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Histor ical Development
• First Canal ….5 to 6 centur ies ago
• Ear ly 19th century…several inundation 

canals
• Mid 19th century initiated ir r igation system
• At independence (1947)

– Regulated supplies to 11 mha
– Routine Maintenance
– Expansion of Canals
– On-going projects
– New projects
– Division was not based on hydrological boundar ies

• 1958 WAPDA created
• Completed major  projects

– Kotr i Barrage  1956
– Taunsa 1958
– Guddu 1962
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� The treaty awarded r ight to:
•India for  eastern r ivers (Sutlej , Beasand Ravi)
•Pakistan for  western r ivers (Chenab, Jhelum, Indus) 



Fresh Water  Resources

• Surface water 55%
• Groundwater 40%
• Rainfall 5%



Surface Water  Resources

• Indus River  System
• Civil Canals of NWFP
• Glaciers, Lakes/Wetlands
• Outside Indus River  System

• Indus River  System
• Civil Canals of NWFP
• Glaciers, Lakes/Wetlands
• Outside Indus River  System

Surface Water  Resources



• Extends over  about 25% of area
• Commands an area of 14.6 mha
• 80-85% population is centered here
• Major  reservoirs…………...…..3 
• Barrages…………………….....16
• Head-works….............................2
• Siphons across major  r ivers…..2
• Inter-r iver  link canals………...12
• Canal systems………………….44 
• Water  courses…………....107,000 
• Tube wells…………….......600,000 
• > 200 Canals in NWFP..……3MAF

Indus River  System



Glaciers/Lakes/Wetlands

Natural/Man made lakes/wetlands…42
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Glaciers of River  Basins Studied



Glacial Lakes



Glaciers &  Glacial Lakes
� Total basin area 128,731 Km2

� Total glaciated area                          15,041 Km2

� Total number  of Glaciers                   5,218

� Est. ice reserves                                   2,738 Km3

� Est. water  reserves 1,997 MAF

� Glacial Lakes                                       2,420

� Major  Lakes                                        1,328

� Potentially Dangerous Lakes                  52



Indus Basin
www.icimod-gis.net/web/glof/glof.php



Water  Reserves of Glaciated area

• Estimated Total Ice Reserves:   2,738.51 Km3

• Water-Ice conversion factor : 1 : 0.9

• Volume of Water :
1 Km3 of ice = 0.09 m ha m of water

or
= 0.73 MAF of water

• Est. ice reserves = 1997 MAF of water



Source: *  Rana, et. Al., 2004-05, **  National Water  policy, Volume I I , 2004

0.8917.740Total Storage Capacity

0.285.59068 Medium &  Small Dams

0.6112.156Total Large Dams

0.020.435Chashma

0.367.133Terbela

0.234.564Mangla

Live Storage Capacity 
(2004)**

Dam

5.02100.273
Contr ibution of glaciers/ snow 
(50-85%) Av. 67.5%

7.44148.552*  
Total sur face water  available at 
r im station in IBS (29 yr . Av.)

% of total glacial 
water  (1997 MAF)

Million Acre Feet (MAF)Available Water  Resources

Share of Water  Resources In Glacial Reserves



Outside Indus River  System

• Kharan Closed Deser t Basin &  Makran 
Coastal Basin in Balochistan.

• The total annual inflow is less than 4 MAF

• About 25% of the inflow is used for  flood 
ir r igation



SPATE IRRIGATION









Groundwater
• Ground Water  Extraction

– 1950……..  1 MAF
– 2003-04…42 MAF

• Number of Pr ivate tubewells
– 1960…..3,000
– 2003-04….>700,000



Groundwater
• Over  40 percent of crop water  

requirements 
• Permits to exercise greater  control, 

demand-based water  use and timely 
application of water

• Developmental potential of 
– 6 MAF

• 1 MAF in Punjab
• 4 MAF in Sindh
• 1 MAF in Balochistan.



GROUNDWATER CONTRIBUTION

Data Source: WAPDA
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Precipitation

• Approximately 40 MAF annual rainfall
– Utilized by the crops 
– Contr ibutes to the r ivers and streams &  a 

small por tion is lost by evaporation
– approximately 15 percent seeps down to 

groundwater



Trends in Water  Availability
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Annual River  Flows
(66 yr . Av.)
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Trends in Water Availability
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LAND USE



Land Utilization
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1947…14.70 mha



N



Impact of Tarbela Dam on 
Cropping Pattern

131.491.32Pulses

350.690.51Oilseed

600.240.15All Vegetables

2290.790.24All Fruits

390.970.7Sugarcane

472.521.71Rice

723.191.85Cotton

378.356.11Wheat

2004-05*Pre-Tarbela
(1975)

% ChangeCropped Area (mha)Crops

*Source: Agr icultural Statistics of Pakistan, 2004-05



Source: Provincial Agriculture Departments & Economic Wing, MINFAL, GoP

Area Irrigated by Different Sources

0

5

10

15

20

19
90

-1
99

1

19
94

-1
99

5

19
99

-2
00

0

20
00

-2
00

1

20
01

-2
00

2

20
02

-2
00

3

20
03

-2
00

4

20
04

-2
00

5

Year

A
re

a 
(m

h
a)

Total Canals T.wells Canal T.wells



Source: SCARP Monitor ing, WAPDA, Lahore
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Trends in Water logging and Salinity



Pakistan

I r r igated Area Mapping
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Legend

Data Source: NOAA (Oct. 14th, 1992)
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Compar isons of Area Estimates

0.06Mangroves Forest

0.24Plantation

0.34River ine Forest

2.76Coniferous 

0.073.40*3.483.47*Forest Area

0.6217.95*17.33*16.85I r r igated Agr iculture

1.0321.41*22.44*21.72Total Cropped Area

1992-931991-92
Difference

NOAA
(Oct. 1992)

Statistical 
Estimates (mha)Land use classes

GIAM 10 Km 15.97 mha

FAO 14.38 mha



Plant Associations/Landuse



Compar isons of Area Estimates

17.3117.3316.85Total

2.8600.7400.66Balochistan

4.4102.6302.63Sindh

8.9513.1112.71Punjab

1.0900.8500.85NWFP

1992-931991-92

NOAA
(Oct, 1992)

Statistical Estimates

Area Under I r r igated Agr iculture (mha)

Provinces
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Initiatives 
for  

Water  Sector  Development 

� Ten Year  Perspective Plan (Planning 
Commission, 2001),

� Water  Vision 2025 (WAPDA, 2001) 
� National Water  Policy (MoW& P, 

Draft, 2002)



AUGMENTATION MEASURES

� Raising of Mangla Dam
� Harnessing Hill Streams 
� Exploiting Remaining Groundwater  

Potentials

PLANNING COMMISSION
VISION 2010

MANAGEMENT MEASURES

� Lining canals/watercourses
� Changes in cropping pattern 
� Using high efficiency ir r igation 

techniques



Components of water  Sector  Strategy Study

1. The National Water  Sector  Profile (NWSP) 
2. The National Water  Sector  Strategy (NWSS)
3. The Medium Term Investment Plan (MTIP)

� MTIP is for  whole of the water  sector ’s sub-sectors: 
� Water  Resources Development 
� Urban Water  Supply and Sanitation 
� Rural Water  Supply and Sanitation 
� Industr ial Water  Supply and Pollution Control 
� I r r igation (95%) and Drainage
� Hydropower
� Environment
� Flood Protection.



National Water  Policy

• Efficient management and conservation 
• Optimal development of potential water  resources
• Minimize time and cost in completion of WS projects
• Equitable water  distr ibution
• Groundwater  recharge at accelerated rates
• Groundwater  exploitation in high-recharge areas
• Effective drainage interventions 
• Improved flood control and protective measures
• Ensure acceptable and safe quality of water
• Salinity control
• Institutional reforms and improved coordination



Thank you
drroohi_gis@yahoo.com


