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SPATIAL TECHNOLOGIES FOR DATA IN
TRANSBOUNDARY CATCHMENTS
IMRAN IQBAL

We cant deny the importance of
water in our lives, we could survive
several days without food but much
less without water. In the past, many
civilizations have perished or forced
to abandon their homeland due to
changes in the temporal and spatial
availability of water. Our fresh water
resources
are
limited
and
increasingly
stressed
by
our
increase in need,
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SEQUENCE OF Agriculture
PRESENTATION

Industry,
23%

Industry

Agriculture
69%

Domestic uses

Consumption Pattern of Water

Economic Survey 2011-2012

Pakistan Freshwater availability

1950 – 5,300 cubic meters per annum
2000 – 1,200 cubic meters per annum
Reduction: 77 % in 50 years
(Source: www.uaf.edu.pk)

GSI Dte, SPARC Islamabad

Population

180 million

Area

796,000 km2

Glacial Area

15,040 km2

Irrigated Land

110,000km2

Agriculture

24 % of GDP

GNI per capita

$1372
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INDUS RIVER SYSTEM

Indus River Basin

Pakistan

Population

Percentage
Irrigated Area

138 m

74%

Glacial Area contributing
to Indus: 21,193 km2

INDUS RIVER

India

55 m

24%

Afghanistan 10 m

2%

China

-

-

Total

193 m

100%
PANJNAD
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INDUS RIVER BASIN (PAKISTAN - AFGHANISTAN)

GILGIT
B A LT I S TA N

KPK
INDUS RIVER

.

A F G H A N I S TA N

NOWSHEHRA

DISPUTED
TERRITORY

FATA

PA K I S TA N

PUNJAB
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INDUS RIVER BASIN (PAKISTAN - INDIA - CHINA)

DISPUTED
TERRITORY

CHINA

PA K I S TA N

INDIA
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WATER RELATED ISSUES IN PAKISTAN
 Riverine Flooding


Major flooding events of 2012,2011,2010, 1997, 1994, 1992 and
1988

 Hill Torrents and Flash Flooding


Frequent phenomenon in North and Western sub-catchments of
Indus

 River Bank Erosion and Sedimentation


Bank erosion threatening agriculture and food security



Sedimentation affecting reservoir storage capacities

 Water Security


Reduction of water availability for agriculture and domestic use

 Water Quality and Sustainable Watershed Management


Pollutants & deforestation has degraded downstream water quality

 Hydroelectric Power Generation


Construction of multipurpose dams and hydropower projects

PAKISTAN – FLOODS
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Areas Prone to Flooding
Flash
Flooding
Areas

Pakistan

Riverine
Flooding
Areas
India
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P AKISTAN: A R IPARIAN S TATE

THE INDUS WATER TREATY (IWT) (1960)
 Driving Force
India and Pakistan, were equally desirous of attaining the most
complete and satisfactory utilization of the waters of the Indus river
system, recognized and delimited the rights and obligations of each other,
concerning the use of these waters.
 Salient Features
The IWT gives Pak. rights on waters of the Indus, Jhelum, and Chenab
rivers, which constitute 75 percent of the flow of the whole Indus system,
with very restricted rights to India for agriculture and power generation
uses. The Eastern rivers of Sutlej, Ravi and Beas were given under
unrestricted use of India.
 Outcomes

The tension over water dispute was diffused. Pakistan, under the umbrella
of IWT went on to develop hydraulic infrastructure on its Eastern rivers
resulting in the largest irrigation system in the world for any river system.

Indus meandering through
Sindh plains

INDUS WATER TREATY – CONCERNS AND CHALLENGES
 Riverine Flooding
Flooding is the foremost challenge in transboundary water management.
Origins of the major tributaries of Indus lie beyond Pakistan territory. As a
result there is inadequate flood early warning system in place to
effectively cope with the challenges posed by floods.
 Population Increase and Water Stress
Drastic increase in population dependant on Indus river system over the
years. Subsequently, demand of fresh water for agriculture, domestic and

Satellite view of Indus during
high flood.

industrial use has increased manifold.

 Declining Reservoir Storage Due to Sedimentation
Both, Mangla and Tarbela dams are now left with significantly reduced
storage capacity due to sedimentation (31% and 22% respectively),

limiting their ability to absorb floods, and supply water for agriculture
during dry season.
A view of the Gomal Zam Dam

INDUS WATER TREATY – CONCERNS AND CHALLENGES
 Climate Change and Water Resource Changes
Currently 61% of total downstream discharge for Indus

originates from snow and glacial melt.
 Hydraulic Structures on Western Indus Tributaries
Numerous projects are planned or are under implementation

on the western tributaries of the Indus river. Since Indus is the
largest fresh water source for Pakistan’s agriculture based
economy, therefore, any limitation to unhindered flow of
water is a cause of concern.
Mangla Dam, Pakistan

APPLICATIONS OF SPATIAL TECHNOLOGIES FOR
TRANSBOUNDARY DATASETS
Geospatial technologies have emerged to provide
solutions to transboundary problems through providing

remotely sensed, spatially referenced datasets with higher
observational frequency and reducing intergovernmental
data dependencies. Following are the examples of areas
where spatial technologies can be highly useful for
transboundary information


Juniper Forest cover mapping, Pakistan.

Mapping of transboundary aquifers

 Land cover
 Forest cover monitoring
 Agriculture
 Settlements and industries

 Snow cover and glacial monitoring
 Satellite based quantitative rainfall estimates for ungauged/poorly gauged catchments

Coarse map of transboundary aquifers.15
Source: UNWATER

FOREST COVER MONITORING
Spatial technologies and Forest cover Monitoring
Temporal Forest cover changes can be effectively
monitored using GIS and remote sensing for forest
inventory cataloguing and identifying regions for
aforestation initiatives
 Forest cover monitoring is becoming

Forest cover of world

increasingly important due to the affects of
deforestation on downstream sediment

transportation and also on time of
concentration of floods.
 Forests are a valuable asset for the sustainable
growth of a country. They are an important
component of the environment as they host
unique ecosystems.
View of Fairy Meadows forests near Nanga Parbat16

GLACIAL AND SNOWMELT MONITORING
Indus is fed by glacial melt
waters that account for more
than

60%

discharge.

of
With

its

annual

this

large

percentage of contribution to
its waters and a glacial area of

21,193

km2,

Indus

river

appears vulnerable to climate
change.

Therefore

it

is

imperative to ;
 Map and inventory the
glaciers
 Install hydrological
sensors, rain and snow
gauges
A view Baltoro Glacier

SATELLITE BASED RAINFALL ESTIMATION
Satellite based rainfall estimates are important for
poorly gauged river basins like Indus river.

These provide rainfall estimates across international
boundaries with a high temporal resolution.
One such satellite based rainfall product is GSMaP (by
JAXA), which provides hourly precipitation data with
global coverage.

Visualization of 6 weeks GSMaP global rainfall estimates

MONITORING OF FOG
•

The Indo-Gangetic plain is influenced by the fog in winters, caused by environmental
conditions. Particulate pollution has reported to be the main reason for the formation

of fog, haze and smoke.
•

Detailed study needs to be carried out to mitigate the effects

PAKISTAN
PAKISTAN
INDIA
INDIA

AVHRR image-2010

MODIS image-2010
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C ONCLUSIONS

CONCLUSIONS
• An open exchange of information on projects that
affect downstream countries
• Participatory approach in decision making required
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