Detection of Changes in Temperature in Upper Ganga River Basin

Chetan Sharma'! and Chandra Shekhar Prasad Ojha?

'Madhav Institute of Technology and Science, Gwalior
2Indian Institute of Technology (II'T) Roorkee

November 26, 2022

Abstract

Ganga river basin is the lifeline of the most of the North Indian population. Upper Ganga river basin is the source of Ganga
river where Ganga river originates form Gangotri glacier. Many articles, researches are claiming that most of the Himalayan
glaciers are receding due to rising temperature caused by climate change. In this study it is tried to find the changes in average
temperature in the month of December. High resolution gridded monthly temperature data provided by Climate Research
Unit (CRU) for 116 years, i.e., from year 1901 to 2016 is used. Least square linear trend shows upward trend in most of the
regions. Significance of these trends is checked using non-parametric Mann-Kendal (MK test) at 5% significance level and
found significance for most of the Southern regions of basin. Assessment of time of change detection is one of the important
tasks for any climate change study. Here, time of change is found out using Non-parametric Cumulative -Deviation test at 5%
significance level. It is found that most of the regions of Gangetic plains show change in the year 1988. No change in detected in
the upper reaches of Ganga river. So, the plains of Upper Ganga river basin are found to be highly affected by climate change

and winter temperature is rising significantly.
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Background Data used
Upper Ganga river basin i1s the source of Ganga river where ¢ High resolution gridded precipitation data provided by Climate R?S““S > a
Ganga river originates form Gangotri glacier. Effect of climate Research Unit (CRU) (Harris et al., 2014). | | | - | ' ' | = |

Upper Ganga river Basin- Significance of Trend Upper Ganga river Basin- Change Year
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change, urbanization on hydrology of Ganga river basin have been ¢ Location data of grid points in the form of Latitude (Lat) and
studied (Misra, 2011; Singh & Bengtsson, 2004). Researches are Longitude (Long)
claiming that most of the Himalayan glaciers are receding due to Methodology
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rising temperature caused by climate change (Barnett et al., 2005; _. 3 F P
Kehrwald et al., 2008). Sharma & Ojha, (2018) found that annual = The following steps are involved in this study _ :
precipitation in Upper Ganga river basin have been significantly ““h & O B s ED R R OO

1. Trend estimation using least square linear slopes
2. Mann-Kendal test (MK) to find significance of trends
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decreased. However, changes of Winter (December) temperature
in Upper Ganga basin are not yet assessed. Winter temperature
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highly affect the snowfall and plays important role in maintain The fest static °S” of the MK test s defined as . o s oo
pre-monsoon flows. S :(Z; Z sgn(x, —x,) ’ | ; ) .
We have tried to find the trends of winter temperature and to i if S >0 g £ | Logona
detect change point, if any, in Upper Ganga river basin. VARG n(n—1)2n+5) - 1,(t, —1))(2, +5) Sl e
Cumulative Deviation Test (CD) is used to detect change point in AT VAR(S) = = 9 B o| wwoen | | e et
winter temperature. e e 18
JVAR(S)
Study area if Z> Z the trend 1s significant Significance of Trends Change Point Detection- Detected Change point
Upper Gang\a River Basin, India years USiIlg CD Test

Discussions and Conclusions
Trend estimation and change point detection 1s one of the important task for climate
change study. Winter temperatures in the Upper Ganga river basin showing
UpferGatiea e tin}{e series X, with N data points warmigg trends.OSOme .of .the. location .are showing rise.! in winter temperature ?by
EE i : 5, apprf)mmately.l C. This indicates serious ef.fect of chma@ char.lge' on the glgc.ler
. Sk = Z(X i —X) S ==t dominated region. Most of the Southern regions are showing significant positive
e o i=1 v trends. The change detection study indicates that change is detected mostly in the
P | Nepal A test static O is defined Q = max(|Sk|) 0 Southern regions of Upper Ganga river basin. The year 1988 is detected change
De,,,, ST The series 1s said to be heterogeneous, if the value of / VN year for most of the regions. So, it can be seen that climate change is affecting the
| el \ exceeds critical value at defined signiﬁcance level. minimum temperatures 1mn Upper Ganga river basin.
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3. Cumulative Deviation (CD) test to find location of change
point. Cumulative deviation tests 1s a test to detect
Himachal Pradesh | China Study Area: heterogeneity in time series.
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