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Analysis of the trend of heavy rainfall over Uttarakhand, India
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AR — WS AT H Fol dIfeh asT HT W11 79% CETT-aRH Hedfel HGH T o & FasR &
AR 9Ied g1 §1 §9 3eTaA H, I (Heavy), sgd #Y (Very Heavy) 3R 3icafiish s (Extremely Heavy)
awr i gy & agfa w1 faRower A & v swEs § AR Atew e @ (IMD) #r ar fasmeie
FRMATHT & AT sl & 1983 & 2023 @& & auor 31 1 30 fmam amm §1 fegdr 3 spoeaw
FRTATT 3G F TSN &1 F Tt Tl §, S JedgeT 3R TATR JUATAN SoREs & gl e
F i wecdt §1 o aff oy &9 (Climatology) & 9aT =@ar § & 3terds & #gel goment i
TR T T Jorelr H Y ant arer oAt v smgfy 3w B ¥ Tow F 3w IR Fos F AGeA F SRT
il st arer et #r amgfy st 3 aRacerelierar a gl &, e o Rdew 3R SfT &1 Tuel 317 gl
iRl wgial (Monotonic trends) &1 3UT@AfT &1 Hediehed e & U AE-hsel IR-yrafos ggia aeror
(Mann-Kendall non-parametric trend test) & 3wl faRar arm g1 forgesr aRomA Sglge weeet A oy 3
At aof arer et f1 FEar F vF FAGR, WEAHT T ¥ AGAET 9o UG & e §, St 3 TRt
# FE g S ST T Bl ACHS T F, GG, TR AR HFER WA W Hol A aw A
IAE a & TRRd H Uh Fecdeld Jeid ol I8 B, Safh gl cdtad awr H AW H UF Agcdeied
fiRrae vefdia #ar &1 IMD & #IEEt & 38R, 24 ¢ & @G I # GG gon, Fohl, HEAA, A, TEA
il 3R srcafs s AT # aeffea frar 81 adt & e - s AR F wafy favawer & A
T (2ERTeg, HFRR IR GFTR) R Ggd gohl a0 arel feAl # vk Ageaql sl ggfr 3R AT vt
(Eereet, HFARR 3R REd) W g% el (Dry days) & U HAgcadlal Hec YgRT &1 UAT T 1 3T aw
AT 1§ g wefia 78 w2

ABSTRACT. Uttarakhand state receives around 79% of the total annual rainfall during the southwest monsoon
season, i.e. from June to September. In this study, precipitation data of the monsoon season from 1983 to 2023 of four
departmental observatories of the India Meteorological Department (IMD) in Uttarakhand have been used to analyse the
trend of frequency of Heavy, Very Heavy and Extremely Heavy rainfall. Tehri & Mukteshwar observatories represent the
hilly region of Uttarakhand, while Dehradun & Pantnagar observatories represent the plains of Uttarakhand. Heavy
rainfall climatology reveals that the plains of Uttarakhand receive a higher frequency of heavy rainfall days than the hilly
stations. The state experiences higher frequency and lower variability of heavy rainfall days during August & July
months, followed by September & June. Mann-Kendall non-parametric trend test has been used to evaluate the existence
of monotonic trends. The results show a weak, statistically insignificant increasing tendency in the number of heavy and
more rainfall days in Dehradun station, while no trend is observed in other stations. Quantitatively, a non-significant rise
in the percentage of extreme rainfall to the total monsoon rainfall is observed over Dehradun, Pantnagar & Mukteshwar
stations, while Tehri exhibits a non-significant fall in the extreme rainfall quantity. As per the IMD criteria, the 24-hour
accumulated rainfall is categorized into Very Light, Light, Moderate, Heavy, Very Heavy & Extremely Heavy. The trend
analysis of individual categories of rainfall shows a significant increasing trend in very light rainfall days over three
stations (Dehradun, Mukteshwar & Pantnagar) and a non-significant decreasing trend of dry days over three stations
(Dehradun, Mukteshwar & Tehri). The other rainfall categories show no trend.
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1. Introduction

Climate change has affected the intensity and
frequency of precipitation over many parts of the world,
particularly the increase in heavy rainfall (Easterling et
al., 2017; Rajeevan et al., 2008; Goswami et al., 2006;
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Shahid, 2011; Wang & Zhou, 2005; Osborn & Hulme,
2002; Wan Zin et al., 2010 and Suppiah & Hennessy,
1998 ). At the same time, some places have shown no or
decreasing trend of heavy precipitation as well
(Hountondji et al., 2011; Saidi et al., 2015; Easterling et
al., 2017; Suppiah & Hennessy, 1998). Climate



