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Abstract !
In the age of climate change, the hydrological cycle is the most sensitive cycle
which is being adversely affected. The natural water sources such as natural

spssrings, rivulets, rivers etc of non-glacial fed watershed in Uttarakhand Artic_le History
are drying and dying steadily disturbing society’s economy, and environment sggg'ved: 31 December
and creating threat on livelihood and ecosystem of the region. The basic Accepted: 23 March 2023
goal of the current pssssaper is to evaluate the impact of climate change on
the gravity flow drinking water resource of the study area, Lesser Himalaya, Keywords
Uttarakhand. For this objective, the hydrometeorological data is analyzed in Baseflow;

. . . _ Climate Change;
this paper. The meteorological data, i.e., mean temperature (y = 0.059x + Drinking Water;
(-) 102.07) and average annual rainfall (y = 2.759x + (-) 4546.41) shows an Depletion of Water;
increasing trend while the hydrological data shows a decreasing trend over Rejuvenation;

. . . . . . Water S .
the time. The study shows that in spite of an increasing trend in the annual ater souree

rainfall pattern, the groundwater resource has been depleted significantly
in the study area caused by change in rainfall rhythm which has disturbed
the water recharging capacity of soil into the aquifers and the baseflow
discharge of the gravity flow sources. Due to all these changes, the baseflow
water discharge capacity of gravity flow sources have perturbed badly which
is imposing threat on drinking water supply in the villages of the study area.
At present, there are 93 gravity flow drinking water schemes in the study
area. On an average, the baseflow water discharge of these schemes at their
establishment year was recorded 40.11 I/m which has decreased to 23.46
I/min 2018. Thus, on an average, about 16.65 I/m baseflow water discharge
capacity of each scheme has been decreased since their establishment
year. These data shows that how alarmingly the baseflow water discharge
capacity at the sources of gravity flow schemes is depleting in the study
area. Therefore, the study suggests a water source rejuvenation program
for the sustenance of water sources, livelihood and ecosystem of the region.
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Introduction

Water is an invaluable, renewable and finite natural
resource on the planet Earth. It supports all forms
of life and without water resources, life is impossible
on the Earth because every living thing uses water
to sustain life." The whole ecosystem of the Earth
is controlled and regulated by the water cycle.?
At present, anthropogenically accelerated climate
change has perturbed badly the hydrological system
of the Himalayan region which is intensifying the
water crisis. A change in variables of climate such
as temperature and precipitation which persists for
a longer period or decades is known as climate
change.?® Several studies reveal that the Himalayan
ecosystem is more sensitive for climate change
than other terrestrial ecosystem of the world.*%¢
The mountains are warming with a faster rate than
the low lying areas.*” The Himalaya is the water tower
of Asia which is home of plenty of fresh water
resource in the form of snow/glaciers, lakes
and mighty rivers.>® Several studies reveal that
climate change has affected various sectors in
mountain ecosystem such as regional spring-fed
hydrology,® %112 agriculture, groundwater,'#15.16
biodiversity,'” horticulture’® and animal husbandry.®
Work on the impact of climate change on the
hydrological system in the Himalaya region is still
less than the other sectors. The climate change
is impacting the hydrological phenomenon in the
northwester Himalaya region.?® Recent studies
reveal that under the impact of climate change
the glaciers are melting at unprecedented rates,?'
increase in temperature,? increase in monsoon
rainfall,?® change in rainfall pattern, and rhythm
perturbation of water bodies and transformation
of rivers from perennial nature to seasonal,"?
decrease in perennial river network during baseflow
period caused by groundwater depletion,?*25
increase in extreme events.?:?

Several scholars have studied climate change
induced drinking water problems in various
ways such as drying of water resources,'? water
insecurity,?® poor water management,* water
scarcity,®® unsustainable development of water
resources,®" water infrastructure deterioration and
depletion,®? drinking water quality and waterborne
diseases® and hydrological drought.?* In the
Uttarakhand Himalaya region, gravity flow schemes
play an important role in supplying drinking water
in the remote village areas and these schemes are
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more feasible than the other means of water supply
method. Due to climate change, the groundwater
water table is decreasing very steadily in the study
area which has resulted in significant decrease
in water discharge capacity of gravity schemes
at their source.

The specific objectives of the present paper are
to understand the impact of changing climate on
water resources of a spring-fed Lesser Himalaya
watershed of Uttarakhand, to draw the attention
of the regional and international scientists and
leaders towards the sustainable water development
under the changing phenomenon of climate for
the sustenance of life in the fragile ecosystem
of Himalaya and to work out the spatial distribution
analysis of water depletion in the watershed.

Materials and Methods

About the Study Area

Geographically, the study area, viz., the Upper Kosi
watershed is located in the Uttarakhand state’s district
of Almora which extends in between 29°33'47"" N to
29°52'20"" N latitudes and 79°33'12"" Eto 79°48' 11"
E longitudes and encompasses total 463.45 km2
area (Fig.1). Altitudinally, the Upper Kosi watershed
varies in between 1041 m to 2714m. The study
area is situated in the Kumaun Lesser Himalayan
Region. Administratively, this watershed lies in two
developmental blocks namely Hawalbag and Takula
of district Almora. The upper part of the watershed
falls in Takula Developmental Block while the lower
part in Hawalbag development block. The study
area is bordered by district Bageshwar in the North
and North-East, Bhaisiyachhana Developmental
Block in the East, Lamgara Developmental Block
in the South-East, district Nainital in the South,
Tarikhet Developmental Block in the South-West,
and Dwarahat Developmental Block in the West.
The Kosi is a non-glacial fed river also known as
spring fed river which originates from Dharpanidhar
in Kausani region of the Takula Development Block.
In the starting journey, the Kosi River is known as the
Kaushalya Ganga and in Chanoda and Someshwer
region Kaushalya Ganga is known as the Kosi River.
Near Almora—Nainital district boundary the Swal river
joins Kosi at Quarab. The catchment area of this river
from Dharpanidhar to Quarab is called the Upper
Kosi watershed. The Kosi River makes confluence
with the Western Ramganga River in Uttar Pradesh.
There are total 323 villages in the watershed.
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According to geology, the rocks in the study
region are made up of four distinct tectonic units
and six lithological formations.?® The study area
experiences sub-tropical, cool temperate and cold
temperate climatic conditions.The average slope in
the study area stands at 20.41° (xsd 9.17) which
varies between 0° slope (valley area) to above 40°
slope (hill crest area). The aspect of the study area
reveals that the maximum terrain (14.31%) has
southern bearing aspect while minimum terrain

(10.80%) has western bearing aspect. According
to Strahler’s stream order,¢ the trunk river Kosi is
the seventh order stream having a network of total
3053 streams of different orders. The watershed's
streams have a combined length of 1527 km and a
density of 3.29 km/km?. As per Sentinel-2 satellite
data (October, 2019) based land use/cover analysis,
from watershed’s total area, about 59.31% part
is occupied by forest, 31.11% by barren, 8.57%
by agricultural and rest 1.01% by built up area.
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Fig. 1: Location map of the study region.

Data Collection and Data Analysis

For the present study, the meteorological data
have been derived from the Center of Excellence
for Natural Resource Data Management System
(NRDMS) in Uttarakhand, SSJ Campus and
University, Almora and hydrological data have
been collected from the Jal Sansthan Department,
Almora which is nodal department for drinking water
supply in the State of Uttarakhand. In the present
study, a long period (i.e., 1992-2019) meteorological
data of six meteorological stations namely Khunt,
Salla Rautela, Deolikhan, Kaneli, Kausani and
Sitlakhet located in different micro eco-hydrological
regions of the study area have been computed.
For hydrological analysis, the baseflow water
discharge data of 93 gravity flow schemes of the
watershed for three base years (i.e., establishment
year, 2017 and 2018) and decrease in baseflow
water discharge capacity have been analyzed.
The water discharge has been measured using the
given float method equation:

Q= V x A (where, Q= Discharge, V= Velocity and
A= Area).

The mean monthly temperature and rainfall data
of the last 28 years (i.e., 1992-2019) have been
computed to understand the monthly pattern
whereas the mean annual statistics have been
used for analysis of trend. The purpose of analysis
of trend is to understand whether the values
of analyzed parameters have increased, decreased
or trendless during the period. The correlation and
regression analysis has been computed using the
last 28 years meteorological data. For presenting
the spatial distribution map of the gravity flow
schemes, the GPS collected coordinates have used
and processed in ArcGIS software.

Results and Discussion

Meteorological Analysis: Pattern and Trend
The average annual temperature of the study area
stands at 17 °C which varies between 21.5 °C
as the maximum, and 12.4 °C as the minimum and
the average annual rainfall is recorded 987 mm.
The average monthly temperature analysis shows
that January is the coldest (9.5 °C) month while
June is the hottest (22.1 °C) month in the study
area. The month of July contributes maximum
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rainfall (i.e., average 234.97 mm during 1992-
2019) while November as minimum (8.34 mm) in
the watershed. Using the temperature data from
1992-2019, the correlation and regression analysis
have has conducted (Fig.2 and 3). The average
temperature correlation value r?=0.470 reveals
that there is positive correlation between time and
average temperature. As per the regression equation
y=0.059x + (-) 102.07, the mean temperature in 1992
was registered 16.2 °C which has increased to 17.8
°C in 2019. The maximum temperature correlation
value r?=0.461 reveals that there is positive
correlation between time and maximum temperature.
As per the regression equation y=0.072x + (-) 123.27,
the mean maximum temperature in 1992 was
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registered 20.6 °C which has increased to 22.6 °C
in 2019. The minimum temperature correlation value
r’=0.011 reveals that there is positive correlation
between time and minimum temperature. As per
the regression equation y=0.046x + (-) 80.886, the
mean minimum temperature in 1992 was registered
11.8 °C which has increased to 13 °C in 2019.
The rainfall correlation value r2=0.296 reveals
that there is positive correlation between time and
magnitude of rainfall. As per the regression equation
y=2.759x + (-) 4546.41, the mean rainfall in 1992
was registered 950 mm which has increased to 1024
mm in 2019. Thus, the meteorological parameters
reveal a positive correlation with time and the trend
line shows an increasing trend over the time.
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Fig. 2: Average, maximum and minimum temperature in °C and their trend line in the study area
(source: COE, NRDMS, 2019).%"
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Fig. 3: Average annual rainfall and its trend line in the study area (source: COE, NRDMS, 2019).%"
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Historical Background of Gravity Schemes

Next to natural spring, the drinking water gravity flow
scheme is the second important means of drinking
water in the study area. For a long time, the natural
springs fulfilled the water needs of the study area
but gradually the water discharge of natural springs
started to decrease and now the natural springs were
unable to fulfill the drinking water needs of the study
area. Therefore, to meet the drinking water needs
of the study area a new drinking water scheme was
started that is gravity flow drinking water scheme.
The first gravity flow drinking water scheme was
developed during the British period in 1884 by the
name of Baldhauti drinking water scheme to meet
the drinking water need of the Almora Town area.*”
At present, there are as many as 93 gravity flow
schemes in the entire study area and the spatial
distribution of these gravity flow schemes as per the
magnitude of their discharge capacity at their sources
is presented in figure 4 and 5. The baseflow water
discharge capacity of these schemes is decreasing
steadily under climate change impact causing acute
drinking water crisis in the villages of the study area.
To overcome this drinking water problem, other

373

means of drinking water have been developed
in the study area.

Spatial Distribution of Gravity Flow Schemes
Till the late nineteenth century, we can say that
there was the age of Naula and Dhara for drinking
water as it was the only means for drinking water.
As the population increased, naula and dhara were
unable to fulfill supply the required drinking water
demand of the study area. Then, another means of
drinking water came into existence known as gravity
flow drinking water schemes. In simple words, the
meaning of gravity flow is to move the water from
the upper altitude to the lower altitude by the gravity
force of the earth. In gravity flow schemes the water
runs as per the gravity or slopes. In gravity flow,
water is supplied to the villages and towns by using
the principles of gravity force.*® Generally, a water
storage tank (water chamber) is constructed near
the source of water in higher altitudes (Plate-1)
and water is supplied to the villages located in the
lower altitudes. Construction of water storage tanks,
distribution storage tanks and pipe lines are essential
for gravity flow schemes.

bt " R
|WATER STORAGE TANK §

- | GRAVITY PIPE LINE

Plate 1: Water storage tank and gravity flow pipe line (village Mahat Gaon, Hawalbag).

Springs and Dhara were the only means of drinking
water in the study area till the year of 1884.
In 1884, the local sources of water (natural springs)
of Almora town meet to the lowest discharge then
the government planned to develop a new drinking
water scheme named gravity flow schemes to meet
the drinking water requirement of Almora town
area. The age of Gravity Flow was started with the
establishment of Baldhauti drinking water gravity
flow scheme. From 1884 to 1931, three drinking

water gravity flow schemes, e.g., Baldhauti scheme
(1884), Shail scheme (1885) and Syahidevi scheme
(1931) were established at the different water
sources of the study area.®® The Baldhauti scheme
was started from Simtola and Baldhauti forest area
and five water sources namely Kajiro Gadhera,
Kafligair Gadhera, Chimasim Gadhera, Dhobighat
Gadhera and Ganganath Gadhera were tapped for
this scheme. The Shail gravity flow scheme was
started in 1885 from Shail villages and the Syahidevi
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gravity scheme was developed from the Syahidevi
forest area. In the study area, the current gravity
flow scheme was developed in 2013 by the name
of Surrounding Villages in the Hawalbag block
and after this scheme no new gravity scheme
has been developed.

From 1884 to the present, as many as 93 gravity flow
drinking water schemes have been developed in the
different part of the study area to meet out the need
of drinking water in the villages of the watershed.
From the total gravity flow drinking water schemes,
44 gravity scheme falls under Takula Development
Block and the rest 49 scheme falls in Hawalbag
Development Block. There are total 225 beneficiary
villages of these schemes.

Discharge Pattern of Gravity Flow Schemes

At present, most of the gravity flow schemes are
decreasing their discharge at their source which
is responsible for drinking water shortage in
the villages and towns of the study area especially
during the summer season. There are 93 drinking
water gravity flow schemes in the study area whose
baseflow water discharge pattern has analyzed
in this paper. The average water discharge of gravity
flow schemes of the study area in the establishment
year was recorded 40.11 I/m which has reduced to
26.301/min 2017 and 23.46 I/m in 2018. During the
last few decades, a noticeable decrease in gravity
flow water discharge is recorded in the study area,
i.e., 16.65 I/m water has been depleted. Thus, the
study shows that the water flow capacity of gravity
flow schemes at their sources is decreasing very
steadily in the watershed. The water discharge
flow of these schemes for three base years, viz.,
the establishment year, 2017, and 2018 and the
decrease in discharge capacity has also analyzed
in this paper (Table-1 and 2). A detailed account
of the discharge pattern of the gravity flow scheme’s
sources is presented in the following paragraphs.

Water Discharge Pattern in the Establishment
Year

The average discharge of gravity flow scheme
at their source in the establishment year stands
at41.11 I/m which varies between 15 I/m as minimum
to 90 I/m as maximum. All the gravity flow schemes
have classified into nine groups based on water
discharge capacity in the establishment year. In the
establishment year, the maximum number of gravity

flow drinking water schemes (32) falls under 21-30
water discharge group and the minimum number
of gravity flow schemes (0) comes under 0-10 water
discharge group (Table-1). The spatial distribution
map of gravity flow drinking water schemes
is developed based on their discharge magnitude
for the establishment year depicted in figure 4A.

Water Discharge Pattern in 2017

The average discharge of gravity flow schemes
in 2017 stands at 26.30 I/m which varies between
08 I/m as minimum to 85 I/m as maximum. All the
gravity flow schemes have classified into nine
groups based on their water discharge pattern
in 2017. In 2017, the maximum number of gravity
flow drinking water schemes (31) falls under 11-20
water discharge group and the minimum number
of gravity flow schemes (01) fall under 71-80 and 81-
90 water discharge group. The spatial distribution of
sources of gravity flow schemes with their baseflow
discharge magnitude in 2017 is presented in figure
4B. Where, 62 gravity flow schemes were under
0-40 discharge group and 31 gravity schemes were
under 41-90 discharge group in the establishment
year and in the year of 2017 this scenario changed,
81 schemes reached under 0-40 discharge group
and 12 under 41-90 discharge group. This shows
that the drinking water gravity flow schemes are
being transforming from high discharge capacity
into low discharge capacity schemes in the study
area (Table-1).

Water Discharge Pattern in 2018

In 2018, the average discharge of these gravity
flow scheme was recorded 23.46 I/m which varies
between 07 I/m as minimum to 78 I/m as maximum.
All the gravity flow schemes have classified into nine
groups based on their baseflow water discharge
magnitude in 2018. In 2018, the maximum number
of gravity flow drinking water schemes (33) falls
under 11-20 water discharge group and the minimum
number of gravity flow schemes (00) falls under
80-90 water discharge group. The spatial distribution
of sources of gravity flow schemes with their
baseflow discharge magnitude in 2018 is presented
in figure 5 A. Where, in the establishment year,
62 gravity flow schemes were under 0-40 discharge
group and 31 gravity schemes in 41-90 discharge
group and in the year of 2018, 84 and 09 gravity flow
schemes were found in the same discharge groups,
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respectively (Table-1). This analysis shows that how
rapidly the gravity flow drinking water schemes are
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changing their nature from higher water discharge

capacity to lower discharge capacity schemes.
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Fig. 4: Spatial distribution of sources of gravity flow drinking water schemes and their
discharge for their establishment year (A), 2017 (B), 2018 (C) and decreased in discharge
during establishment year to 2018 (D) in the Upper Kosi watershed.
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Table-1: Number of gravity flow schemes under different discharge groups
(source: Department of Jal Sansthan, Almora).

S.N. Discharge group Number of gravity flow drinking water schemes
(discharge in I/m)
in establishment year 2017 2018
1 0-10 00 12 17
2 11-20 08 31 33
3 21-30 32 20 20
4 31-40 22 18 14
5 41-50 10 04 03
6 51-60 09 04 02
7 61-70 04 02 02
8 71-80 05 01 02
9 81-90 03 01 00
Total 93 93 93

Decrease in Water Discharge Capacity

A detailed account of decreased water discharge
pattern of gravity flow drinking water schemes
of the watershed is given in Table-2. The water
discharge difference is analyzed in this section
between in the establishment year and 2018.
During this period, on an average, about 16.65 I/m/
scheme water has decreased in the watershed.
There are 58 gravity flow schemes which fall below
the average decreased water discharge capacity and
35 schemes are fall above the average decreased
water discharge capacity. Based on decrease
in water discharge, all the gravity flow schemes
have been categorized into nine decreased water
discharge groups. The highest number of gravity

flow schemes (31) is fall under 6-10 I/m (i.e.,
31 schemes which accounts for 33.33% of total
schemes) decreased water discharge group while
the lowest number of gravity flow schemes (03)
is fall under 36-40 I/m (i.e., 03 scheme which
accounts for 3.23% of the total) decreased discharge
group (Table-2). The spatial distribution of gravity
flow drinking water schemes is developed based
on their decreased discharge pattern (Fig. 5B).
Thus, the study reveals that the climate change has
perturbed the water resources in the study area very
badly and if the present condition continuous, in near
future the drinking water problem will be intensified
caused by unavailability of water at the sources
of drinking water schemes.

Table 2: Number of gravity flow schemes and decrease in water discharge in
the Upper Kosi watershed (Source: Department of Jal Sansthan, Almora).

S.N. Discharge group
(discharge in I/m)

Number of gravity flow
drinking water schemes

Gravity flow
schemes (%)

0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
<40

© o NO O~ WN =

Total

10 10.75
31 33.33
16 17.2
1 11.83
5 5.38
6 6.45
6 6.45
3 3.23
5 5.38
93 100
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Particular Scheme Specific Analysis

A detailed analysis of all the gravity flow schemes
of the watershed has done and a brief descriptive
analysis of particular schemes and their establishment
year, discharge capacity and difference in discharge
capacity between the establishment year to 2018
is presented here. 10 gravity flow schemes
established in different years have been selected
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for particular scheme-specific analysis (Table-3).
The study reveals that the average discharge
capacity of these 10 schemes was recorded 43.7
I/m in the establishment year, 28.9 I/m in 2017,
and 25.7 I/m in 2018 and on an average 18 I/m
water discharge capacity has decreased from
the establishment year to 2018.

Table 3: Selected number of gravity flow schemes and their establishment year, discharge
capacity and difference in discharge between the establishment year to 2018.

S.N. Name of Estb. Discharge I/m Decreased (I/m)
Scheme Year Estb. year 2017 2018 East. yr to 2018

1 Majhera 1975 60 35 26 34

2 Palura 1975 90 85 78 12

3 Malla Kholi 1983 22 20 17 5

4 Rasiyara Gaon 1983 75 55 55 20

5 Badura 1990 60 25 21 39

6 Beh 1990 22 12 9 13

7 Bangser 1991 28 16 15 13

8 Bhakar 1991 38 12 11 27

9 Petshalbari 1999 18 14 14 4

10 Chinaun 2000 24 15 11 13

Average 43.7 28.9 25.7 18

The study reveals that the water discharge capacity
and decrease in water discharge of the gravity
flow schemes varies from one scheme to another
(Table-3). Itis not possible to explain all the schemes
of Table-3, therefore, the maximum and minimum
water discharge decreased schemes are presented
here. According to Table-3, the Badura scheme
was established in 1990 when its water discharge
capacity was 60 I/m which has decreased to 25 I/m
in 2017 and 21 I/m in 2018. Thus, during the last
28 years (i.e., 1990-2018), 39 I/m water discharge
capacity of the Badura scheme has decreased.
The Petshalbari scheme was established in 1999
when its water discharge capacity was 18 I/m which
has decreased to 14 I/m in 2018. Thus, during the
last 20 years (i.e., 1999-2018), 4 I/m water discharge
capacity of the Petshalbari scheme has decreased.

Groundwater Scenario

The flow pattern of gravity flow schemes in the
study area completely depends upon groundwater
recharge during the summer and winter rainfall.

Due to anthropogenically accelerated climate
change, the hydrometeorological behaviour, viz.,
rainfall rhythm and rainfall period has altered, i.e.,
high intensity of rainfall is occurring within a short
time period and the number of rainy days are also
reducing which has affected the groundwater table
of the study area.'? The study demonstrates that
in spite of an increasing trend in the yearly rainfall
pattern, the groundwater resource has been
depleted significantly in the study area caused
by change in rainfall rhythm which has disturbed
the water recharging capacity of soil into the
aquifers and the baseflow discharge of the gravity
flow sources, i.e., climate change has affected
significantly the geohydrometeorological cycle,
leading to shorter period of precipitation and
increased intensity of rainfall which is resulting in
less time for rain water infiltration into the soil, high
runoff and low groundwater recharge, and ultimately,
low baseflow discharge of gravity flow schemes. Thus,
the baseflow water discharge capacity of the gravity
flow sources in the study area have perturbed badly.
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Recommendation and Conclusion

Under the changing climate phenomenon, the water
resources of the study area are under deep stress, as
aresult, the hydrological system has been disturbed
badly causing drying of natural water sources
especially in the rainwater/spring fed rivers of the
Lesser Himalaya, Uttarakhand. The temperature
and rainfall pattern shows an increasing trend over
the time. There are as many as 93 gravity flow
drinking water schemes in the study area which are
facing the problem of water depletion at their source
caused by climate change induced disturbance in
rainfall pattern and rhythm. As the study shows that
the average baseflow water discharge capacity
of the gravity flow schemes of the study area in
the establishment year was on an average 40.11
I/m which has reduced to 26.30 I/m in 2017 and
23.46 I/m in 2018. Thus, on an average, about
16.65 I/m baseflow water discharge capacity has
been decreased at the source of gravity schemes
since their inception. The study also reveals that
the gravity flow schemes are transforming form
high discharge capacity schemes to low discharge
capacity schemes steadily, i.e., in the establishment
year, 62 gravity flow schemes were under 0-40 I/m
water discharge capacity group which has increased
to 84 schemes in 2018 and 31 schemes were
in 41-90 I/m discharge capacity group in the
establishment year which has decreased to
09 schemes in 2018. Hence, water resources
of the Uttarakhand Lesser Himalaya are
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drying very steadily and struggling for their
existence. If the present condition continues,
in near future the drinking water problem will
be intensified caused by unavailability of water
at the sources of drinking water schemes induced
by anthropogenically accelerated climate change.

In view of this serious problem, the present study
suggest urgent launching of the water source
rejuvenation program using mechanical and
biological treatment measures for the sustenance
of water source. To combat with climate change
impact on water resources, there is an urgent need to
incorporate the water source rejuvenation program
for drying water sources in the State water policy
for climate action and the sustenance of ecosystem.
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