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Abstract

This study has identified the vulnerability of the water supply system in
Kathmandu Valley, Nepal from the impact of the worst case of climate change
and has also suggested adaptation strategies to deal with the situation. For this
the observed precipitation data, SimCLIM software and the existing literature
were used. This study found that existing strategies are insufficient and more
than five million people would be deprived of the minimum needed water by
2050 under the driest scenario of climate change. Similarly, the reduction in low
flow under the driest scenario or frequent extreme rainfall events under the
wettest scenario could further degrade the water quality and increase the
vulnerability of water supply infrastructures. A combination of strategies can
help manage the situation until 2050. The situation, however, would become
worse after 2050 due to the projected sharp reduction in precipitation, which
would in turn, make all precipitation-dependent water supply strategies
ineffective. The result of this study should be used as an indication only as there
is no agreement among General Circulation Models (GCMs) in projecting future
precipitation. The result of this study is useful for agencies and individuals
involved in water supply related planning and policy making

Keywords: water scarcity, climate change, Kathmandu Valley, worst case
scenario, SimCLIM.

1 Introduction

Access to clean water is one of the most important human needs. Climate change
combined with the other socio-economic factors such as high rates of population
growth and urbanization can reduce the availability of fresh water in the urban
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areas of developing countries [1, 2]. Although well managed systems are less
vulnerable, the unexpected trends and uncertainties posed by climate change will
increase the vulnerability to the poor and less developed parts of the world [2].
Nepal is one of the Least Developed Countries (LDC), as defined by the United
Nations in terms of its low level of national income, less developed human
capacity and a high degree of economic vulnerability [3].

Climate change has already been observed in Nepal. Nepal has observed a
continuous increase in the average annual temperature of 0.04-0.06'C since 1977
[4, 5]. Unlike temperature, the observed precipitation has not followed any
systematic trend and a large periodic, seasonal and spatial variation has existed
as per the record since 1948 [5, 6].

Climate change can affect water supply in Nepal by its impact on
precipitation, glacier melting and increase in temperature. Snow and glaciers
have an important role to play in the water availability of Nepal as they
contribute to the dry season river flow [2, 7, 8]. All of the glaciers in Nepal have
been found to be retreating at a higher rate than other parts of the world [9, 10].
The river flow in the glacier-fed rivers is projected to increase until the year 2030
or 2040 followed by a gradual decrease [11, 12]. On the other hand, an increase
in temperature can also raise the water demand. A study in the UK has found
that a 1.1°C rise in temperature can increase average per capita water demand by
5% [13].

A wide range of uncertainties exist in projecting the future climate in Nepal
due to the limitations of GCMs to capture complex topographical induced
climatic variations [6, 14—18]. Although there is an agreement among GCMs in
projecting temperature increase, no such agreement exists in projecting
precipitation [8—14].

Kathmandu Valley is situated in the middle mountain region of Nepal [19]. It
is the largest economic and population centre of Nepal, as it contributes 30% of
the country’s gross domestic product (GDP) and is home to 50% of the total
urban population [20]. The rapid population growth and unplanned urbanization
have threatened the future socio-economic contribution. This is due in part to the
impact of such unplanned growth on sufficiency of the water supply system.

The Kathmandu Upatyka Khanepani Limited (KUKL) is the only agency
responsible for the management of piped water supply distribution in Kathmandu
Valley. The main source of water for the KUKL is the Bagmati River at
Sundarijal. The Valley’s current water demand is about 280 million litres per day
(MLD) but the KUKL is only able to supply 86 MLD during the dry season and
105 MLD during the wet season [21]. Other sources of water to meet the
remaining demand are: ground water including the stone spouts and wells;
private tankers which carry water from springs and rivers located far from
Kathmandu Valley and bottled water [20].

The Government of Nepal (GON) has taken several efforts to meet the
growing water requirement for Kathmandu Valley. The GON initiated an inter
basin water transfer project called the Melamchi Water Supply Project (MWSP)
in 2001 to supply an additional 170 MLD (1.97 m’/s) of water from the
Melamchi River. However, the adequacy of the dry season river flow has been
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debated even under the present climate, which could become worse under the
changed climatic conditions [22]. The GON has also formulated, reformed and
implemented several policies related to water supply to increase access of people
to adequate and safe drinking water [20, 22-27].

This study has assessed the impact of climate variability and change in the
vulnerability of the water supply of Kathmandu Valley, the capital city of Nepal
and has suggested possible adaptation strategies considering the worst case
scenario of climate change.

2 Study area and methodology

This study focused on different parts of Kathmandu Valley covered by the
KUKL service areas [20].

Kathmandu Valley is well represented by meteorological stations of the
Department of Hydrology and Meteorology [28]. Among the total 19 weather
stations in Kathmandu Valley, four stations (Kathmandu airport, Thankot,
Chapagaun and Changu) were selected on the basis of the following criteria:

X3

A

stations having daily precipitation time-series data;

covering the 30 year time period 1980-2009;

having little missing data and no long consecutive gap periods; and
» representing the major cities and are evenly spaced.

X3

A

X3

A

B3

Daily precipitation data of the four stations of Kathmandu Valley from 1980
to 2009 were obtained from the DHM. These data were entered in SimCLIM to
analyse the observed trend and perturb the future trends under the worst case
scenario and an average case scenario of climate change. The worst case scenario
was projected by using the GCM which shows the driest scenario, SRES A1FI
emissions scenario and a high level of climate sensitivity. On the other hand, the
average case scenario used an ensemble from 21 GCMs available in SimCLIM,
SRES A1B emissions scenario and a mid level of climate sensitivity.

The rainwater tank model of SimCLIM was used to identify the potential of
rainwater harvesting under existing and changed climatic conditions. The
capacity of rainwater tanks to supply water regularly was assessed for various
sizes of tanks with different sizes of roof catchments based on the assumptions
that households cannot tolerate more than seven days without water in the tank
and dry periods of more than seven times-in-100 years. It was also assumed that
the tank was initially full [29].

The spatial scenario generator of SimCLIM was used to project spatial
change in temperature and precipitation for Kathmandu Valley and the Melamchi
River catchments area. The Melamchi River catchment area was taken up to the
point from where water diversion has been proposed. Similarly, the extreme
event analyser of SimCLIM was used to project the change in frequencies of
extreme rainfall events using the GCM which shows the wettest scenario. Impact
of climate change, including extreme rainfall, events on water quantity and
quality was assessed based on the existing literature.
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Water demand was projected based on the projection of the Asian
Development Bank’s for the Kathmandu Valley [20]. Water scarcity was
analysed based on the potential of water supply sources to supply water under
changed climatic conditions and projected water demand for future.

Adaptation strategies were developed based on their potential to meet clean
and adequate water need under changed climatic conditions.

3 Results

The average annual precipitation of Kathmandu Valley was from 1365 mm to
1872 mm between 1980 and 2009; however most (76-82%) of the rain fell
during the four months of monsoon season (June-September), causing water
scarcity during the other months. The average annual precipitation has not
followed any systematic trend, with periodic and inter-annual fluctuations
(Figure 1).
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Figure 1: Observed annual precipitation trend for different stations of
Kathmandu valley between 1980 and 2009.

Among the 21 GCMs used for this study, six GCMs project a decrease in
precipitation, while the others project an increase in precipitation. The expected
changes in precipitation would be in the range of -20% to +37% per degree
Celsius of warming.

The GCM IPSL-CM40, which shows the driest scenario, was adopted for the
purpose of this study. The frequency of extreme rainfall events, however, was
projected using GCM MRI-232A, which shows the wettest scenario.

The average annual precipitation for Kathmandu Valley is projected to be in
the range of 634 mm to 812 mm by 2050 and 70 mm to 120 mm by 2100 based
on the perturbation of the observed data for the worst case scenario of climate
change. The spatial scenario generator of SimCLIM shows that the decrease in
precipitation is expected to be in all areas of Kathmandu Valley with a high rate
of decrease in the major city areas. The months receiving high amounts of
precipitation are expected to be limited to three by 2050 and two by 2100
(Figure 2). Similarly, rainy days are expected to decline up to 29% by 2050 and
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would be in the range of seven to ten days per year by 2100 (Table 1). The
temperature is projected to increase in the range of 1.8'C-1.9°C by 2030, 3.7 C-
3.8°C by 2050 and 9.3'C-9.7C by 2100 for all areas under the worst case
scenario. In contrast, a slight increase in the average annual precipitation is
expected under the average case scenario of climate change generated from an
ensemble of the 21 GCMs.
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Figure2: = Monthly precipitation data for the worst case and an average

scenario of climate change compared to the baseline for different
stations of the Kathmandu valley.

The expected decrease in precipitation for the Melamchi River catchment
during the dry season (January-April) is up to 34% by 2050 and 80% by 2100
under the worst case scenario of climate change. The projected rise in mean
annual temperature is in the range of 4 C-5'C by 2050 and 9.9'C-10.9°C by 2100
compared to 1990. Both scenarios show a decrease in precipitation during the
dry season for the Malamchi River catchment.

Table 1: Projected change in total number of rainy days under the changed
climatic condition for different scenarios of climate change.

Worst case scenario AVerage case scenario
Stations  Baseline 015 2030 2050 200 2015 2030 2050 2100

Kathrrandu

aripott 187 182 178 143 10 1 190 190 1
Thattkat 187 185 180 141 11 1 190 139 1
Capagaun [ V5 U U R ) 9 177 177 177 177
Clangu 189 184 178 150 7 1 139 139 1

From the rainwater tanks model of SimCLIM it was found that the capacity of
rainwater tanks to supply water on a regular basis increases considerably from
tank sizes of 50000 litres upward when fed from a roof area of 75 m? under the
existing climatic condition (Figure 3). The modelling showed that the impact of
climate change is greater for tank sizes of 50000 litres upwards; and that the
impacts are minimal or none for tanks of 20000 litres or less (Figure 4). The
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model also found that climate change would impact all locations in Kathmandu
Valley. From the model it was found that it would be possible to collect an extra
133 litres per day (LPD) of water by enlarging tanks sizes from 50000 litres to
100000 litres and roof areas from 75 m” to 150 m?* in 2050 under the worst case
scenario of climate change. However, this strategy would be less effective by
2100 as evident from the finding that the increase in water supply per day is just
46 LPD despite an increase in tank size from 20000 litres to 150000 litres and
roof area from 75 m* to 200 m”.
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Figure 3:  Amount of water that can be collected from various sizes of roofs
and tanks under the current climate for the Kathmandu airport
areas.
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Figure 4: Impact of climate change on potential of different sizes of rainwater
tank to harvest rainwater at household level assessed under the
Worst case scenario.

In terms of cost, the rainwater harvesting at a domestic level is more
expensive (US$ 2.9 per kilo litre) than the water supply from the MWSP in the
short term but would be less expensive by the year 2083 due to a provision of a
3% annual increase in the water tariff of the proposed MWSP [20, 30, 31].
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The model simulation also showed that extreme rainfall events would occur
more frequently under the changed climatic conditions in all areas of Kathmandu
Valley. Return periods of extreme rainfall events were found to be reduced for
all stations under the wettest scenario of climate change (Table 2). The situation
is expected to worsen by 2100 when such extreme events could occur every year.

Table 2: Impact of climate change on return periods of extreme rainfall
events.
Return period (year)
; Wettest Wettest
“tations .
Fxtreme rainfill  Cygent  scenato for  scenario for
() clirate 2050 2100
Fathmandu 177 169 52 1
Thanknt 300 144 76 1
Chapagaun 200 53 23 1
Changu 165 228 il 1

4 Discussion

The findings of this study related to climatic trends and projections are similar to
the findings of the [5, 14]. The magnitude of change, however, is higher as this
study considered the highest emissions scenarios and a high degree of climate
sensitivity. Sharma and Shakya [32] also found a decrease in the average annual
river flow of Bagmati River based on the observed data from 1965-2000. The
Melamchi River catchment is situated on the Indrawati River basin which is a
part of the Koshi River basin. Most of the studies related to the Melamci River
catchment have projected climate using GCMs showing an increase in
precipitation and hence have predicted an increase in the river flow [11, 12, 33].
This study has used the driest scenario; therefore, the results are different from
that of other studies.

The projected increase in temperature and decrease in precipitation is likely to
significantly reduce the potential of existing supply sources such as river flow
and groundwater [31, 34]. The proposed water transfer from the MWSP is
expected to be less affected until 2050 unless the melted water contribution
declines by more than 40%. However, the situation is expected to worsen as time
progresses and the river flow would be just enough to maintain the minimum
environmental flow by the end of the century even if the glacier melted water
contribution remained unchanged. The significant reductions in low flow and
increase in temperature could also degrade the environmental quality [32]. These
factors proved that the inter-basin water transfer project is less suitable to meet
the growing water demand considering the worst case scenario of climate
change. The capacity of all precipitation-dependent water supply sources is
expected to significantly decrease by the end of the century due to a sharp
reduction (up to 95%) in precipitation under the worst case scenario.
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On the other hand, water demand is expected to grow continuously because of
the expected increase in population in Kathmandu Valley. The number of people
without access to minimum needed water would be 5.21 million people by 2050
and 14.67 million people by 2100 even after the proposed water transfer from the
MWSP. This is based on the population projection of ADB for the KUKL
service area and a minimum water requirement of 100 litres per capita per day
(Ipcd), as per the World Health Organization standard [35]. This figure could be
still higher when the impact of temperature rise on the increase on water demand
is considered.

Considering a significant decrease in potential of precipitation-dependent
water sources recycling and reusing water after treatment is the most reliable
adaptation strategy. Despite being hygienic scientifically, it is not easy to
convince people to use recycled water, probably for at least for some decades.
However an easy start could be to recycle grey water and use it for non potable
uses such as bathroom, toilet, washing and garden; although full recycling needs
to be promoted gradually.

At the same time it is also necessary to take measures to reduce the current
trend of rapid population growth. Urban planners agree on the fact that
Kathmandu Valley has a carrying capacity of approximately five million people
only from the perspective of providing basic services and disaster management
[20].

Demand management strategies can also help prevent a sharp increase in per
capita water demand. Although the existing pricing structure of the KUKL is in
line with the marginal use principle, its effectiveness needs to be tested.
Similarly, water use efficiency could be achieved by the introduction of water
efficiency labelling, regulatory compliances and motivating people. Under the
existing system leakage reduction can save 43 MLD of water, which would be
higher under the worst case scenario of climate change.

The design of water supply infrastructures, including the water treatment
plants, need to consider the increased vulnerability posed by the change in
frequency of extreme rainfall events under the changed climatic conditions [36—
38].

The vulnerability is further increased by the low level of adaptive capacity of
Nepal in general and the poor people of Kathmandu Valley in particular [39, 40].
The role of international and regional cooperation is thus crucial to help develop
preparedness.

Reliability of this study, however, depends on factors such as the accuracy of
data of the DHM, reliability of GCMs and SimCLIM in projecting the future
climate. The reliability of GCMs to project the future climate for Nepal,
however, is reduced by several limitations [6, 14—16]. Therefore the results of
this study need to be taken as an indication only. It is better to hope for the best
but be prepared for the worst.

5 Conclusion

The aim of the study was to assess the vulnerability of the water supply system
in Kathmandu Valley to the impact of climate change and suggest adaptation
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strategies. This study found that the capacity of the existing and potential water
supply sources is expected to reduce significantly by the end of this century
under the worst case scenario of climate change. The high rate of population
growth combined with the reduction in water supply is expected to increase
water scarcity for more than five million people by 2050 with the existing supply
even after the completion of the MWSP. Similarly, a significant reduction in low
flow or extreme rainfall events under the wettest scenario would degrade the
water quality and thus increase health risks for millions of people and increase
the vulnerability of water supply infrastructures.

A combination of strategies such as rooftop rainwater harvesting and artificial
ground water recharge, reducing leakage, grey water recycling along with the
existing supply and completion of the MWSP would be able to meet water
demand until 2050. However, the situation is expected to worsen after 2050 due
to a significant reduction in the capacity of precipitation-dependent water supply
sources from the sharp reduction (up to 95%) in precipitation when only limited
options such as full recycling and population control would be available.

There is a need to carry out further research to remove uncertainties in
climate projection and identifying the impact of the driest scenario of climate
change on water availability. This study also recommends mainstreaming
climate change adaptation considerations in water supply related planning and
policy making. Considering the low financial capacity of Nepal and uncertainties
in climate change projections it is advised to begin with no/low regret adaptation
activities and move forward based on the principles of adaptive management.
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