
Enhancing Knowledge Management and Adaptation
Capacity for Integrated Management of Water Resources
in the Indus River Basin

Authors: Karki, Madhav Bahadur, Shrestha, Arun Bhakta, and Winiger,
Matthias

Source: Mountain Research and Development, 31(3) : 242-251

Published By: International Mountain Society

URL: https://doi.org/10.1659/MRD-JOURNAL-D-11-00017.1

The BioOne Digital Library (https://bioone.org/) provides worldwide distribution for more than 580 journals
and eBooks from BioOne’s community of over 150 nonprofit societies, research institutions, and university
presses in the biological, ecological, and environmental sciences. The BioOne Digital Library encompasses
the flagship aggregation BioOne Complete (https://bioone.org/subscribe), the BioOne Complete Archive
(https://bioone.org/archive), and the BioOne eBooks program offerings ESA eBook Collection
(https://bioone.org/esa-ebooks) and CSIRO Publishing BioSelect Collection (https://bioone.org/csiro-
ebooks).

Your use of this PDF, the BioOne Digital Library, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Digital Library content is strictly limited to personal, educational, and non-commmercial
use. Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne is an innovative nonprofit that sees sustainable scholarly publishing as an inherently collaborative enterprise
connecting authors, nonprofit publishers, academic institutions, research libraries, and research funders in the common
goal of maximizing access to critical research.

Downloaded From: https://complete.bioone.org/journals/Mountain-Research-and-Development on 03 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Enhancing Knowledge Management and
Adaptation Capacity for Integrated Management of
Water Resources in the Indus River Basin
Madhav Bahadur Karki 1*, Arun Bhakta Shrestha 1, and Matthias Winiger 2

*Corresponding author: mkarki@icimod.org
1 International Centre for Integrated Mountain Development (ICIMOD), GPO Box 3226, Khumaltar, Lalitpur, Kathmandu, Nepal
2 University of Bonn, Department of Geography, Meckenheimer Allee 166, D-53115 Bonn, Germany

Open access article: please credit the authors and the full source.

The Indus River Basin is characterized

by downstream areas with the world’s

largest irrigation system, providing food

and energy security to more than 215

million people. The arid to semiarid

basin is classified as a net water deficit

area, but it also suffers from

devastating floods. Among the four

basin countries, Pakistan is most

dependent on water originating in high

mountain catchments and is therefore

most vulnerable to climatic,

socioeconomic, and other global

changes that are impacting both supply

and demand. Given the consensus that

there is a lack of systematic and

consistent hydrological, meteorological,

biophysical, and socioeconomic data to

promote integrated water resources

management (IWRM) at the basin scale,

an international consultation of

scientists, water managers, and

development partners was organized in

2010. These experts suggested

developing a long-term Indus Basin

Research Program aiming to build a

robust, consolidated, and shared

scientific knowledge base and thus

improve understanding of the coupled

human and ecological processes and

their interrelationships in the basin.

This paper summarizes the rationale for

initiating such a coordinated

multidisciplinary research, knowledge

management, and capacity

development process aiming to support

water management policies and

programs from design stage to

implementation, using the framework of

integrated river basin management

(IRBM). The paper further stresses the

need to implement IRBM using IWRM

tools, recognizing that multiple factors

and actors play critical roles in

improving management of water and

other natural resources to enhance

overall water productivity. The steps

needed to initiate and consolidate

national and international institutional

coordination, capacity development,

and policy support to operationalize an

IRBM process are spelled out. A long-

term research and capacity-building

program for international organizations

and scientists is recommended to

foster transboundary cooperation and

scientific collaboration.
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Introduction

The Indus Basin covers an area of
about 1.10 million km2 distributed
among Pakistan (63%), India (29%),
and the People’s Republic of China
and Afghanistan (8%) (Jain et al
2009). The main river originates at
Lake Ngangla Rinco on the Tibetan
Plateau in the People’s Republic of
China and includes the flow of such
tributaries as Ravi, Beas, and Sutlej in
India; Swat, Chitral, Gilgit, Shigar,
Shyok, Indus, Shingo, Astor, Jhelum,
and Chenab in Pakistan; and Kabul

River draining parts of catchments in
Afghanistan (Figure 1).

The Indus Basin ranks among the
largest basins of the world in terms of
human dependence on irrigation
water sourced from the river water.
The river supports a population of
about 215 million people (UNEP
2008), whose livelihoods rely directly
or indirectly on agriculture and
other vocations dependent on the
river basin resources. Current average
basin water availability is estimated to
be 978 m3/person/y (Eriksson et al
2009), although the available
countrywide data on per capita water
availability ranged between 980–1300
(average 1100) m3/y.

High population growth in the
downstream region and growing
impacts of climatic variability
upstream have produced increasing
stress on the water supply from the
Indus River Basin system. The lower
part of the basin is now one of the
most water-stressed areas in the
world and is likely to become a water-
scarce area (Briscoe and Qamar
2005). Further anomalous weather
episodes such as the exceptional
floods experienced in 2010 may
increase the risk of flooding,
droughts, or both in the area. In
addition, climate change impacts are
likely to be severe in the cryosphere
and on the dependent water supply
(Rees and Collins 2006; Immerzeel et
al 2010). In the Indus Basin, runoff is
generated to a large extent by
melting of snow and ice; nevertheless,
the input due to rainfall varies
depending on the season (Rees and
Collins 2006; Immerzeel et al 2010).
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Disruption in the hydrological
regime can have serious impacts on
people’s lives in the basin, and better
planning and implementation of
adaptation measures thus require
better information and knowledge.
Policy- and decision-makers are
increasingly stressing the need to
improve the monitoring schemes of
snow, ice, and water resources in the
Hindu Kush–Himalaya region.
Although several initiatives are being
implemented in the basin by national
and international agencies, as well as
academia, optimal coordination
among researchers and adequate
sharing of information are lacking.
This paper summarizes the state-of-
the-art with regard to knowledge of
water resources and their dynamics
in the basin and describes the process
and agenda by which we hope this
gap can be filled and we can move
toward efficient integrated river
basin management (IRBM).

Environmental changes

observed at the basin scale

Studies have provided different
findings on temperature trends in
the region and the basin (Bhutiyani
et al 2009). Although Fowler and
Archer (2006) have shown that mean
and minimum summer temperatures
provide a consistent trend of cooling
beginning in 1961, Chaudhry and
Rasul (2007) have pointed out a
nonsignificant increasing trend for
annual mean temperature in the
mountainous areas of the Upper
Indus Basin in Pakistan. In contrast,
in the Baluchistan, Punjab, and Sindh
provinces, a significant trend of
increasing annual temperature was
observed for the period from 1960 to
2007, amounting to a total of +1.15uC
in Baluchistan, +0.56uC in Punjab,
and +0.44uC in Sindh for this 47-year
period. However, a seasonal trend in

the Upper Indus Basin is visible in
the form of rising summer and falling
winter temperatures. On the basis of
long-term data sets collected since
the late 19th century, analyses of the
temperature data show significant
trends in increasing annual
temperature in all three studied
stations in the northwestern
Himalayan region (Bhutiyani et al
2009). Similar results were reported
by Klein Tank et al (2006).

Concerning river flow, Fowler
and Archer (2006) observed a cooling
regional temperature trend that
produced a predicted reduction of
20% in runoff over the record period
from 1961 to 2000. This predicted fall
was exceeded by actual runoff
decreases on the river Hunza. Fowler
and Archer further observed summer
temperature reductions and a
positive trend in winter
precipitation, implying reduced
ablation and increased accumulation

FIGURE 1 Map of the Indus River Basin. (Map by ICIMOD)
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of Karakoram glaciers. These
observations are consistent with the
observed thickening and expansion
of glaciers in the Upper Indus Basin
also discussed by Hewitt (2005).
However, in the main Indus River, Ali
et al (2009) did not identify a
significant change in flow, neither on
the basis of the inflow into Tarbela
(1961–2004) and at Kalabagh (1922–
2002) nor in the Jhelum River
measured at Mangla (1922–2004). An
increasing trend was observed in the
flow of Chenab measured at Marala
(1922–2004), and a significant
decreasing trend was observed in the
flow of Kabul River at Nowshera
(1961–2004).

Concerning glacial behavior in
the basin, scientists disagree about
whether all glaciers of the Himalaya–
Karakoram–Hindu Kush region are
retreating. Mayewski and Jeschke
(1979) used termini movements as
the sole indication of advance or

retreat of glaciers in the greater
Himalayan region. They showed that
most glaciers in the Himalaya have
been in a general state of retreat
since 1850, while trans-Himalayan
glaciers showed cycles of advance and
retreat. Goudie et al (1984) found
historical records of glacier
fluctuations in the Himalaya and the
Karakoram, indicating that in the
late 19th and early 20th centuries, the
glaciers were generally advancing,
followed by predominant retreat
from 1910–1960. Hewitt (2005)
concluded that most glaciers of the
Karakoram–Himalaya were also
observed to diminish from the 1920s
to the early 1990s, in line with the
glaciers from most parts of the world,
with the exception of some short-
term advances and surges in the
1970s. However, in the late 1990s,
many glaciers located in the highest
watersheds of the Central Karakoram
began expanding (Figure 2).

Probable reasons for this contrasting
behavior are attributed to possibly
changing atmospheric circulation
patterns; increased precipitation; a
local trend of decreasing
temperatures, particularly in summer
(Fowler and Archer 2006); or the
influence of thick debris coverage,
which protects the ice against
melting (Hewitt 2005; Hewitt 2011, in
this issue).

The glaciers in the Indian part of
the Himalaya have been retreating
since the earliest recording began
around the middle of the 19th century
(Raina 2009). Glacier cover has also
decreased in the adjacent areas on the
Tibetan plateau and the mountain
regions of the People’s Republic of
China, as compiled by Li et al (2008).
According to these authors, the
Himalayan glaciers and the glaciers in
the Qilian and Tianshan mountains
have shrunk significantly, about 5 to
10% in the last 30 years. Moreover,

FIGURE 2 Glacier behavior in the Upper Indus Basin. (Map by ICIMOD)
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scientists have noticed that
Himalayan glaciers are impacted by
anthropogenic factors such as
aerosols with black carbon and dust,
deforestation, forest fires, human-
induced pollution, and emission of
greenhouse gases (UNEP 2009).

Uncertainties in scientific

understanding of

environmental dynamics

The current state of knowledge on
environmental change in the Indus
Basin—particularly the divergent
findings on changes briefly presented
earlier—clearly reveal uncertainties
and inconsistencies in methodologies
and subsequent results. The existing
monitoring network, including all
stations of national and international
organizations, does not adequately
represent the heterogeneous
mountain terrain. The climate varies
between valleys and mountaintops,
between aspects and orientations,
and among different locations.
Moreover, a transboundary
assessment of the trends is missing,
because all analyses focus on areas
within a single country. In this
respect, here are some of the main
issues that need to be dealt with.

Glaciers in the uplands of the
Indus, including the eastern and
western rivers, are the lifeline of
Pakistan’s economy. The hydrological
significance of glaciers in the basin is
very high (UNEP 2007). About 40%
of the meltwater originates from
glaciers in the Indus Basin
(Immerzeel et al 2010). The glacier
environment of the greater
Himalayan region is still a large
‘‘black box,’’ as shown by the great
variance in reported results on
glacier numbers, area, and ice
volume. In addition, glaciers in the
Himalayan region behave in part
differently from those in the
Karakoram (Hewitt 2005; Hewitt
2011, in this issue). However, whether
these changes are due to internal
changes of geometry of the ice or
actual increases in glacial mass

balance is still subject to research and
clarification. The influence of debris
cover is variable and differs from
glacier to glacier. To improve
understanding of the glacier–
hydrology relationship and dynamics
under climate change, hydrological
modeling at different scales is crucial.
Moreover, monitoring of the
evolution of the glaciers in the
greater Himalayan region is essential,
as their melting may (1) negatively
affect regional water supply in the
next decades (Barnett et al 2005), (2)
significantly contribute to ongoing
sea level rise (Kaser et al 2006), and
(3) increase natural hazards linked to
glaciers (especially glacial lake
outburst floods) (Mool et al 2001).

Understanding of the vertical and
horizontal distribution of
precipitation, key factors in the
hydrological system, is poor (Winiger
et al 2005; Hewitt 2011, in this issue).
Furthermore, future precipitation
projections are associated with a
large uncertainty, as has been shown
with the comparison of different
general circulation models, as well as
the validation of the Providing
Regional Climates for Impacts
Studies model runs with Climatic
Research Unit data (Saeed et al 2009).
In addition, downscaling work to
date has been based on coarse
resolution, resulting in a crude
overview of future scenarios. It does
not allow determination of the
impact of climate change at a
subbasin level, which is crucial for
planning of water resources
development. The capacity for
downscaling and developing regional
scenarios with low uncertainties
needs to be enhanced, high-quality
research needs to be improved, and
new initiatives need to be supported.

The case of Pakistan

The Indus Basin has a complex
geopolitical situation. The
headwaters are located mainly in two
countries, the People’s Republic of
China and India, and only a small
portion of the basin is in

Afghanistan, whereas a major
portion of the basin is located in
Pakistan. There is no transboundary
institutional arrangement for Indus
Basin water management except the
40-year-old Indus Basin treaty
between India and Pakistan (Briscoe
2010). The treaty has served as a
model of relationship between India
and Pakistan and has been an
efficient mechanism for sharing
water from the major rivers and
tributaries. However, due to the
changing climate and uncertainty of
water availability, the effectiveness of
the treaty has been greatly reduced
(Briscoe 2010). This mainly has to do
with increasing demand for water,
likely changes in supply of water, and
reduced dependability of supply due
to expected variability in the volume
of supply, its seasonality, and rainfall
regimes (Archer et al 2010). Climate
change may play a minor role, but
changes in the cryospherical
reservoir are expected; moreover, the
role of extreme events such as floods
and the impact of socioeconomic
factors are unknown (Archer et al
2010). As evoked earlier, Pakistan’s
vulnerability to water stress is
particularly high.

Indeed, the level of 1037 m3/
capita annual water withdrawal in
Pakistan is already about three
quarters of the available annual
renewable water resources of 1304 m3

(FAO 2011). The annual water
availability per person in Pakistan is
already below the critical stress level
of 1700 m3/person/y (Vaidya 2009;
Hussain and Mann 2010; Qureshi
2011, in this issue). Pakistan is facing
major threats to its future water,
food, and energy security due to
several drivers, of which climate
change is a recent one.
Socioeconomic, demographic,
institutional, governance, and
management-related drivers have
been playing more significant roles
for many years. It is feared that if
sound adaptive and risk management
measures are not taken urgently,
Pakistan will be heading toward
being a water-scarce country (Archer
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et al 2010). This calls for a fresh look
into water resources management in
the Indus Basin.

Pakistan is also using a very high
portion of its renewable annual water
yield. Only a small portion of the
available water is left to be harnessed
to fill the supply gap in the
nonagriculture sector—close to 97%
of water (both surface and ground) is
allotted to irrigation (Hussain and
Mann 2010). There are serious issues
related to water governance, equity
(interprovince and intercommunity
allocation), and water use efficiency in
Pakistan (World Bank 2006).
Embarking on integrated water
resources management (IWRM)
approaches has been advocated
(World Bank 2006), but this demands
a sound knowledge base supported by
robust information and data supply.
Without long-term development of a
quality database to scientifically assess
the impacts of climate change on
water resources, adaptation measures
such as augmentation of supply
sources through increased natural
and artificial storage of water, as well
as improvement of water
management, cannot be effectively
designed, let alone implemented. To
design a more integrated and
transboundary approach to water
management in the Indus Basin, an
international expert consultation was
organized in July 2010, bringing
national, regional, and international
scientists, water managers, policy-
makers, and donors together.

Results of the consultation of

Indus Basin experts

The scientists and water managers
critically reviewed ongoing research
and development work and
identified major research,
knowledge, and capacity gaps in the
context of rapid changes in climatic
and socioeconomic scenarios.
Interdisciplinary research and
knowledge development and sharing
efforts were initiated at a globally
coordinated level with a view to
enabling policy- and decision-makers

to enhance their understanding of
environmental risks and challenges
faced by the basin and eventually
come up with a long-term action plan
for launching a holistic and adaptive
program to improve the
management of scarce water
resources.

The experts identified common
issues including the scattered nature
of research, uncoordinated research
efforts, and lack of sharing of results
with the planners and managers in
the country. Currently, a large
number of national and international
agencies are involved in setting up
hydrometeorological stations to
carry out glacial monitoring and
even developing models to project
future scenarios in some cases. Some
of these research projects have
provided an excellent understanding
of the changes in climate and
environment parameters of the
basin. There is also a growing interest
within the countries in the basin to
develop glaciological and
hydroglaciological research
programs. However the lack of both
national and regional coordination
among various institutions in
planning the installation of
observation networks and sharing the
data generated is one of the biggest
constraints in this regard. Many
international institutions follow their
own research protocols and
knowledge-sharing practices. In
general, the researchers were found
to have rather short-term interests
and a narrow focus. They are
generally working in isolation
without proper coordination with
relevant national institutions, and
often the data collected remain
confined to the researchers
themselves and are not made
available to the policy community to
promote application of data and
information to solve water
management problems.

Participants therefore called for
launching a multidisciplinary and
multicountry research campaign to
actively support a longer-term vision
of integrated and holistic

management of water and other
natural resources of the Indus. Such a
program should aim to work in the
entire Indus Basin, eventually
covering all four countries sharing
the basin: Afghanistan, the People’s
Republic of China, India, and
Pakistan.

However, it was agreed that given
the widespread concerns about the
changing and stressful water supply
scenario in lower basin, the first
priority should be given to Pakistan
in any future initiative regarding the
Indus Basin. It was agreed that
although socioeconomic drivers play
important role in the lower part of
the basin, large climatic variability
seems to dominate the situation in
the upper catchments. The goal is to
understand the entire change
processes and their dynamics so that
the impact of climate change on
water availability, variability, and
impact in future water supply and
other ecosystem services can be
separately monitored. As a first step
in this direction, regular monitoring
of the cryosphere and generation of
data could help in understanding
changes in ice and snow dynamics.
However, it was stressed that the
upstream changes have to be studied
in tandem with downstream water
needs and the likely impacts they
may cause in agriculture, which are
of greater importance from the
users’ point of view and needs
(Qureshi 2011, in this issue). The
experts pointed out the need to pay
equal attention to the downstream
part of the basin in any long-term
adaptation research program. The
need for a robust hydrological
modeling exercise was also
identified as an important activity to
regularly assess changes and their
impacts in water resources
management.

Specifically, the participants
identified the following key priority
areas for scientific studies:

1. Improved understanding of the
changes and variability in the
climate of the Indus Basin;
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2. Intensification in the use of re-
mote sensing tools for collecting
data;

3. Reducing the scale issue in build-
ing climate scenarios using down-
scaling techniques;

4. Understanding glacier behavior
using a combination of in situ and
remote sensing observations, pa-
leoclimatic analysis, and modeling
(Hewitt 2011, in this issue);

5. Understanding other factors in-
fluencing hydrology, including the
role of avalanches, debris cover,
and dirt cover, including black
carbon deposit (Hewitt 2011, in
this issue);

6. Understanding water balance us-
ing state-of-the-art tools, includ-
ing improved hydrometeorologi-
cal observation networks;

7. Understanding the roles of socio-
economic, institutional, and poli-
cy-related factors; and

8. Involving stakeholders to
develop adaptive water manage-
ment.

Toward an integrated framework

It is clear that there is an urgent need
to implement a vision of an
integrated and sustainable
management of land, water, plants,
knowledge, and human resources in
the Indus Basin. This can be done
first by developing trust and
confidence among all stakeholders
utilizing these resources in the basin.
It is necessary to develop a common
understanding and vision of future
water challenges facing all the
countries, leading to the realization
that solutions could be found
through a joint and collaborative
approach (Hooper 2008). In many
international river basins, the
implementation of IRBM policies
and programs has yielded better
solutions (Burns et al 2001). The
proposed approach for the Indus
Basin can draw upon a number of
good practices already used in
Australia, the United States, and
South Africa (Hooper 2008).

As argued previously, the future
strategy for managing water in the
Indus Basin must be integrated
(multisector), comprehensive
(upstream–downstream), sustainable
(intracommunity and
intergeneration), and
environmentally sound, yielding
efficient, equitable, and effective
results. This is possible by adopting
IWRM principles and approaches at
subbasin and basin levels (see Box 1).
Also, because the Indus River has a
number of subbasins and
transboundary catchments, a
basinwide framework within which
the IWRM approach can be applied
at different levels, especially within
national boundaries, will be
necessary and productive. This can
be achieved through an
internationally accepted framework
of IRBM (see Box 1). The acceptance
of an IRBM framework will require a
comprehensive basinwide data and
information collection that can be
used to prepare basinwide and
subbasinwide water resources
management and sustainable
development plans. The IWRM tools
(UNESCO-IHP 2009) can be derived
from the overall plan using an
integrated approach to resources
management and planning that
promotes collaboration and
consensus-building process among
different stakeholders in the basin.
Based on the outcome of the
international consultation, as well as
a review of experiences worldwide, a
stagewise approach is suggested to
achieve the vision of the IRBM, with
the following steps:

1. Stakeholder consultation;
2. Systematic data gathering through

coordinated research;
3. Development of transboundary

cooperation frameworks; and
4. Information and knowledge shar-

ing to support IRBM and IWRM
policies and programs.

The purpose of the entire
research and knowledge
development campaign would thus
be to support the vision of IRBM

BOX 1: Why IWRM and IRBM in the Indus Basin?

Among the most cited water management frameworks in managing transboundary rivers,
IRBM practiced in different parts of the world provides useful lessons to promote the
integrated management of Indus water (Gupta 2011; Lindemann 2005; Hooper 2008;
Kennedy et al 2009; UNESCO-IHP 2009).

IWRM is defined by the Global Water Partnership as ‘‘a process that promotes the
coordinated development and the management of water, land and related resources, to
maximize the resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems’’ (cited in UNESCO-IHP 2009: 3). ‘‘The
river basin approach seeks to focus on implementing IWRM principles on the basis of
better coordination amongst operating and water management entities within a river
basin, with a focus on allocating and delivering reliable water-dependent services in an
equitable manner. It is an holistic approach that seeks to integrate the management of the
physical environment within that of the broader socioeconomic and political framework’’
(cited in UNESCO-IHP 2009: 3). IRBM operates based on the principle that naturally
functioning river basin ecosystems, including accompanying wetland and groundwater
systems, are the source of freshwater (GWP 2000).

In the context of the Indus Basin, there is a strong recognition of the existence of
multiple risk and uncertainty factors affecting the sustained supply of water from the
limited upstream sources to meet the unlimited downstream needs. There is also a risk of
annual and seasonal variability in water supply, due mainly to changing cryospherical,
hydrological, ecological, and atmospheric factors. Therefore, the future management
strategy of the Indus River Basin must be based on maintaining a sound balance among
land, water, vegetation, and socioeconomic factors. The IRBM framework can also
contribute to sustainable development goals, because it can contribute to both climate
change adaptation and disaster reduction, which are becoming increasingly crucial in the
Indus due to the combined impacts of climate and socioeconomic changes.
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using IWRM tools and practices
(UNESCO-IHP 2009). To achieve this,
engagement and full participation of
major national research agencies as
the key stakeholders would be
necessary. Emphasis will have to be
given to generating and sharing
transboundary knowledge,
information, and data—as well as to
networking, which will help develop a
regional cooperation framework by
first building trust among the
partners. To institute coordination
and collaborative arrangement in the
program, the experts advised that
regional and international advisory
bodies be constituted.

The Indus Basin program:

toward implementation

Stakeholder consultation

A first consultation took place at the
initiative of the International Centre
for Integrated Mountain Development
(ICIMOD) but needs to be repeated to
achieve incremental learning and
actions. Among the future actions,

national, regional, and global teams
will have to be created, with scientists,
researchers, managers, and policy-
makers as stakeholders who will design
and implement the action research on
long-term impact and vulnerability
analysis and the adaption actions
needed by generating and sharing data
and information on different aspects
and features of climate and
environmental changes in the Indus
Basin, especially in areas such as
impact on river runoff, river
hydrology, and water cycle.

The program should follow both
multidisciplinary and multisectoral
action research approaches with a
longer-term and basinwide scope
involving relevant and interested
national and international
institutions and experts. The
approach should be nested, with
research at different scales with
different thematic focuses—
horizontally and vertically (Figure 3).
The research should be conducted
by national agencies with the
support of regional and

international knowledge centers.
ICIMOD aims to be the nodal
regional organization to plan,
design, and coordinate a long-term
Indus Basin program for which a
road map has been developed and
agreed upon by the experts.

Systematic data gathering through

coordinated research

Clearly, there is a need to have
systematically generated and
updated spatial and nonspatial data
and information, and these data
need to be shared among
researchers, scientists, and water
managers. Moreover, as Viviroli et al
(2011) underline, ‘‘research on
mountain water resources must
become more integrative by linking
relevant disciplines,’’ and the
information needs to specifically
support integrated and
transboundary approaches to better
handle risk and uncertainty by
enabling resource managers to
manage both the ‘‘too much’’ and
‘‘too little’’ water scenarios (Figure 3).
In addition, the scientific knowledge
base needs to be robust and help
understand the intricate relationship
among the natural, socioeconomic,
and environmental factors
influencing basin ecosystems and
water resources in Indus. It is also
necessary to obtain an active and
mutually beneficial participation of
all relevant stakeholders, especially
local community and water
managers, to make the program
successful.

Development of transboundary

cooperation frameworks

As mentioned previously, the first
step toward implementing IRBM
framework using IWRM principles is
to build trust and partnership among
different national and regional
partners and stakeholders.
Generation and sharing of data,
information, and knowledge were
agreed by the international experts
to be the most suitable means to
promote cooperation in the
prevailing geopolitical environment

FIGURE 3 Schematic representation of thematic areas at different geographical layers. (Map by ICIMOD)

Sutlej
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to eventually achieve transboundary
cooperation within the IRBM
framework. Lessons learned from
global experience in river basin
management (WWF 2001; Hooper
2008) indicate that having a long-
term vision for the whole river basin
to which major stakeholders
subscribe needs to be followed by a
proper strategy of water
management at the river basin scale.
The IWRM approaches and actions at
subbasin or country levels provide
such a strategy. The Indus
consultation brought all stakeholders
together in building common vision
and strategy along this line.

Information and knowledge sharing to

support IRBM and IWRM policies

and programs

Long-term monitoring and database
development and sharing program
should be established, concentrating
on the upper basin to provide trends
and scenarios at the basin and
subbasin scales that can be useful to
water managers and policy-makers. It
is expected that this activity will not
only build national and regional
research capacity but also eventually
develop an integrated river
basinwide database and information
system (IRBIS). The purpose of such a
database will be to help address a
number of key issues that are already
identified (Wescoat 1991; WWF 2001;
Archer et al 2010; Immerzeel et al
2010). IRBIS will be the single source
of data on which IRBM and IWRM
can be based in the Indus Basin. Data
should be made readily available and
accessible to water resource planners
and managers to enable them to
more judiciously plan and design
water infrastructures and execute
development programs and projects
to meet the future supply needs. The
key factors that need to be
considered in operationalizing the
IWRM approach within the IRBM
framework can be summarized as
follows:

1. Inadequate storage capacity in the
basin (both artificial and natural)

to manage floods and droughts in
an integrated manner;

2. Uncertainties brought about by
climate change in influencing
river hydrology;

3. Increasing water shortages and
the need to avert food production
decrease due to heavy depen-
dence on irrigation water;

4. Poor capacity to interpret and
implement IWRM at both federal
and provincial levels (World Bank
2006).

The specific challenges in Pakistan

In the specific case of Pakistan,
additional challenges need to be met:
water allocation and entitlements in
the complex canal irrigation network
of Pakistan have been an issue for
years, because the water rights of
main canals have not been
established on an equitable,
historically and socioeconomically
acceptable basis. We believe that
progress in this area is possible if the
IWRM principles are applied and
implemented. River basin
management within Pakistan will also
face additional challenges due to
increasing water demand in the
complex social and ecological
downstream regions, which suffer
floods during the summer and
droughts in the winter and spring
seasons at an average interval of
about 5 years (Briscoe 2010;
Chaudhry 2010). This will require
higher efficiency, lower wastage, and
equitable management of limited
water resources that can help
increase water productivity.
Integrated planning and
management of the basin water are
therefore necessary conditions for
Pakistan to successfully meet these
multiple challenges. For this, a
comprehensive future water
management strategy needs to be
evolved that factors in the most likely
future trends in climate variability,
and significant investments in
research, capacity building, and
water resources development have to
be generated to undertake long-term

adaptive and holistic water resources
management.

Indus Basin experts (Wescoat et al
2000; Archer 2003; Briscoe and
Qamar, 2005; World Bank 2006;
Briscoe 2009; Archer et al 2010;
Viviroli et al 2011) agree that
Pakistan needs to adapt to climate
and socioeconomic changes,
including population growth, in
managing water resources by
identifying and implementing no- or
low-regret adaptive strategies that
are not limited to infrastructure
development alone. The Upper
Indus, especially the catchments of
Mangla and Tarbela dams, have fairly
well-developed watershed
management practices and
infrastructure whose improvements
and expansions will require
improved understanding of the
hydrological cycles and maintaining
the balance between demand in the
lower catchments and supply systems
upstream.

The vast irrigation systems of the
Lower Indus also have to adapt to
the future changes. For example, the
currently incurred heavy loss of
canal water both during conveyance
and application can be significantly
reduced through better lining of the
canals and improved on-farm
management of irrigation
(Chaudhry 2010). Although the
current estimate is that in the
immediate future the river water
supply is expected to increase,
because variability in volume and
seasons of water availability are
expected to change (Archer et al
2010), there is a need for
establishing better projections of
future scenarios. However, because
the current availability of water in
Pakistan is only around 1100 m3/
capita, there is already an
acknowledged scenario of water
deficit that needs to be considered
in any long-term adaptation plans.

Pakistan also needs to build
additional water storage facilities,
combining both artificial and natural
storage facilities, because currently it
can only store 30 days of average flow
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in the Indus, compared to the
1000 days in developed countries
such as the United States and
Australia (Briscoe 2011). Therefore,
the bulk of the additional water will
have to come mainly from increased
storage facilities created in the upper
catchments, combined with
improved efficiency of the canal
delivery system downstream, focusing
on supplying water when needed,
specifying better water entitlements
rather than generalized water rights,
and gearing water toward regions
and crops that have the highest
productivity per unit of water (Shah
2010). At the same time, the concept
of building a series of large dams
within the Upper Indus Basin should
be planned only after serious
consideration of possible
environmental and socioeconomic
impacts. Devising better technologies
for increasing water efficiency and
conjunctive use of surface and
groundwater (Shah 2010) are other
steps that are needed. The expertise
available with specialized agencies
such as the International Institute of
Water Management (IWMI) and
ICIMOD, and interest to develop
policies that are regionally
differentiated, can help ensure
resource sustainability and high
productivity (Sharma et al 2010),
which we believe can be an
appropriate way forward for the
Indus program.

Conclusion

and recommendations

The Indus River is a dynamic,
complex, and large basin that covers
four countries and has a complex
mosaic of ecological, political, and
socioeconomic systems. The state of
scientific research—although
extensive—remains poorly
coordinated, and data and
information are largely unshared.
The national scientific capacity in
the main downstream country,
Pakistan, should be improved and
should include scientific interests
and capacities from outside Pakistan,

which are rather high and available
for collaboration. As an
intergovernmental organization with
membership of all four Indus Basin
countries, ICIMOD not only is
mandated to build on the scientific
information and knowledge base but
also has the capacity and strategy to
develop a long-term research
program and capacity-building
activities engaging different national,
regional, and international
stakeholders—especially national
partners such as the Water and
Power Development Authority, the
Pakistan Meteorological Department,
and IWMI—to work simultaneously
on science, practice, management,
and policy. Creating a solid
foundation based on scientific
research, combined with
documentation of good local
practices, can promote both IRBM
and IWRM in better planning and
managing water resources of the
Indus.

Given the geopolitical reality of
the basin, a bottom-up, short- and
long-term, and national and regional
collaboration framework is
recommended, first focusing on
generation of necessary long-term
and scientific data and information
and then embarking on the
development of a pilot national level
collaboration framework for
Pakistan. However, the overall
strategy remains to strengthen links
between upstream changes in the
water scenario with downstream
imperatives driven by socioeconomic
factors. Such a basinwide strategy is
expected to require policy reforms
that first could be implemented
within the national boundaries and
eventually could be used to
influence and contribute on a
regional scale.
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