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Introduction
Evidence from climate models suggests that the global climate is 

changing in an unprecedented manner, mainly due to rapid increase 
in the atmospheric concentration of greenhouse gases. The increase in 
greenhouse gas emissions in most parts of the world, including India is 
likely to continue in the near term. The Fourth Assessment Report (AR4) 
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Figure 4: Seasonal trends in TMN.

outnumbers the decreasing trends. The variable TMX10 showed an 
increasing trend at five stations (three significant) and decreasing trends 
(one significant) at three stations. The trends in TMX90 are similar to 
those for TMX10 with six stations exhibiting increasing trend, but none 
of these were statistically significant thus indicating weak increasing 
trends in maximum daytime temperature. Two stations exhibited 
decreasing trends of which Suni had a statistically significant trend. 
Suni is the only station that showed a statistically significant decreasing 
trend in both TMX10 and TMX90.  For TMN10, the number of stations 
with increasing trends is equal to the number of stations with decreasing 
trends. The only station that showed a statistically significant trend in 
TMN10 was Bhakra, but none of the stations exhibited statistically 
significant decreasing trend. For TMN90, equal numbers of increasing 
and decreasing trends were obtained but none of these trends were 
statistically significant.

Discussion and Conclusions
Long term trends of seasonal and annual temperatures, both 

maximum and minimum, have been investigated using Mann-Kendall 

nonparametric test.  Additionally, trends in DTR, LTMX, LTMN, and 
four temperature indices have been investigated for eight stations in 
the Satluj River Basin. The intention behind the analysis conducted 
in this research was to assist, through interpretation of trends, in the 
development of adaptation strategies to counteract the adverse impacts 
of climate change in the basin that is considered to be highly vulnerable 
to the impacts of global warming. The version of the Mann-Kendall 
test applied herein alleviates some of the problems in trend analysis of 
historical data with the intent of establishing a research agenda that can 
further address issues of global warming. 

A clear warming pattern was observed in the basin with the 
majority of the stations (six of eight) exhibiting increasing trends in 
annual TMX.  None of the stations exhibited a statistically significant 
decreasing trend in annual TMX. The trends in annual TMN were, 
however, mixed with a bias towards increasing trends. However, three 
stations showed statistically significant decreasing trends in TMN. 
The observed cooling trend at these stations in the basin corresponds 
with results for minimum temperature reported by Fowler and Archer 
[40] for the upper Indus Basin. The predominantly increasing trend in 
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diurnal temperature range owing to the asymmetrical trends in TMX 
and TMN is also shared with upper Indus stations [41] and has also 
been reported in parts of India [42]. This contradicts general global 
patterns whereby faster increases in TMX than TMN yield decreasing 
DTR [27,43].

Some higher elevation stations (for example, Raksham, Kaza, and 
Namgia) showed clear warming trends both in TMX and TMN. Similar 
findings have been reported in some studies on the Himalayas in 
Xizang province of China, which found higher warming rates at higher 
altitudes [44-49]. Increased warming in the higher elevation stations 
is likely to result in increased melting of glaciers and snowfields. This 
could have a serious impact on water availability in the basin as higher 
volume of water would be available downstream during the first half of 
this century, but acute shortages may occur in water availability during 
the second half of the current century with diminished glacier and 
snowfield extent. The underlying assumption for this plausible scenario 
is that the current temperature trends will continue in the future. 

Trend analysis of seasonal temperature data revealed that the 
warming was more pronounced in winter and spring seasons than in 
summer and autumn seasons. This melt during the spring months may 
be especially enhanced, but may be less serious during the summer 
months. Trends in all four temperature indices considered in this study 
were predominantly increasing. For TMX90, there were eight increasing 
trends whereas TMN90 exhibited seven increasing trends. At four 
stations, TMN90 exhibited increasing trends with very low p-values. 
The lower the p-values the stronger is the trend, and; therefore, a clear 
warming trend in nighttime temperature represented by TMN90 was 
found from the analysis. 

Analysis of results clearly revealed a greater number of increasing 
trends in most of the variables investigated than could be expected to 
occur by chance.  The general pattern in the trends clearly indicated 
increased warming in the basin, which could have implications for water 
availability in the basin as the contribution of snow and glacier melt to 
annual runoff at Bhakra reservoir is about 60%. If the current trends 
in temperature continue in the future, the magnitude and timings of 
water availability at Bhakra reservoir could be significantly impacted 
thereby putting drinking water supplies of millions of people at risk. It 
may be concluded that the analysis of historic temperature data in India 
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