days (Wijeratne, 1996;  Aggarwal  et al ., 2000; Jin et al ., 2001; Fischer et al ., 2002; 
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Tao et al ., 2003; Tao et al ., 2004). Peng  et al . (2004) reported that the yield of rice 

decreased by 10  per cent  for every 1 0C in growing season minimum temperature.  

Studies by Parry et al . (1999) and Rosenzweig et al . (2001) have suggested the 

decline in cereal production in Asia by the end of the 21 stcentury due to climate change. 

However, sub -regional differences in the response of wheat, maize and rice yields to 

projected climate change could likely to be significant. Fischer et al . (2002) indicated that 

substantial losses are likely to occur in rain fed wheat area of South and South -East Asia. 

Faisal and Parveen (2004) predicted the decline in rice by 8 per cent  and wheat 

production by 32  per cent in Bangladesh, by the year 2050 . The s tudies have also shown 

that a 2 0C increase in mean air temperature could decrease rain -fed rice yield by 5 to 12  

per cent  in China (Lin et al ., 2004).  

A few Indian studies argue that agricultural production has declined due to 

climate change (Aggarwal and Kalra, 1994; Dinar et al ., 1998;  Kumar and Parikh, 2001a, 

2001b; Kumar , 2009). If temperature rise s by 4 0C, grain yield would fall by 25- 40 per 

cent, rice yields by 15 -25 per cent and wheat yields by 30 -35 per cent (Kumar and Parikh, 

1998b). The s tudy conducted by Indian Agricultural Research Institute  (ICAR) reported 

the possibility of loss es by 4 to 5 MT of wheat production in future with every 1 oC rise s in 

temperature during the growing period (but no adaptation benefits), if the irrigation 

remains at todayõs level (Kalra  et al ., 2007). The IPCC report (IPCC , 2007) and study by 

Dinar et al . (1998) indicate d that the probability of 10 to 40  per cent losses in crop 

production in India with  an increase in temperature by 2080 ð 2100.  

Kumar and Parikh (1998) showed that the economic impact would be significant 

even after accounting for farm -level adaptation. The loss in net revenue at the farm level 

is estimated to be between 9 and 25 per cent for a 2°C to 3.50 °C rise in temperature. 

Mendelsohn  et al . (1994) indicate d that the global warming would decrease ne t income by 

8 per cent. Sanghi  et al.  (1998) reported that a 2°C rise in mean temperature and a 7 per 

cent increase in mean precipitation would reduce the net revenue  by 12.3 per cent for the 

entire country.  

 In cross -sectional approach, known as Ricardian method, farm performances are 

examined across climate zones (Mendelsohn et al ., 1994; 1996; Kumar and Parikh, 

1998b). Ricardo observed that land values would reflect land productivity at a site (under 

compet ition). In this approach land value is regressed on a set of environmental inputs to 

measure the marginal contribution of each input to farm income. The approach has been 

applied to the United States (Mendelsohn et al ., 1994; 1996). In the Ricardian analys is, 

prices of both inputs and outputs are assumed to remain proportionately constant. 

Climate parameters are precipitation, minimum, maximum and diurnal temperature. 

Usually climate normals, based on time series averages over a fairly long period of time 

are considered.  

Palanisami  et al . (2009) employed Ricardian type analysis to study the effect of 

climate variables on area and yield of paddy, groundnut and sugarcane major crops of 

Tamil Nadu, State India. The results show that there will be a reduction in  both area and 

yields of major crops by about 3.5 to 12.5 per cent due to  the  impact of climate change. 

Consequently , overall production will decrease between 9 to 22 per cent for these crops.  

Most of the researchers studied the effect of climate variables on mean yield but 

fluctuation in crop yields is also important because agricultural production is very 
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sensitive to changes in precipitation and temperature. This aspect has been studied only 

to a much lesser extent (Bindi  et al ., 1996;  Mearns  et al ., 19 97).  

Chen et al . (2004) and Isik and Devadoss (2006) have used regression analysis by 

applying a Just -Pope (1978) production functional form to simultaneously estimate the 

mean and variability in crop productivity. Chen  et al.  (2004) showed that changes in 

climate modify crop yield levels and variances in a crop -specific fashion. For sorghum, 

rainfall and temperature increases are found to increase yield level and variability. On the 

other hand, precipitation and temperature ar e individually found to have opposite effects 

on corn yield levels and variability. Isik and Devadoss (2006) employed Just -Pope 

production function to analyze the impacts of projected climate change on the yield of 

wheat, barley, potato and sugar bees in I daho, USA. The explanatory variables used were 

total precipitation, temperature and trend. They reported that climate change will have 

modest effects on the mean crop yields, but will significantly reduce the variance and 

covariance for most of the crops s tudied.  

Ranganathan (2009) applied econometric modeling for estimating the mean yield 

and yield variability and also covariance between yields of different crops. The study 

shows that precipitation and temperature have varying effect on productivity and 

variability of crops. Climate change, as dictated by HADCM3A2a scenario, will have 

modest impact on crop productivities across the five zones of Tamil Nadu. Zones where 

paddy is grown traditionally may witness modest increase in productivity followed by 

incr ease in variability while many other crops may have decrease in productivity and 

there is no uniformity in changes in their variability.  

Barnwal and Kotani (2010) examined the effects of temperature and precipitation 

on the mean and variance of seasonal ri ce yield in Andhra Pradesh, India. For this 

purpose, two distinct approaches were employed: (i) panel data analysis using Just and 

Pope stochastic production function and (ii) qua ntile regression approach. The first 

approach suggested that, in general, an increase in temperature as well as inter -annual 

variance of temperature and rainfall adversely affect the mean crop yield, while the effect 

of increase in precipitation highly depends on the cropping season. Second, the qua ntile 

regression revealed that ri ce yield's sensitivity to climate change diff ers significantly 

across the qua ntiles of yield distribution. In particular, the adverse effect of climate 

change is found to be more profound for the crop yields in  the  lower qu antiles.   

1.4.2. Impact on Livelihood  

The FAO study (2002) suggested that climate change will affect the four dimensions of 

food security, namely food availability ( i.e., production and trade), access to food, stability 

of food supplies and food utilisation. This because low produc tion may affect incomes and 

high food prices may reduce access to food. Increased price of staple food will adversely 

affect the nutrition levels, as in one hand demand s for food staples (rice, wheat, maize etc. 

depending on the geographical region and cu lture) are highly inelastic and the income 

and price elasticities for food staples in the aggregate are low and in another hand 

minerals and vitamins are concentrated in non -staple foods; energy is concentrated in 

staple foods. Hence, the increased price wi ll reduce the intake of vitamins and minerals 

are currently already too low, resulting in high prevalence rates of micronutrient 

deficiencies.  

The overall impact of climate change on food security will differ across regions and 

over time and will depend on the overall socio -economic status of the county 



5 

 

(Schmidhuber and Tubiello, 2007).  According to IASC (2009) climate change will act as a 

multi plier of existing threats to food security. By 2050 s, the risk of hunger is projected to 

increase by 10 ð20 per cent and child malnutrition is anticipated to be 20 per cent higher 

compared to a no -climate change scenario. Other projections have shown that r isk of 

hunger remain high as under A2 scenario without CO 2fertilization arelikely to increase 

from  7 to 14  per cent  by 2020s, 14 to 40  per cent  by 2050s and 14 to 137  per cent by 

2080s (Parry et al ., 2004; IPCC, 2007).  

International Centre for Integrated Mo untain Development, Kathmandu, Nepal, 

surveyed in Karbi Anglong of Assam and East Garo Hills of Meghalaya and reported that 

communities in these districts expressed concern about the change in precipitation 

patterns leading to a drying up of water sources for drinking and irrigation . Womenõs 

workload is increasing as they have to travel further to fetch water. The lengthening dry 

season delays sowing and transplantation, particularly of upland rainfed rice. 

Furthermore, the increased severity of hailstorms caused damage to standing crops in 

September. Hailstorms also damaged flowers, preventing fruit set, and resulted in early 

fruit fall among horticultural crops such as citrus, mangoes, lychees, and other fruits. 

The erratic nature of precipitation had a se rious negative impact on harvests. The 

untimely rain during harvesting season destroyed the crops. Overall, the impact was 

inducing and perpetuating food insecurity in the region. Moreover, as the productivity of 

agriculture declines, men in search for wag e labour opportunities, adding both to their 

workloads and to the workloads of their wives (Macchi  et al ., 2011).  

Migration depends on many factors including climate change but it is difficult to 

isolate climate change induced migration (ADB , 2011). According to The IPCC i n its 

Fourth Assessment ReportʄClimate-related disruptions of human populations and 

consequent migrations can be expected over the coming decades. Werz and Conley (2012) 

opined that in case of òworst caseó climate change scenarios of  more than 10°F average 

increase in global temperatures in many part of the world would become uninhabitable 

that are relatively stable right now.  

International Institute for Strategic Studies in London reported that, in òareas with 

weak or brittle states , climate change will increase the risks of resource shortages, mas s 

migrations and civil conflictó (IISS, 2011 ). Some studies postulate that climate change 

already contributes to displacement and migration, although most of this movement 

remains internal (Warner, 2009).  

1. 5. Nature and Scope of Study  

The present  study is multidisciplinary in nature and will use the knowledge of specialist 

on Agro -Meteorology, Economics, Econometrics, Plant Breeding and Rural Sociology but 

the focus was on socio -economic aspect. The approach for research methodology was 

flexible and use d Focus Group D iscussion  (FGDs)/ Case Studies  and household survey. 

The study was conducted in the NEH region of the country and the analysis of climatic 

parameters has  limit to rainfall and temperature and their impact on the major crops 

only. The  extent of damage inflicted by climate change on livelihood and social systems  

was limited to the household s involving  in farming activities only.  



 

 



 

 

This chapter deals with the description of the study area, sampling design, the nature and 

sources of data and analytical techniques employed. At the end of this chapter, important 

terms and concepts used in the study are defined to  facilitate a clear understanding. The 

methodology is presented under the following major heads:  

2.1 Locale of the study  

2.2 Sampling Design  

2.3 Data  

2.4 Analytical techniques  

2.5 Terms and concepts used  

 

2.1 Locale of the study  

The study is conducted in North Eastern Himalaya (NEH) of India which comprised of 

Sikkim, Darjeeling district of West Bengal (except Siliguri sub -division), Meghalaya, 

Arunachal Pradesh, Karbi Anglong district of Assam, Nagaland, Manipur, Tripura and 

Mizoram. The brief description  of the states and selected districts are given below.  

 

Fig. 2.1. Locale of the study  

2. 1. 1 Sikkim  

Sikkim is located in between 27 000õ46"N to 28007õ48"N latitude and 88000 '55"E to 

89 o55 '25"E longitude. The state is bounded by the Tibetan Plateaus in the North, the 

Chumbi Valley of Tibet and the Kingdom of Bhutan in the East, the Kingdom of Nepal in 

the West and Darjeeling district of West Bengal in the South. East Sikkim, West Sikkim, 

South Sikkim and North Sikkim are the four districts of the state and Gangtok is the 

capital of the state located in East Sikkim.  

Population  

The population of Sikkim is around 6.08 lakh and about 75.03 per cent of the population 

live in 452 villages. The po pulation density is about 86 persons per sq. km. The Schedule 

Tribe (ST) and Schedule Caste (SC) population constitute 21 per cent and 5 per cent of the 

population, respectively. The Lepchas, the Bhutias, and the Nepalies are the three major 

communities in habit in Sikkim. T he literacy rate in Sikkim is at 82.20 per cent and the 

sex ratio is at 889 female for every 1000 male as in 2011.  The percentage of people living 

under below poverty level (BPL) is with 8.19 per cent in 2011 -12.  

Topography and climate  
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The state has a geographical area of 7096 sq. km. out of which 47.32 per cent is under 

forest  (FSI, 2013) . Nearly two -thirds of the state is covered by high mountains, including 

the third highest mountain in the world i.e. , the Kanchenjunga (8,598 m). Sikkim  

includes the Lesser Himalaya, Central Himalaya, and the Tethys Himalaya. The average 

steepness of the land is about 45  degree. North Sikkim and parts of East Sikkim have 

snow -capped mountains. The elevation of land is sub divided into five categories viz. , 

lower hills (270 to 1500 m above mean sea level (msl)), mid hills (1500 to 2000 m above 

msl), higher hills (2000 to 3000 m above msl), alpine zone with vegetation (above 3900 m 

above msl) and snow bound land without vegetation and with perpetual snow cov er (up  to 

8580 m above msl). The main soil types in the state vary from loamy sand to silty clay 

loam. The two major rivers of the s tate are the Teesta and Rangit, which originates from 

Cholamu lake and Rathong glacier, respectively. The state has 84 glaci ers and 315 glacial 

lakes.  

The state experiences Tropical (<610 m), Sub -tropical (610 -1524 m), Temperate 

(1524 -2743  m), Sub -alpine (2743 -3962 m) and Alpine (3962 -5182 m) climate at different 

level of alleviation. The annual rainfall varies from less than 400 mm in the north to more 

than 3,400 mm in the south -eastern parts, however, the lower part of South and West 

districts are in the rain shadow area, thereby receiving less than half the rainfall 

compared to East district.  

Most of the inhabited regions o f Sikkim, however, face a temperate climate with 

temperature seldom exceeding 28°C in summer or dropping below 0°C in winter with an 

average annual temperature around 18°C.  

Agriculture  

In Sikkim, about 56.36 per cent of the workforce depends on agriculture as a source of 

livelihood. The major cereal crop in Sikkim is maize and it covered an area of 40.17 

thousand ha in 2010 -11 with productivity around 16.47 MT/ha. The area under rice in 

the state is around 12.14 thousand ha and the annual production and productivity of the 

crop is 20.97 thousand MT and 1.72 MT/ha. The major horticultural crops grown in the 

state are fruits like Sikkim Mandarin orange; vegetables such as beans, garden peas , 

chayote, leaf mustard, radish, cabbage, cauliflower, tomato and gourds; root and tuber 

crops like potato, tapioca, sweet potato and yams. Large cardamom, ginger and turmeric 

are the major spices. Flowers include cymbidium orchids, roses, gladioli, lilium s, 

anthuriums, carnations and gerbera.   

East Sikkim District  

East Sikkim district is located between 27 o25 'N to 27 o11 'N latitude and 88 o53 'E to 

88 o26 'E longitude. The population of East Sikkim district is around 2.81 lakh and 56.81 

per cent of the population of the districts lives in rural areas. T he sex ratio is 872 females 

per 1000 males and the literacy rate of the district is 84.67 per cent. The main ethnicities 

of the district include Nepalese, Bhutias, Tibetan and Lepchas. The district compris e of 

three sub divisions, namely Gangtok, Pakyong and Rongli.  

The district covers an area of 954 sq. km. out of which 619.5 sq. km. is the total 

forested area.  East Sikkim district is dominated by a hilly terrain and the district has an 

altitude ranging from 300 -5000 m above msl. The annual rainfall in the district is around 

2500 mm. The major rivers in the district are the Teesta and the Rangit.  
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 The gross cropped area of the district is around 31.9 thousand ha and the net 

sown area is 18.1 thousand ha, with cropping intensity of 150 per cent. Maize and rice 

are the major crops of the district with an area covering 9.03 thousand ha and 4.91 

thousand ha, respectively in 2012 -13. The annual production and productivity of maize in 

the district is 15.35 thous and MT and 1.7 MT/ha respectively. In the case of rice, the 

annual production is 8.77 MT and the average productivity of rice in the district is 1.79 

MT/ha. Other important crops in the district include vegetables, millet, ginger and 

cardamom.  

2.1. 2 Darjeeling district  

Darjeeling district is located in between 26 027'N to 27 013'N latitude and 87 059'E to 

88 053'E longitude and the district is bounded on the north by Sikkim, on the south by 

Kishanganj district of Bihar state, on the east by Jalpaiguri dis trict and on the west by 

Nepal. The district constituted of 12 Blocks and the hilly region of the district comes 

under the Gorkhaland Territorial Administration (GTA) which covers the three hill sub -

divisions of Darjeeling, Kurseong and Kalimpong. The foot hill of Darjeeling Himalayas, 

which comes under the Siliguri sub -division, is known as the Terai.  

Population  

The population of the district is 0.18 lakh of which about 60.58 per cent lives in rural 

areas as in 2011. The population density in the district is 586 persons per sq. km.  The 

district has literacy rate 79.56 per cent and the sex ratio is at 970 female per 1000 male. 

Mainly the Nepalies, the Bhutias and the Lepchas are the inhabitant of the district. The 

SC and ST population constitutes 16.09 per cent and 12.69 per cent, respectively.  

Topography and climate  

The district has a geographical area of 3149 sq. km. and the average elevation is about 

2134 m. The arable lands have a gradient of slope of 60 to 70degree. The soil is mainly 

brown forest soil,  sandy loam in texture, porous and shallow in depth. The soil has high 

organic matter content and is acidic in nature with pH value ranging from 3.5 to 5.0. 

Phosphorous and potash content in the soil varies from medium low to medium. Teesta, 

Great Rangit, Mechi and Mahananda are the important rivers of the district.  

The agro -climatic condition of areas under Darjeeling Gorkha Hill Council is 

diverse, varying from sub -tropical on the foothills to the temperate in the higher altitudes. 

Average rainfall in the  area is about 1675 mm per annum concentrated in the months of 

June to September with an average of 49 rainy days per annum. The mean maximum 

temperature is 26 oC and the mean minimum temperature is 4 oC.  

Agriculture  

The upper ridges of the district are for est areas; tea plantations and agriculture occupy 

mid -hill section. The total cultivable land is 160.14 thousand ha out of which 143.86 

thousand ha is net sown area. The irrigated area is only 8.94 thousand ha and cropping 

intensity is 122.48 per cent. Dar jeeling is internationally recognized for its Black Tea.  

The area under rice was 32.3 thousand ha producing 77.8 thousand tones with an 

average yield of 2.41 MT/ha in 2010 -11. Net sown area is 40.07 per cent of the total 

reporting area. Maize is another i mportant cereal of the district with annual production of 

39.60 MT. spice like large cardamom and ginger ; vegetables; fruits like pineapple, 

banana,  plum, pears and peach; flowers like gladiolus and orchid are other important 
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crops cultivated in the distri ct. Poultry, diary, piggery, goatery and apiary are also 

important sources of livelihood of the people in the area.  

2.1.3  Meghalaya  

Meghalaya lies between the 24 057 'N to 26 010 'N latitude and 89 046 'E to 92 052 'E longitude. 

It is bounded on the north by Goalpara, Kamrup, Nagaon and Karbi Anglong districts of 

Assam state, and on the east by the districts of Cachar and North Cachar (NC) Hills, also 

of the state of Assam. On the south and west lies Bangladesh. Megha laya is divided into 

eleven administrative districts. They are West Jaintia Hills district (Jowai) and East 

Jaintia Hills district (Khliehriat) in Jaintia hills; East Khasi Hills District (Shillong), West 

Khasi Hills District (Nongstoin), Ri -Bhoi District (Nongpoh), South West Khasi hills 

(Mawkyrwat) in Khasi hills; North Garo Hills (Resubelpara), East Garo Hills district 

(Williamnagar), West Garo Hills district (Tura), South Garo Hills District (Baghmara) and 

South West Garo Hills District (Ampati) in Garo  hills.  

Population  

Meghalaya has a population of 29.64 lakhs with 23.69 lakh population (79.92%) living in 

6839 villages and the population density is 132 persons per sq. km. As in 2011, about 

86.23 per cent of its population belong to ST community. The se x ratio is at 986 per 1000 

males and t he literacy rate in the state has improved to 75.48 per cent in 2011 from 

62.56 per cent in 2001. About 18.5 per cent of the people live under the BPL. Khasi, Garo 

and Jaintia are the major tribes of the state.  

Topography and climate  

The state has an area of 22429 sq. km. out of which 77.08 per cent is covered by forest, 

as in 2013. The Khasi Hills in the central part of Meghalaya, Jaintia Hills in the eastern 

part of Meghalaya and Garo Hills form the western part of M eghalaya. The height of the 

central plateau of the Khasi Hills is around 1500 m with the highest point of Shillong 

peak at 1965 m. Khasi hills is known as the ôScotland of the Eastõ with the pine trees, 

rolling hills and numerous waterfalls.  The height of  the Garo Hills range from 450 m to 

600 m and Nokrek (1412 m) in Tura is the highest peak. Simsang, Ringge, Ganol, Manda, 

Damring and Janjiram are the important rivers of Garo Hills. Kyushi, Umiam Mawphlang 

and Umngot are the important rivers of Khasi Hill s.   

The climate of the state varies from sub -alpine, Sub -temperate to Sub -tropical 

climate. The temperature goes up to 30 0C at Garo Hills but the maximum temperature of 

Khasi Hills is about 26 0C. The minimum temperature falls as low as 2 0C in the Khasi 

Hi lls. T he amount of rainfall varies from 2,200 mm to 14000 mm depending on the 

altitude. The maximum rainfall occurs over the southern slopes of the Khasi hills where 

Sohra and Mawsynram are located.  

Agriculture  

Meghalaya is basically an agricultural stat e with about 80 per cent of its population 

depending entirely on agriculture for their livelihood. The total cultivable area of the state 

is 5.27 lakh ha and rice is cultivated on 1.09 lakh ha of area with productivity of 2.33 

MT/ha. The irrigated area is 65thousand ha with cropping intensity at 118.95 per cent.  

The state is also known for its horticultural crops like orange (Khasi Mandarin), lemon, 

pineapple, guava, banana, plum, pear, peach, arecanut and betel vine. Potato, ginger, 
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turmeric, cauliflower,  cabbage, radish and carrot are the important vegetables grown in 

the state.  

Ri -Bhoi district  

Ri-Bhoi  is situated between 91°20' E and 92°17'E longitude and 25°40'N to 26°20'N 

latitude. It is bounded by Kamrup district of Assam in the north, east by Karbi Anglong 

district of Assam, south by the East Khasi Hills and west by the West Khasi Hills district. 

The district occupies an area  of 244 8 sq. km. out of which 36 per cent is under forest 

cover. The district is located at an altitude of around 1010  m above msl. The district is 

sub -divided into three blocks i.e. , Umling, Umsning and Jirang with headquarters is 

located at  Nongpoh.  

The population of  the district is 2.59 lakh with the sex ratio at 953 and literacy 

rate of 75.67 per cent as in 2011. Mainly, the Bhoi sub -tribes of Khasi tribes are 

inhabitant of the district.  

Ri-Bhoi district is a hilly one with intermontane valleys. The we stern and northern 

part of the district comprises of the denudational high hills with deep, narrow 

intermontane valleys. The temperature ranges from 10°C in December to 30°C in the 

month of July to August. The average annual rainfall of in the district is around 3000 mm 

and distributed from June to September.  

The district has a total net sown area of about 22000 ha and the cropping 

intensity is 113.05 per cent. The major agricultural crops grown in the district are rice, 

maize and oilseeds with a total area  of 9547 ha, 1583 ha and 426 ha and production of 

27592 MT, 4766 M T and 412 MT respectively. The m ajor horticultural crops in the district 

are vegetables with a total area and production of 1098 ha and 9067 MT respectively. 

Important fruits include pineapp le (3686 ha) and banana (903 ha) with production of 

41611 MT and 15569 MT, respectively.   

2.1. 4 Arunachal Pradesh  

Arunachal Pradesh, situated between 26°30'N  and 29°30'N latitude and 91°30'E and 

97°30'E longitude, is the largest state in the NEH region of  India. It stretches from snow -

capped mountains in the north to the plains of Brahmaputra valley in the south and has 

a long international border with Bhutan to the west (160 km), China to the north and 

north -east (1,080 km) and Myanmar to the east (440 km ). There are 17 districts in 

Arunachal Pradesh and its capital, Itanagar is located at an altitude of 530 m above msl.  

Population  

As per Census 2011, the total population of Arunachal Pradesh is 13.84 lakh with 77.33 

per cent of them living in rural areas and the population density is only 17 persons per 

sq. km. About 69 per cent of its population is ST and comprised of 26 major tribes and 

more than a 100 sub -tribes. Literacy rate is comparatively low at 66.95 per cent and the 

sex ratio in the state is arou nd 920 females per 1000 males. About 34.67 per cent of the 

populations are still living under BPL.  

Topography and climate  

Arunachal Pradesh the " land of the dawn -lit mountains " has a geographical area of 83,743 

sq. km. out of which 80.39 per cent is covere d by forests. The altitude of the state varied 
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from 200 m to more than 700 m above msl. Siang, Dibang, Lohit and Tirap are the major 

rivers of the state.  

The climate in the state varies from sub -tropical in the south to alpine in the 

north. The foot hills  experience maximum temperatures higher well over 37 °C during 

summer months. In higher altitudes temperatures go below 0 °C. Arunachal Pradesh 

receives an annual average annual rainfall of about 3000 mm.  

Agriculture  

The total operational land under agriculture in the state is just around 3.9 lakh ha. Rice 

and maize are the major cereal crops of the state being cultivated on 1.26 lakh ha and 

0.47 thousand ha of area with productivity of 1.39 MT/ha and 1.43 MT/ha, respe ctively. 

Horticultural crops include apple, kiwi, walnut and citrus. Jhum  culture (shifting 

agriculture) is widely practiced by the predominantly large tribal population in the state.  

West Kameng district  

West Kameng district has derived its name from the river  Kameng, which is a tributary of 

the  river Brahmaputra that flows through the district. It is situated in between 26°54'N to 

28°01'N latitudes and 91°30'E to 92°40' E longitudes and covers a total geographical area 

of 7422 sq. km. The district is boun ded by Tibet in the North, East Kameng district in the 

East, Assam in the South and Tawang district and Bhutan in the West. The Altitude of 

the district varies from 216 m to 4571 m above msl. It experiences an alpine to temperate 

type of climate with three  distinct seasons i.e., summer, winter and monsoon. The average 

annual rainfall in the district is about 1704 mm, and temperature ranges from 25 0C to -

30C. Agriculture is the main source of income of the inhabitants, and like most of 

Arunachal Pradesh, jhum  cultivation is widely practiced by the tribes of the district. Total 

area under food crops in 2007 was 5445 ha with a total production of 7331 MT. Maize is 

the major cereal crop of the district with an area covering 2861 ha and productivity of 

1.69 MT /ha. Rice and wheat are cultivated over 867 ha and 685 ha, respectively. Other 

crops include paddy, pulses, wheat, millet, apple, kiwi and walnut.  

2.1. 5 Karbi Anglong district  

The Karbi Anglong district  is situated between 25 033'N to 26 035'N latitude and 92 010'E  to 

93 050'E longitude in Assam. It is bounded by  Golaghat district in the east, Meghalaya and 

Morigaon district in  the west, Nagaon and Golaghat district in the north and North 

Cachar ( N.C. ) Hills district and Nagaland in the south. Karbi Anglong di strict is one of the 

Autonomous hill district of Assam constituted under the provision of Sixth Schedule to 

the Constitution of India. The district consists of three Sub -Divisions viz. , Bokajan, 

Hamren and Diphu  Sadar.  

The total population  in the district is about 0.97 lakh, with population density of 

93 per sq. km. The literacy rate  is 73.52 per cent and there are 956 females per 1000 

males. Total number of villages  in the district is 2928 and the  major ethnic groups are 

Karbis, Bodos, Kukis, Dimasas, Hmar s, Garos, Rengma  Nagas, Tiwas, Man (Tai 

Speakingõs). Around 3 lakh people of the district fall under the BPL category. 

Karbi Anglong district is part of the Shillong plateau with altitude varying between 

100 m to 1400 m. Among them, the highest is the Sing hason Peak which is at about 1360 

m above the sea level.  The district covers an area of 10,434 sq. km. out of which 4922 sq. 



13 

 

km. is under forest cover . The major rivers that flow through the district are the Kopili, 

Amreng, Borpani, Kolioni and Dhansiri.  

During summer, the temperature ranges from 23 0C to 32 0C and 6 0C to 12 0C 

during winter season. The average rainfall is about 1205.22 mm per annum.  

Agriculture plays an important role in the economy of the district, since around 

7.1 lakh people of the rural population directly depends on agriculture for their livelihood. 

The net sown area is 176.43 ha with a cropping intensity of 129 per cent and the net 

irrigated area is 5.05 thousand ha in the year 2011 -12. The area under rice cultivation is 

1.26  mha and the average productivity is 1.88 MT/ha as in 2011 -12. Maize is also 

cultivated in a total area of 10230 ha and production of 8076 MT. The average yi eld of 

maize in the district is 0.79 MT/ha.  

2.1. 6. Nagaland  

Nagaland lies between 25°60'N to 27°40'N latitude and 93°20'E to 95°15'E longitude . The 

state  shares its borders with the state of Assam to the west, Arunachal Pradesh and part 

of Assam to the north, Myanmar and Arunachal Pradesh to the east and Manipur to the 

south. The State is divided into eleven districts, namely Kohima, Phek, Mokokchung, 

Wokh a, Zunhebeto, Twensang, Mon, Dimapur, Kiphire, Longleng, and Peren and the state 

capital is Kohima (1261 m above msl).  

Population  

The state's population is 1.98 million with population density of 119 persons per sq. km. 

as in 2011. About 71.07 per cent of the total population lives in 1317 villages. Around 1.4 

million people live in the rural areas. About 18.88 per cent of the population lives under 

BPL. The state has about 931 females per 1000 male and the literacy ratio is 79.55 per 

cent as in 2011. About  86.48 per cent of the population are ST. The local people were 

known as Naka  (in Burmese languages) meaning 'people with pierced ears'. There are 16 

main tribes in Nagaland, of which the Konyaks, Angamis, Aos, Lothas, and Sumis are the 

largest tribes. Tribe and clan traditions and loyalties play an important part in the life of 

Nagas. 

Topography and climate  

Nagaland is spread over an area of 16579 sq. km. out of which 78.68 per cent is under 

forest area. The state is mostly mountainous except areas bordering Assam valley. The 

altitude varies from 194 m to 3048 m. Saramati in Tuensa ng district is the highest peak 

in the state. The Naga Hills and Mount Saramati (3841 m) are the major hills. The main 

rivers that flow through Nagaland are Dhansiri, Doyang, Dikhu, Milak and Tizu. Dhansiri, 

Doyang, Dikhu and Milak flow westward into the B rahmaputra whereas Tizuriver flows 

towards east and joins the Chindwin River  in Burma. Only 8 per cent of the total area of 

the state consists of flatlands mainly confined in Dimapur, Jalukie and areas adjoining to 

Assam.  Inceptisols dominate the soils of  the state (66.00%); followed by ultisols (23.80%), 

entisols (7.30%) and alfisols (2.90%) of the total stateõs geographical area. 

Nagaland has a largely monsoon climate with high humidity levels. Annual rainfall 

averages around 1800 ð2500 mm, concentrated i n the months of May to September. 

Average summer temperature ranges from 16°C to 31°C. At high elevations during winter, 

day temperature is limited within 24°C and night temperature ranges from 1°C to 4°C.   

 Agriculture  
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Agriculture is the most important e conomic activity in Nagaland, with around 6 lakh of 

total workforce engaged in agriculture as 2011. The total cultivable area of the state is 5.2 

lakh ha, with a total crop area of 4.8 lakh ha and net sown area of 3.8 lakh ha as i n 

2011 -12 . Rice is the sta ple food of the people in Nagaland. It occupies 86 thousand ha, 

with a production and productivity of 2.1 lakh MT and 2.4 MT/ha, respectively. The two 

methods of rice cultivation practised in the state are jhum  and wet land transplanted r ice 

cultivation (W TRC-consisting both low land and terrace rice cultivation). Maize covers an 

area of 68 thousand ha with a production of 1.3 lakh MT and yield of around 1.96 MT/ha. 

The other major agricultural crops of the state include millets, grams, mustard, oilseeds, 

potato, cotton, jute, banana, pineapple, jackfruit; plantation crops such as rubber, coffee, 

tea, spices such as chilies, ginger and garlic.  

Dimapur district  

Dimapur was declared as a district on 24 th  January, 2004. The district lies between 

25ě54ËN latitude and 93ě44ËE longitude. It occupies an area of 927 sq. km. and about and 

the area under forest in the district is around 416 sq. km. It is located on the Western 

part of Nagaland bordering Assamõs Karbi Anglong district. The population of the district 

is around 3.78 lakh, with about 1.8 lakh residing in rural areas. The sex ratio is 919 

females per 1000 males and the literacy rate is 84.79 per cent in the district.  

The altitude in the district ranges  from 140 to 600 m above msl. The annual 

rainfall of the district is 1504.7 mm and the temperature in the district ranges from 10 0C 

to 40 0C.  

Agriculture is the major source of livelihood for the people of Dimapur district. The 

total cultivable area in the district is around 60 thousand ha and the total cropped area is 

7.93 lakh ha as in 2011 -12 . The net sown area in the district is around 5.62 lakh ha. Rice 

covers an area of 3.5 lakh ha, with a production and productivity of 8.8 lakh MT and 2.44 

MT/ha, respectively. Maize is another important cereal cultivated in the district with an 

area of 6.69 thousand ha, with a production and productivity o f 13.14 thousand MT and 

1.96 MT/ha, respectively.  

2.1. 7 Manipur  

Manipur is located in between 23°83´N to 25 068´N latitudes and 93°03´E to 94 078´E 

longitudes. It is surrounded by Nagaland in the north, Mizoram in the south and Assam 

in the west; it also bo rders Burma to the east. The state consists of nine administrative 

districts viz. , Bishnupur, Chandel, Churachandpur, Imphal East, Imphal West, Senapati, 

Tamenglong, Thoubal and Ukhrul. Imphal is the capital city of Manipur.  

Population  

According to Census 2011, the population of the state is 25.70 lakhs, scattered in 33 

towns and 2,651 villages. About 67.55 per cent of the total population lives in the rural 

areas. The population density of the state is 115 per sq. km. The number of fema le per 

1000 male has increased to 992 in 2011 as against 978 in 2001. There are seven SC 

communities and 33 different tribes of different ethnic groups in the state. Literacy rate in 

the state is around 72.37 per cent. The number of person falling below th e poverty line is 

around 10.22 lakhs which is 36.89 per cent of the total population of the states as in 

2011 -12.  

Topography and climate  
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About 92 per cent (20507 sq. km.) of the stateõs total geographical area of 22,327 sq. km. 

is covered by hills and the remaining area is a small valley covering 1820 sq. km. About 

76.10 per cent (16990 sq. km.) of the total geographical area is covered by forest. The 

altitude of the state varies from 790 to 2020 m above msl.  

The climate of Manipur ranges from sub -tropical  to temperate. The temperature 

ranges from sub -zero during January to 36°C during June -July. It receives an average 

annual rainfall of 1467.5  mm between May and October.  

Agriculture  

About 49.09 per cent of the total workers in Manipur are engaged as cult ivators and 

agricultural labourers. The cultivable land in the state is around 3.65 lakh ha of which 

3.39 lakh ha is gross cropped area and net sown area is 2.33 lakh ha as in 2012 -13. Rice 

is the staple food of Manipur and is cultivated primarily as a mon o-crop in both hills and 

plains. Rice is cultivated in hills after cutting the slopes into terrace and also through 

jhum  cultivation (slash  and burn cultivation). During the period of 2013 -14 the annual 

production and productivity of rice in Manipur was 5.97 lakh MT and 2.68 MT/ha 

respectively, over an area covering 2.22 lakh ha. In the case of maize, production in 2013 -

14 was estimated to be  11.91 thousand tonnes. The area under maize was 5.01 thousand 

ha and average yield was 2.37 MT/ha. The average annual production of fruits and 

vegetables during the year 2007 -08 was 2.74 lakh MT and 0.11 lakh MT, respectively. The 

major fruits grown in th e state are pineapple, orange, lemon, banana, guava and peaches.  

Senapati district  

Senapati district is situated in between 24 °30´N and 25 °45´N latitude and 93 °30´E and 

94 °30´E longitude. Senapati district comprises of 6 blocks namely, Mao -Maram, Paomata , 

Purul, Sadar Hill West, Saitu  Gamphazol and Sadar Hill East (Kangpokpi). The hill district 

covers a total geographical area of 3271 sq. km., which is around 14.65 per cent of the 

total state geographical area. The district is bounded by Nagaland in the N orth, Ukhrul 

district of Manipur in the East, Imphal district in the South and Tamenglong district of 

Manipur in the West. Although Senapati is the smallest district in area as compared to 

other hill district of the state, it has the highest population amo ng the hill districts i.e. , 

1.9 lakh.  

The altitude of the district stretches from 720 to 4000 m above msl. It experiences 

sub -tropical to temperate type of climate with annual rainfall ranging from 671 mm to 

1585 mm  and has three distinct seasons i.e., su mmer, winter and monsoon.  

The total cropped area is 24.73 thousand ha with a cropping intensity of 141.8 per 

cent as in 2013 -14. Rice and maize are the major cereal crops in the district with total 

area of around 12.10 thousand ha and 4.7 thousand ha, res pectively. In 2013 -14 the 

production of rice and maize in the district was 19.20 thousand MT and 10.55 thousand 

MT respectively, while the average productivity of rice and maize was 1.58 MT/ha and 

2.22 MT/ha, respectively.  

2.1. 8 Tripura  

Tripura is situated between 22 056 ´N to 24 032´N latitude and 91 0.09 ´E to 92 020´E 

longitude. The altitude varies from 213 to 7090 m above msl. It is bounded on the north, 

west, south and south -east by Bangladesh whereas in the east it has a common boundary 
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with Assam a nd Mizoram.  At present there are eight districts in Tripura namely West 

Tripura, Khowai, Sipahijala, Gomati, Unakoti, Dhalai, North Tripura and South Tripura.  

Population  

The population of Tripura in 2011 is 36.7 lakh,  out of which 27.10 lakh reside in rural 

areas. Sex ratio in the state stands at 961 (per 1000 males) as in 2011. The literacy rate is 

found to be 87.75 per cent in the state. The total population of ST in the state is around 

11.66 lakh. About 14.05 per ce nt of the total population of the state is living below the 

poverty line.  

Topography and climate  

Tripura is a landlocked state in NEH region and one of the smallest hilly states with a 

total geographical area of about 10486 sq. km., out of which 7866 sq. km. (75.01%) is 

covered by forest. Forty per cent of total surface of Tripura is classified as plain area, 

which is situated at the altitude of less than 75 m above msl. The main plain region of the 

state are found in the southern and western side  form a part of the Ganga Brahmaputra 

plain. The Manu valley is located in the eastern part of the state and Dhalai and Khowai 

Vallies are located adjacent to the east of the Manu valley.  Gomoti is the most important 

river of Tripura.  

Tripura experiences  tropical moist or warm humid climate in the plain and sub -

tropical to temperate climate in hilly areas. The temperature ranges from 27 0C and 13 0C 

during winter and from 35 0C and 24 0C during summer. The total annual rainfall in the 

state varies between 150 0 mm and 2500 mm.  

Agriculture  

The total cultivable area is around 2.59 lakh ha with a cropping intensity of 144.92 per 

cent. The total cropped area of the state is about 3.71 thousand ha with net sown area of 

around 2.56 lakh ha. Rice -based cropping syste m is practiced in Tripura. Jhum  or 

shifting cultivation is practiced in the hill region and settled farming in the plains. Small 

and Marginal farmers constitute about 75 per cent of the total farming community of the 

state. Rice is grown in three seasons, i.e., Aush, Aman  and Boro.  Rice is the major crop in 

Tripura, with 95.82 per cent of net sown area devoted to the production of rice. The 

System of Rice Intensification (SRI) method has become popular in the state due to 

Government intervention. In 2010 -11 , the total area under rice was 2.64 lakh ha, while 

the production and productivity was 5.19 lakh MT and 19.61 MT/ha respectively. In the 

state, maize is cultivated in an area of around 3.10 thousand ha, with a production of 

4.10 thousand MT and productivi ty of 1.32 MT/ha.  

West Tripura district  

West Tripura district lies at 91°09'E to 91°47'E longitude and 23°16'N to 24°14'N latitude. 

West Tripura covers a total area of 3.5 thousand sq. km. out of total area of 10.49 

thousand sq. km. of the state. West Tripura district comprises of 16 blocks name ly, 

Jirania, Khowai, Padmabil, Tulashikhar, Teliamura, Kalyanpur, Mungiakami, Mandwi, 

Mohanpur, Hezamura, Dukli, Bishalgarh, Jampuijala, Box Nagar, Melaghar and Kathalia. 

In 2011, the total population of West Tripura is 17.25 lakh, of which 8.79 lakh resid es in 

rural areas. The sex ratio is 964 females per 1000 males and the literacy rate is 88.91 per 

cent.  
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The district experiences tropical monsoon climate and temperature ranges 

between 9°C to 35°C with an average annual rainfall of 2000 mm. Pedologically,  the area 

is characterized by flood plain soils and soils of low lying residual hill valleys.  

In 2009 -10, the area under rice in West Tripura district was around 96.01 

thousand ha. The production and productivity of rice in the district was 2.56 lakh MT a nd 

2.67 MT/ha, respectively. The area under maize was 389 ha and the production and 

productivity of maize in the district was 350 MT and 900 MT/ha, respectively.  

2.1. 9 Mizoram  

Mizoram lies in between 21 058õN and 24035õN latitude and 92015õE and 93029õE longitude. 

The stateõs north eastern part shares international border with Bangladesh in the west 

and Myan mar in east and south. Mizoram is divided into eight districts viz., Aizwal, 

Lunglei, Saiha, Champhai, Mamit, Lawngtlai and Serchip. Mizoramõs capital city is 

Aizawl.  

Population  

The population of the state is about 10.91 lakh and the population density is 52 

persons per sq. km. as in 2011. The sex ratio in Mizoram is 975 f emales per 1000 males 

and the literacy rate in the state is 91.58 per cent. About 2.22 lakh people live under the 

BPL category in the state which is about 20.40 per cent as in 2011 -12.  Mizoram is 

characterized by a distinct tribal structure with 94.46 per  cent of the population 

belonging to STs. The SC population only comprises about 0.03 per cent of the total State 

population. The Mizo community is an amalgam of several indigenous tribes who have 

unique identities and distinctive dialects.  

Topography and  Climate  

The area of the state is 21081 sq. km., out of which 90.38 per cent is under forest area.  

The Mizo Hills, which dominate the state's topography, rise to more than 2050 m near the 

Myanmar border. The average altitude in the state ranges from 500 m  to 800 m with the 

highest point being Blue Mountain (Phawngpui) at 2157  m above msl .  Rivers like Tlawng 

(Dhaleswari or Katakhal), Tut (Gutur), Tuirial (Sonai) and Tuivawl flow through the 

northern territory and eventually join river Barak in Cachar and K oldoyne (Chhimtuipui) 

originates in Myanmar and flows in the south Mizoram.  

The state has a climate ranging from moist tropical to moist sub -tropical, with 

mild summer and winter temperatures. During winter, the temperature varies from 11 0C 

to 24 0C and in  summer it varies between 18 0C to 29 0C. The average annual rainfall is 

2540 mm (range 2160 to 3500 mm) and concentrated during the months of May to 

September . Normally, w inter in Mizoram is a dry season.  

Agriculture  

The total cultivable area and total cropped area in Mizoram was 3.42 lakh ha and 1.33 

lakh ha, respectively in 2011 -12. The net sown area is around 1.31 lakh ha and the 

cropping intensity is 107.07 per cent. Paddy is cultivated as jhum  and wet land rice in  

both kharif  and rabi  season. In 2011 -12, the total area under rice is 38.97 thousand ha 

and the annual production is 75.56 thousand MT with average productivity of 1.93 

MT/ha. Maize is another important cereal crop which is cultivated in 6.9 thousand ha. 

The production of maize in Mizoram is 8.38 MT with a productivity of 1.21 MT/ha in 
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2011 -12. The main horticulture crops are fruits including mandarin orange, banana, 

passion fruit, grapes, pineapple and papaya.  

Lunglei district  

Lunglei district of Mizora m is situated between 22.03 0N to 23.18 0N latitude and 

92.15 0E and 93.10 0E longitude. The district is bounded on the north by Mamit and 

Serchhip districts, on the east by Myanmar, on the south by Lawngtlai and Saiha districts 

and on the west by Bangladesh. The district is divided into four Rural Development 

Blocks (RDB); namely Lunglei, Hnahthial, Lungsen and Bunghmun. The district 

headquarter is located in Lunglei town. Lunglei is also known as Lungleh, which 

means  "bridge of rock".  Lunglei has a populatio n of 0.16 lakh as in 2011. Average literacy 

rate of Lunglei in 2011 is 88.86 per cent and the sex ratio is 947 females per 1000 male.  

Lunglei is the biggest district in Mizoram with an area of 4538 sq. km. out of 

which 9.97 per cent of the total area of Lu nglei district is covered by forest. Its hilly 

terrain is high and prominent in the eastern and northern parts of the district. The 

average altitude of the district is around 722  m. Lunglei district is characterised by warm 

climate in general with heavy ra infall (2566 mm/annum) due to its tropical location. May 

and June are the warmest months with mean daily maximum temperature of 36 oC and 

minimum temperature of 18.5 0C, whereas January is the coldest month with the mean 

daily maximum temperature at 26.6 0C and the maximum temperature at 9.9 0C. 

 The farmers of the district mostly practice shifting cultivation. In 2012 -13, the 

districtõs total net sown area was 17.93 thousand ha whereas the net irrigated area in the 

district is only out of which only 0.76 thous and ha as in 2012 -13. Rice is the major cereal 

crop cultivated in an area of 4197 ha with an annual production of 5934 MT. Maize is 

another popular cereal crop with annual production of 1186 MT from an area of 563 ha.  

Pulses in the district cover an area of 378 ha, with an annual production of 479 MT. The 

other important crops cultivated in the district include soybean, sesame and sugarcane.   

2.2 Sampling Design  

 

Sl. No.  Region  
Number of 

States  

Number of 

hill districts  

No of sample respondents for 

survey  

1 
North 
East ern  

7 1×7=7  7 × 120 = 840  

2 Eastern  2 1×2=2  2×120 = 240  

 Total  9 9 1080  

 
Selection of States and Districts  

Multistage sampling technique was applied for the present study. The NEH is spread from 

West Bengal (Darjeeling district of West Bengal, except Siliguri sub -division) and Sikkim 

in East to North Eastern states viz.,  Arunachal Pradesh, Meghalaya, Manipur, Mizoram, 

Nagaland, Tripura and hills of Assam. ICAR under the National Ini tiative on Climate 

Resilient Agriculture (NICRA) project has identified 100 districts in India which are 

vulnerable to climate change. Out of 100 districts, 17 districts we re from North Eastern 

states. One vulnerable district from each of the states was selected randomly for primary 

data collection. In case of Assam, out of the two hill districts i.e, Karbi Anglong and N.C. 

Hills (other districts are plain districts, so they are excluded in the sampling  procedure ), 

Karbi Anglong  district was selected random ly. Darjeeling (except Siliguri Sub -division) 
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district from West Bengal, was selected as it is the only hill district in the state. West 

Tripura district of Tripura was identified as the vulnerable district by ICAR. But now the 

district is bifurcated into two districts i.e., West Tripura and Khowai, hence West Tripura 

district  was selected randomly. The identified vulnerable districts in North Eastern states 

are given below.  

State  
Vulnerability 

Situation  

Vulnerable 

Districts (NICRA)  

Selected 

district  
Selected Blocks  

Arunachal 

Pradesh  

Water stress  Tirap, West Siang  
West Kameng  

Dirang  

Nafra  Cold stress  West Kameng  

Manipur  Drought  
Senapati, Imphal 

East  
Senapati  

Kangpoki  

Hangbum  

Meghalaya  Drought  
Ri-Bhoi, West 

Garo Hills  
Ri-Bhoi  

Umsning  

Umling  

Mizoram  Water Stress  Lunglei  Lunglei  
Lunglei  

Hna hthial  

Nagaland  Drought  
Phek, Dimapur, 
Mokokchung  

Dimapur  
Dha nsiripar  
Medziphema  

Sikkim  

Soil erosion 

and Water 

Stress  

East Sikkim  East Sikkim  
Nandok  

Assam L ing zey 

Tripura  Cyclones  West Tripura  West Tripura  
Mohanpur  

Jirania  

Assam  
Not 

Vulnerable  

N.C. Hills, Karbi 

Anglong  
Karbi Anglong  

Lumbajong  

Langsomepi  

West 
Bengal  

Not 
Vulnerable  

Darjeeling (except 
Siliguri 

Subdivision)  

Darjeeling  
Kalimpong Block I  
Darjeeling Sadar  

 

Household survey  

From each of the districts, two blocks were selected randomly. From each of the selected 

blocks two clusters of villages consisting of two to four villages were selected randomly. 

From one block 60  farmers, compr ising both male and female fa rmers, were selected 

randomly using Probability Proportional to Size sampling. Hence, from two blocks of a 

district 120  farmers were interviewed. Thus, a sample of total 1080 farmers was selected 

from 9 districts of the whole NEH  to capture the impact of climatic var iability on farm 

livelihood.  

Focus Group Discussion / Case Study/ Interview of Key Informants  

To supplement the information gathered from household survey, case studies were 

conducted through Focus Group D iscussions (FGDs)  and interview of  key informants.  

2.3 Data  

Both primary and secondary data w ere collected for the present study. Data on climatic 

variables viz.,  rainfall (0.5 X 0.5 0) and temperature (1 X 1 0) were retrieved from India 

Meteorological  Department ( IMD ) gridded data . The temperature and rainfall data 

pertained to the period of 1975 -2009 and 1975 -2007, respectively . Crop acreage, 

production and productivity at state level were also  collected  from the State Agricultural 

Departments and the publications of Directorate of Economics and Statis tics. Primary 

data on socio -economic variables, food, fuel, water (drinking and irrigation), income etc. 
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were collected from the farm households to understand the impact of climatic variability 

on farm livelihood.  

2.4 Analytical Techniques  

The study used empirical Econometric analysis, tools of social sciences such as gender 

analysis, focus group discussion and survey method etc., and analysis of climatic 

variables.  

Analysis of climatic variability  

To find out the trend in climatic variables such as rainfall, temperature IMD data were 

collected and analyzed. The analysis of rainfall was based on the criteria set by Ashokraj 

(1979). The criteria adopted for identifying the onset of monsoon is discussed below.  

i.  The first day`s rain in the 7 days spell is not less than average daily evaporation (e in 

mm).  

ii.  The total rain during the 7 days spe ll is not less than (5e + 10) mm.  

iii.  At least four out of these seven days do not have less than 2.5 mm of rain each day.  

Voluminous work has been carried out in the past by various investigators on rainfall 

analysis. The criterion set by Raman (1979) for ra infall of 1 mm for defining a rainy day is 

not suitable for agricultural purpose. So, the criteria  fixed by IMD for defining the rainy 

day,  i.e. the day with at least 2.5 mm rain is called  a rainy day,  is used by various 

researchers working with rainfa ll analysis (Ashokraj, 1979; Khambete  et al ., 1998; Rath  et 

al ., 1996; Tiwari  et al ., 2007; Ray et al ., 2012a, 2012b, 2012c).  

Markov Chain Probability Model  

Markov chain probability model is extensively used to find out the long term frequency 

behavior of  wet and dry weather spell (Victor and Sastry, 1979). Markov chain probability 

has also been used for computation of probability of occurrence of daily precipitation 

(Stern, 1982). A number of research ers have been used Markov chain probability model 

earlier for dry and wet spell analysis in terms of shortest period like week ly weather 

temperature and have demonstrated it  practical utility in agricultural planning (Agarwal  et 

al ., 1984; Pandarinath, 1991; Dash and Senapati, 1992; Dalabehera and Sahoo, 1993).  

The methodology followed for the analysis is based on Markov chain probability 

model as described by Pandarinath (1991) who used weekly data to establish drought 

frequencies during week periods. The procedure has been suggested by WMO (1982) in 

whic h 30 mm or more rainfall in 10 days period is taken as the criteria for deciding the 

spell as wet. Pandarinath (1991) and Das and Senapati (1992) have assumed 20 mm or 

more rainfall in a week as the wet week.  

In the present study, it is assumed that the we ek is wet if it receives 20 mm or more 

rainfall, otherwise dry. The initial probability of a week being dry is defined by  

N

dF
dp

)(
)( =                          é (1) 

where , 

p (d)  is the probability of the week being dry  

F (d) frequency of dry week, and  

N is total number of years of data being used  

Thus the initial probability of the week being wet is given by  
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N

wF
wp

)(
)( =                                           é (2) 

where , 

p (w)  is the probability of the week being dry  

F (w) is frequency of dry week, and  

N is total number of years of data being used  

The transitional probability of a week being dry preceded by another dry week is given by  

N

ddF
ddp

)(
)( =                                  é (3) 

where , 

p (dd)  is the probability of the week being dry preceded by another dry week  

F (dd) is frequency of dry week preceded by another dry week, and  

N is total number of years of data being used  

The consecutive dry and wet week probabilities are computed as unde r  

)2()1()2( ddwpdwpDp ³=                                           é (4) 

)3()2()1()3( ddwpddwpdwpDp ³³=                               é (5) 

where,  

p (2D) is the probability of two consecutive dry weeks; p (dw1) is probability of the first 

week being dry; and p (ddw2) is the probability of 2 nd  consecutive dry week given the 

preceding week being dry; p (3D) is the probability of 3 consecutive dry weeks; p (ddw3) is 

the probability of 3 rd  week being dry given the preceding week being dry.  

In a similar manner, transitional probability of a week being wet preceded by 

another wet week, p (ww); probability of dry week preceded by wet week p (d/w); 

probability of wet week preceded by dry week p (w/d); probability of 2 consecutive wet 

weeks p (2w); and probability of  three  consecutive wet weeks  p (3w) we re computed.  

Onset of Monsoon   

South West Monsoon (SWM) gives most of the annual rainfall in India during four months 

viz ., June to September. About 80 per cent of the national average rainfall is from the 

SWM and the  rest 20 per cent from the NE phase of monsoon. IMD has defined a rainy 

day as a day with equal to or more than 2.5 mm rainfall. Based on this criteria, in this 

study  onset is defined as the first rainy day (>2.5mm) of the first 5 rainy day sequence 

from 1st June without being followed by a consecutive 7 -days with each day receiving less 

than 2.5 mm of rainfall in the following 30 days from the onset. As NE receives plenty of 

monsoon showers, therefore setting the onset date initiation from the 1 st  June (b eginning 

of SWM) will specifically capture the rainfall in this season only. Researchers like Moron 

and Robertson (2009) set 10 days for second criteria in Indian condition but in case of NE 

which receives heavy rainfall during monsoon season, 7 days crite ria will serve best.  

Impact on Crop Yield and Variability  

Just -Pope model  

Just -pope model stochastic production is given by Just and Pope (1978) 

and the function is  

Ù Æ8Ƞɼ  ʖÈ 8Ƞ ɿ Ȣ                                                                        é. (6) 

Where,  

y is the productivity (production per hectare) of kharif  rice   
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X is a vector of explanatory variables  

 ʖ is the stochastic term with mean zero and variance 1   

ȁ and  ɿ are the production function parameters to be estimated using historical 

data  

The error term ) ʖh 8Ƞ ɿ Ȣin equation (i) shows that Just -Pope model has 

hetroskedastic error terms. From equation (i), the expected productivity of crop is given by 

Ὁώ Æ8Ƞɼ and crop variability is given by  6 Ù È8Ƞɼ. Hence, by 

%Ù Æ8Ƞɼ ÁÎÄ 6Ù È8Ƞɼ are called mean and variance functions, respectively. The 

derivatives of the variance function  È8Ƞɼ w.r.t. the input variables, viz.,  precipitation and 

temperature can be used to identify whether a climate variable increases or decreases 

crop variability. So if, ‏ὬȾ‏ὼ> 0 , it indicates that the  corresponding input variable x  is 

risk increasing, if Ὤ< 0 it implies risk decreasing. T hus byemploying Just -Pope 

production function, not only the mean yield but also yield variabilityand effect of an 

input variable on risk can also be simultaneously estimated.  

Estimation of the function  

Estimation of the above production function can be co nsidered as 

estimation with heteroskedastic errors as in the following equation.  

  ώ ὪὢȠ‍  ό                                                  é. (7) 

Where,  

u= ʖÈ 8Ƞ ɿ Ȣwith ὉὟ π and ὠὥὶό ὬὪὢȠ‍ 

Maximum likelihood  estimation (MLE ) technique has been applied to 

estimate the mean and variance functions of the Just -Pope production function and the 

model was estimated using GRETL 1.10.1.  

 The variables used in the Just and Pope model and their functional forms are as 

below:  

Variables  
Functional form  

Mean function  Variance function  

Dependent : Kharif  yield (1975 -2007)  

Explanatory  

Trend (T)  

Average monsoon rainfall 

(AR) in mm  

Monsoon maximum 

temperature (MaxT) in 0C 

Monsoon minimum 

temperature (MinT) in 0C 

Cobb - Douglas w.r.t.  

T, AR, MaxT, MinT.  

 

Linear in squared MaxT, squared 

MinT, squared AR, MaxT X MinT, 

MaxT X AR, MinT X AR.  

Cobb -Douglas w.r.t.  

T, AR, MaxT, MinT  

 

In addition, h ousehold survey and FGDs was also conducted to assess the impact 

of climatic variability on cereals, vegetables and  livestock  etc. 

Impact on Farm Livelihood  

To assess the social impact of climate chan ge FGD as well as household  survey was 

carried out in the study area. Investigations were carried out to find out how the extreme 
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climat ic variability (ECV) affects the water , food and fuel  availability, farm income and 

migration if any. What happens to households in relation to food availability during ECVs 

was studied. Whether the home grown food fall shorts during ECVs and households ar e 

forced to purchase food, if yes, then whether they have sufficient resources to purchase 

food from market were investigated. It is interest ing  to know whether the gender bias 

prevails in case of food consumption during the ECVs.  The impact of climate change on 

availability of drinking water for both human as well as animals was  considered. 

Availability of irrigation water for crops during ECV was also being  take n into account. 

The source and availability of fuel in the study area were studied. How fuel  availability 

gets affected and who among the family members (male or female) shares the extra work  

load  in terms of time spent and labor to fetch woods from jungle during the ECVs were 

investigated. Information on m igration (where  they m igrate,  who are left behind  in home  

etc.), if happens, was recorded .  

 



 

 



 

 

This chapter aims at understanding the long term changes in primary climatic factors, 

viz. , rainfall , maximum temperature and minimum temperature. The results of the 

analysis of climatic factors are presented in following heads:  

3.1 Rainfall Situation in North Eastern Himalaya s of India  

3.1.1 Descriptive statistics for  rainfall  

3.1.2 Trend in seasonal and annual rainfall  

3.1.3 Probabilit y of rainfall  

3.1.4 Onset of monsoon  

3.2 Temperature Situation in North Eastern Himalaya s of India  

3.2.1 Descriptive statistics for minimum and maximum temperatures  

3.2.2 Trends in minimum and maximum temperatures  

3.1 Rainfall Situation in North Eastern H imalaya s of India  

3.1.1 Descriptive statistics for  rainfall  

Rainfall in Sikkim  

The weekly and monthly rainfall situations in Sikkim are presented in Table 3.1.1 .1 and 

Table 3.1. 1.2.  

Table 3.1.1. 1 Weekly rainfall (mm) in Sikkim during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 2.9  0.0  55.6  347.9  27  161.9  14.2  334.5  52.4  

2 2.1  0.0  17.8  216.0  28  164.4  24.5  344.1  46.2  

3 3.8  0.0  62.3  304.7  29  165.0  22.6  424.8  49.8  

4 2.3  0.0  28.2  249.6  30  142.4  7.9  333.0  60.8  

5 3.7  0.0  26.2  182.1  31  120.8  30.7  591.3  90.0  

6 7.3  0.0  42.7  163.2  32  126.1  9.2  325.5  61.8  

7 7.5  0.0  78.8  214.6  33  103.7  3.1  328.3  73.4  

8 5.0  0.0  20.2  131.5  34  126.7  6.2  445.2  68.3  

9 9.6  0.0  78.0  182.2  35  109.0  13.8  310.4  70.0  

10  4.7  0.0  48.6  214.5  36  131.8  9.2  438.0  77.1  

11  8.8  0.0  61.4  166.5  37  127.5  0.4  331.6  66.8  

12  13.6  0.0  98.2  153.9  38  75.9  1.5  248.2  91.2  

13  18.0  0.0  109.1  150.3  39  87.4  2.4  349.9  94.4  

14  12.1  0.0  94.3  167.9  40  36.2  0.0  207.4  140.7  

15  18.7  0.0  105.4  133.1  41  26.0  0.0  147.7  130.7  

16  21.9  0.0  116.0  109.5  42  24.9  0.0  292.0  224.9  

17  36.6  0.0  109.2  80.6  43  11.7  0.0  85.3  175.5  

18  33.0  3.2  108.2  72.0  44  2.8  0.0  36.7  258.5  

19  37.6  4.7  112.8  75.7  45  5.8  0.0  133.7  406.8  

20  40.8  0.0  107.0  67.0  46  2.8  0.0  44.3  305.4  
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21 66.3  0.8  341.9  98.0  47  1.5  0.0  25.2  306.3  

22  63.1  1.3  255.5  80.9  48  4.6  0.0  126.3  477.4  

23  68.2  5.1  165.8  71.6  49  0.6  0.0  6.4  262.9  

24  109.5  12.9  283.6  52.9  50  1.4  0.0  28.2  358.3  

25  128.9  26.9  439.5  64.2  51  0.1  0.0  2.7  460.7  

26  154.3  37.9  485.4  56.0  52  3.9  0.0  30.5  205.8  

The highest normal weekly rainfall was received in 29 th Standard Meteorology 

Week (SMW) (165.0 mm), followed by 28 th SMW (164.4 mm) and 27 th  SMW (161.9 mm) in 

Sikkim during 1975 -200 7. The lowest normal rainfall was registered in 51 st SMW (0.1 

mm). The highest maximum weekly rainfall of 591.3 mm was received in 31 st SMW in 

1995. The variation in weekly rainfall was maximum in 48 th  SMW (477.4%), followed by 

51 st  SMW (460.7%) and 45 th  SMW (406.8%).  

Table 3.1. 1.2. Monthly rainfall (mm) in Sikkim during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  12.5  0.0  64.0  126.4  Jul  710.6  407.9  1597.0  32.8  

Feb 28.0  0.0  158.6  122.3  Aug  503.6  48.8  1473.8  51.6  

Mar  45.3  0.0  231.3  115.7  Sep 449.4  151.6  814.7  42.5  

Apr  101.0  3.4  250.0  71.0  Oct  98.9  0.2  305.4  80.7  

May  208.2  58.4  451.4  47.7  Nov 13.6  0.0  133.7  190.0  

Jun  464.8  228.5  865.3  34.8  Dec 9.3  0.0  109.6  216.9  

 

Table 3.1. 1.3.  Seasonal and annual rainfall (mm) in Sikkim during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  395.0 (14.93)  101.6  787.5  44.6  

Monsoon  2128.4 (80.46)  1183.7  4193.1  25.3  

Post-monsoon  121.8 (4.60)  2.1  346.9  73.4  

Annual  2645.3  1805.6  4820.3  22.3  

Note: Figures in parenthesis indicate per cent to total  

The highest normal monthly rainfall of 710.6 mm was received in the month of 

July in Sikkim, followed by August (503.6 mm), June (464.8 mm) and September (449.4 

mm). The lowest normal rainfall was received in December (9.3 mm). Sikkim has 

registered highest maximum rainfall of 1597.0 mm in the month of July in 1998. The 

variation in rainfall was maximum in December (216.9%), followed by November (190.0%) 

and January (126.4%) whereas minimum in the month of July (32.8%). The seasonal and 

annual rainfal l situation in Sikkim is presented in Table 3.1. 1.3.  

Sikkim has received normal annual rainfall of 2645.3 mm during 1975 -2007 with 

maximum annual rainfall of 4820.3 mm in the year 1998 and minimum annual rainfall of 

1805.6 mm in the year 1996. Maximum of the rainfall was concentrated during the 

monsoon seaso n (80.46%), followed by pre -monsoon and post -monsoon season. The 
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maximum variation in seasonal rainfall was observed in the post -monsoon season (73.4 

%) and minimum in monsoon season (25.3%).  

Rainfall in Darjeeling  

The weekly and monthly rainfall situation s in Darjeeling are presented in Table 3.1. 1.4 

and Table 3.1. 1.5.  

Table 3.1. 1.4. Weekly rainfall (mm) in Darjeeling during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 1.0  0.0  17.3  310.4  27  167.0  10.8  359.1  50.8  

2 1.9  0.0  13.6  204.1  28  162.6  13.1  370.0  56.2  

3 4.1  0.0  35.3  234.9  29  168.1  24.9  359.8  51.0  

4 2.1  0.0  19.2  228.0  30  131.8  10.1  357.5  73.4  

5 2.2  0.0  15.9  182.9  31  112.8  22.4  591.0  90.5  

6 3.5  0.0  19.6  169.8  32  100.9  3.2  257.7  68.3  

7 3.2  0.0  26.5  179.7  33  99.7  11.7  272.5  72.6  

8 3.8  0.0  38.0  201.5  34  121.5  6.8  378.0  64.4  

9 4.4  0.0  39.5  206.5  35  90.2  9.1  259.3  70.3  

10  1.8  0.0  13.1  179.5  36  115.3  4.5  444.7  82.2  

11  4.0  0.0  29.7  155.5  37  105.3  11.3  410.5  72.4  

12  5.8  0.0  37.5  154.3  38  82.9  4.2  386.3  113.6  

13  10.8  0.0  40.9  123.9  39  87.0  0.4  243.6  80.3  

14  5.4  0.0  40.2  163.2  40  57.1  0.0  305.0  138.2  

15  12.2  0.0  40.5  111.7  41  29.4  0.0  149.6  102.4  

16  17.5  0.0  52.7  82.5  42  20.0  0.0  253.8  236.5  

17  29.1  0.0  81.6  74.2  43  9.1  0.0  72.8  191.3  

18  32.8  2.4  85.6  64.2  44  2.3  0.0  13.5  178.1  

19  39.2  3.3  86.2  56.3  45  3.9  0.0  80.4  365.8  

20  44.4  3.5  130.8  61.7  46  2.4  0.0  19.6  218.9  

21  65.1  0.5  167.5  63.5  47  0.9  0.0  13.3  273.7  

22  68.0  0.7  232.8  73.4  48  3.2  0.0  87.3  468.8  

23  82.5  4.2  206.3  62.4  49  0.3  0.0  4.2  271.5  

24  96.5  5.2  240.8  77.5  50  1.7  0.0  24.0  288.7  

25  114.8  36.5  265.7  53.5  51  0.3  0.0  5.8  383.8  

26  121.8  11.0  299.3  64.0  52  3.9  0.0  32.1  189.3  

The 29 th  SMW has registered highest normal weekly rainfall of 168.1 mm, followed 

by 27 th  SMW (167.0 mm) and 28 th  SMW (162.6 mm) in Darjeeling district of West Bengal 

during 1975 -2007. The lowest normal weekly rainfall was received in 1 st  SMW (1.0 mm).  

The highest maximum weekly rainfall of 591.0 mm was received in 31 st  SMW of 1995.The 

CV was  maximum in 48 th  SMW (468.8%), followed by 51 st  SMW (383.8%) and 45 th  SMW 

(365.8%). The lowest weekly variation was registered in 27 th  SMW (50.8%) and followed by 

29 th  SMW (51.0%).  
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Table 3.1. 1.5. Monthly rainfall (mm) in Darjeeling during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  9.9  0.0  41.3  114.4  Jul  700.6  292.7  1435.8  29.9  

Feb 14.0  0.2  67.1  108.5  Aug  457.2  135.7  1005.1  43.0  

Mar  22.2  0.0  71.2  82.9  Sep 407.6  161.0  994.5  48.6  

Apr  76.1  0.4  172.4  56.3  Oct  116.2  1.0  344.7  77.7  

May  217.0  101.0  429.7  38.9  Nov 9.6  0.0  80.9  162.1  

Jun  418.8  191.1  732.1  32.4  Dec 8.6  0.0  70.8  166.6  

The month of July has registered highest normal monthly rainfall of 700.6 mm in 

Darjeeling during 1975 -2007, followed by August  (457.2 mm) and June (418.8 mm) 

whereas , the month of December has received the lowest normal rainfall of 8.6 mm. It was 

found that rainfall of as high as 1435.8 mm has occurred in the month of July in 1995. 

The CVs were higher in the months of December (1 66.6%), November (162.1%), January 

(114.1%) and February (108.5%). Within monsoon period, the variation in rainfall was 

maximum in the month of September (48.6%). The seasonal and annual rainfall situation 

in Darjeeling is presented in Table 3.1. 1.6.  

Table  3.1. 1.6. Seasonal and annual rainfall (mm) in Darjeeling during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min (mm)  Max (mm)  

Pre-monsoon  339.1 (13.80)  198.1  482.0  24.1  

Monsoon  1984.2 (80.73)  1166.1  3061.5  21.3  

Post-monsoon  134.5 (5.47)  5.7  426.3  73.9  

Annual  2457.8  1576.9  3484.4  18.7  

Note: Figures in parenthesis indicate per cent to total  

The highest normal seasonal rainfall occurred during the monsoon season 

(80.73%), followed by pre -monsoon and post monsoon seaso n. The normal annual rainfall 

is  calculated to be 2457.8 mm. T he highest maximum rainfall of 3484.4 mm was received 

in the year of 1998. The variation in rainfall was maximum in post -monsoon season 

(73.9%), followed by pre -monsoon (24.1%) and monsoon season (21.3%).  

Rainfall in Meghalaya  

The weekly and monthly rainfall situations in Meghalaya are presented in Table 

3.1. 1.7 and Table 3.1. 1.8. The highest normal weekly rainfall was received in 27 th SMW 

(126.8 mm), followed by 28 th  SMW (126.0 mm) and 29 th  SMW (124.5 mm) in Meghalaya 

during 1 975 -2007. The lowest normal rainfall was registered in 49 th  SMW (0.7 mm). The 

highest maximum weekly rainfall of 576.9 mm was received in 34 th SMW in 2005. The 

variation in weekly rainfall was maximum in 48 th  SMW (393.9%), followed by 47 th  SMW 

(347.3%) and  49 th  SMW (318.9%).  

The highest normal monthly rainfall of 531.3 mm was received in the month of 

July, followed by June (438.1 mm), August (354.8 mm) and September (290.5 mm). The 

lowest normal rainfall was received in January (11.0 mm). Meghalaya has regi stered 

highest maximum rainfall of 1108.3 mm in the month of August in 2005. The variation in 
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rainfall was maximum in November (125.2%), followed by December (124.3%) and 

January (115.2%) whereas, minimum in the month of August (35.4%).  

Table 3.1. 1.7. Weekly rainfall (mm) in Meghalaya during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 1.3  0.0  15.8  257.3  27  126.8  20.9  359.1  67.1  

2 3.5  0.0  60.2  310.3  28  126.0  10.5  441.7  82.9  

3 3.6  0.0  25.2  161.0  29  124.5  15.0  378.1  75.5  

4 1.8  0.0  9.8  131.1  30  112.1  11.4  404.3  77.5  

5 3.5  0.0  14.7  120.8  31  82.7  27.4  234.9  58.2  

6 4.8  0.0  29.7  156.6  32  68.0  11.6  276.4  77.5  

7 4.7  0.0  33.1  157.4  33  76.8  31.6  235.6  60.6  

8 6.8  0.0  42.4  132.1  34  97.9  25.2  576.9  99.0  

9 5.4  0.0  21.9  118.5  35  74.0  27.8  312.3  78.9  

10  4.6  0.0  42.3  186.3  36  82.3  10.8  462.7  99.8  

11  8.1  0.0  43.5  118.1  37  73.3  9.4  211.8  68.1  

12  16.0  0.0  120.8  150.3  38  57.3  5.5  192.2  79.4  

13  23.3  0.0  89.7  111.3  39  61.2  4.9  184.2  63.7  

14  23.1  0.0  86.2  107.3  40  56.5  2.6  173.3  85.1  

15  26.6  0.0  80.2  83.6  41  54.4  3.8  316.3  127.0  

16  35.8  0.0  87.9  72.5  42  38.3  0.0  210.3  123.3  

17  49.0  0.0  96.6  50.5  43  13.0  0.0  142.4  208.2  

18  52.5  4.7  110.2  55.8  44  14.3  0.0  236.6  315.0  

19  55.2  17.2  114.6  41.9  45  7.7  0.0  63.3  196.4  

20  54.7  7.1  222.5  70.6  46  8.5  0.0  85.5  226.3  

21  66.9  9.5  364.5  95.6  47  4.1  0.0  81.8  347.3  

22  81.1  10.0  182.4  59.9  48  7.2  0.0  161.5  393.9  

23  84.8  13.7  291.9  67.3  49  0.7  0.0  10.4  318.9  

24  113.3  18.1  299.5  60.5  50  4.2  0.0  57.2  268.0  

25  121.8  19.7  665.1  91.7  51  1.2  0.0  14.1  232.2  

26  102.2  5.8  294.3  71.8  52  3.5  0.0  32.7  214.5  

 

Tabl e 3.1. 1.8. Monthly rainfall (mm)  in Meghalaya during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  11.0  0.0  64.7  115.2  Jul  531.3  206.6  1041.6  39.6  

Feb 22.0  0.0  65.2  70.2  Aug  354.8  173.0  1108.3  49.7  

Mar  49.6  3.7  184.4  78.7  Sep 290.5  131.0  639.9  39.8  

Apr  149.3  0.0  332.8  51.2  Oct  173.5  15.4  484.5  64.6  

May  271.6  117.5  606.5  36.5  Nov 27.9  0.0  151.3  125.2  

Jun  438.1  93.3  969.7  39.3  Dec 11.5  0.0  57.9  124.3  
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The seasonal and annual rainfall situation in Meghalaya is presented in Table 

3.1. 1.9.  Meghalaya has received normal annual rainfa ll of 2331.1 mm during 1975 -2007  

with maximum annual rainfall of 4522.5 mm in the year 2005 and minimum annual 

rainfall of 1555.1 mm in the year 2006. Maximum of the rainfall was concentrated during 

the monsoon season (69.3%), followed by pre -monsoon and post -monsoon season. The 

maximum variation in seasonal rainfall was observed in the post -monsoon season (51.1%) 

and minimum in monsoon season (29.8%).  

Table 3.1. 1.9. Seasonal and annual rainfall (mm) in Meghalaya during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min (mm)  Max (mm)  

Pre-monsoon  503.5 (21.6)  266.5  863.8  27.5  

Monsoon  1614.8 (69.3)  957.8  3330.9  29.8  

Post-monsoon  212.9 (9.1)  73.9  493.8  51.1  

Annual  2331.1  1555.1  4522.5  25.0  

Note: Figures in parenthesis indicate per cent to total  

Rainfall in Arunachal Pradesh  

The weekly  and monthly rainfall situations in Arunachal Pradesh are presented in Table 

3.1. 1.10 and Table 3.1. 1.11.  

Table 3.1. 1.10. Weekly rainfall (mm) situation in Arunachal Pradesh during 1975 -2007  

Week Normal  
Range 

CV (%) Week Normal  
Range 

CV (%) 
Min  Max  Min  Max  

1 1.5  0.0  11.1  186.3  27  108.9  42.0  249.6  41.9  

2 4.4  0.0  52.9  223.9  28  116.5  22.6  225.8  47.6  

3 4.3  0.0  23.3  127.3  29  100.9  35.5  218.4  44.3  

4 3.8  0.0  23.9  128.2  30  88.1  13.0  218.4  59.8  

5 6.8  0.0  25.7  116.0  31  71.3  24.2  169.5  47.2  

6 7.8  0.0  31.5  115.7  32  72.4  2.0  153.8  61.1  

7 9.6  0.0  77.4  157.9  33  86.3  12.0  168.3  50.4  

8 9.5  0.0  42.6  105.0  34  93.6  18.2  244.0  44.1  

9 10.7  0.0  46.2  103.9  35  73.7  4.1  228.8  55.3  

10  8.9  0.0  62.3  171.3  36  72.6  18.6  183.7  52.9  

11  10.6  0.0  37.8  103.6  37  77.8  0.5  261.8  73.1  

12  18.2  0.0  59.7  101.6  38  59.3  4.3  148.6  53.1  

13  21.3  0.1  63.5  86.2  39  56.2  0.7  132.8  65.0  

14  29.9  0.0  98.6  87.9  40  41.8  4.7  138.7  77.4  

15  36.0  0.2  113.1  79.5  41  37.7  0.2  161.5  108.7  

16  44.0  0.2  115.4  73.6  42  32.8  0.0  181.6  114.3  

17  50.7  0.0  121.4  57.9  43  15.6  0.0  98.9  167.8  

18  54.8  1.1  122.9  53.6  44  12.9  0.0  231.1  341.7  

19  48.6  10.9  180.1  69.8  45  6.2  0.0  44.4  162.7  

20  65.2  15.2  215.1  78.7  46  5.6  0.0  39.8  154.7  
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21 61.2  2.4  204.8  74.8  47  5.2  0.0  53.5  215.8  

22  11.9  1.0  45.2  79.8  48  5.4  0.0  60.9  248.8  

23  80.9  10.9  276.1  64.6  49  2.1  0.0  27.3  246.7  

24  92.9  6.1  287.1  56.9  50  5.5  0.0  56.1  225.4  

25  100.3  23.6  173.5  44.7  51  1.8  0.0  12.3  181.9  

26  95.7  35.8  176.8  41.1  52  3.5  0.0  25.5  190.4  

The highest weekly normal rainfall was received in 28 th SMW (116.5 mm), followed 

by 27 th SMW (108.9 mm) and 29 th  SMW (100.9 mm) in Sikkim during 1975 -2009. The 

lowest normal rainfall was registered in 1 st SMW (1.5 mm). The highest maximum weekly 

rainfall of 287.1 mm was received in 24 th  SMW in 1976. The variation in weekly rainfall 

was maximum in 48 th  SMW (248.8%), followed by 49 th  SMW (246.7%) and 50 th SMW 

(225.4%).  

Table 3.1. 1.11 . Monthly rainfall (mm) situation in Arunachal Pradesh during 1975 -2007  

Month  Normal  
Range 

CV (%) Month  Normal  
Range 

CV (%) 
Min  Max  Min  Max  

Jan  16.6  1.3  64.9  79.6  Jul  449.0  257.1  666.4  23.4  

Feb 36.8  0.2  95.8  60.2  Aug  359.0  225.9  607.0  26.7  

Mar  59.6  10.2  131.7  62.0  Sep 282.1  152.1  520.3  31.9  

Apr  175.1  3.1  397.6  49.5  Oct  137.9  40.9  317.2  50.3  

May  275.8  109.6  514.9  34.2  Nov 22.3  0.0  81.1  102.0  

Jun  385.0  189.6  603.7  25.6  Dec 15.0  0.0  59.5  102.3  

The highest normal  monthly  rainfall of 449.0 mm was received in the month of 

July in Arunachal Pradesh, followed by June (385.0 mm) , August (359.0 mm) and 

September (282.1 mm).  The lowest normal rainfall was received in December (15.0 mm).  

Arunachal Pradesh has registered highest maximum monthly rainfall of 666.4 mm in the 

month of July in 1979. The variation in rainfall was maximum in December (102. 3%), 

followed by November (102.0 %) and January (79.6%) whereas , minimum in the month of 

July (23.4%).  

Table 3.1. 1.12.Seasonal and annual rainfall (mm) situation in Arunachal Pradesh during 1975 -

2007  

Season Normal (%)  
Range 

CV (%) 
Min (mm)  Max (mm)  

Pre-monsoon  564.0 (25.46)  229.6  1016.0  26.7  

Monsoon  1475.1 (66.62)  1115.7  1802.7  11.8  

Post-monsoon  175.3 (7.92)  71.0  322.1  35.6  

Annual  2214.3  1733.0  2848.3  11.5  

Note: Figures in parenthesis indicate per cent to total  

The seasonal and annual rainfall situation in Arunachal Pradesh is presented in 

Table 3.1. 1.12. Sikkim has received normal annual rainfall of 2214.3 mm during 1975 -

2007 with maximum annual rainfall of 2848.3 mm in the year 1977 and minimum 

annual rainfall of 1733.0 mm in t he year 1996. Maximum of the rainfall was concentrated 

during the monsoon season (66.62%), followed by pre -monsoon (25.46%) and post -
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monsoon (7.92%) season. The maximum variation in seasonal rainfall was observed in the 

post -monsoon season (35.6 %) and min imum in monsoon season (11.8%).  

Rainfall in Karbi Anglong  

The weekly and monthly rainfall situations in Karbi Anglong are presented in Table 

3.1. 1.13 and Table 3.1. 1.14.  

Table 3.1. 1.13. Weekly rainfall (mm) in Karbi Anglong during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 2.0  0.0  34.9  317.7  27  81.4  19.0  257.7  66.8  

2 3.2  0.0  41.6  244.7  28  84.1  23.3  189.4  53.9  

3 2.7  0.0  30.9  209.7  29  76.7  26.6  212.0  58.1  

4 1.6  0.0  9.0  147.6  30  71.3  14.7  175.8  49.2  

5 5.0  0.0  26.1  126.3  31  77.5  20.6  274.6  61.5  

6 6.0  0.0  35.8  154.5  32  59.7  10.5  119.5  47.6  

7 5.6  0.0  35.2  156.2  33  57.6  15.9  151.4  54.6  

8 9.1  0.0  36.2  117.1  34  63.7  16.3  123.1  46.0  

9 6.9  0.0  32.8  116.2  35  63.9  16.1  190.2  55.0  

10  6.5  0.0  45.8  167.7  36  56.8  16.9  162.8  57.8  

11  9.3  0.0  40.5  97.5  37  54.7  8.4  115.6  53.3  

12  16.3  0.0  73.3  123.6  38  45.3  6.7  100.6  58.6  

13  21.6  1.6  132.1  122.7  39  51.2  3.4  223.4  86.5  

14  20.7  0.0  85.0  98.7  40  43.5  0.8  147.5  76.0  

15  26.3  0.0  68.7  75.5  41  46.6  2.7  197.6  106.9  

16  30.9  0.5  89.2  79.3  42  33.0  0.0  170.9  117.8  

17  39.8  0.3  102.0  59.6  43  11.1  0.0  50.4  117.5  

18  40.4  6.0  92.9  59.1  44  14.6  0.0  197.2  263.7  

19  37.3  3.9  71.3  50.6  45  8.1  0.0  51.0  153.4  

20  43.7  2.5  195.1  77.2  46  7.9  0.0  87.7  234.6  

21  47.7  3.1  264.9  100.5  47  3.9  0.0  62.2  276.8  

22  49.0  11.3  123.0  64.2  48  6.5  0.0  123.8  336.5  

23  63.4  10.6  158.1  64.5  49  0.9  0.0  17.8  356.9  

24  76.0  23.5  161.5  50.3  50  3.8  0.0  37.7  245.7  

25  75.3  11.1  173.4  53.1  51  2.1  0.0  27.1  270.8  

26  71.2  21.9  187.9  53.8  52  3.9  0.0  40.1  234.4  

The highest normal weekly rainfall was received in 28 th  SMW (84.1 mm), followed 

by 27 th  (81.4 mm) and 31 st  SMW (77.5 mm) in Karbi Anglong during 1975 -200 7. The 

lowest normal rainfall was registered in 1 st  SMW (2.0 mm). The highest maximum weekly 

rainfall o f 2 74.6 mm was received in 3 1st  SMW in  1981 . The variation in weekly rainfall 

was maximum in 49 th  SMW (356.9%), followed by 48 th  week (336.5%) and 1 st  SMW 

(317.7%).  
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The highest normal monthly rainfall of 347.8 mm was received in the month of 

July, followed  by June (293.8 mm), August (282.5 mm) and September (224.1 mm).  The 

lowest normal rainfall (10.7 mm) was received in January.  Karbi Anglong has registered 

highest maximum rainfall of 601.1 mm in the month of July in 1989.The variation in 

rainfall was ma ximum in January (123.9%), followed by December (117.5%) and 

November (103.4%) whereas minimum in the month of July (28.7%). The seasonal and 

annual rainfall situation in Karbi Anglong is presented in Table 3.1. 1.15.  

Table 3.1. 1.14. Monthly rainfall (mm) i n Karbi Anglong during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

Jan  10.7  0.0  62.1  123.9  Jul  347.8  214.3  601.1  28.7  

Feb 27.7  0.2  81.9  71.3  Aug  282.5  133.0  525.5  31.2  

Mar  53.4  7.0  130.2  64.7  Sep 224.1  103.1  372.2  31.0  

Apr  129.8  12.2  238.3  42.9  Oct  144.7  28.2  330.7  59.9  

May  192.4  58.5  435.2  39.9  Nov 28.4  0.0  117.4  103.4  

Jun  293.8  142.4  490.3  30.9  Dec 12.5  0.0  48.7  117.5  

 

Table 3.1. 1.15. Seasonal and annual rainfall (mm) in Karbi Anglong during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  414.0 (23.69)  212.8  692.5  25.4  

Monsoon  1148.2 (65.69)  781.3  1480.2  16.0  

Post-monsoon  185.6 (10.62)  44.3  351.4  46.5  

Annual  1747.8  1286.7  2303.5  14.3  

Note: Figures in parenthesis indicate per cent to total  

Karbi Anglong has received normal annual rainfall of 1747.8 mm during 1975 -

200 7 with maximum annual rainfall of 2303.5 mm in the year 1988 and minimum 

annual rainfall of 1286.7 mm in the year 2006. Maximum of the rainfall was concentrated 

during the monsoon season (65.69%), followed by pre -monsoon and post -monsoon 

season. The maximum  variation in seasonal rainfall was observed in the post -monsoon 

season (46.5%) and minimum in monsoon season (16.0%).  

Rainfall in Nagaland  

The weekly and monthly rainfall situations in Nagaland are presented in Table 

3.1. 1.16 and Table 3.1. 1.17. The highest normal monthly rainfall was received in 28 th  

SMW (113.0 mm), followed by 27 th  (105.7 mm) and 30 th  SMW (96.6 mm) in Nagaland 

during 1975 -2007. The lowest normal rainfall was registered in 49 th  SMW (2.2 mm). The 

highest maximum weekly rainfall of 285 .3 mm was received in 28 th SMW in 1981. The 

variation in weekly rainfall was maximum in 44 th  SMW (270.1%), followed by 23 rd  SMW 

(233.5%) and 50 th  SMW (231.3%).  

The highest normal monthly rainfall of 450 .1 mm w as received in the month of 

July , followed by August (394 .0 mm) , June (341 .4 mm) and September ( 311 .1 mm). The 

lowest normal rainfall was received in December (16.8  mm). Nagaland has registered  

highest maximum rainfall of 679.7 .1 mm in the month of July in 1989. The variation in 
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rainfall was maximum in Decemebr  (102 .6%), followed by November  (88 .3%) and January 

(80.3%) whereas, minimum in the month of August  (25.9 %). 

Table 3.1. 1.16. Weekly rainfall (mm) in Nagaland during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 2.3  0.0  17.0  194.4  27  105.7  29.1  250.0  42.5  

2 4.9  0.0  61.6  222.3  28  113.0  26.8  285.3  50.7  

3 4.8  0.0  18.4  115.1  29  94.7  31.4  157.1  33.5  

4 4.1  0.0  25.2  133.3  30  96.6  10.6  187.1  50.2  

5 8.7  0.0  35.5  118.3  31  80.5  1.9  190.8  51.0  

6 9.2  0.0  37.1  114.2  32  93.8  2.8  291.8  65.6  

7 11.1  0.0  58.5  146.2  33  94.9  16.1  244.6  54.4  

8 13.7  0.0  52.7  105.6  34  94.1  6.3  167.0  45.1  

9 11.8  0.0  29.4  84.7  35  79.1  12.2  154.8  40.5  

10  10.4  0.0  56.1  144.1  36  82.1  17.8  148.1  48.7  

11  13.5  0.0  47.2  98.7  37  77.4  11.3  202.0  61.5  

12  21.5  0.0  92.5  109.2  38  62.5  13.9  145.5  55.4  

13  23.1  0.0  85.2  79.6  39  68.4  0.4  150.3  61.3  

14  28.8  0.0  96.1  85.4  40  44.6  0.4  126.4  71.9  

15  32.8  0.0  86.7  60.1  41  38.3  0.0  131.8  96.3  

16  35.8  0.0  91.1  72.3  42  30.8  0.0  152.6  105.8  

17  48.7  0.0  119.0  57.0  43  13.4  0.0  68.1  132.8  

18  46.0  1.9  128.2  60.7  44  10.8  0.0  143.3  270.1  

19  43.0  16.0  119.0  57.5  45  6.0  0.0  27.5  133.2  

20  63.1  17.6  228.3  75.5  46  5.1  0.0  48.1  183.1  

21  51.7  0.4  142.9  73.1  47  5.3  0.0  47.9  196.9  

22  66.7  10.8  192.3  70.7  48  5.7  0.0  52.0  209.9  

23  76.4  2.3  233.5  62.5  49  2.2  0.0  19.7  229.7  

24  81.4  10.4  158.8  49.6  50  5.2  0.0  55.8  231.3  

25  85.6  20.7  208.9  56.9  51  2.5  0.0  15.8  176.5  

26  87.6  24.9  202.8  47.8  52  4.5  0.0  44.4  211.1  

 

Table 3.1. 1.17. Monthly rainfall (mm) in Nagaland during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

Jan  19.9  0.0  82.6  80.3  Jul  450.1  236.6  679.7  28.0  

Feb 44.6  0.5 103.0  56.8  Aug  394.0  262.3  744.4  25.9  

Mar  70.7  11.7  191.2  58.6  Sep 311.1  141.9  486.1  30.2  

Apr  157.0  6.8  286.1  42.7  Oct  134.0  5.6  233.0  44.7  

May  241.4  98.7 500.1  37.8  Nov 23.2  0.0  72.6  88.3  

Jun  341.4  91 .1 539.3  34.7  Dec 16.8  0.0  69.8  102.6  
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The seasonal and annual rainfall situation in Nagaland is presented in Table 

3.1. 1.18.  

Table 3.1. 1.18. Seasonal and annual rainfall (mm) in Nagaland during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  533.5 (24.21)  191.3  871.3  28.8  

Monsoon  1496.6 (67.90)  860.7  2052.1  20.0  

Post-monsoon  173.9 (7.89)  36.8  259.5  34.0  

Annual  2204.0  1281.9  2843.6  18.1  

Note: Figures in parenthesis indicate per cent to total  

Nagaland has received normal annual rainfall of 2204.0 mm during 1975 -200 7 

with maximum annual rainfall of 2843.6 mm in the year 1993 and minimum annual 

rainfall of 1281.9 mm in the year 1997. Maximum of the rainfall was concentrated during 

the monsoon season (67.90%), followed by pre -monsoon and post -monsoon season. The 

maximum  variation in seasonal rainfall was observed in the post -monsoon season (34.0%) 

and minimum in monsoon season (20.0%).  

Rainfall in Manipur  

The weekly and monthly rainfall situations in Manipur are presented in Table 3.1. 1.19 

and Table 3.1. 1.20.  

Table 3.1. 1.19. Weekly rainfall (mm) in Manipur during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 2.0  0.0  26.7  274.4  27  61.1  25.9  116.7  38.0  

2 2.5  0.0  18.6  196.0  28  63.9  15.9  115.7  47.1  

3 1.6  0.0  17.9  215.4  29  59.1  19.2  145.3  48.9  

4 1.9  0.0  21.3  263.1  30  56.4  8.0  146.6  56.5  

5 7.8  0.0  60.6  159.6  31  65.8  7.0  174.9  61.0  

6 7.1  0.0  78.9  203.2  32  60.1  4.5  173.1  65.9  

7 9.4  0.0  81.3  179.6  33  57.7  11.8  151.7  58.0  

8 10.7  0.0  82.4  155.2  34  51.8  6.4  112.1  52.3  

9 10.6  0.0  54.0  137.3  35  53.7  9.1  140.3  62.7  

10  9.9  0.0  102.1  191.0  36  50.1  8.9  120.0  56.4  

11  11.4  0.0  40.8  102.7  37  46.8  5.9  126.7  57.9  

12  23.6  0.0  106.7  129.8  38  40.8  1.1  98.1  68.8  

13  21.9  0.0  164.5  143.2  39  46.5  0.0  144.8  82.5  

14  21.5  0.0  112.9  108.0  40  36.6  0.7  132.1  83.7  

15  30.8  0.0  139.3  100.9  41  32.3  0.0  126.7  115.2  

16  27.2  0.0  127.9  106.9  42  31.5  0.0  135.5  108.2  

17  33.3  0.0  147.7  90.9  43  12.5  0.0  71.2  139.0  

18  35.8  0.0  149.5  91.2  44  13.9  0.0  90.6  163.5  

19  32.7  2.9  79.9  66.5  45  9.9  0.0  71.8  170.7  
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20 44.8  1.4  155.9  76.5  46  7.0  0.0  62.7  224.9  

21  39.7  0.2  134.8  86.3  47  3.3  0.0  36.0  208.1  

22  35.7  4.1  101.0  72.9  48  5.1  0.0  62.6  237.3  

23  61.5  3.3  199.4  70.0  49  1.1  0.0  26.1  443.3  

24  61.6  16.0  122.5  46.4  50  3.9  0.0  49.4  293.0  

25  58.6  23.3  126.1  51.0  51  3.3  0.0  52.3  295.7  

26  59.1  14.0  108.6  41.7  52  4.8  0.0  61.2  285.8  

The highest normal monthly rainfall was received in 31 st SMW (65.8 mm), followed 

by 28 th  SMW (63.9 mm) and 24 th  SMW (61.6 mm) in Manipur during 1975 -2009. The 

lowest normal rainfall was registered in 49 th  SMW (1.1 mm). The highest maximum weekly 

rainfall of 199.4 mm was received in 23 rdSMW in 1985. The variation in weekly rainfall 

was maximum in 49 th  SMW (443.3%), followed by 51 st SMW (295.7%) and 50 th  SMW 

(293.0%).  

Table 3.1. 1.20. Monthly rainfall (mm) in Manipur during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  9.6  0.0  48.3  120.6  Jul  274.1  170.5  427.2  23.2  

Feb 37.5  0.2  179.0  104.7  Aug  250.7  138.6  533.3  30.5  

Mar  69.2  2.2  179.6  71.1  Sep 201.6  80.1  370.9  34.5  

Apr  122.7  0.0  331.3  55.3  Oct  119.1  7.1  268.6  59.6  

May  168.3  43.7  314.8  39.5  Nov 31.5  0.0  94.4  84.5  

Jun  242.7  124.3  424.8  29.5  Dec 14.3  0.0  62.9  138.1  

The highest normal monthly rainfall of 274.1 mm was received in the month of 

July, followed by August (250.7 mm), June (242.7 mm) and September (201.6 mm). The 

lowest normal rainfall was received in January (9.6 mm).  Manipur has registered highest 

maximum  rainfall of 533.3 mm in the month of August in 1993.The variation in rainfall 

was maximum in December (138.1%), followed by January (120.6%) and February 

(104.7%) whereas minimum in the month of July (23.2%).  

Table 3.1. 1.21. Seasonal and annual rainfall (mm) in Manipur during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  407.4 (26.43)  187.8  668.8  27.4  

Monsoon  969.1 (62.87)  795.1  1263.7  12.7  

Post-monsoon  164.9 (10.70)  46.1  347.5  48.7  

Annual  1541.4  1133.8  2013.3  12.5  

Note: Figures in parenthesis indicate per cent to total  

The seasonal and annual rainfall situation in Manipur is presented in Table 

3.1. 1.21. Manipur has received normal annual rainfall of 1541.4 mm during 1975 -2007 

with maximum annual rainfall of 2013.3 mm in the year 1979 and minimum annual 

rainfall of 1133.8 mm in the year 1993. Maximum of the rainfall was concentrated during 

the monsoon season (62.87%), followed by pre -monsoon and post -monsoon season. The 
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maximum variation in seasonal rainfall was observed in the post -monsoon season (48.7%) 

and minimum in monsoon season (12.7%).  

Rainfall in Tripura  

The weekly and monthly rainfall situatio ns in Tripura are presented in Table 

3.1. 1.22 and Table 3.1. 1.23.   

Table 3.1. 1.22. Weekly rainfall (mm) in Tripura during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 0.6  0.0  16.0  443.1  27  102.3  4.7  274.8  73.0  

2 1.5  0.0  26.0  315.6  28  93.3  5.8  448.0  109.9  

3 1.7  0.0  17.3  251.0  29  105.8  8.4  495.9  103.6  

4 1.2  0.0  16.8  319.9  30  90.9  4.8  261.6  83.2  

5 6.3  0.0  114.0  319.9  31  96.7  11.7  451.0  96.7  

6 4.0  0.0  18.9  163.2  32  52.5  6.8  126.3  56.4  

7 4.9  0.0  31.2  151.0  33  62.7  5.3  305.1  110.4  

8 10.7  0.0  149.4  250.6  34  77.7  7.8  200.6  64.2  

9 8.7  0.0  101.7  231.3  35  63.1  8.6  189.1  67.2  

10  2.3  0.0  41.4  326.3  36  55.4  4.3  248.8  100.5  

11  9.7  0.0  74.3  190.4  37  58.4  6.0  120.6  56.4  

12  25.3  0.0  168.6  174.1  38  58.8  0.0  186.1  81.5  

13  22.2  0.0  125.2  133.8  39  49.8  0.0  152.4  78.6  

14  33.8  0.0  157.5  121.7  40  48.4  0.0  128.4  77.3  

15  28.4  0.0  147.0  138.6  41  53.2  0.0  200.0  111.2  

16  40.9  0.0  151.6  104.7  42  40.8  0.0  165.1  122.8  

17  42.0  0.0  185.3  103.0  43  10.7  0.0  80.3  154.7  

18  73.4  0.0  345.0  117.5  44  17.0  0.0  100.8  168.5  

19  88.4  0.0  404.6  109.3  45  13.7  0.0  109.7  220.8  

20  82.7  0.0  247.0  84.8  46  9.8  0.0  115.1  255.0  

21  87.5  0.0  293.8  83.0  47  7.2  0.0  107.9  305.8  

22  93.3  0.0  317.7  84.0  48  6.2  0.0  77.5  281.8  

23  102.4  0.0  387.6  90.4  49  0.2  0.0  3.1  331.9  

24  100.0  2.3  432.8  99.0  50  2.0  0.0  22.3  253.4  

25  91.9  17.9  310.0  66.4  51  2.4  0.0  40.7  380.4  

26  89.7  0.0  334.3  98.1  52  6.3  0.0  120.4  346.8  

The highest normal monthly rainfall was received in 29 th  SMW (105.8 mm), 

followed by 23 rd  SMW (102.4 mm) and 27 th SMW (102.3 mm) in Tripura during 1975 -

2007. The lowest normal rainfall was registered in 49 th  SMW (0.2 mm). The highest 

maximum weekly rainfall of 495.9 mm was received in 29 th SMW in 2007. The variation in 

weekly rainfall was maxi mum in 1 st  SMW (443.1%), followed by 1 st  SMW (443.1%) and 

51 st  SMW (380.4%).  
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The highest norma l monthly  rainfall of 431.8 mm was received in the month of 

July, followed by June (413.2 mm), May (369.6 mm) and August (313.1 mm).  The lowest 

normal rainfall w as received in January (6.1  mm). Tripura has registered highest 

maximum rainfall of 1313.6 mm in the month of June in 1976.The variation in rainfall 

was maximum in December (189.7%), followed by January (157.8%) and February 

(122.8%) whereas , minimum in th e month of September (36.7%).  

Table 3.1. 1.23. Monthly rainfall (mm) in Tripura during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  6.1  0.0  34.1  157.8  Jul  431.8  74.6  846.0  43.1  

Feb 29.4  0.0  156.6  122.8  Aug  313.1  101.3  728.2  45.4  

Mar  61.3  0.0  262.4  103.4  Sep 236.7  83.8  431.0  36.7  

Apr  160.9  0.0  456.6  63.7  Oct  164.3  10.7  349.2  50.4  

May  369.6  104.2  741.4  49.0  Nov 40.7  0.0  173.8  113.1  

Jun  413.2  123.1  1313.6  59.1  Dec 12.5  0.0  120.9  189.7  

The seasonal and annual rainfall situation in Tripura is presented in Table 

3.1. 1.24.  

Table 3.1.24. Seasonal and annual rainfall (mm) in Tripura during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  627.2 (28.01)  159.7  1119.5  40.8  

Monsoon  1394.7 (62.28)  753.6  2841.0  32.0  

Post-monsoon  217.6 (9.72)  21.1  429.6  48.7  

Annual  2239.5  1404.2  3656.4  24.6  

Note: Figures in parenthesis indicate per cent to total  

Tripura has received normal annual rainfall of 2239.5  mm during 1975 -2009 with 

maximum annual rainfall of 3656.4  mm in the year 1976 and minimum annual rainfall of 

1404.2  mm in the year 1994. Maximum of the rainfall was concentrated during the 

monsoon season (62.28%), followed by pre -monsoon and post -monsoon season. The 

maximum variation in seasona l rainfall was observed in the post -monsoon season (48.7%) 

and minimum in monsoon season (32.0%).  

Rainfall in Mizoram  

The weekly and monthly rainfall situations in Mizoram are presented in Table 

3.1. 1.25 and Table 3.1. 1.26.  

The highest normal weekly rainf all was received in 27 th  SMW (129.7 mm), followed 

by 29 th  SMW (122.0 mm) and 24 th SMW (119.1 mm) in Mizoram during 1975 -2007. The 

lowest normal rainfall was registered in 49 th SMW (0.6 mm). The highest maximum weekly 

rainfall of 596.7 mm was received in 29 th SMW in 1993. The variation in weekly rainfall 

was maximum in 1 st  SMW (394.2%), followed by 51 st  SMW (382.4%) and 8 th  SMW 

(295.5%).  
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Table 3.1. 1.25. Weekly rainfall (mm) in Mizoram during 1975 -2007  

Week Normal  
Extremes  

CV (%) Week Normal  
Extremes  

CV (%) 
Min  Max  Min  Max  

1 0.8  0.0  17.9  394.2  27  129.7  17.0  548.4  85.3  

2 1.5  0.0  19.7  262.1  28  98.1  19.2  336.3  86.2  

3 2.4  0.0  34.1  282.7  29  122.0  37.1  596.7  89.2  

4 0.7  0.0  7.3  288.7  30  103.7  19.8  373.1  84.8  

5 5.7  0.0  71.6  230.3  31  105.1  13.6  486.2  97.8  

6 5.4  0.0  42.1  180.2  32  68.8  12.8  147.6  53.4  

7 7.3  0.0  44.6  132.7  33  79.6  9.7  284.0  79.3  

8 16.3  0.0  273.3  295.5  34  90.2  9.6  294.9  70.7  

9 9.9  0.0  57.4  163.9  35  66.4  9.2  189.4  55.0  

10  7.9  0.0  60.6  173.2  36  68.7  10.2  199.2  68.8  

11  13.1  0.0  77.4  166.3  37  67.5  6.4  223.6  63.9  

12  32.5  0.0  200.1  153.6  38  56.5  1.5  137.4  66.3  

13  37.2  0.0  305.0  155.3  39  56.4  1.0  150.5  71.9  

14  36.4  0.0  279.3  151.7  40  54.4  0.0  132.2  65.4  

15  43.4  0.0  238.7  127.1  41  56.9  0.0  328.1  129.5  

16  51.9  0.0  200.6  100.5  42  43.8  0.0  149.6  94.9  

17  48.9  3.1  145.2  86.0  43  11.5  0.0  72.3  155.2  

18  76.5  2.5  331.5  113.1  44  18.6  0.0  134.4  170.4  

19  86.0  2.8  355.9  102.9  45  16.6  0.0  145.7  223.7  

20  91.1  0.4  310.7  80.2  46  10.5  0.0  77.8  189.8  

21  82.2  2.4  280.9  83.1  47  9.4  0.0  107.8  249.3  

22  91.2  1.7  249.1  70.9  48  9.4  0.0  103.7  232.4  

23  106.9  4.0  334.1  78.7  49  0.6  0.0  4.0  207.8  

24  119.1  5.6  455.7  92.7  50  2.0  0.0  22.3  235.5  

25  94.1  20.4  277.3  64.0  51  4.0  0.0  68.6  382.4  

26  117.4  4.4  484.6  89.4  52  3.7  0.0  43.2  251.9  

 

Table 3.1. 1.26. Monthly rainfall (mm) in Mizoram during 1975 -2007  

Month  Normal  
Extremes  

CV (%) Month  Normal  
Extremes  CV 

(%) Min  Max  Min  Max  

Jan  6.7  0.0  34.1  145.8  Jul  501.0  130.5  880.5  39.7  

Feb 36.3  0.0  286.3  139.7  Aug  363.1  142.8  738.3  39.8  

Mar  93.4  2.6  338.0  91.1  Sep 264.6  108.1  466.2  35.9  

Apr  196.0  20.9  592.9  61.3  Oct  178.5  8.3  534.2  59.6  

May  372.3  121.6  887.9  55.8  Nov 50.8  0.0  266.8  115.0  

Jun  465.7  92.5  1140.7  52.0  Dec 11.8  0.0  70.9  152.6  

The highest normal monthly rainfall of 501.0 mm was received in the month of 

July, followed by June (465.7 mm), May (372.3 mm) and August (363.1 mm).  The lowest 
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normal rainfall was received in January (6.7 mm).  Mizoram has registered highest 

maximum rainf all of 1140.7 mm in the month of June in 1976.The variation in rainfall 

was maximum in December (152.6%), followed by January (145.8%) and February 

(139.7%) whereas, minimum in the month of September (35.9%).  

The seasonal and annual rainfall situation in Mizoram is presented in Table 

3.1. 1.27.  Mizoram has received normal annual rainfall of 2540.2 mm during 1975 -2007 

with maximum annual rainfall of 4368.8 mm in the year 1993 and minimum annual 

rainfall of 1391.4 mm in the year 2000. Maximum of the rainfall was concentrated during 

the monsoon season (62.77%), followed by pre -monsoon and post -monsoon season. The 

maximum variation in seasonal rainfall was observed in the post -monsoon season (53.0%) 

and minimum in monsoon season (28.6%).  

Table 3.1. 1.27. Seasonal  and annual rainfall (mm) in Mizoram during 1975 -2007  

Season Normal (%)  
Extremes  

CV (%) 
Min  Max  

Pre-monsoon  704.7 (27.74)  219.4  1631.6  45.6  

Monsoon  1594.4 (62.77)  648.9  2573.6  28.6  

Post-monsoon  241.1 (9.49)  20.7  559.6  53.0  

Annual  2540.2  1391.4  4368.8  27.7  

Note: Figures in parenthesis indicate per cent to total  

3.1.2 Trend in seasonal and annual rainfall  

The linear trends of seasonal and annual rainfall in NEH of India are presented in Fig. 3.1 

to Fig. 3.10 and the trend coefficients and their probabilities are presented in Table 

3.1.2.1 and Table 3.1.2.2.  

Table 3.1.2.1. Linear trend coefficients of seasonal rainfall in NEH  of India  

Pre -monsoon  

State/District  
1975 -1989  1990 -2007  1975 -2007  

B P b p b P 

Sikkim  8.09  0.44  23.99***  0.00  7.30**  0.02  

Darjeeling  4.55  0.34  3.93  0.34  1.52  0.32  

Meghalaya  11.79  0.25  -2.74  0.61  2.11  0.41  

Arunachal  -1.85  0.85  -4.37  0.53  -1.71  0.54  

Karbi Anglong  5.75  0.50  -5.02  0.14  -0.27  0.89  

Nagaland  -0.80  0.91  -0.95  0.91  -2.05  0.47  

Manipur  5.92  0.44  -5.08  0.29  1.11  0.59  

Tripura  -2.94  0.87  -16.08  0.12  -6.80  0.15  

Mizoram  6.32  0.74  -32.85**  0.03  -3.47  0.56  

Monsoon  

State/District  
1975 -1989  1990 -2007  1975 -2007  

B p b p b P 

Sikkim  5.12  0.77  -26.16  0.42  1.96  0.85  

Darjeeling  19.02  0.37  -16.64  0.47  0.52  0.95  
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Meghalaya  46.25**  0.01  48.76  0.07  13.57  0.12  

Arunachal  11.61  0.20  -1.95  0.82  -4.99  0.12  

Karbi Anglong  15.72  0.15  -6.18  0.45  -4.84  0.15  

Nagaland  16.68  0.20  -23.66  0.07  -16.72***  0.00  

Manipur  7.05  0.37  -12.25**  0.02  1.25  0.59  

Tripura  -40.32  0.18  7.56  0.68  -13.01  0.11  

Mizoram  13.62  0.51  -34.26  0.16  -12.58  0.13  

Post -monsoon  

State/District  
1975 -1989  1990 -2007  1975 -2007  

b p b p b p 

Sikkim  -0.85  0.89  7.40**  0.03  -0.72  0.67  

Darjeeling  -5.07  0.49  5.88  0.14  -0.08  0.97  

Meghalaya  10.15  0.09  6.50  0.22  4.28**  0.03  

Arunachal  -3.88  0.23  0.44  0.90  0.24  0.84  

Karbi Anglong  8.84  0.13  3.79  0.29  2.71  0.09  

Nagaland  -0.87  0.82  0.23  0.94  -0.55  0.62  

Manipur  7.69  0.17  -1.16  0.73  1.17  0.44  

Tripura  5.91  0.28  -2.05  0.71  1.27  0.17  

Mizoram  11.77  0.19  -9.13  0.07  0.41  0.87  

** & *** indicates significance at 5% and 1% level, respectively  

Table 3.1.2.2 Linear trend coefficients of annual rainfall in NEH of India  

State/District  
1975 -1989  1990 -2007  1975 -2007  

b p b P B p 

Sikkim  12.37  0.56  5.23  0.88  8.54  0.44  

Darjeeling  18.50  0.44  -6.83  0.78  1.96  0.82  

Meghalaya  68.20**  0.01  52.52  0.09  19.97  0.06  

Arunachal  5.88  0.72  -5.89  0.61  -6.47  0.17  

Karbi -Anglong  30.32  0.06  -7.41  0.49  -2.40  0.61  

Nagaland  15.01  0.37  -24.38  0.20  -19.32**  0.01  

Manipur  20.66**  0.04  -18.49**  0.04  3.53  0.32  

Tripura  -37.34  0.29  -10.57  0.67  -17.22  0.09  

Mizoram  31.71  0.34  -76.24**  0.04  -15.62  0.23  

** & *** indicates significance at 5% and 1% level, respectively  

Trend in pre -monsoon rainfall  

The trends in pre -monsoon rainfall a re positive but insignificant in the NEH states of 

India, except Arunachal Pradesh, Nagaland and Tripura where the trend s are negative 

and insignificant during 1975 to 1989. Importantly these trends turned out to be negative 

during 1990 to 2007, except Sik kim  and Darjeeling. The negative trend of pre -monsoon 

rainfall was significant in case of Mizoram,  and  the positive trend was significant for 

Sikkim.  For the period of  1975 -2007, the trend for rainfall is significant for Sikkim.  



 

 

                  

                     Fig. 1(a) Seasonal (1975-1989)                                            Fig. 1(b) Seasonal (1990-2007)                                                  Fig. 1(c) Seasonal (1975-2007)      
           

                  
              
                     Fig. 1(d) Annual (1975-1989)                                                  Fig. 1(e) Annual (1990-2007)                                                   Fig. 1(f) Annual (1975-2007) 

 
Fig. 3.1. Seasonal and annual rainfall situation in Sikkim 
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    Fig.2(a) Seasonal (1975-1989)                         Fig. 2(b) Seasonal (1990-2007)                                    Fig. 2(c) Seasonal (1975-2007)                                        

                    

                        Fig. 2(d) Annual (1975-1989)                              Fig. 2(e) Annual (1990-2007)                                                Fig. 2(f) Annual (1975-2007) 

 

Fig. 3.2. Seasonal and annual rainfall situation in Darjeeling 
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                   Fig. 3(a) Seasonal (1975-1989)                                                Fig. 3(b) Seasonal (1990-2007)                                              Fig. 3(c) Seasonal (1975-2007)      

 

                   
                   

                     Fig. 3(d) Annual (1975-1989)                                                Fig. 3(e) Annual (1990-2007)                                                    Fig. 3(f) Annual (1975-2007) 

 
Fig. 3.3. Seasonal and annual rainfall situation in Meghalaya 
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                     Fig.4(a) Seasonal (1975-1989)                                              Fig. 4(b) Seasonal (1990-2007)                                            Fig. 4 (c) Seasonal (1975-2007)  
       

                  

                      Fig. 4(d) Annual (1975-1989)                                               Fig. 4(e) Annual (1990-2007)                                                   Fig. 4(f) Annual (1975-2007) 
 

Fig. 3.4. Seasonal and annual rainfall situation in Arunachal Pradesh 
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                   Fig. 5(a) Seasonal (1975-1989)                                               Fig. 5(b) Seasonal (1990-2007)                                              Fig. 5(c) Seasonal (1975-2007)  

               

                      Fig. 5(d) Annual (1975-1989)                                              Fig. 5(e) Annual (1990-2007)                                                 Fig. 5(f) Annual (1975-2007) 

 

Fig. 3.5. Seasonal and annual rainfall situation in Karbi Anglong  
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                    Fig. 6(a) Seasonal (1975-1989)                                             Fig. 6(b) Seasonal (1990-2007)                                              Fig. 6(c) Seasonal (1975-2007)     

                 

                     Fig. 6(d) Annual (1975-1989)                                                 Fig. 6(e) Annual (1990-2007)                                                Fig. 6(f) Annual (1975-2007) 
 

Fig. 3.6. Seasonal and annual rainfall situation in Nagaland 

y = -0.80x + 562 

y = 16.68x + 1537.8 

y = -0.87x + 186.99 

0

500

1000

1500

2000

2500

1
9
7

5

1
9
7

6

1
9
7

7

1
9
7

8

1
9
7

9

1
9
8

0

1
9
8

1

1
9
8

2

1
9
8

3

1
9
8

4

1
9
8

5

1
9
8

6

1
9
8

7

1
9
8

8

1
9
8

9

R
a

in
fa

ll 
(m

m
) 

Pre-monsoon Monsoon Post-monsoon

y = -0.95x + 524.15 

y = -23.66x + 1575.8 

y = 0.23x + 166.67 

0

500

1000

1500

2000

2500

1
9
9

0

1
9
9

1

1
9
9

2

1
9
9

3

1
9
9

4

1
9
9

5

1
9
9

6

1
9
9

7

1
9
9

8

1
9
9

9

2
0
0

0

2
0
0

1

2
0
0

2

2
0
0

3

2
0
0

4

2
0
0

5

2
0
0

6

2
0
0

7

R
a

in
fa

ll 
(m

m
) 

Pre-monsoon Monsoon Post-monsoon

y = -2.05x + 568.44 

y = -16.72x + 1780.8 

y = -0.55x + 183.29 

0

500

1000

1500

2000

2500

R
a

in
fa

ll 
(m

m
) 

Pre-monsoon Monsoon Post-monsoon

y = 15.01x + 2286.8 

1000

1500

2000

2500

3000

1
9
7

5

1
9
7

6

1
9
7

7

1
9
7

8

1
9
7

9

1
9
8

0

1
9
8

1

1
9
8

2

1
9
8

3

1
9
8

4

1
9
8

5

1
9
8

6

1
9
8

7

1
9
8

8

1
9
8

9

R
a

in
fa

ll 
(m

m
) 

y = -24.38x + 2266.6 

1000

1500

2000

2500

3000

1
9
9

0

1
9
9

2

1
9
9

4

1
9
9

6

1
9
9

8

2
0
0

0

2
0
0

2

2
0
0

4

2
0
0

6

R
a

in
fa

ll 
(m

m
) 

y = -19.32x + 2532.5 

1000

1500

2000

2500

3000

1
9
7

5

1
9
7

7

1
9
7

9

1
9
8

1

1
9
8

3

1
9
8

5

1
9
8

7

1
9
8

9

1
9
9

1

1
9
9

3

1
9
9

5

1
9
9

7

1
9
9

9

2
0
0

1

2
0
0

3

2
0
0

5

2
0
0

7

R
in

fa
ll 

(m
m

) 



48 

 

                   

                     Fig. 7(a) Seasonal (1975-1989)                         Fig. 7(b) Seasonal (1990-2007)                                             Fig. 7(c) Seasonal (1975-2007)   

                                          

                 

                      Fig. 7(d) Annual (1975-1989)                                               Fig. 7(e) Annual (1990-2007)                                       Fig. 7(f) Annual (1975-2007) 
 

Fig. 3.7. Seasonal and annual rainfall situation in Manipur 
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                     Fig. 8(a) Seasonal (1975-1989)                                              Fig. 8(b) Seasonal (1990-2007)                                                Fig. 8(c) Seasonal (1975-2007)      

                            

                    

                      Fig. 8(d) Annual (1975-1989)                                                 Fig. 8(e) Annual (1990-2007)                                              Fig. 8(f) Annual (1975-2007) 

 
Fig. 3.8. Seasonal and annual rainfall situation in Tripura 
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                     Fig. 9(a) Seasonal (1975-1989)                                          Fig. 9(b) Seasonal (1990-2007)                                                    Fig. 9(c) Seasonal (1975-2007)        

                                       

                  

                      Fig. 9(d) Annual (1975-1989)                                                Fig. 9(e) Annual (1990-2007)                                                    Fig. 9(f) Annual (1975-2007) 
 

Fig. 3.9. Seasonal and annual rainfall situation in Mizoram 
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             Fig. 10(a) Meghalaya                                                                          Fig. 10(b) Manipur                                                           Fig. 10(c) Mizoram 

                     

                           Fig. 10(d) Nagaland                                                                             Fig. 10(e) Karbi-Anglong                                               Fig.10 (f) Darjeeling 

                    

                            Fig. 10(g) Sikkim                                                                                    Fig.10 (h) Tripura                                                  Fig. 10(i) Arunachal Pradesh 

Fig. 3.10. Recent (2008-13) rainfall trend in North Eastern Hill region 
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Trend in monsoon rainfall  

The trends in  monsoon rainfall a re also positive and insignificant in the NEH states of 

India, except Tripura where the trend was negative but  insignificant during 1975 to 1989.  

The positive trend i s significant for Meghalaya. The se trends turned out to be negative 

during 1990 to 2007, except Meghalaya and Tripura. The negative trend of monsoon 

rainfall was significant in case of Manipur.  For the complete study period of 1975 -2007, 

the trend was negati ve and significant for Nagaland.  

Trend in post -monsoon rainfall  

The trends in  post -monsoon rainfall are positive and insignificant for Meghalaya, Karbi  

Anglong, Manipur , Tripura and Mizoram and it negative for Sikkim, Darjeeling, Arunachal 

Pradesh and Naga land during 1975 to 1989. Unlike the pre -monsoon and monsoon 

rainfall, t he trends for post monsoon rainfall were positive during 1990 to 2007, except 

Manipur, Tripura and Mizoram . The positive  trend of post -monsoon rainfall was 

significant in case of Sikkim . For the co mplete study period of 1975 -2007,  the trend was 

positive  and significant for Meghalaya . 

Trend in annual rainfall  

The annual rainfall s have  exhibited positive trend in NEH states during 1975 -1989, 

except in Tripura. The positive trends in annual  rainfall a re significant in case of 

Meghalaya and Manipur. The trends have become negative during 1990 -2007  in all the 

states of NEH , except Meghalaya.  The negative trends a re significant in case of Manipur 

and Mizoram. The trend was negative and signific ant for Nagaland for the entire study 

period of 1975 -2007.  

Trend in annual rainfall in North Eastern Himalayan region during 2008 -2013/14  

The rainfalls have declined in all the states during 2008 -2013, except Mizoram and Karbi 

Anglong (Fig. 3.10). The decline in rainfall was statistically significant in Meghalaya.  

3.1.3 Probability of rainfall  

To know the probability of getting a dry or wet week Markov Chain analysis was 

performed and the results of Markov chain model is presented in Table 3.1.3.  

Table 3.1.3. Frequency of getting probable wet and dry weeks in NE H India  

Season 
Frequency (%)  Range 

P(W) P(D) P(D/D)  P(W/D)  P(W) P(D) P(D/D)  P(W/D)  

Sikkim  

Pre-
monsoon  

23.81  76.19  76.19  23.81  
0.00 -
0.84  

0.15 -
1.00  

0.22 -
1.00  

0.00 -
0.77  

Monsoon  100.00  0.00  16.67  55.56  
0.69 -
1.00  

0.00 -
0.30  

0.00 -
1.00  

0.00 -
1.00  

Post-
monsoon  

0.00  100.00  100.00  0.00  
0.00 -
0.42  

0.57 -
1.00  

0.71 -
1.00  

0.00 -
0.28  

Annual  44.23  55.77  61.54  28.85      

Darjeeling  

Pre-
monsoon  

23.81  76.19  76.19  23.81  
0.00 -
0.87  

0.12 -
1.00  

0.16 -
1.00  

0.00 -
0.83  

Monsoon  100.00  0.00  11.11  72.22  
0.81 -
1.00  

0.00 -
0.18  

0.00 -
0.50  

0.50 -
1.00  

Post-
monsoon  

15.38  84.62  100.00  0.00  
0.00 -
0.57  

0.42 -
1.00  

0.60 -
1.00  

0.00 -
0.40  

Annual  48.08  51.92  59.62  34.62      

Meghalaya  
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Pre-
monsoon  

33.33  66.66  76.19  23.81  
0.00 -
0.94  

0.06 -
1.00  

0.00 -
1.00  

0.00 -
1.00  

Monsoon  100.00  0.00  11.11  61.11  
0.88 -
1.00  

0.00 -
0.12  

0.00 -
1.00  

0.00 -
1.00  

Post-
monsoon  

23.08  76.92  84.62  15.38  
0.00 -
0.79  

0.21 -
1.00  

0.00 -
1.00  

0.00 -
1.00  

Annual  53.85  46.15  55.77  34.62      

Arunachal  Pradesh  

Pre-
monsoon  

38.09  61.91  71.43  19.04  
0.00 -
0.91  

0.09 -
1.00  

0.00 -
1.00  

0.00 -
1.00  

Monsoon  94.44  5.56  16.67  61.11  
0.09 -
1.00  

0.00 -
0.91  

0.00 -
0.80  

0.00 -
1.00  

Post-
monsoon  

15.39  84.61  84.62  15.38  
0.00 -
0.70  

0.30 -
1.00  

0.17 -
1.00  

0.03 -
0.83  

Annual  51.92  48.08  55.77  32.69      

Karbi Anglong  

Pre-
monsoon  

33.33  66.67  76.19  23.81  
0.00 -
0.84  

0.15 -
1.00  

0.16 -
1.00  

0.00 -
0.83  

Monsoon  100.00  0.00  11.11  61.11  
0.69 -
1.00  

0.00 -
0.30  

0.00 -
1.00  

0.00 -
1.00  

Post-
monsoon  

15.38  84.62  92.31  7.69  
0.00 -
0.72  

0.27 -
1.00  

0.16 -
1.00  

0.00 -
0.83  

Annual  51.92  48.08  57.69  32.69      

Nagaland  

Pre-
monsoon  

42.86  57.14  76.19  23.81  
0.00 -
0.93  

0.06 -
1.00  

0.00 -
1.00  

0.00 -
1.00  

Monsoon  100.00  0.00  16.67  55.56  
0.84 -
1.00  

0.00 -
0.15  

0.00 -
1.00  

0.00 -
1.00  

Post-
monsoon  

23.08  76.92  92.31  7.69  
0.00 -
0.72  

0.27 -
1.00  

0.20 -
1.00  

0.00 -
0.80  

Annual  57.69  42.31  59.62  30.77      

Manipur  

Pre-
monsoon  

28.57  71.43  85.71  19.05  
0.00 -
0.72  

0.27 -
1.00  

0.27 -
1.00  

0.00 -
0.72  

Monsoon  100.00  0.00  11.11  88.89  
0.66 -
1.00  

0.00 -
0.33  

0.00 -
0.50  

0.50 -
1.00  

Post-
monsoon  

7.69  92.31  92.31  7.69  
0.03 -
0.66  

0.33 -
0.96  

0.36 -
0.96  

0.03 -
0.63  

Annual  48.08  51.92  61.54  40.38      

Tripura  

Pre-

monsoon  
28.57  71.43  80.95  19.05  

0.00 -

0.87  

0.12 -

1.00  

0.00 -

1.00  

0.00 -

1.00  

Monsoon  100.00  0.00  27.78  72.22  
0.69 -
0.96  

0.03 -
0.30  

0.00 -
0.50  

0.50 -
1.00  

Post-
monsoon  

23.08  76.92  84.62  15.38  
0.00 -
0.66  

0.33 -
1.00  

0.36 -
1.00  

0.00 -
0.63  

Annual  51.92  48.08  63.46  36.54      

Mizoram  

Pre-
monsoon  

28.57  71.43  71.43  28.57  
0.00 -
0.84  

0.15 -
1.00  

0.00 -
1.00  

0.00 -
1.00  

Monsoon  100.00  0.00  5.56  83.33  
0.81 -
1.00  

0.00 -
0.18  

0.00 -
0.50  

0.00 -
1.00  

Post-
monsoon  

23.08  76.92  100.00  0.00  
0.00 -
0.81  

0.18 -
1.00  

0.50 -
1.00  

0.00 -
0.50  

Annual  51.92  48.08  55.77  40.38      

The results of Markov Chain analysis indicates that i n a year about more than 50 

per cent of the weeks have the probability that they will be wet in Meghalaya , Arunac hal 

Pradesh, Karbi Anglong, Nagaland Tripura and  Mizoram. All the monsoon weeks have the 

probability of being wet week in all the hill districts of North Eastern Himalaya  (NEH), 
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except the 21 st  SMW in Arunachal Pradesh  and the probability values ranged from 66 -100 

per cent during the monsoon period (22 nd  to 39 th  SMW).  

About 57.14 to 76.19 per cent of the pre -monsoon weeks in the NEH  stat es will 

probably be dry weeks. The occurrence of wet week (33.33%) in pre -monsoon period will 

be beneficial for the rice production for land preparation and starts sowing for the early 

variety rice.  

Markov chain analysis revealed that cent per cent and 92. 31 per cent of the weeks 

have the probabilities to be dry in Sikkim and Manipur, respectively  during the post 

monsoon seasons  which may hamper the profoundly the rabi  crops in these states. In 

other North Eastern states more than 76 per cent of the weeks have the probabilities to be 

a dry week.  

Conditional probability  

The frequency of conditional probability for a given dry week to be preceded by another 

dry week is highest during post -monsoon season (more than 84% weeks), followed by pre -

monsoon and monsoon season. More than 55 per cent of the SMWs in a given year have 

the probability of being dry week preceded by another dry week in the region. Within the 

monsoon pe riod, 27.78 per cent of the dry weeks, have the probability of being preceded 

by another dry week in Tripura. And this long dry spell may affect rice crop especially in 

areas with soils having low water holding capacity.  

3.1.4 Onset of Monsoon in North Eas rern Himamalayas of India  

The onset of monsoon is very important in the perspective of agricultural 

practices. The arrival of monsoon across the NEH states is presented in Table 

3.1.4.  

Table 3.1.4. Onset of monsoon in NEH of India 

State/District 

June  July August Sept 

1
st
 week 2

nd
 week 

Beyond 

2
nd

 week 

1
st
 

week 

2
nd

 

week 

Beyond 

2
nd

 week 

1
st
 

week 

2
nd

 

week 
2

nd
 

Darjeeling 
14 

(42.43) 

11 

(33.33) 

8 

(24.24) 
      

Karbi 

Anglong 

17 

(51.52) 

8 

(24.24) 

8 

(24.24) 
      

Nagaland 
22 

(66.67) 

3 

(9.09) 

8 

(24.24) 
      

Meghalaya 
23 

(69.70) 

6 

(18.18) 

4 

(12.12) 
      

Arunachal 

Pradesh 

20 

(60.61) 

6 

(18.18) 

7 

(21.21) 
      

Mizoram 
19 

(57.58) 

9 

(27.27) 

3 

(9.09) 

1 

(3.03) 

1 

(3.03) 
    

Sikkim 
8 

(24.24) 

15 

(45.45) 

8 

(24.24) 

1 

(3.03) 

1 

(3.03) 
    

Manipur 
11 

(35.48) 

8 

(25.81) 

9 

(29.03) 

2 

(6.45) 
  

1 

(3.23) 
  

Tripura 
4 

(12.50) 

2 

(6.25) 

12 

(37.50) 

3 

(9.38) 

3 

(9.38) 

5 

(15.63) 
 

2 

(6.25) 

1 

(3.13) 

Note: Figures in parenthesis indicate percentage to total  
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The table shows that  in Meghalaya, Nagaland and Arunachal Pradesh the 

monsoon has set in 1 st  week of June in 60.61 to 69.70 per cent of the years under study 

but in Sikkim, Manipur and Tripura it was only 12.50 to 35.48 per cent of the years. In 

case of Sikkim, Darjeeling, Mizoram, Manipur and Karbi Anglong the monsoon has set in 

2nd  week of June in case of 25.81 to 45.45 per cent of the years. In case of Mizoram, 

Sikkim, Manipur and Tripura in some of the years arrival of monsoon was beyond June.   

3.2 Temperature Trends in North Eastern Himalaya s of India  

3.2.1 Descriptive statistics for minimum and maximum temperatures  

Minimum and maximum temperatures in Sikkim  

The monthly temperature situation in Sikkim is presented in Table 3.2.1.1.  

Table 3.2.1.1. Monthly temperature in Sikkim  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  8.0 6.3  14.3  9.8  20.6  17.5  22.6  5.2  

February  10. 1 8.5  15.0  11.0  22.8  20.7  25.9  5.8  

March  13. 7 11.9  20.8  6.9  26.9  24.1  29.0  4.3  

April  17. 5 15.7  24.7  5.0  29.1  26.4  31.4  5.0  

May  19. 5 17.0  24.0  4.4  29.2  27.4  32.1  4.1  

June  21. 3 20.0  25.6  2.8  29.3  27.8  31.6  3.0  

July  21. 9 20.0  25.4  4.2  28.8  27.2  30.1  2.0  

August  22.0  20.7  23.5  2.8  29.4  28.1  30.9  1.9  

September  21.1  19.9  22.3  2.7  28.8  27.9  30.5  2.2  

October  18. 4 16.4  20.4  4.8  28.0  26.4  29.2  2.6  

November  13. 6 11.8  15.6  7.0  25.8  24.7  27.3  2.7  

December  9.8  8.1  12.2  9.2  22.5  21.0  23.9  3.4  

In Sikkim, the normal minimum temperature was highest (22.0 0C) in the month of 

August, followed by July and June. The lowest normal minimum temperature was 

registered in January (8.0 0C). The variation in minimum temperature was higher in the 

months of February and January. The highest normal maximum temperature was in the 

month of August (29.4 0C), followed by June and May. The variation in maximum 

temperature was higher in the months of February and January.  

Table 3.2.1.2 Seasonal and annual temperature in Sikkim  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  13. 8 12.5  15.0  4.5  25.7  23.9  27.2  3.0  

Monsoon  21. 6 20.5  22.8  2.7  29.1  28.5  30.2  1.4  

Post-
monsoon  

13.9  12.4  15.5  4.8  25.5  24.4  26.6  2.1  

Annual  16. 4 15.4  17.4  3.2  26.8  25.8  27.7  1.5  
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The seasonal and annual temperature situation in Sikkim is presented in Table 

3.2.1.2. The normal annual minimum and maximum temperature were 16.4 0C and 

26.8 0C, respectively. The variations in seasonal and annual minimum temperature were 

higher than the va riations in maximum temperature.  

Descriptive statistics for minimum and maximum temperatures in Darjeeling  

The monthly temperature situation in Darjeeling is presented in Table 3.2.1.3.  

Table 3.2.1.3. Monthly temperature in Darjeeling during 1975 -2009  

Month  

Min. Temp. ( 0C) 
CV 
(%) 

Max. Temp. ( 0C) 
CV 
(%) Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  8.1  6.1  10.0  9.9  20.7  17.4  22.7  5.3  

February  10.3  8.5  13.5  10.6  23.0  20.4  25.8  5.7  

March  14.0  12.1  15.8  6.6  27.3  24.6  29.4  4.3  

April  17.8  15.9  20.0  5.0  29.9  27.0  32.4  4.9  

May  19.9  17.3  21.4  4.2  30.1  28.3  33.1  4.0  

June  21.7  20.4  23.7  2.9  29.9  28.6  32.3  3.3  

July  22.2  20.3  26.2  4.4  29.1  27.7  30.5  1.9  

August  22.3  20.9  23.6  2.7  29.7  28.4  30.9  1.9  

September  21.5  20.0  22.6  2.9  29.1  28.3  30.6  2.0  

October  18.6  16.6  20.3  4.4  28.4  27.0  29.7  2.5  

November  13.8  12.0  16.0  6.9  26.1  25.0  27.6  2.6  

December  9.7  8.0  12.3  8.8  22.7  21.0  24.3  3.4  

In Darjeeling, the normal minimum temperature was highest (22.3 0C) in the 

month of August, followed by July and June. The lowest normal minimum temperature 

was registered in January (8.1 0C). The variation in minimum temperature was registered 

higher in the months of February and January. The highest normal maximum 

temperature was in the month of May (30.1 0C), followed by April and June (29.9 0C). The 

variation in maximum temperature was higher in the months of February and January.  

Table 3.2.1.4. Seasonal and annual temperature in Darjeeling during 1975 -2009  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  14.0  12.7  15.2  4.5  26.2  24.4  27.7  3.0  

Monsoon  21.9  20.7  24.6  3.3  29.5  28.9  30.4  1.5  

Post-
monsoon  

14.1  12.7  15.6  4.6  25.7  24.7  27.0  2.0  

Annual  16.7  15.7  17.9  3.4  27.1  26.2  28.2  1.5  

The seasonal and annual temperature situation in Darjeeling is presented in Table 

3.2.1.4. The normal annual minimum and maximum temperature were 16.7 0C and 

27.1 0C, respectively. The variations in seasonal and annual minimum temperature were 

higher than the variations in maximum temperature.  

Minimum and maximum temperatures in Meghalaya                      



57 

 

The monthly temperature situation in Meghalaya is present ed in Table 3.2.1.5.   

Table 3.2.1.5. Monthly temperature in Meghalaya during 1975 -2009  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.6  8.3  11.4  7.6  22.2  20.4  23.9  4.3  

February  11.8  10.1  14.3  8.8  24.6  22.1  28.1  5.2  

March  15.5  14.2  17.7  5.5  28.1  25.0  30.4  4.3  

April  19.0  17.1  21.5  4.6  29.4  26.4  31.8  4.5  

May  21.2  19.9  22.5  3.4  29.9  27.3  31.6  3.4  

June  23.3  22.3  26.1  3.2  30.6  28.9  33.8  2.9  

July  23.7  22.5  24.4  1.8  30.3  29.3  31.6  2.0  

August  23.7  23.0  24.4  1.5  30.8  29.7  32.4  1.9  

September  23.0  21.8  24.7  2.3  30.3  28.8  31.9  2.3  

October  20.4  19.0  22.0  3.5  29.2  27.8  30.6  2.3  

November  15.6  13.9  17.6  5.5  26.8  25.8  27.8  2.1  

December  11.2  9.0  13.7  8.8  23.8  22.4  25.0  3.3  

In Meghalaya, the normal minimum temperature was highest (23.7 0C) in the 

month of July and August, followed by June. The lowest normal minimum temperature 

was registered in January ( 9.6 0C). The variation in minimum temperature was higher in 

the months of February and De cember. The highest normal maximum temperature was in 

the month of August (30.8 0C), followed by June and July. The variation in maximum 

temperature was higher in the months of February and April.  

 

Table 3.2.1.6. Seasonal and annual temperature in Meghalay a during 1975 -2009  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.4  14.6  16.7  3.3  26.9  25.5  28.5  2.7  

Monsoon  23.4  22.8  24.7  1.9  30.5  29.8  31.6  1.4  

Post-
monsoon  

15.7  14.5  17.2  3.8  26.6  25.6  27.5  1.9  

Annual  18.2  17.6  19.1  2.4  28.0  27.2  29.0  1.5  

The seasonal and annual temperature situation in Meghalaya is presented in 

Table 3.2.1.6.  The normal annual minimum and maximum temperature were 18.2 0C and 

28.0 0C, respectively. The  variations in seasonal and annual minimum temperature were 

higher than the variations in maximum temperature.  

 

Minimum and maximum temperatures in Arunachal Pradesh              

        

The monthly temperature situation in Arunachal Pradesh is presented i n Table 3.2.1.7.  
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Table 3.2.1.7. Monthly temperature in Arunachal Pradesh  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.7  8.5  11.4  7.5  22.7  21.1  24.8  4.3  

February  12.0  10.3  14.2  8.6  24.8  22.1  28.8  5.5  

March  15.6  14.3  17.7  5.0  28.1  24.9  30.6  4.4  

April  19.1  17.3  21.5  4.4  29.2  25.9  32.0  4.5  

May  21.7  20.3  23.1  3.3  30.3  27.7  31.9  3.3  

June  24.1  23.0  27.0  3.0  31.6  29.6  34.7  3.1  

July  24.9  23.4  29.8  5.6  31.3  30.3  32.7  2.0  

August  24.8  24.0  26.8  3.0  31.9  30.7  33.6  1.9  

September  24.1  22.4  29.2  5.9  31.1  29.7  32.9  2.4  

October  21.0  19.2  24.3  5.3  29.9  28.6  31.4  2.4  

November  15.5  13.5  17.4  6.0  27.4  25.9  28.5  2.4  

December  11.0  8.9  13.0  8.5  24.1  22.8  25.6  3.4  

In Arunachal Pradesh , the normal min imum temperature was highest (24 .90C) in 

the month of July , followed by August, June  and September . The lowest normal minimum 

temperature was registered in January (9. 70C). The variation in minimum temperature 

was higher in the months of February  and December. The highest normal maximum 

temperatur e was in the month of August (31 .90C), followed by June and July. The 

variation in maximum temperature was highest in the month of February.  

Table 3.2.1.8. Seasonal and annual temperature in Arunachal Pr adesh  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.6  14.5  16.9  3.2  27.0  25.5  29.1  2.9  

Monsoon  24.4  23.5  27.2  4.1  31.5  30.9  32.6  1.4  

Post-

monsoon  
15.8  14.4  17.3  4.6  27.1  26.1  28.3  2.1  

Annual  18.6  17.8  20.0  3.5  28.5  27.6  29.5  1.6  

The seasonal and annual temperature situation in Arunachal Pradesh is presented 

in Table 3.2.1.8. The normal annual minimum and maximum temperature were 18.6 0C 

and 28.5 0C, respectively. The variations in seasonal and annual minimum temperature 

were higher than the variations in maximum temperature.  

Minimum and maximum temperatures in Karbi Anglong   

The monthly temperature situation in Karbi Anglong is presented in Table 3.2.1.9. 

In Karbi Ang long, the normal minimum temperature was highest (23.5 0C) in the month of 

August, followed by July and June. The lowest normal minimum temperature was 

registered in January (9.4 0C). The variation in minimum temperature was higher in the 

months of February and December. The highest normal maximum temperature was in the 

month of August (30.8 0C), followed by June and July. The variation in maximum 

temperature was highest in the month of February.  
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Table 3.2.1.9. Monthly temperature in Karbi Anglong  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.4  8.1  11.0  7.3  21.9  20.1  23.9  4.5  

February  11.6  10.1  13.8  8.4  24.3  21.6  28.2  5.2  

March  15.3  14.0  17.3  5.3  27.6  24.3  30.0  4.5  

April  18.6  16.6  20.9  4.5  28.8  25.8  31.3  4.4  

May  20.9  19.5  22.1  3.3  29.6  26.9  31.1  3.4  

June  23.0  22.2  23.9  1.8  30.6  28.8  33.8  3.2  

July  23.4  22.5  24.2  1.7  30.3  28.8  31.7  2.1  

August  23.5  22.9  24.0  1.4  30.8  29.7  32.5  2.0  

September  22.7  21.6  24.9  2.5  30.2  28.9  31.8  2.2  

October  20.2  18.7  21.8  3.8  29.1  27.9  30.6  2.5  

November  15.4  13.5  17.3  5.7  26.7  25.5  28.1  2.4  

December  10.9  8.8  12.8  8.5  23.5  21.9  25.1  3.7  

 

Table 3.2.1.10. Seasonal and annual temperature in Karbi Anglong  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.1  14.4  16.4  3.0  26.5  24.9  28.4  2.9  

Monsoon  23.2  22.6  24.0  1.5  30.5  29.6  31.7  1.5  

Post-
monsoon  15.5  14.3  16.9  3.9  26.5  25.3  27.8  2.2  

Annual  17.9  17.4  18.8  2.2  27.8  26.8  28.9  1.7  

The seasonal and annual temperature situation in Karbi Anglong is presented in 

Table 3.2.1.10.  The normal annual minimum and maximum temperature were 17.9 0C 

and 27.8 0C, respectively. The variations in seasonal and annual minimum temperature 

were higher than the variations in maximum temperature.  

Minimum and maximum temperatures in Nagaland                    

The monthly temperature situation in Nagaland is presented in Table 3.2.1.11.  

Table 3.2.1.11. Monthly temperature in Nagaland during 1975 -2009 

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.7  8.4  11.3  7.3  23.4  21.5  25.5  4.4  

February  12.3  10.6  14.3  7.9  25.3  22.4  29.5  5.5  

March  15.8  14.5  17.8  5.4  28.4  25.1  30.9  4.5  

April  19.2  17.3  21.5  4.2  29.4  26.1  32.3  4.5  

May  21.9  20.7  23.2  3.0  30.8  28.0  32.2  3.3  
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June  24.2  23.3  24.9  1.7  32.2  30.2  35.4  3.2  

July  24.7  23.8  26.3  1.8  32.0  31.0  33.3  2.0  

August  24.8  24.3  25.3  1.2  32.6  31.3  34.3  1.9  

September  23.9  22.7  24.8  1.9  31.7  30.3  33.5  2.4  

October  21.0  19.4  22.7  3.6  30.5  29.2  32.1  2.5  

November  15.6  13.4  17.4  6.0  28.0  26.3  29.6  2.4  

December  10.9  9.0  12.8  8.5  24.8  23.1  26.7  3.7  

In Nagaland, the normal minimum temperature was highest (24.8 0C) in the month 

of August, followed by July and June. The lowest normal minimum temperature was 

registered in January (9.7 0C). The variation in minimum temperature was higher in the 

months of December and February. The highest normal maximum temperature was in the 

month of August (32.6 0C), followed by June and July. The variation in maximum 

temperature was higher in the months of February and April.  

Table 3.2.1.12. Seasonal and annual temperature in Nagaland during 1975 -2009  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.8  14.7  17.0  3.1  27.5  25.8  29.6  3.0  

Monsoon  24.4  23.9  25.1  1.3  32.1  31.4  33.2  1.4  

Post-
monsoon  

15.8  14.8  17.2  3.8  27.8  26.6  29.4  2.2  

Annual  18.7  18.1  19.6  2.1  29.1  28.0  30.2  1.7  

The seasonal and annual temperature situation in Nagaland is presented in Table 

3.2.1.12.The normal annual minimum and maximum temperature were 18.7 0C and 

29.1 0C, respectively. The variations in seasonal and annual minimum temperature were 

comparatively higher  than the variations in maximum temperature.  

Minimum and maximum temperatures in Manipur        

The monthly temperature situation in Manipur is presented in Table 3.2.1.13. In 

Manipur, the normal minimum temperature was highest (23.7 0C) in the month of July, 

followed by August and June. The lowest normal minimum temperature was registered in 

January (9.3 0C), followed by December. The variation in minimum temperature was 

higher in the months of December and January. The highest normal maximum 

temperature was in the month of August (31.1 0C), followed by June and July. The 

variation in maximum temperature was higher in the months of February and January.  

Table 3.2.1.13. Monthly temperature in Manipur during 1975 -2009  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. (0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.3  7.9  12.5  9.3  22.5  20.5  24.6  4.6  

February  11.6  10.2  13.8  8.2  24.7  21.9  29.0  5.4  

March  15.4  14.1  17.4  5.6  28.0  24.6  30.5  4.5  

April  18.7  16.8  20.9  4.3  29.1  26.2  31.6  4.3  
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May  21.0  19.8  22.2  3.0  29.9  27.1  31.3  3.4  

June  23.2  22.3  23.8  1.7  30.8  29.0  34.1  3.2  

July  23.7  22.8  25.8  2.4  30.6  29.7  32.0  2.1  

August  23.6  23.0  24.3  1.4  31.1  29.8  32.7  1.9  

September  22.8  21.7  24.0  2.1  30.4  29.2  32.0  2.2  

October  20.3  18.7  21.9  4.1  29.5  28.2  31.0  2.4  

November  15.3  13.4  17.2  5.8  27.0  25.8  28.6  2.4  

December  10.7  8.7  14.0  10.4  24.0  22.3  25.9  4.0  

The seasonal and annual temperature situation in Manipur is presented in Table 

3.2.1.14.  

Table 3.2.1.14. Seasonal and annual temperature in  Manipur during 1975 -2009  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.2  14.4  16.3  2.9  26.8  25.4  29.0  2.9  

Monsoon  23.3  22.8  24.1  1.5  30.7  30.1  31.9  1.3  

Post-
monsoon  

15.4  14.3  16.8  4.2  26.8  25.7  28.4  2.3  

Annual  18.0  17.4  18.9  2.3  28.1  27.2  29.3  1.6  

The normal annual minimum and maximum temperature were 18.0 0C and 28.1 0C, 

respectively. The variations in seasonal and annual minimum temperature were higher 

than the variations in maximum temperature.  

Minimum and maximum temperatures in Tripura                   

The monthly temperature situation in Tripura is presented in Table 3.2.1.15.  

In Tripura, the normal minimum temperature was highest (23.2 0C) in the month 

of August and followed by July, June and September. The lowest normal minimum 

temperature was registered in January (9.2 0C). The variation in minimum temperature 

was higher in the months of December and January. The highest normal maximum 

temperature was regis tered in the month of June (30.6 0C), followed by August and May. 

The variations in maximum temperature were comparatively higher in the months of 

February and April.  

Table 3.2.1.15. Monthly temperature in Tripura during 1975 -2009  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.2  7.9  11.0  8.4  22.9  21.2  24.7  4.0  

February  11.6  10.1  14.2  8.3  25.3  22.9  28.3  4.7  

March  15.7  14.1  17.3  5.9  28.7  25.3  30.9  4.1  

April  19.1  16.8  21.3  4.6  30.1  27.5  32.2  4.2  

May  21.0  19.7  22.3  3.1  30.4  28.6  32.6  3.2  
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June  22.8  21.8  24.2  2.1  30.6  29.2  34.2  3.0  

July  23.1  22.1  24.0  1.9  30.1  29.1  31.2  1.6  

August  23.2  22.0  23.9  1.8  30.5  29.7  31.5  1.4  

September  22.5  21.5  25.9  3.2  30.1  29.0  31.3  1.9  

October  20.1  18.7  21.5  3.6  29.3  28.2  30.5  1.9  

November  15.5  13.9  17.6  5.8  27.2  26.0  28.5  2.1  

December  10.8  8.5  12.9  8.6  24.2  23.0  25.5  2.9  

 

Table 3.2.1.16. Seasonal and annual temperature in Tripura during 1975 -2009  

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.3  14.5  16.5  3.1  27.5  26.1  28.9  2.6  

Monsoon  22.9  21.9  24.1  1.9  30.3  29.9  31.5  1.2  

Post-
monsoon  

15.5  14.6  16.8  3.6  26.9  26.1  27.8  1.7  

Annual  17.9  17.2  18.7  2.2  28.2  27.5  29.1  1.3  

  

Table 3.2.1.17. Monthly temperature in Mizoram during 1975 -2009  

Month  

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

January  9.3  7.9  11.0  8.0  22.4  20.7  24.2  4.1  

February  11.8  10.3  14.2  8.0  24.9  22.5  27.9  4.8  

March  15.8  14.2  17.3  5.9  28.5  26.3  30.6  3.6  

April  19.1  16.9  21.3  4.5  29.8  27.1  31.9  3.9  

May  21.1  19.8  22.3  3.0  30.0  27.8  31.9  3.2  

June  23.0  22.1  24.3  2.0  30.4  28.9  34.0  3.0  

July  23.3  22.6  24.1  1.7  30.1  29.1  31.3  1.7  

August  23.3  22.4  24.1  1.6  30.5  29.6  31.7  1.5  

September  22.6  21.5  23.6  1.8  30.0  28.8  31.2  1.9  

October  20.2  18.9  21.6  3.5  29.2  28.0  30.4  1.9  

November  15.6  14.0  17.7  5.8  26.8  25.9  27.9  2.1  

December  10.9  8.6  12.9  8.4  23.8  22.6  25.3  3.1  

The seasonal and annual temperature situation in Tripura is presented in Table 3.2.1.16. 

The normal annual minimum and maximum temperature were 17.9 0C and 28.2 0C, 

respectively. The variations in seasonal and annual minimum temperature were higher 

than the variations in maximum te mperature.  

Minimum and maximum temperatures in Mizoram                    

The monthly temperature situation in Mizoram is presented in Table 3.2.1.17. In 

Mizoram, the normal minimum temperature was highest (23.3 0C) in the month of July 

and August, followed by June. The lowest normal minimum temperature was registered in 
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January (9.3 0C). The variation in minimum temperature was higher in the months of 

December and February. The highest normal maximum temperature wa s in the month of 

August (30.5 0C), followed by June. The variation in maximum temperature was higher in 

the months of February and January.  

The seasonal and annual temperature situation in Mizoram is presented in Table 

3.2.1.18. The normal annual minimum a nd maximum temperature were 18.0 0C and 

28.0 0C in Mizoram. The variations in seasonal and annual minimum temperature were 

comparatively higher than the variations in maximum temperature.  

Table 3.2.1.18. Seasonal and annual temperature Mizoram during 1975 -2009 

Season 

Min. Temp. ( 0C) 

CV (%) 

Max. Temp. ( 0C) 

CV (%) 
Normal  

Extremes  
Normal  

Extremes  

Min  Max  Min  Max  

Pre-monsoon  15.4  14.6  16.5  3.0  27.1  26.0  28.6  2.4  

Monsoon  23.0  22.3  23.8  1.5  30.2  29.6  31.4  1.2  

Post-
monsoon  

15.6  14.7  16.9  3.5  26.6  25.8  27.6  1.8  

Annual  18.0  17.5  18.8  2.0  28.0  27.3  28.9  1.2  

3.2.2 Trends in minimum and maximum temperatures  

The linear trends for seasonal and annual minimum temperature in NEH of India 

are presented in Fig. 3.11 to 3.19 and the coefficients and their probabilities are 

presented in Table 3.2.2.1 and Table 3.2.2.2.   

Table 3.2.2.1. Linear trend coefficients of seasonal minimum temperature in NEH  of India  

Pre -monsoon  

State/District  
1975 -1989  1990 -2009  1975 -2009  

b P b P b p 

Sikkim  0.01  0.76  0.06***  0.00  0.04**  0.03  

Darjeeling  0.01  0.87     0.06***  0.00    0.04***  0.00  

Meghalaya  0.00  0.84  0.05**  0.01   0.03***  0.00  

Arunachal  -0.01  0.55  0.05 ** 0.01  0.03 ***  0.00  

Karbi Anglong  -0.01  0.49   0.04**  0.02  0.03***  0.00  

Nagaland  -0.02  0.44  0.04**  0.04  0.03***  0.00  

Manipur  -0.01  0.56          0.02  0.24  0.02***  0.00  

Tripura  0.01  0.38  0.05**  0.01  0.03***  0.00  

Mizoram  0.01  0.72     0.05***  0.00  0.03***  0.00  

Monsoon  

State/District  
1975 -1989  1990 -2009  1975 -200 9 

b P b p b p 

Sikkim  -0.02  0.50  0.0 4**  0.02  0.0 4***  0.00  

Darjeeling  -0.02  0.47  0.07**  0.01  0.04***  0.00  

Meghalaya  0.01  0.57  0.05**  0.01  0.03***  0.00  

Arunachal  0.00  0.97  0.09 ** 0.05  0.05 ***  0.00  
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Karbi Anglong  0.01  0.61  0.04***  0.00  0.02***  0.00  

Nagaland  0.00  0.97  0.03**  0.02  0.02***  0.00  

Manipur  0.01  0.66  0.02  0.31       0.01**  0.02  

Tripura  0.01  0.70  0.05***  0.00  0.03***  0.00  

Mizoram  0.01  0.60  0.04***  0.00  0.02***  0.00  

Post -monsoon  

State/District  
1975 -1989  1990 -2009  1975 -2009  

b P b p b p 

Sikkim  0.01  0.72  0.0 8***  0.00  0.03 ***  0.00  

Darjeeling  0.02  0.57           0.07**  0.01  0.03***  0.00  

Meghalaya  0.02  0.42  0.05**  0.03  0.03***  0.00  

Arunachal  0.00  1.00  0.07 ** 0.02  0.04 ***  0.00  

Karbi Anglong  0.01  0.85  0.05**  0.03    0.03***  0.00  

Nagaland  -0.01  0.71  0.04**  0.05    0.03***  0.00  

Manipur  0.01  0.66          0.02  0.31  0.01**  0.02  

Tripura  0.00  0.89          0.03  0.34  0.03**  0.02  

Mizoram  0.01  0.63  0.04**  0.02     0.03***  0.00  

** & *** indicates significance at 5% and 1% level, respectively  

Majority of the states have experienced increase in minimum seasonal 

temperatures during the period of 1975 -2009 but the trends were insignificant. It is 

alarming that the trends for minimum temperatures for pre -monsoon and monsoon 

seasons were positive an d significant during 1990 -2009, except Manipur where the trend 

is insignificant. For post -monsoon season, the trends were positive and significant for all 

the states during 1990 -2009, except Manipur and Tripura where the trends are 

insignificant. The trend s for seasonal minimum temperatures turned out to be positive 

and significant for all the states for all the seasons during the study period of 1975 -2009.  

The trends for annual minimum temperature are positive and significant for the 

whole study period (19 75 -2009) in case of all the states. The trends for 1975 -89 are 

positive but insignificant, except in Nagaland. The positive trends are significant for the 

period of 1990 -2009, except Manipur.  

The linear trends for seasonal and annual maximum temperature in  NEH of India 

are presented in Fig. 3.20 to 3.28 and the coefficients and their probabilities are 

presented in Table 3.2.2.3 and Table 3.2.2.4.  

Table 3.2.2.2. Linear trend coefficients of minimum temperature in NEH of India  

State/District  
1975 -1989  1990 -2009  1975 -2009  

b p b p b p 

Sikkim  0.00  0.96  0.06***  0.00  0.04***  0.00  

Darjeeling  0.00  0.97  0.07***  0.00  0.04***  0.00  

Meghalaya  0.01  0.56  0.05***  0.00  0.03***  0.00  

Arunachal  0.00  0.79  0.07 ** 0.01  0.04 ***  0.00  

Karbi Anglong  0.00  0.98  0.04***  0.00  0.03***  0.00  

Nagaland  -0.01  0.52   0.04**  0.01  0.03***  0.00  
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Manipur  0.00  0.83  0.02  0.23  0.02***  0.00  

Tripura  0.01  0.38   0.05***  0.00  0.03***  0.00  

Mizoram  0.01  0.46   0.04***  0.00  0.03***  0.00  

** & *** indicates significance at 5% and 1% level, respectively  

Table 3.2.2.3. Linear trend coefficients of seasonal maximum temperature in NEH of India  

Pre -monsoon  

State/District  
1975 -1989  1990 -2009  1975 -2009  

B p b p b p 

Sikkim  0.02  0.69  0.01  0.78  -0.01  0.30  

Darjeeling  0.03  0.46  0.00  0.91  -0.02  0.17  

Meghalaya  -0.01  0.74  0.07**  0.03  0.01  0.56  

Arunachal  -0.02  0.62  0.08**  0.02  0.01  0.52  

Karbi Anglong  0.01  0.72  0.09 ** 0.01  0.02  0.16  

Nagaland  -0.02  0.65  0.09**  0.01  0.02  0.27  

Manipur  -0.01  0.75  0.09**  0.01  0.02  0.19  

Tripura  -0.03  0.45  0.05  0.08  0.00  0.80  

Mizoram  -0.02  0.61  0.04  0.15  0.00  0.97  

Monsoon  

State/District  
1975 -1989  1990 -2009  1975 -2009  

B P b p b p 

Sikkim  0.01  0.80  0.02  0.11  0.01  0.12  

Darjeeling  0.01  0.61  0.01  0.50  0.01  0.41  

Meghalaya  0.00  0.95  0.06***  0.00  0.02***  0.00  

Arunachal  -0.01  0.74  0.06***  0.00  0.02***  0.00  

Karbi Anglong  0.01  0.56  0.06 ***  0.00  0.03 ***  0.00  

Nagaland  -0.01  0.57  0.06***  0.00  0.02***  0.00  

Manipur  0.00  0.98  0.06***  0.00  0.03***  0.00  

Tripura  0.00  0.85  0.03  0.09  0.01  0.06  

Mizoram  0.00  0.83  0.03  0.05  0.01**  0.02  

Post -monsoon  

State/District  
1975 -1989  1990 -2009  1975 -2009  

b P b p b p 

Sikkim  0.04  0.22  -0.01  0.77  0.00  0.83  

Darjeeling  0.05  0.14  -0.02  0.34  -0.01  0.36  

Meghalaya  0.03  0.42  0.04**  0.03      0.02**  0.03  

Arunachal  0.03  0.30  0.05**  0.02  0.02**  0.01  

Karbi Anglong  0.01  0.76  0.05**  0.02  0.02**  0.02  

Nagaland  0.04  0.27  -0.05**  0.03        0.03***  0.00  

Manipur  0.03  0.27  0.05**  0.03        0.03***  0.00  

Tripura  0.00  0.93  0.02  0.32  0.01  0.49  

Mizoram  0.01  0.65  0.03  0.12  0.01  0.22  

** & *** indicates significance at 5% and 1% level, respectively  



 

 

                        

                     Fig. 11(a) Seasonal (1975-1989)                                            Fig. 11(b) Seasonal (1990-2009)                                            Fig. 11(c) Seasonal (1975-2009)                                              

                 

                      Fig. 11(d) Annual (1975-1989)                                               Fig. 11(e) Annual (1990-2009)                                                 Fig. 11(f) Annual (1990-2009) 

 

Fig. 3.11. Seasonal and annual minimum temperature in Sikkim 
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                       Fig. 12(a) Seasonal (1975-1989)                                           Fig. 12(b) Seasonal (1990-2009)                                         Fig. 12(c) Seasonal (1975-2009)                                              

    

                            Fig. 12(d) Annual (1975-1989)                                                Fig. 12(e) Annual (1990-2009)                                               Fig. 12(f) Annual (1990-2009) 

 

Fig. 3.12. Seasonal and annual minimum temperature in Darjeeling 
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                       Fig. 13(a) Seasonal (1975-1989)                                          Fig. 13(b) Seasonal (1990-2009)                                          Fig. 13(c) Seasonal (1975-2009)                                              

        

                         Fig. 13(d) Annual (1975-1989)                                              Fig. 13(e) Annual (1990-2009)                                              Fig. 13(f) Annual (1990-2009) 

 

Fig. 3.13. Seasonal and annual minimum temperature in Meghalaya 
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                        Fig. 14(a) Seasonal (1975-1989)                                   Fig. 14(b) Seasonal (1990-2009)                                           Fig. 14(c) Seasonal (1975-2009)                                              

    

        Fig. 14(d) Annual (1975-1989)                                              Fig. 14(e) Annual (1990-2009)                                          Fig. 14(f) Annual (1990-2009) 

Fig. 3.14. Seasonal and annual minimum temperature in Arunachal Pradesh 
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                      Fig. 15(a) Seasonal (1975-1989)                                           Fig. 15(b) Seasonal (1990-2009)                                   Fig. 15(c) Seasonal (1975-2009)                                              

           

                     Fig. 15(d) Annual (1975-1989)                                          Fig. 15(e) Annual (1990-2009)                                       Fig. 15(f) Annual (1990-2009) 

 
Fig. 3.15. Seasonal and annual minimum temperature in Karbi Anglong   
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                     Fig. 16(a) Seasonal (1975-1989)                                           Fig. 16(b) Seasonal (1990-2009)                                          Fig. 16(c) Seasonal (1975-2009)                                              

        

                       Fig. 16(d) Annual (1975-1989)                                            Fig. 16(e) Annual (1990-2009)                                             Fig. 16(f) Annual (1990-2009) 

 

Fig. 3.16. Seasonal and annual minimum temperature in Nagaland 
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                    Fig. 17(a) Seasonal (1975-1989)                                            Fig. 17(b) Seasonal (1990-2009)                                           Fig. 17(c) Seasonal (1975-2009)                                              

       

                          Fig. 17(d) Annual (1975-1989)                                        Fig. 17(e) Annual (1990-2009)                                                    Fig.17(f) Annual (1990-2009) 

 
Fig. 3.17. Seasonal and annual minimum temperature in Manipur 
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             Fig. 18(a) Seasonal (1975-1989)                                        Fig. 18(b) Seasonal (1990-2009)                              Fig. 18(c) Seasonal (1975-2009)                                              

         

                  Fig. 18(d) Annual (1975-1989)                                  Fig. 18(e) Annual (1990-2009)                                       Fig.18(f) Annual (1990-2009) 

 
Fig. 3.18. Seasonal and annual minimum temperature in Tripura 
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                    Fig. 19(a) Seasonal (1975-1989)                                             Fig. 19(b) Seasonal (1990-2009)                                       Fig. 19(c) Seasonal (1975-2009)                                              

     

                          Fig. 19(d) Annual (1975-1989)                                        Fig. 19(e) Annual (1990-2009)                                               Fig. 19(f) Annual (1990-2009) 
 

Fig. 3.19. Seasonal and annual minimum temperature in Mizoram 
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                       Fig. 20(a) Seasonal (1975-1989)                                         Fig. 20(b) Seasonal (1990-2009)                                        Fig. 20(c) Seasonal (1975-2009)     

             

                        Fig. 20(d) Annual (1975-1989)                                             Fig. 20(e) Annual (1990-2009)                                             Fig.20(f) Annual (1975-2009) 

 
Fig. 3.20. Seasonal and annual maximum temperature in Sikkim 
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                  Fig. 21(a) Seasonal (1975-1989)                                        Fig. 21(b) Seasonal (1990-2009)                                         Fig. 21(c) Seasonal (1975-2009)                                              

          

                      Fig. 21(d) Annual (1975-1989)                                       Fig. 21(e) Annual (1990-2009)                                                Fig.21(f) Annual (1975-2009) 

 

Fig. 3.21. Seasonal and annual maximum temperature in Darjeeling 
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                  Fig. 22(a) Seasonal (1975-1989)                                                  Fig. 22(b) Seasonal (1990-2009)                                            Fig. 22(c) Seasonal (1975-2009)                                              

              

                   Fig. 22(d) Annual (1975-1989)                                                     Fig. 22(e) Annual (1990-2009)                                               Fig.22(f) Annual (1975-2009) 

 

Fig. 3.22. Seasonal and annual maximum temperature in Meghalaya 
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                     Fig. 23(a) Seasonal (1975-1989)                                        Fig. 23(b) Seasonal (1990-2009)                                            Fig. 23(c) Seasonal (1975-2009)                                              

           

                    Fig. 23(d) Annual (1975-1989)                                             Fig. 23(e) Annual (1990-2009)                                                Fig. 23(f) Annual (1975-2009) 

Fig. 3.23. Seasonal and annual maximum temperature in Arunachal Pradesh  
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                      Fig. 24(a) Seasonal (1975-1989)                                   Fig. 24(b) Seasonal (1990-2009)                                        Fig. 24(c) Seasonal (1975-2009)  

       

                     Fig. 24(d) Annual (1975-1989)                                        Fig. 24(e) Annual (1990-2009)                                            Fig.24(f) Annual (1975-2009) 

Fig. 3.24. Seasonal and annual maximum temperature in Karbi Anglong 
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                      Fig. 25(a) Seasonal (1975-1989)                                          Fig. 25(b) Seasonal (1990-2009)                                              Fig. 25(c) Seasonal (1975-2009)                                              

       

                       Fig. 25(d) Annual (1975-1989)                                                Fig. 25(e) Annual (1990-2009)                                                   Fig.25(f) Annual (1975-2009) 

 
Fig. 3.25. Seasonal and annual maximum temperature in Nagaland 
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