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Introduction

West Pakistan is at present experiencing remarkable
production increases in agficulture. These appear to be
resulting from the rapid adoption of new varieties of seeds,
the increased use of fertilizers and massive investments in
tubewells - coupled with, during the 1968 Rabi (winter)
season, favourable weather conditions., Price incentive
policies, particularly agricultural price support, have-
helped considerably in the quick adoption of these inno-
vatiohs'by farmers. A distinctive element of all the
innovations so far promoted is that they are complementary
to labouf. There are virtually no economies of scale
associated with their use. New seeds and fertilizers are
as productive on small holdings as on large. The private
tubeweils are sufficiently inexpensive that small farmers
cén afford to invest in them, at least through partnership.,
Water, seeds and fertilizers are eSsentially infinitely
divisible inputs. They can benefit the small farmers as

much as the large.-

* The authors are, respectively, Senior Research Economist
at the Pakistan Institute of Develcpment Economics,Karachi
and Assistant Professor at Williams College, Mass, ,U.S.4,
(formerly Research Associate at the Institute)..
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The inn&vation being promoted as the next step'in
the process of rapid agricultural development is mechani-
zation through tractors. But such mechanization as is
being proposed for West Pakistan, is essentially quite
~different from the innovations which have already been
introduced, This mechanization is a substitute for rather
than .a complement to labour. All other countries which
have mechanized their agriculture have done so because
they began to experience labour shortages, Pakistan
proposes to mechanize in spite of a labour surplus. Such
a policy may be ¢learly advantageous to the large farmers,
and they are eagef to obtain tractors. But is such a
policy socially advantageeus?

We do not think that the answer to the question
(at least the answer which seems to pave been given) is
obvious. Mechanization - because. of the high costs and
the substantial social economic adjustments it will
require - deserves careful investigation, Economic justi-
fication of such a policy should be based on net social
advantage rather than private profit-ability.

This present paper is an attempt té make such
preliminary investigation on the economics of agricultural
mechanization in West Pakistan at this stage of develop-
,menﬁ; Since adequate information is not available to make

a rigorous ard thorough study, we can only attempt to
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point out some of the many factors which should be taken
into-account.and hope that the values we have given to
these tractors are at least of the proper order of magniF
tude. Most discussions of agricultural mechanization
compafe the situation under existing cultivation methods
with that which might exist under completely mechanized
'agriculture. In our analysis we will be implicitly
assuming that there 1is another alternative -~ improving
the present teohnique through the introduction of improved
animal drawn implements and pértial mechanization of
particular bottlenecks such as the threshing of wheat.
This alternative, however, is not explicitly evaluated,

The paper is organized into four main sections.
Section I deals with the direct benefits which may be
expected from mechanization, Section II deals with the
direct financial costs as they are measured by the farmer,
and by the nation. Section III considers scme of the
indirect costs. Section IV considers the indirect benefits.,
At the end of the paper we summarize our findings, and
mainly on the basis of the direct cost-benefit estimates
make the few tentative conclusions which can be drawn
from a study undertaken on this level. Since the question
~of the real cost of animal draft power to the society
is so basic to the broader question of the economic
benefits of mechanization, we have included an appendix
in which we investigate the economicg of draft power

in some detail.
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Section I

The Direct Benefits of Mechanizatioxm

There are two major sources of direct benefits
claimed for agricultural mechanization. The first is
that it will increase the productivity of scarce resou-
-rces used for crop.production. The second is that it
will release valuable resources now used to draft animal
power,

Mechanization, and increase in yield

In countries such as the United States, hustralia
‘and even Japan where farm labour is a rélatively scarce
resource mechanization has 6bvious‘benefits. In the case
~ of Pakistan where labour is surplus and unemployment is
serious, reduction of farm labour requirement as a
result of mechanization, however profitable to the private
fafmer, is of'little}benefit‘to the society. Therefore,
we may leave aside output per worker employed; tnis
naturally increases becaﬁse there is much less labour
required under mechanization.

If mechanization increases the productivity of
‘agriculture's other factor inputs, there will be
increases in crOp yield per acre. This may result from
an improvement in both the quality and the speed of
agricultural operations. A tractor can plough deeper
and faster than a bullock. The onlj attempt which has

been undertaken in Pakistan to measure such increases
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was a series of experiments conducted at Risalewala
(Lyallpur) in the years 1951 through 1954 / 9,pp.225-230_/.

Four different farmihg systems were tried:

& - Individual tenants cooperating in the use of
_— - tractors.

B - Direct farming with as complete mechanization
as possible,

¢ - Partial mechanization, 75% tractor 25% bullocks.

D ~ Tenants using tractors under a "joint manage~-
ment" supervision,

E - Individual farming by tenants with bullock
power, R

Essentially the same cropping pattern was followed
under each system except for fodder crops. The differences
in yields varied as is shown in Table I-1 which gives the
percentage that reported yields under systems a4 through
D were of the reported yields system E (traditional'
farming) .

Unfcrtunately, no statistical test was made to
determine the significance of these variations, although
“the- percentage increases would seem to be high enough
that a high statistical significance probably did exist,

There is no way of analysing what the particular
reason for these increases might have been. Quality and
speed are, to a large extent, substitutes for each other,
If one has enough time one can sufficiently improve the
quality of the operations regardless of how little pcwer
is available. In some cases this trade—off may not be

a reasonable one,
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Table I-1

Comparison of Yields Under Different Systems of
Farming - Risalewala - 1952-54

k4
Crops

Farming Rabi
System - Sugarcane Cotton Maize Wheat &ram Oilsecds
a 113 105 166 121 190 120

B 123 56 96 115 138 105

C 117 79 97 149 114 119

D 113 78169 143 142 140

hverage TT; ' 56 132 132 146 121

Obviously there are some operations which may take more
Ipower than is av§ilable from draft animals. Breaking up
o deep hardpan may be one of these., But these are spe-
cialised uses beyond the general mechanization being
considered in this paper. In general, bullocks using
proper implements can probably prepare land as well as
tractors if they can spend enough time at it.

Thus it would seenm that time is the important
constraint. If, for instance, crop planting is delayed
beyond a certain "optimum'" date, the yield will probably
beé reduced, and this reduction will be some function of
the length of the delay. In West Pakistan this problem
seems to be particularly important in getting the
Khar if (summef)'crOPS planted. They are often delayed

by a month or more beyond their optimum date becawse
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- the bullocks needed for land preparation remain busy thre-
shing the wheat, However, this bottleneck could be removed
- by mechanizing the threshing of the wheat rathér than the
land preparation. Small mechanical or even hand-operated
.threshing machines could be produced by an already existing
small scale industry which is now manufacturing machinery
for tubewells as well as other agricultural implements. In
‘many cases such threshers could be operated by diesel
engines or electric motors which are already used by the
_farmers for-their tubewells.,
' ways

For land preparation we might consider /by which
animal powered operations can be specded up, After all,
comparisons such-as that given above are comparisons between
the traditional way of doing things and a new and different
way. No account has been taken of what improvements can be
made in the traditional-methods to make them more productive
as . well, Yields are not higher solely because the mechanisn
pulling the plough consumes petroleum rather than fodder.,
Reported per acre-yields for "highly mechanized" farming in
Japan in 1961 are-not higher than those reported for land
farmed by a "hoe' /4, Table 2_/. after all the most striking
characteristic of farming in the.United States, is not that
per. acre yields’arefsq high = they were actually fairly
low until acreage restrictions forced farmers to supply

more fertilizers and other resources per cultivated acre -

but that labour productivity is so high.
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What improvements can be made in the traditional
cultivation methods is a subject which is being largely

ignored - especially in Pakistan. However, it is estimated

that an improved bullock yoke increases power output by %
60 per cent / 4, p.5_J. Experiments in India have also showné
that 18 hours per acre, using one pair of bullucks and one '
man, are required to prepare the seedbed well using the
mouldboard plough, disc harrow and spike tooth harrow. In
contrast 94 hours per acre are required for .the "desi"
(traditional) plough and plank method / 8, p.26_7/. Similar
results were obtained with experiments on different methods{
of puddling / 8, p.27_/; and, a good bullock ~ drawn seed
drill ‘gave an average 12.5% increase in wheat yields with

a 39.5% reduction in seeding time" /8, p.28 /. These resulté
show that substantial improvements can be made in the |
traditional methods., Furthermore, the numger of hours spent‘é
at an operation is rather less important th-n the number
of days the operation takes. With better harnesses, better
feeding, and better implements, bullocks could probably
work both faster and more hours per day (the present
average is below 5), Surely such improvements would dras-
tically reduce, if not eliminate entirely, the apparent
benefits of tractors in increasing the productivity of

the associated agricultural inputs.
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Thus we believe that the question of whether
mechanization increases yields has not yet been satisfact-
orily answered. However, one comes across the fallacious
presumption of a cause and effect relationship between
the apparent association-of high yield levels and mechani-
zation, Probably the most sophisticated form of this
argument is that yields per acre and available horsepower
per acre have a causal relationship / 8 /. It is asserted
that present yields in West Pakistan {(and in similar acres)
are low due to inadequate hursepower available per acre,
and mechanization by increasing horsepower per acre will
lead to higher yields / 8 /.

But this hypothesis of a direct relationship
between yields and available horsepower per acre is highly
tenuous, even on the basis of the data used to support it.
These data show /8, Appendix Figure 4 _/, that yields per
acre in Taiwan and U.4.R. are comparable to the yield in
Europe and much higher than that in the U.S.h., although
the former two countries have respectively 0.17 h.p. and
O0.15 h.p. per agre while.EurOpe and Us.S.4s have 0,38 and
O0.41 hep. per acre respectively. Mereover, Latin smerica

and Taiwan have equal horsepower availlable per acre, which

1/ 1In West Pakistan at present only 0,084 h.p. per acre
is available from human, animal and mechanical sources
(excluding stationary power units for irrigation etc.),
while a range of 0,2 - 0.3 h.p. per acre 1is considered
to be the minimum needed for high yields / 8 /.
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is not much higher than that in West Pakistan, India or
asia (excluding mainland China), but yields in Latin
anerica and Taiwan are much higher,

Japan is cited as a country which has high yields
per acre and high horsepower per acre, But we must
emphasise that mechanization of agriculture in Japan has
been introduced on a large scale .only since the 1950's,
under great pressure of labour shortages.,

In the earlier period between 1881-90 and 1931-40,
pfoduction of Japan's six major staple crops nearly
doubled mainly as a result of increased crop yields. The
area devoted to crops increased by only 18 per cent
whereas yields rose by over 66 per.cent / 22, pp.226-27_7.
This large increase in yield was not associated with any
large scale mechanization of major agricultural operations
such as ploughing, weeding, sowing and harvesting. ks a
natter of fact, Japan's farm labour force seccms to havi.degn
very slightly during this period and labour-intensive e
cultivation on small farms using better secds, fertilizers,
pesticides and improved water swpply was relied upon to
raise output and yield / 22, p.228_7. The use of farm
nachinery and implements Was much delayed as compared with
the progress  in rice brecding, irrigation and fertilizer
application techniques / 30, p.400_7/.

. The farm,implements prevailing in.Japan till

about 1900 were nothing but hand tools. From 1900 onwards
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‘these’ implements began to be improved, and short-bottom
ploughs drawn by animals, foot-pedal rotary threshers,
and inter-tillage weeders were developed. But till the
end of World War I motive power supply sources other than
human and animal power were extremely poor, .

It was only after 1920 that petroleum engines and
electric motors came into wide use in running pumps and
processing machines, In the 1930's such power units began
to be used also for threshing, husking and winnowing
operations, Power threshers helped resolve the. peak
season (during wheat harvesting and rice transplanting)
labour shortage. But till the end of World War II, plough=~
ing was almost entirely done by animal power. Power
tillers were.introduced after 1930, but the number was
only 98 in 1931, less than 3000 in 1939 and about 7500
in 1942 /30, p.4lhk / and were confined to large farmers
in particular arcas, It was only after World War II and
beginning in the 1950's that power tillers became widely
used. Even in 1950 Japan had only 13,000 power tilliers
(i.,e. garden-type tractors) and as few as 12 large-type
‘tractors / 30, Tables 21~1, 21-6_/. .

It is clear, therefore, that in pre War years the
use of power in Japan's agriculture was confined mainly
to stationary machines such as irrigation or drainage

pumps, threshers, huskers or winnowers, In mobile operations
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.such as.pioughing, weeding, sowing and harvesting very
little mechanized power was used. Only after a number of
. decades of rapid industrial growth resulting in a short-
age of farm labour particularly since the 1950's that
nmechanizatlon of these agricultural operations becane
increasingly important in Japan.

In Western countries as well the introduction of
tractors and harvestors have been made as a labour saving
~device in response to farm labour shortages, and not for
any intrinsic superiority of mechanical power over human
and animal power in raising yiclds. There ic hardly any
valid reason why the issue of mechanization of agriculture
in West Pakistan should not be.viewed in this way., This
1is more so because in recent years, availability of new
high-yiclding seed varieties which are ver& responsive
‘to fertilizer and other associated inputs has opened up
great possibilities of yield increases without the use
of mechanical power for cultural operations, These
possibilities are realisable, as is evidenced by the very
substantial progress West Pakistan farmers are moking
with the higher yielding varieties of wheat, rice and

rnaize.
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Benefits from elimingtion of bullocks

Mechanization can increase the availability of
resources for crop production by eliminating the need to
feed draft animals. However, much of thc food censumed

by the draft animal population comes from wheat straw,
rice straw and forage which has an insigﬁificént opportu-
nity cost, The most obvious and important cost of animal
power is the value of the rescurces tied up in producing
fodder for the‘bullgcksAand the supporting population,
~Contrary to many writings on this subject the
najor cost of fudder is not the land, but the water
required for its production. Land is abundant in West
Poakistan and has almost no vglue for agriculture unless
~it dis drrigated ~ since most of the province receives
dnsufficient rainfall to suppoyt crops, The value of
agricultural land depends upon the aVailability'of
irrigation water, A recent comprehensive study of West
Pakistan's irrigation and égfieulture haé cdﬁcluded that
there is only enough water available to the province
(including groundwater and surface wafef).td irrigate
“about 29.3 miilién.acres.of§lgnd on a long term basis at
an averagg_cfoppihg‘intensity of about 15bpper cent
,1517;'pp.27,.42;7,u4£-presént there aré‘about 26,5 nillion
acres irrigated, and the average cropping intensity is
about 100 per cent / 17, pp. 27, 43_/. Compared to these

figures, the total cultivable land in the province is



- 14 -

about 73 million acres [ 17, p.26_/. Thus it is not land
but water that is and will be the constraining resource,
Keeping this in mind we can appreciate the basic fallacy
in such claims as are made that with agricultural mechani-
zation, all of the presently fallow land will be brought
under‘cropsiéhd cropping ingénsity'Wiil bé raised,

d In fact the only additional land that will become
gvailable with the elimination of énimal draft power will
be that which can be irrigated by the water formerly uscd
for the fodder. assuning that about fifty per cent of
- Kharif (summer) fodder will be replaced by cottén and the
other fifty per cent by rice, we find that the replacenent
ratio is about one to one, That is, for every acre of
Kharif fndder eliminated, one acre of cotton/rice would
be substituted. For Rabi (winter) fodder, assvming that
the rescurces will all be used to produce wheat, the
ratio is somewhat hiéher: 1.6 acres of wheat for every
acre of Rabi fodder%/ Under present conditions the total
social value (opportunity cost .in terms bf wheat, cotton

and rice) of two cropped acres of fodder s about Rs.505,

2/ These ratios are estinated on the basis of water require-
ments for Rabi and Kharif fodder and other crops
39, appendix D 7

3/ In these calculations we have evaluated labour at zcro
cost, The average yields of seced.cotton, paddy and wheat
have been taken as 5.6 nmaunds, 21 maunds and 13 maunds
respectively / 16; pp.153, 155 181_/. The farm gate
prices per maund estimated w1th reference to world market

- prices hgve been takcn as Rs.32, Rs.15 and Rs,13 respec-
tively [216 45 . The valuc of non-labour inputs

~ purchased from the non-agricultural sector has been taken

as Rs.5 to Rs.10 per cropped acre. Thus,the opportunity

- c¢ost of one acre of Kharif fodder is Rs,240 .and that of

one acre of Rabi fodder Rs. 265 (See nppendlx s for
details),
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If we make some arbitrary adjustment to take account of
wheat: cotton and rice yields increasing faster‘than
fodder yields, we miéht féke Rs5.600 as an approximate
measure of the social value ‘of releasing two acres of
fodder - (one Rabi and one Kharif).

The next question is how tauch fbader acreage 1is
used for a bullock and the supporting animals required to
maintain (i.e., provide replaceﬁents in perpetuity) one
Working bullock. The Indus'Sp8Q1al Study found in its
detailed surveys of" farms throuéhout the Punjab and Sind,
that there are 0.6 cropped acres of fodder per bullock,
which is split approximately 50fSO between Kharif and
Rabi fodder / 16, p.65_7/. But adequate data about the
livestock sector are not available to permit any direct
estimation of the fodder acreage used for the draft aninal
population (i.e., bullocks and the supporting animals).
We have, therefore, used the demographer's stable popula~-
tion theory to estimate indirectly the composit’ion of
the dfaft‘animal'ﬁopulation in terms of the numbers of
young males, cows and young females per working bullock

for West Pakistan. conditions. Estinates of fodder

4/ The stable population model is an extension of the
stationary population models and represents the permanent
structure that a hypothetical population would ultimately
have, if the age specific birth rates and death rates
persisted without change / 1, p.133_/. The actual para-
meters used in our estimates have been taken mainly fron
/[ 1L 16_7, and the detailed results are reported in
appendix a. ,
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”rbqulrenents of each class (yﬁuhg males, y&hhé females
and cows) of Supportlng animals are also available /16,
:p. 303 7 Multlplylng the esplmated pOpulatlon of each
class of supportihg animals pér bullock 5& its relative
fodder consumpﬁioﬁ gives the total annual foddér consump-
Itlon by the entire draft anlmal populatlon required to
Analntuln one worklng bullock.

If the fodder consumptlon of a working bullock is
taken as 1.0 ad;é;l unit, then thu fodder consumptlon of
the entire animal pOpulatlon requlred to maintain one
_worklng bullock works out to be nearly 2,0 animal units
according to our best estlmates of the values of the
'par ameters 1nvolved This means that when the COnsumptibn
of the supportlng pOpulatlon is includea thé number of
O;Opped acres of fodder per worklng bullock is nearly
.doubled, i, e,, increased from 9.6 to 1.0 roughly (0.5
Rabi and 0. 5 Kharlf) o ’

Thus for every bullock which ‘is eliminated by
mechanlzatlon one cropped acre of fodder would be released
f9r>£he productionvof other crops (wheat, cotton, rice)
,With the wﬁtgr_noﬁfuggd by.ﬁhé fodder CrOpS.‘If follows
froﬁ our earlief discuséién that the approximate measure
of 5001al value of thls substituted productlon is about

~one hqlf of Rs.600, i.e. Rs.300. If we add to this an
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_estimate of the sociél_valie of the other foodstuffs and
associated resources required to ‘support one nember of
the draft animal population.and deduct the estimated
social value of neat, hides,.manure, milk etc., obtained
by ralslng one work animal and the Supporting population,
we flnd that the total net social cost per bullock is
Rs.,500 to Rs,600 per year. This is the benefit, the
country should receive for every draft animal elininated
by mechanization, on the presumption that good markets
will be available for all of the crops raised with the
resources formerly devoted to smupporting the bullock.

To convert this into the benefit per tractor, we
must.. consider how nany bullocks a tractor will replace.
- The average number of cropped acres per pair of bullocks
has been found to be about 12,5 / 16, p.278_/. However,
this is significantly below their capacity which, even
under present circumstances, is probably.about 20 cropped
acres per pair for the farm class of 25~99.9 acres, for
owner as well as for btenant farms 1*14,.p.?1Q;7. If we
- assume that there will be an average of about 2 acres
per ratedfhopsepower (i.e.,.OneSO‘H,,Po tractor farming
100 acres), this‘would‘mean the benefit per horsepower of
about Rs.100 to Rs.120 per yéér, or say Rs.115 on average.

i .
If we assume that the average tractor population will be
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equiﬁaient to-3 acred per hofsepowér; then the benefit

~ per horsepower would be Rg.150 to Rs.180 or say Rs.165
6n‘averégé;;Again, assﬁming that there is an export market
for the increased crop productioh, we have roughly calcu-
lated that the benefit measured in foréign'éxchange will

be about Rs.100 and Rs.150 per horsepower for mechanization
densities of 24and 3 &acres per horsepower respéctively.

The direct benefit to the farmer is much greater
than that to society, Firstly the internal prices -
especially'the supported prices of wheat and rice - are
Way above the wdrld market prices which we used for
estimating farm gate pricés relevant for social benefits,
Secondly, he benefits from mechanization because it reduces
his labour requirement and allows him to get rid of his
ténants'frbmithe land and kecp their share - either one-
third or one half - of the produce to himself. The gross
value of production per cropped acre was about Rs.140 in
1965" and is expected to rise to about Rs.170 in 1975
'1?12,'p.¢06;7. Because of these factors, private benefits
are very likely to be about double the social benefits,

| If we assume that there are at present P horsepower
of tractofs in West 'Pakistan and expect this to grow at
~the bompoﬁhd rate of g per year, the average number of

mechanical hdrsepower during any year t is approximately:

-1
P(1+g)°=
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If we''devote annual direct financial benefits per horse-
power by Y , the direct financial benefit from total
mechanical horsepower in any year t is given by the

following generalised expression:

(1.1) By = YP(1 4 g)tR

For alternative values of Y, and Vérious growth rates,
estimates of social benefits in some future years are
shown in Table T-1. The value of P is taken as 0,75

nillion in 1968 /78, Table VI_/,

Table )

Direct annual Social Benefits at varying Growth
Rates of Tractors

(Million Rupees; at Constant Prices)

Growth rate, g ' Benefit. . T 1970 1975 1980_1985 1990

' per ot " Total Social Bencfit
! horsepowep ! -
bib . Rs.110 . .. 88~ 107 . 130 158 191
' Rs.165 131 160 'i9u 236 287
12% Rs+110- 98 172: 304 535 943
Rs.165 . 146 259 4567 803 1415
20 Rs.110 109 276 672 1671 4158

Rs,165 163 L4OL 770 2507 6237
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When full mechanization is reached, the total
‘annual direc¢t benefit. will be:
(I,ii)  Be' =YP'

Where P' is the constant tractor horsepower
required for full.mechqniZation. P’, however, must be

alculqted by estlmatlng how rwch acreage can be mechani-

zed, and what the average horsepower péf nechanlzed acre
fw1ll bb.‘
| The amount of land mechanlzed depends upon the
pattern of land ownership. Unfortunately no data on land

ownership has been made public since the Land Reforms in

1958, at that time the ownership pattern was as shown in

L2

Table I-3,
‘ Table I-§
Land Ownershlp Pattern in west Paklstan
(a summary statement)
0-25 acres : 25 acres and above
No, of owners area owned No, of owners area owned
(000's) (000 acres) (00Q's) (000 acres).
by719 22,864 349 25,778

Source : Compiled by the Plnnnlng Commission of Pakistan;
quoted in / 35_

Let us assume that é‘tractor can bé used econoni-
cally at least on a hire basis, on any holding of 25 acres
and above. The total number of acres in such holdings
reported in Table I,3 is about 25,8 million acres., after

the Land Reforms the government acquired about 2.2 million
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aCres.l_TS,'p.8;7¢ 41l of the land was obtained from
ownera having nore thaﬁ 500 acres. Most of this acquired
Land has not been broken down ihtd’holdings'below 25
acres, The total cultivable area {(cultivated plus culti-
vable waste) reported in farm units of 25 acres and above
by_the’jQéO Agricultural Census in West Pakistan was
about 17.8 million acres (out of a total of 44,3 million
reported acres) /31, p.232_7,

Making some arbitrary adjustment for division of
- large land holdings through inberitance, fragmentation of
holdings, possible joint cultivation of land to take
advantage of mechanization as well as the faét that water
'may not be available to all of the culturable waste, or
that the topography in some areas may not permit mechani-
zation we nmight estimate that there are about 20 million
acres of land in West Pakistan susceptible to mechanization
under the present land oWnership‘pattern,.For alternative
mechanization densities of 2 acres per h,p. or 3 acres
per h,p. the value of P' becones 10,0 million or 6,67
million respectively, but the amual direct social costs
would be the same és is clearly shown in Table I.4

Table T,k

Direct annual Social Benefits at‘FuLLVMechanization
(Million Rupees; at Constant Prices)

density(a) , density(b)
2 acres per h.p. 3 acres per h,p.
"110 x 10 = 1100 165 x 6,67 = 1100
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M8 inaicatediédrlien th9~oorres§§ndiﬁg-annual
direct private benefits in the aggregate weuld be about

double the figures shown in Tables I,2 and I.h.

Secttion 1T

Divect Financial Costs of Mechanization

" Thrée different measures of the direct financial

"cost of methanization will ‘be considiéred in this section.

' The first is the cost to the farmer — the amount he (in

the aggfegate).Will pay to own and operate the tractors
and their impleménts. We will call this the direct

private financial cost. The second measure is the actual
cost to the nation which we can-také as the direct private

financial cost less" any direct dutics or taxes and plus

“any direct subsidies. We will call this the direct national

3

" financial cost, The third measure i$ the direct foreign

{ !

‘exchange cost of mechanization.’

. Computiing the direct financial costs is relatively

- straightforward. There are investiment costs, fuel costs,

maintenance and repair costs and finally cost of drivers.
These add up to the total financial costs.

"It will be_convenient for our purposés to consider

rechanizution.in terms of the numbér of horsepower avail-

able rather than the nﬁmbér of tractors avhilable. The

‘ pfiéé bef horsepower is apparently sufficiently constant
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to allow cost cbmputations to be made on this basis

/75, p21_7. To simplify matters we shall use a steady
érbﬁgﬁﬂﬁ0691>§arYing the rate of groﬁth of tractor
horsepower from 4 per cent to 20 per cent per year, and
compute the oésts of actual financial outlays made during
any year. &t the end of this section We'will briefly
.consider what tho'three différent measures of these costs
‘will aimount to;when the p?ovince reaches S Onie level of

full tractor mechan%zation.
v

The liodel for Cosgbcamputation

If'we assune fhat there are presently P horse-
power 1in the province and we expect this to grow at the
compound rate of é per year, then after t years there
will be P{1 -+ g)t horsepower available; During the period

t-1 to t, there will be a net increase in horsepower of:

P+ P () = e L1 gl T

= (1 + g)t
P &

- The number needing replacement will depend both
on g, the growth rate, and L, the average life of the
tractors. In any yédr, t, the required replacement will
be equal to the sum of the net increases in tractor
horsepower made L yQars prcViously, RL yeafs previously ...
nl, years previously. If the growﬁﬁ process had been

going on for an infinitely long time, the required
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replacement would be equal to:

P 1 + g) zﬁ z-—il‘jf“ v—;7 L —= 1 .Ir“fl ff£7 |

(1 +g) =1

The third tern in this expression is the
‘replacemﬂnﬁ factor. The first twovterms will be recogni-
zed as the net increase during year, t. If the introduc-
tion of tractors is a relatively recent occurrence, as it
has been in Pakistan, the replaecment factor would be
somewhat less than that given above. We shall designate
the actual replacemént fastor by dg‘ Thus the total
investment roquifed in‘ahy‘year 6 is_eqﬁal to the net

increase plus replacement or:

(TI-1) Investrent cost = P'(1}+ gt

(e
where I is the investment cost of one horsepower and the
implements that nee d to go with it,

The fucl cost in any year t depends upon the
average number of horsepower available during that year,
the number of hours they operate and how hard they work,
and is expressed by the following equation:

(II~ii) Fuel cost =P (1 + g)ti%‘(VEf) F

where h 1s the average number of hours of operation
during a year, f is the fuel consunption in .gallons per
(actual) horsepower hour, Flis the cost per gallon of

fuel and V'is the ratio of the average horsepower output

to the rated horsepower.
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"The normal .procedure for treating repair and
maintenance costs is to assume that they are a certain
proportion, r, of the initial investment costs,., However, -
it would be incorrect to add such a factor to the total
annual investment costs expressed above. The total repair
costs are spread over the lifetimevof the tractor, and
are relatively light during the.early years conpared to
the later years. lornal ﬁaintonance costs should depend
only on the naber of hours the tractor works per year
and thus should be evenly distributed over its entire
life, If the nuwnber of tfécﬁors were constant we could
assune that thé‘annuql cost of repairs and maintenance
would be some 1 tines the total investment cost of the
‘tractors in operation divided by their average lifc, This
Would be true because thére should be an equal number of
tractors in all age groups.

However; in a constantly growing tractor popula-
tion there will bhe a higher proportion of newer tractors
than'under thevsituqtion where the population is constant.
The relative pr0por£ibns of new‘té old tractors will
depend upon the growbh rate, being higher for higher
rates of prowth, We can take account of this by multiplying
an adjustment factor By to the quotient of the total
investment for the tractors operating in any year divided

by the average life of the tractor. In our model this
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would be represcnted by the following expression:
o ' ' ' _ ¢ T B I
(II-iii) Repair and Maintenance cost.= P(1 + g) g
. . . L
The wages of the tractor drivers are equal to the
average annual wage rate, W, times the number of tractors
in use, assuming one driver for each tractor. If the
‘average horsepower of the tractor is C, thin the cost of
| 2

operations in any year t is approximately:

; L
(Il.iv) Wage cost = % (1 + g)t = W

Adding all the separate cost items given in the
above expressions we arrive at the total annual cost of
mechanization for any year t, as follows: Total Financial

.Gosts,

gl + dg) : .
t__
TCp = P(1 + g)¥ o I+ P (1 + g) % (Vaf) (F)
(1 + g)
rB 4 =L
+ P (1 + g)b —“igffmi + % (1 +g) W

Sinmplifying, we get:

S g(1+d ) rB (VhE) (F)+
- ' ' g g
(II.v) TG, = P(1 + g)* L T
| L1*e L (e

5/ This wage cost is a private cost. To the society the
cost incurred in producing skills of drivers may be
considered as the appropriate cost of tractor drivers.
This, however, is of no significant magnitude compared
to other costs, and the relevant equation is also
rather cumbersome, Hence the training cost is not
included in the model, but is discusscd in appendix B.
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The Values of Constants in the Model used
to estinate Cost Flows

In computing the annual flows of direct financial
costs, the values used for the constants in the model are

shown in Table I1.1 and those of d and B, in Table

& g
II.2, Why these particular values have been used 1is
briefly discussed here,

We have surveyed most of the leading tractor
importers to determine the investment cost for tractors.
For tractors in the 40 to 60 horsepower range this cost
averages about Rs.290 per horsepower ex Karachil showroon
and about Rs,.220 per horsepower C & F, Karachi., another
8 to 10 per cent is required to transport the tractor to
the farmer in the Punjab where most of the tractors are
and will be used, Therefore weécan asswie an average cost
of about Rs.310 per horsepowerf/ We will neglect any
foreign exchange required to transport the tractor to the
farmer,

The farmer rust also purchase the various inple~
ments he néeds’to go with the tractor. The specific nature
and cost of these ii.plements will depend upon the farmer's

specific cropping pattern, soil conditions, size of farms,

6/ ‘st the official rate of exchan%e of the Rupee, this
is equivalent to about U.S. § 65 per h.p., while the
cost per hep. is U.S. § 74 in lalaysia, and varies
from U,S. % 81 to 110 in the United States / 5, pp,
21, 22; 6, p.5_/. : '
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ete, Howevér, the importers are now bringing in implementsf
férhéach tractor worth about 25% of the tractor!s basic
cost. npparently this‘is adequatelfor the pfésént condi-
tions. hdding 25 per cent on to the basic cost of the
tractors gives a total investment cost of about Rs.390 to
the farmer, of which Rs.275 is in foreign éxchange. Assun-
ing that some savings can be made by local manufacturing,
we will reduce the foreipgn exchange requirémenﬁs to

Rs.250 per horsepower, In all these computations, since
there is no direct tax or subsidy on the purchase of
tractors or implements, the direct financial cost to the
country will be the same as the direct financial cost to
the farmer,

These are thc costs which pertain at present,
However, it is cléar that to obtain ‘the maximﬁm benef it
out of nechanization, the tractors will have to be used
for many more operations than they are now, Two reports
which have studied the future of agricultural nechanization
in West Pakistan recommend the purchase of implencnts
whose total cost would approximately equal the cost of
the tractor, if the farmer is to make full use of his
investment, This will raise the totai investment cost
per ﬁoréepowér to Rs,620, of which about Rs,400 will be

“in foreign exchange.

7/ See /16, p.293; and 8, pp. 52-53_7.



- 29 -

One study estimates that the tractors should be
used an average of about 800 hours a year at an average
V of about 0.5 L 8: Table IX 7 7 We shall use these
values ;Iiouf calculations. By doing so we shall, however,
understate the total costs because the 1life of the tractor
in years depends upoﬁ how many hours a year it operates,
With_a higher amnual usage, the averége life would be
shorter, and thus the annual investment and repair costs
would be higher. It has Been éuggested that in'developu
ing countries, the operating life of a tractor is 7-8
years when the anﬁual usage is 800 hours, and the operating
1ife becomes 5;6 years when the annual usage is 1200
hours [/ 27; p.67 7.

& gtudy of new tractors in ﬁhe United States
working under half load showed an average fuel consumption
of about ,064 Imperial gallons per horsepower hour {the
UesS. gallon is smaller than the Imperial gallon used in
Pakistan) /8, Table IX; 28, p.1h 7. It seeus unlikely
that fuel consumption would be less in Pakistan than in
the United Staﬁeé, énd as ﬁhe tractor gets older its
consumpt ion should increase. Therefore, we will use a

value of f of .067 gallons per horsepower hour,

8/ another source / 1L, p.108 _/ states that tractors
operate as many as 1500 to 2000 hours per year in
the Punjab., Much of this operating time is spent in
such jobs as travel and rodd transportation which
require a relatively low horsepower output. & higher
value of h and a lower value of V are mutually
offsetting in regard to fuel consumption. ,
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The cost of the high speed diesel oil used in
tractors is about Rs,2.12 to the farmer / 16, p.294 _7/.
Howtver, some of this cost is taken up by duties and
taxes, after subtracting these the cost eomes to about
Rs.1.00 per gallon / 13, p.31_/ which, according to our
definition, is the financial cost to the nation. Out of
this Rs.0,40 is the foreign exchange cost of imported
crude oi1-1f13, p.37_ 7.

For tractors the value of r recommended for
use in the United States is 1.20 and that suggested for
use in developing countries is 1.50 /728, p.72_7.
However, thesc factors would aﬁply only to the tractors
and 80 we cannot use them directly with our measure of
investment cost since this also includes the cost of the
implements. Repairs and maintenance of the implements
would-probably be someWhat less than for the tractor
itself.'One‘survey in the United States found a level
of repair costs of implements that would be equivalent
to an r of about .36.[“6, p;8;7. A value suggested
for use in the developing countries by another source is
equivalent to an r of about 1.2 / 27, p.68 /. We will
use a value of r equals T,O for implements. However,
.since the implenents are assumed to last twice as long
\as the'tractéf, this value of r has tovbé divided'by

2 before being averaged with the r value for tractors
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for use in our equation (II.iv). This gives a composite
value of r  equal to 1,00, This. r will be used for
computing the direct private financial costs as well as
“éhévdifect’fihancial costé to the nation. For foreign
éxchange oosts, however, fhis figure is probably too
high. Fofeign exchange is spent for parts, materials,
repair transport vehicles (especially mobile repair
shops), ‘tools, petrol for the repair of vehicles, etc,
This may be about one third of}the total repair costs,
Since foreign exchange costs are“tWO thirds of the total
investment costs, we should uSé‘an r of 0.50 to
compute the foreign exchange costs of repairs and
naintenance.

Appropriate values for B {shown in Table I1I.2)
must also be arbitrarily assumed since we do not know the
distribution of repair costs over the tractor's life.

4 study of wages in the Punjab in 1964/65 found
an average wage of Rs.120 per month including all per-
quisit ¢8 such as meals and clothes [ 16, p.297 7+ In
the future the driver will have to be better trained
than at p%esent, so:we will aséume that the wage will be
Rs.150 per month or Rs.1800 per year., We will also assune
that the average tractor size will be 45 horsepower,
However, in a labour surplus situation market wages do
not measure the direct social‘costs which may be taken
as zero., We will also assume that there are no foreign

exchange costs involved,
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* Table II-1

Constants Used-to-Compute Direct Financial Costs

f T Private Cost 1 oocial Trorelign LXchy
Constant Units v ‘Calculation 1 Cost Cal+ange Cost :
t o t culationiCalculation

P horsepower  .75x100  ,75x100  ,75x100
I Rs./HP 620 620 400
r - 1.00 1.00 0.50 i
L Years 7.5 745 7.5 é
v - 0.50 0.50 0.50 %
h  hours 300 800 ‘ 800 |
£ gal/HP/tr .067 .067 . 067
F Rs/gallon  2.12 1,00 0.40
W . Rs/Year 1800 o 0
C HP/tractor 4o 45 L5

Table II-2

Values of dp and Bg used to
Compute Direct Financial Costs

g 1% 12% 20%
d, 1.25 0. 45 0.19
B, .98 9L .88
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~Total annual Cost Flows for different Growth Rates
of-Mechanization - o ‘ ’

In Table II-3, we show the total annual flows of
direct financial costs given by equation (II.v) for
private costs, social costs and foreign exchange costs.
The numerical values used in thesc computations have

becen indicuted in Tables II—? and II-2

Table I1I1-3

Total snmiual Direct Financial Cost at
varying growth rates (g) of Tractor Horsepower

(Million Rupees; at Constant Prices)
Growth rate, g': Cost Measure : Yoar1970 1975 1980 1985 1990

L Y% (a) Private 186 227 276 335 LOZ
(b) Social 131 159 193 235 282
(c) Foreign ixchange 58 71 86 105 126

12 % (a) Private RL9  L4LO 775 13606 2408
(b) Social 187 330 582 1025 1807
(¢) Foreign Exchange 91 161 284, 501 882

20 % (a) Private 306 760 1894 4711 11742
(b) Social 239 594 1480 3081 9174
(¢) Foreign Exchange 123 305 760 1890 4712
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Total annual direct cost at full mechanization

We can also estimate the total annual cost when
full mechanization is reached. For this we need only

slightly modify our equation (II}V). Then the total amual

cost will be:

o ot W
(IT.vi) TCp' =p /[~ Z%T I+ 5= I+ (Vaf)(F) + %

H s : .
where P dis the constant total horsepower required, and
other factors are as hbefore.
' R . . t . X
We have found in Section I that P is 10 million

or 6,67 million for mechanization densities of 2 acres per

h.p. or 3 acres per h.p. respectively.

Table II,S

annual Direct Financial‘CoSt;under Constant
Tractor Population at Full Mechanization

Cost Heasure 2 ncres per H.Po 3 ncres per HoP.
iillion Rupees

Private ’ 2,415 1,605

Social 1,715 1,143

Foreign BExchange 773 515

Flows of direct costs in relation to direct benefits

Since our computations for annual flows of direct
benefits and direct costs in terms of rupecs are based on
identical assumptions about growth of mechanical horsepower,
we can nowWw give a generalised expression for net direct
benefits in any year t as follows:

NBy = Bp ~ TCp



.~ 35 -

where NBp is the net financial benefits, By stands for

expression (I.i) and TCp for (II.v). at full mechaniza-

tion annual direct benefits are given by Be' - TCp',

where Bet stﬁnds‘for expression (I.ii) and TCg'for (II.vi).
One can easily see from Tables I.2 and 1I.3 and

also from Table I,4 and II}S that annual direct costs exceed

direct benefits. Towards the end of this paper, our ten-

tative conclusions will be based mainly on the couparison

of these direct cost-benefits flows. Before that we shall

discuss some of the possible indirect costs and benefits

of mechanization, which, however, are hard to quantify,

Section IIIL

Indirect Social Costs

There are certaip inportunt indirect social costs
~of massive mechanizapion. In this section we will indicate
what some of these indirect costs are, and, wWhere possible,
estimate thelr order of nagnitude.

Cost of Resettlenent of Displaced Labourers

If tractors substitute for farm labour as seens
quite certain, then society is goling to have to decide
what to do with these unemployedﬁpersons. In Turkey,
where this problem was apparently not consideréd, "ost

of the displaced workers stayed in villages and were
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forced to accept a lower standard of living". /738, 1:).120_;7:?i
Let us'presﬁme'for the nmoment that'the government of
Pékistan would not wish to follow a policy that would
force people.out of their existing jobs without mak ing
alternative jobs available for them. Let us investigate
whether the number of.jobs which can be expected to be
created in the non-agricultural sector over the perspec-
tive plan period (extending to 1985) will be adequate to
absorb all the labourers likely to be displaced by
mechanization plus the natural growth in the labour force.
We may then estimate the.investment that would.be required
to resettle the workers who wbuld be displaced by mecha~
nization.

labour force in agriculture and the non-agricultural
sector of West Pakistan. (The details about the projections.
are reportcd in appendix C). Labour force in non-
agricultural sector is projected on the basis of expected
growth of outpﬁt and labour productivity in that sector

as envisaged mainly in the pefsﬁeétive“piaﬁ, Qnd on the
assumption that the proportion of unemployed in the

total non-agricultural labour force renains unchanged

~over the period,
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Table. IIT.1

Projections of Total, Non-agricultural
and sgricultural Labour Force in
West Pakistan 1965-85

(age 10 and above; in millions)
Annual Cormpund

: ‘ rate of growth
Year 1965 1970 1985 1970-1985

Total Labour force 15.9 18.5 29,2 3.1

Projection I:
Non-agricultural 7.0 8.5 15.9 lpe2

agricultural 8.9 10.0 13.3 1.9

Projection II:
Non-agricultural 7.0 847 171 T T
agricultural 8.9 9.8 121 1okt

Source: Sce sappendix G
These projections show that unless West Pakistan ‘
undergoes industrialization at a substantially more rapid
rate than is planned, the agricultural sector will have
to retain a large segment of the increase in iabour force
brought about by the increase in popuiation, The labour

force remaining on the farm will increase from an estimated

8.9 millions in 1965 to 12 or 13.3 millions in 1985.
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Mechanization will certainly reduce agriculture's
labour absorptive capacity through reduction of labour
reguirement on mechanized large farms, It is not clear,
however, what the labour force required on these farms
would be after mechanization. In interviewing farmers in
the Punjab who have mechanized, we received a renarkably
consistent response that the labour force per acre had
been reduced about fifty‘per cenf from the pre-mechaniza-
tion period%/ It also gppears from their answers that the
post mechanization labour force averaged about 4 persons
per 100 acres compared to the pre-nechanization level of
8 persons per 100 acres. Let us assume that as agriculture
becomes more intensive the labour requirements would
increase'téfabout‘S workers per 100 acres under mechani-
zation,

It has beeﬁ'notéd,earli@r that the farm area under
holdings of 25 acres and above are nearly 18 million acres
and that 20 million acres would be susceptible to mechani-
zation partly through joint farming. Therefore, the pre-
mechanization labour force'on these large farwms uay be

taken as 1.4 million or about 16 per cent of the total

9/ another study based on 60 mechanized farms in the
Punjab and Bahawalpur found that permanent labour
on these farms declined from 2000 to only 340, out
of which 100 were employed on tractors / 30, p.153_7.
This study also found that while traetor power
reduced permanent labour it stimulated demand for
casual labour.
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agricultural labour force in 1965, Estiuates based on
1960 hgricultural‘census data suggest a figure of 1 mill-
icn or 11 per oen£ of total work force. In order not to
overestimate labour displacement we may assume that 1.2
millibn or 13 per cent of agricultural labour force is

in large farms.

We can use a general relationship to calculate
how rmuch of the labour force would be affected by wmechan~
ization. Let Nt be the total labour force in the agri-
cultural sector at any tine t. i certain_prOportion, B,
of the inercase in labour force between time O and time
t,—(Nt - NO) would nornally be absoryed into farms of
size 25 acres or above. If No!' is the labour force already
on such farus at time o, then their lab&ur force at tine
t in the absence of mechanization would be:

(ITT.1) Ny o+ B (N - Np)

Let hz be the total acreage in the large farms,
which is susceptible to mechanization, iy , the acreage
that would become mechanized at the end of time t with
a;labour force aensity of n". Then the number of displaced
labourcers between time o and time t would be:

o

(III.i1i) A o
= [No + B (Ng = No )7 ~ atn
1
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The value of ng ‘would be a function of the
growth rate of mechanization. We can further assume that
the ratio of Ag. to &' would be equal to the ratio of
the amount of horscepower available in year t, P(1 + g)t,
to that available at full mechanization, P'. This nakes

our expression for the amount of labour displaced equal

to:

(III.3i1) _ilni_ém [N+ E(R - Ny) = a'n"_7
This is the amount of labour which would be dloplaCLd

through the' number of years O to t. ndJustment of

this expression to give the annual labour displacenent

produces a very complicated and clunmsy nathenatical
formuia., To simplify computmtions'WU will assune that the
nunber of displaced people per mechanized horsepower will
rerain constant for every year during the entire period
till full mechanization is achieved. In Sectién II we
have seen thagt the addition to tractor horsepower during
any year t as a proportion of total tractor horsepower
added during the period O to %, is equal to: é
Pog (1 + g)t7! - !

P/ (1 +g) -1 7

Multiplying this to expression (ILI.iii) we obtuin the

amount of labour displaced during any year t, as below:
e -1 t ton
TII,iv 1 + P(1 + g) . ‘
( ) sl E)L . = 8l [N+E(N-N)- & n 7

[+ g) ~1.7
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With this'expréSSionAwe tend to overstate the amount of
.labourAdiSplaced during the earlier years and underestimate
the amount displaced during the later years.

Absorption of displaced labour in the non-agricul-
tural sector involves residential cost, Kr'and enploynent
cost . K,. Multiplying expressioﬁ (III,iv) by (Kr + Ke)
per worker gives the annual cost of resettlement.

We have glready put values on many of the terms in
this expression, Né we estimated to be 1.2 million.

n" is 5 per“1OU'acres, i,ev, 05, Ny for 0O = 1965 is

8.9 nillion and Ny for t = 1985 is 13.3 nillion or 12.1
rnillion under our alternative projections. a' we estimated
to be about 20 million acres. P is .75 million horsepower
and P! dis 10,0 million or 6.67 million hOrsepower under
alternati?e assumpt ions about nechanization density. The

only variables left to be estimated are B, Ky and K.

For K we oaﬁ only choose arbitrary values depending
upon our view of future events. If thefe wére’to be another
land reform, the value of F might be pretty high. st the
‘other extreme it nay fall below the pfesent ratio of Né to
N,

o) which we estimated to be about 0.13. For the future

we will assume the value of B to be 0,12
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If we assume that full tractorbmechgniéétion of
farns Qf 25 acres and above would be achievéd;5y11985,
our)expreséions indicate that labour displaceﬁént during

the entirc period would be about.Q.é to 0.7 nillions.

If tractor horsepower would grow at 12 per oeﬁt‘compound
rate perAyear, the minimal estimate of labour displacenent
in the year 1985_would be about .05 to .07 million.

Un the basis of costs incurred by the Kdrachi
Develépment Authority (K.U.i) in providing low cost
housing to poor urban ?amilies_in Nprth Karachi and Korangif
Schemes we have estimated that the residential cost (Kp) |
of one worker with his family would be about Rs.5000
(See nppendiX.D). Availlable data about capital~labour
ratios in large~sqalc manufacturing, small-scale nanuiac-
tuping, and transport and services indicate that the
weighted average of required investrment . per worker employed;
in ﬁhe non-agricultural sector would be at least around
Rs.10,000. ,
| Thus at a resettl@muht cost of about Ré,15;000
per worker, an additi@nal_investmenﬂ of about Rs.10
billion would be required during the next 16 or 17 years
if full hschanization is ﬁo be achieved by 1985 and if
the displaced workers are to be resettled With gainful
employnent in the non-agricultural sector., At a 12 per cent

growth rate of tractor horsepower the annual investnent
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reQuired to reséttie workers displaced in one yéar 1985
would be nearly Rs.1 billion.

These estimates are rather crude., But they surely
ihdic&te°that even in d single year the resettlement cost
of labourers displaced by mechaﬁiiation would be very high.
These espimates of costs of resettlement are, in a sense,
urnrealistic because thévdisplaéed farm labourers most
likely would not be proﬁeflyvsettled, because such
resettlenent would require uuch faster growth of the non-
agricultural sector beyond the rather optimisti; rates
we have already assuued for it, Therefore,‘the‘;onolusion
one 1ust arrive at is that a large part of the increasec
in labour force would be left inlihe'coﬁntryside without
adeqﬁate enploynent , and that mechanization wdﬁid worsen

the situation than would otherwise prevail.

Other Indirect Costs
- There are several other indirecct costs of differing
degrqeé of importance, whiéh would résult from égriculturol
nechanization. Most of theée are difficﬁlt or impossible
to quantify in econoﬁio terms, but are nonégheless worth
nent ioning. 3
Meat Supply:

The reduction in the availability of nmeat and
hides has already been taken into account in computing

the direct benefits and costs. However, it should be
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realised that the value we have used for the meat supply
is the value gb whith it is presently sold in the market.

The priée of beef is among the lowest in the world. &t

present, "Thedbulk of the beef available fof'consumption ..é
comes from Worn out, but not necessarily old, ﬁorking ;
bullocks or milk cows ...0 /720, p.54 /. it the low
prices which exist here it would appear, that commercial
livestock production solely for the purpose of providing
é meat supply would be bf dubious profitability, even on u
Yand which has a low opportunity cost / sce 44, Chapter 6;7;
One would have to'éXpéct, therefore, that the price of |
meat would increase - perhaps substantially - if the
bullocks were replaced and comnmercial. livestock
production substituted. This would lower still further
the already distressingly low level of meat consumption
in the province. The cost of reduction of meat supply
will be greaﬁer than the figures used in our computation
of direct benefits,
Backward Linkago Foregone:

‘ Amohg other indirect costs is one which could be
called the cost of backward linkage foregéhe, and
results from going for complete mechénization rather than
the use of improved implements which could be mamufactured

by indigenous labour intensive small scale industries,
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Mechanization is likely to bring with it the
‘establishment of tractor factories in the country. If
theylare'just aséembiiné blants, then donestic value added
will be a léw proportion of theftqtal cost,. If they are
actually ménufacturing plants,'théy will require a
substantial investment of foreign exchange and will be
“absorbing capital that could be used elsewhere, If any
special advantage are thought to be associated with the
nanufacturing of engines, it would seem that these
advantages could be achieved as well by setting up plants
to manufacture other forms of transport equipnent for
-which there is adeguate deémand in Pakistan.

If the strategy were rather to push the production
’and use of improved bullock implenents, this céﬁld be done
by an almost eptirelyTindigeQOus small scale industry such
as has sprung up in the Punjab in support of the private
tubewell developmént, Such industries have the advantages
that 1) they require little foreign exchange, ii) they
are less capital intensive than the large scale industries,
1ii) they induce savings that might not otherwise be nade,
and iv) they in turn have a strong "backward linkage'
to other indigenous industries, The third point night
need sone elucidatioﬁ;fOnly'the big industrialists would
be able to invest in a factory to manufacture tractors..

They would undoubtedly be making these savings anyway,
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‘and investing them elsewhere, if not in a tractor factory.
* The country would gain no additional investment resources,
“but only redirect’ the available resourées from one use to
another. In small scale industry, however, the investor

is often a labourer/, shopkeeper or someone else on this
economic level, who would probably not be making these

- savings were the profitable investment opportunity not
available, Therefore, if the country presents this man
with an investment opportunity, such as the manufacture
‘of dmproved agricultural implements, it is increasing the

net investment resources available in the country,

SELCT ION IV

Indirect Benefits

There may also be certain indirect benefits of
mechanization which should be taken into account in
analySing'its advantages to éociety. The most obvious of
these benefits are, however, rather difficult to quantlfy.

breatlon of Mechanical Skills

First of all there is the benefit of 1eérning
which is usually ascribed to mechanization. With mechani-
zation a large proportion of the rural population would
become familiar with machines at a young age and some of

them would acqulre skills in mechanical operations. This
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could be considered an indirect benefit since this
familiarity would make it easier for such people to make
the transition ffom agricultural to industrial employment.
This benefit is real if it is true that one reason for
industrial inefficiency in developing countries is. that
workers are not initially accustomed to working with
machines,

Increagsed Savings in Agriculture

There is a well-known argument in favour of
capital intensive techniques even in a labour surplus
ecdnomy for the generation of larger savings for reinvest-
mént. This argument implicitly assumes that those people
who do not get employed in the newly developing capital-
intensive sector would somehOW'be taken éare of by the
traditional sector. Although agricultural mechanization
creates a somewhat different Situatién by displacing
workers from thile erstwhile employment; an indirect
benef'it of a capital intensive (méchanized) agriculture
might be that in the longér run it would result in an
increased amount of savings in the agrioultﬁral sector,
“which would be available eithef for its further mechani-
zation or for traﬁsfer to the'industrial sector,

‘ Thus agricultural mechanization méy some time
in the future result in d net increase in the funds

available for industrial development. As a result of
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this mechanism, agricultural mechanization can be
considered as a long term investment that will.increase
the availebility of investment funds. Unfortunately, since
it is difficult to predict the savings behaviour of the
future agricultural'qapitaliéts -~ in the past savings
have apparéntly been quite ldw-~~ we can estimate neither
when this net flow to the industrial sector might start

nor how large it mighﬁ be.

Conclusions

In this paper we have analysed the economics of
mechanization in a situation of labour surplus, and have
derived a series of exrressions which would allow the
computation of the flow of benefits and costs for any year
during the mechanization process or after full mechanization
is achieved, For West Pakistan it has been recommended
that mechanization procecd at a rate of 12 per cent
apnually‘[—8;7. As an illustration of the implications
of this recommendation, our analysis indicates that in
1975, the direct costs to society of such a programme
would be about Rs,330 million, and the direct benefits
yould be around Rs,200 million. Thus the net direct social
cash flow in that year would be about minus Rs.130 million.
Similarly for other years the direct social benefits
would be considerably smaller than direct social costs.

Moreover, the indirect social costs mainly arising from
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tfc.hrpwj.ng;,llarg:e numbe:rs Aof far,m‘ labourers out of employment,
ma? be considered mugh greater than the possible indirect
benefits, Thus our cash flow analysis. indicates that
meohaﬂizationbig_not_socially advanpggeous.

However, thls comparlson 15 not .a fair appraisal
of the economlcs of the 1nveutmcnt in mechanization since
it con51ders_on1y the net benefltsjdurlng the investment
period, Although the cash flow in the short.run may be
unfavourable because of the heavy investments rcquirced,

‘the investment could be profitable in the longer run. For

a rough analySis of this question, taking the present
inﬁestment cost of R§,31O per h.p. and Rs.80 for implements,
we can compute the annua% diyecﬁ éooial cost (including
depreciation, and interest at ten per cent, maintenance,
anc_l' operating cost‘s of the tractors and implements) to be
ubout Rs«175 per horbupowcr. 1ho estimated socdial benefit
ﬂfrom dlSpOSng of work &nlmaL% has already been found to
lie between Rs,.110 and Rs.16),,Th15 might be increased to
take account of possibly higher yields resulting from
mechanization. However, counterbalancing this is the fact
that probably qot qll of the surplu% animal power will be
dlSpOde of ~- at luast not untll tha farmers can be
assured that their tractors oanﬁbe Fept in proper operating
condition., Thus the direct social 5énefits of mechanization
appear tohbe less than the direct social costs. There is

no straightforward method of taking all the indirect costs
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mﬂi@mfﬁsimhemmmm'mst1m1wmhsw,bm;ﬁ is
apﬁafenx that if they were included> the net benefit of
mechanlzatlon to 3001ety would be 31gn1flcantly negative .
But mechanlzatlon appears to be profltable according
to other analyses, and the farmers certainly seem to be
eager to obtain tractors. The reasons lie in the signifi-
cant divergence between social and private costs and
béhefits. First of all, we have evaluated the increased
crop production resulting from mechanization at farm gate
prices which.would-be in balance with the world market
if Pakistan Wefe'to becoﬁe an exporter of these commodities
at the official exchange rate. In fact, internal prices
are often above the world prices. Wheat , for.exampla,
is supported at a rate of Rs.15 per'maundiin the market.
(In 1968 this was Rs.17). This wduld haVe to drop to
about Rs.11 if Paklstan were to export wheat without
subsidies or a change in the exchange rate, Furthermore,
most of the previofis ahalyses have compared mechanized
agricultufe with the traditional agricultﬁre, whereas
we have been comparing it with an égriculturetbased
primarily on animal powef, but using modern.implements
atid techniques. Finally, the farmers find ﬁéchéhization
profiitable because in éddition to bullock elimination

it reduces farm labour requirement and also. allows them



-~ 51 m

V_polgep rid of their tenant farmers. This is a benefit
"-thét accrues to the landlord, but not to soclety. Taking
ail‘thesesinto account we estimated the direct benefits
per h.p. to the farmer after paying wages are about
double the social benefit or i,e,, at least Rs.100 umore
than they are to society.

The individual can purchase tractors without
duties or taxes being added., Furthermore the government
will loan the farmer to make this purchase at an interest
rate of 64 per cent which is obviously below the opportu-
ﬁity cost of capital. These_subsidies, however , are offset
by ta#égﬁon‘fuel, S0 thét the :oughly computed total
annual'é;ét (depreciaﬁiop,.interest, maintenance and
bperation‘exgludiﬁg Wageé).to_the farmer is about Rs.200
per hérsepower i€, Rs.25_aboye_social.costs..Thus the
net benefits of mechanization to the individual are clearly
positive.,
| This divefgenceib@tween the private and social net
~ benefits arises mainly‘pecaugé the market prices are not
appropriate to the economy's factor proportions. Capital
andlforeign exchange ére clearly undervalued‘to farmers
‘inteyéstéd in mechanization., This imbalance could be
cbrrected.by changing official prices or imposing duties
and ta#ésl A‘more.difficult_problem lies in the valuation

‘of labour. To society there is no cost to emplqying
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surplus labour 4t -a subsistefice wage‘iﬁ'theiagricultural
séctor if this labour has to be kept alive anyway., To the
employer, howsver, there is a definite positive cost. To
correct this imbalance would require eitheér the subsidi-
‘zation of all labour employed in agriculture or the
imposition on the employer of the cost of maintaining
‘this labour whether be employs it or not., To subsidize
the wages of all labour clearly is beyond the ability
of the economic'system. However, to effectively impose
the costs of méintaining‘this labour on the farmer or
pbtential’employer is beyond the capability of the
political system, It does not sppear that the government
‘can cbrreot'this'imbalanée under the'existing‘system. Its
only appdrérit ope'ratlional means for discouraging the
farmer from mechanizing would Be to increase the cost of
the initial investment until the divergence between
private and social profitability‘were eliﬁinatéd. This
would require a tax on tractors of well over 100 per cent.
| But the present remarkable growth of agricultural
‘production in West Pakistan can be sustained without
me chanization at this stage. It has been due mainly to
higher-yielding seed varieties, increased fertilizer use,
and dévélopméﬁt of tubewell jrrigation. Although the
progress so far has been confined maifily to farms of large

and upper-medium size ranges, this neéd not be so in
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the years to come, With a continuation of the rational
policy of reliance on new seed Varieties, increased
fertilizer use, and exténsioﬁ-of irrigation and plant
pfotectioh! coupled with power demonstratiOn and increased
credit facilities, the small fafmeré will also soon

adOpt these new and impfdved'oultural practicés.

Thiébpabkage of inputs holds out really great
promises. The fact that; unless:largé farms are mechanized
nbw, the present rate of growth will soon taper off
aﬁpears to be unfounded, Rathér,wthe huge resources that
will be required for SuCh'é”ﬁéChaniZation'programme will
certainly tend to reduce réoources”aVailablé for fertili-
zers which are still in short supply and need to be
increased enormously in future years in order to reaglise
at a relatively low cost the great opportunities opened
up by what may Be'called the seed ~ fertilizer - tubewell
revolution in West Pakistan's agriculture.

Introducﬁibn of mechanical power should be made
when it is complementary to labour and also when it may
be necessary for certain operations which fall in the
peak season of labour shortage. There is also scope for
improving traditional ploughs, harnesses and other
implements for cultural operations to be done better

and faster.
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'Wé'have considered in depth or ‘detail the importantﬁ
probiem of'eXPOrt'markéts for égricﬁltubal prddﬁcts.'lt ¢
is highlﬁ irmportant to consider whether it would be
economical to'expand_the‘production of basic foodgrains
béyond‘self—éﬂfficiency,‘particularly throﬁgh a costliy
programme of méchanizétion. Nowhere else in the world are ‘
such low value crops as Wheat and maize grown on irrigated?
land. Exports of such pfdducts wmay turn out to be socially;
costly for Pakistan, Thus the importance of diversifying
agricultural production keeping in view the prospective
pattern of home demand as income rises, and theAexport
prospects abroad is underlined, |

The conclusions we tried to draw from our study
should not be considered définitive, But it is hoped that
this paper has focussed on the central issues involved
in agricultural mechanizétibh, which need to be carefully
investigaﬁed before such a éostly programme is launched,

and carried forward through fiscal and other incentives,
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appendix g

:he Cost<of braftfﬁnimal Power
'fﬂo“t”of the wrltlngu on the beneflts of mechanization
begln w1th<ﬂ1analyuls ofs the Sav1ngs 1n cogt which - will
be dohleved 1f mechan1cal rather han anlmal power is

1

used for certdln agrlCUltuLal operitlonb.- There have
b@en some_utuCLes, mostly in- Indla,né which.have tried
 ‘@§,med6ure those sév1ngs,' But before one can mewsure
reduction Ld?costg,'one must deflne what the costs are
Jano how thej shuuld he- measured : Eor'mcohanioal power
‘itnis is not difficult; e know'thefcostfof»importing
{ffé tr~¢for“ snd it 1mPiements.' ué know the costs of
fuel thch we have to pour int¢ the machine every time

we want it to do something., The first is cleerly a fixed

cost and the second, after adding repairs, maintenance, th

driver's pay, etec,, is clearly a voriable cost,

But it 1is not so clear with animals. Often,

nothing is paid for the animal because it is born

on the farm, and nothing is paid for most of the food
because the farmer ;rows that himself or the animal
forages. Hurthermore the amount of food consumed has
little relationship to the zémount of work done. If the
animal 1s there, it e.ts whether 1t is to work or not.
wll this cowplicates the analysis; for if no wmoney

is paid , then what are the costs?

1/ For exawple Mathur and yilliam / 29 /.
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In most of the litefature this probler heg been
dealt with mainly in two ways. The first is to assume
" that hobodﬁ'owns'anything. Thus every time a farmer
" uses & bullock he has to rent it. One measures the ren—
‘fal“ piice.of bullocks in the rather small bullock
ien%ai markét, assuizes that conditions of perfect
cdﬁpetition roughly = exist to make this rentsl price
equal to the marginal cost of producing a bullock,
cnd toakes this as the cost to the farmers of using
bﬁilocks, Tnis approach is also supported by the
econoumist's concept: of "opportunity" coéts, by which
it is argued that if the farmer didn't wuse the bu}locks
himself he could rent them out, and therefore, by!
using them himself he is giving up the opportunity to
earn the rental incowe. Thus the cost to the farmer
is the income he foregoes by not renting out the
-bullooks.l
The second approach, which also requires sone
implicit assumptions about pcrfect competition, is
to detérmine the price at which animals sre being sold
end, again becausc the farmer is foregoing that 1ncone ,
to Cifer Hop do s fou Codidod Cord v s Awilpeld
by not selling the bullook;u In this agproach’ the
value of food will typically be computed by multiplying
the snimals' consumption by the price of fodder. From
here on the sécond approach’ is quite similar to the
approach used for machinery. The food, along with

meintensnce, repairs, etc., is ususlly considered a



-62—

_ Vdrlable cost apparently on the reasonlng that if

fuel, which is food for the tructor, 1s & variable

cost, then food, whlch is fuel for the gnlmal must

also be a variable costa There 1is Lhe dllflculty that
this vurlablc cost doesn't vary much in prOpOftlun

to the amount of work &one, but by~treat1ng it the

Sale way as tho fired cost =~ thaﬁ is by dividing

the total annual cost by'the numbef of hours the bullock

works per year, one can calculate a hourly varieble cost.

It is our contention that neither of these cost
calculations is appropriate. There are, of course,
various doubts about the extent to which the fodder,
animal rental, and animsl purchase markets actually
satisfy the implied conditions of perfect,competions.

The fallacies become more obvious, however, in the
estimction of the savings resulting from partial mecha-
nization. In such an estimation one typically comp.res

the cost of doing various activities by mechanical power
~and animsl power ( usging the hourly rates computed

as described above) and concludes that the former

will "save" so wany rupeces by using mechanical power

for certain operations. But tihere 1s no actual

-saving. FPartial mechanization does not reduce the

number of bullocks the farmer has. Besldes, should he

hire a tractor to perform these various oper%tions, he :
will only add to his cost the cost of renting the traotor;

The spparent savings only occur because of a faulty costlng
wethodology.
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This,we believe, is the famous fuzzy thought on
fodder feeding. There are no, or at least only quite
minor, verieble costs associated with the use of animal
power. The only way to save the supposed costs is to

get rid of the aniwmals.

But if we agrec that almost the entire cost of animal
power is an economic fixed cost, we ought to go back to
determine what that cost is. In our analysis we arc
concerned primarily with the cost to the nation - or, as
it 1s often called, the social cost ~ and not with the
costs to the fermer. IFor this reason we must investijate
the question of whether the market prices truly represent
the socialAcosts. This firsf requircs agreement on Low
the soéial cost can be measuréda Let us consider this
quéstion for a moment,

To start ut the beginning, a calf is borm. Directly

the calf cost nothing. Furthercore, since in Pakistan
the female animal does not usually do any heavy work enyway,

there has been no production foregone. However, she has

been eating, and the calf can be charged with the value
of the food she has consumed between her last calving and
this one. The calf is fﬁén‘raised for a certain number of
yeers before it is put to work. B& this time the former
has made an investment in the animal which is equivalont to
the present value of all the foodstuffs it has consumed

since being born plus thit consumed by its mother plus
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?any othor CObto a50001ated w1th keeping it elive. For
thc rust of 1ts life the unlmdl works. wll the time

;t is working, it is consuming food. and‘'b¢ing -maintsincd.

.50 tue cost of an animal iséthe éost*Ofufaising
it and keeping it elive, which cost is prédominantly
made up. of the cost or valuec of the food it has consumed.
1o deternmine the investment in an animal one aust,
following the above analysis, compute the present worth
~of all past consumption less the animals's total
product. allocating this cost to the different working
yesrs of a bullock's life would be guite difficult - both

concceptually ané practically. It would be essicer and

as accure to to consicer the annual cost of cnimal
-power to be egual to the annual cost of maintaining
the entire animal population needed to perpetuate
the required nuwber of working animals in all future

years. |
Total animal populetion for
working bullock,

The structure of such a population can be estimated

using techiniques similar to those ‘used by demogrephers
- . 2/
in their theory of "stable population". Howcver we will

be able to use a COHSlderblj gimplificd form. The bagic

2/ The 'Gtuble population' is the foremost theoretical
modcl of population proccsses. It is an extension of
the stationesry population model, and represents the .
permszient structure that a hypothetlcal population wuuld
ultlnqtcly have, 1f the assumed age specific birth .
retes and death rates persisted without change. It is
dcrlvod completely from these birth raves and dcath E
ates, is closed agoinst migration, end i not dependen
on the composition of any concrete population :
[ Sec 1, p. 1337
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gucstion con be derived by the help of figure ..-1
which'snows the gcnerdiized life histroy of =11 the
aninels bOrn'in year Q. Of"ﬂo births, only & certein
@réportiuﬁ will be males. 11 these wilil bcjkGPta
aldﬁé'With enough feuales to réproducc the fenale
population. The total of these two proups is Ay,

and Xo - Xl aninals are killed or raised for ncab.

What hoppens to thesce eniucls does not concern us since
we are only interested 1n the populetion roeguired for the
working force. those aniuals that are raised for

& ¢ertain nuabor

Figure ..=—1

of .unjwels

.A.g_

uirber

.AB

0 Poriod I T1 Period II Tor
of ycars, until T19 besore they cre put to work. wome of
thew also die during this perdod so that at the start

of working periéd$ Period II, there are only'X2
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animals left. The survival rate for period I, SI
X : R . .
is »—2——. Similorly, some die off during the working

)

périod, and the survival rate for Period Iz, SII’ is
AB + 4t the end of tuis period, i.e. on completion
): * . ) . PR ..

of T yoers «ll the rencining cninels.cre killed off.

II -

~Let us first construct a model in which the
population is stationary. Ve con then cstimate from the
model the total animal population required to meintain
oone working bullock. The required total population will
vary under different conditons in regcrd to birth

rate, young agc, working age, repruoductive age, survival
rates cte. In our simpiified obut genereal model different
values for these parameters can be incorporatced to

obtain cstimatcs under different sets of conditions.

The model is restrictive in so far as the assuﬁed

growth rate is zcero.

Lo

Let B e
P = Total Cattlp population,rcquired

By _:»~Young bullocks %
L, = working bullocks. |
Fy = Young femalcs :
F, = Reproductive fomiles
‘b =- Nuwber of birthgwpmrwrcproductive’female
: per year E -
=  Probability of a male caif'belng born
'Bb "= Nuwaber of malcs*born_in a year

0 to Tp-1 ( in complcted years) = Young agc of males and
femelcs.
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working age of bullocks
end reproductive age of
fomales.,

T to To-1 (in completed‘jears)

T11( in completed years) = 4pc of being killed off.

S; = Survival rate of males and females from age O to
age TI years,

Syp= burvival rate of males and remales from age Ty to

8o TII years.

(.lvs,l) B = F b

| T -1 -
| _ 5= . T
frrt t- T
(W3) B, = By b W 5w
| 11 Tty
&= 1
(w) B, = By
LU

wvinece under our indentical assumptions sbout survivel

rates, and young and working ages of males and fomales

F. 0B
-t =
i B
r W
. By By
(“5) F;Y = Anh B ~
1 W
7-1 b
T
_ B, S S I
= By Pt=o 1
B :
lal T - 1 t - Ty
BBy S 8;; II” I
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Dividing both sides by BW, we get
P B F F

: =_— = 1+ y + - I' + '—*-z—-—
@) B TPt Bt B TE
> 5 Ty
t =0
T -1
and ITI = égg___ t - Ty
« - i
ST srr T g
I \
Then P o By ()1 ':: N Bb |
(7)) 7B TR T - : S. O ITL
wo : bb bIS?II ' le Bb I
B, By 01 1
+
b C - - T g
7]_ Bb uI‘[l_II i w'B.b BT )11
PR
=1 + S"$ + _l
. = o b1 )11
+ 1 . . ﬁ I
- e L
P ST OVIT St L2 11

This expression gives the total population reqguirced
per working animal if the bullock population remains
stetionary.

| Wh@n'SI and bII are both less.ﬁhgﬁ'l, as is likely

it can be shown that |

(48) 1 = -1 T b 1- 8
e
t = 0 T
1-8

I
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Similarly
S t - Ty
(4‘:.9) IT = — .
_ . T = M
L 1T
) a ‘ ) L - 5qp
Trr-T1

When a bullock-pOPuiation is growing at an cnnual
compund ratee~, the effect of thisgrowth rate on e.ch
age interval ofthe stationcry population is expressed

3]
as e -

where: e is the%base in. the gystem of

- nagural logaritThils, and & 1§ tht mid-point of ceach age
int@rvai‘(adoptOdfdé the ap, roximate averege a.¢ of the
age proup) / 1, p. 218“7. The mid-point is (x + %),
thet is, cge x plus one~-half of the number of ycars,
.n, included in the interval. For example when the age
intervale 1is O to 1 your, the.mid-point is 0,5 year,

for 1 to 2 yecrs it is 1.5 years and so on.

The effect of the growth rate  is calcu}uccd by
multiplying each single yeor age group in the st.tionsry
population by the corresponding valuc of s (x + %) .
When this is donc, we can construct a more genceral mcdel
of cattle populativn. . It can be shown thot in this

_L_)

: - —=— is the sume as
general casc also the expression for ﬁW”": €8

shown in (.7) above, but in this case if 8; and by are
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both-less than 1, as is likely

| ~ ; o
11 = Tt L _(tw )y
-3 St ] . B _
£=0
20,597 - sp eT(rp + 0.5)77
i -0
1-8 ]
T "
and {21I = k] -1 . C—
z S —_— e'(t"'/?)
"PII T =T
=T L
I
N o
- om(Tp + 0057 = Bpp e (Typ + 0.5 )
1 I
T, - T -

| “‘mngw multiplying the population of cuch group
per bullock by its relative consumption WC can

cobimate the total joddef”consumption.by the aniwmal
population to wmaintein one working bullock, If‘; b

fr’ _fy,.and b are rcspectively the fodder consumption

(in."livestock units") ot the working bullock, the
fertile femele, the young (fomale and the young male
then we can have the following gencral expression for

'gﬁlthe total fodder consumption by the animal

population to maintain one working bullock:



( 410) % - =L s
w BT 7 1T 1IF 1 L)

1 Q) <o

: N O T
UIQLI =1 I1

We mede it~olgar eorlier thot yiven the values of other
paramoters,,thQ vaelues of frll and -gilII will depend
on thénngwtﬁ.fdté G;?; .wgctﬂ¢;mi£ is‘éérQMQi Bore
than zero.

altiiouph there is very little known about the
livestock sector in Pakiston, there have been couple
of ruvcen® studics which will help us  attach numbors
tu our constants. The Indus bpecicl Study found that
under the present conuitions, bullocks do not begin to
work until thiey azre three, soﬁétimes four yecrs old,
and then continue to work for abuut 8 yours [/ 16, p.282_/.
Therefore we will take Ty as 12 yeurs. fThey also found
the average inter-calving perioa of reproductive feuales
to be betwoen 12 and 1é monthe Zfl4, b.lli_7, If we
toke 15 months as the eversge, this is eguivalent to
a peneral fertility rete of lOOO?r 800, 1.c. 800 per
1000 Fr or .8 per Fr' Valucg of g.{aw,gby) {fr and & £y

in"livestock units" are given as follows:
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_Table .-l -

Livestoék Units for Bullocks

Livestock units

sdult males © Sw 1.00
Young mclcs Efby 0.77
adult females %r}r 0,77
Young fenalcs Erfy O.74

/ bource 16, o, 30%_7

The growth rate of the bullock population is unknown. 3
Official estimates of the growth rate of the entire live-
stock sector are about 1,9 per cent, and another esti-
mete by the Planning Commission was 2.7 per cent; but
a more recent study has cowe up with a value of 4.5 per
cent /10, p. 490_7 . we might expect the growth rate
Cfur the populotiun of draft animals to be similar o
that for cropped ccreage, although there is reported o
be substontial wnder-cmployrient of thesge aninals”

Zﬁ lo, p. 278; 14, p.llO_7. Croyped acrca,e from
1958/59 tu 1966-=67 hos been rowing ot a rate of

about 2.5 per cent per year. Production has been incrce-
asing'faster, but sowe of this increase has beocn(and
more will continue to be) a result of *increased yields.
It is unlikely thet total cropﬁed acreae would BETOW

any faster than 2 per cent over any extended period of

time. Therefore we might teke this as a reasvnable
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\
growht ratce for the: bullock population , clthough we

will. will carry out couputations for 2.5 per cent as
well..

 Using these paremeters the solutions for our
several stable populations nodels are as piven in

Table ..-I1,



Pl

Teble u=-1T

B F F

Derivatiovns oi‘lﬁlla lrlII, L 3 2y L

Bw B Bw

- . . w

wd g/J?o;t* a_ifew gifferent values of

the porsmeters

(b = .8 and'r]= .5 in all éases).

. B F iy
6> P1 P i T Or O o F -
w w W

0 9 .9 3 11 2,899 7.692 .419 L,361  .151
0 .8 .9 3 11 2,789  7.692 453 406 184
0 .9 .9 4 12 3.846  7.692 .556 .361  .201
0 .8 L9 4 12 3,704 7.692 602 406 .245
256 «9 .9 3 11 2,815 6.666 .469 .417 .196
2% .8 .9 3 11 2.709 6.666 .508 .469 @ .238
246 .9 .95' 4 12 3,698 6,534 .629 425 267
2% .8 .9 4 12 3.56)  6.534 .68l L4798 .36
2.5% o9 .9 3 11 2.79%  6.432 483 432,209
2.5% 8 .9 3 11 2.691 6,432 523 486 254
2.5% 9 9 4 12 3.666 6.275 649 433  .288
2.50 o8 .9 4 12 3.523 6.275 .702 .498  .%50

1.71
1.80
1.85
1.96
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In comparisen to these computed results, we can
lock at‘dmkactual result of livestock censuscs. Probably
the most recent was donc on 20 watcrcourses spread
through the Punjab and bind /- 16, Chapter 12 7., The
average ratio of Fr /Bw (assuning their definltions
correspund to ourg) was 0,30, the average ratio By/Bw
wes also 0.30 cnd the average rotio Fy/Bw was 0,08, Their

———

computediwas about 1.52 /716, pp. 304, 305 7. Theso
ratios are lower than any given in Pable w-II. However
they also report that "only about 30 per cent of the wreft

animals were bred and raised on the farms they were &t

present working /16, p.282_ 7. Unfortunately they have
piven no details -n the digtribution of the scurces fron
which the other 70 per cont are purchascd. If thay are
usually purchasced fron other ferms in the seme areca, it
should not affect our calculations since we are toaking
averages ovef an area.. Lpparently there is at lcast some
interfarm exchonge 1_14, p.111_/. On the other hand, if
the miuncls cre raised . elsewhere and imported into the
ferming areas, then the'total.popﬁiatiQﬂmpof.wgrking buliock
ié higher than indicated by thé survey figures. This nay
the
be/cuse. Bince we. cannot be sure that the survey
data present the infurmation we require, we will use the

estimates from our stoble pepulation medels in further

computations.,
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Gross social cost of Mainteining Bullucks

wfter computing the number of livestuck units per

working bullock reguired to maintain the working snimal

population, we have tu estimate the value of the resources
consumed per ycar by these livestock units. [ common
measure of livestock feed 1s the number of total

digestiablc nutrientsb(TDN) it contains. The survey
referred o aboveZCQV@ring 20 watcreourses found an averapoe og
about 3%,8001bs. of TDON fed per yeor per livestock unit
/16, p.308_7 although verictions from-this averﬁge

were quite high~the meximum watercourse ave. age was a
reported 8,%00 lbs, MDN per yo.r per livestock unit, cnd the
minimun was 2,600 /16, p. 309 /. The composition of this
total cwount is shown in T&ble w=1TT.

Table u-I11
Compositivn of Livestuck feed

Q ) T Q . . de . . ~ SR
Peand o Ubs, TDN Percentage of Cross welght
Foodstuff g er 1b. Qtotal TDN § Poodstuff consumed

gL g

i Foodstuff $supplied by { per livestock

& gFoodstuff. { Unit 1bs.

I (274 €
Rabi Fodder .11 ) &)

28

Kharif Fodder .16 ) 70.5% ) 19,800 b)
Sugarceane Tops W13 1.2%(8.2) 350 (2400)
Wheat Bhusa 48 17.3% 1,370
Concentrates W75 ’ Q. 7% 670
Plant Residues .05 1.9% 1,440
Cash Crops _ . 20 2., 0% 580

Source: Column 1 /16,p.309 /Colun 2 /l6,p.511
Colunn 3% was calculated from other
two coluans,.
Notes: a) 68.9 per cent of this was fed as green fodder and the
remaining 1.4 per cent ws prams fodder.

C()D.ltd.o v e a0
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b)  Survey was not underway during sugorcare harvesting
seuson so the figure in parentheses wos computed
from the amount of vops availlable.

The organization making this survey computed the cost of

these foodstuffs by using merket prices as follows:

Lable .~IV

Fecding Costs per Pair of Bullocks

Lten Cost

Ayt

1.50 acres of green fodder @& is, 260 per acre 390

110 maunds of wheat bhusa « g, 5.50 per
meund - .A84

5,50 maunds of graus (concentrate) @ Rs.l?
per maund 50

e, 854

P —— . s m—a %2 Bt L o A A7 e e faf A SIS . T D

/ Bource: 16, p. 287 /.
fiower this docs not necosgarily represent the soclal

cost of these fouvdetuffs. Yo desternine this cost, we

-

have tO congider whab Lhe oppurtunity,cosﬁ ig of the
rescvurces which go inte their production. dere we heve

thé immedi ate problen of deciding, whother we ghould

consider their opportunity Cost only outaide the

livestock sector, 2r also consider their vélue when

fed to other wnimals. whe Incdus Bpeéial wbtudy feund th.t the
averagpe velue per 1b. of TDN fed to milch cattle waes aboutb
Re. 0.13 . liowsver, the morginad velue was probably much

below this. This conclusion is supported by the fact
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thet the nirket price of fouder wos. found to be

only abovut Rs. 0.09 per 1b. of 1IN,

It would be inappropriate to use the ks, 0.13 per
Ib. figure as the value of aniwnal foodstuffs trousferred
from draft enimals to other animals. Nor should we use
the Bs. 0.09 per 1lb. fipure even assuwing that it dc.s
represent the true present narginal value of animal
foodstuffs, unless it was demonstrated that the marginal
revenue product curve is horizontal which is quite
unlikely. Transportation problems combined with

Presently limited iwerxets make it unlikely that any

amount of wdditvional productions of milk and meat
could be absorbed at the present price. For this reason we

prefer to cunsider the value of the foodstufis in allcer-

n.tive uses outsice the livestock sector as their appropriaie
sucial cost.

For such items as grazing (which wes not included in

the Indus Special Study compututions) end plant residues this

value is obviously vepy. low. The only cpparent

alternctive use of these itvews 1s precn sionure, Their

econculc contribution in such o us. would be so slight

that we can safcly disrvegard it. Wheat and rice

bliusa, the strow left over «fter the gruin 1s throsed,

presently ulso hus little vulue outisde the livestock

- : . : poH .
sector. It could be used as & sort of "green manure’, or

probubly nore profitably s a raw noterial for puper mosing

It is unlikely that in the newr future paper plants could
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possibly wuse ull of the bhusa production in West Pukiston,

wlso, there is most likely a certain distence from cny i

factury beyond which it would be unecounomical to colléé%iﬁff
the bhusa. The transport cousts WUuld,prébably exceed the |
value Qf the Straw as a raw uoterial. uévknow >f no
studics which has been undertoken on this subject . lthough
it is obviously of great 1mportanco if, in fuct, machan-
izetion is to be a njor agficultural policy. Therefure,
we will arbitrorily assume thoet the bhuse fed to the
cottle on the firw has en economic cost of Lis. 1.00 per
nauna,  ovilailarly sugorcane tops have ninimel clternctive
use vubtside the livestock scctur end we shall assignh thew
no vilue.

Lome concoutrates nay naﬁé recl opportunity coust,
others probably not. For instonce, on import.nt concentrate
ig oilseced cake for which there is an inteructional
aurkets However, it docs not  eppeer as if Pekistan could
profitably enter into this trade since the cost of
transportatibn fron the Punjab to Karachi is searly the
same as the world market price for the comnodity. The
surie is truc for gram processing opercticns. Thergfore,
we lilght velue the total coucentrates at an arbitory
K8, 2.0 pur maund. Cash crubs, of coursc, do hove soune
value. takistan has particularly been fuced with a
shortcpe  over the pas several years. However, thig si-
tuation is rapidly changing , aad it aprQrs as 1f any

rdditional foodgrains will have 50 be eXpurted. In this
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case the ferm gate velue would probuably drop to below
Bs. -9 per maund. We will take Res. 10 @ maund for our
purpuvses.

| This lcxvgs the”fodder crops. One ofthe mnmajor
advonteges claimed for mechanization is. thet it would
allow land and other resources now used for fodder
to be traamsferred to the production of other volueable
crops. The priuery resvurces which presently go into
the production of fodder are lond, waber, mcnucl
labour, und bullock power. Fertlization of fodder crops
is apparcntly becoming nore coummon clthough the average
level ‘ibs stile very low /16, p. 394 7. Of these resources,
we can consider frtilizer: and watoer as beling the iny
two thut have any roal social cost sikce laboub inputs
can be scheduled to occur at times when there is little
alternative cmployuent. We have already established
that the cost of the animal power is the cust of the
fodder so we would be going in a circle if we argued
that the cost of thefodder 1s partially composed
of the cogt of the aanimal power. Tue approrriate woy of
treating this problem is to consider tihe resourcces that
gu into the foqdor tu feed the buliock poupulatiocn us the
cust of the working enimals, wnda to toke the output of
this sectur as the amcunt of the work the bullocks cun
do on othef crops or fodder for nun-draft animcls.
Tue work the bullocks do in raising their own feed in

an intra~sectoral intermediate good, and is appropriately
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neglected in our computations.

Land, in nost of West Pakistan, is o resource
has
which/ almogt no economic value unless water is cvail-
able for irrigati.on. The World Bank end the Indus
-special Utudy groups have compubted that even under
pr.atly increased - alwost full ~ develupment of the
availlable water resourcces the irrigated acreage
cannot be increcsed significantly, and the cropping
Cintensity will be limited to about 150 per cent
because of a shortege of water / 17, pe.ld; 18, ppe27,42_7.
The unirrigated acresge can raise little of economic
value.
However, " fodder docs require water. Calcultions
of the total annual water requirements for various
crops in the Lower Rechna Loab, based on calculations
uging the sulaney~-Griddle formula, are given in Table .-V,

. Toble i~V
Water Requireuents of Crops - Lower Rechna Doab

Crop Acre feet of Crop wcre Peet of
watcr reguired ’ waber required
. per acre of : per acre of
Crop. ' Crope
Rice 543 Wheat 1.35
Sugarcane 4,40 - Sugoreane 1.37
Cotton 2.70 Pulses 1.14
Maize - - 1.73 Qilseceds 1.04
Millets 1.41 _
Vegectables 2,02 : Vegetables 0,98
Fruits 2.64 Fruits 1.56
Miscellaneous, Migc. Other
Other crops 2.45 Crops 2 1.12
Khorif Fodder 3.02 Rebi Fodder 2415

(source: 39, appendix D_7
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Making only o quick general anolysis of these
data, it would eppecr as if in the Kharif seasoﬁ,
for instance, o farmer could plant gbout 1.12 acres of
cotton, 1.50 acrus of vegetibles, or .88 acres of
“rice for every acre of Kharif fodder glininated.
Similarly in Rabi season, he could plant 1.60 acres
of wheat, 2.19 ccres of vegetebles, or about 2,0
acres of oilseeds for every acre of Rabi fodder elimin-~
ated.

These ratios octually undébstate the potential
trade~-offs since rainfall accounts for part of the
water requirenents snd the nore acrezsge is planted
the nore rainfall will contribute to crop production.
Considering this aspect, and defining the Kharif
season as cxtending from nid .Lpril until wnid October
cnd the Rabi season as conposing the rest of the year, the
average cffective rainfall per acre is about 6,21 inches
during the Kharif season and about 1.1 inches during
the Rebi season /39, Tuble D=7_7. Therefore, if we
were %o; s&y, substitute cotton for Kharif'fbd&er, the
not irrigation requirement for cotton 2.18 acre feet
per &dre and the irrigetion woter given up by the fodder
“would be 2,50 acre feet per acre. Thus we could get
,about 1.15 ccres of cotton rather than the 1,12 acres

.we.  calculated originally. For Crbpé like rice ghd
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suggrcanu_which Tiqulre more water than the Kharif
fodder, this gdjustmgnt‘WQuld work in the opposite
direction reduéing thc‘rapio of the alternative
Crop acreage to the fodder crop acreage. In asny case the
adgjustment would usually not be very laorpe, particularly

for tne wost likely substituting crups.

To simplify uuf?furthcr calculataions, let us assuiue
that 50 per cent of the climinated kharif fodder wouldbe
switched to cotton znd 50 per coent to rice, and that
all the Rebi fodder would be replaced by wheat, Thus
for every acre of Rabl fodder wve would gef about 1.6
acres of whedt.  The value of these altefndtive crops
deponds on their yicld, the morket price, and the
cust of input.

Prosently cotton is‘cémpetitive with the world
m?rkot price and has a farm gate value of about Rs. 32

ﬁer maund of sced cotton /16, p.328_/. The avercge

vield of awmerican cotton found in the Indus Qpecial

S§uuy on 20 watercourses was aboubt 5.6 wounds of secd cott-
on per acre / 16, p. 153 7. Thus the total value .wes

about Rs. 180 per acre. The Indus Special Study
computé&lthe total variable cost per acre tu be

Rs. 43.85. However, much of this was for laﬁour

whiéﬁ'we will take as having no soclal cost, and only

agéﬁt Ls, 5 worth of fertilizef were applied per

cacre. Let us assume that. the value of cotton. acreage
then is about Rs. 1.7D.
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The averoge yield of rice is about 21 neunds :
of paddy per acre / 16, p. 156_7. The value depends upon -
the type of rice grown. For Besnoti rice Pakisteon
receives aBout 120.00 per ton or about ks. 50 per
mcund for clean whole rice. However, the present
nilling process results in cbout 50 per cent broken frow
Basueti rice / 7, p. 8 7. Much of this is probably
‘induced by the present pricing system under which whole
mlled rice is produred ot Rs. 30 per nound by the
governnent for cxport whereas one third of the brokens
can be kept by the nill and sold on the local narket
=zt prices exceeding Is. 100/5?5nd. Let us assume thot
this breckage could be reduced to 20 per cent / 7.p.12 7,
thet locudl prices would fall inte line with world wmorket
prices, eond thet brokens would be valued at about kRs. 30
per maund. This would result in an average price of
nilled rice at Ks. 46 per mauncd. oince about two thirds
of the paddy ends up as willed :ioe,mthis would neke the -
value of paddy about Rs. 51 per maund:b Subtracting cbout
Hs. 3 per nound for transportotion, etc., we will assume the
vaiue of paddy ié Rs. 28 per weund or Hs. 588 per acre ot
the form gate. sgoin, the present social costs are low,
unless soie cost is to be pleced on the relatively skilled

labour uscd in tranéplanting Zfl6, P l58_7.{we will aossune
thet the net social velue per acre is Hs. 580.

This is assuning that foddaer lamd would be.: i:
switched over. to Basucti rather thouw . gdpe obtlier - a.0
type ¢f rice. A4bt.proescnt only about .one fourth.of the



-85
rice acrea_e is under Basmati‘Z“ll , Table n;§7
Phe value of course and mediuuw rice in dnteriaationnl
trade is about 30% of that for pasmati. Therefore,
assqminu that about one third of the relecsed land
wbuldgp tQ Basnati ana the r.ost to ovher less valucble
varieties, the avera_ e value per acre of rice would
be about its. 310. ussuming thot fifty per cent of
the Kharif fodder water was trensferred to cotton
and fity per cent to rice, the average net sovil

value per acre transferred would be about Rs. 240,

Turning now to rabi fodder, the averape yield
of wheuat found by the Indus Special Study was ebout
13 maunds / 16, p.181_7. For the past few yecrs the
price of this wheat has been ¢uite hijh in Pakist.n

therefore, teoke

¢

because of bad harvests. Let us,
the value of wheat. as what itwould have cost

(at the official exchange rate) to import it. The
avera_e world market price of wheat from 1959 to
1964 was ks. 13.2 er meaund / 45 7. The cost of
transporting this wheat to the‘gigies is probably
-about the sdme as _rgcessin, and transporting

it from the firm to the cities, Yherefore we will
take this as the social value per mauwd, [1viik &
gross value of  cbout s, 170 per acre of irrigated
wheat. again, the social custs of production have
been low /- 16, p. %957 so we will adopt a net

value of ‘Rs. 165 pey acre. Thue £or ev.ry 7
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ﬁafé ofnﬁabi fodder Jiven up, abuut Rs. 165 X 1 6 i.e RS 265/“

will be fained in wheat according to tnese calcuiatluns.

These computitions have becn necessarily crude. we
'have not taken account of the fact that at present sone
cro,. yields are probably reduced somewhat as a result of
interérupﬁinb with fodder, nor that wheat yields are
generslly higher if the wheat follows fodder than if it.
follows rice or cotton° There afe an infinte nuwaber of
such improvements Wthh could una should be nade.
However, of more ilmportsnce is the fact that these
'computatiuns'pertuining to the gaét do not accurctely
reflect fuﬁure conditions. Crop yields in Pakisten are
incressing - most spectacularly in wheat and rlce &t
present, but other crops con be expoected to iollow suit,.
nowever, fodder'yields can also be expected tovincrease
neaning that less lend will be required toprovide the same
amount of enimal feed. If the yield of all crubs
increased at the some rate, the trade-off values we have
caleulated woulé not change much. The effoct of differ-
ential yield increascs would be difficult to prédict.
Therefure, as & first epproximation, we will iny nalke
sone arbitnéry adjustumcnt in our calculationé. The annueal
cust of two acres'of fodder crop'we have c&lculated to
be ks. 505 (Qne acre Kharif plus one acre of Rabi).
Let us r&isé‘this by'ébout 20% up to le ©00, This
is somewhat above the ?rééent worket pfiée / see 16 p.287/.

v
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To convert this into the cost per working aniwmal,
we have to first find put.thg ﬁumbcr of acres of fodder
raiéedlpef livéé%dckbﬁﬁi%jw The”fhdﬁs Specilal Study
found thic to average 0.63 acres a year / 16, p.65 7.
In another part Uf this study they found thet "the number
of Z“Livestocg7;units per ecre was highest on the £ 5 acres
ferms, viz. about 5, and lowest on the 25 acre and over
farns, viz. 1.75" /719, p. 38_7, but they also found
that the farmers would have 1iked to increase their
fodder acreage to anjavcrage level of 1.1 to lﬂﬁ livestock
units per ecre. /19, p. 38 7. However, we will assuue
thet the furners wiil not in fact do this because of the
opportunity costs of the additional resuurces such
an éxpansion would rcgquire. We will thercfore assume that
o fector of 0.6 cecres of fodder per year per livestock
unit wiil continue. Thus fodder has a social cust
of ls. 180 per livestock unit. .adding this to the cust
of the other foodstuffs and including Rs. 50 for other
expenses, we have a tutal cost of about Rs. 500 per

livestock unit cs shown in Table »~VIe
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" Poble w=VIe

~otal Eocial Cost per Livestock Unit.

CIpem i

Fodder

Bhusea
‘Concentrates
Plant Kesidues
:Sug&rcane‘Tvps
Ceash Orups'

Other Expenses

i nmi')unt
gonsuned
naunds

246,5
25,4
0.4

- 17.9

o
s

Rs.

© Value

“Rs.
180
25

47
50

504

(or Rs. 300 roughly )

This is equivalent to abuut Rs. 270 per }ivestock

unit under the prescent conditions.

" Boecial Benefits

' On the other hand there are certain benefits

of reising work enimals, cnd those should be deducted

fron the cost couputed above to

cost of draft

animals,

deteruine the net

These benefits include the

value of the hides, neat, bones, horns and hooves, usnures,

and the milk of the cows,

Unfortunatdy we do not have a

great deal of inforwmation which can be used to evaluate

the products.

The :gelling price of the aninals

after they hove finished their working life is reported to
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vary fron Ks. 250 Re. 100 with Rs. 50 boing ibout
aversge /16, p. 317; 14, D. 111 7 Whetngr thls aotually

represunto the social value uf these qnlm ls,‘or

in fect exeactly what hgppons to tnou ftcr thgy ar;: “
gold, is not clcgr. Hides, leather, and leather go.ds
ore important exports from west Fakisten as are

bones, horns, and hooves, Much of the neat delivered
to the éities probably comes from such aninsls., HoweVer
hoving no way to estimcte the contribution of the
farmers' worn out bullocks and suppurtiﬁg cows to

these purposes, one can only acsuae that Rs. 50 per

snimal is a fair represcntation of their socicl value,

about 50% of the adult females were found by the
Indus bpecial btudyhto/gﬁ nilk at any time, and the
average annual production for a cow in milk is 248
pounds /16, p. 316_/. Therefore there wre about 125
lbs. of wilk produced cnnually per adult female. This
is mostly sold ¢t the village for Rs. 0.50 per scer
tc a vendor who transports it to o city / 16,p. 340/.
Thus averecge value of wilk production per adult fimale
aninal is about Rs. 30 per ycar.

Bach animel prouduces , sccording to vae ¢stiuate
cbout 30 poupds of fresh dung & day / 37, p. 128 /.
approxiuately one fourth is used as fuel, and the
rest as manure_1_16,-p, 318 7. In addition, much of
the urine is passed out in the fields and thus serves

Cas fertilizer. The amount of fertilizer contained in



~90=~
one ton o:vmanure,is 9;}b§,;of'Nitrgggn,.”» L
. 5 1bs of aValllee 1205 and 3 1bs. of “valluble
K0 . /Zl, p. 127_ 7. .11 these nutrlents presenuly
spll at a bovgrnnpnt sub51dlaed ratc of ka. O. 50
‘ por puund in the iurm uf ClLLlOul 1vrtllIZplS-
The rate of uuboldy is bupposod to be Mbuut
35 per COHt.V‘Thlo 1nulcuto° thgt th@ total
~value of these nutrients is about RS. l0.0b
per‘ton of manurétﬁuﬁ We u%éﬁﬂ* it to be as low
8.5 Hs. 2.50 pgr tun (The value of the n: rglnal
physical pruduct of thLbL nutrluntb is clb@rly,
'much greater then thls), ‘hb orgunlc m:tt T in
the‘manuré and the urine also have soie v~lue, but
we haveé no inforwction by which to caleulatc these.
Therefore, we will arbitrarily raisé the wvilue éf
‘the manure per ton td‘Rs; OO (This COMques
to a market price of 5 to 6 rupces per tun) Taking
the output of 30 lbsf;@r‘day to apbly‘to'a livestock
unit, we get a minimum velue uf about K82 11400
"p0r~yeéfzper”livestock unit’for‘the V5% of the
manurce used for fertilizing. |

For the other 25 por cent used for fuel,
one ton of dried dung hes been found to be
” eqdivalent fb 0.4 tons of coal or 0.06 tons of
kerusene / 21, p. 62 7 about 70 per cent of fresh
dung is water [_57, D127 7,‘aﬂd in the drying
process most of this is lost - lecaving, let us

say 40 per cent of the originel weight, This would mean
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that approximetely one half ton of dried dung, which
is equivalent to 0.2 tons of coval or 0.03 tons of
kerQsene$ is uscd for fuel per livest0qk unit per
year. Kerosene, though it sells for more in the
norket, should actually cost somewnat -less then 1ight
diesel fﬁel. The lattur has been estimated to cust
about Hs. 0.91 pcr'gallon after eliminating «ll texcs
/7y Pe37_/. Therefore let us assume that kerosene
costs about Hs. 0.85 paisa per (allon or Rs. 0.10
paisc per 1b. By this mecsure the value of the dung

burned as fuel per yeor would be about Rs. 6.60 per

livestock 'unit, Probably not «ll of the old. dung would be

rcpluced by kerosenc, so we night teke a fuel value

of Rs. 4 per livestouck unit er yeol.

Taxing into account all of the above factors,

ond using the formula developed previously for the stabie

poepulation parameters, we can express the benefitv
(in Rupees) produced by the total animal population

required to support one Lopk animal as follows:

Velue of dung:ld o

e e
Volue of nilk: O

~(T1+0.5 )&

£ 11

Value of

o &
Meat, hides, ctc:eo—iL

w Nb 8 )L o1x

(1 +

1
uE 51 () 11

)
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This last expression is derived in the following manner.
‘The proportion of worn out bullocks of (age TII)
per working bullock. is

(] [ -'(T +O.5)0 I 1 . ~_(T -+O.5)
By St Brp ¢ IT ) By 51" Byp e II —say(K)

B :

This is clso the rotio of worn out feimcles to adult
feneles., Therefore worn out animals per working

bullock is

.
=K (1 + nmE;~w-—) O&/
= B, 8 S e“(TII*O'5>(L. 1 )
B, 5 ) 11 W U1 £l 11
= Bpp e :(T11*0'5)Z+ 1 )
LLIT Nk St L2 11

Net Soci=l Cost of Bullocks

Combining our estimctes of cost «nd benefit -
of the aninal population with the results of our
Compufaﬁions for the stible aninel populotion, we
coan compute the costs of society per working bullogcke
The pééﬁlts'o£ $oue éﬁch computotions are given in

Teble L~VII.: RN
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Social Cost per vraft Lninal undsp nww%chwvn.quwmm
SFINE Toramcters. (b = .8 znd JA in all cascs)
. e e 2o —— g T T T T e e e
§ I = 3 and H|H=HH g HH = 4 and ﬂHH = 12
g T ¢ w..im. Ui . m o T 7 )
~ o 5 O § O 0 2% (2560 2.00] 2 56§ 2% 0 2% ) 2.5% (_2.5%
o1 .9 .8 .9 .8 .9 .8 .S .8 .S .8
St .9 +9 9 <9 «9 «9. <9 «9 .9 «9
i.71 1.80 1.8%5 1.93 1.86 1.97 2.01 2.13% 2.05 2.18
G-css Cest (Rs/Year) 510 540 550 580 560 590 600 640 615 655
Leass Benefit (Rs/Year)
fron:
Dung, 26 27 28 29 28 30 30 3 31 33
Milk 11 12 153 14 13 15 13 14 13 15
Meat etc. 8 ™ -10 10 10 10 10 10 10 10
wet Coct(Rs/Year) 465 493 499 537 509 535 547 584 561 597
/Note: Computations are based oo sstimates shown in Tebles u=Il
and .-VI, and foraulas for estiictin, valucs of Dune,, rilk
stated earlier /.

nr.b.Q. llect etc. s



It would appeer as if the social cost of naintaining -
an animal pojulation is from Rs. 450 to Rs. 600 per
working aninal per yesr. Ouc conclusion that we can
araw fron these results is that we nced not have
.@otﬁered'siqce the cost computed for a paif vE bullock
hsin5 thé'uore traditional type of caleculation is ebout
35,1970 / 16, p. 288_7 or Rs. 485 per bullock per ycar.

livwever, one advanta_e this methody docs have beyonc

confirning the rationality of the iest Pakistani

fermer is thet it allows the direlt com.utation of the
cost reductivns which would result from such iuprovemcnts
s longor life span, earlier working _es, etc., as are
discussed 1n the text oi this article. |

One.importaﬂt and rathér dubious‘assumption implicit
in the calculations is that Fakisten will heve an unliwited

pregsent

-~

.egport narket for hef &, ricultural products at the
: priﬁes. Lt s not at «ll clear that this cen be expectoed
tu be the cuse. vne vutecome of the "Kennedy Round!
trade agreeument wes, in fact, to restrict the wmount of
wheat tha% surplus countries coula scll on the world nerket,
Of the deficit cQuntries, Pakistan ond India have been
anong, the larpest lwmporters and both should soon reoch sclf
sufficiéncy.. ThQ sene is truc of rice. fThe market
for:Basnati eppears at present to be limited, and the
same developments which are permittihg such a rapid
breatkthruugh in coapser verieties of rice in Pakistan

are ‘also wavallable, as they are with wheat, to every
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other country. In. cotton Pokiston's share of the

world wmorket is anmll enough thot it should be relitively

easy to increase exports. Bﬁt it would be foolish and
;perhaps very costly, for Pokistan to presunie  that
unlimited‘narkets will exist for basic agricuiﬁural
commodities. This is ancther cspect of the mechonizotion

question which deserves very careful investigation,

Foreign ¥xchange Costs of Meintaining
Bullocks

wssuuing for now that such ncrkets will exist,
we can calculote the foreign exchonge costs of
naintaining bulloéks. The price we have assuied for
wheat ig its world norket price, C.%,F. Pakiston's
foreign exchange carnings would be less than this by the
cost of shipping. The FUB price Kor-chi should
b¢ about Rupecs 10.5 per umound Zm45_7. The export price
of Basirti rice dis about Rupees 50 per unaund and thot
of nediun and coarse rice cbout Rupces 15 per waund
/45 7. The export volue of seed cotton is about
Rupees 36 per mound 1_45"7. Fart of these vaolues
“should be attfiﬁuted'to‘the volue added to the commodity
by transgortat%on, pecking, ginning, etc., after it
leaves the farﬂ, 'Wé}fhgﬂsver,rwill consider it all to
be foreign exchonge csrnings .ttributioble.to nochanization.
On this bisis the forcign excu nge opportunity costuof
fodder wnd other itens por livestock unit comn be couputed
L8 wWo computud the social cugts in Tlee w=VI., This fcreign

~exchange coust per livestock unit. comes to Rs. 275 as is
shown in Table i~VIII.. . _ :
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S Pable L=~VIIL .

Foreign Ixchenge Costs per wivestock Unit

Iten

Fodder
Rhussa
Concentrates

Casli Crops

(In Rupees per year)

- Toreign Lxchange

Opportunity Cost
200

25

2

47

274

—ch— Co s ——

Of those itens produced by the animal sector

heving an economic value, , the dung (both for fuel

end fertilizer)and part, ssy one fourth, of the

value of the retired animel, would have an opportunity

cost in foreign cxchange,

On this basis, we can coumpute

the total net'foréign exchange cost of animal draft

pow.r as we computed the social costs in Toble. .. VIL,

The results of o few cumputations arc given below in

ll‘l}{:.ble P Sl IX a

Tgble-“-IX

Foreign lixchange Opportunity Cost per Draft animal

( Rupees per year )

] Q
§1.71 f1.80

?1;9331.97'82,05 12,18 %

Gross Costs (Rupees) 469 493

Less Rupees:
Roughly _

estinated value

of total animal

product in foreign

exchang.

20 25

500

25

537

25

562 - 597

25

Net Costs(RUpPEcs)

RIS

75

S1o

VAT
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Thus it would appear thet the foreign exchange
opportunity cost per dreft animal leetheﬂ Rse 450
and ks, 6.25,‘ while for a stationcry populetion it is
between Ro. 450 cnd Rs. 470. |

L
° L .
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appendix B

Social Cost of
‘Training of Tractor Oporators

agricultural amechanization will require skilled‘
drivers and mechaniés to'run and weinteain the tractors.
wome costs wouuld bc.inéurfed if they were to be properly
traiped. Presunably, it is econouical to properly
tradin people to operate any nachinery. Lesrning by
aoing is often an expensive type of education.

Traiming programaes for tractor drivers are
presently being run b, the .agricultural Machinery
Organization in several locations 4“19,55,54“7 and
by the Pakistan~German Cooperative Institutce near
Multan. In both instances the sessions run for six
months elthough there is some thought that they should
be longer. Wwe can estimatc that the costs of providing
such training would be for the various :ates of growth
of mechanizaticn.

»ssuning that it would be necessary totrain
cnough drivers in .yco t bo operate the entirc
net dnerease ipn ng;gting tractors auring yeor
t + 1 and cssuning ol ur;ver for ecch tractor, the
nuwber of drivers required would be:

A CIEN S M < ZC T

1 +g)
where C 1is the average horsepower per tractor . The

total financial cost of this training will be
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L alHd

t VL B - ‘ 1
: (1”+‘g ) [g@, .dg) I+ (1+g) _iig_n T +(1+g)%

(Veey w7,

Where n 1s the number of drivers thot can
be traincd on one trector during o ycar. Let us
assune that for being tra.ned cach driver requires
100 hours of actual driving experience,”MCong;dering

the time mquired for wailntenance end repalrs,.

probeobly no more than 15 drivers could be trained

on one trector during a 6 uuvnths period. Thie

gives m a wvalue of 30, It also uecans

that h will be 3000 hours a year, and themfore

L will be only cbout 2k years / 22, p.67_7. wll

other varicbles will be awsuwned to have the sone

values as ;iven in Tables II-1, II-2 in Section Il.
However, the costs given by tho~ébovo expression

arc not the only costs involved in the training.

Buildings have to be counstructed , teachors hired,

materials and tools provided, and then the mcchanics

have to be trained as well (there would probably

be no lack of broken down tracturs ror the mechanics

tu work on ). The cost of all thesc obther - iteuns

would probably be proportional to the costs given

by the ebove expression, so we can tuke them into

account Jjust by nultiplying this exprcssion by

suile constant,d, What this constent would be is

anyone's guess, but for the purposes of our calculation
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- we will teke it to be about l.3.

. Baged on these_assumptions, we can compute
how the direct braining costs of tractor driv.rs
would change over tine . Thoesce are shown in Table
B-1,

Table Bl

annual Cost of Training Tractor bLrivers

(Million Rupees)

Yecar Growbth ratc of tractors 4% 12%  20%

1970 B8 W50 .64
1980 . .58 1.51 3,70
1985 . .69 2.65 -

(at 20% growth full mechonization would
.~ be acuieved by 1980) :

«fter the full nechanization level is reached,
training costs would drop to a low level becuase
only the replacerent drivers would hove to be

trained.
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appendix C.
Projections of Labour Force in agricultural
end Non-agriculturdl Sectors in West Pakiston
(1965-1985)
Two alternative projections of labour force in
West Pakistan's agriculture have been used in this
paper. Thesc have been residually obtained from
independent projections of total and non-agricultural
labour forcc as briefly oxplained here. The
projections of labour force in the non-agricultural
sector sre based on the expected growht of output
and labdéur productivity in that sector.
The Planning Coumuission's projections of GNP

for the country / 28, p.,19, Tcble 1_/ is as follows:

Million Rupeesi at 1964/65 market price
| 1965 1970 1975 1980 . 1985
IGNP 45,540 62,765  89,lsp 129,690 187,300

If, however, we use the Flanning Commission
projected per capita incomes and populations of Iicst
and West Pakisten / 28, pp.24, 29, Tables 7 and 10_/

the following prdjbbtion Qf‘GNP is'ébtained}

o Million Hupees; at 1964/65 market prices -
STI96R/65 T+ 1969770 1974775 1979/80  1984/85

LIGNP 43,428 ﬁ59,57§1 .1 83,966 121,520 175,912

The difference arises partly frou the use of
calendar yeoars in serisshl‘ahd fiscal,years in serics
IT, and partly from the non-allocation of some parts
of GNP to cither wing in series Il. In an arbitraxry,

but not very unreasonable way, we have allocated
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theso dlfferencbs as uﬁdbrleg' o
For 1965, 1970 - 60o to wat P"klstdn 1nd 40% to
Last Pakistanj for 1975, 1980 1985 — 50%
to vest Pakistan and 50% to East Paklstmn. This

,ives the projection of West Fakistan's

GPP as suown in Teble C-I o For scctor»wiée breakdown
it has bcbn assuned thﬁt thc share Of:uurlCUltuIb in
1965 was 43 per cent of GPP, compared with 4%.6 per
cent for 1963/64 [/ 20,p.202_7. The annual -conpound
rote of growth of agriculture in ﬁestlkakistanis
assuned to be 5.6 pcr ccﬁt‘which ié eﬁvisa;ed for
agriculture in Pekistan during the‘ pofspective

plan period 1965-85 / 28, p.BO, Yuble 2_7.

“Table C=I U

i

Progoctlon ol wWest delSLun s Gruus Prov1n01al Froduct,
- and L... 8 are of ugrlculture and Non-.griculture (1965~
1985) Million Rupees at 1964/65 Markct Prices.

1965 1970 1975 1980 1985 1965-§o
. L0V
Conmpou
C ‘ . -nd
i o " rate of
growth

23,913 32,286 43,931 60,575 83,864 6.5
(100)" (100 Ll.t) (100) (100)

Gross Provincial

Product of whichi.
Lgriculture 10,282 13,499 17,723 23,269 30,550 5.6
(43) '(41 8) (40 3) (58 4) (56 4)

31 18,787 26,208 37,306 53,314 7.0
) (58.2) (59. 7) (61. 6) (63.6)

 Non~ugriculture © 13
(

(Figures in brackets aore por cent of GPP)
bources: Based on/28 and 20_7.
. "' B ~
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Two alternative assumptions are made about the
future growth of labour productivity in the non-agricultural
sector of West Pakistem. wlternctive I is that it
would be 2.50 per cent per cnnun compaund during
1965-70 and 2.85 per cent during 1970-85, These
rates of growth are implied in the perspective plan
4 28, Tables 2 and 8 pp. 20, 257, for the country
as a whole. wlternative II is that the rate of
productivity growth would be 2 per cent in West Pakistan
during, 1965-70 and 2.5 per cent during 1970-85, i.e.
the rate of _[rowth of labour productivity would be
below thevnational avera_e in West Pakistan which
hatl o more rapid growth of the non-agricultural
secton/%%e past, The projection of outpub growth in
the nun-ggricultural sector (Table C-I) is used
alon_with these alternative assumptions of growth
of labour productivity to project _rowth of employement
in this scctor.

The releticnship between chan es in output and
in employment in the non-a_ricultural sector used

in the conput ticns is as follows:

Ay I
A . AR
L B b B

1+ 4L§m“m

]

Qutput in the initial year;

kFoployuent in the initial year;

o
0

£ - Labour productivity in the initial year;

i

£

{ / \»\,_ o
%a ;%' ”Im'é%}— cre respectively the per cent
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chan _es in output, employmenf and labour’prdduétivity in ﬁ 
same period.

The labour force projections arc shown in Table B-2
with sources of the total labour force projection and the
initiel size of the non—auricuiturél 1abour‘force.

‘In any period tﬁe differénce between the progeofed labour
force and‘non—agn;cultu;glbemploypent;is the residual labouri
force romaininh'dn the farm. It should be pointed out .
that the neture of our projectiocns is such thot none-
agriculfural "ouployument" also include unempioyed labourcrs -
in the non-agricultural sector. . The proportivn of
unemployed in the total non~agricultural lebour furce is
assuncd to 'remain unchen ed over the geriod we are

concerned with.
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T abl_e . O"2 -
Projections of Total, Non-u.pricultural and Lericulturcl

Labour lorce in: kst Pakistan 1965-85
( wge 10 cnd above ; in 000!'s)

1965  19/0 1975 1980 1985
Total 15,904 18,509 21,698 25,291 29,183

Non=-agricultural:
slternative T 7,000 8,519 Ne.C. NeCe 15,854
wlternutiveIl 7,000 8,736 NeBa NeCe 17,125

——— oY S Pt s e gae e WG e

Lgricultural:
slbernative I 8,904 9,990 Ne€s NeCo 13,329
wlternctiveIl 8,904 9,773 NeCo N 12,060

oy e e amand

i e = SR L

Sources anG Notes:. '"ne.e." means not estinated,
Total Labour Force based on Poulation
Projection (on Fertility sssumption IIT)
by Bean et al'4"2,p.9l;§and 1961 Census
sex - age specific participuabion rates os
modified in Bose / 3, p. 394 /. The cstin-
ate of non-agricultural labour force in
1965 is based on the a..unption thet 44
gsor cent of the total werc_in thot sector.
The Third Plan / 28, p.25 /says that in 1965
10.40 millionwould be in the non-agriculturl
sector of Pakistan as a whole. It is likely
that about 1/3 uf this would be in Last
Pakistan, olthough for 1961 the Census
/27 7showed that less than 1/3 of the total
non-agricultural lobour force was in bLos
Pakistan,
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nppendix D

Costs oi Rpsettlembnt of displaced fmrm 1abour
~in the Non-agricultural Secctor

If a farm labourer displaced by mechanization
has to be resettled i1n the non-zgricultural sector
the costs”involvedAwould Bé.tho gum of residential
cost (Kr) and eﬁpioyment cost (Kej.

Tho re n1aent1al cost pur worker with his fanmily
.w1ll depbnd upon the tdpe of housing &nd related
.faCllltleS prov1ded. var the past 10 years the city
of Karachi has undertaken o number of resettlement
ibCheuCS in which the facilities provided have veried
from the minimal  to the elaborate. The "plot township"
CJMCCpt now bplné used probably exempllfl >d the
lower extrene, In a "plot township" the Harachi
Developuent. wuthority (KD.) nerely sets aside an
arca 0of near d;sbrt, denarcates the plots, and
provides comuunity water tups. Nothing is built and
no streets are paVed.‘ The'averdge cost to the aba
ig frow s. 3 to Lts, 4 yur‘équére-yard and this is the
rate at which the plots (avé:abing about 100 sguare
yerds) ere given on 99 yeors iecsés. 5till sone
investuent for housing haé to be nade by the iowily
uoving in, and s the gcheme develops roads will be
- paved, transportation will becone avaellable and so
forth., The totel investument cost of such a scheuwe is
vndoubtedly higher than whot KDw incurs, but it is

difficult to estimate how nuga more since the subsequent
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investment is very diversified and nuch of it is non
monetiéed.

The North Kerachi and Korangi Schemes built

betwgen 1959-6% probably represent thebopposite exbiene
~frow the "plot townships". Here the Kb. bullt the
houses, provided publié and commercial amenity buildings,
paved the roads, supplicd wabter ond sewerage distribution
systems and undertook general landscaping. The Chief
bnginecr of the Korangi wcheme informs us thot costs nove
risen perhiaps 2% or 30 per ceht gince the time these
schomes were built. He also estimetes thot about
20 per cont of the coust was for labour and the other 80
per cont for materials. Teking these factours into
account, and cstimoting on the basis of deta from
various sourcces, the proportions of the total cost token up
by virious texes we estimate thot the per household resi-
dential cost in such = schewe now would be aboutb
Rse 5,000 as shown in Table D=1,

Table D+1

Residential Costs
Rupces Per Fanily &t 1969 Prices)

Total Coste.

Housing o 2350
Roads ond Bridges } 690
vewerage - Collection + freatuent _ 400 + 50

Watur Supply - Distribution
+ purification 840 + 10
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Blectricity - Gencvration + Distribution

+ House Ulrlng - 100 + %50 + 200

Storn Water Drainage , 410
Landscaping 20
whenity Buildings 560
Land .cquisition 490
Miscellancous 200
. 6650
__490

Less Land 6160
Less 20% for labour , 1210
Net Social Cost 4950

Dat« provided by:

Mr. weB. Jedraszko, U.N. udvisor to KDa
ClMr. gew. Nigami, Deputy CUP & uwy Kb
Mr. wsgher .11, Uircctor of Planning KESCO,

The problem of what facilities care to be
provided for the displaced workers must be decided by
the governient. However, it can be argued thet there
are substontiel, if indirect, svcial disadvantages
involved in substendard housing, and that the
- additional benefits of a scheme like horangi are probibly
greater than the additionzl costs. -

The capital-labour retio in the non-agricultural
sector shows thcvamOuﬁt of capitml rcquired to provide
euploynent tobohe person. Por 1962/63 & set of copiteal
labour ratios computed for 18 types of large industrics
in secst Pakistan indicate a range from tbout ls. 4,000

to Rs. 250,000 per worker. The mean - obtained by
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weighting the copital labour retio for each industry by its
average deily cenployuent ~ is is. 16,370 per worker.
This estimote is based on rezl replacenent velucs of
assets / 18 7/ which are twice the bouk volucs shown
by the Census of lonutacturing Industries / 26 /. This
estiaate of capitel reguircument (over ns. 16,000) per
worker may appear to be rather high., One study in India
derived the replocenent values of cssets by simply
goubling the book values, «nd obtained an estiwcte of
capital.rQQuiremcnt of ks, 9,102 per worker in the
early 1950's /21, pp. 14,20_7. wlthough the capitel
intensity of individual industrics may be considcred rough-
ly ﬁhe same 1in the two countrics, the compesition of
induétfies anq the rupcee velue of caopitol goods are
different. Taking 1nto counsideration these factors cnd
the rise in tho prices of capival goods since the cixly
1950's we moy assune that the cepiluel requirencnt per
workcr in laréc scele industry in west Fokistan 1is

‘Rs. 12,000 &t the prices of the late 1960's.

Other sub-sectors, of coursc, will have lower capital
labour ratios. .. study of snall scale industrics in urben
erecs of west Yakistan wade in 1961 shows that the capital
-labour ratio in mall industries ranges frowm Ls. 1,000
to Hs. 4,000 from one district to another, and the siuple
averape of 24 districts:concs to Es. 2,227
per worker / 35 7. .s for trensport cnd sepvices,

no such uvstimates ere aviilable for Pekistan. For India
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in the middle 1950's IMahalanobis / 23_7 used a figure
of Rs. 3750 por workéf( For West Pakistan in the lete
1960's , we uoy rather arbitrarily cosume thot the
required copitel per worker in transport snd services
is around Ls. 5,000,

The data about dlstrlbutlon 01 non=agricultural
lobour foree in these sub~secturb are not available,
dowever, from the relative magnitudes of total vaolue cdded
and rough guesses about per worker valuc added in thesc sub-
sectorékg we assune LhLL 1n the l“tc 1960's the percentog
of’ tutﬁl nun—agrlcultural Tebour force in large-scile
1ndustrles,{smaLl~scale 1ndustﬁles , and tr&nsport and

services are 12, 18 and 70 respectively. assuming no

chonge of these proportions in the rclevant future the

¢stirated (weighted) average capital-labour ratio,

i.e. capital requirement per workcr —in the non-agriculturecl

[0}

ector as o whole comcs out to be ks. 5,%40. fhus the
residential costb, Kr, plus the euployient cost, K(,
per labourer in the non-agricultural sector is over

Rs. 10,000,

rat* /31769
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