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For many centuries, irrigation has played a significant role in 
the civilizations of South Asia. But its function in the growth of 
contemporary South Asian civilization is of much greater importance 
than in the past. In fact, the ability to extend irrigation and to 
refine its technology may be the most critical factor associated with 
the successful economic development of the region. This is apparent 
especially in the Indus Basin of West Pakistan, where the basic in
strument of production is agriculture, which is almost completely 
dependent on irrigation. Here it is possible to observe relationships be
tween the existing systems of irrigation, planned expansion, potential 
for expansion in terms of available resources, and the problems of 
implementation. 

NEED OF IRRIGATION AND HISTORY 
OF DEVELOPMENT 

The extent to which the Indus Basin requires irrigation facilities 
is clearly indicated by a brief reference to the character of the climate 
as well as to some prevailing socio-economic patterns. Most of South 
Asia is dominated by a tropical monsoon regime, and with few ex
ceptions rainfall is concentrated in the summer period. Unequal 
regional distribution and irregular seasonal distribution of monsoonal 
rainfall make irrigation highly desirable in some years. In a number 
of districts, the use of irrigation is frequently necessary to obtain 
even modest crop yields. Winters are periods of drought, and crop 
production is virtually restricted to those areas which have irrigation 
facilities. The Indus Basin, however, is situated unfavorably with 
respect to the main tracks of the monsoons of South Asia. Conse
quently, all but a small portion is semiarid or arid. 

Within the more than 200,000 square miles of the Indus Basin, 
precipitation averages less than 15 inches annually; 30 per cent of 
the basin receives less than 10 inches, and about 16 per cent receives 
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less than 5 inches.2 The Quetta and Kalat divisions, to the west of' 
the Indus River are arid. Only a narrow submontane zone in the 
north receives on the average 30 to 40 inches of rainfall annually. 
Thus, the need for irrigation in the Indus Basin is perhaps more acute 
than in any other area of comparable size in South Asia. 3 

Despite the presence of adverse climatic conditions, some 48 mil
lion people reside in this part of Pakistan.4 Moreover, about 60 to 
75 per cent of the employed population depends on agriculture as the 
principal means of livelihood, and a large part of the remainder is 
indirectly dependent on agriculture. This apparently anomalous 
situation of a large agricultural population supporting itself in what 
is essentially a dry region is made possible only by the exploitation 

- of the water resources of the Indus Basin. 
Indigenous types of irrigation works have been used in various 

parts of the Indus Plains since ancient times, but the modern .irriga-
- tion systems are a product of British (and recently, Pakistani) engi

neering during the twentieth .century. 5 Prior to 1880, "the Indus 
Valley was a pathless, waterless, terra incognita, of which ·everyot:te 
stood in dread.''6 The inhabitants of the valley and adjoining areas 
were mostly nomadic peoples. Settlements in the Punjab and Sind 
consisted of scattered, small villages located in places where -wells 
could be dug, or of compact groups of villages situated. along the 
rivers, where the use of inundation canals was feasible. In 1880, the 
number · of persons living in what is now West Pakistan probably did 
not exceed two million. 7 

Early improvements of existing irrigation works by the East 
India Company and by the Government of India were undertaken 
mainly in response to the famines of the 1850's, which were confined 
to parts of the Ganges Valley and peninsular India. The lesser 
importance of the Indus Valley at that time, compared to the heavily 
populated and productive tracts of India, served to retard its de
velopment. In 1880, however, the completion and successful operation 
of some minor canals, which tapped the Ravi and Sutlej rivers, sug
gested the possibility of colonizing other parts of the sparsely occupied 
upper Indus Valley by means of extending irrigation. The ~ecessary 
impetus to continue in this direction was furnished by the desire to 
increase revenue from unused lands, which were owned by the Crown, 
and by the need to reduce population pressure in the densely settled 
areas of India. By 1881 there were about 1. 7 million settlers in the 
five canal colony districts of the Punjab, and by 1931 the population 

ll Water and Power Authority, Water Resources of West Pakistan, by G. lshag, Indus (Lahore, 
West Pakistan: Government of Pakistan, July 1960), p. 5. These figures do not include con· 
sideration of evapotranspiratlon, which is known to greatly reduce effective precipitation. 

a More acute in terms of population dependent on irrigation. . 
'Estimate based on approximate annual rate of increase of 2 per cent since the Census of 

1961 and on data compiled by the Central Statistical Office, Government of Pakistan. 
11 The excellent possibilities of irrigation in the Indus Plains is undoubtedly the principal 

basis for the development of Johenjo-daro, Harappa and other fluvial sites of the Indua 
Civilization of about 2500-1750 B.C. 

11 A.V. Williamson, "Irrigation in the Indo-Gangetic Plain," Geographical Journal, LXV 
(1925), 149. 

1 The Imperial Gazetteer of India, IV (Oxford: 1909) pp. 96, 100. 
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increased to 4.9 million, -or by ·more than 280 per cent.8 During the 
following sixty years, perennial irrigation facilities were gradually 
provided for much of the Punjab and the Sind. With the spread · 
of irrigation came improvements in transportation and commerce, 
and areas that were formerly barren were converted to productive 
lands. 

Essentially, the opening of the Havelli Canal in 1939 concluded 
a spectacular era of British expansion of cultivation by means of 
irrigation. The maximum development of irrigation, based on the 
flow from the Indus and its tributaries, was achieved with the com
pletion of the Thai, Ghulam Mohammad, Gudu, and Taunsa projects 
by Pakistan during the past decade. 9 Current and future expansion 
of irrigation will require the use of storage reservoirs. 

PRESENT IRRIGATION FACILITIES 
AND NECESSITY FOR EXPANSION 

Approximately 25 million acres or about 61 per cent of the total ' 
area cultivated in West Pakistan is irrigated annually.to This is ac
complished by an intricate and extensive network of state-operated 
canals, which tap the waters of the five major rivers of the Indus 
Basin. It is probable that another two million acres are irrigated 
by means of wells and by inundation canals which receive water from 
rivers at the flood stage.11 The largest irrigated acreage in the Indus 
Plains is found in the Lahore, Multan, and Rawalpindi divisions of 
the Punjab, and in the Hyderabad Division of the lower Sind (Fig. 1). 

The disposition of the major irrigation systems shown in Figure 
1 reflects the topographic conditions in the floodplains and interfluves 
of the Indus Valley. Canals are aligned with the shallow ridges of 
interfluves which permit gravity to carry water into distributaries 
leading to lands within the interfluves and into lands on the adjoining 
floodplains. The extension of canals into areas west of the Indus . 
River, between the Kalabagh, Taunsa, and Gudu headworks, is pre
cluded because the increasing elevation in this direction would neces
-sitate lifting the water. Other sections closer to the river cannot be 
served at . the present time because of inadequate water supplies. 
Besides the major systems, there are many small irrigation works 
which are scattered throughout the Indus Basin and in a number of 
localities of the Quetta. and Kalat administrative divisions. 

T-he expansion of irrigation as undertaken by the British has 
continued at an intensive pace, because of greater necessity, under 
the direction of the Republic of Pakistan. With the assumption of 
independence in 1947, Pakistan faced a number of critical social and 

8 Kazi S. Ahmad, "Environment and the Distribution of Population in India," The Indian 
Geographical Journal, XVI (April-June 1941) 126. 

• .All of these projects were in various stages of planning before Partition. The Thai project, 
for example, was first proposed in 1873, Gudu in 1940, Ghulam Mohammad authorized in 
1947, Taunsa in 1936. Delays in beginning work on the projects are attributable to conflicts 
between the Punjab and Sind over riparian rights and to inter-provincial politics. 

10 Based upon adjustment data from the Ministry of Flnance.z... Government of Pakistan, Paki sta.n 
Economw 8urve11, 1966-61 (Rawalpindi: Government of .t"akistan, 1967), p. 50. 

11 Open wells (dug wells) stm play an important role in areas where irrigation is unfeasible 
because of subsoil conditions, unfavorable relief or inadequate surface water supplies. 
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economic problems, and its potential status as a cohesive political unit 
was questionable. Nearly 10 per cent of the population was composed 
of refugees. The geographical division of the country into two wings 
separated by India presented difficult internal cultural-political rela
tions and impaired communications and transport. It was generally 
agreed, however, that the area comprising West Pakistan could main-
tain its traditional position as a region of surplus agricultural pro
duction. This favorable aspect of the new nation was based on the 
pre-partition development of the elaborate irrigation systems in the 
Indus Basin. But in all other respects Pakistan appeared to be 
·economically unviable. 

Within a decade after independence it became apparent that the 
food requirements of the population, which was growing at the rate 
of more than a million per year, could not be met by domestic 
production. Throughout the 1950's, progress in agricultural produc
tion was confined mainly to non-food crops and increases in foodgrains 
were, at best, marginal. Between the years 1948-49 to 1960-61, the 
-population increased by 30 per cent while the food supply increased 
by 13 per cent.12 For a number of years, Pakistan has been forced 
to import several hundred thousand tons of foodgrains annually .13 

1 -The .cost of imported foodgrains in 1956 and in 1962 alone amounted 
to about $82,000,000 and $68,000,000 respectively.14 Such expendi
tures, added to the cost of distribution and subsidization, drastically 
.affected the foreign exchange position of the country and reduced 
funds urgently needed for economic development. 

Without the production from the irrigated lands of West Paki
.stan, the economy of the country could not be sustained. Frequently, 
.a portion of this production must be used to help balance food deficits 
in East Pakistan, which is subject to heavy crop losses from floods 
.and from failure of the summer monsoon. The irrigated cotton of 
West Pakistan serves as a leading export crop as well as a raw 
material for the textile industries of Pakistan. Although only ten 
per cent of the nation's rice crop is grown in the Sind and Punjab 
of West Pakistan, it is superior in quality to that grown in East 
Pakistan, and it is available for export in some years.15 Thus, both 
cotton and rice from this part of the country contribute towards 
Pakistan's foreign exchange. Other crops, such as wheat, numerous 
small grains, and oilseeds supply the staple foods of West Pakis.tan. 
Moreover, parts of the Punjab and areas near Peshawar provide over 

12 Ministry of Fina nce, Government of Pakist a n , Paki stan - Basic Facts (Rawalpindi: Govern
ment of P akista n, 1964) , p. 18. 

13 Moha mmed Afzal "The Rofe of Agriculture in the Na tional Economy," in E l eventh Pakistan 
Science Conf erence (Ka rachi: P akistan Association for the Advancement of Science, 1959) , 
p. ·4; Government of Pakist a n, 1'en Yeat·s of Paki stan 1947-51 (Ka rachi : Government of 
Pakistan, 1957) , p. 106; Government of Pakist a n, Pakis tan 1957-58 (Ka rachi: Government 
of P akistan, 1959), pp. 82-89; Ministry of Finance, A Review of Forei gn JiJcon omic Aid t o 
Paki stan (Rawalpindi : Government of Pakista n, 1962) , p. 54. 

14 Gover nment of P akistan, Pakistan 1962-63 (Karachi: Government of Pakist a n , 1964) , p. 38. 
The la rgest part of this expenditure was met by U.S.P.L. 480 or other U.S. a id, although 
Pakistan had to contr ibute to shipping costs in the amount of $28.6 million. 

1 6 Government of P a kistan , Statistical Book of Pakistan (Washington, D.C.: P a kis ta n Embassy, 
1965) , p . 48; U.S., Department of Agriculture, Foreign Agricultura l Service; Dwight R. 
Bishop, The Consumption of A gricu l tural P r oducts in Pakistan (Washington, D.C. ; Govern
ment Printing Otllce, 1954), pp. 59-68. 
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economic problems, and its potential status as a cohesive political unit 
was questionable. Nearly 10 per cent of the population was composed 
of refugees. The geographical division of the country into two wings 
separated by India presented difficult internal cultural-political rela
tions and impaired communications and transport. It was generally 
agreed, however, that the area comprising West Pakistan could main
tain its traditional position as a region of surplus agricultural pro
duction. This favorable aspect of the new nation was based on the 
pre-partition development of the elaborate irrigation systems in the 
Indus Basin. But in all other respects Pakistan appeared. to be 
economically unviable. 

Within a decade after independence it became apparent that the 
food requirements of the population, which was growing at the rate 
of more than a million per year, could not be met by domestic 
production. Throughout the 1950's, progress in agricultural produc
tion was confined mainly to non-food crops and increases in foodgrains 
were, at best, marginal. Between the years 1948-49 to 1960-61, the 
-population increased by 30 per cent while the food supply increased 
by 13 per cent.12 For a number of years, Pakistan has been forced 
to import several hundred thousand tons of foodgrains annually .13 

-The .cost of imported foodgrains in 1956 and in 1962 alone amounted 
to about $82,000,000 and $68,000,000 respectively.14 Such expendi
tures, added to the cost of distribution and subsidization, drastically 
.affected the foreign exchange position of the country and reduced 
funds urgently needed for economic development. 

Without the production from the irrigated lands of West Paki
-stan, the economy of the country could not be sustained. Frequently, 
_a portion of this production must be used to help balance food deficits 
in East Pakistan, which is subject to heavy crop losses from · floods 

J -and from failure of the summer monsoon. The irrigated cotton of 
West Pakistan serves as a leading export crop as well as a raw 
material for the textile industries of Pakistan. Although only ten 
per cent of the nation's rice crop is grown in the Sind and Punjab 
of West Pakistan, it is superior in quality to that grown in East 
Pakistan, and it is available for export in some years.15 Thus, both 
cotton and rice from this part of the country contribute towards 
Pakistan's foreign exchange. Other crops, such as wheat, numerous 
small grains, and oilseeds supply the staple foods of West Pakis.tan. 
Moreover, parts of the Punjab and areas near Peshawar provide over 

12 Ministry of Finance, Government of Pakistan, Pakistan- Basic Facts (Rawalpindi: Govern
ment of Pakistan, 1964), p. 18. 

13 Mohammed Afzal, "The Role of Agriculture in the National Economy," in Eleventh Pakistan 
Science Conference (Karachi: Pakistan Association for the Advancement of Science, 1959), 
p. ·4; Government of Pakistan, Ten Yeat·s of Pakistan 19-t7-57 (Karachi: Government of 
Pakistan, 1957), p. 106; Government of Pakistan, Pakistan 1957-58 (Karachi: Government 
of Pakistan, 1959), pp. 82-89; Ministry of Finance, A Review of Foreign Econo,rnic Ai(l to 
Pakistan (Rawalpindi: Government of Pakistan, 1962), p. 54. 

u Government of Pakistan, Pakistan 1962-63 (Karachi: Government of Pakistan, 1964), p. 38. 
The largest part of this expenditure was met by U.S.P.L. 480 or other U.S. aid, although 
Pakistan had to contribute to shipping costs in the amount of $28.6 million. 

16 Government of Pakistan, Statistical Book of Pakistan (Washington, D.C.: Pakistan Embassy, 
1965), p. 48; U.S., Department of Agriculture, Foreign Agricultural Service; Dwight R. 
Bishop, The Consumption of Agricultural Products in Pakistan (Washington, D.C.; Govern
ment Printing Otftce, 1954), pp. 59-68. 
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fifty per cent of the country's sugar cane, all of which is consumed 
domestically .16 , For these reasons, and because the largest acreage. 
of unused cultivable land in Pakistan is in the Indus Basin, the ex
pansion of irrigation commands increasing attention. 

Three major economic development plans have been undertaken 
by the government of Pakistan in order to attain self-sufficiency in 
food, to expand industry, and to raise the standard of living generally. 
Under the first Five-Year Plan (1955-60), formally approved in 1957,. 
relatively little was accomplished, due to unstable political conditions, 
poor national leadership, and widespread public apathy. Since the 
October 1958 Revolution, however, the new government, under Ayub 
Khan, initiated and completed a comprehensive second Five-Year 
Plan and is continuing to develop the nation's resources under a third 
Plan (1965-1970). From all indications, corrective measures taken 
after 1958 were successful in reducing food shortages, resulting from 
an antiquated land tenure system and adverse marketing conditions, 
and in promoting the growth of industry. During the 1960's, Pakistan 
achieved the distinction of being one of the few developing countries. 
in ·which agricultural production was growing more rapidly than 
population.17 A major factor associated with this accomplishment 
is attributed to increases in irrigation facilities, particularly tube
wells, although a number of government inspired actions have con
tributed to a generally favorable overall economic growth pattern.18-_ 

Surprisingly, economic advances in Pakistan were made despite
the recent war with India and the record of two successive poor 
harvests in both wings of the country because of unfavorable seasonal 
weather.19 Nevertheless, the problem of obtaining an adequate- dO
mestic supply of food by 1960, as planned, is not yet solved.20 

PLANS FOR THE EXPANSION OF IRRIGATION 

The expansion of irrigation in West Pakistan has been designated 
as a major component in all of the Five Year .Plans. Although the 
plans include the extension of cultivated land, land reclamation, in- . 
creased use of fertilizers, use of better seed, and industriali~tion, it 
is believed that a timely and adequate water supply for crops is prob
ably the most urgent need. Significantly, over $900,000,000 or about 
nineteen per cent of the total cost of the second Five-Year Plan was 
allocated for the development of water and power in East and West 

1e Bishop, Consumpti on, p. 58. 
11 Speech, · G.F. Papanek, "Pakistan: The Development Miracle" presented under the joint 

auspices of the Pakistani-American Chamber of Commerce and the Asia Society (New Y'ork: 
May 4, 1965), p. 4 ; Central Statistical Office, Government of Pakistan, Some Socio-Economlo 
Trends (Karachi: Government of Pakistan, 1967), p. 8. 

1 s Ibid. According to the Ministry of Finance some of these actions included curbing of 
financing, regula tion of money supply, liberalizing import, and reduction in con 
domestic markets. 

111 Paki statt Economi c Survey, 1966-67, p. 5. 
20 Ministry of Finance, Government of Pakistan, Budgets of Pakistan 1966-67 (Ra 

Government of Pakistan, 1966), p. 132. Additional current factors which aggravate eCOJlODljltj 
development are the decline in imports from the U.S. under PL-480, and increases 
local prices. 
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Pakistan. 21 More than half of this amount was used in West . Pakistan, 
pJ;incipally for irrigation.22 Outlays for water and power in the third 
Five-Year Plan amount to about 15 per cent of the total budget of 
5.2 billion dollars, with a substantial portion destined for irrigation 
projects. 23 

Long range plans to increase the area under· irrigation in West 
Pakistan were essentially formulated before the approval of the first 
Five-Year Plan in 1955. Several of the large projects included in the 
first plan were already in some stage of investigation or construction 
shortly after the declaration of independence in 1947. Between the 
initial stage of the first plan in 1955 and its conclusion in 1960, the 
net irrigated area increased from 22.7 to about 24.0 million acres, 
despite the prevalence of adverse economic conditions (Table I) .24 

PLANNED EXPANSION OF IRRIGATION 
IN WEST PAKISTAN 

Year 
Irrigated Area 
Improved 

(Millions of Acres) 
1955 1960 
22.7 24.0 

1965 
25.8 

facilities ..................... 2.5 7.1 

1970 
27.0 

Source of data.: Government of Pakistan, Planning 
Commission, 1960 ; West Pakistan 
Water and Power Development 
Authority, 1960. 

Projects started in the first plan, along with new ones included in the 
second plan (1960-65), were designed to expand the irrigated area to 
25.8 million acres. By 1970, the net irrigated area is expected to rise 
to 27.0 million acres as a result of additional projects started under 
a third Five-Year Plan (1965-70) and because of the full maturity 
of those undertaken in the previous plans. 

Empha&is on the expansion of irrigation as a means of achieving 
an increase in the production of food is based on the fact that: (1) in 
general, higher yields of crops are obtained from irrigated land than 
from unirrigated land; (2) the availability of irrigation makes it 
possible to increase the size of the double cropped area ; ( 8) new lands 
can be cultivated if irrigation is available; ( 4) the expansion of irri-

11 Ministry of Finance, Government of Pakistan, Highlight• of Paki.tan's Second Five-l·ear 
Plan 1960-66 (Rawalpindi: Government of Pakistan, 1962), pp. 9, 21. The total cost of 
the plan (revised in 1962), amounted to $4,890,000,000. Water and power development have 
been given the second highest priority in the plan. 

II Ibid., pp. 21, 39. 
18 Ministry of Finance, Government of Pakistan, Pakistan's Economic Growth Since 1958 

(Rawalpindi: Government of Pakistan, 1966), p. 46. 
16 Government of Pakistan, The Second Five-Year Plan 1960-65 (Karachi: Government of 

Pakistan, 1960), p. 197; Government of Pakistan, Three Yeara of Progress Under the 
Revolutionary Government, 1958-1961 (Karachi: Government of Pakistan, 1962), pp. 1-2. 
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gation is acceptable to the public in Pakistan, while other planned 
agricultural improvements are often not; ( 5) present irrigation 
facilities .. are conceded to be inadequate. 

THE PROBLEM OF WATERLOGGING 
AND SALINITY 

One of the problems that has accompanied the expansion of irri
gation in the past and which has become critical in recent years, is 
the increase in areas of waterlogging and salinity. Nearly every 
irrigated tract in the Indus Basin is affected by this problem to some 
degree, and it is estimated that probably 6 to 7 million acres of cul
tivable lands are severely damaged by either waterlogging or salinity 
and are in need of reclamation (Fig. 2) .25 Substantially more land, 
perhaps as much as an additional 9 million acres, has been rendered 
less productive or nonproductive for the same reasons. The area of 
severe waterlogging and salinity is estimated to be increasing at the 
rate of about 50,000 to 100,000 acres annually.26 

Conditions that promote waterlogging and salinity are inherent 
in the Indus Basin. Much of the region receives less than 10 inches 
of rainfall annually and a high rate of evaporation is a characteristic 
feature. The extensive floodplains and relatively flat interfluves are, 
in general, poorly drained both on the surface and in the subsurface, 
where gradients are insufficient to carry away excess groundwater. 
Each year the vast network of canals add some 30 inches of water to 
the parts of the landscape by the irrigation process and by seepage 
from canals. For many years, drainage channels have been inadequate 
and the subsequent rise in water tables locally, together with evapora
tion of soil moisture, has produced an accumulation of salts on the 
surface. Continuation of irrigation under these circumstances has 
resulted in chronic waterlogging and salinity in many areas, which 
has reduced crop yields and made land unsuitable for agriculture. 

Possibilities of land reclamation in West Pakistan have been 
investigated at various times in recent years under the auspices of 
the government, the Colombo Plan, the U.S. Agency for International 
Development, the U.N. Food and Agricultural Organization, the U.S. 
Department of the Interior, and several private consultant organiza
tions. As a result of studies conducted by these groups, procedures 
have been developed for reclamation projects in several parts of the 
Indus Plains, initially in the Rechna and Chaj doabs and Thai 
in the Punjab.27 

2r; Amir K. Ahmad, "Some Land Utilization Problems in Pakistan," in Eleventh 
Sci ence Conference (Labore: Pakistan Association for the Advancement of Science, 1 
pp. A-2 ; International Bank for Reconstruction and Dev~lopment, Banker' s Mission to I 
and Pakistan February-March (Washington, D.C.: Government Printing Office, 1960), p. 4 
U.S., Depa rtment of the Interior, White House Report on Land and Water Development 
the Indus Plain (Washington, D.C.: Government Printing Office, 1964), p. 62. 
rela ting to waterlogging and salinity are estimates made by various authorities. Tb 
presented here are modified as a result of per sonal observations in the field and by in 
with personnel in Pakistan, the Agency for International Development and the World 

36 U.S., Department of the Interior, White House Report on Land and Water De·velopment 
the Indu.s Plain (Washington, D.C.: Government Printing Office, 1964), p. 63. 

27 Study and early work on these projects began in the 1950's under the Salinity Control 
Reclamation Project in Central Recbna as part of the International Cooperation 
program in Pakistan (ICA). Since 1960, all water and power development in Pakistan 
been under the jurisdiction of the West Pakistan Water and Power Development Autbori 
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The Rechna Doab Project, involving 1.2 million acres situated 
between the Chenab and Ravi rivers, illustrates the magnitude of the 
problems faced by the reclamation engineers (Fig. 3). Most of the 
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·doab area had a water table that was within 15 feet of the surface, 
and in some places it was as close as five feet.28 In 1958, an estimated 
15 per cent of the area was no longer productive; another 20 per cent 
was in various stages of deterioration. The procedure for lowering 
the water table included the installation of about 2,000 tubewells 
(pumped deep wells). Power to operate this vast pumping system 
was obtained from natural gas fields near Multan and from the 
Warsak Dam near Peshawar. The tubewells were designed to pump 
groundwater more rapidly than the recharge rate, and it was esti
mated that about forty years would be required before the water table 
of the doab was restored to its former level. At the end of that time 
it should be possible to establish a balance between the quantity 
pumped and the rate of annual recharge. 

Recent studies of the operation of the tubewells serving the 
Central Rechna Doab indicate that the water table has been lowered 
by an average of eight feet. 29 More than half of the formerly useless 
land has been reclaimed, and the cropping intensity of the project 
area has increased from 77 per cent to 100 per cent.80 

Among the principal benefits to be derived from the Rechna 
Doab Project besides reclamation of land are: (1) the extension of 
near optimum irrigation facilities for over one million acres, and (2) 
fringe irrigation benefits for another two million acres.31 It was 
anticipated that by placing tubewells along existing distributary 
canals, both well and canal water could be used as irrigation supplies. 
The quantity of ground water being pumped is expected to equal 
approximately the quantity now available in the canals from the river 
system. With the improvement and spread of irrigation there should 
be a greater return of cotton and sugarcane, the main cash crops. 
According to the Ministry of Finance, food production in the Rechna 
Doab has risen, over the pre-project record, by 200 per cent.32 Un
doubtedly, the cultivator's annual income has increased considerably, 
perhaps reaching the quadrupled level over pre-project incomes, as 
predicted in the original proposals. 

Reclamation efforts similar to those in the Rechna Doab have 
been undertaken in other parts of the Indus Basin where lands are 
afHicted by waterlogging and salinity. Important projects t-n,,.~o·n1"1'V': 
under way are situated in the Chaj, Lower Thai, and U 
Doabs and in Khairpur District. A Ten-Year Master Plan 
developed recently by the Water and Power Development Au 
which proposes to invest about 1.25 billion dollars in reclama 
projects in West Pakistan.33 The plan includes the. installation 
31,500 tubewells, and the construction of 25,000 miles of additi 
drains. Financial support is expected from the United States 
other nation members of the Pakistan Consortium. 
ss Data are based on surveys conducted by the Water and Power Development Authority 

West Pakistan, 1959. The records of this agency indicate that the water tables in 
areas have risen from 25 to 50 feet within the past 50 years. In a few places the 
tables bad risen as mnch as 80 feet in the same period. 

211 Pakistan Economic Survey, 1966-61, p. 50. 
8o Ibid. 
u Water and Power Development Authority, West Pakistan, 8alinit11 and Waterlogging 

mation Project, Rechna and Ohaj Doabs (Lahore: Government of Pakistan, 1959), p. 
311 Pakistan Economic Survefl, 1966-61, p. 50. 
8a Pakistan,s Economic (howth Since 1958, p. 26. 
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THE INDUS WATERS TREATY 
The settlement of the Indus Water dispute between India and 

Pakistan deserves special attention in the assessment of plans to de
velop water resources in West Pakistan. In September 1960, the 
Indus Water Treaty was signed by both countries, thus terminating 
a conflict of nearly ten years duration over the use of water from the 
eastern tributaries to the Indus River. At the time of Partition, the 
alignment of the India-Pakistan political boundary intersected the 
long established canal system, which was supplied by the Sutlej, 
Beas, and Ravi rivers (Fig. 4). Such alignment of the boundary 
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disrupted a vital part of the formerly unified irrigation works. Paki
stan retained most of the canals and became the downstream riparian, 
while the controlling head works (diversion dams) were left in India. 
The dispute over sharing water from the rivers became one . of the 
principal causes of poor relations between the two countries, since 
at that time millions of people in each country depended on the canals 
for a livelihood. 

Several years of study and negotiations by both India and Paki
stan preceded final acceptance of settlement proposals sponsored by 
the World Bank. The two main features of the treaty include: ( 1) 
allocation of the waters of the Eastern Rivers (Sutlej, Beas, and 
Ravi) to India, with the stipulation that India continue to provide 
water to Pakistan during a ten year transitional period while irriga
tion works were being constructed for -the replacement of the Eastern 
River waters; (2) allocation of the waters from the three Western 
Rivers (Indus, Jhelum, and Chenab) .to Pakistan, with special provi
sions for the use of upstream portions of the rivers in India. 

The adjustment in the use of the waters of the Indus Basin in
volves the largest program of construction for irrigation and power 
ever to be undertaken anywhere. Under the sponsorship of the World 
Bank, an Indus Basin Development fund was set up in 1960, which 
provided $870 million for construction of works in Pakistan and about 
$200 million for works in India.34 An additional $315 million was 
allocated in a Supplemental Agreement between the President of 
Pakistan and the World Bank in April 1964.35 The contributors to 
the fund, in foreign exchange grants and loans, are Australia, Canada, 
Germany, New Zealand, United Kingdom, and the United States, as 
well as India and Pakistan. According to the International Bank for 
Reconstruction and Development, the program in Pakistan includes 
the following components (Fig. 4): 

( 1) Eight link canals, nearly 400 miles in total length, for trans
ferring water from the Western Rivers to irrigate 5,000,000 
acres in areas formerly served by the Eastern Rivers. The 
total volume of water to be transferred is about 14 million 
acre feet or about the same amount carried by' the Colorado 
River in one year. Three of the canals will each be large 
enough to carry twice as much as the average flow of the 
Potomac River at Washington. 

(2) Two earth-filled storage dams, one on the Jhelum with a 
storage capacity of 4. 75 million acre feet, and the other on 
the Indus with a storage capacity of 4.2 million acre feet. 
These reservoirs are designed to provide irrigation supplies 
to canals in Pakistan during the critical periods of fluctu
ating flow in the rivers. In addition, the storage facilities 
will enable new areas to benefit from irrigation. 

u International Bank for Reconstruction and Development, The World Bank in Asia (Wash· 
ington, D.C.: Government Printing OtDce, 1960), p. 68. 

85 World Bank, International Development Association, The Indus Basin Development 
(Supplemental) Agreement.~. 196_. (Washington, D.C.: Government Printing OtDce, 1 
p. 2; IDA PreBB Release .. .No. 6_./16 (Washington, D.C., July 21, 1964), p. 1. 
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(3) Power stations constructed at Jhelum Dam · (Mangla) with 
a capacity of over 300,0~0 kilowatts. 

(4) Other irrigation works to carry canals across rivers, and 
the remodeling of five existing diversion dams and eight 
existing canals. 

(5) 2,500 tubewells (deep wells) and a drainage system to 
correct waterlogging and salinity affecting 2,500,000 acres 
of irrigated land and to provide additional supplies for 
irrigation. 

Article VIII of the Indus Water Treaty established a permanent 
Commissioner for Indus Waters for both India and Pakistan. The 
function of this individual was to serve as an official means of com
munication between the two countries and to co-operatively implement 
the provisions of the Treaty. 

One of the important features of the Supplemental Agreement 
was the assignment of $5 million for a study on the feasibility of 
erecting a massive dam and reservoir on the Indus River at Tarbella. 
This project was not included in .. the original Indus Waters Treaty 
Agreement, and its economic viability was in question. Additional 
water storage capacity was needed in order to assure better regula
tion of the irrigation system, make greater supplies available, and 
permit the extension of irrigation. Without the Tarbella Dam, the 
projects in the Indus Development Plan would only replenish the 
water diverted to India, and greatly restrict proper regulation of 
the river. 

Feasibility studies on Tarbella, completed in 1965, were favor
able, but the war between India and Pakistan during that year 
delayed implementation. By 1967, the consortium of nations involved 
in the Treaty of 1960, plus France and Italy, developed a plan for the 
financing of the $900 million cost of the Tarbella Project.86 

The dimensions of the Tarbella Project dwarf all similar ones 
built up to the present. Rising 400 feet above its base, the main dam · 
will extend nearly two miles across the top. Some 153 million cubic 
yards of construction materials are required, compared to 53 million 
cubic yards for the Aswan Dam in Egypt. The spillways will permit 
a discharge of 1.5 million cubic feet per second, which is twice the 
maximum flood of the Indus River. A reservoir behind the dam is to 
be about 50 miles in length, about two miles in width, and have a 
-storage capacity of 4.2 million acre feet.87 Initially, 6,000 persons 
will have to be resettled elsewhere in order to construct the reservoir, 
and eventually probably several thousand more of the local population 
will need to be displaced.88 

ae Apparently a Italian-French consortium offered the lowest bid on the dam alone ($622.8 
million), although a final decision on awarding the contract was still pending as of 
February 1968. 

n Presumably an average storage capacity. Gross capacity is listed as 11.1 mlllion acre feet. 
38 West Pakistan Water and Power Authority, Govemment of Pakistan, TarbeZla ProtoooJ 

(Lahore/Munich: Government of Pakistan, February 12, 1968), p. 1. 
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From all indications, progress on the Indus Basin Project, which 
includes the works specified under the Indus Waters Treaty of 1960 
·and Tarbella, has been greater than anticipated. Construction of the 
·mammoth dam at Mangla on the Jhelum River was accomplished by 
November 1967, ahead of schedule. Three diversion dams and four 
'link canals are completed or close to completion; and preliminary 
work has begun on Tarbella. aD 

Economic advantages of the development of water resources 
under the terms of the Indus Waters Treaty of 1960 and the 
supplementary arrangements are indisputably of enormous value to 
Pakistan. The net effect of assured perennial irrigation through the 
use of new canals and reservoirs will benefit many parts of the Punjab 
and upper Sind regions. Hydroelectric power from the Mangla Dam 
·and· eventually from Tarbella and the application of tubewells to 
correct waterlogging and salinity, and to provide additional irriga
tion supplies, should also contribute greatly to increases in agricul
tural production. 
· Adverse effects of the treaty are comparatively minor but not 

negligible by any means. The early possibility of inflation by the 
injection of a billion or more dollars of construction activity into 
the economy could have been serious. Apparently this has been pre
vented by the availability from the World Bank of 140 million dollars 
in excess of project requirements. Other anti-inflationary measures 
were undertaken by the government of Pakistan. 40 Less apparent 
effects of the treaty are the possible further aggravation of conditions 
·of waterlogging and salinity as a result of construction of new canals. 

FUTURE WATER RESOURCES 

Under the terms of the Indus Waters Treaty, water from the 
Eastern Rivers will not be available for the canals of West Pakistan 
after 1970. At that time, the population will be substantially in 
excess of 100 millions, and the demands placed on domestic agricul
tural production will be greatly increased over the present. From the 
standpoint of water resources, however, the possibilities of expanding 
the irrigated area beyond that year will be limited. 

Before Partition, the annual average flow of the six major rive·rs 
of the Indus Basin amounted to 168 million acre feet (Fig. 6) .41 Out 
of this total, an estimated 42 million acre feet were used for irrigation 
in West Pakistan and 27 million acre feet were lost through evapora
tion and seepage. Approximately 76 million acre feet was discharged, 
unused, into the Arabian Sea, due to inadequate storage and regu
lating facilities. The quantity of water lost annually via the Indus 
River is shown graphically in Fig. 5. 

When the flow of the Eastern Rivers is diverted to India in 1970, 
another 88 million 'acre feet will be lost, leaving a mean annual supply 
1 8 PaldBtan Economic Su1"Ve1J 1966-61, p. 54. 
•o Tarbella Protocol, p. 2. 
u Data for rivers are based on a 25 year record. According to the World Bank, the annual 

water supply of the Indus Basin is twice that of the Nile and three times that of the Tigris
Euphrates combined. 
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of 135 million acre feet available for all ,future development of irri
gation and power in the Indus Basin. It is possible that additional 
water supplies may be provided by new groundwater sources and 
perhaps by underestimated balances from tributaries of , the right 
bank of the Indus River. As shown in Fig. 6, these additional sources 
of water could increase the average yearly quantity to about 145 
million acre feet, if storage capacity could be raised to about 76 million 
acre feet. This arrangement would provide, on an , average, some 
104 million acre feet annually for irrigation. It is obvious that a 
long range task of constructing more water storage facilities is a 
primary requirement, since only an average of 8.95 million acre feet. 
of reservoir capacity are to be available from the combined Mangla 
and Tarbella projects. 

Apparently several potential reservoir sites are available in the 
Salt Range in the Punjab, and deeper in the Siwaliks to the north.42 

The development of a reservoir on the Chenab River within Indian 
territory may also be possible, although this will depend on the 
improvement of political relations with India, especially in regard to 
the conflict over Kashmir. 

Under present irrigation practice in West Pakistan the quantity 
of canal water available for the area irrigated is insufficient for 
maximum agricultural productivity. Present allotments of irriga
tion water per acre are estimated to be from 1.5 feet to- less than 
2.0 feet per year.•3 It is believed that an average of 4 feet per year 
are needed to assure adequate depth of watering and relatively high 
yields per acre.44 Theoretically, about 24 to 30 million acres could be 
provided ultimately, with the required amounts of irrigation water, 
if a reservoir capacity of 88 million acre feet could be developed.41 

It is of vital importance for Pakistan to achieve such an objective, 
despite the difficulties imposed by the associated physical, financial 
and political problems. 

CONCLUSIONS 
The general pattern of the proposed expansion of irrigation in 

West Pakistan should be successfully accomplished, in view of the 
committed international financial support and the powerful incentive 
stimulated by an urgent need to increase the production of food. 
According to present trends, the goal of irrigating 27 million acres 
at the end of the· third Five-Year Plan should be possible. However, 
adequate depth of watering necessary for maximum yields per acre 
will not be available. 

Expanding the irrigated area after 1970 will be drastically 
limited, unless intensive efforts are made to capture . and retain the 
unused run-off flowing into the Arabian Sea. Considerable attention 
will need to be given to the control of waste by the reduction of 
evaporation and seepage, and by other techniques which promote th 
u A.V. Karpov, and R. Nebolsine, "Engineering Aspects," Indus Valley: Key to Paki8ftJA' 

Future (A.V. Karpov, New York, 1963), p. 12. 
u White House Report, p. 97. 
u A.V. Kar_xov and R. Nebolslne, "Today and Tomorrow," Indus Valley: Keu to PakiattJA" 
415 

f~~~re ( .V. Karpov, New York, 1963), p. 25. 
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conservation of water. It will be necessary to conduct further studies 
_on currently used ground water resources and surveys on ground
water in areas that cannot be reached by canals. As the stage of 
ultimate development of the Indus Basin is approached, new irriga
tion technology and additional potential sources of water, such as 
converted sea water, will need to be considered. If the required 
water storage capacity cannot be attained, it may be necessary to 
restrict the expansion of the irrigated area, or actually reduce it. 
This would make it possible to provide assured optimum water sup
plies to a smaller area and to obtain high yields per acre and possibly 
maximum total production per acre. Changes in irrigation practices 
of cultivators will have to be promoted in order to achieve the best 
possible results with the types of crops and conditions of lands at 
their disposal. 

Fortunately, the development of irrigation is generally acceptable 
to the public in Pakistan, and significantly, the cultivator is willing 
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to pay for it. Irrigation alone, however, cannot be expected to solve the 
food deficits of the future. The expansion of irrigation will have to oc
cur in conjunction with widespread improvements in agriculture, such 
as the use of high quality seed, greater use of fertilizers, availability of 
agricultural credit, and better transportation and marketing condi
tions. Improvements in these areas, together with the development 
of irrigation, should assure foodgrain production in quantities suffi
cient to provide a reasonable level of nutrition for the population of 
Pakistan during the 1970's and for some time in the future. 
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