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FOREWORD

Freshwater resources — essential for life on Earth and the achievement of the Millennium Development Goals
(MDGs) — are increasingly vulnerable. A reliable assessment of the current status of major river basins is needed.
Major constraints to such an assessment have been a widespread lack of operational frameworks and the
availability of accurate and timely data at the basin, and more significantly, sub-basin scale. However, progress in
our understanding of vulnerability, and in data gathering and processing techniques offer promising avenues to
overcome these constraints.

The United Nations Environment Programme (UNEP) has joined hands with a number of regional partners from
Africa and Asia to address the issue of vulnerability of water resources in the major basins on these continents.
Freshwater Resources Under Threat: South Asia Vulnerability Assessment of Freshwater Resources to Environment
Change, produced through collaboration between UNEP and the Asian Institute of Technology, Thailand, is one of
a series of reports which has been the outcome of this partnership.

This report focuses on three major river basins in South Asia: the Ganges-Brahmaputra-Meghna, the Indus and the
Helmand. A composite Water Vulnerability Index — estimated at basin and sub-basin scales based on analysis of
water resource stresses, development pressures, ecological insecurity and management challenges — shows that
water resources in both the Indus and Helmand river basins are highly vulnerable. The Indus Basin is the most
resource-stressed and, at the same time, the most exploited among the three basins. At a basin scale the Ganges-
Brahmaputra-Meghna and Helmand basins are not water stressed. However, uneven endowment and exploitation
of water resources within these basins illustrate the need and potential for basin-wide resource development and
management. Additionally, inefficient management in all three basins poses considerable challenges. For instance,
water productivity — in terms of Gross Domestic Product generated from the use of one cubic metre of water — is
less than US $4 which compares well below the US $24 generated by the world’s top food producers.

Inhabitants’ access to sanitation facilities also highlights poor water management in the basins. A total of 454
million people lack access to improved sanitation in these basins. About 50 per cent of the inhabitants of the Indus
Basin lack access to improved sanitation, while the corresponding percentages in the Ganges-Brahmaputra-
Meghna and Helmand basins are about 60 per cent.

Findings of the study indicate that there is no viable generic solution to these issues, and that a unique mix of
policy interventions and preferred route for future development is necessary to reduce water vulnerability in each of
the three selected basins. In this context, it is our hope that this first assessment should initiate a long-term
process of periodic review and update that will give an authoritative picture of water vulnerability related to
environmental change, and climate change in particular, and provide the scientific basis for integrated and
sustainable river basin development and management.

Achim Steiner

United Nations Under-Secretary General and Executive Director
United Nations Environment Programme

October 2008
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Mountains and river in Helmand Province of Afghanistan
Source: commons.wikimedia.org/Department of Defense

The South Asian countries (Afghanistan; Bangladesh; Bhutan; India; Iran; Maldives;
Nepal; Pakistan; Sri Lanka) are home to about one-fourth of the world’s population,
but only contain about 4.5 per cent (1,945 billion m®) of the world’s annual renewable
water resources (43,659 billion m®). Except for Bhutan and Nepal, the per capita
water availability in the region is less than the world average, with water use in this
region being limited mainly to the agriculture sector. Aimost 95 per cent of the
withdrawn water is consumed by the agriculture sector, a much larger proportion than
the average global agricultural water use (70 per cent). In contrast, the region
generally exhibits very limited water use in the industrial and domestic sectors. The
percentage of the population with sustainable access to improved sanitation facilities
in South Asia is 39 per cent (compared to the world average of 59 per cent). The
water productivity — in terms of GDP per unit of water use — also is low (US$ 1.4.m™),
compared to the average of US$ 23.8.m™ for the world’s top five food producers
(Brazil; China; France; Mexico; USA).

Among the South Asian countries, Bangladesh is the downstream and deltaic portion
of a huge watershed, thereby being naturally vulnerable due to the quantity and poor
quality of water that flows into it from the upstream. All major rivers flowing through
Bangladesh originate outside its borders. Thus, any interventions in the upper
riparian regions can have significant impacts on Bangladesh. Although Nepal is
considered to be water rich, this situation may change with increasing water
demands. Bhutan receives a high amount of precipitation overall, but it varies




significantly spatially inside the country. Of the
total precipitation Bhutan receives, surface
runoff constitutes 76 per cent, snow constitutes
5 per cent, and soil infiltration constitutes the
remaining 19 per cent. Maldives has achieved
remarkable success in rainwater harvesting. It
has been estimated that 25 per cent of its
population currently depends on groundwater
for drinking, while the rest of the population
uses rainwater and desalinated water for this
purpose, and groundwater for other purposes.
Water has been central to Sri Lanka’s
evolution as a nation. Apparently water rich,
the per capita water availability in Sri Lanka is
2,400 m®. However, it is estimated, that this
availability will decline to 1,900 m® by 2025.
The annual distribution of precipitation in
Afghanistan suggests an essentially arid
country, with more than 50 per cent of its
territory receiving less than 300 mm of rainfall
per year. Although Afghanistan is located in an
arid environment, it is rich in water resources,
mainly because of the series of high
mountains (Hindukush; Baba) covered by
snow. Its internal annual renewable water
resources are estimated to be 55 billion m”.
India is by far the largest country, in terms of
population and land area, in South Asia. It is
home to one-sixth of the world’s population,
while only endowed with 1/25th of the world’s
available water resources. On a basin scale,
the annual per capita water availability in India
varies considerably between 13,400 m® in the
Brahmaputra—Barak basin, to about 300 m® in
the Sabarmati basin. Precipitation in Pakistan
is markedly variable in magnitude, timing, and
areal distribution. The Indus River is the
primary water source.

In view of the uneven endowment and
development of water resources in South Asia,
the issues and challenges of the water sector
are large in scale, diversity and complexity. A
number of studies and reports have highlighted
the complexity of water issues from natural,
political, social and economic perspectives.
The diversity of these studies and reports
serves as a knowledge base for South Asia,
but one can only rarely find a study that
provides a holistic view of the water-related
vulnerabilities in the river basins of South Asia.

This report is one of the primary outputs of
the Vulnerability Assessment of Freshwater
Resources to Environmental Change
project, and presents a situation analysis
with regard to the vulnerability of water
resources systems in South Asia. In
addition to the more general issues
addressed herein, this report considers
three South Asian transboundary river
basins as case studies: (i) Ganges-
Brahmaputra-Meghna (GBM); (ii) Indus; and
(iii) Helmand. Collectively, these basins
provide South Asia with a variety of water-
related challenges that encompass floods in
the monsoon season; water shortages in
the summer; sedimentation and erosion in
the river and associated flood plains;
drainage congestion in low-lying areas; and
environmental and water quality problems.
The population explosion in the basins
during the past century has exerted heavy
pressures on its water resources, causing
noticeable changes to the functioning and
uses of water. About 67 per cent of the
nearly 34,000 km? (12,124 mi®) of
Himalayan glaciers are reported to be
receding. As the ice diminishes over the
long term, glacial runoff in the summer and
river flows will decrease, leading to severe
water shortages in the basins. Nearly 70
per cent of the water in the Ganges River
comes from rivers in Nepal, which are fed
by glaciers. If the Himalayan glaciers
disappear, rivers at lower altitudes also will
dry up. To effectively manage the water
resources in the basins, and cope with the
variety of stresses affecting them, it is
essential to better understand the nature
and extent of the associated problems.

The vulnerability of the water resources of
the selected river basins is assessed from
two perspectives: main threats to the
development of water resources and its
utilization dynamics; and the management
challenges in coping with these threats. The
main threats are assessed based on three
different components: (i) resource stresses;
(i) development pressures; and (iii)
ecological insecurity. The challenge of
coping capacity is measured via state of
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water resources management. Thus, the
report methodologically departs from a
preconceived notion of “water crisis”
being synonymously linked to water
vulnerability. Evaluation of the different
components is based on the related
indicators (parameters), and considers a
number of constraints related to data
and information, including lack of access
to some official data, and to wide
seasonal and spatial variations in the
hydrology of the case study basins. A
composite vulnerability index (V1) is
calculated for the three basins on the
basis of four components of water
vulnerability: (i) resource stresses; (ii)
development pressures; (iii) ecological
insecurity; and (iv) management
challenges.

A number of conclusions have been
drawn from the analyses presented in
this report. These are discussed below
in categories that relate to specific
components of the vulnerability
assessment adopted in this study.

Resource Stresses

The water resources of a river basin is
under stress when the available
freshwater fails to support
socioeconomic development and
maintain healthy ecosystems. The
availability of freshwater is expressed in
terms of per capita water resources, and
by variation of precipitation in a basin.
The first parameter is related to the
‘richness’ of water resources, dictating
the degree to which it can meet the
demands of the population. The second
parameter encapsulates the uncertainty
associated with water availability. As a
benchmark for defining relative water
availability, 1,700 m®.person™.year” is
taken as the threshold for water-
stressed condition (Falkenmark and
Widstrand, 1992). To benchmark the
variation in precipitation, a coefficient of
variation (CV) of 0.3 is taken as the
critical level, beyond which a water
resources system is considered most

Xl @ Freshwater Under Threat : South Asia

vulnerable. The analyses in this report
indicate that the annual per capita water
availability are high, in the GBM and
Helmand and Indus Basins. About 3,500
and 2,600 m® of water are available per
capita annually in the GBM and Helmand
Basins. Thus, these two basins are not
water stressed per se. However, individual
sub-basins exhibit large seasonal and
spatial variations in water availability. The
per capita water availability in the Indus
Basin is 1,330 m®.person™. year”, indicating
extremely stressful situation. The per capita
availability of water in India, as a whole, has
decreased to 1,869 m®, from 4,000 m® in
last two decades and farmers increasingly
tap the available groundwater. Millions of
tubewells have been dug in India, with the
groundwater levels plunging in many areas
because of excessive pumping. By 2025,
the per capita water availability could fall
below 1,000 m®.

The variation of water resources, measured
in terms of CV of precipitation, suggests a
high variability in the water resources in the
lower and drier parts of the Indus and
Helmand Basins, compared to their upper
parts. This observation highlights the spatial
variability of the water resources and their
inconsistency within these basins. In
contrast, the upper parts of the GBM Basin
in India exhibit a comparatively larger
precipitation variation (CV of 0.27-0.34) from
year to year.

Development Pressures

The rate of development of water
resources is used to demonstrate the
ability of a river basin to exhibit a healthy
renewable process. It is evaluated as: (i)
the ratio of water use and water
availability; and (ii) the percentage of the
population with sustainable access to
improved drinking water, which reflects
the level of water infrastructure
development. Water use in this context
refers to consumption in three major
sectors (agriculture; domestic; industry).

A comparison of the water resources
development rates among the three river

basins reveals that the Indus Basin is
by far the most exploited river basin.
Water resources development, in
terms of population with access to
improved drinking water, also is
greater in the Indus Basin (87 per
cent), compared to the GBM (83 per
cent) and Helmand (43 per cent)
Basins. Water resources development
and use, in contrast to annual per
capita water availability, reflects
contrasting trends between the Indus
and GBM Basins, indicating a
worsening situation in the former,
compared to the latter. Similarly in the
lower Ganges Basin, the population
factor contributes to major
environmental issues, including: (i)
increasing demands of natural
resources to support development
activities; (ii) the inward intrusion of
higher salinity levels; (iii) the spread of
waterborne diseases related to the
extensive embankment of former
waterbodies; (iv) water and soil
pollution; (v) declining fisheries due to
human interventions; and (vi)
biodiversity loss in the Sundarbans
forest.

Ecological Insecurity

Lack of sufficient vegetation coverage -
can cause severe problems, in terms
of water conservation and maintaining
natural flow regime. Thus, the
percentage of land without vegetation
coverage was used as an indicator of
ecosystem insecurity. At the same
time, water quality deterioration, as a
consequence of water resources
development and use, is an important
indicator of current ecological health.
The volume of wastewater discharged
to receiving waters, therefore, is
compared to the available water, in
order to evaluate the water quality
situation in the basins. A comparison
of the annual volume of wastewater
discharged as a percentage of
available water in the three basins
revealed a high discharge in the Indus



Basin, compared to the Helmand and the GBM Basins.

e T h e This.fint.jing corresponds to.a greater irr.igation wat.er.use-.
and indicates greater pollution from agricutural activities in
the Indus Basin. Vegetation coverage, as a pre-condition for

recommen d at| ons preserving natural ecosystems, is relatively greater for the
Helmand Basin (40 per cent), compared to the Indus (39
per cent) and GBM (20 per cent) Basins.

available for

Management Challenges

re d U CI n g t h e Wate r Three indicators are used to assess the management

capacity to cope with mismatch between water resources

vu I ne rabl I Ity | N rlve r availability and use, including: (i) efficiency of water use
(measured as GDP produced from one unit of water use);
(if) human health conditions (measured as access to

baS| ns Mmu St re Iy on a adequate sanitation facilities); and (iii) conflict management

capacity (qualitatively evaluated through the existence and

1 H 1 functioning of institutions, agreements and communication
unique mix of policy ¢ ¢

mechanisms).

Water use efficiencies in all three case study basins are
very low, compared to the world’s average GDP production
per unit of water use (about US$ 8.6.m* of water use). A

p refe r red Frou te fo r basin-wide analysis revealed that the GDP produced per

unit of water use for the GBM basin is US$ 3.47.m*, while
futu re d eve I 0 m e nt T] those for the Indus and Helmand Basins are US$ 3.34.m”
p - and US$ 1.00.m?, respectively. The access of basin

inhabitants to adequate sanitation facilities poses even
greater management challenges in all three basins. About
50 per cent of the inhabitants in the Indus Basin have
access to improved sanitation facilities while the
corresponding values for the GBM and Helmand Basins are
about 40 per cent.

interventions and

All the case study basins in this report are international river
basins. The waters of the Indus Basin are shared largely by
Pakistan and India, and to a lesser extent by Afghanistan.
The GBM Basin waters are shared by five countries (Nepal;
India; Bangladesh; Bhutan; China). The Helmand Basin
waters are shared by Afghanistan, Iran and Pakistan.
Numerous rivers originating in the mountains of Nepal
contribute significant flow of the Ganges River, which
snakes through neighbouring India and Bangladesh. The
Ganges River system remains the main freshwater source
for half the population of India and Bangladesh, and nearly
the entire population of Nepal. Although some arrangements
exist between the respective co-riparian countries in the
GBM and Indus Basins, their actual implementation poses
considerable challenges, to the extent that these
arrangements may prove inadequate as water demands
continue to increase. As the population increases, and the
per capita water availability declines, conflicts over water
allocation are likely to increase.

Children bathing in the river, Omkareshwar, India
Source: www.sxc.hu/hagit .

Freshwater Under Threat : South Asia e XlII



Life on the river bank, India
Source: Narupol Krairiks
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Vulnerability Index

A composite basin water vulnerability index (VI)
is calculated, considering equal contributions
from resource stresses, development pressures,
ecological insecurity, and management
challenges, to overall vulnerability. The VI
values range from 0 to 1, with 1 representing
the highest vulnerability. The findings of
vulnerability analysis are summarized as
follows:

Water resource systems in the Helmand
and Indus Basins are highly vulnerable. The
Helmand basin is the most vulnerable (VI =
0.64) between the two basins. The water
resources of the GBM Basin are highly
stressed.

For both the Helmand and Indus Basins,
ecological insecurity contributes most to the
water resources vulnerability. In contrast,
management challenges pose the greatest
risk for the GBM Basin. Nevertheless,
management challenges in the Helmand
Basin are high.

Key issues leading to vulnerability of water
resources in the GBM basin include: (i)
seasonal variations of water resources
(resulting in floods and water shortages); (ii)
climate change implications (increased
glacier melt; changes in precipitation; loss of
ecosystems); and (iii) water quality
degradation and transboundary water
management issues.

Similarly, issues in the Indus Basin include:
(i) salinization and sodification of agricultural
lands: degradation of the Indus delta
ecosystem; (iii) low irrigation water use
efficiency; (iv) lack of integrated water
resources management in the upper Indus
Basin; and (v) declining groundwater levels,
due to groundwater mining and other
causes.

For the Helmand River Basin, the key
issues leading to vulnerability of freshwater
resources include: (i) variability of available
water resources; (ii) limited access to water
supply and sanitation facilities; (iii) low
efficiency of irrigation infrastructure; and (iv)



lack of management capacity and
coordination among water-related
national agencies, and among riparian
countries. Furthermore, lack of a
sufficiently dense hydrometeorological
network, and lack of an information
system poses considerable challange for
hydrological assessment.

Recommendations

There are no viable generic solutions to the
water vulnerability faced by the South Asian
countries. Thus, for each selected river
basin, the recommendations available for
reducing the water resources vulnerability
must rely on a unique mix of policy
interventions and preferred routes for future
water resources development. They can be
summarized as follows:

® Promotion of people-centric and people-
oriented water management. High
resource stresses and development
pressures in the Indus Basin, and large
spatial and temporal water resources
variations in the GBM Basin, call for a
paradigm shift in the way water
resources are managed in these
basins. These include (but not limited
to): (i) promotion of co-management of
domestic and irrigation water supply
infrastructure; (ii) encouragement of
private sector participation in water
development; and (iii) improved public
sector spending in the water sector.

® /mproving water management efficiency.
Agriculture is by far the largest water
user in South Asia. Water management
efficiency in the agriculture, however,
remains much less than desired,
implying that the current system of
operation, and distribution and use of
water resources is inadequate.
Moreover, there is a need to adopt
policies promoting more efficient use of
the existing water resources. As an
example, excessive water conveyance
losses due to sedimentation and poor
maintenance of irrigation networks have
been reported in Pakistan. These age-

old irrigation infrastructures must be
rehabilitated and/or remodeled to
address these issues as well as
changing agronomic conditions.

® Increased investment in water

development and use. Lack of
management capacity, and a low level
of water exploitation in parts of the
GBM Basin, implies that a scope for
further water resources development
does exist. However, under-developed
socioeconomic conditions on the one
hand, and low water exploitation on the
other hand, create a vicious cycle.
Investments must prioritize the
sustainable development of water
resources in the GBM Basin.

® Full provision for non-consumptive water

use. Findings of poor ecological health
in the Indus and Helmand Basins call
for provision of desired balance of
water allocation between human and
nature’s needs.

® Pursuit of cooperative, basin-level water

resources development and
management. All the case study basins
are transboundary in nature. Thus,
opportunities for cooperation on
sustainable water resources
development and management exist for
all the basins, as evidenced through a
number of earlier developments
involving the GBM and Indus Basins.
The prospects of two or more co-
riparian countries working in
cooperative, project-based water
development activities in the GBM and
Indus Basins were also endorsed by
South Asian Association for Regional
Cooperation (SAARC) summit in 1997
and 1998. Special emphasis should be
directed to establishing governing
principles for transboundary water
sharing and institution building,
including regional data collection and
monitoring networks, river basin
organizations, and tribunals for dispute
settlements.

Although the sources of vulnerability of
the water resources for the three case
study basins are different, it is expected
that the comprehensive, and easily-
interpretable findings in this report will
help decision makers reach sound
solutions for reducing the vulnerability
of water resources in South Asia.

Freshwater Under Threat : South Asia @ XV



1.1 Rationale

Asia’s underdeveloped condition has increased the sensitivity of its
communities to socio-environmental constructs (biophysical,
socioeconomic or geopolitical factors). They can affect the ability of
water resources systems to effectively and efficiently function, thereby
making these water resources vulnerable in terms of quantity
(overexploitation, depletion etc.) and quality (pollution, ecological
degradation etc.). Understanding the vulnerability of water systems in
Asia, therefore, is vital to sustainable water resources management in
the region. Therefore, this study is undertaken by United Nations
Environment Programme (UNEP) and the Asian Institute of
Technology (AIT), Thailand, to address the issue of vulnerability of
freshwater resources in Asia. The objectives of the study are closely
related to the commitment of the international community to implement
integrated water resources management. Thus, the focus in this study
is to assess the vulnerability of freshwater at river basin scale. The
specific objectives of the assessment are:

® To develop knowledge and understanding necessary for forward-
looking cooperation among riparian states with regard to
competing water demands;

To examine water issues and functions in selected river basins;

To evaluate impacts of environmental change in terms of water
resource stresses and management challenges; and

To complement the efforts and activities of Governments, non-
governmental organizations (NGOs), and development agencies
engaged in improving the status of water systems, by providing
facts, figures and analyses related to water resources vulnerability.

This assessment focuses on four river basins; namely, Ganges-
Brahmaputra-Meghna (GBM), Indus and Helmand in South Asia; and
Mekong in South East Asia. These four basins mainly comprise
developing countries in which the available water resources strongly
influence the economic and social development of countries. This
report provides a freshwater resource vulnerability assessment of
South Asia, based on the analyses of three key river basins: GBM,
Indus and Helmand.

1.2 The Assessment Process

Following the procedures for river basin vulnerability assessment
outlined in the “Methodological Guidelines,” developed by UNEP and
Peking University (UNEP-PKU, 2008), and with input from the Asian
Institute of Technology (AIT), two research teams were formed to
conduct an assessment of the above-noted four river basins in South
and South East Asia. A desk study is done, involving intensive review
of relevant research papers, policy reports, maps, etc., from which a
conceptual framework of analysis was formulated and a detailed work
plan developed. Continuous consultation and exchange of information




between teams ensured that similar types of
information were included in the reports.
The state and characteristics of the water
resource of the river basins and their
management systems were analyzed to
identify the key issues influencing the
vulnerability of their water resources. This
information served as the basis for in-depth
DPSIR (Drivers, Pressures, State, Impacts
and Responses) analysis for developing a
qualitative and quantitative description of
the vulnerability of the water resources, and
the management, of a river basin. A
comprehensive vulnerability assessment
was conducted, and an integrated
Vulnerability Index (V1) calculated. Synthesis
reports of the sub-regions, based on the
selected river basins, were prepared.

Consultation Process

To ensure the correctness of data, and the
validity of the assessment, the reports were
reviewed by selected experts from the
region, comprising representatives from
governments, universities, and private
sector. A comprehensive peer review
workshop was held on 12-14 September,
2007 at the AIT, Thailand, with participation
of 20 water experts from Afghanistan,
Bangladesh, India, Iran, Nepal and Pakistan
from South Asia; Cambodia, Laos, Thailand
and Vietnam from South East Asia; and
China and Mongolia. The workshop
identified the strengths and weaknesses of
the report, as well as providing
recommendations and additional data for
improving and updating relevant information
contained in the report. Based on the
comments of the experts, the report was
appropriately revised to incorporate the
updated and additional data provided
through the review exercise.

Summary for Decision Makers (SDM)

The Summary for Decision Makers (SDM),
published as a separate report, synthesizes
the key findings, gaps and challenges
based on the assessment, in the form of
main messages. The SDM highlights new

insights into the vulnerability of the
freshwater systems in nine major river
basins of Northeast, South and South East
Asia, and provides critical points of
reference to identify policies and
recommendations for reducing water
resources vulnerability.

1.3 Scope and Limitations

For the assessment in South Asia, three
river basins (GBM; Indus; Helmand) were
considered, based on their hydrologic and
physiographic characteristics and socio-
environmental functions, as well as their
importance in the region. To account for
variations in water availability, development,
use and management capacity within each
of the river basins, a total of 52 sub-basins
were considered, including 31 in GBM; 6 in
Indus; and 15 in Helmand. Unlike traditional
assessments, however, this study relies on
to some degree on informed estimates,
which were later validated with recourse
and views of additional informed experts
and published documents including Internet
web resources. As such, strict numerical
validity was not considered the core issue.
Rather, the direction of causality related to
vulnerability outcomes was emphasized.
Nevertheless, this assessment is not a
substitute for a rigorous quantitative
analysis, but rather is intended to
complement such an analysis. Thus, this
assessment should be regarded as the first
edition of future comprehensive analyses at
river basin or local level.

1.4 Structure of the Report

This report is divided into five chapters. The
first chapter introduces the study, answering
two major questions: Why vulnerability
assessment is important? How are we
going to assess vulnerability? The second
chapter summarizes the specific
methodology used in the assessment
including calculating the Vulnerability Index
(VI1). The third chapter describes the
important geographic and socioeconomic

conditions of South Asia. It also outlines
the status of the region’s freshwater
attributes. The outline provides the
background for the water problems in
South Asia, and points to the elements
of water vulnerability used in this in-
depth analysis of the river basins. The
fourth chapter contains the findings of
the vulnerability assessment for the
selected river basins: GBM, Indus and
Helmand. The objective is to examine
the significance and magnitude of
environmental and socioeconomic
factors associated with freshwater
resources vulnerability. The fifth chapter
provides the conclusions of the
assessment, based on the relevant
findings presented in the previous
chapters. General policy directions
aimed at minimizing the vulnerability of
freshwater in South Asia are suggested.
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2.1 Approach

The method used for this vulnerability assessment, based on the
Methodological Guidelines prepared by UNEP and Peking University (UNEP-
PKU, 2008), is briefly discussed in this chapter. The vulnerability of freshwater
resources was explored by isolating strategically-important issues related to
different functions (uses) of freshwater systems in a drainage basin, marking a
considerable departure from the preconceived notion of “water crisis” being
synonymously linked to vulnerability. Thus, this analysis is based on the
premise that the vulnerability assessment of a river basin must have a precise
understanding of four components of water resources system, including their
states and relationships, as follows:

e Total water resources: Analysis of the hydrologic balance, prior to
consideration of any water resources development and use; mainly
comprising the water resources formulation from a natural hydrologic
process, and its relationship with global climate change and local
biophysical conditions;

Water resources development and use: Analysis of water resources
supply and balance, mainly the water resources development capacity
available via an engineering approach and its relation to water resources
use and development trends, and with the process of urbanization, as well
as water resources support to the economic development;

Ecological health: Analysis of water resources, after development and use
for human and economic use, to be utilized for maintaining the basin’s
ecological health, and the supply and demand relations, and key issues in
the process. At the same time, the analysis needs to be conducted on
water quality, as a consequence of water resources development and use
(pollution), and its further influences on the freshwater resources budgeting
within a river basin;

Management: The above three components focus on the natural
processes or natural adaptation of freshwater resources development and
use. However, the natural processes are usually heavily influenced by the
capacity to manage freshwater resources; that is, the management
capacity plays an important role in sustainable development and use of
water resources. Thus, the assessment is expanded to include evaluation
of the state of institutional arrangements and other factors in freshwater
resources management.

This assessment approach recognizes that a sustainable freshwater system
can only function within an integrative operational framework that combines
both the natural system and the management system. The fundamental
components of current vulnerability assessment are able to account for three
different aspects related to the natural resource base, and how other factors
(climate change, biophysical conditions, policy and management practices etc.)
influence the processes that make a natural system vulnerable. Evaluation of
the different components is based on the related indicators (Figure 2.1),
considering a number of constraints related to data and information, including
lack of access to some official data, and wide seasonal and spatial variations
in the basin hydrology.
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Figure 2.1 | Freshwater resources vulnerability
components and indicators

The core method builds on a two-step exercise: (1) diagnosis of
issues; and (2) in-depth assessment of the identified issues, using a
DPSIR framework. A comprehensive vulnerability analysis was
subsequently carried out, following a composite Vulnerability Index
(V1) calculation based on four components of water vulnerability; (i)
resource stresses; (ii) development pressures; (iii) ecological
insecurity; and (iv) management challenges.

2.2 Diagnosis of Issues

To better understand the water resources vulnerability of river
basins, basic data were collected from different sources regarding
their current state and development, in terms of the water resources
base, and its use and management. The output of this exercise was
a detailed description of the water resources functions and key
issues.

2.3 DPSIR Analysis

The analytical framework, known as Drivers, Pressures, State,
Impacts and Responses (DPSIR) framework, used by the UNEP
GEO process and others, was employed to put the vulnerability
assessment into perspective. It integrates both anthropogenic as
well as environmental change (caused by human activities and
natural processes) factors, and incorporates social, economic,
institutional and ecosystem pressures.

The DPSIR analysis was carried out for each identified issue. The
Driving forces (D) represent major social, demographic and
economic developments, and corresponding changes in lifestyles,
and overall consumption levels and production patterns.
Demographic development may be regarded as a primary driving
force, whose effects are translated through related land use

changes, urbanization, and industry and agricultural
developments. The pressures (P) are subsequently developed as
an effect of these driving forces. The pressures represent
processes that can affect the resource (water) by producing, for
example, substances (effluents) and other physical and biological
agents that can consequently cause changes to the state (S) of
the water resources. Society will experience either positive or
negative consequences, depending on the nature and magnitude
of the changes in the state. These consequences are then
identified and evaluated to describe the resultant impacts (1), by
means of evaluation indices.

2.4 Vulnerability Index and Parameterization

The vulnerability of the water resources of a river basin can be
assessed from two perspectives: (1) main threats of water
resources and its development and utilization dynamics; and (2)
the basin’s challenges in coping with these threats. Thus, the
vulnerability index (VI) for the river basin can be expressed as:

VI = f (RS, DP, ES, MC)
where:
VI = vulnerability index; RS = resource stresses; DP =
development pressures; ES = ecological insecurity; MC =
management challenges.

High vulnerability is apparently linked with greater resource
stresses, development pressures and ecological insecurity, as
well as low management capacities. In order to quantify the
vulnerability index, the indicators for each component were
determined and quantified. The value of vulnerability ranges from
0 to 1.0, with 1.0 indicating the most vulnerable situation.

Resource Stresses (RS)

The general influence of water resources to vulnerability is related
to water resources quantity and variation, and the pressures from
them can be expressed as “scarcity” and “variation” of water
resources.

Water scarcity parameter: The scarcity of water resources can
be expressed in terms of annual per capita water resources
availability of a region or a basin, in comparison to the generally-
agreed minimum level of per capita water resources requirement
(1,700 m®.person™). That is,

.= % if (R <1,700)

=0 if (R >1,700)

where:
RSS = water scarcity parameter; and R = per capita water
resources availability per year (m®.person™.year”).
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Water variation parameter: The
variation of water resources is
expressed by the coefficient of variation
(CV) of precipitation over the last 50
years. A CV value equal to or greater
than 0.30 is taken to indicate the most
vulnerable situation and expressed as:

if (CV < 0.30)

RS, =CV /0.30
if (CV > 0.30)

RS, =1

where:
RSv = water variation parameter.

Development Pressures (DP)

Water exploitation parameter: This
parameter is based on the water
resources development rate (i.e., ratio of
water supply and total water resources
availibility), and is used to demonstrate
a river basin’s capacity for a healthy
renewable process, as follows:

op, - .
WR

where:

DPe = water exploitation parameter; WRS
= total water supply (capacity); and WR
= total water resources.

Safe drinking water inaccessibility
parameter: This parameter
encapsulates the state of social use of
freshwater (i.e., how freshwater
resources development facilities address
the fundamental livelihood needs of the
population). The contribution of safe
drinking water inaccessibility parameter
(DPd) can be calculated with the
following equation:

DP, =

oo

where:

DPd = safe drinking water inaccessibility
parameter; Pd = population without
access to improved drinking water
sources; and P = total population.
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Ecological Insecurity (ES)

The ecological health of a river basin was
measured with two parameters; namely, the
water quality/water pollution parameter and
ecosystem deterioration parameter.

Water pollution parameter: The
contribution of water pollution to water
resources vulnerability is represented as the
ratio of total untreated wastewater and the
total water resources. The ratio equal to or
greater than 15 percent of the available
water is considered to represent the most
vulnerable situation. Thus, the water
pollution parameter (EHp) is expressed as:

ww
EH =—/WR it ww <0.15*WR)

PT015
EH, =1 if (WW > 0.15*WR)

p

where:

EHp = water pollution parameter; WW= total
wastewater volume (m®); and WR = total
water resources (m°)

Ecosystem deterioration parameter: This
parameter is represented by the ratio of the
basin area without vegetation cover to the
total basin area. The area under forest and
wetlands is considered as the vegetation
coverage:

where:

EHe = ecosystem deterioration parameter;
Ad = basin area without vegetation (forest
area and wetlands) coverage (km®); and

A = total basin area (km®).

Management Challenges (MC)

Management challenges are measured with
the following three parameters:

Water use inefficiency parameter: This
parameter is represented by the GDP
produced from one cubic metre of water
use, and compared with the average GDP
generated per cubic metre use by selected
countries. For this assessment in South
Asia, comparison was made to the top five
food producers in the world, including Brazil,
China, France, Mexico and USA, with a
water use efficiency of US$ 23.8 per cubic
metre of water use, as follows:

Mc, = VEm “WE (WE,,, >WE
=—" >
e WEWm wm )
MC, =0 if (WE,,, <WE)
where:

MCe = water use inefficiency parameter; WE
= GDP produced from one cubic metre of
water use; and WEWrn = mean WE of
selected countries.

Improved sanitation inaccessibility
parameter: The computation of this
parameter is based on proportion of the
population in the basin that lacks access to
improved sanitation facilities, as follows:

MC, =

S

|0

where:

MCS = improved sanitation inaccessibility
parameter; PS = population without access
to improved sanitation; and P = total
population.

Conflict management capacity
parameter: The conflict management
capacity is assessed, utilizing the matrix
shown in Table 2.1. The final score of
conflict management capacity parameter
(MCC) was determined by expert
consultations, based on the scoring criteria.



Weighting Table 2.1| Conflict management capacity parameter assessment

. . . matrix
Based on expert consultation weights are assigned to

each component of the vulnerability index to
calculate the index using the following equation:

where:

VI = vulnerability index; n = number of vulnerability
components; m = number of parameters ini"
component; X, = = value of the |" parameter in i"
component w = weight given to the j" parameter in

" component; and Wi = weight given to the i"
component.

To give the final VI value in a range from 0 to 1.0,
the following rules were applied in assigning the
weights: (a) the total of weights given to each
indicator should equal 1.0; and (b) the total of
weights given to all components should equal 1.0. As
the process of determining relative weights can be
biased, making comparison of the final results
difficult, equal weights were assigned among
indicator in the same component, as well as among

different components. . .
Table 2.2 | Interpretation of Vulnerability Index

Explanation of Results and Policy

Recommendations

0.2) Indicates a healthy basin in terms of resource richness, development
practice, ecological state and management capacity. No serious policy
and application o estimates, Table 2.2 was change is needed. However, it is still possible that in the basin, moderate
_— R problems exist in one or two aspects of the assessed components, and
::Z{)"ill_’n‘)'?"ﬁrepareq] Q%S@WWence Sﬁ%@pégéﬁtéw% I!:lﬂst Igﬁg zl)g;tr;ﬁgtutlon policy adjustment should be taken into account after examining the VI
the VI valuegerieromy the overall VI score, gemexalent S

conclusnfﬁgoogggt evzva é?rawn on the state of vulnerability

of the riVE" 58I/ and policy recommendations can
|

Commum@?,]oﬁy m[.gr\{entlons can th%%,P,ﬁurm%g%ﬂgmeegﬁgunicaﬂon No -0.7) The river basin is under high stress, and great efforts should be made to
inability accordlngiymunlcaxlon at policy and only at policy communication de_s_lgn policy to provide technical suppon and policy back-up in order to
mechanism for water ~ operational level or mechanism mitigate the stress. A longer term strategic development plan should_be
resource levels operational level made accordingly with focus on rebuilding up of management capacity to
management deal with the main threat.
(annual conferences
etc.)
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This chapter is divided into three sections. The first section deals with the
geographic and socioeconomic setting of the South Asian sub-region, including
brief descriptions of the countries. The second section describes the state of
the freshwater resources in the sub-region, from the perspective of: (i) water
resources availability; (i) water withdrawals; (iii) water productivity; (iv) access
to improved drinking water sources; and (v) access to improved sanitation
facilities. The final section provides fact sheets on the major river basins in the
sub-region.

3.1 Geography and Socioeconomics

Geography

South Asia, also known as Southern Asia, comprises the countries of
Afganistan, India, Pakistan, Bangladesh, Nepal, and Bhutan, as well as the
island nations of Sri Lanka and the Maldives. It covers approximately 4.48
million km? (1.73 million mi’) in area (Figure 3.1).

South Asia is surrounded by (from west to east) Western Asia, Central Asia,
Eastern Asia, and Southeast Asia. The existence of the highest mountains and
largest mangrove forests in the world, lush jungles, the tenth-largest desert on
Earth, deep river valleys and many other landscape features, decorate the
countries of South Asia, providing one of the most diverse assortment of
geographic features.

Geophysically, the sub-region lies on the Indian Plate, and is bordered on the
north by the Eurasian Plate.

Geopolitically, however, South Asia subsumes the Indian subcontinent. It also
includes territories external to the Indian Plate, and in proximity to it.

Figure 3.1 | South Asia




Afghanistan, for instance, is
sometimes grouped in this
region because of its
sociopolitical and ethnic
(Pashtun) ties to neighboring
Pakistan. In contrast, Pakistani
regions west of the Indus are
sometimes described as being
in Central Asia, due to historical
connections. A good proportion
of the Balochistan land mass is
not on the Indian plate, but on
the fringes of the Iranian
plateau. As in the case of the
Hindukush Mountains,
everything to the southeast of
the Iranian Plateau is
considered South Asia.

The Indus River, one of the
most important rivers in South
Asia, flows from the Himalayas,
through the Punjab region of
India, and the Sindh Province of
Pakistan. The earliest
civilizations in South Asia
flourished along the banks of the
Indus and, in fact, Punjab is still
the ‘breadbasket’ of India and
Pakistan. Another river, the
Ganges, flows from near the
town of Hardwar in the
Himalayas, into a broad region
called the Gangetic Basin. After
centuries of intensive farming,
the Gangetic Basin’s soil is now
poor and exhausted, containing
only a trace of the lush jungle
that once lined its banks. The
Ganges winds its way through
India, joining the Yamuna River
to form a wide delta in the
country of Bangladesh. Every
year, massive floods from the
Ganges threaten Bangladesh
during the monsoon season.

The large Eurasian (Europe and
Asia) land mass, and the equally
large Indian Ocean, produces

differences between the heating
capacities of the former and the

The Indus River in northern Pakistan
Source: commons.wikimedia.org/Joonas Lyytinen

latter. Because land heats faster and cools down more rapidly than water, a seasonal
reversal of winds occurs. This is called the ‘monsoon,” from the Arabic word ‘Mawsim’, the
latter describing a seasonal reversal of winds. Southwesterly winds blow toward the shore in
South Asia during the Northern Hemisphere summer. In contrast, northeasterly winds blow
offshore during the Northern Hemisphere’s winter.

During the dry season, the winds from the northeast are dry because they lose their
moisture on the Asian land mass. As the winds approach the southern tip of India,
specifically the state of Tamil Nadu, they pass over the Bay of Bengal and pick up moisture.
Tamil Nadu then receives most of its precipitation during these months. Toward the late
spring and early summer, however, the weather is hot and dry over most of the sub-
continent.

During the summer, as the land surface temperature increases, air is drawn in from the
Indian Ocean and Arabian Sea. The winds pick up large volumes of moisture, with resulting
rains falling first along India’s western coast. The winds later flow around the southern tip of
India, being funneled up the Bay of Bengal into the delta area of the Ganges and
Brahmaputra Rivers. The rains later reach the upper Ganges valley, with the Indian capital
of New Delhi receiving less moisture than the other areas mentioned above, since the winds
arrive there later in June and July. The Deccan Plateau to the east of the Western Ghats
(mountains) receives significantly less precipitation than the coastal areas. As the summer
(wet) monsoons approach the west coast of India, they rise over the western Ghats, and the
air subsequently cools. The cool air is less able to hold moisture, which is then released as
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precipitation, a process known as orographic precipitation.

Socioeconomics

The socioeconomic parameters of South Asian countries, along
with Iran (as a riparian of the Helmand basin), are highlighted in
Table 3.1. Reports dealing with South Asia have emphasized
poverty as the most glaring barrier to human development in
this sub-region, with approximately half a billion people living on
less than a dollar per day. Agriculture is crucial to South Asia’s
economy, with 25 per cent of the sub-region’s GDP coming
from the agriculture sector (compared to the worldwide average
of four to five per cent), and with 58 per cent of the workers in
the sub-region engaged in agriculture. Nevertheless, the sub-
region is a net importer of food. Major constraints of the
agriculture sector include low productivity and poor
management of scarce water resources. Lack of access to
education or poor-quality education for a large sector of South
Asian society also inhibits poverty reduction and economic
growth. About 58 per cent of the inhabitants in South Asia aged
15 and above cannot, with understanding, read and write a
short, simple statement on their everyday lives (World Bank,
2006).

South Asia is not only one of the fastest-growing regions in the
world, it is also one of the poorest. This reality puts water and
energy at the very heart of the region’s development process.
According to the report of World’s Economic and Social
Situation and Prospects (UN, 2006), the region registered a
growth rate of 6.7 per cent and 6.5 per cent in the years 2004
and 2005, respectively, with a projection of 6.4 per cent growth
in 2006. Despite these developing economies, however,
significant progress remains to be made in this sub-region. With
a population of 1.4 billion, South Asia is home to half of the
world’s poor. This huge population number, coupled with
expanding economies, has spurred ever-increasing pressures of
energy demands for countries in South Asia. The International
Energy Agency has projected South Asia to have the highest
growth rate of energy consumption in the world by 2010
(Srivastava and Misra, 2007).

The majority of South Asia’s 1.4 billion population are
concentrated in the eastern sub-region formed by four SASEC
(South Asia Subregional Economic Cooperation) countries
(Bangladesh; Bhutan; India; Nepal). These four countries not
only share important socioeconomic characteristics, but also
face similar challenges in regard to the provision of water and
energy services. The average human development index (HDI)
for the region in 2005, based on three measurable dimensions
of human development: (i) living a long, healthy life; (ii) being
educated; and (iii) having a decent standard of living, was
0.546, compared to the world average of 0.741. Poverty levels
in the region, as defined by national poverty lines, ranged from
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as high as 49.8 per cent in Bangladesh, to 30.9 per cent in Nepal,
26.1 per cent in India, and 25.3 per cent in Bhutan (ADB, 2006).

3.2 State of Freshwater Resources

South Asia is endowed with considerable water resources, and high
potential for hydropower development. However, the available water
resources are unevenly distributed. Inadequate drinking water and
sanitation services are responsible for poor environmental
conditions and water-related diseases. The water quality and
environment in South Asia are generally much degraded. The major
environmental issues in this region, which are associated with
population factors include: (i) increasing demands on available
water and other natural resources from development activities; (ii)
the inward intrusion of higher salinity levels into inland water
systems; (iii) the spread of waterborne diseases related to the
extensive embankment of former waterbodies; (v) water and soil
pollution; (v) decline in fisheries catch due to human interventions;
and (vi) excessive logging. Indeed, the issues and challenges in
South Asia regarding the water sector are major in scale, diversity
and complexity.

The South Asian countries, including Afghanistan and Iran,
comprise about one-fourth of the global population, whereas it has
only 4.5 per cent (1,945 billion m® of the world’s renewable water
resources (43,659 billion m*) on an annual basis. Except for Bhutan
and Nepal, the inhabitants in all the countries in this region share a
smaller per capita water availability than the world average. As an
example, the per capita water availability in India has decreased to
1,869 m® (6,602 ft*) from 4,000 m® in last two decades and farmers
increasingly tap into groundwater resources. Millions of tubewells
have been dug in India, with groundwater levels in many areas
having plunged because of excessive pumping. By 2025, the per
capita water availability could decrease to less than 1,000 m®
indicating an extremely stressful situation. The overwhelming
majority of the region’s water use is limited to the agriculture sector,
with almost 95 per cent of the withdrawn water being used for
agriculture, compared to the world average of 70 per cent. A very
limited portion of the available water resources is used by the
industrial and domestic sectors. It is clear that the water productivity
of this region is not satisfactory. Except Iran and Sri Lanka, water
productivity in terms of GDP produced from the use of one cubic
metre of water falls well below the corresponding world average.

An overview of the state of the water resources of South Asian
countries is presented in Table 3.2.

Among the South Asian countries, Bangladesh is located in the
downstream and deltaic portion of a huge watershed, thereby being
naturally vulnerable to the water quality and quantity it receives from
the upstream portion of the watershed. Because all major rivers
flowing through Bangladesh originate outside its borders, any
interven