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Foreword 
    

 
Weather and Climate data form a highly indispensable input for any development plan. Climatological 
analysis that predicts the probability of drought, precipitation, and other important weather events 
can be successfully used in agricultural research and planning. The Climate change is likely to have 
both positive and negative effects on climate variability and consequently agricultural production 
systems in mountain areas. In general the area of the state above an elevation of 4000 amsl is mostly 
covered by snow throughout the year. The low hills to high hills in the state offer unique geography 
which produces a spectrum of climates over the state affording it a wealth of biological and cultural 
diversity. 
The most profound effect of climate change may be major alterations in regional hydrological cycle and 
changes in regional water availability, and hence agricultural productivity. Snowfall is one of the 
important forms of precipitation influencing water availability and crop productivity in the 
mountainous regions. The snowfall events have been greatly influenced by climatic change. These are 
thought to oscillate in two important ways: (1) reductions in the intensity of snowfall and (2) changes 
in the timing of snowfall. The timing of the snowfall had undergone a change. The onset of early snow 
in December and January had occurred more infrequently over time and the period of snowfall now 
has extended through the months of February and March. The amount of snow take is understood to 
strongly influence soil moisture, especially in the case of early snow. It is more long lasting and 
resistant to melting than is the late snow, and is suggested to replenish soil moisture and prevent the 
buildup of humidity in late March and early April. 
  
Glaciers and snow are the important features of hydrological cycle and snow supplies more than half 
of water used for irrigation in Himachal Pradesh and other northern states of India and is important 
contributor to hydropower reservoirs. In Himachal Pradesh, the sources of its major rivers and the bulk 
of its freshwater resources are locked up in ice and snow.  The fact that snow acts as water storage 
over the winter and provides soil moisture recharge in the spring is of particular importance to 
agriculture productivity in mountain regions. It was with this objective that the preset study was 
undertaken to figure out the impact of heavy snowfall that occurred during 2004-05 on agricultural 
productivity and water availability. 
 
The results of the present study would facilitate the planners to rethink and re-plan the development 
strategies for mountainous areas and start developing an approach which could facilitate proper 
utilization of soil moisture builds up from recharge of heavy snow fall. Besides these results will give a 
an idea as to how much water availability can increase due to  a heavy snowfall event of this intensity 
and the part of it translated into agricultural productivity of different commodities.  I would like to 
congratulate the team of scientists of this university for successfully completing this project and 
meeting the objectives.   
 
 

   
S.C. Sharma (Ph.D) 

         Director of Research 
        CSK HPKV, Palampur 

  



INTRODUCTION 

Concern over changes in global climate caused by rising atmospheric concentrations of 

carbon dioxide and other trace gases has increased in recent years as our 

understanding of atmospheric dynamics and global climatic systems has improved 

relatively. The most profound effect of such climatic changes may be major alterations in 

regional hydrological cycles and changes in regional water availability, and hence 

agricultural productivity. The impact of global climatic change on agriculture has recently 

become a subject of increasing importance. The water availability and crop productivity 

are greatly influenced by changes in the spatial and temporal variability of precipitation. 

Snowfall is one of the important forms of precipitation influencing the water availability 

and crop productivity in the mountainous regions. The snowfall events have been greatly 

influenced by climatic changes. These are thought to oscillate in two important ways: (1) 

reductions in the intensity of snowfall and (2) changes in the timing of snowfall. The rise 

in temperature associated with climate change leads to a general reduction in the 

proportion of precipitation falling as snow, and a consequent reduction in many areas in 

the duration of snow cover, although the absolute amount of snowfall may increase if 

precipitation increases during the winter season. This has implications for the timing of 

stream flow in such regions, with a shift from spring snow melt to winter runoff.  

The timing of the snowfall had undergone a change. The onset of early snow in 

December and January had occurred more infrequently over time and the period of 

snowfall now extended through the months of February and March. The amount of snow 

is understood to strongly influence soil moisture, especially in the case of early snow. It 

is more long lasting and resistant to melting than is the late snow, and is suggested to 

replenish soil moisture and prevent the buildup of humidity in late March and early April. 

Climatic changes alter the pattern of blossoming, bearing and, therefore, fruit yields. The 

lack of early cold in December and January is understood to adversely affect the chilling 

requirements of some of the fruits in the temperate regions. An April late cold can delay 

blossoming and reduce the pollination activity of bees. Also, if it rains in this period, there 

is a risk that pollen will be washed away from plants. Late snow, besides having a 

negative impact in several other aspects, also fails to replenish soil moisture to the 

desired degree. In addition, late snow affects the process of pollination indirectly; a 

relative immobilization of bees is triggered due to low temperatures brought about by 
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late snowfall. Himachal Pradesh is a mountain province in the Indian Himalayas covering 

an area of over 55 thousand sq. km, where mountains and hills occupy most of the land.  

It extends from the Shivalik hills in the south to the Great Himalayan range including a 

slice of Trans-Himalayas in the north.  Geographically, the state of Himachal Pradesh is 

situated between 30°22’44’’ and 33°12’40’’ N latitude, and 75°45’55’’ to 79°04’20’’E 

longitude.   

In Himachal Pradesh, the sources of its major rivers and the bulk of its freshwater 

resources are locked up in ice and snow.  Himachal Pradesh is divided into four major 

river basins viz., Satluj, Beas, Ravi and Chenab and four sub basins, having the area 

ranging between 0.1 and 1.25 sq. km. 

1.1 Major River Basins of Himachal Pradesh 

The state of Himachal Pradesh comprises of four major river basins (Fig. 1.1) viz. Satluj, 

Beas, Ravi and Chenab which not only provide water to many other Indian states but to 

neighboring country Pakistan also. Although these are trans-boundary rivers and involve 

Tibet A.R. of China, India and Pakistan also, but are of high economic importance to 

India as these provide water for agricultural, municipal as well as for the generation of 

hydro-power. Many irrigation dams and hydro-power projects are located on these 

rivers. These river basins are home to a variety of natural resources including vast flora 

and fauna. 

1.2 Water Resources and Reserves in Major River Basins of Himachal 

Pradesh 

The Himachal Pradesh has vast glacial reserves some of which contain huge amount of 

perpetual snow and ice. The total number of glaciers in Himachal Pradesh is estimated 

to be 2554 with reserve of 387.35 km3 covering an area of 4160.58 km2. The river 

network of Himachal Pradesh is very complex. Although there are only four major rivers 

i.e. Satluj, Beas, Ravi and Chenab, but these rivers have many tributaries and streams 

flowing in and out of them (Fig.1.2). These small rivulets besides serving a source of 

irrigation and drinking water also are abound with a variety of fish.  
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 Fig. 1.1 River Basins and Drainage Lines (rivers) of Himachal Pradesh 

1.2.1 Satluj River Basin 

Satluj is the longest and largest river traversing the Pradesh from east to west and 

plausibly, Satluj river basin is largest among five basins of the State.  It spreads over 30° 

22’to 32° 42’ N latitude and 76° to 79° E longitude horizontally. Eighty percent of its 

catchment is snow fed.  It consists of 945 glaciers with a cumulative area of 1217.70 sq. 

km and an estimated ice reserve of 94.45 km3.  Although the number of glaciers in 

Satluj basin is comparatively high, the ice reserve and the area occupied is less than the 

Chenab basin.  Usually a higher number of valley glaciers indicate a larger ice reserves 

and a higher number of mountain, glaciers, ice caps and ice aprons indicates a smaller 

ice reserves.  Therefore, smaller ice reserve in the Satluj basin indicates that there are 

fewer valley glaciers (only 12 in number) as compared to Chenab basin which has 34 

valley glaciers, hence more reserves of ice (Fig. 1.2).  

There are 50 lakes in total listed in this basin with an area of 136.60 sq km. Most of the 

lakes are small in size and about 42 are found to be associated with glaciers. At present 

these lakes do not pose any danger from glacial lake outburst flood (GLOF).   There are 

maximum number of moraine dammed lakes (24), followed by supraglacial and erosion 

(7 each) followed by valley lakes (6) and cirque and blocked lakes (3 each). Moraine 
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dammed lakes dominate in number, however, valley lakes constitutes 99.5 per cent of 

the area covered by the lakes (Fig.1.3). 

 

 Fig.1.2 Glaciers and Lakes of Satluj Basin. 

 

 

 

 

 

 

 

 

 

Fig.1.3 Moraine Dammed lake Attached with 
the Parent Glacier in Satluj River Basin  

 
 

Satluj_gl 19 
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1.2.2 Beas River Basin 

The western part of Himachal Pradesh is occupied by the Beas river basin. It lies 

between 31°24’ N - 32° 36’ N latitude and 75° 36’ E -77°.52’ E longitude.  The Beas river 

network comprises Parbati, Binwa, Neugal, Banganga, Gaj, Dehr, Chakki Kunal, Masch, 

and Khairan as main contributing rivers. The main Beas river flows from east to west.  

Glaciers are confined to the extreme north eastern part of the basin.  The Beas river 

basin has a total of 358 glaciers and covers an area of 758.18 sq. km with ice reserves 

of 76.42 km3.  The two largest glaciers in the basin are Beas_gr 128 and Beas_gr 230. 

Both of them are valley glaciers and have area coverage of 63.18 and 65.68 sq. km, 

respectively. Glacier Beas_gr 128 is 18.3 km long and Beas_gr 230 is 16.3 km. (Fig.1.4) 

The Beas river basin consists of highest number of lakes.  In the Beas basin a total of 74 

lakes have been identified covering an area of 237.7 sq. km.  Most of the lakes (67) 

 

 Fig.1.4 Glaciers and Glacial lakes of Beas Basin. 
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are found to be associated with glaciers.  The lakes in this region have been classified 

into seven types: erosion, cirque, valley, blocked, lateral moraine, moraine dammed and 

supraglacial lakes. There are 15 erosion lakes, 2, cirque, 4 blocked, 3 lateral moraine, 

25 moraine dammed, 16 supra glacial and 9 valley lakes. The cumulative surface area of 

the lakes in the basin is 2.37 sq km.   The erosion lakes, cirque lakes and valley lakes 

are not potentially dangerous as they are isolated and not associated with any hanging 

glaciers.  In general erosion and valley lakes are higher in number but, this basin has 25 

moraine dammed, 4 blocked lakes which falls in the category of potentially dangerous 

lakes.  More than 33 per cent of the area is occupied by moraine dammed lakes.  Lakes 

that are not associated with any glacier even if they are large in size do not pose any 

danger of GLOF. It is those lakes that are associated with large glaciers that pose a 

threat of flooding as they have the potential to grow in size as the glaciers potentially 

recede. 

1.2.3 Ravi River Basin 

The Ravi river basin extends from 32º 13’ N to 33º 03’ N latitude to 75° 46’ E to 77° 01’ E 

longitude. It is the smallest of the four major river basins of Himachal Pradesh.  The Ravi 

basin comprises of 198 glaciers. The total area covered by these glaciers is 235.21 sq. 

km with an ice reserve of 14.58 km3. The distribution of glaciers in this basin is shown in 

Fig. 1.5. 

The maximum number of glaciers is found to be either oriented towards South (43) 

followed by North West (31) and North east (29). The largest glacier, Ravi_gr 121, has 

an area of 18.65 sq. km and is located at 32° 25' 15.27" N latitude, and 77° 00' 10.61" E 

longitude. 

The Ravi river basin is smaller in aerial extension and has a less number of lakes than 

other basins.  A total of 45 lakes have been identified in the Ravi basin and 30 of them 

are associated with glaciers. Ravi_gl 2 is the largest lake with an area of 0.059 sq.km 

and has an average length of 520 m. It is classified as an erosion lake and is linked 

directly to the Ravi_gr 25 glacier.  The majority of the lakes (25) in Ravi basin are of 

erosion type. Besides 9 valley lakes there are 6 cirque, 2 lakes each of moraine 

dammed and blocked type and one supraglacial lake.  
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Out of these 16 major lakes only one lake is characterized as potentially dangerous lake. 

The lakes in the Ravi River basin are mostly isolated, away from the glacier and smaller   

 

Fig. 1.5 Glaciers and Lakes of Ravi Basin. 

in size. The Ravi_gl 27 lake is the potential danger glacial lake identified in the Ravi 

River basin. It has the association with the glacier Ravi_gr 184 at a 76m distance (Fig. 

1.6). 

 

 

 

 

 

           

 

           Fig. 1.6 Potentially Dangerous End Moraine Dammed Lakes in  Ravi River Basin 

 

 

 

Ravi_gl 27 
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1.2.4 Chenab River Basin 

  The Chandra and the Bhaga rivers are the main drainage lines of Chenab basin. After 

their, confluence at Tandi in Lahaul Valley, their combined waters constitute the 

Chandrabhaga or the Chenab river. It has a catchment area of 61,000 sq km out of 

which 7,500 sq km lie in Himachal Pradesh. It is the longest river of Himachal Pradesh in 

terms of volume of waters.  The river is fed by numerous glaciers distributed throughout 

the basin.  

  Fig. 1.7 Glaciers and Lakes of Chenab Basin 

As many as 681 glaciers have been identified which feed Chenab river.  They cover an 

area of 1704.70 sq. km and ice reserves of 187.66 Km3.  The basin has also the credit 

of possessing the largest glacier of the state.  The largest glacier, Bara Shigri glacier 

(Chenab_gr 585), is located at the south eastern end of the basin at latitude 32° 14' 

58.83" N and longitude 77° 36' 52.13" E.  It is valley glacier about 34.24 km in length, 

constitutes an area of 180.26 sq. km and ice reserve of 43.53 km3. There is another 

gigantic glacier (Chenab_gr 467) about 24 km long, swathe an area of 106.07 sq km and 

ice reserves of 21.58 km3 ( Fig. 1.7). 
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The Chenab basin contained 53 lakes covering an area of 3.90 sq km, out of these 49 

lakes that could be classified as glacial lakes.(Fig 1.8).  The highest number of lakes is 

of moraine dammed type, followed by supraglacial lakes. Besides this, there are seven 

erosion and six blocked lakes. Chenab_gl 26 is the largest moraine dammed glacial lake 

which is about 2 km long constituting an area of 0.91 sq km. Another moraine dammed 

lake in the basin is Chenab_gl 20(Fig 1.9) occupying an area of 564939.98 m2 and is 

1461.7 m long.  This lake is associated with Geopang gath glacier. This lake located at 

the snout of the Geopang Gath Glacier in the Chandra basin has been identified as 

dangerous as it can cause flash floods in the downstream areas. This lake also exists in 

the survey of India toposheets and its area is 0.27 sq km as per topographical map of 

1976. The average area of lakes ranged from 0.001 to 0.91 sq km).    

 

  Fig. 1.8 Lakes in the Chenab Basin Showing the Type of lakes. 

S-Supraglacial lake, M-Moraine Dammed lake, E-Erosion lake, B-Blocked lake, C-Cirque lake. 
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   Fig. 1.9 Moraine Dammed (Chenab_gl 20) Lake in the Chenab basin 

1.3 Rainfall Patterns in Different Districts of Himachal Pradesh-historical 

Trends 

 The rainfall pattern in different district of Himachal Pradesh is provided in Table 1.1. 

Maximum rainfall is observed in the districts of Chamba and Kangra. These districts are 

situated along the Dhauladhar ranges. Several characteristics of rainfall in different 

districts have been provided based on data sets ranging from 20 to 30 years. Based on 

these data the chances of drought (extreme event) occurrence for both moderate and 

severe drought have also been estimated for both the kharif and Rabi seasons in 

different districts. These are the estimates based purely on real time data sets and can 

be extremely helpful in crop planning for future, while remaining prepared for an extreme 

event for the high probability districts. For the last 20 years, during rabi season, 

moderate droughts were more frequent than the severe droughts i.e., the occurrence of 
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the drought  is once in 3 years in Una, once in 5 years each in Shimla and Sirmour, once 

in 6 years in Hamirpur and Bilaspur, once in 7 years in Kangra, Kinnaur, Chamba and 

Mandi. The moderate drought in Solan was rare i.e., once in 18 years. The severe 

droughts were found to be once in 3 years in Solan, once in five years in Una and 

Sirmour and once in 6 years in Hamirpur and Bilaspur. The severe drought in Chamba 

and Kinnaur were rare i.e., once in 13 and 14 years, respectively. Similar to rabi season 

during kharif season also, moderate droughts were more frequent than the severe 

droughts i.e., these were once in 3 years in Hamirpur and Sirmour, once in 5 years in 

Kangra and Una, once in 7 years in Shimla and Chamba, once in 8 years in Solan and 

Mandi,  and once in 14 years in Kinnaur districts. Severe drought was found to be more 

frequent once in 3 years in Kinnaur, once in 5 years in Solan, once in 7 years in Bilaspur 

and Chamba, once in 9 years in Una and Shimla. The severe drought was found to be 

rare in Himachal Pradesh i.e. once in 12 years in Mandi, once in 14 years in Kangra, 

once in 19 years in Hamirpur and very rare once in 23 years in Sirmour district. During 

Rabi season, District Solan and during Kharif season, district Kinnaur was found to be 

most severely affected by drought once in three years. 

Rainfall pattern of Himachal Pradesh Rainfall pattern of Himachal Pradesh 

Met Stations

 

             Fig.1.10 Interpolated Map of Rainfall of Himachal Pradesh 



 12 

 The interpolated map of annual mean rainfall based on 32 recording stations (Fig.1.10) 

depicted more than 2000 mm mean annual rainfall in Dharmshala and Palampur region. 

The areas falling Lahual and spitti , Chamba and  Kinnaur  recievde dless than 856 mm 

rainfall . Mean annual rainfall in mid altitudinal areas comprising parts of Hamirpur, 

Mandi, shimla,una,Bilaspur and Sirmour received between 1088 to 1344 mm. 

       Table 1.1 Rainfall Characteristics of Kharif and Rabi seasons in Different Districts of H.P. 

Characteristics Kangra Hamirpur Bilaspur Una Kinnaur Solan Shimla Chamba Mandi Sirmour 

Rabi season 

Normal rainfall 
(mm) 

444.0 332.0 247.3 216.1 422.7 325.1 372.5 531.4 442.1 195.6 

Chance of 
getting (out of 
ten) below 
normal rainfall  

6 5 5 4 6 5 5 6 6 5 

Chance of 
getting (out of 
ten) different 
amount of 
rainfall (mm) 

6 

200-
600 

7 

200-600 

6 

100-
400 

6 

150-
300 

6 

200-
500 

7 

200-
800 

6 

200-
500 

9 

200-800 

8 

200-
800 

8 

100-
500 

Most probable 
rainfall amount 
(mm) 

≥ 200 ≥ 200 ≥ 50 ≥ 50 ≥ 200 ≥ 50 ≥ 200 ≥250 ≥ 200 ≥50 

Rarely/most 
rarely 
occurring 
rainfall below 
this amount 
(mm) 

200 100 50 75 200 50 200 200 200 50 

Chance of drought once in years 

Moderate (25-
50% 
deficiency 
from normal) 

Severe (more 
than 50% 
deficiency 
from normal) 

 

7 

 

0 

 

6 

 

6 

 

6 

 

6 

 

3 

 

5 

 

7 

 

14 

 

18 

 

3 

 

5 

 

0 

 

7 

 

13 

 

7 

 

9 

 

5 

 

5 

Kharif season 

Normal rainfall 
(mm) 

1738.1 957.3 860.1 866.6 186.2 824.9 675.3 506.2 1012.6 1297.9 

Chance of 
getting (out of 
ten) below 
normal rainfall  

5 5 4 4 4 7 4 6 6 6 

Chance of 
getting (out of 

8 7 8 9 8 6 9 9 9 8 
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ten) different 
amount of 
rainfall (mm) 

1000-
2000 

200-900 400-
1000 

400-
1000 

150-
400 

400-
800 

400-
1000 

200-700 400-
1200 

800-
2200 

Most probable 
rainfall amount 
(mm) 

≥1000 ≥200 ≥ 200 ≥ 200 ≥ 25 ≥ 100 ≥ 200 ≥ 200 ≥ 800 ≥ 400 

Rarely/most 
rarely 
occurring 
rainfall below 
this amount 
(mm) 

600 300 400 300 25 400 300 200 500 50 

Chance of drought once in years 

Moderate (25-
50% 
deficiency 
from normal) 

Severe (more 
than 50% 
deficiency 
from normal) 

 

5 

 

14 

 

3 

 

19 

 

7 

 

7 

 

5 

 

9 

 

14 

 

3 

 

8 

 

5 

 

7 

 

9 

 

7 

 

7 

 

8 

 

12 

 

3 

 

23 

 

.

Annual maximum temperature pattern of Himachal Pradesh Annual maximum temperature pattern of Himachal Pradesh 

(in Centigrade)(in Centigrade)

 

Fig. 1.11 Interpolated Map of Maximum Temperature Regime in Different Districts of H.P. 
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Annual minimum temperature pattern of Himachal PradeshAnnual minimum temperature pattern of Himachal Pradesh

(in Centigrade)(in Centigrade)

 

Fig.1.12 Interpolated Map of Minimum Temperature Regime in Different Districts of H. P. 

The average annual mean maximum temperature in Hamirpur, Parts of Una, Sirmour 

experiences more than 27-310C .Districts Kinaur, Lahual spitti, Parts of Shimla, Chamba 

experienced maximum temperature between 19-23 0C. The minimum temperature 

ranged between 0.4 to 9.7 0C in Lahual and spitti , Kinnaur, parts of Shimla and Chamba 

. The lower region comprising Una , Hamirpur, Bilaspur, Parts of Kangra experienced 9.7 

to 17. 0C mean minimum temperature (Fig. 1.11& 1.12).  

1.4 Socio-economic Status of Major Population Segments of Himachal 
Pradesh  

The demographic features of Himachal Pradesh are presented in Table1.2 It can be 

seen from the table that in Himachal Pradesh, there are 17495 inhabited villages spread 

over 55,673 sq. km. area. A majority of the population (more than 90 per cent) is 

concentrated in the rural areas. Out of total population of 60.80 lakhs, the male 

population is 30.90 lakhs (50.82 %) and the female population is 29.90 lakhs (49.18 %). 

Consequently the density of the population is 109 person/sq. km. The sex ratio is 968. 

According to 2001 census, 77.13 per cent of the total population is literate. There are 

more than 9 lakh households in the state and the no. of towns are 57 only. 
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Table 1.3 indicated of the socio-economic indicators of Himachal Pradesh. In the state 

the majority of the population is non-workers. The working population constitutes 49.28 

per cent of total population. Among workers, the main workers and marginal workers 

constitute about 66 and 34 per cent respectively. Majority of population among workers 

is associated with primary sector (68.7%) and few workers (1.68 %) are engaged in 

household industry. The per capita income of the state at current prices in 2004-05 stood 

at Rs. 27,486.    

Agriculture contributes major role in the State economy. The total State Domestic 

Product at current prices is estimated to be Rs. 20093 crore in 2004-05 as against 

Rs.18062 crore in 2003-04, thereby registering an increase of 11.2 percent. The 

significant pace of this growth is attributed to increase in food grain production to 16.36 

lakh MT (likely) in 2004-05 from 13.98 lakh MT in 2003-04 and apple production from 

4.60 lakh MT 2003-04 to 5.28 lakh MT in 2004-05., The economy of Himachal Pradesh 

predominantly dependent upon agriculture and in the absence of strong industrial base, 

any fluctuations in the agricultural or horticulture production cause significant change in 

economic growth also. During 2004-05 about 21.1 percent of state income has been 

contributed by agriculture sector alone. 

Table 1.2 Socio-Demographic Feature of Himachal Pradesh. 

Sr. No. Particulars Unit 2001 

1. Total geographical Area Sq.kms. 55,673 

2. No. of inhabited Village No. 17,495 

3. No. of Household No. 9,69,018 

4. Population: 
Male 
Female 

Lakhs 60.80 
30.90 
29.90 

5. Rural Population Percent 90.13 

6. Urban population Percent 9.87 

7. Density population No. per per sq. kms 109 

8. Sex- Ratio No per ‘000’ males 968 

9. Literacy Percent 77.13 

10 Town No. 57 
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Table 1.3 Socio-economic Indicators of Himachal Pradesh (2002-03). 

Sr. No. Particulars 2002-03 

1. NSDP at current price in crores 15,946 

2. Per Capita Income at current prices (2004-05) in rupees 27,486 

3. Main Workers (No) 16,64,141 

4. Marginal Workers(No) 10,27,307 

5. Non-Workers(No) 30,78,857 

6. Total workers(No) 29,91,448 

7. Cultivators(No) 19,60,840 

8. Agriculture Labours(No) 92,761 

9. Household Industry Workers(No) 50,380 

10 Other Workers(No) 8,87,467 

1.5 Cropping Pattern Under Major River Basins of Himachal Pradesh 

Due to large variation in altitude and climate variability, the state of Himachal Pradesh 

supports different crops. A schematic representation of different crops grown with 

respect to altitude and climate of Himachal Pradesh are given in Fig.1.13. 

A perusal of the Fig.1.13 indicated that the state has climate variation from subtropical 

continental monsoon to frigid continental. These diverse climate conditions support very 

diverse crops varying from cereal to minor millets and from tropical fruits to temperate 

fruits. 

The cropping pattern under major river basins of Himachal Pradesh has been given in 

Table 1.4. A perusal of this table indicated that wheat and maize are the major cereal 

crops that dominate the existing cropping pattern of the Ravi and part of Yamuna basin 

(only a small part of Yamuna basin exist in the south-eastern part of the state) of the 

state by occupying more than 67 percent area of the total cropped area. Rice and barley 

are the other important cereals accounting for about 3 to 6 percent of the total cropped 

area. The pulses also account for 4 to 6 percent of the total cropped area. The barley 

crop occupy the commanding position in the cropping pattern of the Satluj and Chenab 

river basins by occupying more than 16 percent of the total cropped area. The coarse 

cereals and small millets such as buck-wheat, kodra also show their presence in the 

cropping pattern. A quite significant feature of the cropping pattern of Beas and Chenab 

river basin is the respectable proportion of the total cropped area under pulses. 
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Fig. 1.13 Schematic Representation of Different Crops Grown with Respect to Climate 

and Altitude. 

It ranges from nearly 15 percent in Satluj river basin to about 30 percent in Chenab river 

basin. It is pertinent to note that in Satluj and Beas river basins, the fruit crops, mainly 

the apple occupy a significant position by covering 26 and 13 percent of the total 

cropped area. However, in Chenab river basin the vegetable crops mainly potato and 

green peas account for nearly one fourth of the total cropped area. The place of the 

vegetables in the cropping pattern in other river basin can not be over looked. As a result 

of gradual transformation, the vegetable crops now seem to replace the cereal crops in 

all the river basins. The place of the other new crops such as condiments and spices, 

fiber crops, oilseed is not of much interest in the cropping pattern in all the river basins of 

the state. However, in Chenab river basin, the oilseed and in Yamuna river basin, the 

fodder crops also figure in the cropping pattern covering about 6 and 4 per cent of the 

total cropped area. The overall scenario of the cropping pattern of the state shows the 

dominance of the cereal crops by covering more than 84 per cent of the total cropped 

area. The maize and wheat are the major crops among cereals accounting for more than 
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53 per cent of the total cropped area. Fruit crops, pulses, vegetables, oilseeds and 

fodder crops are the other crops which share 2 to 4 per cent of the total cropped area. 

The cropping intensity ranges from 102.75 to 197.72 percent.    

1.4 Percent Cropped Area under Different Crops (2000-01). 

Crops Rabi Satluj Beas Chenab Yamuna HP 

Rice 4.38 0.37 2.73 0.00 6.43 8.69 

Maize 41.98 4.76 25.72 0.86 32.06 31.53 

Wheat 29.46 4.41 39.69 5.17 35.50 38.21 

Barley 5.93 16.14 5.62 17.53 3.49 2.84 

Other cereals 2.79 28.91 3.43 11.21 1.07 1.73 

Total cereals 84.54 54.59 77.19 34.78 78.55 82.99 

Pulses 5.24 14.93 4.23 38.57 5.89 3.92 

Sugarcane 0.00 0.00 0.00 0.00 1.57 0.32 

Fruit Crops 2.44 25.80 12.87 1.72 0.95 4.59 

Vegetables 1.43 3.06 4.13 21.76 5.01 3.68 

Condiment & Spices 0.19 0.23 0.47 0.00 2.50 0.45 

Fiber 0.01 0.00 0.00 0.00 0.04 0.02 

Other crops 0.05 1.39 0.00 2.59 0.04 0.36 

Total oilseed 6.07 0.00 1.01 0.57 1.88 2.50 

Fodder Crops 0.04 0.00 0.11 0.00 3.58 1.17 

Total cropped Area (ha.) 68860 8614 61229 3479 82303 976640 

Net area sown (ha.) 42290 7806 36561 3386 41626 551457 

Copping intensity (%) 162.83 110.351 167.471 102.75 197.72 177.12 
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2004-05 AN EXCEPTIONAL YEAR OF HEAVY SNOWFALL 

The snow estimation was initially conducted for the state of Himachal with reference 

satellite imageries taken for the year 1999-00. The study was extended to estimate the 

heavy snowfall received in the year 2004, the pre snowfall period was estimated using 

October 2004 satellite imagery sets (IRS LISS 3). The October month imageries were 

selected because of the maximum availability of cloud free days.  The satellite imageries 

for the month of May 2005 were used for the post snowfall estimation. The month of May 

2005 was the earliest period after heavy snowfall where the cloud free imageries were 

available. This also gave a buffer period of melting of (preliminary) snow. This snow was 

negligible impact on glaciations process. 

The estimation of ice reserves requires the digitization of snow area and the estimation 

of mean glacier thickness the mean glacier thickness data are not directly available it is 

estimated from the methodology developed for the Tianshan Mountains (Chaohai Liu 

and Liang for 1986) & adopted for inventory of Glaciers and Glacial Lake Outburst 

Floods (GLOFs) affected by global warming in the mountains of Himalayan region 

(Bhagat at 2004)   

The amount of snowfall recorded during the year 2004 and 2005 is presented in Table 

2.1. In the year 2004-05 snow covered area before snow fall was reported, to be 12040 

sq km as compared to post snowfall period snow covered area of 15499.96 sq km which 

is 28.72 percent (3459.0 sq km) higher than pre snow fall. The higher snow cover also 

corresponds to higher snowfall recorded at different recording stations, as was also 

reflected from the observations of the major river basin in Himachal Pradesh i.e. Satluj 

basin. The increased snow cover also had significant effect on buildup of ice reserve 

which showed 7.97 percent higher (70.18 cubic km) compared to pre snow fall event. 

The Ice reserves were 880.32 km3 in the pre snow fall and 950.50 km3 in post snow fall 

period.  

2.1   Snowfall Estimation Using Satellite Imagery Sets 

Satellite imagery sets of IRS P6 LISS 3 MX were used for the entire state and snow 

cover estimation was made. 
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Table 2.1 Summary of Snowfall 2004-2005. 

Parameter  

October, 2004 

(pre-snowfall) 

May 2005 

(post-snowfall) 

% increase 

Snow Covered area 
(km2) 

12040.95 15499.96 28.72 

Ice Reserve (km3) 880.32 950.50 7.97 

False Color Composite of IRS Imageries  

False colour composite of the satellite imagery sets were generated using original IRS 

P6 LISS 3 MX images. The two sets of scenes were utilized for the purpose and a 

mosaic was made for the two dates after necessary corrections and image processing 

techniques (Fig. 2.1). 

 
 
 
 
 
                
 
 
 
 
 
 
 
 
 
 
 

                     October 2004                                                                 May 2005 
 

Fig. 2.1 False Colour Composites of the IRS LISS 3 MX Images for the State of H.P.                                 

The Fig.2.1 shows that the entire north-eastern to north western part of the state of 

Himachal Pradesh is covered by snow. The entire tribal belt of the state of Himachal 
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Pradesh comprising the parts of the districts of Shimla, Kinnaur, Lahaul & Spiti, Chamba, 

Kullu and Kangra is affected by winter snowfall. Some of these districts are in the 

northern part of the state are the places for the headwaters of the major rivers and their 

tributaries either originating from within the state or the Tibet A.R. of China. 

2.2 Identification of Snow 

Snowfall identification on a satellite imagery set is a tedious task as the clouds resemble 

snow and ice. It may over estimate the actual area covered by snow. A careful analysis 

is thus essential to partition the areas showing the clouds and snow. It may not be out of 

place to mention that during the cloudy days it is difficult to track the land surface as the 

clouds mask the entire land surface on a satellite image. Hence, radar images can be 

used in such an eventuality to track the land surface (Fig.2.2). 

2.3 Digitization of Snow and Glaciers on IRS-LISS3 Imagery 

A systematic digitization of the satellite imagery sets was undertaken in a windows 

environment using ILWIS 3.2 software and a GIS platform.  Fig. 2.3 shows the pre and 

post snowfall digitization carefully avoiding the cloud cover encountered in some parts. 

From the figure it is clearly visible that the post snowfall digitized area has bigger 

polygons than the pre snowfall digitized area. This shows a preliminary evidence of a 

heavy snowfall during the period intervening the two satellite images. It can further be 

observed from the Fig. 2.4 that only the north-eastern and the north-western part of the 

state have snowfall. 
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        Fig. 2.2 Snow and Clouds Viewed Together on a False Colour Composite (FCC) of 

IRS LISS 3 MX Satellite Image 

 

 
 
 
 
 
 

                                                                   

 
 
 
 
 
 
 
 
 
 
 
 
 

             Pre snowfall estimation (October 2004)               Post snowfall estimation (May 2005) 

Fig. 2.3 Pre and Post Snowfall Digitization. 

Clouds resemble snow in the imagery, so careful  
analysis is required 
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An attempt was made in the Fig. 2.4 show the snow covered areas in different river 

basins. Almost all the major river basins have snow cover clearly showing that the major 

river of each basin has a substantial contribution derived from snow. This is indicative of 

the fact that low snowfall years may result in poor discharge of these rivers.  

 

 

 

 

 

   

 
 
 
 
 
 
 

 

                  
            Pre snowfall (October 2004)             Post snowfall (May 2005)                                
      

Fig. 2.4 Snow Covered Areas in Different River Basins of Himachal Pradesh. 
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SNOW COVER AS VIEWED FROM SATELLITE     
DATA: POSSIBLE IMPACTS 

Distinct evidences were obtained on the snow cover extent and content using satellite 

images. An attempt has been made in this chapter to show as to how much was the 

extent of snow on different land features and parts in Himachal Pradesh province.  

3.1 Recharging of Glaciers 

Although it is too speculative to say that one year heavy snowfall enriched the glaciers 

and filled the deficiencies that were accrued due to past many years of a deficient 

snowfall. However, there were concrete evidences of the filling of the crevices and some 

enrichment of ice reserves in the glaciers. This study is, however, inconclusive on the 

front of quantifying the fact”how much” of the snow was added in minute details, mainly 

due to unavailability of detailed spatial data and time. However, the following figures 

showed comparison between October 2004, the May 2005. The scenario is indicative of 

a complete snow cover, while some melting of superficial snow has already taken place 

when these images were taken. 

3.1.1 Bara Shigri Glacier 

Bara Shigri Glacier in Chenab river basin, located at 32°14'58.83"N, 77°36'52.13"E is 

mapped as Chenab_gr 585 in the Himachal Pradesh Himalaya – Inventory of glaciers 

and glacial lake outburst floods (GLOFs) affected by global warming in the mountains of 

Himalayan region (Bhagat et.al.2005). The Satellite imagery of the glacier shown in Fig. 

3.1 clearly indicates that the glacier boundary and texture is hardly visible on May 2005 

scene due to heavy snow. 

3.1.2 Lambar Glacier 

Situated in Satluj river basin at coordinates 31°26'58.11"N, 78°26'13.78"E , Lambar 

glacier is one of the key glacier highlighted in the SOI sheets for Satluj River Basin. In 

Pre-snowfall season of October 2004, the area of the glacier is approximated as 25 km2, 

with estimated ice reserves at 3.2 km3. This glacier was mapped as satluj_gr 844 in the 

Himachal Pradesh Himalaya – Inventory of glaciers and glacial lake outburst floods 
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(GLOFs) affected by global warming in the mountains of Himalayan region (Bhagat 

et.al.2005).  

                                       
October 2004                                         May 2005 

Fig. 3.1 Snowfall Extent in the Bara Shigri Glacier in Chenab River Basin 

October 2004                                           May 2005 

Fig. 3.2 Snowfall Extent in the Lambar Glacier in Satluj River Basin 
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The post snowfall season of May 2005, the area of the glacier was approximated at 27 

km2, with ice reserves increasing to 3.6km3. It is however clearly visible from the two 

images of the glacier that the extent of heavy snowfall has filled the entire terrain with 

snow (Fig. 3.2). 

3.1.3 Gangs Tong Glacier 

Gangs tong glacier is situated in Chenab River basin. This glacier is mapped as 

Chenab_gr 203 in the Himachal Pradesh Himalaya – Inventory of glaciers and glacial 

lake outburst floods (GLOFs) affected by global warming in the mountains of Himalayan 

region (Bhagat et.al.2005) and is located at 32°50'46.68"N, 76°54'41.45"E. The pre 

snowfall area of this glacier is 44 km2 with ice reserves approximated as 6.95 km3. The 

area increased to 48.32 km2 in post snowfall season and the ice reserves increased to 

7.65 km3. In Fig. 3.3 the glacier and the surrounding region is filled entirely with snow in 

May 2005 imagery, the boundaries of which are clearly visible in the corresponding 

October 2004 imagery. 

  
                 October 2004                                              May 2005 

Fig. 3.3 Snowfall Extent in the Gangs Tong Glacier in Chenab River Basin 

3.1.4 Beas kund glacier 

The river Beas originates from the tongue of beas kund glacier. This glacier is located at 

32°23'35.16"N, 77°02'29.24"E and is mapped as Beas_gr 48. Fig. 3.4 clearly illustrates 

the difference in the extent of snowfall experienced by the beas kund glacier. 
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                 October 2004                                              May 2005 

Fig. 3.4 Snowfall Extent in the Beas Kund Glacier in Beas River Basin 

3.2 Snow around Glacial Lakes 

When a glacier melts, sometimes a small water body is formed which is generally 

blocked by end moraines. This may happen when a glacier breaks down and drifts and 

eventually the drift is blocked by a loose moraine. These small water bodies grow in size 

and take the shape of lakes.  These lakes are at the head waters of many rivers in the 

Hindu Kush Himalayas and sometimes are dangerous. Many past events of the bursting 

of these lakes have produced catastrophic results ending in huge losses of land, life and 

property. These lakes are usually frozen in winters. There were several observations 

made in this study using the satellite images to monitor the areas around these lakes. It 

was observed that due to extremely heavy snowfall, the areas around the lakes were 

completely covered and eventually in next summer may result in still recharging the 

lakes. It may or may not exceed the dangerous limits, but there are associated 

phenomenon of snow and glacier melting – the increase in silt load in rivers that are 

snow fed. This silt load when exceed certain permissible limits (usually 5000ppm) is 

extremely dangerous for the operation of hydro-power units as the increase in silt 

interrupts turbine operation. In Himachal Pradesh, this has already affected the 

operation of some of the hydro-electric units in the succeeding year of 2006 in the Satluj 

basin. 
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3.2.1 Chandra Tal Lake 

Chandra Tal lake is located at 32°32'07.12"N, 77°35'25.93"E in the Chenab river basin. 

The October 2004 Satellite Imagery of the lake displays a partially frozen lake. The 

same lake appears completely frozen in the May 2005 Imagery (Fig. 3.5) 

  
      October 2004                                                           May 2005 

 
Fig. 3.5 Chandra Tal Lake in Chenab River Basin. 

 
An unnamed lake located at 32°33'03.81"N, 77°31'26.00"E in the Chenab River Basin. 

The lake is partially frozen in the pre snowfall season of October 2004, which appears 

completely frozen in the post snowfall season of May 2005 (Fig. 3.6). 

 

  
October 2004 May 2005 

Fig. 3.6 Snowfall Impact on an Unnamed Lake in Chenab River Basin. 
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3.3 Snow Cover in Tribal Districts 

The tribal districts in Himachal Pradesh are worst affected by a heavy snowfall. The 

Lahaul valley in the tribal district of Lahaul and Spiti, and parts of Kinnaur, Shimla, 

Chamba and Kangra are sometimes cut off from the rest of the state due to blockage of 

communicates routes. This happened during the year of heavy snowfall under report 

also. While normal transport link is disrupted the, movement of produce is adversely 

affected and so are the inward supplies.  

The tribal districts are also home to the production of quality apples in the state. In the 

past few years the apple productivity was falling (Fig. 3.7), and the major reason 

attributed was the reduction in the chilling hours. During this year of the heavy snowfall, 

the chilling requirement was favourably met and this was ultimately translated into a 

bumper apple crop in the following year as will be shown later in this report. 

The Centre for Geo-informatics, CSK HP Agriculture University, Palampur. Himachal Pradesh 176 062

Falling apple productivity in Himachal Pradesh
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         Fig. 3.7 Falling Apple Productivity in the State of Himachal Pradesh 

3.3.1 Impact of Snow in Kinnaur and Shimla Districts: 

Fig. 3.8 provides a general overview of extent of snowfall in the Kinnaur district. The 

entire region in the district experienced heavy snowfall and was therefore subject to the 
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                   October 2004                                            May 2005 
                               

Fig. 3.8 Snowfall Extent in Kinnaur district. 

Baspa river is major river flowing in district Kinnaur.  The upper catchments of the river 

were frozen completely as visible in Fig. 3.9. An identical trend is observed in almost all 

the rivers of Himachal Pradesh. 

  

                   October 2004                                            May 2005 

Fig. 3.9 Impact of Snowfall in the Upper Catchments of Baspa River in District Kinnaur. 



 31 

 

                               October 2004                                            May 2005 
                                     

Fig. 3.10 Snowfall Extent in Lahaul-Spiti. 

3.3.2 Impact of Snow in Parts of Tribal District of Lahaul-Spiti  

Peas, Barley and apple are the main crops of Lahual and spitti and Kinnaur districts of 

Himachal Pradesh. Heavy snow fall caused 25.8 percent increase in productivity of 

apple. However areas under peas and barley crop reduced due to heavy snow fall as the 

crops during March could not be planted (Fig.3.10). 

3.4   3-D surface View for the Extent of Snowfall  

The geospatial processing of the remote sensing data was used to generate a real time 

3-D surface view illustrating the difference in the extent of snowfall for October 2004 and 

May 2005. The subset of the original mosaic of the satellite imageries was created in 

accordance with boundaries of the major river basin boundaries.  The false color 

composite images were subsequently draped on the Digital Elevation Model (DEM) of 

Himachal Pradesh to generate a three dimensional view and extent of snowfall in major 

river basins (Fig. 3.11 to 3.19). 
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Fig. 3.11 3-D Surface View of Snowfall Extent in the Chenab River Basin (October 2004) 

 
 

     

 
 
 
Fig. 3.12 3-D Surface View of Snowfall Extent in the Chenab River Basin (May 2005) 
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 Fig. 3.13 3-D Surface View of Snowfall Extent in the Beas River Basin (October 2004) 

 
 

 
 
Fig. 3.14 3-D Surface View of Snowfall Extent in the Beas River Basin (May 2005) 
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Fig. 3.15 3-D Surface View of Snowfall Extent in the Ravi River Basin (October 2004) 

 
 

 
 

Fig. 3.16 3-D Surface View of Snowfall Extent in the Ravi River Basin (May 2005) 
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Fig. 3.17 3-D Surface View of Snowfall Extent in the Satluj River Basin (October 2004) 

 
 

 
 

     Fig. 3.18 3-D Surface View of Snowfall Extent in the Satuj River Basin (May 2005) 
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      Fig. 3.19 3-D Surface View of LISS3 False Color Composition Imagery of Satluj 
             River Basin in Himachal Pradesh, Draped on DEM in the year May 2005  
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ESTIMATION OF SNOWFALL THROUGH GROUND OBSERVATIONS 
AND ITS IMPACT ON WATER AVAILABILITY 

4.1 Estimation of Snowfall through Ground Observations 
 
The elevation of Himachal Pradesh ranges between 252m to 8268m above mean sea 

level. North eastern part of the state is locked by high mountain ranges with an elevation 

extending over 3251 amsl, while south-western part is relatively plain having attitude 

less than 1000 m amsl. In general, the area of the state above an elevation of 4000 amsl 

is mostly covered by snow throughout the year and areas of an elevation 3000 amsl 

having snowfall in winter season. 

For the measurement of snowfall data in the state, the selected twenty one sites have 

been categorized in three elevation zones viz., 2000-2500m, 2500 – 3000m, above 

3000m. The impact of heavy snow fall during 2004 was compared with past data to 

estimate the total water availability of water due to high snow fall and its impact primarily 

on agriculture. Trends of snowfall were worked out using data from meteorological 

stations located in the Satluj basin. Data of snowfall of two decades (1984-94) and 

(1994-2004) were compared with snowfall data of 2004-05. It was observed that 14 sites 

showed increase in snowfall during 2004-05 as compared to average of a decade data 

between 1984-1993 .Similarly data of second decade compared with 2004-05 showed 

higher snowfall at eighteen sites. 

 Snowfall Trends on the Basis Elevations 

Elevation 

(meter above mean sea 
level) 

1984-85 to 1993-94 1994-95 to 2003-04 2004-05 

2000-2500 y = 15.076x + 
200.64 

y = 20.768x + 107.96 y = 27.77x + 
211.25 

2500-3000 y = 24.357x + 
75.523 

y = 12.429x + 95.2 y = 0.7571x + 
195.8 

Above 3000 y = 51.184x + 
154.74 

y = 27.971x + 169.1 y = 109.82x + 52.2 
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On an average snowfall trends showed an increasing rate per year of 8.6mm during 

1984 to 1993, 7.3mm 1994 to 2003 and 14.9 mm during 2004-05 respectively, with 

increase in elevation from 2000 m to more than 4000 m. The data reflected that there is 

a general increase in snowfall amount with increase in altitude in snow bound area of 

Himachal Pradesh.  Higher altitude areas experience higher amount of snowfall 

compared to lower attitude areas.  

In the year of 1984-85 to 1993-94 increase in snowfall was observed 15.1, 24.4 and 51.2 

mm in elevations of 2000-2500m, 2500-3000m and above 3000m, respectively. Similar 

increasing trends with elevation were observed in 1994-95 to 2003-04 and in 2004-05. 

The amount of increase was higher at higher elevation (Fig 4.1 to Fig 4.6) and Table 1 to 

5(Annexure). 

The mean average snow fall at twenty-one sites in the Satluj basin was observed to be 

268.0 mm in 1984-94, 210.0mm in1994-04 and 348.6mm in 2004-05 respectively. In the 

year in the year 2004-05 the average snowfall was observed higher 80mm and 138mm 

as compared to 1983-93 and 1994-2003, respectively.   

Snowfall Trends Observed in Satluj Catchment (1984-85 to 2004-05) 

      

Fig. 4.1 Snowfall Trends from 2000 – 2500m Elevation 
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            Fig. 4.2 Snow fall trends from                        Snowfall trends from 3000– 4100m 
                    2500–3000m elevation                            elevation  

Snowfall Trends Observed in Satluj Catchment (1984-85 to 1993- 94) 

        

Fig. 4.3 Elevation from 2000 – 2500 (mm) 
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   Fig. 4.4 Elevation from 2500 – 3000 m  Elevation from 3000 – 4100 m 

Snowfall Trends Observed in Satluj Catchment (1994-95 to 2004- 05) 

    

Fig. 4.5 Elevation from 2000 – 2500 m 
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  Fig. 4.6 Elevation from 2500 – 3000 m      Elevation from 3000 – 4100 m 

Table 4.1Comparison between Average Monthly Snowfalls (1984-85,1994-2003 to 2004-05) 

 

Result showed that in first decade average snowfall trend in all the twenty one sites over 

the twenty-two years was increasing from the month of September to month of March 

and similar type of trend was observed in second decade up to the month of February.  

The increase reached a maximum in the year of 2004-05 till the month of February 

(Table 4.1& Fig 4.7). 

 

Years Sep. Oct. Nov. Dec. Jan. Feb March April May 

 
1984- 1993 
(First Decade) 

 
0.2 

 
1.4 

 
9.4 

 
40.8 

 
57.2 

 
63.0 

 
67.4 

 
20.7 

 
7.9 

 
1994- 2003 
(Second 
Decade) 

 
0.1 

 
2.0 

 
8.0 

 
21.5 

 
47.5 

 
63.4 

 
51.6 

 
15.5 

 
0.5 

 
2004-2005 
 

 
0.0 

 
13.7 

 
1.5 

 
16.3 

 
124.8 

 
122.3 

 
41.7 

 
16.5 

 
11.8 
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Comparison between Average Monthly Snowfall (1984-2005)
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         Fig 4.7 Comparison between Average Monthly Snowfall (1984-2005). 

Table 4.2 Water Availability Scenario in Major River Basins of Himachal Pradesh  

Basins 
Rainfall 

Water 
Surplus 

Water 
balance 

Total water 
Volume (Rf) 

Total Water 
Surplus 

mm mm mm M ha-m M ha-m 

Kharif 719.35 303.98 415.38 1.08 0.46 

Beas 1313.3 704.9 608.4 1.94 1.04 

Chenab 270.6 20.5 250.1 0.20 0.02 

Ravi 473.4 210.2 263.2 0.23 0.10 

Satluj 820.1 280.3 539.8 1.94 0.66 

Rabi 420.45 49.38 371.08 0.51 -0.06 

Beas 422.3 -126.2 548.5 0.62 -0.19 

Chenab 470.2 267 203.2 0.35 0.20 

Ravi 435.3 198.8 236.5 0.22 0.10 

Satluj 354 -142.1 496.1 0.84 -0.34 

Annual 1139.9 353.4 786.5 1.59 0.40 

Beas 1735.6 578.7 1156.9 2.56 0.85 

Chenab 740.8 287.5 453.3 0.56 0.22 

Ravi 908.7 409 499.7 0.45 0.20 

Satluj 1174.1 138.2 1035.9 2.78 0.33 

Total  
annual 1139.8 353.35 786.45 1.59 1.60 
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4.2. Water Availability in Major River Basins of Himachal Pradesh (Fig 4.8 & 

4.9). 

4.2.1 Beas Basin 

The total area of basin is 1475456.24 ha. The average rainfall in the basin is 1313.3 mm 

and 422.3 mm during the kharif and rabi seasons, respectively; annual rainfall being 

1735.6 mm. The water surplus is 704.9 and -126.2 mm during kharif and rabi seasons, 

respectively. Therefore, the annual water balance is 1156.9 mm with 608.4 mm in kharif 

season and 548.5 mm in rabi season. While the annual total water volume in the basin 

is 2.56 M ha-m, the total annual water surplus is 0.85 M ha(Table 4.2). 

4.2.2 Chenab Basin 

The total area of basin is 752524.8421 ha. The average rainfall in the basin is 270.6 mm 

and 470.2 mm during the kharif and rabi seasons, respectively; annual rainfall being 

740.8 mm. The water surplus is 20.5 and 267 mm during kharif and rabi seasons, 

respectively. Therefore, the annual water balance is 453.3 mm with 250.1 mm in kharif 

season and 203.2 mm in rabi season. While the annual total water volume in the basin is 

0.56 M ha-m, the total annual water surplus is 0.22 M ha-m(Table 4.2). 

4.2.3 Ravi Basin 

The total area of basin is 494632.3496 ha. The average rainfall in the basin is 473.4 mm 

and 435.3 mm during the kharif and rabi seasons, respectively; annual rainfall being 

908.7 mm. The water surplus is 210.2 and 198.8 mm during kharif and rabi seasons, 

respectively. Therefore, the annual water balance is 499.7 mm with 263.2 mm in kharif 

season and 236.5 mm in rabi season. While the annual total water volume in the basin is 

0.45 M ha-m, the total annual water surplus is 0.20 M ha-m(Table 4.2). 

4.2.4 Satluj Basin 

The total area of basin is 2364382.343 ha. The average rainfall in the basin is 820.1 mm 

and 354 mm during the kharif and rabi seasons, respectively; annual rainfall being 



 44 

1174.1 mm. The water surplus is 280.3 and -142.1 mm during kharif and rabi seasons, 

respectively. Therefore, the annual water balance is 1035.9 mm with 539.8 mm in kharif 

season and 496.1 mm in rabi season. While the annual total water volume in the basin is 

2.78 M ha-m, the total annual water surplus is 0.33 M ha-m(Table 4.2). 
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      Fig. 4.8 Rainfall and Water Surplus During kharif Season in Different River Basins. 
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Rabi Season
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  Fig. 4.9 Rainfall and Water Surplus During Rabi Season in Different River Basins. 



 46 

   4.3 Water Availability as Affected by Climate Change in Satluj Basin of  

Himachal  Pradesh 

 Water Reserves Scenario in Satluj Basin 

The total area of the basin is 5842388.762 acres (Table 4.3). The basin receives on an 

average annual rainfall of 1181.7 mm which is equivalent to 23.02 million acre feet of 

water in the entire basin. The average annual pan evaporation of the basin is 1095.9 

mm. The potential evaporation of the area is considered to be per cent of the pan 

evaporation as major area is dry temperate region. The water loss through potential 

evaporation is worked out to be 767.2 mm. The water surplus (Rainfall –Potential 

evaporation –Available water content of soil) from the entire basin is 214.50 mm. This 

water depth is equivalent to 3.89 million acre feet of water volume. The basin receives 

average snowfall of 4685 mm. The basin has approximately 1217.7 sq km area under 

snow and water. The water available through snow is 0.49 million acre feet. The total 

volume of water surplus or available from the entire basin is 4.38 million acre feet (Table 

4.3). 

Trend analysis of rainfall for four meteorological stations of upper catchment of Satluj 

basin (Fig. 4.10 to 4.13) indicated average decreasing rate of rainfall to the tune of 17.01 

mm annually. This decreasing rate is equivalent to 0.331263 million acre feet annually 

(Table 4.4). Similarly, a trend analysis of snowfall indicated the annual rate of snowfall 

decrease to be 82.7 mm (Fig.4.14), which is equivalent to 0.096633 million acre feet. 

The total rate of decrease in Satluj basin was 0.427896 million acre feet from rainfall and 

snow. The data of Bhakhra Beas Management Board (BBMB) on inflow of water in 

Bhakra dam also showed decreasing trend in the accumulation of water in the reservoir 

(Fig. 4.15).  
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  Table 4.3 Water Budgeting in Satluj Basin 

Satluj Basin   

Average annual rainfall based on 28 meteorological 

stations 

= 1187.7 mm 

Average annual evaporation 70% of Pan evaporation  = 767.2 mm 

Available water content (AWC) of soils of region   200mm  

Water depth available (Rainfall-potential evaporation-

AWC of soils 

= 1181.7-767.2-200 mm= 

214.5 

Water depth available for entire region   214.5 mm 

Area of Basin = 23643.8234 sq km 

Area in Acres = 5842388.8 acres 

Water volume available in MAF (million acre foot) = 5842388.8 X 21.45/30 

  3.89 million acre feet 

Average snowfall in  Satluj Basin = 4685 mm 

Area under snow = 1217.7 

Total area under snow = 300893.67 acre 

Total volume of water available from snow = 0.49 million acre feet 

Total water volume from precipitation(rain+snow) = 4.38 million acre feet 

Contribution of snow in inflow of satluj river  11% 

Table 4.4 Decreasing Trends of Rainfall, Snow and Water inflows in Satluj Basin 

S.No. Parameters Decreasing rate (million feet per annum) 

1. Rainfall 0.331263 (17.01 mm) 

2. Snowfall 0.096633 (82.7 mm) 

3. Water inflows 0.0339  
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  Fig. 4.10 Rainfall Trend in Satluj Basin         

(Rampur) 
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    Fig.4.11 Rainfall Trend in Satluj Basin (Karsog) 
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   Fig.4.12 Rainfall Trend in Satluj Basin (Kalpa) 
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     Fig. 4.13 Rainfall Trend in Satluj Basin Renuka) 
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           Fig.4.14 Snowfall Trend Analyses. 
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     Fig. 4.15 Satluj Inflows in Bhakhra Dam (MAF) 
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4.4. Enrichment of soil Moisture During 2004-05  

Soil moisture from different sites was recorded to see the recharge of the soil profile. It 

was observed that soil - water content varied from 150 to 300 mm at all sites. The 

interpolated map  of soil moisture indicated that areas above 2000 meter elevation 

showed 240 to 260mm available water content(AWC), whereas, some regions showed 

more than 260 mm SWC. The lower region below 1000m asl showed lower Soil water 

content compared to middle and below 1000 m attitudinal areas comprising Una 

,Bilaspur, parts of Kangra, Hamirpur districts) The valley region showed higher soil 

moisture content(Fig. 4.16& 4.17). 

 

 

 
   Fig. 4.16 Soil Moisture Sampling Sites in Himachal Pradesh 
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Fig. 4.17 Amount of Available Soil Moisture in the Root Zone (0-120cm) 
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IMPACT OF HEAVY SNOWFALL DURING 2004-05 ON CROP 

PRODUCTION, EXPORTS, AND MPRKETABILITY 

To know the impact of higher snowfall on crop yield during 2004-05, an export of various 

commodity and variation in yields, the data/information available from different published 

and unpublished (from out of state export outlets) sources were mainly used. The simple 

statistical techniques like tabular analysis, percentages etc, were used for analyzing the 

data. 

5.1 The Scenario of Area, Production and Productivity of Food Grains, 

Vegetable and Fruits in the State During 2004-05: 

The production of principal crops including the total food grains during the years 2002-03 

to 2004-05 is given in Table 5.1. A close look at the table revealed that production of rabi 

cereals and pulses like wheat, barley, gram and other pulses was higher during 2004-05 

in comparison to their production in the year 2003-04. The maximum increase (more than 

271 percent) was noticed in gram production. The percent increase in production of 

wheat, barley and other pulses was to the tune of about 37 to 79 percent. An increase of 

about 17 percent was recorded in the production of total food grains during the year 2004-

05.  In the kharif season (2005), the maize crop also registered an increase of more than 

7 percent in its production, while the production of paddy, ragi and other millets reduced 

by about 17 to 46 percent during as compared to their production in the year 2003-04. 

Table 5.1 Changes in Production of Principal Crops in Himachal Pradesh (‘000’ tonnes) 

Crops  2001-02 2002-03 2003-04 2004-05 Percent change 
over 2003-04 

Kharif  

Paddy 137.42 85.65 120.62 100.00  (-)17.10 

Maize 768.20 479.21 729.57 783.00  (+)7.32 

Ragi 4.69 4.05 4.28 3.00  (-)29.91 

Millets 6.30 6.85 7.42 4.00  (-)46.09 

Rabi 

Wheat 637.07 495.56 496.93 682.00  (+)37.24 

Barley 34.68 30.61 28.14 42.00  (+)49.25 

Gram 1.11 1.01 1.21 4.50  (+)271.90 

Other pulses 9.45 7.92 9.80 17.50  (+)78.57 

Total Food grains 1598.92 1110.86 1397.97 1636.00  (+)17.03 
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Although the area under total food grains crops during the year 2004-05 reduced by about 

2 percent as compared to area under food grains in the year 2003-04, however, the 

productivity of total food grains which was 1.72 tonne/ha during 2003-04 increased to 2.05 

tonne/ha in 2004-05. This shows that the productivity of total food grains increased by 

more than 19 percent (Table 5.2). 

Table 5.2 Area, Production and Productivity of Total Food grains in Himachal Pradesh. 

 Particulars 2001-02 2002-03 2003-04 2004-05 Percent 
change over 
2003-04 

Area (000, 
ha) 

817.20 806.30 812.4 797.00 (-) 1.90 

Production 
(000, 
mtonnes) 

1598.92 1110.90 1398.00 1636.00 (+) 17.02 

Productivity 
(tonne/ha) 

1.96 1.38 1.72 2.05 (+) 19.19 

Table 5.3 shows the season wise area, production and productivity of total vegetables in 

the state during 2004-05. The table revealed that area under total vegetables in rabi and 

kharif season was 26.47 and 17.81 thousand hectare in 2003-04, which increased to 

28.73 and 17.48 thousand hectare respectively, in 2004-05 and subsequent kharif. The 

production of total vegetables also registered a growth of 12.61 percent in rabi and 15.04 

percent in kharif season over a period of one year. A similar trend was also noticed in the 

productivity of total vegetables. It increased from 13.85 m tonns/ha in rabi and 20.48 m 

tons/ha in kharif season (2003-04) to 14.37 and 24 tons/ha (2004-05) in rabi and 

subsequent kharif season, respectively. This shows that during a period of one year (year 

of heavy snowfall) it increased by 3.75 and17.24 percent in rabi and kharif seasons, 

respectively.  This clearly shows the positive impact of heavy snowfall of 2004-05 on the 

area, production and productivity of total vegetables in state during 2004-05. 

The area production and productivity of apples in 2004-05 is given in table 5.4. The table 

showed that the area under apple cultivation came down from 92. 82 thousand ha in 

2001-02 to 84.11 thousand hectare in 2003-04. 
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Table 5.3 Season-wise Area, Production and Productivity of Total Vegetable Crops in 

Himachal Pradesh.   

Year Area (,000 ha) Production (,000 M tons) Productivity 
(tonne/ha) 

Rabi Kharif Rabi Kharif Rabi Kharif 
 

2002-03 19.480 15.74 278.77 343.15 14.31 21.81 
 

2003-04 26.465 17.81 366.58 364.77 13.85 20.48 
 

2004-05 28.733 17.48 412.79 419.65 14.37 24.00 
 

Percent 
change over 
2003-04 

8.57 -1.85 12.61 15.04 3.75 17.24 

However, during 2004-05 it increased to 86.20 thousand hectare. During the year 2004-

05, about 2.5 percent more area was put under apple cultivation in comparison to the area 

under apple cultivation in 2003-04. The production of apple crop also increased from 

180.53 million tonnes in 2001-02 to 459.5 million tonnes in 2003-04.  But during the year 

2004-05, the apple production registered significant increase of more than 14 percent in 

comparison to its production in the year 2003-04. The table 5.4 further elaborated that the 

productivity of apple increased from 5.46 tonnes/ha (2003-04) to 6.12 tonnes/ha (2004-

05). This clearly showed the impact of heavy snowfall of 2004-05 on the productivity of 

apple crop in state during the year 2004-05 as it increased by more than 12 percent over 

a period of one year. 

The similar type of trend was also noticed in the area production and productivity of fruits 

other than apple (Table 5.5). During the year 2004-05, 2.41 percent more area was put 

under fruits other than apple in comparison to area in the year 2003-04. The production of 

fruits other than apple also increased by more than 63 percent over one year period. The 

productivity which was 1.02 tonnes/ ha during 2003-04 increased to 1.63 tonnes/ha shows 

on increase of about 60 percent. 
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Table 5.4 Area, Production and Productivity of Apple in Himachal Pradesh. 

Year Area (,000 ha) Production (,000) 
tonnes) 

Productivity 
(tonnes/ha) 

2001-02 92.82 180.53 1.95 

2002-03 81.63 348.26 4.27 
 

2003-04 84.11 459.49 5.46 
 

2004-05 86.20 527.60 6.12 
 

Percent change 
over 2003-04 

2.49 14.82 12.09 

Table 5.5  Area, Production and Productivity of Fruits other than Apple in Himachal 

Pradesh. 

Year Area (,000 ha) Production (,000) 
tonnes) 

Productivity 
(tones/ha) 

2001-02 130.21 82.92 0.64 

 

2002-03 94.58 111.36 1.18 
 

2003-04 98.33 100.48 1.02 
 

2004-05 100.70 164.41 1.63 
 

Percent change 
over 2003-04 

2.41 63.62 59.80 

 

5.2 Market Arrivals and Export of Apple, Fruits other than Apple and Total 

Vegetables: 

The market arrivals of apple, fruits other than apple and total vegetables in the different 

market of the state during 2004-05 are presented in Table 5.6. It can be seen from this 

table that in the year 2004-05, nearly 50 per cent more arrivals of apple were recorded in 

the state markets (viewed as a whole) in comparison to apple arrivals in 2003-04.  The 

maximum increase of about 88 percent was noticed in Shimla market of the state which is 

the leading apple producing district in the state. About 36 to 38 per cent more arrivals of 
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apple were recorded in the markets of Kullu and Solan. The table further indicated that the 

market arrivals of fruits other than apple also rose by 6.15 to 790.25 percent in different 

markets over a period of one year (2004-05). However, in few markets the arrivals 

reduced by about 3 to 34 per cent during 2004-05. In the state as a whole the market 

arrival were 17.12 per cent higher in 2004-05 as compared to the arrivals in 2003-04. In 

case of total vegetables, the arrivals were significantly higher during 2004-05 compared to 

their arrival in the year 2003-04. During the year 2004-05 48.33 percent more arrivals 

were recorded in the state. This clearly showed the favorable impact of the heavy snowfall 

during 2004-05 on the water availability and chilling hours and its positive effect on the 

productivity, production and arrivals of fruits such as apple, fruits other than apple and 

total vegetable in the state during 2004-05. 

The export of apple from the state of Himachal Pradesh to outside the state during the 

year 2004-05 is presented in table 5.7. The table reveals that 225.90 lakhs boxes of apple 

weighing 45.18 lakh quintals were exported from the state to other parts of the country 

during the year 2004-05 as against 218.39 boxes weighing 43.68 lakh tones in the year 

2003-04 (3.44 percent more than its export in the year 2003-04). However, there is a 

general lack of information regarding the export of fruits other than apple and total 

vegetables for the year 2003-04 and 2004-05, and thus the impact of heavy snowfall of 

2004-05 on their export could not be analyzed.   

 Table 5.7 Export of Apple from Himachal Pradesh.  

Year Boxes (Lakhs) Quantity (Lakh tonnes.) 

2001-02 81.11 16.22 

2002-03 166.89 33.78 

2003-04 218.39 43.68 

2004-05 225.90 45.18 

Per cent Change over 2003-04 3.44 3.44 
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Table 5.6 Arrivals of Apple, Fruits other than Apple and Total Vegetable in Different Markets of the State (2004-05)  
                (Qtls.) 

Market 

Apple Fruits other than Apple Total Vegetables 

2003-04 2004-05 % change 
over 2003-04 

2003-04 2004-05 % change 
over 2003-04 

2003-04 2004-05 % change 
over 2003-04 

Kangra - 11,273, - 70,380 53,949 -23.35 1,76,638 2,64,205 +49.57 

Hamirpur - 5,097 - 24,458 29,579 +20.94 1,18,811 1,04,371 -12.15 

Kullu 70,752 96,110 +35.84 2,522 22,452 +790.25 12,435 3,41,031 +2642.51 

Bilashpur - 465 - 5,994 3,977 -33.65 15,709 14,763 -6.02 

Solan 3,22,102 4,43,760 +37.77 8,250 28,147 +241.18 24,449 2,90,525 +20.33 

Sirmaur - 1,571 - 10,867 10,575 -2.69 23,873 51,183 +114.40 

Una 14,012 6,161 -56.03 14,325 15,277 +6.65 29,798 88,828 +198.10 

Shimla 84,002 1,57,630 +87.65 11,269 28,842 +155.94 3,88,327 3,97,766 +2.43 

Chamba - 15 - - 1,268 - 2,365 19,299 +546.89 

Mandi - 12,622 - 58,165 47,464 (-)18.40 1,10,160 92,635 -15.91 

Total 4,90,868 7,34,704 +49.67 2,06,230 2,41,530 +17.12 11,19,565 16,60,606 +48.33 
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EXECUTIVE SUMMARY 

 Glaciers and snow are the important features of hydrological cycle and affect volume, variability 

and water quality in areas where these occur. Snow supplies more than half of water used for 

irrigation in Himachal Pradesh and other northern states of India and is an important contributor 

to hydropower and irrigation reservoirs. The fact that snow acts as water storage over the winter 

and provides soil moisture recharge in the spring is of particular importance to agriculture 

productivity in mountainous regions.  

The study on snowfall estimation during 2004-05 in Himachal Pradesh was carried out using 

remote sensing techniques and ground truth data to estimate total snowfall and assess the 

impact of snow fall on water availability and crop productivity. The snowfall estimates using  

remote sensing techniques  for two periods by using two sets of imageries before snow fall 

(October, 2004) and after snowfall ( May 2005).  This indicated an increase of 28.7  percent 

(3459.0 sq.km area) in snow cover compared to pre snowfall period. The heavy snowfall also 

caused glaciations of ice reserve by 7.97 percent (70.8 cubic km). The ground data from 22 

sites also indicated a significant rate of increase in snow cover from 2000 to 2500 m and above 

3000 to 4000 m asl. However, observation sites located between 2500-3000 m did not show 

much increase compared to 1983-93 and 1994-2003 decadal periods. The mean average 

snowfall from all sites located at altitude from 2000 to 4000m also registered an increase of 

more than 50 percent higher amount of snowfall during 2004-05 compared to last two decades. 

The mean monthly snowfall data also indicated higher amount of snowfall during 2004-05 in all 

months from September 2004 to March, 2005 

The impact of heavy snowfall was also analyzed on crops, fruits and vegetables production in 

Himachal Pradesh. The area under different crops during rabi 2004 was found to be increased 

by 8.57 percent, whereas, subsequent kharif season registered 1.85 percent reduction in 

cropped area. The increase also reflected in higher productivity during rabi season 2004 and 

kharif 2005. The productivity of total food grains increased by more than 19.0 percent during 

2004-05 compared to 2003-04.The apple and  other fruits  registered 12.1 and 59.8 percent 

higher productivity, respectively in  2004-05 compared to 2003-04.The impact of heavy snow fall 

was more pronounced in short duration vegetables crops. The total vegetables arrivals in the 

market increased by 48.33 percent during 2004-05 compared to last year arrivals.  This 

indicated that there was a positive and significant effect of heavy snowfall on agricultural as well 

as horticultural crop productivity.  The increase in crop productivity also increased market 

arrivals of different agricultural commodities. 
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ANNEXURE 
 

Table: 1. Snowfall Trends Observed at 21 Sites in Satluj Catchment(1984-85 to 2005-06) 
 
Station Sites Snowfall(mm) Increase/Decrease 

( over 2004-05) 
Trends  

equations 
Rate(per year) 

Annual 
(Av. over 22 

yrs) 

2004-
05 

(mm) (%) 

Kilba(2030) 105.4 100.1 -5.3 -5.3 2.2178x + 79.904 2.2 48.8 

Nichar(2287) 314.8 270.9 -43.9 -16.2 -22.059x + 568.52 -22.1 -485.3 

Phancha(2348) 186.9 518.0 331.1 63.9 7.2056x + 104.02 7.2 158.6 

Sarhan(2374) 119.6 277.0 157.4 56.8 0.9643x + 108.48 1.0 21.1 

Sangla(2439) 181.9 428.7 246.9 57.6 -11.562x + 416.03 -11.6 -254.3 

Purbani(2439) 283.1 323.8 40.7 12.6 -4.5906x + 301.07 -4.6 -101.0 

Kalpa(2439) 248.3 289.8 41.5 14.3 -8.9279x + 555.68 -8.9 -196.5 

Rupi(2439) 453.0 481.4 28.4 5.9 11.19x + 53.162 11.2 246.2 

Bahli(2598) 59.3 106.9 47.6 44.5 -1.9718x + 81.984 -2.0 -43.3 

Moorang(2744) 159.7 262.0 102.3 39.0 -2.8933x + 88.678 -2.9 -63.6 

Narkanda(2774) 152.3 257.0 104.7 40.8 7.3903x + 67.275 7.4 162.6 

Pooh(2835) 178.2 196.0 17.8 9.1 -5.1025x + 236.85 -5.1 -112.2 

Giabong(2896) 212.5 218.0 5.5 2.5 -1.5076x + 229.86 -1.5 -33.2 

Namgia(2910) 143.4 150.8 7.4 4.9 -3.8196x + 187.29 -3.8 -84.0 

Rakchham(3130) 427.2 369.4 57.8 15.6 -4.2339x + 475.92 -4.2 -92.4 

Jangi(3201) 155.9 293.3 137.4 46.8 2.2532x + 129.99 2.3 49.5 

Tabo(3260) 119.0 148.7 29.7 20.0 -0.7212x + 127.29 -0.7 -15.8 

Kaza(3639) 395.1 749.7 354.6 47.3 0.0928x + 394.01 0.1 2.0 

Malling Dogri(3811) 76.3 100.0 23.7 23.7 -1.0654x + 88.561 -1.1 -23.5 

Chitkul(3841) 497.3 519.2 21.9 4.2 -1.0714x + 509.66 -1.1 -23.5 

Lossar(4079) 598.1 1260.0 661.9 52.5 -6.5932x + 673.95 -6.6 -145.0 
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Table: 2. Snowfall Trends Observed at 21 Sites in Satluj Catchment(1984-85 to 2005-06) 

 

Station Sites 

Snowfall(mm) 

2004-05 
(base year) 

 
1984-85 to 1993-94 

(1
st
  decade) 

 

1994-95 to 2003-04  
(2

nd 
decade) 

 

Kilba(2030) 98.4 119.3 100.1 

Nichar(2287) 442.4 199.9 270.9 

Phancha(2348) 153.0 192.1 518.0 

Sarhan(2374) 126.0 101.5 277.0 

Sangla(2439) 381.2 194.7 428.7 

Purbani(2439) 297.2 204.0 323.8 

Kalpa(2439) 534.8 374.2 289.8 

Rupi(2439) 115.0 225.6 481.4 

Bahli(2598) 71.1 46.6 106.9 

Moorang(2744) 161.1 142.8 262.0 

Narkanda(2774) 99.2 199.8 257.0 

Pooh(2835) 227.7 133.0 196.0 

Giabong(2896) 232.6 193.4 218.0 

Namgia(2910) 173.0 116.6 150.8 

Rakchham(3130) 462.5 404.1 369.4 

Jangi(3201) 149.1 139.7 293.3 

Tabo(3260) 142.4 102.1 148.7 

Kaza(3639) 435.1 335.2 749.7 

Malling Dogri(3811) 87.8 63.9 100.0 

Chitkul(3841) 544.8 452.6 519.2 

Lossar(4079) 694.7 469.3 1260.0 



 

III 

 
 
 
 
 
 
 
 
    

Table: 3. Snowfall Trends Observed in Satluj Catchment (84-85 to 2005-06) 
 

Sr. 
No. 

Station Sites 

Snowfall(Water Equivalent in mm) 

1984-85 
to 

1993-94 

Increase/Decrease 
over 

1st decade 

1993-94 
to 

2003-04 

Increase/Decrease 
over 

2nd decade 2004-05 

(mm) (%) (mm) (%) 

1 Kilba(2030) 98.40 1.7 1.8 119.3 -19.2 -16.1 100.1 

2 Nichar(2287) 442.4 -171.5 -38.8 199.9 71.0 35.5 270.9 

3 Phancha(2348) 153.0 365.0 238.6 192.1 325.9 169.7 518.0 

4 Sarhan(2374) 126.0 151.0 119.8 101.5 175.5 172.9 277.0 

5 Sangla(2439) 381.2 47.5 12.5 194.7 234.0 120.2 428.7 

6 Purbani(2439) 297.2 26.6 8.9 204.0 119.8 58.7 323.8 

7 Kalpa(2439) 534.8 -245.0 -45.8 374.2 -84.4 -22.6 289.8 

8 Rupi(2439) 115.0 366.4 318.8 225.6 255.8 113.4 481.4 

9 Bahli(2598) 71.10 35.8 50.3 46.6 60.3 129.4 106.9 

10 Moorang(2744) 161.1 100.9 62.7 142.8 119.2 83.5 262.0 

11 Narkanda(2774) 99.20 157.8 159.2 199.8 57.2 28.6 257.0 

12 Pooh(2835) 227.7 -31.7 -13.9 133.0 63.0 47.4 196.0 

13 Giabong(2896) 232.6 -14.6 -6.3 193.4 24.6 12.7 218.0 

14 Namgia(2910) 173.0 -22.2 -12.8 116.6 34.2 29.3 150.8 

15 Rakchham(3130) 462.5 -93.1 -20.1 404.1 -34.7 -8.6 369.4 

16 Jangi(3201) 149.1 144.2 96.7 139.7 153.6 109.9 293.3 

17 Tabo(3260) 142.4 6.3 4.4 102.1 46.6 45.6 148.7 

18 Kaza(3639) 435.1 314.6 72.3 335.2 414.5 123.7 749.7 

19 Malling Dogri(3811) 87.80 12.2 13.9 63.9 36.1 56.5 100.0 

20 Chitkul(3841) 544.8 -25.6 -4.7 452.6 66.6 14.7 519.2 

21 Lossar(4079) 694.7 565.4 81.4 469.3 790.7 168.5 1260.0 



 

IV 

 

Table: 4. Snowfall Trend Analysis (No. of Events > or < Average) 
 

Sr. 
No. 

Stations-
Sites/Months 

Sep Oct Nov Dec Jan Feb Mar Apr May 

1 Narkanda 
> av. nil 3 6 10 9 8 8 3 nil 

<av. nil 19 16 12 13 14 14 19 nil 

2 Bahli 
> av. nil nil 2 8 8 9 8 nil nil 

<av. nil nil 20 14 14 13 14 nil nil 

3 Sarhan 
> av. nil nil 3 6 9 9 3 nil nil 

<av. nil nil 19 16 13 13 19 nil nil 

4 Phancha 
> av. nil 1 6 8 8 7 7 4 1 

<av. nil 21 16 14 14 15 15 18 21 

5 Rupi 
> av. nil 1 5 8 8 4 6 3 nil 

<av. nil 21 17 14 14 18 16 19 nil 

6 Nichar 
> av. nil 1 4 8 8 11 7 1 nil 

<av. nil 21 18 14 14 11 15 21 nil 

7 Kilba 
> av. nil 1 3 8 7 8 2 1 nil 

<av. nil 21 19 14 15 14 20 21 nil 

8 Sangla 
> av. nil 2 4 8 10 10 6 4 1 

<av. nil 20 18 14 12 12 16 18 21 

9 Chitkul 
> av. nil 6 7 10 9 10 9 8 6 

<av. nil 16 15 12 13 12 13 14 16 

10 Purbani 
> av. nil nil 5 8 8 9 8 6 2 

<av. nil nil 17 14 14 13 14 16 20 

11 Kalpa 
> av. nil 2 6 8 10 10 10 7 3 

<av. nil 20 16 14 12 12 12 15 19 

12 
Moorang 

 

> av. nil 1 6 8 8 11 9 3 1 

<av. nil 21 16 14 14 11 13 19 21 

13 Jangi 
> av. nil 2 2 9 7 10 10 5 nil 

<av. nil 20 20 13 15 12 12 17 nil 

14 Giabong 
> av. nil 1 6 7 10 9 8 6 1 

<av. nil 21 16 15 12 13 14 16 21 

15 Pooh 
> av. nil 1 4 7 12 12 12 5 1 

<av. nil 21 18 15 10 10 10 17 21 

16 Namgia 
> av. nil 1 5 8 9 11 9 4 1 

<av. nil 21 17 14 13 11 13 18 21 

17 Malling Dogri 
> av. nil 3 6 9 7 10 9 10 5 

<av. nil 19 16 13 15 12 13 12 17 

18 Tabo 
> av. 1 1 5 6 6 8 8 6 3 

<av. 21 21 17 16 16 14 14 16 19 

19 Kaza 
> av. 1 5 6 11 8 11 10 8 6 

<av. 21 17 16 11 14 11 12 14 16 

20 Lossar 
> av. 2 6 6 10 8 9 8 6 6 

<av. 20 16 16 12 14 13 14 16 16 

21 Rakchham 
> av. nil 6 7 9 10 9 12 9 3 

<av. nil 16 15 13 12 13 10 13 19 

 



 

V 

 
 

Table: 5. Snowfall Trend Analysis (No. of Events 2x, 3x & 4x the monthly average Snowfall) 
 

Stations-Sites/Months Sep Oct Nov Dec Jan Feb Mar Apr May 

Kilba 2030 

2x > av. nil 1 3 1 2 2 2 1 nil 

3x > av. nil 1 3 1 nil 1 2 1 nil 

4x > av. nil 1 2 1 nil nil 2 1 nil 

Nichar 2287 

2x > av. nil 1 2 2 1 nil 2 1 nil 

3x > av. nil 1 1 1 1 nil nil 1 nil 

4x > av. nil 1 1 1 1 nil nil 1 nil 

Phancha 2348 

2x > av. nil 1 3 3 2 3 3 3 1 

3x > av. nil 1 2 1 nil 3 3 2 1 

4x > av. nil 1 1 1 nil nil nil 2 1 

Sarhan 2374 

2x > av. nil nil 3 1 1 3 2 2 nil 

3x > av. nil nil 3 1 nil nil 2 2 nil 

4x > av. nil nil 3 1 nil nil 2 1 nil 

Sangla 2439 

2x > av. nil 2 2 2 nil nil 2 4 1 

3x > av. nil 2 2 1 nil nil nil 2 1 

4x > av. nil 2 1 nil nil nil nil 2 1 

Purbani 2439 

2x > av. nil nil 2 3 nil nil nil 4 2 

3x > av. nil nil 2 nil nil nil nil 1 2 

4x > av. nil nil 2 nil nil nil nil 1 2 

Kalpa 2439 

2x > av. nil 2 3 1 nil nil nil 4 2 

3x > av. nil 2 3 nil nil nil nil 1 1 

4x > av. nil 2 1 nil nil nil nil 1 1 

Rupi 2439 

2x > av. nil nil 4 1 nil 2 1 3 nil 

3x > av. nil nil 2 nil nil 1 1 3 nil 



 

VI 

4x > av. nil nil 2 nil nil nil 1 2 nil 

2000-
2500m 

 

2x > av. nil 7 22 14 6 10 12 22 6 

3x > av. nil 7 18 5 1 5 8 13 5 

4x > av. nil 7 13 4 1 nil 5 11 5 

Bahli 2598 

2x > av. nil nil 2 3 1 1 4 nil nil 

3x > av. nil nil 2 2 nil 1 1 nil nil 

4x > av. nil nil 2 1 nil 1 nil nil nil 

Moorang 2744 

2x > av. nil 1 2 1 1 nil 1 2 1 

3x > av. nil 1 1 1 nil nil nil 2 1 

4x > av. nil 1 1 1 nil nil nil 2 1 

Narkanda 2744 

2x > av. nil 1 2 1 1 2 1 1 nil 

3x > av. nil 1 1 1 nil nil nil 1 nil 

4x > av. nil 1 1 1 nil nil nil 1 nil 

Pooh 2835 

2x > av. nil nil 2 1 nil nil nil 3 1 

3x > av. nil nil 2 1 nil nil nil 2 1 

4x > av. nil nil 2 nil nil nil nil 1 1 

Giabong 2896 

2x > av. nil 1 2 1 nil nil nil 2 1 

3x > av. nil 1 2 1 nil nil nil 2 1 

4x > av. nil 1 2 1 nil nil nil 2 1 

Namgia 2910 

2x > av. nil 1 2 1 nil nil nil 3 1 

3x > av. nil 1 2 nil nil nil nil 2 1 

4x > av. nil 1 1 nil nil nil nil 2 1 

2500-
3000m 

 

2x > av. nil 4 12 8 3 3 6 11 4 

3x > av. nil 4 10 6 nil 1 1 9 4 

4x > av. nil 4 9 4 nil 1 nil 8 4 

Rakchham 3130 

2x > av. nil 2 3 nil nil nil nil 1 2 

3x > av. nil 2 2 nil nil nil nil nil 2 



 

VII 

 
 
 
 

4x > av. nil 1 1 nil nil nil nil nil 1 

Jangi 3201 

2x > av. nil 1 1 2 2 nil nil nil nil 

3x > av. nil 1 1 nil 1 nil nil nil nil 

4x > av. nil 1 1 nil nil nil nil nil nil 

Tabo 3260 

2x > av. 1 1 3 3 2 2 2 2 2 

3x > av. 1 1 1 1 1 nil nil 2 2 

4x > av. 1 1 1 1 1 nil nil 1 2 

Kaza 3639 

2x > av. 1 2 2 nil 1 nil nil 1 2 

3x > av. 1 2 2 nil 1 nil nil 1 2 

4x > av. 1 2 1 nil nil nil nil 1 2 

Malling 
Dogri 

3811 

2x > av. nil 2 2 2 2 nil 2 1 3 

3x > av. nil 2 2 1 nil nil nil nil 3 

4x > av. nil 1 2 nil nil nil nil nil 3 

Chitkul 3841 

2x > av. nil 2 2 2 1 nil nil 1 2 

3x > av. nil 1 1 nil nil nil nil nil 2 

4x > av. nil 1 1 nil nil nil nil nil 1 

Lossar 4079 

2x > av. 2 2 2 nil 1 nil 1 1 3 

3x > av. 1 2 2 nil 1 nil 1 1 3 

4x > av. 1 1 2 nil nil nil 1 1 2 

3000-
4000m 

 

2x > av. 4 12 15 9 9 2 5 7 14 

3x > av. 3 11 11 2 4 nil 1 4 14 

4x > av. 3 8 9 1 1 nil 1 3 11 


