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Abstract - Water is significant normal assets on soil which
cater for all human endeavours. Groundwater is the foremost
vital and reliable fresh water resource globally even in areas
with excessive rainfall patterns and ample surface water. The
present study is used to evaluate the impact of rainfall on
ground water level fluctuations based on the data analysed
over a period of 10 years from 2011 to 2020 for the state of
Uttarakhand in the northern part of India. These data were
analysed for the precipitation variation and groundwater
variation. The examination too outlined that, the precipitation
is impacting the groundwater level of the consider range as
the rain more often than not begun in September and ended in
December. Be that as it may, there are small events of rain
within the rest of the months all through the year. The most
extreme water level too was found amid January to February.
The water table begins to decrease from June to August and
comes to its most reduced level ordinarily from August to
September. The result too outlines that, groundwater level
diminished day by day due to fumble and excessive withdrawal
from water system divisions and household employments.
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1.INTRODUCTION

India is among the countries having the greatest number of
rivers, but all the requirement of water in agricultural,
industrial or domestic purposes cannot be fulfilled with only
surface water. Groundwater is also one of the most
significant drinking and domestic water resource worldwide,
but the surge in urbanization and industrialization have
overexploited this precious resource, causing a dramatic rise
in its demand [1]. In many parts of India, groundwater has
been extensively utilized for agricultural, industrial and
domestic purposes [2]. Almost 250 billion cubic meters
(BCM) of groundwater is extracted in India out of which
more than 85% consumed for agricultural activities on
yearly basis [3].

In simple terms, groundwater can be thought of the water
which in present below the earth surface within soil pores
and cracks in rocks. Groundwater constitutes a significant
part of the hydrological cycle and is formed as precipitation
or the water stored in surface bodies infiltrates or seeps into
the ground. By natural discharge, groundwater from aquifers
enters springs, surface water sources, seepage areas or to

the sea [4]. Groundwater can be dynamically replenished
depending on the nature of various parameters like climatic
factors, hydrogeological and topographical constraints [5].
Uttarakhand is third largest dependent (more than 65%) on
groundwater for its irrigation purposes in the country [6].
Moreover, springs, which are basically points of discharge of
underground water sources to the surface is one of the major
domestic sources of water for the people of this region.

Uttarakhand is situated in the Himalayan foothills and
majority of the area of the State falls under hilly terrain
(about 86%) expect for Haridwar, Udham Singh Nagar and
some parts of Dehradun district. In hilly terrains,
groundwater primarily occurs in fractures and fissures; and
emerges as springs. The state possesses a diverse
hydrogeological set-up and is distinctively divided into two
regimes namely, the Himalayan mountain belt and the
Gangetic alluvial plain.

Marechal et al. reported a rapid increase in the number of
mechanized tube wells which has resulted in highest number
of pump sets installations in the country. Moreover,
groundwater irrigated land area has increased by 105% in
contrast with the area of surface water irrigated area
remained just 28% over the same period of two decades [7].

Singhal et al. accessed the availability of groundwater and its
development in the district of Uttarakhand and estimated
that the recharge rate in the water bearing formations of the
region was about 19% followed by a stage of about 164% for
groundwater development. These results suggested that
there was a critical over- exploitation of groundwater in that
region [8].

The aim of this present study is to evaluate the impact of
rainfall of groundwater level fluctuations in Uttarakhand,
India due to rapid increase in population rise, tourism and
other socioeconomic growth in the state. This will further
boost the need for groundwater management research as the
findings will provide some insight towards sustainable
utilization of this precious resources and its management in
order to avoid their shortage or decline.

1.1 Study Area

The study area is the state of Uttarakhand which lies in the
northern region of the country between 28043’ N to 31028’
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N latitude and 77034’ E to 81003’ E longitude. The state is
adjacent to Uttar Pradesh in the southern part and Himachal
Pradesh in the northwest and shares international boundary
with China and Nepal. It has a total geographical area of
53,483 kmZ [9] with a population of about 10.09 million and
population density of 189 per km? as per census report of
2011 [10].

Chart -1: The study area map indicates the districts for
which the data was collected

In Uttarakhand, the topography ranges from sub-tropical
forests at lower altitudes to glaciers at higher altitudes due
to its location on the southern slope of the Himalayas.
Uttarakhand falls under Montane, also known as alpine,
climate regions. The climate of Uttarakhand is temperate
with seasonal variation in temperature but also affected by
tropical monsoons. The temperature falls with elevation in
altitude. January is the coldest month, with daily high
temperatures below freezing and near 21° C in the southeast.
July is the hottest month in the north, with 7° C to around
21° C daily. While in the southeast, May is warmest month,
with daily temperature ranging from 38° C to the low of 27°
C. Summer is the driest part of the year with afternoon
relative humidity between 30% to 45% and morning relative
humidity from 50% to 70% in southern part. In these parts
the relative humidity ranges between 80% and 90% in the
morning and 50% and 70% in the afternoon.

The state receives the average precipitation of around 1300
mm, mostly brought by southwest monsoon which blows
from July through September. In general, the year is divided
into four seasons. The winter season from December to
February is followed by pre- monsoon or hot weather season
from March to May. June to September constitutes the
southeast monsoon season and period of October and
November is of post monsoon season [11].

The nature of water bearing formations falls under multi-
aquifer system in plain areas whereas fissures, joints and
fractures in metamorphic and crystalline igneous rocks are

the major water sources in hilly terrains. The water levels in
these aquifers ranges from 20 m bgl (meters below ground
level) to about 100 m bgl and is safely utilized for drinking,
irrigation and domestic purposes. Between pre and post
monsoon seasons the groundwater fluctuates typically
between 2 m to 4 m.

2. Methodology
2.1 Data Collection and Data Quality

The groundwater level data for the thirteen districts of the
Uttarakhand state were collected from Central Ground
Water Board (CGWB), Ministry of Jal Shakti, Department of
Water Resources, River development and Ganga
Rejuvenation, Government of India for the period of 2011 to
2020 were sorted and arranged in an Excel sheet. So also, the
Evapotranspiration and rainfall data for the same years were
collected and sorted in the same format above. The map of
the study area obtained from Uk.gov.in website of National
Informatics Centre Uttarakhand was used to locate the
districts/stations. All the data was found to be homogeneous
and the missing values obtained were less than 5% for the
period 2011 to 2020, the missing values in the data series
were estimated using various types of weighting methods
such as inverse, distance, correlation, and normal ratio.

3. Results and Discussions
3.1 Rainfall Variation

The below figures indicate the monthly variation in rainfall
in the thirteen districts of the state over a period of 10 years
from 2011 to 2020. The months from May to September
experiences the maximum rainfall during the rainy season.
The months from October to April observes the minimum
rainfall and sometimes very little or no rainfall. The results
of the study entail that, the maximum rainfall in Almora was
recorded in August, 2011, Champawat August, 2011,
Bageshwar July, 2018, Dehradun August, 2012, Chamoli July,
2018, Garhwal August, 2014, Pithoragarh July, 2018,
Haridwar July, 2018, Nainital July, 2016, Rudraprayag July,
2016, Uttarakashi August, 2012, Tehri Garhwal August, 2012
and Udham Singh Nagar August, 2012.
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Chart -1: Monthly variations in rainfall in the district of
Almora (2011-2020)
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Chart -2: Monthly variations in rainfall in the district of
Champawat (2011-2020)
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Chart -3: Monthly variations in rainfall in the district of
Dehradun (2011-2020)
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Chart -4: Monthly variations in rainfall in the district of
Bageshwar (2011-2020)
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Chart -5: Monthly variations in rainfall in the district of
Chamoli (2011-2020)
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Chart -6: Monthly variations in rainfall in the district of
Garhwal (2011-2020)
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Chart -7: Monthly variations in rainfall in the district of
Pithoragarh (2011-2020)

The maximum annual rainfall recorded in Almora was
1499.55 mm in 2011, Bageshwar 2263.35 mm in 2018,
Champawat 1228.49 mm in 2014, Chamoli 1858.15 mm,
Dehradun 20178.94 mm in 2013, Garhwal 1355.34 mm in
2013, Haridwar 1545.92 mm in 2013, Nainital 1694.08 mm
in 2013, Pithoragarh 2455.27 mm in 2019, Rudraprayag
1991.07 mm in 2013, Tehri Garhwal 1539.46 mm in 2013,
Udham Singh Nagar 1758.85 mm in 2018 and Uttarakashi
1815.85 mm in 2013. It further indicated that Uttarakhand
state received an excessive rainfall in the year 2013, as each
district recorded higher values for rainfall. Pithoragarh
received the highest rainfall of 2455.27 mm in 2019 and
Uttarakashi received the lowest rainfall of 849.61 mm in
2011. While the average rainfall received was recorded at
Rudarprayag (1398 mm) in 2020.
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Chart -8: Monthly variations in rainfall in the district of
Haridwar (2011-2020)
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Chart -9: Monthly variations in rainfall in the district of
Nainital (2011-2020)

District Rudraprayag
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Chart -10: Monthly variations in rainfall in the district of
Rudraprayag (2011-2020)
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Chart -11: Monthly variations in rainfall in the district of
Uttarkashi (2011-2020)
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District Tehri Garhwal
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Chart -12: Monthly variations in rainfall in the district of
Tehri Garhwal (2011-2020)
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Chart -13: Monthly variations in rainfall in the district of
Udham Singh Nagar (2011-2020)

The minimum annual rainfall was recorded at Uttarkashi
(849.61 mm) in 2011 while Garhwal is the district that has
the lowest rainfall in the state as the table above shows. The
study result also shows that the rainfall has decreased in the
area since from 2011 to 2020, but the decrease is not
linearly. There is a wide variation of the rainfall in the study
area depending upon the area and the year.

3.2 Rainfall Variation

The result of the analysis suggests that, annual rainfall of the
state has increased but the increase is not linear and
decreased in 2020 over the period of study as recorded in
Table 1. Similarly, the above (Figure 9) illustrates the trends
in the groundwater table of the study area during 2011 to
2020. The result showed that the minimum water table was
in 2016 and maximum was in 2018 due to increase in
rainfall. The result indicated the good relationship between
these parameters as the fluctuation curve indicated which
was abiding by the nature of the rainwater of the area. The
highest deflection occurred from April to July, and the water
table slowly increased until it reached the minimum during

August to November it maintained an average level until
February.

Fluctuations in ground water level
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Chart -14: Ground water level fluctuations for the state of
Uttarakhand over a period of 10 years (2011-2020)

The water table starts to decreases till the heavy rain will
start again in May. However, the overall yearly water table
resultindicating decline in groundwater level trend is due to
unsustainable withdrawal of groundwater for domestic and
irrigation purposes as the state used groundwater for water
supply, this were played a vital role in water level fluctuation
in Uttarakhand, India.

Table -1: Yearly rainfall (mm) of thirteen districts of
Uttarakhand, India (2011-2020)

Year Almora Bageshwar Chamoli Champawat Dehradun Garhwal Haridwar Nainital | Pithoragarh Rudarprayag  Tehri US  Uttarakashi

Garwal  Nagar
2011 149945 144893 138099 157984 | 17358 12997 | 131774 160285 142924 | 124034 133657 171322 84961
201z 103466 104431 108072 102561 | 15946 50892 103998 101409 104576 | 117636 17702 97317 116688
2013 134857 184908 185815 129949 | 207884 135534 154590 169408 200858 | 199107 153946 163369 181585

2014 118969 1387.08 138979 122849 125104 107306 114487 145018 150285 1330 12482 122749 1371
2015 108384 123035 130163 114107 | 130177 109951 107933 139753 134889 128533 103292 138953 125102
2016 107648 159334 14206 116981 133098 103829 113759 147021 195169 179229 133985 143339 125157
2017 117039 186641 16195 115577 | 165117 1200319 11133 166137 227826 187936 144397 162214 137722
2018 100051 226335 178356 1224 1649.49 93229 140461 150002 244129 173562 122537 175885 133452
2019 111896 211542 168514 111788 13853 106242 113506 144681 245527 158955 132514 148882 128104

2020 103311 179074 132653 118044 | 129228 7841 116197 124317 215347 138851 110703 131916 105565

4., Conclusions

The study results illustrate that, the maximum rainfall
occurred during June to September, and little rainfall was
recorded during January to March. The water table
fluctuation was recorded monthly, and analysis showed that,
precipitation have an influence in recharge of the water table
in Uttarakhand, India. The water table elevated during April
to May due to the recharge by the listed parameters and
usually declined from June to August. The lowest level of
groundwater level fluctuation was found to be from August
to September. The result of this study entails that the
groundwater level fluctuations in Uttarakhand is dependent
solidly on rainfall pattern. The findings of this research can
provide some information to the government for water
management and for predicting future climatic events.
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