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Abstract: Water and poverty interface is strongly interconnected and a robust assessment of water
stress is crucial to identify needy areas and develop appropriate intervention for poverty reduction.
Water Poverty Index (WPI) provides an interdisciplinary tool to assess water stress by linking physical
estimates of water availability with socio-economic drivers of poverty. This study presents an
application of Water Poverty Index (WPI) to estimate and compare the level of water stress in 27
districts of Koshi River Basin in Nepal. Based on data availability, relevance to the study area and
review of literatures, 12 indicators were selected under five key components outlined by WPI. The
study result shows medium-low degree (WPI = 54.4) of water poverty in the Koshi River Basin
in Nepal. The WPI score varies widely (from 49.75 to 69.29) along the districts and it was found
that districts in Tarai regions and urban areas were more water stressed compared to the districts
in mid-hill and high-hill regions. Priorities for intervention must be given to the districts in Tarai
regions and urban areas with a low WPI score, explicitly on the sector regarding access to water and
sanitation to address water poverty in the basin.

Keywords: water poverty index; water resources; Koshi River Basin; Nepal

1. Introduction

The water and poverty interface is strongly interlinked [1,2]. Adequate access to water is a highly
relevant issue while addressing the problem of poverty, as it is impossible to eradicate extreme poverty
without proper allocation and access to water [3]. The United Nations 2030 Agenda for Sustainable
Development explicitly sets clean water and sanitation as one of its Sustainable Development Goals
(SDGs). It recognizes safe drinking water, effective sanitation, and good hygiene (WASH) as an end
in itself and as a driver of development directly impacting other SDGs, including nutrition, health,
education and gender equality [4]. Thus, access to safe water is essential but not a sufficient condition
for extreme poverty eradication [5].

Global water stress and water needs of the poorest communities are receiving increasingly more
attention as water is seen as one of the most critically stressed resources [3]. Water resource management
is becoming an increasingly challenging issue because of decreasing trends in water availability and
increasing demands [6]. Appropriate assessment of water stress is crucial to determine the needy areas
and develop suitable management policy and effective interventions. Many efforts have been made in
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recent years into the development of methods and alternatives from many disciplinary perspectives to
quantify water stress at community, subnational and national level [3,7]. Tools such as Falkenmark
index [8], Water Resource Vulnerability Index [9] and Water availability index [10] are being used to
assess water stress using unidimensional indicators [11]. Water Poverty Index (WPI), developed by
Sullivan [12], provides multidimensional tools to assess water poverty. Index-based analysis such as
WPI is an important method for identifying the factors influencing poverty, ranking the extent of stress,
and developing appropriate interventions in needy areas [13].

Water Poverty Index (WPI) is an interdisciplinary indicator to assess water stress and scarcity,
linking physical estimates of water availability with the socioeconomic drivers of poverty [7]. The
benefit of using WPI as an indicator of water stress is that it condenses several measures of influencing
components ranging from physical to socio-economic factors in a single numerical representation.
WPI indicates the status, availability, variability and quality of the water resources at community,
subnational or national level, contributing towards effective water management at the water stressed
zone [14]. Although WPI was designed as a holistic water resource assessment tool to use primarily at
the community level on a site-specific basis, it can, however, be applied at different spatial scales to
suit different needs [3].

The objective of this study is to provide an outlook on an application of WPI to estimate the state
of the water crisis at subnational level for 27 districts of Koshi River Basin in Eastern Nepal. Rather
than to contribute to the conceptual or methodological advancement of WPI, we use WPI as a tool to
analyze and visually represent the status of water availability in Koshi basin, Nepal. This study uses
five components: water resource (R), use (U), access (A), capacity (C) and environmental quality (E) as
outlined by WPI [3,15]. Indicators for each component were selected on the basis of relevance to the
local context, data availability and review of relevant literatures.

This study is significant in two major ways. Firstly, this study provides important background
information that can be used as a reference for future scientific studies for temporal comparison in
Koshi River Basin. Secondly, the findings of the study will be useful tools for development planners to
understand and identify major livelihood constraints at the spatial scale. The overall findings of this
study will help assist scientists, researchers, politicians, policy makers, investors, development workers
and donors to better understand the situation of water poverty at the regional scale at Koshi River
Basin, and provide background information which can be used as a guideline for policy formation
to promote sustainable livelihood through enhanced adaptation mechanisms and improved water
management practices in rural communities.

Water Poverty Assessment in Nepal

Due to inadequate water supply, increasing agricultural and domestic demand, decreasing water
quality and low economic growth, water poverty in Nepal is becoming increasingly high [11]. High
rainfall variability [16,17] and poor institutional capacity [18] has contributed significantly to water
poverty in the context of Nepal.

An international comparison of water poverty conducted by Lawrence et al. [19] described Nepal
as a medium water stressed country (WPI = 54.4). However, very little work has been done in
quantitative assessment of water poverty at the subnational level in Nepal and very few researches
have used WPI as a tool for assessment of water poverty. WPI was used to estimate water poverty
at upper Bagmati River Basin by [14] (pp. 12-15) and their result shows upper Bagmati River Basin
as medium-low water poor with WPI ranging from 54.63 to 77.95. Pandey et al. [5] (pp. 2486-2487)
conducted a comparative study of water poverty in five medium-sized river basins in Nepal and
has recommended needy areas and instruments for interventions. Similarly, Manandhar, S.; Pandey,
V.P; Kazama, F [1] (pp. 99-102) conducted study on the application of WPI with a case study of Kali
Gandaki River Basin (KGRB) in Nepal. Their result shows wide variation of WPI (from 37.1 to 56.5)
within the KGRB. Although no clear trend was observed at spatial scale, [1] (p. 101) found KGRB
with high scores for resource and access components. Panthi, Khatiwada, Shrestha and Dahal [11]
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(p. 3) used WPI to study water poverty in the context of climate change at different elevation zones of
Karnali River Basin in western Nepal. They found that among three elevation zones, mid-hill districts
had the highest water poverty and emphasized that water resource availability was not a problem in
the basin. However, effective use and access to water was a primary concern at Karnali River Basin in
Nepal. Water poverty analysis and mapping conducted by [18] (pp. 20-21) in Indrawati River Basin
(one of the sub-basins of Koshi River Basin) concluded that the majority of the population had poor
access to water with WPI score 52.5. The WPI has been used at the basin scale in Jhikhu Khola and the
Yarsha Khola of Koshi River Basin in Nepal by [20] and WPI value was estimated to be 59.2 for the
Jhikhu catchment and 63.2 for the Yarsha catchment in mid-hill districts of Nepal [3,18,20].

Due to poor access to water resources, harsh topography and poor government policy, the
population in sub-basins and catchment areas of Koshi River Basin were found to be at a large risk of
impacts from changing temperature and rainfall patterns [20-23]. However, district level comparison
of water poverty in Koshi River Basin has not been conducted.

2. Materials and Methods

2.1. Study Area

Despite being one of the richest countries in water resources with more than 2.27% of global fresh
water, Nepal is ranked among one of the top countries with a poor drinking water system [24]. Koshi
River Basin is one of the three snow-fed watersheds in Nepal and drains around 71,500 km? of area in
Tibet, Nepal and North Bihar [25]. Koshi is also the largest river basin in Nepal and drains around
30,000 km? area from the agricultural low lands of Tarai plains in the south (from 65 masl) to the
Himalayas in the North (over 8000 masl) [25,26]. It includes 27 districts of Eastern Nepal.

High contrasts in topographic features and climatic conditions along the elevation gradient of
the basin have contributed to a distinct range of ecosystems, agro-ecology, diverse livelihood and
socio-economic systems. The region bears the impacts of rapidly changing ecosystems and livelihood
processes [25]. The ongoing change in climatic regime is expected to change the hydrological cycle
along the Koshi basin, altering the magnitude, time, intensity of the region’s prevailing precipitation as
well as affecting evaporation [25]. This change could evidently translate into wetter wet seasons and
drier dry seasons, posing challenges to the ecosystem and livelihood of the people inhabiting the Koshi
basin. Water stress during the dry season and frequent floods during the monsoons are the prevalent
challenges in Koshi Basin [25,27]. However, this study focuses entirely upon the status of water
availability and stress in 27 districts of Koshi Basin in Nepal, based on the framework provided by WPL
In this study, 27 districts in Koshi Basin were divided into 3 agro-ecological categories based upon
topographic features: Tarai, mid-hill and high-hill districts as presented in Figure 1. The elevation map
is presented in Appendix (Figure A1l). Tarai region falls in the southern belt of the basin bordering India
and it is characterized by flat topography, sub-tropical climate, higher agricultural productivity [28],
relatively better road connectivity and infrastructure development contributing to higher population
density [29]. Mid-hill districts are characterized by sub-tropical to temperate climate with rugged
terrain, sloppy hills and bio-physically and socio-economically complex diversities [30]. The high-hill
districts fall under the lap of the high Himalayan range with hostile climate (cool temperate) and
extremely rugged terrain with agglomerated settlements and low population density [31].
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Figure 1. Districts of Koshi River Basin in Nepal.

2.2. Water Poverty Index (WPI) Framework

WPI provides an interdisciplinary measure that links affluence of a household with water
availability indicating the degree of stress that water scarcity possesses on a study area [19]. While
calculating WP], it is crucial to select suitable indicators that represent several components of water
availability and stress. Several studies suggest that indicators to represent water stress are location
specific and should be chosen carefully [3,5,15,32]. It requires careful study of the local context and
data availability while selecting the indicators for WPI [1,3].

Methodology of this study is based on a WPI framework developed by [3,15,32]. WPI considers
five components that integrate physical availability of water with socio-economic and environmental
factors: Resource (R), Access (A), Use (U), Capacity (C) and Environment (E) [5]. The Resource
component provides an assessment on availability and annual variability of the water resource in the
study area [5,12,15]. Access indicates the access to adequate water and sanitation [12,15]. The Use
component shows the water consumption at domestic and agricultural level [5,12,15]. The Capacity
component depicts the socio-economic capacity of the population to manage water resource [5,12,15].
The Environmental component denotes the health of the watershed that influences water quality
and resources [32]. While selecting indicators for the components of WPI, we have considered three
major criteria: (1) availability of the data, (2) relevance to the local context and (3) review of relevant
literatures. The WPI components and indicators used in this study are presented in Figure 2. The
detailed descriptions of indicators and their relationship with WPI are summarized in Table 1.
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Figure 2. Water Poverty Index (WPI) components and indicators used in the study.

Since the data collected for each indicator was measured in different scales, the composite index
approach was applied to aggregate all indicators into a single comparable and dimensionless value.
It was important to normalize the indicator value into a uniform and unidirectional index using
thresholds, such that it will lie in the range of 0 to 100 (where, 0 is the most water stressed and 100 is
the least water stressed situation) [5]. The standardization and calculation for each indicator of WPI is
further discussed below.
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Table 1. Water Poverty Index (WPI) components, indicators, description and data sources used for the study.

WPI Component Indicator Description/Relation with WPI References Data Sources
Physical availability of water
; 3 y y 4 5
1. Per capita annual water resources (m°/year) (R;) resources (+) [33,34] [35,36]
Resource (R)
- - . s dye Department of Hydrology and
2. Coefficient of variation of rainfall (Ry) Variability of water availability (-) [1,37] Meteorology Nepal (DEIM)
3. % population with access to clean water (A1) Provision of safe water (+) [15,38] 36]
Access (A) 4. % population with access to sanitation (Ap) Provision of sanitation (+) [1,32]
5. Ratio of irrigated to cultivated area (Uy) Water use by agricultural sector (+) [3,14] [39]
6. Hougeholds (HHs) having sufficient water for Domestic water use (+) Database from ICIMOD, Koshi
Use (U) domestic use (days/year) (Uy) Basin Information System
i ici i KBI
7. HHs having sufficient water for agricultural use Agricultural water use (+) (KBIS)
(days/year) (Us)
8. Literacy rate (Cy) Access to information (+) [40]
- - - [36]
Capacity () 9. GDP index (Cy) Economic capacity to use water (+) [41,42]
10. Ratio of Adult Economically Active Population . .
Engaged in Non-agriculture to Agriculture (C3) Reliable income source (+) [38]
Environment (E) 11. Fertilizer used per hectare (E;) Degradation of water sources (—) [3,14] [36]
12. Percentage of area with natural vegetation (E;) Natural water balance (+) [1,32] [39]
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2.3. Measurement Methods and Data Sources

2.3.1. Resource (R)

Availability and variability of the water resources in the district were considered as variables for
resource components. Per capita annual water resources (m?’/year) (Rq) and Coefficient of variation (CV)
of rainfall (Ry) of the districts were selected as indicators for availability and variability, respectively.
Since data for per capita water resources were not available on a district level of our study area, we
applied specific discharge (discharge per unit drainage area) to estimate the amount of water resources.
A similar approach was used by [1] while estimating water resources in Kali Gandaki River Basin
(KGRB) in central Nepal. We used the specific discharge calculated by [35] at different locations of
sub-basins in the Koshi River Basin, and the water resource at the district was estimated by multiplying
the specific discharge of the sub-basin with the area of the respective district within the sub-basin.
The estimated water resource of the district was further divided by the population of the district to
calculate the per capital water availability (R;). It was standardized by using min-max approach, as
shown in the Equation below, as used by [1,5,43]:

Rq = [(Xj = Xmin)/Xmax = Xmin)] X 100 1)

where, X is per capita annual water resources (m3/year) of the district i, and Xujn and Xpax are
maximum and minimum values from all of the studied districts.

To calculate the variability of the rainfall in the districts of the study area, available rainfall data
from 1979-2009 (30 years) for all stations within 27 districts was obtained from the Department of
Hydrology and Meteorology (DHM), Nepal. Coefficient of variation (CV) of the rainfall (Ry) was
calculated as an indicator for variability of water availability. CV higher than 30% was considered a
most vulnerable situation, as done by [1,5,43]. The following Equation was used for standardization:

R, = [1 - (Xi/30)] x 100 @)

where, X; is CV of rainfall of district i, and R2 is considered 0 (most vulnerable), when X; is greater
than or equal to 30.

2.3.2. Access (A)

Access to safe water and sanitation were considered as variables for Access (A) component.
Percentage of population with access to water (A;) and percentage of population with access to
sanitation (A;) were used as the indicators for components. Data was obtained from the Nepal
Population Census 2011, published by Central Bureau of Statistics (CBS), Nepal. The following
equation was used to calculate indicator A; and Aj, and they are self-normalized in the scale of 0-100.

A1 = (Xwi/Xj) x 100 3)

Ay = (Xsi/X;) x 100 4)

where, Xy,; and X are population with access to safe water and sanitation, respectively, and Xi is total
population of the district i.

2.3.3. Use (U)

In the absence of district level data for domestic and agricultural water use, we have considered
domestic and agricultural water sufficiency as indicators for the Use (U) component. Ratio of irrigated
to cultivated area (U;), water sufficiency for domestic use (days/year) (U,) and water sufficiency for
agricultural use (days/year) (Us) were used as indicators for Use (U) components. Data for irrigated
land and cultivated area was acquired from the Ministry of Agriculture MoAD [38]. Data on domestic
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and agricultural water use was obtained from the Koshi Basin Information System of International
Center for Integrated Mountain Development (ICIMOD) and district profiles of respective districts.
The following Equations were used to calculate and normalize the value of Uy, U, and Us.

U = (Xai/X;) X 100 ®)
U, = (X4i/365) x 100 6)
Us = (Xp/365) x 100 @)

where, X,; is irrigated area and X; is total cultivated area of district i. X4; and Xp; are number of days
with sufficient water for domestic and agricultural use, respectively, for district i.

2.3.4. Capacity (C)

Literacy rate (C;), GDP index (C;) and Ratio of Adult Economically Active Population Engaged in
Non-agriculture to Agriculture (C3) were selected as indicators for capacity component (C). Data on Cy
and C, were acquired from CBS [36] and data for C3 was obtained from the Koshi Basin Information
System of ICIMOD. The Equations for calculating the indicators of C components are presented below:

Cy = (Xei/Xi) X 100 8
C; = [Log(per capita income) — Log(min))/(Log(max) — Log(min)] x 100 9)
Cs = (Xai/Xi) x 100 (10)

where, X and X; are literate and total population in district I, respectively. While calculating C,
maximum and minimum values were set as $40,000 and $100 per year, respectively. X,; and X; are
total population engaged in non-agricultural employment and population engaged in agricultural
employment, respectively.

2.3.5. Environment (E)

Fertilizer used per hectare (kg/hectare) (E;) and Percentage of area with natural vegetation (E;)
were set are two indicators for the Environment (E) component of WPL. Data for fertilizer used were
obtained from MoAD [39] and data on natural vegetation cover were calculated from the district profile
from each district and further triangulated with the data from CBS [36]. Below are the Equations to
calculate and normalize the indicators E; and Ej:

E1 = [(Xmax = Xi)/(Xmax — Xmin)] X 100 (11)

E» = (Xyi/Xai) X 100 (12)

where, Xj is the amount of fertilizer used in the district i and Xmax and Xiin are maximum and minimum
amount of fertilizer used among all 27 districts from the dataset. Among 27 districts in Koshi Basin,
Kathmandu district has the highest fertilizer per hectare use (142.02 kg/hectare) and Panchthaar district
has the lowest (0.016 kg/hectare) [36]. Xy; and X;; are area covered by vegetation and total area of the
district i.

2.4. Weighting and WPI Calculation

We have assigned equal weights to all the indicators and components to calculate the final WPL
Assigning equal weights avoids subjectivity, bias and makes indexes more comparable, transparent to
decision makers and stakeholders [5]. Despite its limitations, equal weight approach is popular while
measuring WPI or other research including index (for e.g., [1,5,43]). Arbitrarily assigning random
weights to different indicators or even statistically produced weights could produce questionable results,
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whereas acknowledging all components and indicators having equal contribution to overall WPI can
be considered justifiable. However, a rigorous participatory approach including all stakeholders and
experts’ judgements could be used to assign unequal weights to indicators while calculating WPL. The
Equation presented below was used to estimate the final WPI using the equal weighted approach:

WPI=(R+A+U+C+E)/5 (13)

where, R, A, U, C and E are values for Resource, Access, Use, Capacity and Environment components
of WPL. The values for each component are calculated as an average value of its associated indicators.

2.5. Classifying Final WPI Score

The final WPI and components’ score range from 0 to 100 (0 being the most water stressed and
100 being the least water stressed situation). After calculating the final WPI score, all districts have
been classified into five different categories based on level of WPI score. Five categories have been
identified by classifying 27 districts into five equal interval classes between the range of highest and
lowest WPI score. The same approach was used to classify districts into five categories under different
WPI components.

3. Results

3.1. Water Poverty in Koshi Basin

According to the National Population and Housing Census 2011, the total population of 27 districts
of Koshi River Basin was 11,627,972 [36]. The final WPI score for 27 districts of Koshi Basin in Nepal
was found to be 59.22, which is over the national average (54.4) estimated by Lawrence, Meigh and
Sullivan [19]. The final scores for all components of WPI are shown in Figure 3. Out of five components,
Resource was found to be the lowest (R = 40.05) followed by Capacity (C = 56.36), Environment
(E = 62.64), Use (U = 66.78) and Access (A = 70.28). Among the indicators used, variability in average
annual precipitation (R, = 23.66), low GDP index (C, = 40.35) and percentage of vegetation cover
(E; = 41.22) contributed mostly to the water poverty with lowest scores. Similarly, ratio of irrigated
land to cultivated land (U; = 41.80), per capita water availability (R; = 56.43) and access to sanitation
(Ap = 58.80) have substantially impacted the water poverty in the basin. Water sufficiency for domestic
(Up = 94.43) use was relatively higher in the Basin compared to water sufficiency for agricultural use
(Us = 64.11). The detailed contribution of each indicator and respective components to overall and
district level water poverty is presented in the Appendix (Table A1).
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R 40.05 A 70.28 U 66.78 C 56.36 E 62.64

Resource
80

Environment Access

Capacity Use
Figure 3. Scores for Water Poverty Index (WPI) components in 27 districts of Koshi Basin, Nepal. Where,
R, A, U, C, and E are Resource, Access, Use, Capacity and Environment components, respectively.

3.2. District Level Water Poverty in Koshi Basin

The district level comparison for WPI and its respective components are presented in Figure 4.
District level WPI scores shows wide variation ranging from 49.75 to 69.29. Out of 27 districts, Saptari
was found to be most water stressed with a WPI score of 49.75, followed by Kathmandu (51.35) and
Mabhottari (51.91). Taplejung (69.29), Solukhumbu (67.57) and Sunsari (66.25) were found to be least
water stressed with the highest WPI scores. Urban districts such as Kathmandu and Bhaktapur scored
low in the Resource component, however, they had higher Access and Capacity to manage water.

Spatial variation of WPI along districts of Koshi Basin in Nepal is presented through a water
poverty map in Figure 5. Saptari, Siraha, Mahottari, Kathmandu and Bhaktapur were found to have
the least WPI score with a higher level of water stress. Taplejung, Solukhumbu and Sunsari scored
highest in WPI with lowest water poverty in the Basin.
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District values for Water Poverty Index (WPI),
Koshi River Basin, Nepal

Taplejung
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Figure 4. Water Poverty Index (WPI) and component scores for districts in Koshi River Basin, Nepal.
Where, horizontal axis represents the WPI score ranging from 0-100 (0 is most water poor and 100 is
least water poor).



Sustainability 2020, 12, 727 12 of 20

( Sindupalchow];“:»"y
) ' Dolakha

i

WPI1
B 49.75 - 53.65
[ 53.65 - 57.56
| 157.56-61.47 40 20 0 40 80
[ 61.47 - 65.38 - e km
I 65.38 - 69.29

Figure 5. Spatial variation of Water Poverty Index (WPI) along districts of Koshi Basin, Nepal.

Spatial variation of WPI components presented in Figure 6 illustrates that districts in Tarai
region were relatively more stressed on Resource (R), Access (A), Capacity (C) and Environment
(E) components, while districts in mid-hill and high-hill regions were stressed in terms of water
Use (U). Urban districts like Kathmandu and Bhaktapur performed better in Access and Capacity
components, however, due to low Resource, Use and Environmental health, these districts performed
low in overall WPL. Human Development Index (HDI) is also presented in Figure 6, together with
five WPI components allowing the comparison between WPI components and HDI. Figure 6 shows
that districts in Tarai region with a low HDI score were also found to have lower scores for capacity
(C), Access (A) and Resource (R) components of WPL. In a study conducted by [19] (p. 9) an identical
relation between HDI and WPI scores is shown, where they have found a strong positive association
between the HDI and Capacity component. This strong correlation is expected as WPI's Capacity
component and HDI are based on similar indicators.
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Figure 6. Spatial variation in Water Poverty Index (WPI) components and Human Development Index
(HDI).

3.3. Water Poverty along Agro-Ecological Region

Comparing water poverty along three selected agro-ecological categories, Tarai region was found
to be more water stressed in terms of all components compared to mid-hill and high-hill regions except
for the Use (U) component. The overall WPI was found to be significantly low in Tarai (55.6) compared
to mid-hill (59.6) and high-hill (64.1) districts, denoting high level of water poverty in Tarai compared
to other regions. However, WPI in all three regions are higher than the national average estimated
by Lawrence, Meigh and Sullivan [19], representing less water poverty in Koshi Basin compared to
the national average. The scores of individual components and overall WPI for three agro-ecological
regions are presented in Table 2 and Figure 7.
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Table 2. Comparison of Water Poverty Index (WPI) and its components in 3 agro-ecological regions.

Region R A U C E WPI
Tarai 245 61.2 86.7 51.4 53.9 55.6
Mid-hill 423 73.3 59.8 57.6 64.8 59.6
High-hill 58.6 76.4 54.4 60.7 70.6 64.1
Resource
100

Environment Access

Capacity Use

——Tarai ===Mid-hill ==—High-hill

Figure 7. Water Poverty Index (WPI) components in three agro-ecological regions of Koshi Basin, Nepal.

Ratio of irrigated land to cultivated land was found to be lower in mid-hill and high-hill districts,
while districts in Tarai region were found to have better access to irrigation. Literacy rate was found
relatively lower in districts of Tarai region compared to the mid-hill and high-hill districts. Fertilizer
use per hectare of cultivated land was found to be relatively low in the Basin, with exceptions for
urban districts such as Kathmandu and Bhaktapur.

4. Discussion

The final WPI score (59.22) for the Koshi Basin in Nepal can be considered medium-low in terms
of water stress, and the findings in this study are comparable to other contemporary studies conducted
at national, district and watershed levels [1,5,11,14,17-19] in other parts of the country. The overall
water poverty in the Basin was lower than the national average (54.4) estimated by Lawrence, Meigh
and Sullivan [19]. The estimation of the national average by Lawrence, Meigh and Sullivan [19] was
made in 2002, and this study has used the data from the National Population and Housing Census
of Nepal in 2011. Thus, it can be argued that the situation of water poverty has improved in Koshi
River Basin in 2011 compared to 2002. However, due to the lack of national and sub-national level time
series data on different indicators of water poverty, temporal comparison was not possible.

Our study also revealed an improved state of water poverty in Koshi Basin compared to the
analysis and mapping conducted by WWF [18] in Indrawati River Basin (one of the sub-basins of Koshi
River Basin) that showed a WPI score of 52.5. This variation provides support to the argument that
the nature of water poverty in Koshi Basin is complex and unevenly distributed across sub-basins,
districts and agro-ecological regions. The WPI score at Jhikhu Khola and the Yarsha Khola of Koshi
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River Basin in Nepal estimated by Merz [20], showed very identical WPI results compared to our
findings with 59.2 for the Jhikhu catchment and 63.2 for the Yarsha catchment in mid-hill districts.
District level comparison showed high variation of WPI scores, ranging from 49.75 to 69.29 in Koshi
River Basin, which is slightly lower than the score estimated at upper Bagmati River Basin (sub-basin
of Koshi River Basin) by Thakur, Neupane and Mohanan [14], that showed Bagmati River Basin as
medium-low water poor with WPI ranging from 54.63 to 77.95. The variation might have been caused
due to differences in indicator selection and spatial scale selected for the study. Districts of Koshi River
Basin were less water stressed compared to Kali Gandaki River Basin which have WPI ranging from
37.1 to 56.5, estimated by Manandhar, Pandey and Kazama [1].

Unlike the findings in Karnali River Basin by Panthi, Khatiwada, Shrestha and Dahal [11] that
concluded mid-hill districts having the highest water poverty, our study discovered higher water stress
in Tarai region, compared to high-hill and mid-hill region in Koshi River Basin. This variation implies
that mid-hill regions of Koshi River Basin (WPI = 59.6) are relatively less water stressed compared to
mid-hill regions of Karnali River Basin (WPI = 0.3533). Similarly, Tarai region in Koshi River Basin
(WPI = 55.6) were more water stressed compared to Tarai region of Karnali River Basin (WPI = 0.631).
This shows the uneven distribution of water stress across different regions of two river basins in Nepal.

Among the five WPI components, Koshi River Basin was found to be least stressed on Access
component, indicating that most of the population in the Basin have access to water and sanitation.
However, the results from the district level and agro-ecological level WPI suggest a high level of
variation among different components.

The water poverty can be seen as the product of socio-economic Capacity coupled with Resource
and Environmental indicators in the study districts. Urban districts like Kathmandu and Bhaktapur
were found to have better Access and Capacity to manage water resource. However, due to lack
of proper resources and a degraded environmental situation, both districts performed low in WPI
denoting high level of water stress.

The districts in Tarai region and urban areas were found relatively more water stressed compared
to other districts in the Basin. The districts in Tarai region were relatively more stressed on Resource
(R), Access (A), Capacity (C) and Environment (E) components, while districts in mid-hill and high-hill
regions were stressed in terms of water use (U). Poor access to sanitation, high illiteracy rate and low
per capita income in Tarai districts have contributed to a high degree of water stress in the region. The
districts in mid-hill and high-hill regions are stressed in terms of water use, specifically with access
to irrigation.

Water availability, variability, accessibility, use and socio-economic capacity to manage water
are the major challenges prevailing in the Basin. Efficient use of available water and integrated
water resource management techniques could help improve the water poverty situation in the Basin.
However, all the districts in the Basin require improvement in all the components and their respective
sectors. Urgent attention should be given to the most water stressed districts in Tarai region and
urban areas such as Kathmandu and Bhaktapur. Improvement in water supply and sanitation through
appropriate policy and instruments could enhance the Access component in the Basin, explicitly in Tarai
region. Infrastructure for domestic and agricultural water use can be developed in order to improve
water use. Integrated water resource management practices could be used for proper utilization of
available water resources in the Basin. Provision of education, employment and diversification of
livelihood systems could improve the socio-economic capacity of the people to cope with existing
water stress.

5. Conclusions

WPI offers a robust and comprehensive tool to access water stress at various spatial scales. Using
the five components described by WPI, we selected 12 indicators, considering local relevance and
availability of data, to access water stress in 27 districts of Koshi Basin, Nepal. The study revealed
medium-low level (WPI = 54.4) of water poverty in Koshi Basin in Nepal with substantial variation
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along the districts (from 49.75 to 69.29). The results showed that out of five components, Resource was
found to be the most stressed followed by Capacity, Environment, Use and Access. The spatial analysis
showed that districts in Tarai region and urban areas are relatively more water stressed compared to
other districts in the Basin.

The districts with low WPI scores should be given priority for intervention. Priorities must be given
to the districts in Tarai region and urban areas, explicitly on access to water and sanitation to address
water poverty in the Basin. Focus should be given on infrastructure development in mid-hill and
high-hill districts in order to improve domestic and agricultural water use. Water managers and policy
makers should prioritize their focus on proper management of existing water resources. Equal priority
should be given for enhancing socio-economic capacity of the people through provision of education
and employment opportunities. Conservation of water resources through proper management of
watershed is a crucial factor to enhance the environmental component. Development of sustainable
infrastructures could improve domestic and agricultural water use as well as ensure access to safe
water and sanitation.

District level WPI can be a useful tool for proper water management in Koshi Basin. It could
assist water resource managers and policy makers to prioritize the water stress areas, along with
priority sectors that require immediate attention. Inclusion of more indicators and assigning unequal
weights based on experts and stakeholders” consultations can be done in future to make WPI more
reliable and useful. Water poverty assessment at various spatial scales (municipality and ward level)
within the districts of Koshi Basin could provide more distinct priority areas and stronger basis for
management interventions. Updated studies at frequent intervals could provide temporal changes
in water poverty, which can be used to monitor progress and evaluate existing management policy
instruments. Moreover, the concern of water quality is equally important and future research could
incorporate water quality aspects into the WPI assessment to make WPI more comprehensive and a
holistic tool.
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Appendix A
Table A1. Calculated values for WPI components and indicators for Koshi Basin, Nepal.
District R1 R2 R A1 Az A Ul U2 U3 U Cl C2 C3 C El EZ E WPI
Bara 39.48 1457 2703 9600 2600 61.00 91.53 98.63 9041 9352 52.00 4497 67.00 5466 68.73 36.00 5237 57.71
Bhaktapur 1058  30.14 2036 81.80 96.00 8390 39.58 8219 8219 6799 8200 43.79 100 75.26 7.15 20.00 13,57  53.22
Bhojpur 75.88 4231 59.10 68.60 64.00 6630 3546 9041 3288 5291 69.00 3841 1200 39.80 99.04 48.00 7352  58.33
Dhankuta 67.84 2833 4808 8170 77.00 7935 2072 9041 5753 5622 7400 4225 39.00 5175 9848 41.00 69.74  61.03
Dhanusha 3145 1913 2529 8810 3400 61.05 72,69 98.63 8219 8450 50.00 3736 1000 6245 8840 23.00 5570 57.80
Dolakha 80.90 7.53 4422 7780 70.00 7390 2315 98.63 4932 5703 6300 37.08 44.00 48.03 9218 50.00 71.09  58.85
Kathmandu 0.00 16.80 8.40 70.00 98.00 8400 3997 8219 7397 6538 86.00 5540 100 80.47 0.00 37.00 1850  51.35
Kavreplanchowk 54.00 24.61 3931 7940 7100 7520 2824 9041 6575 6147 7000 4404 56.00 56.68 8518 5400 6959 6045
Khotang 7273 2683 4978 7820 63.00 70.60 23.00 9041 3283 4876  69.00  40.50 100 69.83 9947 4700 7323 6244
Lalitpur 25.04 3710 31.07 6950 9560 8255 20.86 8219 7397 59.01 83.00 49.09 100 7736 9178 6200 7689  65.38
Mabhottari 31.85 0.00 1593 9040 2690 5865 6934 98.63 9041 86.13 46.00 32.02 47.00 4167 9238 2200 5719 5191
Makwanpur 62.86 2721 4504 7840 49.00 6370 15.07 9699 5753 56.53 68.00 44.17 9200 68.06 3611 67.00 5155  56.98
Okhaldhunga 71.56  20.11 4583 8270 70.00 7635 1639 9452 4932 5341 64.00 37.70 13.00  38.23 100 49.00 7451  57.67
Panchthaar 7114 4997 6055 7160 88.00 79.80 1937 9370 5753 56.87 73.00 3975 14.00 4225 100 58.00 79.01  63.70
Ramechhap 7252 1823 4537 79.60 5200 65.80 16.80 9534 5753 56.56  62.00  37.59 100 6653 9719 4400 7059  60.97
Rautahat 38.44 9.80 2412 9510 23.00 59.05 9151 98.63 9041 9352 4200 3378 38.00 3793 8875 2500 56.88 54.30
Sankhuwasabha 9483  39.04 6694 6760 7800 7280 3458 96.16 5753 6276 69.00 4138 29.00 4646 99.44 55.00 7722 6524
Saptari 35.24 0.00 17.62  96.00 2000 58.00 63.08 98.63 4932 7034 55.00 3473 62.00 5058 8740 17.00 5220 49.75
Sarlahi 3839 2011 2925 89.00 2500 57.00 7675 9699 8219 8531 46.00 34.89 57.00 4596 8464 20.00 5232  53.97
Sinduli 70.18 2253 4636 6450 33.00 4875 3271 9534 6575 6460 61.00 3516 3500 4372 9283 67.00 7992  56.67
Sindupalchowk 71.13 11.69 4141 80.70  63.00 71.85 3575 9452 2466 51.64 60.00 40.17 100 66.72 8323  46.00 67.11  59.75
Siraha 34.86 6.84 20.85 89.70  20.00 5485 66.14 98.63 9041 85.06 50.00 3221 64.00 4874 9205 1600 54.03 5271
Solukhumbu 99.92 3690 6841 8380 7500 8190 11.83 98.63 41.10 5052  64.00  48.62 100 70.87  99.28 33.00 66.14  67.57
Sunsari 31.79 4036  36.08 9640 6400 8020 90.94 98.63 9534 9497 68.00  40.08 100 69.36 8233 19.00 50.67 = 66.25
Taplejung 100 4388 7194 9050 7300 8175 1856 98.63 3288 50.02 71.00 4298 100 71.33  99.80 43.00 7140  69.29
Terathum 69.69 1517 4243 7770 7400 75.85 3367 9616 6575 6520 75.00 4427 20.00 4642 9875 49.00 7388  60.76
Udayapur 7122 2975 5048 7790 59.00 6845 4093 9534 8219 7282 69.00 37.04 46.00 50.68 99.99 65.00 8249  64.99
Average 56.43 23.66 40.05 81.77 58.80 70.28 41.80 94.43 64.11 66.78 64.48  40.35 64.26 56.36 84.06 41.22 62.64 59.22




Sustainability 2020, 12, 727 18 of 20

¢ T :M‘?

Elevation (masl)
B 9- 500
[ 1501-1000

11001 - 3000

[ 3001 - 5000 0 1530 60 a0
T — |
B 5001 - 8448 km

Figure A1. Elevation map of Koshi River Basin in Nepal.
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