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ABSTRACT

Climate change is a major challenge facing our planet today and pattern of global warming will be more pronounced at
high altitude zones, especially those in the tropics and subtropics upto 3 to 5 times faster warming than the rest of
world. Continuing climate change is predicted to lead to major changes in the precipitation pattern that affecting the
river flows, groundwater recharge, natural hazards, and the ecosystem, as well as to people and their livelihoods. Most
part of Kinnaur comes under cold desert with high mountainous area, ranging in altitude from 2,320 to 6,816 meters
(7,612 to 22,362 ft), covered with snow. Any variation in precipitation would affect the climate of Kinnaur. Change in
precipitation pattern in Himalayan has considerable impact on environment and ecosystem. The river and adjoin
grassland and forest ecosystems would be severally affected by the change in the precipitation pattern. It also increase
the chances of hydro-meteorological disaster flash flood, Avalanche, flood, Glacier lake outburst flood (GLOF),
changing vegetation pattern, shifting of snowline etc. For know the impact of climate change on precipitation pattern,
we studied 100 year precipitation (year 1914 — 2013) data of Kinnaur and concluded that there is series of wet and dry
period for 25 year & studied of average precipitation for 50 years indicated that average precipitation has been
increases since year 1964. Above data also indicated that next 20-25 years will be wet period for Kinnaur and chances
of hydro-meteorological disaster will be increased.

INTRODUCTION

Climate change is a major challenge facing our planet toady and some of the best evidence such as melting glaciers
comes from mountain areas. Continuing climate change is predicted to lead to major changes in the strength and
timing of the Asian monsoon, inner Asian high pressure systems, and winter westerlies — the main systems affecting
the climate of the Himalayan region. The impacts on river flows, groundwater recharge, natural hazards, and the
ecosystem, as well as on people and their livelihoods, could be dramatic, although not the same in terms of rate,
intensity, or direction in all parts of the region™™ . A substantial portion of the annual precipitation falls as snow,
particularly at high altitudes (above 3000m) feeding the Himalayan glaciers. The high Himalayan and inner Asian
ranges have the most highly glaciated areas outside the polar regionst? I,

Rising global temperature may have triggered large scale changes in the energy exchange processes (radiative
forcings), affecting the atmospheric circulation and the global precipitation patterns“l 61, Effects will not be limited to
changes in precipitation. Global warming reduces snow cover, melts away glaciers, and degrades permafrost!’l

There are evidences to indicate that Himalayas are warming at the higher rate than the global average rate® ! and its
impact are studied by many scientist!®],[2% 241 \Warming will be significant in arid regions of Asia and the Himalayan
highlands, including the Tibetan Plateau®! 261, The Indian Institute of Tropical Meteorology, Pune has reported a
decrease in precipitation over 68 per cent of India’s area over the last century®l. The precipitation received in an area
is an important factor in determining the amount of water available to meet various demands, such as agricultural,
industrial, domestic water supply and for hydroelectric power generation. Global climate changes may influence long-
term precipitation patterns impacting the availability of water, along with the danger of increasing occurrences of
droughts and floods. The southwest (SW) monsoon, which brings about 80% of the total precipitation over the
country, is critical for the availability of freshwater for drinking and irrigation. Changes in climate over the Indian
region, particularly the SW monsoon, would have a significant impact on agricultural production, water resources
management and overall economy of the country.

The state of Himachal Pradesh has experienced a variation in precipitation pattern and large number of incidences of
flood since 1971. Though the state has also faced severe flood disaster in 1975 and 1988 but the last decade (1997-
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2005) has proved one of the worst decades as both the magnitude and frequency of floods has gone up®?. In view of
the above, a number of studies have attempted to investigate the trend of climatic variables for the country. These
studies have looked at the trends on the country scale, regional scales and at the individual stations. This article gives
an exhaustive coverage of the precipitation variation in Kinnaur district from last 100 years from 1914 to 2013, its
future trend in Kinnaur district, Himachal Pradesh.

METHEDOLOGY

Change in precipitation pattern in Himalayan has considerable impact on environment and ecosystem. The river and
adjoin grassland and forest ecosystems would be severally affected by the change in the precipitation pattern. It also
increase the chances of hydro-meteorological disaster flash flood, Avalanche, flood, Glacier lake outburst flood
(GLOF), changing vegetation pattern, shifting of snowline etc. To know the impact of climate change on precipitation
variation in Kinnaur district in last 100 years from 1914 to 2013, we collected precipitation data from Indian Water
Portal, India Meteorological department and Himachal Pradesh Statistical book 2010-2011. After that calculated
average precipitation variation for each five year, twenty five years, fifty years and one hundred years.

STUDY AREA

Kinnaur is located between 77°45” and 70° 00°35” East longitude and 31°05°50” to 32° 05°15” north latitude and
bounded by Tibet and Uttaranchal on the east, Shimla district in south-west, Kullu and Lahaul-Spiti district in the
north-west, about 235 km from the state capital, Shimla. District headquarter is located at Reckong Peo. The district is
divided into three administrative sub-division- Pooh, Kalpa and Nichar. It has five Tehsils namely Pooh, Moorang,
Kalpa, Sangla and Nichar and one Sub-Tehsil i.e. Hangrang?®l, 2°1,

Kinnaur situated in Trans Himalayan Zone of Himalayas having high mountain ranges, altitude from 1600 m to 6816
m; considered to be a sedimentary wedge between colliding plate margins of Indian and Asian plates and having deep
narrow valleys/gorges of River Satluj and its numerous tributaries, having their origin in the glaciated ridge. Kinnaur
has three high mountains ranges, namely, Zanskar, Himalayas and Dhauldhar that ~ enclose  valleys
of Sutlej, Spiti, Baspa and their tributaries. In the regional overview, the Kinnaur district occupies a position as
harbinger between the Kumaon and Punjab Himalaya with Satluj river forming the divide®®.  The rock types, vary
from highly metamorphosed schists and gneisses to shale and sandstone ranging in age from Middle Pre-Cambrain to
Cretaceous. Rocks exposed in Upper Satluj Valley belong to Vaikrita and Haimantha Groups ranging in age from
Middle - Late Proterozoic to Lower-Middle Cambrian.

The district Kinnaur is upstream to the dividing line between climatic zones | and 11l of northern India. Zone I, the
Tropical Monsoon climate, extends from the Indian Ocean, north as far as Wangtoo, with its effects altered by
elevation and topography. The tropical monsoon climate involves an annual rainfall in excess of 2000 mm, occurring
mostly in the months of June to October. Climatic Zone I11, the Arid Mountain Climate, is affecting the Tibetan and
western China Plateau, is characteristically cold and dry in winter, and hot and dry in summer. This is strongly
modified by the topography of the region.

Winters are severe with heavy snowfall causing Glaciers and Avalanches. Summers are mild with the rainy season in
most of the Kapla and Nichar Sub-Divisions of the district. Pooh Sub-Division of this district forms part of ‘Indian
Cold Desert’ and receives scanty rainfall as it falls in rain-shadow zone of the Himalaya. Satluj is the main river of
Kinnaur district.

The unique Geo-tectonic, Geological, Geomorphologic and Climatic conditions of the district take it
vulnerable/susceptible to various kinds of natural hazards/disasters which have been compounded by increasing human
interventions with the nature. Probability of Cloudburst, flood/flash flood and landslide in Kinnaur district is very
high.

RESULT AND DISCUSSION

Precipitation in the North Western Himalaya occurs under the influence of westerly disturbances during the months
from October to May and due to the southwest monsoon from July to September. Different parts of the region
experience varied climatic conditions. The extreme eastern part with little vegetative cover near Tibet experiences a
cold dry climate with limited precipitation, both in the form of rain and snow. The western part is endowed with
comparatively moist weather with moderate precipitation (snow and rain), evergreen to semi-evergreen forest cover
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with many rivers and valleys. Depending upon the altitude, different ranges in the North Western Himalaya receive
different amounts of snowfall ranging from about 100 to >1600 cm. Most part of Kinnaur comes under cold desert
with high mountainous area, ranging in altitude from 2,320 to 6,816 meters (7,612 to 22,362 ft), covered with snow.
Any variation in precipitation would affect the climate of Kinnaur. Available studies suggest, an increase in the
frequency of high intensity rainfall from last few years -3, In many areas, a greater proportion of total precipitation
appears to be falling as rain than before. As a result, snowmelt begins earlier and winter is shorter; this affects river
regimes, natural hazards, water supplies, and people’s livelihoods and infrastructure, particularly in basins such as the
Tarim, which is dependent upon glacial melt in summer.
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Fig 1.: Political map of Kinnaur district®4,
According to Rabindranathf?! (2008), the rainfall is projected to increase during June to Sept. This may lead to
increased occurrence of floods and flow in to rivers and dams and have significant impact on food production, water
and forests.
To knowing the precipitation pattern in Kinnaur district, we have arrange precipitation data year wise and calculated
average precipitation for 5 years, 25 years, 50 years and for last 100 years, given in table 1 and shown in figure 2:
Table 1: Average Precipitation from year 1914 to 2013, Kinnaur district, H.P. [34- [3]

Time (5 year |5 year mean |25 year mean | 50 year mean | 100 year mean

interval) Precipitation  (in | Precipitation (in | Precipitation (in | Precipitation
mm) mm) mm) (in mm)

1914- 1918 1086.76

1919-1923 955.65

1924-1928 991.49 1011.87

1929- 1933 963.91

1934-1938 1061.52

1939-1943 858.45 976.23

1944- 1948 944.25 978.96

1949-1953 986.35 940.59

1954-1958 1013.47

1959- 1963 900.45
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1964-1968 809.66

1969-1973 1006.48

1974- 1978 1186.07 1006.96

1979-1983 950.85

1984-1988 1081.70

1989- 1993 822.93 981.69
1994-1998 1001.58

1999-2003 741.6 956.42

2004- 2008 1455.78

2009-2013 760.22

Table number 1 shows that average yearly precipitation for the year 1914 to 2013 is 978.96 mm and for 25 years
interval average precipitation are 1011.87 mm for year 1914 to 1938 , 940.59 mm for year 1939 to 1963, 1006.96 mm
for year 1964 to 1988 and 956.42 mm for year 1989 to 2013. It shows wet period (high precipitation from 100 years
average) for year 1914-1938 & year 1964- 1988 and dry period (Less precipitation from 100 years average) for year
1939-1963 & year 1989-2013. The average precipitation for 50 years, first 50 years (year 1914 to 1963) showing
976.23 mm and second 50 years (year 1964 -2013) 981.69 mm precipitation and indicates that average precipitation
has been increased in second 50 years.
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Fig 2: Year wise graphical presentation of precipitation data from year 1914 to 2013.
Impact of Precipitate pattern on Environment
The earlier studies by Pant and Kumarl®” (1997) using the data series of Parthasarathy et. Al. 81 (1994) also found the
similar results of 30 alternate sequence of dry and wet period for Indian precipitation patter.
Following the above result, precipitation pattern showing that further 20 -25 years would be wet period in Kinnaur
district, which increase the water flow in river and its tributries. Nominal change in precipitation pattern will give high
impact on environment and society due to weak geological & topographical condition; will increase chances of hydro-
meoteorological disaster such as flash flood, Cloudburst, flood, landslide, avalanche, hailstorn, extrem snowfall.
High precipitation pattern increased the water availabilty in water bodies and would be benificial for hydro-electric
project. There will be positive impact on vegetation. Local pepole will also be get benefites through tourism,
agriculture and infrastructure activities related to water.

CONCLUSION
From the above study, it concluded that precipitation following the 25 year cycle of wet and dry period. From year
1914 to 1938, high precipitation after that from year 1940 to 1963, dry period again from year 1964 to 1988 wet period
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and from year 1989 to 2013 dry period. So it may be next 20-25 year will be wet period (high precipitation) and from
the average precipitation for 50 years, year 1964 to 2013 shows high precipitation compared to year 1914 to 1963.
This result also indicates increasing in precipitation. May be climate change is behind the increase in precipitation in
this area.

Due to increase in precipitation, socio-economic impact would be beneficial due to development of water related
activities and tourism. There may be increase in hydro-meteorological disasters events and affect society in form of
economical loss as well as casualties. So we have to prepared take preparatory measures.
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