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Programme for the Development of Irrigation and
Agriculture in West Pekistan: An Analysis of
the Public end_ Prwxﬂb Groundwater Development
Pro:ramme ana the |BRD ‘Draf+ Report.

By
—--—Ghulan Mohammad’

1., IUTRODUCTION

A study of water and power resources of West Pakistan was

‘. undertaken between 196L and 1967 by arrangement between the
International Bank for Reconstruction and Developmentl/ as Adminis-
trator for the Indus Development Fund, and the Government of
Pakistan. The Agricultural problems, including the study of needs
of water for agricultural development, were investigated for

the Bank between 196/ and 19406 by a group of consultants composed
of Sir Alexander Gibb and Fartners, London; International Land

Development Consultants, N.V., Arnhem, Holland; and Hunting Technical

*  The author is a Serior Research Economist at the Pakistan
Institute of Developnient idconomics. He ig indebted to Dr.Gordon
Winston and Mr, EQUln H, Clark, advisors at the Institute;

Dr. S.R. lewis, a former advisor at the Institute; Dr, Nazir
Ahmad, Principal Research Officer and Dr. Mushtag Ahmad,
Dlrector, Irrigation Rosearch Institute Lahore; Dr. W.CL.F.
Bussink &nd Professor Cddvar Argsvik, Advisors to the uest
Pakistan Government; Mv~wﬂ&31d*Hasaﬁ'Khan, Director of Agri-
cultural Engineering, Lyallpur; Mr, Mohiuddin Khan, Deputy
Secretary (DevelcemenL) Irrlﬂdtlon and Power Department, Lahore;
and Dr. Frank M. Eaton of the University of California,
Riversice, California, for their valuable comments on the
earlier drafts of this paper. Responsibility for the views
express:d and for any errors is entirely that of the author,
howzaver,

The author is- arareful to the staff of the Department of

“Agriculture, artleularlf to Mr, Mohammad Shefi Gill, Director
of Arrlculture, Lahore Re*’on, his Deputy Directors oI Agricul-
ture, the Extra Assistant Dlrectors of Agriculture, and the
Agrigaltural Assistar.s, but most particularly the Field
ASS¢stants who carcied out a number of surveys on private
tubawells for the JUthOl without any monetary remuneration. But
for their help it would not have been possible to produce this
paper, Similar tl.anks are due to Dr. Mohammad Sharif and

Mr, Fazal Dad Khan, the Directors of Agriculture, Hyderabad
and Peshawar Reglano respectively, and to their staff for help
in sirveys in th:ir regions,

~-n the Institute, major part of the credit ‘for field work

goag to Mr. Mohamnad Ghaffar, Research Assistant, who spent a
large part of his time in the field and then helped the author
in computation wcrk in the Institute. Mr. Amir Mohammad,
Regearch Assistart and Mr. . H. Uizami, Staff Economist also

proviced computa ;ion help.

1/ The Internations ]l Bank for Reconstruction and Development will
be rzferred to /1s the*Bank in this paper.



Services ‘Ltd., London. For the duration of. this study the consultants
formed the Irrigation and Agricultural Concultants Association (I.Ca).
The finding of the concultants are contained in a Comprehensive

Report entitled Programme for the Development of Irrigation and

Acriculture in West Pakistan dated May 1966, which was submitted

by the Bank to the Government of Pakistan in September 1966, The

report of the consultants will be referred to as Is«CA Heport in this
paper.

The IsxCA Report was discussed by a Group of staff members of the

Bank and the IaCA with the Government of Pakistan in December, 1966,

On the basis of these discussions, the IaCA Heport and information

available to the Bank staff itself, the Bank Group has prepared its

own report, This report is also titled "Programme .for the Development
of Irrigation and Agriculture in West Pakistan™. A draft of this
report was ‘submitted to the Government of Pakistan in March, 1967

“and the report was discussed with the Government of Pakistan
Officials in April 1967, This report will be referred to the Bank

Group Report in this paper.

The Bank Groupls Report concentrates on the determination of

a {easible Action Programme capable oi achieving levels of agricul-
tural production "commensurate with the resources and needs of the
economy" within the decade 1965 to 1975. To this end the Bank Group
Report evaluates 14 major development projects to be undertaken
during the Third Plan and Fourth Plan periods in addition to a
number of on-going projects.

The main works under the above projects consist of the
following:

i) Construction of Tarbela Dam to provide &,6 MAF of water
by 1975, Out of this 5 MAF will be utilized in 1975 and the whole
of 8.6 MAF by 1980, The IACA copsider that whole of 8.6 MuF can
not be utilized before 1980 because of {a) the need to prevent
further deterioration of seriously waterlogged arcas (b) insufficient
canal capacity to carry the addigional water, and (c) difficulty of
development of areas where the puliped wat.er requires mixing with

fresh surface water or would not be usuab.le for irrigation.



throc to
ii) Installation of 20,000/four-cusec capacity public

tubewells to cover 10.8 million acres of land in the “usuable groundwater

creas in 1975.

iii) Installation of 500 "drainage" tubewells in salinc
groundwater areas to cover 0.5 million acrés for control of watszr
logging (by the year 2000 these will be increased to 15,000
tubewells drainingz 6.6 million &cres),

iv) Increasing the capacity of canals to provide additional
river water for 0.9 million acres by 1975 (extended to 16.2 million
acres by the year 2000),

v) Construction of Sukh Beas Nallah Drainage Scheme to
permit reclamation and to prevent further waterlogging caused by
surface run-off in the upper and central parts of the Bari Doab.

vi) Construction of two large outfall . drains on both banks
of Indus in the Lower Indus Region for the control of waterlogging
and salanity. These drains will be constructed mainly in the period

after 1975,

In addition to the above public sector programme, IACA and the Bank
Group recommend the installation of 21,3500 one-cusec capacity new
p:irivate tubewells by 1970, After 1970, they. expect the number of
private tubewells to decline sharply in the canal commanded areas
with hardly any remaining by 1985 when public tubewells will cover
all the useable groundwater areas,

-Total cost of the projects recommended by IaCA ana the Bank

Group duringthe. Third and Fourth Plan periods.will be as under:

Public ector Million rupees

Tarbela Dam
Public tubewells 7
Other Projects

Sub-Total
Private Sector
Private tubewells 749
Farm drains 13

Total 11,102



This article analyses the - - recommendation of IACA and

the Bank Group’ . rog~-~rcing ' " the installation of

of public tubewells in the fresh groundwater areas.

Other recommendations of the IsCa and the Bank Group will be

analysed in a second article which will apear in a subseguent issue
of this Review;

The programme of groundwater development recommended by IACA.
and supported by the Bank Group, is based on the need to bring
groundwater development under public control in order to integrate
1t with the publicly controlled canal water supplies. The Bank Group.
however, adds that it may be necessary to stimulate private invest-
ment in new tubewells throushout the Third and Fourth Plan periods
as WAPDA is not likely to be able to install all the 20,000 four-cusec
capacity public tubewells by 1975. The Bank Group urges the
Government of Pakistan to continuously observe the relative perfor-
mance of public and private development of groundwater resousces.

It recommends changes in emphysis in public and private groundwater
development from time to time as relative advantages emerge more
clearly. :

" 7"'This paper ‘analyses the relative advantages of public and
private tubewells on the basis of ésta collected by the author and
available from other sources. Section II of this paper summarizes
the main findings, recommendations and the programme formulated by

the IACA and the Bank Group. It also lists the basic assumptions on

which these conclusions and recommendations are based. In Section

ITI, the public tubewell development programme recommended by IaCA
and the Bank Group is compared with the private tubewell programme
recommended in this paper.

l/-~"~*mThe”Second article will deal specifically with (i) measures

to.utilize the whole of 8,6 MaF of Tarbela Dam water from
1975 onward instead of 1980 (ii) increasing the capacity
of canals to bring in additional river water in major pvarsd

~of the 10,6 million.acres of the saline groundwater areas
and (iv) provision of deep open main and branch drains
combined with covered field drains instead of "drainage
tubewells™ in the saline groundwater areas.



II. FINDINGS AllD RECOMMEIIDATIONS OF _IaCA AliJ THi0 BANK GROUP

A. Present conditions

1. Irrigation Area, . _ . .
The irrization system of the Indus Plain presently has a gros
area of about Bé:ﬁiiiion:acres of which 33.5 million acres is cultur~
able commanded area (CCA} and 25 million acres is actually irrigated.
-Most»of~the-culturable_wa§t¢:ﬁ;and lyinss withir. the CCA but unirri-
gated) is in the Lower Indus Region / 10, p.126_ /., The IACA and the
Bank Group estimate that by fully developing the available surface

and ground water, 29.4 million acres of CCA can be brought under

“irrigation at a cropping intenzity of about 150 per cent. (Table I).

2. -éggﬁégg_ﬂgggz_Ap@licatinns---‘

After full implementation of the Indus Water Treaty in the
early 1970%'s the river water supply entering West Pakistan will be
about to 142 MAF a year 7 10, p.11.7_/ of which about 79 H4F a year
is presently divertsc inte cansls, Out of this 58 MAF reaches the
water courses / 10, p,131'7ﬂ This is equivalent to .2.3 acre feet per
acre for the 25 million acres presently irrigated by canal water or

about -2 acre feet per acre for’~ million cropped acres.

3. . Groundwater -

'''' The Indus lains are composed.of deep alluvial deposits which
form an extensive zroundwater. aquifer covering a gross areas of about
40 million acres. Before the start of.canal irrigation, the ground-
water table ‘was well below the surface and the aquifer was in a
state of hydraulic equilikriuma.. The Bank Group estimate /70 py11g7
that rechange to the aquiif'er frcm rivers and rainfgll which probably
amounted to about 10 ILF & year mainly in the north was balanced by
outflow in various forms. When-large scale irrigation was introduced,
percolation to the aquifer was greatly increased in the irrigated
areas and today the rechange is three or four-fold that of the natural
state with the :resul* *+hat = >~ +ahle has risen to within 10 feet
of the surface over almost half of the canal commanded land.

In about one-sixth of the irrigated areas the groundwater table

is estimated to have risen to within five feet of the surface causing

problems of waterlogging and soil salinity in some two million ac»
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in these areas / 10, p.119_7/.

Despite the problem of water-logging and salinity this large
reserveir of groundwater is potentially very valuable. The physical
characteristics of the Indus Basin: aquifer are generally favourable to
tubewells development except in part of the Lower Indus Region. The
quality of groundwater is however, variable as may be seen from Map 1.
It is estimated that about one half of the CCA has "fresh" groundwater
(less than 1000 ppm Total Dissolved Solids), and another 15 per cent
has "marginal® groundwater (1000 to 3000 ppm TDS). - The -IACA and the
Bank Group believe that the "fresh" water can be applied directly to
crops and the "marginal” water can be applied to crops after being mixe
with canal water. It is stated that groundwaters having 1000 to 2000
ppm can be mixed in the ratio of 1:1 and these having 2000 to 3000 ppm
are to be mixed in the ratio 25:1 /1, p.68 and 10, p.123_7/. Therefore
they propose full tubewell development of both areas. In the remaining
36 per cent of the CCA the groundwaters are too saline for use for
irrigation. . -"Drainage tubewells" are proposed for 6.6 million acres of

this area for the control of water table (Table II).

L. Public Tubewells:

In order to provide additional water for irrigation and to
reclaim the waterlogged and saline soils, a number of salinity Control
and Reclamation Projects (SCARPs) have been taken in hand by the WAPDA.
Construction of first of these projects (SCARP I) began in 1959 and a
total of 1980 tubewells were completed by 1962 / 10, p.229_/. Contracts
Wwere let out between 1963 and 1966 for 4000 additional tubewells in
SCARP II, SCARP III and SCARP IV in the northern zone and the Khairpur
project in the Southsrn zone. By January, 1967, 2400 of the tubewells
had been installed though only 700 of these were reported pumping

1
Water.“/ All the public tubewells pumped about 2.7 MAF water in 1965

/10, p.131 7.

5. Private Tubewells:

Installation of private tubewells by the farmers of West

Pakistan has been -in pro jress since early 1950's.” Approximately

1/ Figures from Harza Engineering Company International supplied by
Dr, W.C.F. Bussink, Senior iZconomic Advisor, Planning and Development
Department, \/est Pakistan, Lahore.



32,000 tubewells had been installed by 1965 /10, p.153_7/, -of which

25,000 came during the Second Plan period representing private

investment of &bout Rs.200 million /10, p.237_/. ‘The Bank Group

considers this progress remarkable in view of .the fact that it took
place without much public support and encouragement. The private

tubewells pumped about 6.3 MaP in 1965 /10, p.138 /.
€3

B. Development Programme

1. Public Tubewells

The IsCA has proposed the installation of 8,138 tubewells

in the following on-going projects ;/ Iu, p.230_7:

SCARP IT 2,830 Tubewells

SCARP III 1,470 i

SCARP IV ' 3,270 i

Shairpur ' 568 "
Total:- 8,138

In addition an "Action Program" involving 12 new public tubewell
pojects with 11,403 tubewells is proposed for execution during the
Third and Fourth Plan periods / 10, p.210_/. The details of these

tubewells are:

Total Average per ‘Tubewell
Installed Capacity 36,980 cusecs =~ . 3.24 cusecs
Commanded area 5.76 million acres 500 acres
e Annuval Pumpage o 12,58 MuF 1,100 AF

About half of these tubewells will be located in areas having a water
table at less than 10 feet depth.

Total cost of the 19,541 tubewells under the on-going projects
and. the Action Programme is estimated as Rs.3,343 million (Table III).

The rate of installation in gziven in table IV,

TABLE - IIT

COST OF PUBLIC TUBEWELL PROGRAMME RECOMMENDED BY TACA ALD THE BANK

Third Plan Fourth Plan Total

Tubewells 1,064 1,445 2,509

Electrification L0O3 431 834
1,467 1,876 - 3,343
Source: Tubewells: (10, pp.389 and 390)
Electrification:%l, p.1632)
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2. Private Tubewells: - : . -~ .

Under the proposed programme,. the number of private tubewells
will increase until 1970 and will then begin to decline (Table IV),

Tapble VI gives the estimates of private tubewell installation
if there were no public development. .. .. ... ... ..

‘" The Bank Group appears concerned about the elimination of

private tubewells, and states that under the IACA programme for
1975 "about 70 per cent of the projected additional and feasible
private well installations-amounting to about 44,000 wells-would
not take place because of the competition of the public sector in
the development of usuable groundwater. This would mean that in
monetary terms some Rs.400 million of private investment would
have to be substituted by scarce. public funds at initial outlays
substantially higher than those required for the installation of

private pumping capacity" / 10, p;2¢L;7. ‘The BankK Group further

points out that "the rate of growth of private wells in operation
implicit is the I.CA projections in less than half the rate
experienced during the later part of the second Five-Year Plan ...
Given proper incentives, institutional credit facilities, and a
policy conducive to private development as enviseged in the Third
Five Year Plan, a substantially higher rate of private installa-
tions 'may be achievable™ /10, p.241_/.

‘Using the IACA projectionssthe™Bank Group estimates that

private tubewells (along with existing private persian wheels)
will still provide about one MAF more than the public programme

by 1970 (Table V).
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3. Rationale of Public Over Private Tubewell Development

I4CA have recommended public tubewell development over

private tubewell development for the rollowing reasons:

1) "Public tubewell projects offer higher rates of return
on investment combined with much faster growth in
production than can.be achieved with private tubewell

_development” / 5, p.49_/.

2) "The technical difficulties of drainage, reclamation and
soil salinity are all likely to be overcome by a public
system., Public control is also desirable to safeguard
“the quality of irrigation water in mixing zones, by

ensuring that the correct mixing ratios are used"

.-[j,uwpcw_j.
3)?'”The integrated use of surface and groundwater under full
public control / is_/ fundamental to the efficient long-
term develdpment of water resources™ (5, p.49).
L) "From-the social point of view, public tubewells should
ensure a fairer distribution of water and protect the
position of small farmers" / 5, p.49_/.
g : © therehy
5): Eventual public controléis also likely to be the only
feasible solution to the latent problems of groundwater
rights which are likely to become extremely serious if
the installation of private tubewells is continued to
. the stage when it results in excessive local lowering
i ofi the .watertable/ 5, p.49 7.
The Bdnk Sroup does not agree with the main conclusion of the I4CA
that the public:.tubewells offer higher rate of return on investment
as cOmpared_to:priyate tubcwells, However, it agrees with most
other conclusibné éf thé IACA énd adds the following:
1) ?”It,mqi not be possible to achieve the same degree of
tﬁnﬁforh coverage of centiguous areas with the private
wells as is possible with public wells., This could

~result iin less effective watertable control as well as.

lower rat: of zroundwater abstraction" /10, pp.246-477.
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"It would be prudent to regard about one gquarter of land
area in useable groundwater zones as potentislly best
suited for private tubewell activity but at the same tinm
making allowance for restrained extension of such
activity into tenant. operated’ large farms and, by
cooperative agreement, into some of the smaller tenant
and owner-operated farms" / 10, p.149_/. This statement
is based on data collected by IACA and Tipton and
Kalmbuch which purport to indicate that farmsize

land tenure and finence rapidly become constraints to

private tubewell .installations.  "They show that the
initial rapid installation of private tubewells occurred
on larger aend wealthier farms and this lead is not
automatically being followed on the small farms"™, and

as a result the rate of installation has declined
"sharply” since 1963 / 10, p.156_/. "In particuler,
Tipton and Kalmbach find that the commanded areas and
utilization rates of private tubewells decreases as the
density of wells increases" and that "in the Bari Doab
... the area commanded / by private tubewells_/ would

not exceed about 60 per cent of the culturable area".

[710, pp.156-157_7.

L. Basic Assumptions by IACA

The IACA have made the following basic assumptions in their

analysis (all underlining is by the author):

i)

ii)

"Foreign exchange availability should not be regarded

as a separate constraint so long as the total agri-
cultural dev:lopment remains within the limits of total
availability of finance™ since a retardation of
agricultural growth would effect genesral economic growth
and because of the predominant role of the agriculture

sector &s a foreisn exchange earner 4 1, p.88_7.

Total aveilability of "develogpent finance" will not

be a constraint on agricwltural development /T, p.897.



iii) "™Absorptive capacity" or "implementation cepacity" will

be decisive for the rate'of progress of agriculture

L1, p.89_7.

All calculations of public tubewell projects are based on
"aderuate water delta intensities™ whereas it is assumed that
"Tgroundwater development will take place over time under private

wenterprise and ... a4s a result under-irrigation will persist until
1975" /1, p.150_/, The yields in private tubewell areas are

reduced "appropriate to the degree of under irrigation® [T, p.1567
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a
v, is/result of the above,rate of return and :he
benefit cost ratio on private rtubewells is
higher than that on public tubewells,

vi, Private tubewells will provide better water
table control than public tubewells,

vii, Constraints of farm size, land tenure and finance
are not likely to affect the rate of prlvate tube-
well development- AN

1. Rate of Installation of Public and Private Tubewells.,

- For a counrtry like FPakistan speed- in the installation of
tubewells is of particular importance for rapidly increasing
agricultural production. 4As pointed out in the previous section,
the number of private ftubewells increased 800 per cent in 5 years
/ 18 and 15_/. These tubewells supplied .2,3 times as much water
as public tubewells during 1965.

The I4ACA states that '"the cholce between public and privare
development has been largely a case of analysing:the most beneficial
use of limited install~%icn capacity for public and private tube-
wells, We particularly wished to avoid the. situation where the
overall installation capacity of the two sectors.was curtailed
by the imposition of public programme on private development!

p.181_/,

e - The author wishes to point out that:

1, For all practical purposes, there is no capacity
for public tubewell installation in West Pakistan.,
This 1s because there is a very limited number of
rower-driven rigs in West Pakistan and these are
not being fully and effectively utilized for lack
2f support tools and equipment, support *ransport

and shor tage of *rained rig operators and supervisors.

Xenncth Brown, Diaector; of well drilling of Roscoe
Moss company, Los Anglesi recomends that "additional
miecharical rigs should not be acquired until a
remedy hes been found for the shortage of trained

crews ard supervisors to man rigs already on had"
/12, pp.43-44 7/,

Pablic tubewells can be installed only by
.mpor’,ing foreigh

~M.ASHRAF~ *BASHIR*
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contractors and materials, This has been pointed
out by the Bank Group when it states that "%5ask of
installing wells has been and can in future be

carried out by foreign con‘ractors" / 10, p.235_7.

ii, The rate of installation of public tubewells is qui%e
low even with foreign contractors, The period from
the start of field investigations to the start of
project work 1is estimated to take two and half years
or more / 10, p.145 /. and drilling at least an

additional three years, [-10, p.146_7,

iii, Project completion is further constrained by the rate
of electrification. The Bank Group estimate that the
electrification of public wells and completion of
appw rteuant works would bc .expected to take upto a
year after the wells are installed / 10, p.146_/.

This is substantied by experience Auring 1965/68
when only 140 wells were electrified although more *han

)

1000 were drilled / 10, p.147_/.

iv, ‘A further constraint may be provided by the failure
. to train the large number of personnel required to

operate the public programme efficiently (10, p.147)

These delays and constraints do not apply to private
tubewells, They are not hindered by problems of obtaining
foreign loans, preparation of tenders for foreign contractors and
electrification, Farmers train themselves -and learn from the

tubewells
expreience of others, The repidity with which private/can be
installed is being continuelly demonstrated., The Third Plan
provided for ins*allstion of 40,000 private tubewells between
1965 and 1970 / 30, p.294_/., The phasing of installations was
assumed as 6,000 in the first ycar rising to 10,000 in the last

year of the Plan, 4 survey (ippendix Table 4-1) indicates

5k B . "..:}:






1/
pipe which should be adequate for abou® 11,000 wells

Thus there should be enough inexpensive lining pipe for a
total of 13,001 wells including the number installed by the
Department of igriculture,

Domestic drilling capacity is large (capable of ins:-al-
ling 10,000 to 20,000 tubewells a year,) and since it has
a low capital compznent can expand rapidly / 18, p.12_/.
14Ci was aware of this when it stated that "it the moment the
production cepacity for motors, both diesel and electric,
is in excess of projected demand zand there doess not seem
to be any lack of drilling teams not withstending the
rather inefficient methods employed. The problem facing the
private tubewell industry is not under capacity but over_

capacity resul*ing from too great expectation". / 1, p.189_7,

1/ The Department of igriculture has been allocated
Rs,.10 million for the import of lining pipe. Xech
tubewell needs lining pipe costing about Rs.800 to
Bs.900 per well Rs,10 million should be adequate
for 11,000 wells,

* B, H*
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Continued

(b)

(c)
(@)
(

(e)

(£)

from overleaf

I.CA's estimate_of cost 1B reased by 30 per cent
by Bank Group / 10, p. 213_/.

ne 14 7

L — °

From /9,

Calculcoted from / 10, p. 21C and 214_7. The foreign
exchange component of clectrification cost is estiuated
as 61 per cent / 9, p. 14 /. This is equal to

B 25.600 per well. The balance of Rs 54,300 is for

the tubewell.

IACL and the Baonk Group calculate the interest
at 6 per cent for 2 years. We consider that 6 per cer
ate of interest is low as a measure of operating cos
i Pakistan and have used an interest rate of 3 ser
cent for all calculations in this paper. The neriod
of construction for tubewell is 3 vears but tubecw:sll
does not punp water for another year till electrifica-
tion work is completed. We have, thersiore, calculatsad
the interest for 3 years on the average cost and
for one yecr on "the total cost of tubewell., For
electrification cost we have calculated the interest
for 3 vears cnsoverage cost o: for 1% vears on total
cost.

]
ct

d-

Figures within narenthesis will ap»ply if electrification
is completed along with drilling within 3 years. In
this case inter-est is calculated for 3 years on the
average c¢ost ox io>r 1% years on total cost for bota

the tubewell and the electrification cost.
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3. Rate of Utilization and Use of Water on Public and Frivate Tubewells

IACA has assumed a rate of utilization of 40 per cent for public tube-
wells and 27.4 per cent (2400 hours a year ) for the private tubewells (5,p. 40),
Thus public tubewells are assumed to supply more water per acre than private
tubewells. Does this mean that the public wells are more efficient? The Bank
Group has considered this question and states that '"while .the. private tubewells
may be pumped at a lower rate than public wells, this would generally reflect
a pumping pattern directly related to farmer's actual water requirements rather
than to generalized féquirements used to establish pumping patterns for large
areas. It may therefore lead to more efficient ‘use of groundwater pumped"
(10, p. 246 ).

lhis is substantiated by a 1965 survey by the author in 17 Punjab
villages which showed that 10 to 90 per cent of the farmers in these villages
purchased water from private tubewell owners at critical periods of crop growth.
The quantity of water purchased varied from 15 per cent to 60 per cent of the
water available from canal irrigation (Appendix A-3 and Table IX). Thus when
water can be used efficiently, the farmer will use it,

The water course studies by.IACA suggest that unreliablity of water
supplies rather than the absolute quantity of water made available was, in
many cases, the main deterent to increased agricultural production / 10, p.319/.
This is where private tubewells have a great advantage over the public tubewells,
They provide water when the farmers need it. The Bank Group states that "An
ideal sys:em of water allocation is one based on demands which are varied through
the season in accordance with the crop water requirements of the farmers. IACA
conclude 1 however that such a system could not be achieved in the foreseeable
future" / 10, p. 305 /.

N

The "ideal system' of water allpcation cannot be achieved as effectively
with public tubewells, as with private tubewells, because '"farmer's control
over at least part of the groundwater exploitation would tend to make them more
independant of the rigidities associated with the installation of public tube-
well fic ds as well the water distribution, project planning and maintenance
under zbgolute public control over all water resources' / 10, p. 224 /.

Nata from the presently operating public tubewell project indicate that

there iss serious waste and generally inefficient use cf the water, This can

be expla ined by the faets that:
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i) Since on the average a public tubewell supplies water to an area 5 time
larger than thatsupplied by a private tubewell, and carries & gteater discharge
thew is -inevitably more loss from the longer channels with greater wetted areal/a
ii) ' The existing water courses are too small to carry the water supplied by
a public tubewell. Their capacity is about one to two cusecs whereas with a
public tubewell they are expected to carry from 2.6 to 5.2 cusecs.
iii) Since the farmers do rnot pay for the volume of water pumped from a public
tubewell they have no incentive to enlarge and repair the watercourses or to
otherwise prevent waste, This could be prevented by introducing volumetrie sale
of water, but the cost is likely to be prohibitive.
iv) The pumping schedules of public tubewells result in water availability
being unsensitive to actualicrop requirementé.‘ Some of thé‘time there is too
i

much water which is allowed to run to waste, at other times there may be too
little. At this time the farmers may have to pay illegal gratification to see
that they do get there share of .tubewell water.—/

Accarding to US-AID field officials the '"water losses may reach ever
50 per cent for lands that are situated a halfimile from the water course"é/
/ 34, p. 1_/. 1t might be argued that many of:these losses can be avoided by
strengthening the watercourses at a relatively small real cost to the nation.
However, only 3 watercourses out of 2000 in SCARP 1 have been onlarged and
strengthened during the last 5 years at cost Rs. 12,000 a piece, and still no

provision has been made for their maintenance. :The local officials believe that

The assumption that seepage from a water course is twice a shigh when

the water supply is coming from four-cusec well as when it is coming

from five evenly spaced one-cusec wells in partially supported by
empirical data as well as by rough theoretical analyses. Making the
:normal assumption that seepage is proportional to the wetted area time
pumping time, the Manning, Chezy, and Darcy-Weishack formula for open
channel flow indicate that the total seepage from a four-cusec well
should be 3 to 5 times that from fi=~ one-cusec wells with calculation
biases generally infavour of the larger tubewells. Since the larger wells
pump twice as much water over time, losses .as a per cent of water pumped
should be 1.5 to 2.5 times as high for the larger wells.,

2/ The Bank Group states that it has ''received enough information, unoffici -
ally and informally, to be convinced that farmers pay extra premium for
assured supplies of irrigation water and that failure to make such payment
can result in being cut off from supplies at critical times during a
cropping season, - Under the circumstances the Bank Group feels it
necessary to point out that failure to curtail these activities would have
serious impact on the rate at which the d:velopment of water resources
would be translated into physical products which Pakistam needs so urgently
[ 10, p. 361 /.

3/ Estimates(not shown in this paper)by the author based on the total water
delivered in SCARP I and water requirements of crops including those for
leaching purposes indicate that about 35 pe.s cent of the water pumped by
SCARP I tubewells is lost in the water cour:-es,.



within a few years, the strengthened watercourses will breach and revert to
their original conditions. If the farmers will not maintain these watercourses
in public areas, the government will be forced to do so itself. This, however,
will require a staff of engineers and trained supervisors quite beyond what is
likely to be available—/.

Assuming that the loss of water is reduced from the existing level of
about 35 per cent to about 25 per cent, that 300 acre feet of water will be
pumped from a private tubewell and 1170 acre feet from a public tubewell (as
estimated by tge IA&AI.LTS, P 43;7) the water'aélivered to ﬁhe fields will be
about 180-acre feet from a one-cusec private tubewell and about 880 acre feet
from a four cusec -7 i

According to studies by Kennedy, Benton and Blench, former Chief Engineers

of the Punjab, as quoted by Dr. Mazir Ahmad / 26, p. 374/ losses on ordinary

water-courses (covering about 500 acres) are about 20 per cent of t ke water
delivered at the head of watercourses., If it is assumed thatwatercourses with
public tubewells will lose no more than ordinary watercoursess tlem. the water
delivered to the fields will be about-940 acre feet from:public tubewells against

180 acre-feet delivered by a private tubewell,

1/ Total length of canals, branches and distributories on the lower Jhelumw,
Lower Chenab, and Lower Bari Doab canals is 5995 miles_/ 44, p. A2 -63/
The number of water course on these canal is 11, 719 /:32, pp. 10,24,50 /-
Each watercourse is about 2 miles long. The total length of watercourses
is thus about 21,800 miles which is nerrly 4 times the length of canals,
branches and distributories of these canals,

Therefore, the staff in the Government Department dealing with irrigation
will have to be considerably increased in order.to handle this job. There
wduld be no objection to this if adequate number .of trained engineers were
available in the country and if public tubewells were the only solution

for groundwater development. However, West Pakistan.is short of trained
engineers in all fields requiring engineering services. Total recuirements
of engineers for all fields, are estimated as 7,000 for. execution of the
various programmes included in the Third Five Year Plan. But only 3,”

new graduates are expected to come out of engineering colleges. The I/CA
development programme alone will need about 1,000 engineers for planning
and construction and 300 for supervision and operation of tubewell projects
(10, p, 35 ). If water courses are also to be managed by the “overmnment

as the experience in SCARP I suggests, a much larger number of trained
engineers will have to be.put in the SCARF areas. -Pakistan'sProgress in
other development fields requiring engineering services will therefore be
sexverely affected, ’
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Assuning that load shedding will not be resorted ton for
private tubewells, and to test the sensitivity our enalvsis, we
have made on alternative calculetion wusing @ orice of Rs.0,13 ner
Kwh for private tubewells while keenine Rs.0,09 per Kwh for public
tibewells.,

Using these vower costs and the shadow price for foreien
exchange and public rupee funds, we have recalculated the total
cost per acre foot of water from public and orivate tuhewells
in Appendix Table C-2 and suvmmerirzed it in Table X, Cost of numping
water comes to Rs.21 per acre foot from public tuvhewells cnmnared
to Rs,16 per acre from private electric and Rs,2? per acre fnot
from private diesel tubewells when official prices, which inclvude
dut ies and taxes on diesel o0il and a subsidv on electricitv, @ere
used. However when a shadow price of 200 per cent for foreign
exchange and of 150 per cent for public sector runee funds is used,
and when taxes and duties on diesel ©il are eliminated, &nd elec -
tricity is charged at full price the cost of pumping “ater comes to
Rs.29 per acre foot from public tubewells commared to Rs,23 ver acre
foot from a private electric tuvbewell and Rs,21 ver acre foot .from a
private diesel tubewell,

The difference in the cost of water delivered to the fields
is even greater, Using the figures of 900 acre feet and 180 acre
feet delivered to the field “v nublic and nrivate tuhewells resnece
tively, and still using the same shadow nrices, the cost »f water
delivered to the fields fro public tubewells is 35 to 65 per cent

higher than that from private tubewells (Table X),

Cont'd .
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There is a high divergenee  between nrivate and social cost
for the two types of nrivate tubewells,: For diesel tubewells,
the orivate annual operation and maintenance ( 0 & M ) cost, are
Rs., 3,300 whereas the social 0 & M costs (eliminatine the hich
taxes and valueing the foreign exchange at 150% of the official
rate) are only Rs.2,;2L0. For orivate electric tubewell, the
pritate costs are Rs,2,300 while the social cost (using Rs,0.11
per Kwh) are Rs.3,070,

The present value of canital »~lus O & M cost for the
two types of tubewells are as followsy (assuming an interest
of 8 per cent)

Private cost Social Cost

to the farmer Period of Analvsis
10 vears "ife 10 vears 20 vears 30 vears

Diesel tuvbewell Rs. 31,400 23,900 37,500 41,800
Electric tubewell®™ 22,800 - --- 28,300 41,400 47, 500.

Thus the farmers have an incentive to install electric
tubewells, over diesel tubewells, However, diesel tubewells can
be made equivalently, attractive by vproviding @ subsidv, The -
following table shows the extent of subsidv reaquired assvking
the existing costs, a .10 years investment horizon, and vwnder
different assumptions about the priwate.discount rate:

Farmer's Assvmed Implicit

Biscount Rate
15% .. . 20% 25% 30%

Present Worth-Diesel Tubewell 27,000 24,400 22,400 20,800

Present Worth~Electric g : g
Tubewell 19,700 17,900 16,400 15,300

Difference ‘ 7,300 6,500 6,000 5,500

Since the farmers's implicit discount rate in Pakistan
avpears to be quite high a subsidv in the. above range would vro-
bably make diesel tubewells as attractive as electric tubewells,
and wouvld increase the overall rate of installation. As the
rapiditv of installation is of mnaramount immortance, the Government
may like to (i) concentrate on providing connections for nrivate

tubewells in fresh groundwater. areas as soon as electricitv becore
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available from the Mangla Dam, and (ii) give & suvbsidv on
installation of diesel tubewells in areas where electricitv
is not made available, The subsidv wili??ecovered hv the Government
from tubewell farmers in & few vears in the form of drties and
taxes on the diesel o0il, We have assumed in this mener that
electricity will be made availahle for at least one third of
the tubewells in fresh groundwater areas bv 1975 under the village
electrification programme end that a svbsidv of Rs,3,000 ner
diesel well will be vorovided for farmers having holdines of less
than 25 acres.

The Government may consider the advantages »f comhining
the general rural electrification programme with nrivate tnbewell
electrification. This will provide additinnal benefits which have
not been included in the above analyses. The Government maw
therefore - like to provide electrification for more than one-third

of tubewells assumed in this naper.

5. Benefit of Public and Private Tubewells

Three criteria have been emploved by IACA and the Bank
Group for evaluation of pub’ic and »nr-vate tubewells. These ere
/710, p.220 7.

i) Internal rate of return;

ii) Benefit cost ratins at eight per cent interest;

iii) Net present worth of incremental nroduction 2t eight
per cent interest

The benefits of tubewell proiects were estimated by IACA on
the basis of projections of agricultural growht "with" nublic tube-
well develooment as comnared to "without" such develovment, In
the "without" case, senarate estimates were made for (a)
.continued private tubewell development, and (b) no further
water development / 10, p.218 /. Taenhle XI shows the resrlts of
their calculations,
In making their. calculations, the IACA did not distinevish

between the two sources of incressed drrigation svonliies — .



additional grouvndwater and additional surface water - and attributed
the total increased production to the investment in »ub’ic tuhew.
wells., (10, p.219). Another assumntion made bv IACA was that
additional water will give the same iwcrease in nroduction

whether it is used to incfease the irrigetion denth where
underwatering presently prevails or to exnand irrigated acreage

When additional water becomes availahle, IACA assuvmed an almost

instantaneous increase in vield e~uivalent to the degree of under-

watering corrected, {(.e.g. if the additionel water wes svfficient
to raise the irrigation level from 80 per cent to full delta,
this would result in an automatic and instant increase of 20 ver
cent in agricultural eutput / 10, p.72_/). These calcrlations
assume a lineer vroduction function for water which is contrary
to all experience., More reasonably, the Bank Group estimates
that raising the irrigation level from 80 ver cent to frll delta.
will increase the vield 10 ner cent / 10, p.69 /. Furthermore,
IACA have adopted annarently biased estimates of intensities
for public and »nrivate tuvbewell development areas, Two svch
examples are:
i) SCARP IV area: The intensities in that mart nro-osed
for public develomment are assumed to increase from
96 per cent in 1965 / 5, p.25 _/, to 133 per cent in 1975
p.68 7. 1In that nart where nrivate tuhewells
are being installed at s'ch as ranid rate that the West
Pakistan Government has decided to defer »ublic Aevelop-
ment, intensities are assumed to.decrease from 96 ner
caht to 90 per cent dvring the same n»eriod / 5, n.25,68 /.
ii) Dipalpur below BS Links Intensities under public
development are exnected to increase hy L6 ~er cent in
5 year, but for the nearby area served bv Pakpsttan 2bove
SM link where privatetubewell growth is presentlv
occurring rapidlv, intensities are assuvmed to incresse
by onlv 3 ner ¢ent in 10 wvears with continued »rivete
development.
These projecticns shovld be contrasted with data which

shows that the intensitv in the SCARP I area has
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increased from 78 per cent in 1959/60 /20, Table 9 7 to 107

per cent in 1965/66 / 24, p.5 7; while that in ~rivate tubewell
areas it has increased from 99 ner cent unto 131 ner cent in thre
Multan Sahiwal area and from 115 mner cent to 146 mer cent in

the Gujranwala district., / 18, p.26_7. IACA admit to the nossible
over estimation of production in public trbewell arezs when thev
state "Since the projections of intensities...are indendent

from yield projections, it may hannen in some cases that the

combined aifects from the two lead to lerge and in fact less

likely, increase in total vnroduction over & shart neriod (24, p.10).

They did not however adjust their resvlts "for this nossihle over
stement of notentionalities" / 2&, v,10/.
The Bank Group has made t e following adjvstments -in.

TACA's calculations: / 10, p.220 /:-

i) © division of benefits hetween +the incremental surface
water supnlies and the tuhewell water in »nroject areas,
ii) indenendent nrojections of vields and incremental
oroduction for "with" and "withnout" conditions,
iii) upward revision of cost estimates;
iv) treatment of potentizl savings to nrivate sector es
an addition to benefits rather then a deduction in
project costs,
Table XI summarize the results of IACA and Bank Grouvo estima=tes
of internal rate of return, the benefit ¢nst ratio and the net
worth of incremental nroduction at eight mer cent interest for
the various nrovosed orojects. / 10, p.221_/.
Rates of retvrrn and benefit/cost ratios comnuted bv the
Bank Group are substantiallv below trose comnuted hv IACA for
public development, and ghove for -rivete develomment, In all
instance where the IACA shows nublic development =»referahle,
the Bank Group's calculations indicate the onmosite on the hese’s
of these criteria.
Excepot for three »nroject areas, the Bank Grouo hes, however,
shown lower present net worth of incremental nroduvction vnder

private tubewell develonment than under nublic develonment, No
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details of this are shown in the Bank Groun Renort. We &re
therefore unable to comment on this. - However, as »nrivate tubewells
are likelv to be more ranidlv installed than nublic tubewells

and as thev lead to hicher intensities of cro»~ing and in more
productive use of water - -oumned, we mav exnect a greater increase

in agricultural vproduction with »nrivate than with »ublic tvbewells,

Table XIA

Internal Rate of Return, Public and Private
Tubewell Dével opment, Estimetes nv IACA and the
Bank Group.

Frojcecs R et ] et Do
1 { 2 1 3ta)lu(b)f 5 0 6

Shorkot Kamalia 50 20 16 35 88
Dipalpur above B.S. Link 50 P2 11 L2 52
Dipalnur Below B.S, Link 47 31 11 Lk Lo

Ravi Syphon-Ddpalour L8 27 17 46 L8
Shujabad 60 28 18 80 70
Fordwah-Sadigia 59 28 22 32 gL
Bahawal=Gain 33 31 25 65 7L
Panjnad Abbasia L7 21~ 22 28 86

Rohri North 35 15 15 19 76

Rohri South L5 21 18 n.a, L5

Begari Sind . 33 13 12 more than 100 21

Sukkur Right Bank 29 15 13 more than 100 76

Notes: a) Including votential private savings Source: / 10, ».221_/

b) Excluding votential vnrivate savines
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The advantages of private over public tubewell develonment

are well summarised by Nobe (27), "Experience in other develov-
ing countries has shown... that sn»noftaneovs action bv the more
progressive farmers in adontine new technologies can wnronduce

a chain reaction leading t»n trulv smnectacular arsricuvltiral
development...Imnlications of »rivate tuhewells for acricuvltuvral
development are much broader than merelv nrovidine &n incredase
in the irrigationwater sun-lv. FYor these farmers who have
made the investment it shos a strong potentiel in svbser~uent
investment in other inbuts that involve risks...With

private tubewells now spread throughout those narts of

the Indus Plain underlain with fresh grouvndwater, their
demonstration effect is wide spread. In conctrast the SCARP
programme affects limited continguouvs areas and it wovld take

a number of vears to cover all the fresh grouvndwater areas.
Realization of outnut targets in the Third Plan will denend

on active farmer varticipstion in Government -rosramme

rather than passive accevtance of them & 27, pn. 16-17_7.
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Total Cost_of Private Tubewells
Private tubewells could be installed in 14,2 million
cres of canal commanded ereas with fresh grounduater (Table 1).

ut of this about 2.6 million acres are covered by on-going SC.3F

1/ )

rojects . “Tsing the estimate of one »rivate tubewell per 100
cres /718, p. 36, 5, p. 30_7, a total of 116,000 private tube~
2lls will be needed to cover the remaining area of which 22,000
2ad already been installed by the farmers by the end of 1965
10, p.238).

The Bank Group estimates that 9,000 additional tubewells

311 'Be installed by 1975 in areas not commended by cconals, e

stimote that an additional 30,000 tubewells will be required for
2/

enloce:ent purnoses . Thus the total nwaber of tubewells new

nd renlace:ent, over the next 10 years comes to 126,000,
Table ZII). 1In order to make cost estimates comparable with
ublic tubewells, we have included the discounted cost of replaoce-

ents for all private tubeweolls installed through the Fourth Five

mn.

e2r 2lan. These estimotes ore shown in Table XIII., The totol
ost of all »Hrivate tubewclls comes to about Rs 1,900 million on
he assunption that nne third of the tubewells will be elecuric.

ut of 75 1,900 million, about fs 500 million will be required

i e e et et el

/ 0.7 million acres in SCiRP I, 1.1 nmiliion acres in 8C.3P II,
0.7 million acres in SC.LRP III, and O.1 acres in Fhairpur
Project.

/ Our cstimate of renlacaazent of 30,000 tubewslls is differanc
from that of I.C.4 and the Dank Groun's estimate of 47,002
/10, p. 252_/. We have assumed that tubewells installed in
1955/56 will be replaced in 1965/66, thoses installed in
1959/60 will be replacad in 1969/70, and those instolled in
1964/64 will be renlaced in 1975/75. On tvhe other hand I.CL
and the Bank Group have assumed that one tenth oi tubewell a2t
the end of any year will bhe replaced during the next verr,
Thus I..C: and the Bank Group assvus that 34,000 tuvbewells
(one tenth of 34,000 tubewells at the_end of 196%/65) will be
replaced during 1965/66 /10, p. 252 7. ost of the 34,000

ubewells were instelled within the last 5 years and do not
necd renlacement in 1965/66. Actually only 300 tubewells i
which were instzlled during 1955/56.need replaceent in
1965/66.,

t
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- ’ - With private development, by 1975
an estimoted 22.4 [IAF will be pumped eecn year agalnst raecaarge
2/
of 26 HMAF in the fresh groundwater oreas . Assuming the specific

yield to be 0.14 as estimated by WASID of WAPDL / 11 /. there

[9)

would be a net decline in watertable of 1.2 feet yeer in this
area, As most of the tubewells would be installed by early 1970s
(Table XII) the water table can be exnected %o drop by 3 to 6 feat
by 1975.

With the proposed "Actinn Programme’ %total pumning of
water in “ v ©7 areas by public end private wells in 1975 is
astimated as 30 MAF (Table V). Out of this 22 MAF will be »umped
by public tubewells in 10.8 millicn acres of useable groundwater
areas which contain about 9 million encres of fresh ground arees
[ 5, pp. 64-65 and 69-70_/. These area will have effective water-
table control. The remaining fresh groundwater arco of 5.2 million
acras will have a total puaping of 8 MMiF (Table V) against :n
estimated rechorge of 9.4 MAF a year, leaving net shortfall of
1.4 HMAF. Again ossuming the specific yield of 0.14, t:is will
result in the watertable rising by 1.9 feet a year. Part of this
may be offset by surfoce cvaporation with a resultant increase in
's71l salinity.

IACA's concern with "latent™ problen of croundwater rigats
seems somewhnt premature regardless of which develonment takes
place..  Bven if it should arise, it is not necessarily o strong
reason ror public develoaaept The lowering of the wavertable
qlll-ln.ltself, provide a check against further lowering since the

cost of pumping increases with increa s1nrr depth. If further

- constraints are :eeded,/or a tax placea on the volume of water pumped.

1/ The 116,000 T bewells in 11.6 miiiion acres ill pump about 23,2
HLF @ acre feet —-er acre) uwhereas the nublic tubewells in the exist-
ing S nhpu (I, I.7 and I*T) f:*esh ﬂrouno”ﬁf >r areas (2.6 million
queS) will. punp about 5.2 ALF of “wate (2 acre fect per acre).Total
puisping in the fr'esh groundwater acrcs wou_d thus reach 28.4 MAF
tgainst an estimc.ted recharge of 26 (IAF in fresh grounduater acres,
/91 p. 5%_/. The IACA give th- total estimated rechoarge to the
"uSOlee” groundw ater aien of 13,8 million acres as 34 :@M.F in 1975,
This has been s>l 1t up into rechaige into the "fresh" and "mixing"
zones in proporti on to the area of eoch. Roecharge in the fresh
groundwater area 1yill thus be 34 x 14,2/13.8 = 26 IM\F.
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With »nublic supplies, however, since the marginal cost of water
is zero to the farmer, it would not be so zasy to reiluce his
wastage and consumption of water, In any cose, there is no
justifion for proposing an ex»ensive public programac for some
"1l tent" problem which can be solved ot less cost by many other
means when the »nroblem actually arises.
8. "Constraints" on_Private Tubewell Development

Based on findings of I.C.. and Tipton and Kalnbach the
Beonk Group consider that faram_size, lend tenure ond finence will
rapldly become constraints to nrivate tubewell development. The
Bank Group says that Tipton and ialmback "show that the intial
ranid installation of p.ivate tubeuells occurred on larger and
wenlthier faims and this lesd is not acutomatically being followed
on smell farms" and as a result the rote of installation heas
"declined sharply® since 1963 /10, p. 163_/.

(i)  8igg_of Holding_

Tho author carried out a survey on the size of holding
of single and joint tubewell farmers during November-December 1965
in the districts of iltan, Sahiwal, Gujranwala and Lahore, which
had 20,041 tubewells cut of a total of 31,600 tubewells recorded
in West Pakistan in August/September 2965, These tubewells wuere
owned by 33,242 farmers, The results of this survey are given in
Lppendix Teble A-2 and are svmmarigzed in Table XIV and XV. Seventy
per ccnt were owned by single farmers and the remaining were
installed jointly by 18,998 farmers.

Only 17 per ceat of single tubewells were installed by
farmers having holding of less than 23 acres and 53 per cent were
instgalled by fer.szers having holdings of 50 acres and above., For
joint tubewells, the position was jusié the revers.e Nearly 62
per cent of the farmers owing joint tubewells had holdings of less
than 25 acres of which 32 per cent had holdings of less than
12% acres.

Wnile the larger and wealthair fermers were instelling
nore tdébewells inisially, this sityation Iis changing. In the

liovember-Decomber 1965 'surveys on the 2igzte of holding of single
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(ii) TFinance
...The-Banle:Group ~guotes Tipton and ialmbach as stating

that finance will rapidly become a coastraint on private tube-
well development. H’storically, this nas not been the case .
Of che tubewslls included in our 1964 survey / 18_ 7 329 had
been finnnced from the farmer's own resourcaes or non-insti-
tutional credit (i.e. frox fqnily ond friends). Increased

ivity by the ‘gricultur 11 Developmant Bank of Pakistan (.DZP)
raised the proportion of tubewells financeg by insticutional
sources in 1365/66 upto about 23 per centz. Howaver, as stated
by the Bank Group #it is reasonable to presume that improved
credit facilities must be provided if ownership of private tube~
viells is to spread to the smaller size farmers" / 10, p. 150_7.
Ws agree with thei: suggestion "that the Pakistan cuthorities

implemncnt policies conducive to rapid private tubewell develop-

sent os o matter of urgency. Tae improvenent of existing
institntional -supports, in particuler credit facilities,
technical advice and council ior cooperative ownership and
ntilization shovld be given high prio.ity. Financiel resources
required for such support would be smell if compared to the

savings to the public res-urces on the scale indicaced"

/710, pp. 243-42_ 7.

1/ % survey by the staff of the Pakistan Institute of Develonument

ucanomlcs, on the sources of fincnce of private tubewc 178, in
ajor tubswell districts of the Punjeb is under way at the

tlﬁe of writing of this. paper (July. 1967). The results of this
survey w111 be “eoorted in a subseguent issue of this Revicsw.
Howevery-in. our orellnln;ry field work for this survey during
Wpril 1967 we found no evidence that finznce wos neting o
2 constraint on tubewell installation. We found that small

fainers were ncking great efforts far saving money for tube-
well installation,

2/ The .DBP issued loans for 2100 tubewells during the year
1965/66 / 29 _7/. Gross number of tubewells ins talled during
1965/66 is estimoted as 9 000 which con51sts of 3,500 net
addisions (ippendix Table @«l), 200 replaceneats In the
Gujrnt district due o SC.RZ II and an estluated 300 reploce-
ments of old tubewells which were installed in 1955/56.
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9. uther isgues Raided oy ..cu»

i)  Rec 3 “Quality_of Water in
4ixing Zones

The IACL state that "technical difficulties of drainsgze,
reclomation and soil salinity are likely to be overcome by o
public system" and that Ypublic control is desirable to safc-
guard the quality of irrigation woter in mixing zones by
ensuring that correct miXing ratios will be used" / 5,p. 45_7.

The questions of the reclazation of saline soils and
development of saline groundwater arceas will be covered in
another paper to be published in a latter issue of this Review.
In the )resent article we ~re concerned only with the wmost
efficient development of the 14.2 million acres uwith fresh
groundwater. The I.Ci's aigument is unrelated to this issue.
ii)  Integr-tign_of Groundweter_ with_Surface Water.

The I.C4L states that "integrated use of su:face and
groundwater under full »ublic control /“is_? fundanental to the
efficient long-term development of water resources" / 5, 7. 49 77
and the Bank Group lists the following types of integrated
development they have in mind / 10, p. 179-180_7:

i) Renllocz2ting surface water from fresh groundwater areas.
"Only about half of the CC.L proposed for development is under-
2id by fresh groundwater which can be apylied directly to

the crops, but surface water supplies could be improved through-

out the 1i1emninder of the CC.L by transfer from fresh ground-

water areas..... In sioch cases rabl surfoace supplies could be
released ond reallocated to other areas" / 10, pp. 179-180_/.
ii) Hixing "marginal® groundwater with fresh surface water

so that it can be used for irrigation.

iii) Smooting »ut the tubewell power loal on the electricity
system. M"Integrotion of tubevell pumping and surfeace water

deliveiies is necessar’ in order %o rotionalize the pattern

of demant¢ for tubewell pumping which would renresent o sub-
stnonticl part of total systen power and energy demand in

Jest Pakistan® / 10, o, 180_7,
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Regarding the first point, if it is found to be
efficient to reallocate surface water auay from fresh ground-
jater areas, tgls can be done cs ecsily with privete development
as with public { If the supnly of surface wate:r is decreased,

the farmers will automatically inecrease their use of groundwoter.

},_
(u

They use tubewell watsr vaen necessarv to supnlenent the su
water supzlies. No better intcgration of the two is nossible.
The second »oint, os rentionsd above, is outvsice the
issue being dealt with in this article.
The thixzd point has been tnaken care of in ths econonic
analysis by ra2ducing the cost ner KiWH for public tubewalls
to teke nccovnt of lond shedding (i.e. shutting down tubeuwells

-

uring certain penk load hours to ratinnalize the patitern of

Q‘

demend) . These galculatinns show that even taking this foctor

into account, private tubewells are more economic

e s et e e et s g Y e et vt

1/ Some form of compensation for rabi water transferred QY be
provided to the faruers in fresh groundwater areas. It rey
be provided as lumpsun of say RS 50 per acre (Rs 5000 LOT
each 102 acres) which will be zbout half of the cost of
dies2l tubewell., Or it may be prov;ded in the form of
subsidized electric power b7 covering the fresh groundwater
arens first with electricity under the rural electrification
PDTOZTLATLC,

2/ See discussion on pages 22-23.



IV, SUwM..RY AND CONCLUSIOQONS

& programme for development of irrigation apd agriculiure
in West Pekistan has been propossd by the International Bank for
Rep )nstruction and Development based on extensive field studies

three foreign consulting firms during 1964 to 19686,

The Bank Group recommends the installation of 20,000 three
to four cusec capacity public tubewells covering 10,8 million
acres of '"fresh" and "mixing zone" groundwater areas at a cost
of Rs,3,243 million out of which Rs.1,562 million will be in
foreign exchange, A4pproximately 1,000 of these wells have already
been installed in 1965/66 and 140 are in operation, In addi%ion
400 public wellszgz:talled during the Second Plan period,

Simultaneously *he farmers of West Pakistan have been
rapidly installing, with very little assistance from *he
Government, private tubewells in fresh groundwater areas, They
installed 27,000 tubswells durlng ths Second Plan period and
8,500 during =he first year of the Third Plan, In conftrast to
the public tubewells all tubewells installed during 1965/66
are already in operation,

The Bank Group estimated the cost of a four-cusec
public tubewell as Rs,117,000 plus is.42,000 for electrification,
Adding interest during the period of construction (Rs.28,000 at
8 percent) raises the total investment cost of Rs,187.000.

The costs of a one-cusec private tubewell is Rs.9,000
for a diesel well and Rs,7,000 for an electric well plus
Rs,12,000 for its electrification., & four-cusec public tubewell
delivers abo.t five times as much water to the fields as a

Allowing for replacement of the end of 10 %ears, and

one-cusec private well,/ *toking market prices, the cos
cent higher than

per cusec capacity for a public tubewell is 60 perfhat of a
twice
private electrie tubewell 2nd mcre than / that of private diesel

tubewell, When a shadow price is put on foreign exchahge and
percent more

public rupee funds, public tubewells become 60 to 90/ expensive



» . three to- four .
as private elecrric and [/ *“imes as expensive as private diesel

Tubewells for *he same cgpacity of wabter delivered to the fielfs,

The private tubewells are opesrated according to the =ctual
water requiremenits of crops, while the public tubewells are
worked according to generalized requirements used =o establish
pumping pat*terns for l-rge areas, With private wells, therefore,
the water is used more efficien=ly and there is less was*age in
both the water courses and the fields,

Using market prices and including taxes and subsidies,
the cost of water delivered to the Fields comes to Rs,27 per
acre-foot from public tubewells, Bs,18 per acre foot from private
electric tubewells aznd Rs.25 per acre foot from private diesel
tubewells, However, applying reasonasle shadow prices to foreign
exchange and public rupee funds and eliminating taxes and subsidies,
the cost of water delivered to the fields comes to Rs,38 per
acre-foot from public tubewells, Rs,26 per acre foot from private
electric tubewells and Rs.22 per ocre-foot from private diesel
+ubewells$if drilling and electrification is carried out =as
planned by the Bank Group., However, if electrification of public
tubewells is carried out simaltanecously with drilling operations,
and if losses from watercourses are assumed *o be no more than
those from canal watercourses covering an equal area, the cos®
of water delivered to the fields is reduced from Rs,38 to BRs,.35
per acre-foot from public tubewells against Rs,.26 and Rs,23
per acre foot from private electiric and private diesel tubewells
respectively,

Installation, operation, and maintenance costs are all
lower for electric tubewells than for dlesel tubewells, The
cate of installation, therefore, is generally higher in areas
where electricity is made aveilable although 68% of existing
private tubewells are diesel powereq, Subsidizing the cost of
diesel tubewells should increase thelr rate of installation =nd

agriculrural production in areas not provided with eleectricity,
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This subsidy will be:recovered in a few years from duty and
taxes realized on diesel oil,”

The internal rate of return snd benefit cosht ratios are
higner for private tubewells than for public tubewells, With
private tubewells now spread throughout the fresh groundwater
areas of ~he Indus Plain, their demonstration effect is
wildespread, In contrast, public tubewells are concentrated in
limited contiguous areas and will require many years to cover
the whole of fresh groundwater areas, Total agricultural
production therefore, should increase more rapidly and resach
a higher level with a private than with a public programae,

The private tubewells provide effective watertable
controi even in areas most severly affected by water-logging.
In 3 years they have already lowered the watertaple by an
average of about 2 feetlover 80 per cent of the area proposed
for development by SCR.P/in the Gujranwala =znd Sheikhupura
districts, and could be expected to lower the water table over
the whole of the Indus Plain fresh groundwater area by 3 to &
feet by *he end of the Fourth Plan period, With the public
programmne, ~he watertable will be lowered in only the two-thirds
of the fresh groundwater areas actually covered by the public
wells, and will rise in the remaining one-third.

Size of land holdings, finances, and "absorbfive capacity"
are not acting as a constraint on fhe installation of private
tubewells, The smaller farmers arce now follwing the lead
given by larger and wealthier farmers in the earlier years,
When shere is a constraint on finances, they become partners
in the installation of "joint" tubewells., Whereas in the
period 1957-59, the number of farmers installing joint
tubewells was less than che number of farmers installing single
tubewells, it exceeded the humber installing single tubewells
by over 50 per cent during the period 1963 to 1965, Most of

the joint tubewells are ins*talled by formers having holding of
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less than 25 acres, The share of these farmers in 211 joint tube-
wells was 54 per cent during 1957 to 1959, znd 64 per cent during
1963 to 1965, Both these *frends towards more joint tubewells and
ownership by smaller owhers can be expected to continue and can be
accelera-ed by the provision of improved credit facilities,

The rate of tubewell installation continues to increases; the
8,500 installed during 1965/66 greatly exceeded the number installed
in any previous year =nd was about 40 per cent higher than the target®
of 6,000 private wells in %the first yesar of Third Five Plan. By
extropolation, we may expect some 60,000 private tubewells %o be
installed during the Third Plan period (against 40,000 proposed in
the Plan itself) if there is no interference by public  tubewells,
Installing another 36,000 during the Fourth Plan period will provide
complete coverage for the 11,6 million acres of f esh groundwater
arease in West Pakistan,

The total cost of the private tubewells required to cover the
12,6 million acres would be about Rs.1,400 million (including el=sctzi-
ficaticn) on the assumption that two-third will be diesel and one
third elec*ric powered, In order to make cost estimates comperable
with public tubewells, %he discounted cost of replacements for all
private tubewells installed through the Fourth Plan period is to
included. On this basis the total cost comes to Rs,1900 million.
of +his, about Rs,500 million will be in the public sector, and
about Rs.520 million in foreign exchange (compared to Rs.1560
million required for public tubewells for an equal area). Thus the
Government of Pakistan:appears to have two clear ‘options open. It

can follow the recomaendations of the IBRD-and spend Rs,3,340

million of scarce public funds and Rs.,1,560 millioh of scarce foreign
on public tubewell program; or, it can s=ve itself 85 per cent of the
public funds and 87 per cent of the foreign exchange by allowing the
farmers themselves to mobilize their own resources to cover tne sane
area more rapidly and more efficiently with private tubewells which

will result in a greater total increase in =2gricultural production

at significantly less total cost,

* BASHIR*












Number of Private Tubewells in Different Districts of West Pakistan 1964,1965 and 1966

APPENDIX TABLE A-1

I i 1964 Count 1 1965 Count ] 1966 Count 3
S.No. {pistrict Gross incxoe | Net increase ] Net Increase |
1 § Total 'Flectric ' Diesel 'ase in 1963p4 Total 'Electric ‘Diesel ' in 1964/65 {Total Electric 'Diesel 'in 1965/66 ﬁ
1. Multan 5148 624 - 4524 © 1345 6325 ‘835 5490 -~ 1177 8000 1343 6657 1675
2. Montgomery - - 455 1175 2880 1049 5159 2011 3148 1794 6897 21 4780 1738
3. Cujranwala (a) 4234 1270 2964 1170 5112 1826 3286 878 5950 2274 3676 838
4, Sialkot 2458 434 2024 503 3036 579 2457 578 3462 842 2620 426
5. JLahore 1607 856 751 504 2156 1305 851 549 3009 2121 888 853
6. Jhang 1540 448 1092 , ; 304 1804 651 1153 264 2539 889 1650 735
7 Lyallpur (b) 1063 201 77277 T30, 1534 441 1093 471 1901 597 1304 367
8. Rahimyar Khan 443 9 434 117 553 22 531 110 1050 102 948 497
9. Sheikhupura (c) 460 117 343 125 725 198, 527 265 957 275 682 232
10, Muzaffargarh,. 443 - 443 - <142 487 5 482 44 872 12 860 385
1i. Gujrat 719 229 420 274 976 474 502 257 760 432 328 (-) 216
12. Bhawalpuré 398 26 372 122 492 54 438 94 755 179 576 263
13. Sargodha 352 -181 17%: 109 491 236 - 255 139 557 287 270 66
14, Mianwali 228 107 121 60 371 166 . 205 143 692 261 231 121
15. Dera GhaziKhan 220 - 220 40 285 - .285 65 420 3 417 135
16. Bhawalnagar 273 3 -, 270 67 343 4 339 70 368 33 335 25
Total for 16
districts 723641 5840 17801 6312 29849 8807 21042 . 6208 37989 11747 26222 8140
Estimated total
for otherdistts, 7 1359 760 599 188 1751 993 758 392 2111 1133 978 360
Estimated total- for
West Pakistan: 25000 6600 18400 ~£.500 316C0 ¢800 21800 6600 40100 12900 27200 8500
Net increase over the
previous years: 6600 3200 3400 8500 3100 5400

Notes: a) Excludes Hafizabad tehsil which falls in

2CARP I area but includes Ferozwala tehsil of Sheikhupura district

b) Excludes Jaranwala tehsil which falls in SCAKP I area zand is included in the Sheikhupura district.
c) Includes Nankana S 4IB and Sheikhupura tehsils of Shetkhupura district, Hafizabad tehsil of Gujranwala District
and Jaranwala tchsil of 'Lyallpur district.

d) Based on actual number-in Peshawar, D.I. Khan, Bannu, Khoat, Hazara, Rawalpindi, Cambelpur, Jhelum, Hyderabad, vaaym vaou, sanghar,

Tharparkar, Guetta, Chagai, and Loralai Districts and estimated number in other districts.,

Source: Survey by PIDE and the
Directors of Agriculture
Lahore Hyderabad and
Peshawar.
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