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Chapter 1. Overview of the Issues and Findings

Introduction

The development of Indian agriculture is governed by complex
interactions among such factors as population growth, land and
water resources, agricultural technology, marksts, and public
policies. In this study we have attempted to understand the ef=-
fects of these forces on production and poverty 1in Indian
agriculture in the past and assess the Frospects for the future.
While 1imitations of data on certain important variables have
prevented a complete analvsis, and more research is needed 1in
these aspects of the study, we do believe that the analysis has
yielded a reasonably accurate picture that 1s not 1ikely to
change substantially with more detailed studies.

As the mainly statistical analysis of the first phase of
this study progressed and we struggled to develop a synthetic
picture of the whole from the various and sometimes paradoxical
parts, we found ourselves continually drawn back to the theories
of that great economist and humanitarian, Thomas Robert Malthus.
Indeed, as we progressed we increasingly -felt that the fundamen=
tal te-ms of reference for this study were written by Malthus
nearly two hundred yasars ago. :

Malthus' reputation has' suffered more from the excesses of
his disciples than from the often misplaced attacks of his
¢ritics. Since his theory plays a sibstantial background role in
this analysis, we may say a few words in his defense here.

Just as Marx declared, "I am not Marxist", Malthus could
have said, "I am not Neo-Malthusian." Neither .are we. Malthus
did not believe, as Neo-Malthusians ‘do, ‘that there are ultimate
Timits to the productive capacity of agriculture. He said that.
food production "...may increase forever, and ba greater than any
assignable 1imit" (Malthus, 1798). Malthus thought 1n terms of
dypamigcs=--nct: as his more simptle disciples do, 1in terms of
statics. In true Malthusian theory it 1is not the 1imit, which
recedes "forever into the future, that counts, but. rather, the
relative rates of change of variables in dynamic equilibrium., It
1s not the end, but the rage, that determines the outcome.

There .are: two important races in Malthusian theory, with
population growth a major competitor in each. The "First Mal-
thusfan Race", as we call 1t, 1is the familiar one between the
growth of population and food praduction. The "Second Malthusian
Race" is less commonly known, but is Just as important. This is
the race between the growth of 7labor supply and labor demand.
Both races are of fundamental importance to Malthus' theory ands
we believe, to India. The status of each of these races in India
is briefly ‘reviewed below.

Bﬁlieui_the_hm_mmmmn_aaw

' Perhaps the best introduction to the First Malthusian Race
. 1n India 1s through the historical perspective provided in Figure
~la (see also Appendix A). This graph shows population growth in
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relation to gross per capita production of fondgrain (cereals and
pulses, which provide over 80% of the energy intake of the Indian
population) through this century. It must surely be a sobering
experience for technological enthusiasts, as it was to us, to see
that per capita production of foodgrain-in the second decade of
this century, in a pre-technological era of agriculture, was at
least 25% more than it is today, in the full flush of the Green
Revolution. . -

As this graph implies, the degree and severity of rural
poverty 1in India has undoubtedly worsened from its state in the
early part of this century. Also, the use of per capita
foodgrain production as the only poverty indicator undoubtedly
understates the real extent of the decline in the condition of
the rural poor. It does not reflect the even more precipitous
decreases in real 1income due to lost products from pasture and
forest lands that were in abundance in the early period but which
are now largely gone. Nor can there be any doubt about the
direct cause of increased poverty {in India: population, in the"
denominator, grew faster than production, in the numerator.
While this may be an arithmetically obvious fact, it is the kind
of fact too often ignored by technclogical enthusiasts.

As Figure la shows, per capita foodgrain production plunged
in the post-Independence (1947) period and then gradually began
to improve. From the 1950s to ‘the present, foodgrain production
has grown, so far as ‘can be statistically determined, at a
remarkably constant rate of 2.7% pa. Population, on the other
hand, has grown at a slower but Increasing rate: rising from
2.1% ‘pa in the 1950s to 2.3% pa in the 1970s, Thus gross per
capita foodgraim production has been fncreasing, but at a
decreasing rate, from about 170 kg 1n the early 1950s to about
195 kg in the early 1980s (Appendix A, Table Al). "In terms of
average per capita production, India is now producing sufficient
foodgrain to satisfy the recommended dafly allowances (RDAs) of
the population, o

However, "another rather remarkable constant in Indian
agriculture is that the percentage of the Indian population below
the poverty 1ine has remained constant, as a trend, at 40% over
the past three decades. Thus the trend rate of growth of poverty
has been equal to the rate of growth of population. It is odd
that during three decades of substantial growth in total agricui=-
tural production, India has not been able to reduce the degree
and severity of -poverty=--even though 80% of the poor 1ive in
rural areas and principally obtain their 1iving, such as it is,
from agricultural production. This is a consequence of the
Second Malthusian Race, discussed below.

' The relationship between production and poverty in Indian
agriculture has resulted in the peculiar situation that India now
has a substantial foodgrain surplus problem on its hands. The
GOI has 15 million tonnes (MT) of foodgrain in stocks, over and
above reserve requirements, which it has not been able to sell
either on domestic or international markets, or even adequately
to store. The cause of this surplus problem is clear, even if
the solution 1s not. The 40% of the population who need and want
this food are too poor to purchase it: the problem 1s deficient
affactive demand. In fact, we have estimated (Appendix C) that
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1f the people 1in 'India who are below the poverty line were just
brought up ta the poverty 11ine, they would purchase 16 MT of
foodgrain, almost precisely the amount of the surplus. :
Such are the results, to date, of the two Malthusian races.
In the next few pages we ‘briefly describe some of the major fac=
tors behind these races and our analysis of their 1ikely future
outcomes. 1

It 1s 1important to understand that agricultural production
in India is highly dependent on the development of Tand and water
resources. This 1s not, of course, to deny the important role
played by’ biochemical technology +n .the form of high-yielding
varieties (HYVs), chemical fertilizers, pesticides, and the
necessary know=how. However, the Green Revolution in:- Indfa is
not just biochemical technology; 1t is mainly the application of
this technology to irrigated land. Except in rare and. 1imited

¢/areas with naturally favorable agro-climatic conditions, there

7

has been ng Green Revolution in India on unirrigated land.

This 1s° an 1important fact because irrigated 1land, ' unilike
biochemical technology, or even other land, is far from being a
Timitliess resource. - Irrigation development is subject to
diminishing returns as it spreads farther from sources of water
and over progressively rougher terrain. The basic technology of
surface 1irrigation has not changed' substantially in three,.
thousand years and is unlikely to do so in the future. Other {ir-
rigation technologies, 1ike sprinkler and drip irrigation, can
Increase the efficiency of water use but only under special con-
ditions and often at substantially 1{ncreased cost. India 1is
[rapidly approaching the physical and economic 1imits of irriga-
‘tion development. What will happen to the Green Revolution then?
That 1s the question upon which much of the future of agricul=-
tural production 1n India- depends.

Some of the relationships between foodgrain production and
basic' factors of production are 11lustrated in Figure 1b. This
graph shows foodgrain production and yield in India in relation
to total gross cropped area in foodgrains (1.e., including crop=-
ping intensity), irrigation, and use of chemical fertilizers
(NPK). Gross foodgrain arsa grew very slowly through the 1950s
and  1960s and (as shown by the trend 1ine, T) reached virtually-a

' plateau” since '1973.% Thus nearly all of the increase 1n food=-

*The index of area under all crops shows a similar pattern. It
should be noted that, while India has an index of all crops which
shows production ifncreasing at a rate of 2.9% over the past three
decades, we have reservations about the.weights and, therefore,
the results of this index. This report concentrates on foodgrain
production, which represents about 70% of total agricultural
production 1n India.
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v grain production since that time has been from 1increased yleld.
lIncreased yleld has stemmed from the accelerated rate of irriga=
/tion development combined with the steep rise in NPK consumption
and application of HYVs since the great drought of  1966-1967. It
1s notable that dryland has been dacreasing since the late -1950s
as it has been converted to irrigated land. A1l of the increase
in total foodgrain area in the early period was from irrigation
devalopment,

The relationships Eetween cropped area, yield, and NPK {1~
Tustrated in Figure 1% are often used by technological en=-
thusiasts to argue tha population growth and 1imited resources
do not matter, that if governments '"get their policies right",
o1ochemical technology can provide sufficient food for virtually
any population. As indicated above, we believe this 1s a false
cenclusion based on a fundamentally erroneous but surprisingly
common zisinterpretation of the Green Revolution in India which
emphasizes biochemical technulogy rather than irrigation
development. This misinterpretation quite simply puts the cart
before the horse.

Unforturatetly, it 1s very difficult to quantify the relative
centributions of d{rrigation and biochemical technalogy (as in-
dexed by use of NPK) on foodgrain production in India. ~First,
irrigation and btochemical technology constitute a "baskgt" of
Tnputs that vary together. A cross-sectional study of agricul=-
tural districts in India, for -example, found a correlation of 90%
between irrigation and use of NPK (Mitra, et al., 1980). Second,
an outstanding lacuna in the otherwise excellent set of Indian
agricultural statistics is the lack of time series data on use of
NPK by crops: 1t is only known in terms of regions, or in the
aggregate. Third, an even more -dmportant lacupa is the lack of
time -series data on production of crops from irrigated and non-
irrigated land separately; only production from both together 1is
Known. Fourth, there is a puzzling and potentially important
discrepancy between two different reports on the growth of {r-
rigated area over the past few years that is discussed below.
Given these empirical and statistical problems, it is necessary
to be very cautious when estimating the relative contributions of
these factors. However, vhe analysis in Chapter 4 indicates that
irrigation accounts for one half to two-thirds of the increase in
foodgrain production in India over the past three decades; and
without the indirect effect of irrigation development enabling
the use of HYVs and NPK, most of the remainder would not have
occurred, Irrigation' ts the sina_qua_nor of Indian foodgrain

prroduction. and as 1t reaches its practical 1imits over the next
25 years, the rate of growth of foodgrain production is 1ikely to
decrease ‘in correspondence.

To place this concluston in perspective, a three-stage model
.of Indian agricuitural production is briefly outlined below.

Ihmn_stngga_nunmum;nl.tum

The development of Indian agriculture may be irterpreted as
a palimpsest, consisting of three overlapping stagu=: with each
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stage characterized by different combinations of the factors of
production., -~ ' ‘ '

In Stage I, which extended from prehistoric times to the
lTate 1960s, the -growth of agricultural production was primarily
dependent on the development of additional cultivated land, both
irrigated and dryland. While yields of certain crops gradually
Tncreased during this stage, especially in the last century, much
of the 1increase was due to conversion of dryland to irrigated
lTand, not to improvements in biochemical technology. Conversion
of dryland to irrigated land itself increases yield, under the
same technology, and has a double effect by reducing the propor-.
tion of low-yielding dryland to high-yielding irrigated land 1in
the denominator of average yield calculations. This stage ended
in the late 1960s, when the growth of gross ‘cropped area basi-
cally ceased, while irrigation development accelerated. -

Stage II, beginning in the late 1960s and continutng through
today, is characterized by an accelerated rate of 1rrjgation.
development and explosive growth in use of HYVs and NPK, with {in-
creased foodgrain yield as a result. This stage is destined to
end as the frontiers of irrigation development are reached.

According to official statistics, India now has developed
62.9 millifon ha (MH) of the estimated 113 MH ultimate potential
irrigation (not including economically infeasible inter-basin
diversion schemes). At the current rate of development of about
2.6 MH pa, India will reach its ultimate irrigation potential in
about -25 years, or one generation from now. Even worse, {1t ap-
pears that the development of "minor" irrtgation--mainly tubewell
Trrigation, which has contributed a dispToportionately high share
of irrigatton productivity--will end in only about 11 years from
now, around the year 1996 (Dhawan, 1983),

+ Thus, 1in Stage III, with the end of substantial irrigation
development around the year 2010, virtually all increases 1in
production will depend solely ‘on increased yields through
biochemical technology. It is difficult=-=even, 1in principle,
Impossible==to predict what agricultural production will be 1in
this third stage, because it is impossible to predict what new
biochemical technology will be available. But to continue at
present rates of growth 1in foodgrain production, the rate .of
growth of "pure biochemical yield" (i.e., without tncreased yield
due to irrigation) will have to be around 2.7% pa. To our
knowledge, this 1s a much higher rate of growth of pure biochemi=-
cal yield: over an entire foodgrain sector than any nation has
been able to achieve for an extended period of time. Certainly
India has not even been able even to approach this rate of pure
yleld growth to date, and 1t is most unlikely that it will be
able to do so in the foreseeable future.

Therefore, as Chapter 4 shows 1in considerable statistical
detail, the outlook for foodgrain production in India is for ap-
proximately the same rate of growth as in the past, around 2.7%
pas until about 1996, when the development of additional minor
Trrigated area draws to an end. The growth of foodgrain produc=-
tion then decreases to about 1.9% pa through the period 1996-
2010, after which all irrigation ‘development ends. 1If population
continues to grow at present rates, breaking the accelerating
trend of the past, per capita foodgrain production will grow very

5



slowly from the present level of 195 kg to 204 kg in 1996, after
which 1t will decrease to 193 kg - tn 2010. .© With all 7Tand and
water resource frontiers closed, the true ‘Malthusfan stage then
begins. Barring miracles, and given current rates of populaticn
growths the Malthusfan daluge could also begin. We hope this .
outlook 1s wrong, but we can find no theoretical or empirical
grounds for belfeving so.

- The sftuation with respect to the Second Malthusian Race be-
tween the supply and demand for agricultural 1labor and,
therefore, of rural poverty, appears to us to be of even more
pressing concern. :

The growth of the working age population in rural areas, at
about- 2.9% pa, is higher than the growth of the population as a
whole. . ‘The trend rate of growth of total agricultural production:
as a whole, 1ncluding non-food crops, is close to this figure.
Thus, assuming constant labor force participation rates and con-
stant employment elasticities (the percentage change in employ- _
ment divided by the percentage change in production), the supply
and demand curves for agricultural employment probably have been
shifting out at about the same rate over time. If this {is true,
then one can understand why the percentage of the people: below
the poverty 1ine, most of whom are directly or indirectly
employed in agriculture, has remained--constant: demand and
supply for agricultural labor has been in dynamic equilibrium,
with constant real wages as a result. :

However, we believe there {s a very real threat that, as In-
dian agriculture shifts progressively away from the resource-
based mode of production characteristic of the first and second
stages toward the biochemical mode of production of the third
stage, this dynamic equilibrium will fail, with the growth of
demand for agricultural 1labor falling progressively behind the
growth of labor supply.

The reason for believing this is a hypothesis that employ-
ment elasticity in the resource-intensive mode of agricultural
production is higher than it is in the biochemical mode. It is
hypothesized that 1in the biochemical mode of production, 1labor
fnput per _ha of land increases as yleld 1increases, but labor {in=-
put_per unit of output decraeases. The following example shows
why this hypothesis 1is 1ikely to be true.

About 70% of total on=farm labor Tnput in irrigated agricul-
ture {is 1in the pre~harvest activities of land preparation,
sowing, 1irrigation, and interculture; the remaining 30% 1s 1in
harvest and post-harvest operations. In the resource-intensive
mode, while land and irrication is being developed, labor input
fn both phases probably rises 1n rough proportion to increased
production~--i.e., the employment elasticity Is about one, or even
more. Once the land and water resources are developed, ‘however,
ylelds can be increased substantfally through the appltcation of
biochemical technology with very 1ittle additional labor input 1in
pre-harvest operations, Shifting seed varieties to HYVs requires
virtually no additional labor; chemical fertilizers may require
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less labor than manuring; herbicides may substantially replace
labor 1n weeding; and so on. On the other hand, 1n the absence
of mechanization, 1labor {nputs in the harvest  and post-harvest
phase rise roughly 1n proportion to yleld.

Thus, for example, assume that yleld 1ncreases 100% due to
the application of biochemical technology. Labor 1input ‘may 1in-
crease 10% in the pre=-harvest stage and 100%-1in the harvest and
post-harvest stage. The total {ncrease in  labor input per unit
of output is ((l0% X 70% = 7%) + (l00% X 30% = 30%)) = 37%.
Therefore, in this case, ‘the demand for labor would tncrease only
s1ightly more than one-third of the increase of production. For
a landowning farmer, on his own land, this 1s the best of worlds,
but for landless agricultural labor, it can be a disaster. And
1t can.also be a disaster for the farmer after he has produced
enough for household needs and wishes to sell his surplus produc=
tion to others. The main market may be landless laborers, who
now do not have sufficient earnings to purchase the surplus.
Here, 1n microcosm, 1s a basic dilemma of Indian agriculture as
1t ‘moves 1into the third stage. As shown 1n Chapter 5, progres=-
sive dependence on the biochemical mode of agricultural produc-
tion 1s 11kely to create a large surplus of agricultural Tlabor
that can be absorbed by the other sectors of the Indian economy

only through very high rates of growth and investment in these’

sectors.

Recommendations

Our analysis of the two Malthusian races of production and
poverty 1n Indian agriculture results in a rather grim outlook
for both, much more sc than we expected at the start. We would
11ike to join with current fashion and say that these are only
problems to be solved by better technology and market systems,
that history has shown that man 1s capable of rising to altl
challenges. While this may be a comforting belief, 1t does not
correspond "very well to historical fact (as Figure la and the
present state of the poorest 40% of the Indian population tes=
tifies all too well), nor does Tt provide specific directions for
solving problems. * We do not find exhortations to "keep the
faith, baby," comforting.

Nor can-we pretend to have found new and exciting solutions
to these problems ourselves. 1Indeed, we are convinced that, bar-
ring some unforeseeable miracle, there is png solution without
drastic .reductions 1n the rate of growth of population. Many
people have been saying this for a long time, and 1t has become
something of a bore; but that does not mean it is wrong. To put
1t more aggressively, we may say that optimists who believe
modern technology and free markets will make the population
problem in Indfa go away are quite wrong on any rational, empiri-
cal grounds we comprehend. Even 1f some miracle of "bio-
engineering” solves the production problem of the third stage of
Indian agriculture, it will require a second miracle to solve the
employment problem created by the first miracle. If, on the
other hand, the rate of growth of population were reduced to the
neighborhood of 1% pa, no miracles would be required at all. In
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time, both the production and employment problems would more or

less ‘automatically solve themselves. Again, 1t 1s the race be-

) tween population, production, and employment opportunities that
v counts. : :

Thus, to us, the major agricultural problem in India is the
population problem. We would be in favor of moving investments
out of agriculture into family planning activities, i1f that were
necessary to solve this problem. Unfortunately, the problem 1s
not simply one of money. Neither is it a social problem, as many
contend.- It 1s purely and simply a managerial problem. The
demand for safe and effective family planning services among
rural Indfan women (as opposed to rural men) is enormous, With
Some encouragement, the demand would be sufficient to get fer-
til1ity rates down to the required levels, but the capacity to
supply these services simply 1s not there. Compared to the
achievements of a country 1ike Indonesia (where, by the way,
abortion 1s illegal), the record of family planning 1n India can
only be described as deplorable. Thus, even though this 1s an

| agricultural report, we have no hesitation in recommending to the
GOI and to USAID that they glve highest priority to improving the
managerial effectiveness of the family planning program, and then
to provide whatever resources it takes to get the job done.

However, 1t must also be recognized that no matter how ef-
fective family planning programs are, their effects will not sub-
stantfally affect food needs nor reduce the supply of surplus
agricultural labor for about two decades. Therefore, there is an

i;?urgent need for agricultural and resource’ development programs

(,)over the next two decades that will create additional food
“Z production and employment opportunities. Irrigation development

" 1s, of course, the major instrument to serve this objective, but
the development of major and medium surface 1rrigation systems is
probably already proceeding faster than it effectively can.
Other alternatives, fncluding different kinds of frrigation
development, must be found. This means finding presently under-
utilized resources with which to work.

Fortunately, there are two large areas of opportunity in
this regard. First, there are the vast but highly underutilized
land and water resources of the central and eastern Gangetic
Plains, where about 60% of the rural people below the ‘poverty
1ine 1ive. Second, there are the "wastelands" of India--mainly..
areas that once were forest and pasture but which are now denuded
and eroding lands now being used far below their productive
potential. Together, these resources could be used to substan-
tfally increase production and alleviate poverty over the next
several decades. No technological miracles are required to do
so. However, the ‘many agro-climatic, socifal, economic, and
mamagerial problems that have made these areas what they are will
not be easy to solve.

The following paragraphs outline a broad approach to these
opportunities that we recommend for consideration. We have not
discussed these recommendations 1in greater detail in the text be~
cause they require much deeper analysis and field fnvestigations
than we have been able to undertake. However, there are excel-
lent studies by others on both subjects that we recommend for
study 1n conjunction with the following observations (Planning
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Commissfon, 1985; and the publications of the Society for Promo-
tion of Wastetands Development [SPWD]). '

The Gangetic Plains have vast resources of surface and un-
derground "water, and if there 1s a chance of extending the ul-

.timate irrigation potentfal of minor frrigation, 1t surely is

//‘r

|

Y

here. In the Gangetic Plains, the central problem is water
management--the problem of not enough water at the right time 1in
the dry season, quickly followed by too much water at the wrong
time 1n the wet season. The Tlatter problem perhaps cannot be
solved; the Gangetic Plains are full of water 1n the wet season,
and it may not be possible to improve drainage except in small
areas. This is a subject that needs detailed hydrologic inves-
tigattons on a basin-wide basis. However, it may be possible: to
avoid some of these prob1em5'by‘regu1at1ng the crop season

‘through pump 1{rrigation in the pre- and post-monsoon seasons.

While we "have not been able to study the agro-climatic details
adequately, 1t appears that pump irrigation 7or nurseries and
pre-sowing ‘irrigation would permit the summer planting period -in
the Gangetic Plains to be moved forward 1-2 months, much as 1t is
fn the Punjab, thereby improving synchronization between the crop
and the-weather.

By "pump frrigation" we mean both tubewells and pumping

Z'water from rivers and lakes 1in the region. We specifically
, recommend small pump units owned by individuals or small groups,

not large, government-owned and operated deep tubewell
operations. - The managerial problems of these large units are
nearly insolvable (Seckler, 1985). It would also be necessary to
support this pump trrigation program with a network of farm serv=-
fce” centers to provide HYVs, fertilizers, extension, and
storage/marketing services for this underdeveloped region.

Another probiem is energy supply to the pumps. Here we
recommend detailed {investigations of the feasibility of small,
decentralized power plants designed to serve a radius of, say,
10-20 km of pump Trrigation area. These plants could be fueled
by coal carried by trucks or trains from the nearby fields of
South Bihar and Orissa. The coal could be stockpiled on the site
fn the off-seasons tc¢ avoid peak season shortages. In this
system, electrical supply to the tubewells could be rotated by
blocks, as 1n the Warabandi System of surface frrigation
(Malhotra, et al., "1984), This would smooth peak-load
requirements. These small power plants could be owned and
operated by privats sector firms under public utility agreements
with the GOI. While 1irrigation should have priority in use of
the power, off-peak capacity could be used to supply electricity
to this power-deficient region through tie-ins to the central
grid.

‘We believe this package of pumps., energy, and farm service
centers could create an economic revolution in this resource=rich
but desperately underdeveloped and poverty-stricken area of
India,
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A rough working definition of "wastelands" 1s land that is
now being used at less than 20% of-its economic potential. By
this definition, there are ‘perhaps 20-30 million ha of
wastelands, mainly denuded forest and pasture lands, in India.
With proper development, this land could generate at 1least one
person-year of employment per ha on a permanent basis. We have
estimated in Chapter S5 that the additional surplus of agricul=-
tura? labor in - India in the year 2000 will be about 30-50 million
standard person-years. Thus the wastelands could potentially ab-
sorb most of the additional surplus labor, at an investment cost
of less than one-third the cost of absorbing them 1in the non-
agricultural ‘sectors. But here, as usual, there can be "many a
slip between the cup ‘and the Tip: ™ ' .

The first and most difficult problem of wastelands develop=-
ment 1s to establish property rights to the land. Currently the
land 1s owned and/or controlled by a bewildering system of
government entities, 1local committees, and traditional rights.
As the very wise Indian saying goes, - "Everybody's property 1s
nobody's property."™ Much of this land should, in our opinion, be
"privatized": It should be legally allocated to landless labor
and small -farmers to provide them a permanent source of
Tivelihood. If 5-10 million landless families could be allocated
this. land and provided the necessary support services, the cut-
ting edge of poverty in India would be blunted. For all 1its
well-known problems and abuses, land refaorm does, 'in fact, work=--
as, indeed, the case of Indfa._shows so well. However, India f{s
also finding that 1t fis sometimes easfer to allocate ‘land away
from large, private landowners than from its own government
agencies.

Once the right to the land is settled, the owner needs help
in developing this historically abused resource. Much of this
land can be brought under supplemental irrigation through small
water harvesting reservoirs ("tanks") and/or through pump
irrigation. In. these cases, 'the production and employment
response can be spectacular (SPWD, 19841; Joshi and Seckler,
1982). There are many successful models of this technique in In-
dta that could be replicated on a large scale, but, perhaps be-
cause they are small, replication has not happened to date.

When supplemental irrigation 1s not possible, agro-forestry
provides an important and underexploited opportunity for waste-
land development. The wastelands were once areas of highly
productive forests, and these lands can be economically restored
to forestry and rainfed agricultural crops. The problem here is
essentially one of cash flow: How do the people 1ive while the
trees are growing? The only answer is payments in advance, using
the growing crop as collateral. Here, we believe, private 'sector
enterprise could make a substantial -contribution to wastelands
development through providing these contractual, marketing, and
financial services, along with other Inputs and extension
services, to obtain good tree crops. In the establishment phase,
1t may be feasible to create lTarge private sector estates which
would be reduced to small plots and allocated to landless labor
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after they become productive assets--and, of course, the private
sector firm has received a reasonable return on its investment.
Last, we should note an important. technological development
that could be of enormous significance to wasteland development.
This is biomass gasification (not to be confused with "biogas"
digesters) which can convert fast-growing tree species and some
agricultural residues into a fuel substitute for diesel engines
(Joshi, Seckler, and Jain, 1984). The problem with fast-growing
tree species is the lack of markets for their products. With
gasificatien technology, these trees can be converted into valu=
able energy resources: 1{nto a cash crop. These small, inexpen~-
sive gasification units can, of course, also be used to provide
local energy supplies for pump irrigation and other productive
local energy uses in wasteland areas (as well as in other areas,
notably, in the Gangetic Plains). ' :

The newly created "Wastelands Development Board",f

demonstrates the commitment .of the GOI to ‘this program, and it
deserves full support by USAID. T ‘ :

Finally, it may be noted ‘that, 1in one important respect, the
problem contains the solution. We have already noted that the 15
MT foodgrain surplus represents only a deficiency of effective
demand, not of need or desire on the part of poor people to con-
sume it. It was also noted that, if the people below the poverty
line were just brought up fg the poverty line, they would pur-
chase 16 MT of foodgrain with their additional income. These
people spend 60% of their income on foodgrain. It follows that
the GOI now has 1n surplus foodgrafn stocks: fully 60% of the
resources needed to eliminate poverty, so defined, in Indifa, for
at least one year. We belfeve this resource of surplus foodgrain
should be used to support a new and ambitious food-for-work
program 1{n India concentrated primarily on wastelands
development.

While "the foodgrain surplus is perhaps a temporary
phenomenon due largely to +ihe exceptionally favorable foodgrain
production in the past two years, our analysis indicates that
these were normally favorable years, and other years like them
w111 occur in the future, with further foodgrain surpluses to
invest. In poor years, the GOI should consider importing
foodgrains to support this program on a sustained basis. This
would make it possible to productively 1invest Indfa's ‘own
surpluses in food-for=-work programs in good years. A properly
managed wastelands development program would add substantially to
Tocal food production., as well as increase effective demand for
food through improved employment opportunities. There is a feel-
ing 1n India that past food-for-work programs ‘did not work. In
terms of the effectiveness of the projects, there is some truth
to this. But 1t certainly worked for the -poor people in these
programs; with butter planning and management systems, it can
work in terms of projects as well. '

In sum, we beifeve that tubewell irrigation and input-output
services in the Gangetic Plains, combined with food-for-work and
land redistribution programs in -the wastelands, could make sub=-
stantial contributions to @lleviating current problems of produc-
tion and poverty in Indian agriculture. And these programs can
help prepare the way for addressing the very difficult challenges
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Chapter 2. ' Production and Poverty in Historical Perspective

Indfa has a remarkably good statistical series on agricul-
tural production dating back to the last century (see Table /.l of
Appendix A). This chapter briefly examines some of this informa=
tion 1n order to provide an historical perspective on contem-
porary issues in Indian agriculture.

Figure 2a shows the growth of total fcodgrain production 1n
relation to population over the period 1901-1985, Since the
foodgrain production 1s obviously "swamped™ by  the population
curve, foodgrain production is given- its own- graph in Figure 2b.
This creates a remarkably different impression of the past three
decades.

Figure 2b also shows the "market chartist"® technique of
defining upper and 1lower M"resistance" -l1ines by connecting the
high and low points ir a time series. -While rigorous statistical
tools are used later where required, ‘these chartist 1ines provide
a guide to the eye, and a stimulus to thought.

Foodgrain production had a very stable and gradually rising
lower: resistance 1ine through the entire period 1901-1947 (al1l
crop years are stated in terms of and years, e.g., 1947 refers to
the 1946-1947 crop year). The upper resistance 1ine tndicates a
cap at-about 70 MT over the second decade of the century, after
which 1t declined  to about 60 MT (just as population started
growing rapidly) and then gradually ‘increased until 1945. The
political and socfal upheaval surrounding Independence 1n 1947
had a traumatic effect on foodgrain production, especially in-the
Punjab, with 1951 and 1952 establishing record 1lows. By 1954,
the pre~Independence levels of production were reestablished.
For this reason, most of the analysis in this report begins with
1954, : ~

' 'The period 1950 to the present has had a stable floor, with
the exception of the great drought years of 1966 and 1967, but
the upper resistance 1ine appears to be bre«en into two segments,
with a transition period occurring around 1970. This corresponds
to the period of the development of the Green Revolution.
Appearances, however, can be misleading when "growth curves are
interpreted -in terms of linear relationships. As shown 1n the
more detailed analysis in the next chapter, -the trend rate of
growth of foodgrain production has been remarkably constant, at
2.7% pa through the period 1954-1985, both before and after -the
Green Revolution. e

The {immediate point of interest hare 1is in the historical
relationship between foodgrain production and poverty. As noted
in the previous chapter, per capita foodgrain production today,
after the two largest crops of record, is only about 72% of 1its
level 1in the sacond dacada of this caentury (see Table Al and the
cautionary notes in Appendix A). S ' o

This finding can be placed 1in a nutritional perspective b
using the recommended dafly aliowance (RDA) of the Indian counci
of Medical Research (ICMR) for energy -intake of 2150 kcal per
captta (70% from foodgrain) and a figure of 3460 ‘kcal/kg of
‘utilizable  energy from rice and wheat (ICMR, 1981). On this
basis, average per capita foodgrain ‘consumption  should be
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((2150/3460).70) 0.435 kg of foodgrain per day, or 159 kg pa.
(It should 'be ‘noted that the RDAs are a matter of considerable
controversy that will not be gone into here.) With a population
of 252 million in 1911, India required about 40.2 MT of net
foodgrain production to satisfy the RDA. It produced 72 MT gross
or, assuming 12.5% for seeds and losses, 63 MT net. In that
year, exports from India were at record highs, at 2.5 MT
(Chaudhuri, 1984). Thus, India produced a surplus -of foodgrain
(1.e., above the total energy RDA from foodgrain) of about 20 MT.

‘On the other hand, in 1985, with a population of 749 million
people, India requires 119.1 MT of foodgrain to satisfy the RDA,
Its estimated production 1s 146 MT gross, or 127,.,8 MT net--about
7% above the average RDA. If the 15 MT undistributed surplus is
taken out of this figure, then net average gconsumption is 113 MT,
or 5% below that required on the average. - : o

The foodgrain problem in India 1in the first part of this
century clearly was not one of average production, but a problem
of localized droughts and famines caused mainly by lack of
frrigation, storage, and transportation facilities. It 1s much
to the credit of the British Raj that one of the major
considerations 1in undertaking the construction of railways and
irrigation facilities was famine relief (Whitcombo, 1984).

The problem of famine is 1llustrated in Figure 2b. The
period of highest per capita production, in the first two decades
‘of- the century, was also the period of highest variability.
Hazell (1982) contends that there has been a tendency to {ncreas-
ing variability 1in Indian foodgrain production since 1950 (see
also Ray, 1983). Whatever the case for the recent period may be,
1t is clear that variability was much larger {in the first two
decades of the century. It is possible that as yet undetermined
weather cycles are involved in this series (Ray, 1983).

When one turns to consideration of non-foodgrain
necessities, the decline in the standard of 1iving of the Indian
poor in this century must have been even more severe than that
indicated by decreased per capita foodgrain production alone. At
the beginning of the century, with only one=third {ts present
population, India was a land of vast forests and pastures sur-
rounding agricultural areas in the alluvial valleys. The forests
provided building materials, firewood, fruit, nuts, and other
products that could be obtained at 1ittle more than labor cost
for personal consumption and sale by the poor. The same {s true
for meat, milk, and other livestock products obtained from open
pasture lands. Today, this open land is nearly gone. Much has
been converted to cultivation, and most of the remainder is over=-
grazed and denuded. This has undoubtedly caused a substantial
rise in the real cost of non-foodgrain necessities for the rural
poor, who represent 80% of the poor in India.

These considerations have an {mportant bearing on the
hypothesis, advanced by kam and Schultz (1979), that since
population growth is governed by nutritional and health factors,
the accelerating growth of ‘population in Indfa since the 1920s
indicates a substantial improvement in the real standard of
1iving. The above analysis indicates that, insofar as this logic
holds, "nutritional {improvements can only be considered in terms
of- diminishing 1local famines against an overall background of

14


http:2150/3460).70

dramatically declining average foodgrain avaflability. Thus 1t
would appear that most of the growth in population was "due to
health factors~-particularly, as Ram and Schultz observe, 1in
preventive measures against epidemic diseases such as influenza, |
cholera, typhoid, malaria, and smallpox. For example, the
slightly negative ‘growth of:  population in 1911=-1921 was mainly
due to the worldwide influenza epidemic. '

In sum, the change 1n the welfare of the Indian poor over
this century represents a mixed picture of decreased incidence
and severity of local famines and epidemic diseases against sub-
stantial declines 1n average per capita food and non-food
necessities. Certainly, in terms of average per capita produc-
tion of these necessities alone, India in the early part of this
century appears virtually as a -land of milk and honey from the
perspective of today. - '



Chapter 3. The Trend ofg?dbdgraingéﬁhauct1qn.=;95471985

Yariatioas in foodgrain production in India appear to occur
in "runs®, with a few good years followed by a few bad years.
Whatever -the causes of these runs (1f, indeed they exist other
than randomly; Ray, 1933)--whether from weather cycles, policies,
or cobweb cycles==they create alternating periods of euphoria and
depression about the prospects for Indian agriculture. One of
the advantages of trend analysis 1s that it puts these short-term
fluctuations 1n a longer-term perspective. Thus, for example, 1t
is possible to evaluate rationally, although not to decide
definitively, such questions as whether the past two favorable
years of foodgrain production are really exceptionai years, rep-
resenting a systematic breakthrough 1in foodgrain production, or
are Just normally good years, 11kely to be followed by normally
bad years. - )

This chapter presents our contribution to the excellent
studies of trends 1n foodgrain production by Indian economists
(see, especially, Ray, 1983) and others. This chapter con-
cantrates on the trend of foodgrain production, 1954-1985, while
the ;ext chapter analyzes some of the major factors behind the
trend. . -

First, i1t is necessary to make a methodological point. Some
function can usually be found to fit any set of data. Therefore,
there are always questions of how to select functions ‘that both
fit and make sense, and when to quit searching for even better
functions. The procedure followed here is first to examine the
most simple and obvious kinds of functions (e.ge» in the case of
a more or less continuously growing system, the "semi-log," or
exponential function) and then examine the statistics and. the
residuals (the difference between calculated and observed values)
to see if they appear to be satisfactory or not. If the
residuals appear to be randomly distributed and everything else
looks good, that 1s good enough. If they are not, and/or there
are other problems, then other {independent variables and func-
tions are tried. At some point, ore has to decide that the
analysis 1s good enough, and that s ultimately a subjective, al-
though arguable, decision. Nor do we wish to bore the reader
with all the regression analyses performed for this and sub-
sequent chapters. The full printouts of the regression analyses
used 1in this study (which represent a minute fraction of the
total) are included at the end of each chapter. A1l of the basic
data used 1in this study is provided efther in" the tables of the
text or in Appendix D. .

Ihe Trend of Foodgrain Production

"As noted 1n the preceding chapter, an important 1ssue 1is
whether the apparent break in the upper resistance 11ine from the
mid=1970s--and especially the very favorable years 1984~1985~-
represents a systematic breakthrough 1in foodgrain production due
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to the Green Revolution or not. Figure 3a {llustrates a means of
properly addressing this questton by plotting the logarithm
(base e) of foodgrain production against time. In this
transformation, the gslopa of the trend 1ine indicates the per-
centage rate of growth of the series. There appears to be very
11ttle, 1f any, difference {n the trend before or after the Green
Revolution in the late 1960s, although this conclusion is subject
to more refined statistical tests below.

It also appears from the upper resistance 1ine of Figure 3a
that while 1984 was a good year, 1t was Just another of the 5=-8
normally good years over. the past 30 years. The high production
1n 1984 was due to a large increase 1in HPK -application, due to a
GOI campaign 1n trat year, combined with nearly normal rainfall
conditions. :

Figure 3a also indicates that while the upper resistance
line and the trend 11ne are growing in parallel, the lower 1line
1s growing at a slower rate. This implies that foodgrain produc=-
tion may be subject to increasingly severe variations (i.e., the
coefficient of variation will {ncrease) as time goes on.  This
finding corresponds to those of Hazell (1982) and Ray -(1983).
However. as explained in Appendix B, these effects may also 'be
due to more variable rainfall patterns 1in the past few years.

To properly estimate the trend rate of growth of foodgrain
production, the effects of weather on variations around the trend
should be fncluded 1n the analysis. Cummings and Ray (1968) con~-
structed the first rainfall index for India based on agricultural
factors. Ray (1983) subsequently refined and updated this {index
to 1980. Sanderson and Roy (1979) have also compiled a different
Tndex. 'In order to have a rain index to use through 1985, a very
simple 1Index was developed for this study. Appendix B -examines
these various indices. '

Equation 3Ra shows the results of regressing the logarithm
of foodgrain production against time, the rain index, and the
square of this index. This equation results in a trend rate of
growth of foodgrain ‘production of 2.67% par, and accounts for
fully 97% of the varfance 1n foodgrain production over the
period. - . )

Stnce this rain index 1s of considerable importance {in the
trend analysis and in the later statistical analyses, 1t 1s worth
pausing for a moment here to see how it behaves. Figure 3b shows
the hypothetical effect on 1985 foodgrain production and yield,
other factors constant, given the amount of rain (as a percent of
normal in the monsoon season for selected states, ‘as explainad 1in
Appendix B). It 1s seen that, so long as rain . s hetween 100%
and 110% of normal, there 1is very l1ittle effect on foodgrain
production. However, there can be too much rain, as well as too
11ttle, and deviations from normal greater than 10% in either
direction cause production to decrease. The exact coefficients
for the rainfall function of course change i1n the different equa-
tions below, but the general form of the equation remains the
same throughout the analysis. '

To return to the trend analysis, the trend was further
tested by deleting the drought years 1966 ‘and 1967 from the data
set and running a new regression. Both the trend rate of growth
and the R2 value are virtually the same as in 3Ra. Finally, the
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data were divided 1nto two sets: from 1954~1965 and from 1968~
1985. Separate regressions were run on ‘these sets, with the
resutts compared to 3Ra by the Chow test. This test shows that
there 1s no significant difference (even ‘at ‘only the 90% 1level)
between the two periqds~=-i.e., before and after the Green
Revolution. R :

In conclusion: (a) The trend rate of growth of foodgrain
production 1in India from 1954 to the present has been right at
2.7% pa; (b) The trend, together with the rainfall index, ac-
counts for 97% of the variance in foodgrain production over the .
period; (c) There has been no significant change 1n the trend of
foodgrain production before and after the Green Revolution; and
(d) The very favorable years 1984 and 1985 appear to be Just nor-
mally favorable years, which do not represent a fundamental {im=-
provement 1n the trend of Indian foodgrain production.

The above conclusions do not belie the fact that the struc-
ture of Indifan agriculture underwent an important transformation
with the Green Revolution in the late 1960s. As shown before, in
Figure 1lb, the rate of growth of irrfgation development
Increased, HYVs were introduced, and the use of NPK was launched
on an explosive growth path. - These Tnputs emabled foodgrain
production to stay at the same trend rate of growth through 1n=-
creased yield, even though gross cropped area reached an effec-
tive plateau. ) :

The trend rate of growth of foodgrain yleld since 1954 has
been 2.1% pa. However, this trend hides important changes be-
tween periods. In the 1954-1965 period, the trend was only 1l.4%
pa, while 1in the period 1968-1985, {1t has been 2.4% pa, an tn-
crease of 63%. Lest this statement be misinterpreted, 1t should
be reiterated that much of the 1increase 1in ylield in the latter
period 1s due to irrigation development.

Eoodgrain Production by Princiga] crops

With these broad conclusions 1in mind, the discussion can
proceed to a brief look at major crops within the foodgrain
basket.

Ftgure 3c shows the division of foodgrain production between
wheat, rice, and all other foodgrains (other cereals and pulses).
Of the roughly 70 MT 1increase 1in total foodgrain production over
the 1954-1985 period, wheat and rice have each contributed about
30 MT and other cereals 10 MT, with no increase in pulses. Thus
rice and wheat, together, account for about 85% of the total 1n-
crease 1n foodgrain over the past three decades. :

It 1s interesting to note that the large increase in produc-
tion 1n 1984 came mainly from rice and other cereals, not from
wheat, while the small decrease in 1985 came mainly from wheat=--
perhaps due to the troubles in the Puhjab. But these jumps 1n
rice and other cereals, which normally go together, were not
unusually large, and are frequently followed by a corresponding
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fall within a year or two. Inspection of the rice curve shows
that it has become considerably choppier since the early 1970s==-
possibly because of extension of paddy area to rainfed and poorly
irrigated/drained land, or because of increased short-term
variability 1n rainfall.

Figure 3d places the crop production data on a per capita
basis, While per capita wheat production has increased
considerably, rica has remained at about the same level, other
cereals have ‘decreased, and pulses have substintially decreased.

A_Hypothasis

It appears to us that peirhaps the appropriate conceptual ap-
prroach to understanding the remarkably constant trend rate of
growth of foodgrain praoduction over the past three decades 1is
through a purposive, or cybernetic, model wiihin a deterministic
framework. GOI agricultural policles may havs been chasing an
effective "demand curve that is shifting out at a trend rate of
2.7% pa, through a negative feedback response to fluctuations 1n
surplus stocks. Thus the rate of growth of production could have
been higher had effective demand called for it. On the other
hand, the system is also constrained by restrictions on the pace
of 1rrigation development and the lack of technology for dryland
arsas., In the next chapter, 1t is noted that there may be an
autoregressive link between periods of foodgrain production every
four years. This may be the consequence of a cybernetic system
periodically under~- and over shooting 1ts target. It would be
Interesting to explore this hypothesis 1in greater detail than has
baen possible here. . o
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Chapter 4. Sources of Growth in Indian Foodgrain Production with

The last chapter examined the trend 1in foodgrain preduction
and the effect of rain on varfations around the trend. - This
chapter undertakes the much more difficult task of quantitatively
estimating the causal factors behind the growth of foodgrain
production and projecting the effects of these factors 1n the
future.

In principle, the major factors behind the growth of
foodgrain production are clear.. As shown before in Figure 1b,
they are irrigation, HYVs, NPK, and changes 1in dryland area.
Tables 4a and 4b provide additional information on t“ese factors
and related aspects of Indian agriculture.

Rice and wheat are the growth crops in Indian foodgrain
p *oduction. Together, these two crops constitute 62% of total
frodgrain production and account for over 85% of the increase in
foodgrain production over the past three decades. Rice and wheat
cover 85% of the total irrigated land, use about 80% of total
HYVs, and consume about 80% of NPK.

Irrigation and Biochemical Tachnolagy

To properly understand the past performance of foodgrain
production in India and to estimate its future, it 1s extremaly
important to distinguish between the two interrelated but
separate components of the Green Revolution: irrigation and
biochamical technology. 1In principle, biochemical technology can
expand forever (although the rats of ‘expansion is l1imited by
diminishing returns), while frrigation is, for all practical
purpcses, an ultimately 1imited resource. However, as noted in
Chapter 1, there are formidable statistical and data problems 1in
attempting .to estimate the separate effects of these two basic
factors of production.

A very interesting study of NPK use by the National Council
of Applied Economic Raesearch (NCAER, 1978) and analysis of this
and other data by Desai (1982) provides important insights into
these relationships. Figure '4a, adapted from Desai's study,
shows NPK use per ha for rice and wheat in relation to irrigation
and HYVs. Unfortunately, the related yield data 1s not
avaiiable, but perhaps NPK use provides a rough 1indicator of
yleld. It is interesting to see that the effects of changes 1n
irrigation and HYVs are nearly the same, on the average, for
rice, wheat, and all the major foodgrain crops. In the transi=
tion from NPK use under non-irrigated (NIR) and traditional
varieties (TV), the increase in NPK is the same either for Ir-
rigation with traditional varieties or for improved varieties un-
der non-irrigated conditions. Either of these changes cause an
Increase in NPK of about 67%. Then a transition from these two
states to irrigation with improved varieties causes an additional
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" Table 4a-

" PROGRESS OF SELECTED PHYSICAL AGRICULTURAL DEVELOPMENT PROGRAMMES -

Programme Unit 197071 197576 197778 1978-79 1979-80 198081 1981-8% 1952-83 198344 198483
. ' th
1 2 3 4 5 6 7 8 9 10 1 I2
High Yielding Varistiey- Frogramm : | | e T
Paddy . . . . . Million 5.5 12.44 1612 16.88 1599 18,23 19.69 ‘18.84 22.18 - 25.00
Wheat . . . . e 643 13.46 1580 15.89 I5.00 1610 1675 17.84 1855 19.00
Maize . . . . . 046 113 126 135 135 0SB Le L7z l.gl 2.
Jowar . . . . . 080 196 304 307 305 30 38 437 . 48
Bija - . . e e h 205 2.0 2.8 2.9 2.9 3647 458 47 511 S.00
TowlHYP . . . . w1538 SLE9 3583 4013 3838 43.05 4650 4748 5249 $6.00
Irrigated Area . .. . " 38.0 453 485 0.6 522 S41  S0.0 SB.2 05 629
(cumulative ulilisation) ) ’ TR N -
Through Major & Medium . o 1.3 201 212 2.0 2.2 27 .2 200 Wy - 25.8
Misor* . . . . . . 207 232 213 286 0.0 3.4 - Ry M2 6 37
Soil conservation (cumulative level . 12,11 19.96 2170 22.57 23.40 “24.37. 25.39 26.52 21.76 29.17
at the end of the year) - - L
Consumption of Chei'n'ical Fertilisers el SRR
Nitrogenous . Milion  Le9 215 2.9 342 7350 368 f '4’_,'022_;; 422,22 5. 66
Phosphatic . . . . . 046 046 087 L1 LIS 121 132 144 L33 188
Pomssic . . . . . 023 028 0.51 0.5 0.6 0.62 057 0.73 0.7 0.86
ToalNPK . . . . . 208 289 429 (502 526 532 606 639 772 8.4

*The figures for minor irrigation indicate the net benetit after allowing for seepage.
1)

Source:

Ministry of Finance, 1984-85



‘Table 4b

ARRIGATED -AREA UNDER DEFRERENT CrOPS

‘ i ‘ " (Million Hectares)
Group/Commodity 197172 197273 197374 197475 - 19757 197617 197778 197879 197980  1980-8)
1 2 3 4 s 6 7 s 9 10 11
' Rice 4.8 1442 1467 1467 1522 1477 1620 16.85 1691 16.34
G Gen ol (8.8 @D G842 @6 (42.8) . (40.5).
Jowar 0.7~ 0.5 068 075 079 08 0.6 0.77 0.8 0.3
“dh 8I  “wo w9 *I G @O @y oo (33)
Bejra OB M% 0 .06 05 053 041 0.0 0.63 06
3.7 (4.3) 4.2 (5.5 (5.1) 4.9) (4.2) (f'4) 5.9) (5.4)
Maize 0.80 1.0 -088 122 0.9  1.06 0.9  0.095 136 1.20
(143 (8.8 (47 QLD (6D (7.7 (59) * (63 @iy 19.7)
Wheat . | 1040 1077 1076 1108  12.56 13.59 13.22  14.87 1508 15.52
(54.3‘), (57.7) -(51.7) -(61.8) (61.8) (65.1) (64.3) (66.0) (67.9) {69.7
Baricy AN w136 Les LSS 125 18 095 090 . e

(8.9 (3.3)- (S1.3) (57.3) (549 (5.9 (53.9) (S1.7) (50.8) " (50.4)

Total Careals 2811 29.00 2930  30.48 32.14 32.45 3.5 3.3 35.84 3559
A Q3.0  @9.1) (@3 -(30.7 (3M.00 . (32.0). G2.1) © (3.5 (347 (5.9

Total Puises 1.97 1.76 1.87 1.82 1.95 1.77 1.70 1.89 1.95 2.02
@3 @3 7.9 @8.1) (2.9) €7:5) 7.1 (2.9) 8.9 (8.9)

Total Foodgraing 30.08 3076 3117 3230  34.09 3422 3520  37.2] 3.79  37.61
@45 @54 @) (265) @65 @14 @15 (25.8) (0.0 (29.9)

+ Qilseeds 1.2 07 1.36 1.48 .20 . 1.10 1.5 1.70 1.93 2.28
. an .2 (8.8) 6.2 09 (.60 (0.4 (10.9 (12.5) (4.3
Cotton 1.70 1.72 1.73 1.78 1.76 '1.76 2.11 2.2 2.22° 2,13
: Q6.7 - Q100 (2.1) .22.9 @3.9) (24.6) 26.2) @1.2) @149 7.1
Sugarcane L7 L& 209 231 223 239 26 260 214 229
1.8 0500 (765 (9.9 (1.0 (772 (@87 (.8 (16.9)  (80.8)

Hore: 1. Figures in parenthesis represent the pereentage irrigated arca to total area under the crop.
. 2. Irrigated area under oilseeds denote the area under groundnuts, rapeseed & mustard, linseed, sesamum, and others.

Source: Ministry of Finance, 1984-85
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Increase in NPK use of "about 40%. The total Increase caused by
frrigation and improved varieties is about 133%.

However, there 1s an {important restriction on this
generalization. The areas in which gains in NPK use occur under
non-irrigated conditions, by 1improved varieties alone, 1s vary
limited. As shown in Desai's study, non-irrigated area with im-
proved varieties accounts for only 4.8% of total NPK use. On the
other hand, 1irrigated area accounts for 85% of total NPK use.
Thus 1t may be conciuded that irrigation 1s virtually a necessary
condition to the use of NPK and HYYs in India.

Irrigation

There are two basic sets of data on irrigation in Indfa. The
first 1s tha report on "Irrigation Development" (ID), as it will
be called here, by the Ministry of Water Resources. This data 1s
based on completion of irrigation projects and reports both the
"poténtial", or designed, area to be irrigated and the "utilized"
area=--or what is thought to be actually irrigated. This latter
figure 1s usually not based on empirical studies of actually ir=-
rigated area but on engineering rules of thumb. These figures
are reported both in terms of net and gross irrigation, the dif=-
ference being the intended number of crops irrigatsad each year.
The second set of data is frem the Ministry of Agriculture and
arises out of the annual survey of areas under crops, ylelds,
etc. This data is gathered through field observations by village
offictals. This agricultural data will be called "Gross (or net)
Irrigated Area" (GIRA). Both data sources have their problems
(Seckler, 1985), which will not be gone into here. However, a
major point orf relevance to this analysis is the 1increasing dis-
crepancy betwesn the two data sources over the past few years.

‘ The two data sources and the discrepancy are shown in Table
4c. From 1979, ID has grown much faster than reported GIRA (GIRA
RPT), so that in 1985, the (estimated) difference is 9.3 MH=-
compared to a difference of only 2.3 MH in 1979, If taken
11terally, this would imply that the new irrigation projects are
only 43% effective in terms of the relation between ID potential
and GIRA--a figure which 1s surprisingly close to an estimate
.made on other grounds (Seckler, 1985). However, the 1979-1981
GIRA figures are described as "preliminary" estimates that may be
revised later. For lack of any better alternative concerning
this vital data set, the GIRA figures shown for 1979-1985 are our
own estimates based on extrapolating the 1978 figure at a growth
rate of 2.6% pa. This still leaves a widening gap between ID and
GIRA which we cannot go into further here. Th- extrapolated GIRA
figures have been used in the statistical analysis below and
elsewhere in the text.

Given the 1importance of frrigation to foodgrain production
in India, the common practice of estimating yjelds on the basis
of the total area under the crop 1s misleading. The best ap-
proach would be to estimate yields by crops per ha of irrigated
area and per ha of non-irrigated area separately, but this cannot’
be done because the production data is not compiled separately
for irrigated and non-irrigated areas. This, together with fur-
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L Tébie ac ,
Comparison of Irrigation Data

(LA GKOSS  GIRA. (D I uTiL-
© IRRA RPT  POTENT LLTIL GIRA RPT
B

19 AL 3P 0.6 2,

80 48.7 49.2P 3545 9522
81 N NP 387 541 4
82 5.3 S0.3PR 41 b 3
83 526 52.1 PR 63.3 58.2 6.
84 34 - 52.9 PR 45.6 460.5 7
85 _955.4 OS3.6 PR 4B 629 9

P PRELININARY ESTINATE NOA
PR PROJECTED BASED ON REPGRTED

Table 44

‘Development of IFrrigation Potential and Its Utilisation

(Cumulative Coverage)
(Million bectares)

Year : 'Mljorlndmdiumdva:is Minor schemes AR chemes

*  Potentia]  Udlisation Potential Utilisation Potential Lhilisation
w0 .. L 26.5 2.2 0.0 2.0 %6.5 52.2
908 . . .. ... 27.3 27 . 3.4 3.4 3.7 54.1
1981.82 I S 28.2 B2 328 2.8 61.0 56.0
w8283 . ., - L 29.1 2.0 4.2 4.2 6.3 58.2
MR L L, L L 30.0 2.9 35.6 35.6 6.6 60.5
WSS (harget) .0 L . L, L 30.9 25.8 371 37.1 8.0 a9
Ultimate Potential . . . .. ., ., s8.5 "ss5.0 13.5

Source: Ministry of Finanée. 1984-85
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ther crop-wise studies of NPK such as those mentioned above,
would contribute enormously to understanding the real dynamics of
Indian agriculture. Strictly by way of illustration of the im=
portance of such studies, Figure 4b is offered here. -

Data are available (Table 4b) on irrigated area by crops for
the period 1972-1981. If one takes total production of these
crops and divides it by the irrigated area for each crop, the
*esult 1s as shown in the lines over the relevant period 1in
Figure 4b. The absolute level of the 1ine does not matter since
1t 1s partly a function of the amount of production contributed
by non-irrigated area for each crop. The 1interesttng thing is
that, with the possible exception of wheat, total production per
ha of gross irrigated area over the period has apparently been
constant. Further, 1f one takes total foodgrain production per
ha of total GIRA over the entire period 1954-1985, as shown, it
appears that there has been a systematic decrease in this
irrigation-based yield figure. But 1t niust be emphasized that
there are many problems in this illustration, and no firm conclu=-
sions can be drawn from i1t. It 1s offered here only for suggest=
1ve purposes and to show the need for separate data on production
under irrigated and non~irrigated conditions.

Last, given the importance of frrigation, 1t 1s important to
see what 1ts prospects for future development are. Table 4d
shows the basic projections of the Ministry of Water Resources 1in
terms of ultimate irrigation potential, which, to our knowledge,
have not been seriously questioned. It is important to note that
the category of "minor schemes" includes tubewell 1irrigation
which has contributed the most to the Green Revolution, and 1is
now up to 67% of its ultimate potential. Table 4e projects thess
figures, at present rates of growth, to the year 2010. On this
basis, minor irrigation will reach 1ts ultimate potential in 12
years, 1n 1997, and all irrigation development will end by 2010,
The GIRA projection is based on the assumption that 88% of the ID
"ut1l1zed" figures will be realized, or 74% of "potential", this
may be much too optimistic.

Statistical Analysis and Projections +ta 2010

We have attempted to gather the above factors into a statis-
tical model that would account for past changes 1in foodgrain
production and provide a basis for projections into the future.

The best model, out of a set of very many we have tried, 1is
shown in Equations 4Ra and 4Rb at the end of this chapter. Here,
foodgrain production 1n millions of tonnes is the dependent
variable, with gross {irrigated area (MH), total dry area (MH),
NPK (in thousands of tonnes), and the rainfall varfables as pre-
dictive variables. With these variables, Equation 4Ra accounts
for over 98% of the variance 1in foodgrain production over the
1954-85 period.

However, the Durbin-Watson test for this equation 1s 1in the
Indeterminate range for negatively autocorrelated residuals. We
checked this by regressing the residuals in time "t" against the
residuals 1n "t-1" and found that the coefficient was indeed sig-
nificant at the 97% lavel. Accordingly, we used the "Generalized
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Figure 4b., Yields Per Ha of Gross Irrigated Area .

1. Total foodgrain production divided by net irrigated area in
foodgrain

2. Total rice production divided by net irrigated rice area
3 B

3. Total foodgrain production divided by total gross irrigated
. area
4-

Total wheat production divided by net .irrigated wheat area
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© TABLE 4e DEVELOPNENT OF IRRIGATION POTENTIAL AND UTILIZATION TO 2010

MAJOR & ~ MINOR TOTAL  UTILIZED BIRA @ 88%

YEAR NEDIUM POTENTIAL  (NOTE 1) UTITILIZED
1980 26,5 30 36,5 32.3 18.7
1981 4.3 31.4 5a.7 943 30,0
1982 28,2 32.8 &1 36,5 3.3
1983 29%.1 34,2 63,3 38,4 52.6
1984 30 35.4 §2.0 §0.8 4.0
1985 30.9 37.1 &8 63.1 .4
1984 31.7 8.4 70.! 63.1 7.3
- 1987 32.5 39.8 72,3 67.4 9.1
1968 3.4 41.3 74.6 §9.3 61.0
1989 34.2 42.7 77.0 71.5 62.9
1990 Tt 44,3 19.4 73.8 64.9
1991 36.0 45.9 81.9 76.1 67.0
1992 37.0 47.3 84.5 78.6 69.2
1993 3.9 - 49.2 87,2 81.1 71.4
1994 38.9 31,0 89.9 837 13.7
1995 - 39.9 32,8 92.8 86.4 76,0
1994 41.0 4.7 95.7 89.2 78.3
1997 42.0 39.0 97.0 90.3 79.5
1998 8.1 35.0 98.! 91.2 80.3
1999 M3 35,9 99.3 92.2 1.1
2000 45.4 93.0 100.4 93.1 82.0
2001 4.6 93,0 10£.6 M. 82.8
2002 47.8 33.0 102.8 95.2 83.7
2003 §9.0 95.0 104.0 9.2 84.7
2004 30.3 53.0 105.3 9.3 83.6
2005 3l.é 3.0 106.6 98.4 86,4
2006 33.0 3u.0 108.0 99.3 87.6
2007 3.4 35.0 109.4 100.7 88.6
2008 3.8 35,0 110.8 101.8 89.6
2009 97.2 59.0 112.2 103.1 © 0.7
2010 38.7 35.0 137 104,3 91.8

~ NOTE 1. UTILIZED ASSUMED TO BE 84% OF NAJOR AND MEDIUM PLUS 1002
OF MINOR IRRIGATION
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Least Squares" regression program, with the result shown in 4Rb.
It appears that there is a rather mysterious autocorrelation be=-
tween residuals every four years. Whether this is the result of
a four-year weather cycle, or a cybernetic policy cycle as noted
in Chapter 3, or something else, we do not know.

In any case, 4Rb accounts for fully 99% of the variance over
the period with all of the major variables significant at well
over 0.99 level. O0f course, good regression results can be ex-
pected from any time series analysis of growing systems, but even
S0, these are quite remarkably good results. (For those with a
time series-regression phobia, we refer to Ezekiel and Fox, 1961,
Chapter 20, and Neter et al., 1983, Chapter 13, for comfort.)

Since 4Rb is a linear equation, 1t 1s very easy to interpret
the results directly from the coefficients. The marginal produc-
tivities of GIRA, dry area, and NPK all are constant, with one
more ha of gross 1irrigated area contributing 2,067 kg of
foodgrain per ha to total production,” compared to 1,217 kg of
foodgrain per ha for dry area. Similarly, the productivity of
fertilizer i1s 3.66 kg of foodgrain for each kilogram of fer=-
tilizer used. The equation indicates that the optimum rainfall
Is at 107% of normal. This equation also indicates that the con-
tribution made by the net change 1in gross irrigated area (after
subtracting the contribution made by the negative change 1n dry
area) is 60% of the change in total foodgrain production between
1954 and 1985, The change in NPK (as an index of biochemical
technology) contributes most of the remaining 403%.

This model could perhaps be improved with further research,
but 1t 1s the best we have been able to find in terms of economic
and statistical meaning to this point. With considerable
trepidation, we have used this equation to project Ind{ian
foodgrain production out to the year 2010. The key assumptions
behind this projection are: (a) that the growth ia GIRA 1s as
shown 1n Table 4e above; (b) that total foodgrain area will
remain constant at 127 MH; and (c) that NPK per ha of GIRA will
Increase at a rate of 3% pa through the year 2010. The resulting
projection is shown in Table 4f and Figure 4c.

In this scenario, total foodgrain production increases to
195 MT 1{in 1996, the year 1in which the development of additional
minor irrigation 1s projected to end. This represents a rate of
growth of foodgrain production 2.7% pa, the same as the rate of
the past three decades. Also in this year, per capita foodgrain
production reaches a peak level of 203 kg, compared to 195 kg in
1985,

However, with minor irrigation at its plateau, the rate of
growth of foodgrain production then decreases to only 1.9% pa
over the period 1996-2010. This 15 less than the assumed rate of
population growth, and per capita foodgrain production accord-
ingly decreases to 192 kg in 2010, slightly below 1985 levels.
The projection for 1996-2010 may be too optimistic because of the
disproportionately high contribution of tubewell irrigation to
foodgrain production in India.

In 2010, the development of major and medium irrigation also
ends. Then, according to this equations all future growth in
foodgrain production would depend on growth of NPK (and as-
sociated HYVs). But NPK would alrsady be at a very high level of
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TAbLE 4f PRUJECIIONS TO THE YEAR 2010

YEAR 1903 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
6 IRF AREA 33.4 57.30 59.10 61.00 62,90 64.90 67.00 69.20 71.4C 73.70 76.00 78.50 79.50 80.30 81.10 £.00 82.80 83.70 84.70 83.60 B86.60 87.40 85.460 89.40 90.70 95.80
ANNUAL INCREASE 1.90 1.80 1.90 1.90 2.00 2.10 2.20 2.20 230 2.30 2,50 1.00 0.80 0.80 0.90 0.80 0.90 1.00 0,90 1.00 1.00 1.00 1.00 1.10 1.10
NPK @ 31 PA ,
FER HA GIRA 130 160 165 120 175 180 185 191 197 203 209 215 220 228 235 42 M9 257 264 272 280 289 297 306 s 325
TOTAL NPK B600 §162 9733 10347 10990 11679 12419 13212 14041 14928 15855 16868 1759 18306 19043 19832 20425 214756 22384 23301 24280 25297 24354 27451 284621 29837
ANNUAL INCREASE b2 571 614 692 690 740 793 829 887 928 1013 727 710 737 789 794 @50 909 917 979 1017 1056 1097 1171 1216
DRY AREA MH 7.6 69.7 6.9 66.0 b4.1 62.1 60,0 57.8 55.6 53.3 S51.0 48.5 47.5 44.7 45.9 45.0 44.2 43.3 42.3 41.4 40.4 39.4 38.4 37.4 3b6.3 3.2
(127 HH FGA -GIRRA) . )
NFK/FG AREA 1.7 72.1 7b.6 B81.5 B85.5 92.0 97.8 104.0 110.6 117.5 124.8 132.8 138.5 144.1 149.9 156.2 152.4 189.1 176.3 183.5 191.2 199.2 207.5 216.1 225.4 234.9
POPULATION & ) o
2.3 1P : 749 jeb 784 802 820 839 858 878 898 919 940 962 984 1007 1030 1053 1078 1102 1128 1154 1180 1207 1235 1264 1293 1322
PROJECTION
F6 PROD MI 146.5 150.1 133.8 157.6 161.6 165.8 170.3 175.1 180.0 185.2 190.5 196.3 199.9 203.1 206.5 210.2 213.7 217.6 221.8 225.9 230.3 234.9 239.6 244.5 249.7 255.1
PER CAP F6 195.5 199.9 196.2 196.6 197.0 197.6 198.4 199.3 2003 201.5 202.6 204.1 203.1 201.8 200.5 199 1

99.5 196.3 197.4 196.7 195.8 193.2 194.6 194.0 193.5 193.2 152.9

¥
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use (325 kg/ha of irrigated land and 235 kg/ha of total foodgrain
area; for increases of 210% and 346%, respectively, over 1985),
and 1t will require rather spectacular progress in development of
HYVs to keep the marginal product of NPK constant. This projec-
tion implies an increase of total foodgrain yield per ha of total
foodgrain land of 74% over the 25-year period and, thus, further
yleld increases will have to be from an already high base.

As we have already emphasized in Chapter 1, we do not
pretend to have a c¢crystal ball to predict the future of Indian
foodgrain production. As the old Chinese saying has 1t:
"Prediction 1s extremely difficult, especially with respect to
the future." Miracles, though rare, do occasionally happen. -

But we do be’ifeve that both on conceptual and empirical
grounds, this projection provides a rational basis for anticipat=-
ing the nature of the problems India will be encountering as 1t
approaches 1ts third stage of agricultural development==the true
Malthusian stage, where the land and water frontiers are basi-
cally closed. Of course, these frontiers could be reopened, and
almost any amount of food produced in India 1f food prices were
permitted to rise to sufficiently high levels. But without cor-
responding increases 1in the real income of the poor, poor people
would be pushed below subsistence levels by these high food
prices. After all, the Malthusian deiuge is high food prices, a
point apparently neglected by those who believe the market will
solve these problems. As we argue in the next and final chapter
of this rsport, there is very little possibility that the real
income of the poor will i{increase over the foreseeable future,
given current rates of growth of population.

Thus the conclusion of this chapter 1s clear. India simply
must get the growth rate of her population down to around one-
half the present level as soon as possible. Over the long run,
this will solve her agricultural problem without miracles. ' On
the other hand, 1f population continues to grow at present rates,
1t will require several large miracles to solve this problem.



Equation 4Ra

~ REGRESS10N ANALYS1Y ———eeecemmm oo -
HEADE#'D;TA FGR: CrINFGIRG'  LABEL: 11-7-85
NUMBER OF CABES: 32  NUMBER OF VARIABLES: 7
11 -20-6Y
INDEX = . NAME MEAN STD.DEV.
1 “GIRRA 37.139T75000 9.759139616
e DR YAREA B3. 216875000 4.357037408
3 RAIN « 98093I7S00 . 145033019
‘4 RAIN"2 . 982615625 . 280471499
s NPK#GIRAL14508.885312500 132522, 211213720
6 NFK 2474.843750000 2453, 460611037
DEP. VAR.1 FG 98. 343750000 24,934248211
DEFENDENT VARIABLE: FG
'VAR.  REGRESSION COEFFICIENT 8TD. ERRUK TiDF= 26) FROB. PARTIAL r©2
GIRRA 2. 033252568 .295441417 b.882 . 0000 . 4854
DRYAREA . 1.242341536 . 334417761 T.715 . U098 7 P
RAIN 195, 038891600 - 68.327907660 2.941 . 00680 2495
RAIN~2 ~51. 039950957 33.545051662 -2.714 .01164 D08
NFK. «UOT740668 © .001353463 2764 L010% .20
CONBTANT  =191,675012 498 » ‘ :
STD. ERROR OF EST., = 3.419244947
ADJUSTED R SQUARED = .981195237
R SOUARED = ,984228263
MULTIPLE R = .9%920827%0°
ANKLYSIS OF VARKIANCE TABLE - ~-

SOUKCE SUM OF SQUARES  D.F. MEAN SEUAKL F RATIO PROB.
REGRESS1ON 18949, 2464610295 g 3793.849322059 324,904 ., QOOE+OC
RESIDUAL T03. 972139705 26 11.691236143 )

TOTAL 19273. 218750000 31

STANDARDIZED RESIDUALS

o Y

OBSERVED CALCULATED RESIDUAL -2.0

1 70. 000 &7.859 2.140960 | , B R , I
2 68. HOO 64,195 5.8048a2 | - I -+ !
3 67,000 71.382 -4.7081578 | * S - !
4 70,000 71.370 -1.370419 | * 1 e
5 64,00 63.717 L2B3078 1 S
6 77.000 74.915 L 04992 | .. 4
7 77 . 000 78.182 -1.16167% | * o i
8 82. 0y 79.864 2, 135685 | * !
9 83. v 81.674 1.325674 ! N -
10 80, oL 83,23 -3.239316 | o !

11 81.000 B83.510 -2.509703 | » 8] :
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Chapter 5. The Second Malthusian Race: Notes Toward a Theory of
~ Poverty in India .

- Introduction

Compared to the wealth of data on agricultural production,
reliable time series data on rural employment and poverty in In-
dia is virtually nonexistent. The best we can do is refer to the
heroic struggles of Indian scholars with this problem and .advance
some hypotheses for future tests. Indeed, one of the concrete
results of this study has been a recompilation of original data
from farm management studies by Indian agricultural statisticians
(S. K. Raheja and B. K. Bahel) to test the theory of employment
elasticity explained below. Unfortunately, the results of this
study are not available in time for this report. Thus this chap=
ter is subtitled "Notes Toward..."-=not out of modesty, out as a
confession of inability to do more.

The Second Malthusian Race {s a race between labor demand
and supply curves over time. This race is conceptually 1=
lustrated in Figure 5a. Given a demand curve for labor, Dy, and
a labor supply curve, S;, the equilibrium level of employment may
be at E;, which is below the full employment level, Ef, for the
given wage, Wi. This results in a temporary surplus of labor, or
total underemployment, in the amount of Efugl, This is the
static situation, at a point in time. Now assume c.hat the demand
curve shifts out to the right, to D » because of 1ncreasud na=
tional income or other effects. hen, {if the supply curve
remains the same, a shortage of labor develops in the amount Ef
'E%. and wages riss to Wjp. However, if the supply curve also
shifts to the right, to S;, both wages and the degree of under-
employment remain constant.

This analysis assumes a minimum wage floor (or annual income
floor) below which labor will not work. This floor, which is
near the "poverty line" discussed below, does, in fact, seem to
exist in India. Ir Malthusian theory, this floor is maintained
at subsistence 1levels by regulating population growth through
varifations 1n infant mortality on the margin of subsistence.
Seckler (1580) has proposed a short=run equilibrating mechanism
basad on the relationships between 1labor productivity. and the
health and nutritional status of labor on tha margin of
subsistence. The immediate point of interest, however, 1s not
the floor but the rage between these demand and supply curves and
the effacts of this race on wages and poverty.

As noted 1in the first chapter, one of the striking facts
about Indian economic development {s that (insofar as it can be
determined) the percentage of people below the poverty line has
remained constant as a trend at 40% since data were first col-
lected in the early 1950s. This means that the number of people
below the poverty line has grown at the same rate as population.
It also implies that the labor demand curve has been shifting out
at the same rate as the labor supply curve: the second Mal-
thucian race, 1n other words, has been "neck and neck".

In the next section, we do not attempt to explain these
facts, only to document them. Then we advance a hypothesis about
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the future outcome of this race. The hypothesis is that, regard-
less of what has kept this race 1in equilibrium in the past, the
situation is 11kely to worsen in the future unless the rate of
growth of population is reduced. The reason 1s that we expsct
the demand curve for agricultural labor to shift out at a
decreasing rate as India shifts toward a biochemical mode of
agricultural production while the supply curve for agricultural
labor will shift out at about the same rate as in the past.
Thus, as the demand for agricultural labor falls progressively
behind the shifting labor supply curve, an increasing amount of
surplus agricultural labor will be generated. In order to main-
tain the same rate of employment in the economy as a whole, the
non=agricultural sectors must therefore grow faster than in the
past. In the last section of this chapter, we estimate the
required rates of growth of economic sectors for employment gen=-
eration under various conditfons and conclude -that, with the
present rate of popluation growth, perhaps the best that can be
expacted 1s that the state of employment and poverty 1in India
will be about the same in the year 2000 as it is today.

Poverty in India

The title of this section refers to the classic work by Dan-
dekar and Rath (1971), which was the first systematic study of
poverty 1in India, and which has formed the basis of most sub=-
sequent studies. . _

Dandekar and Rath assumed an RDA of 2,400 calories per’
capita per day as the minimum nutritional requirement for the In=-
dian population. They found through empirical studies that
people consuming at this level spend 80% of their total income on
food (60% on foodgrains), which leaves only 20% of their total
income for all other necessities, such as shelter, clothing,
cooking and heating fuel, and the like (also see Appendix C). In
terms of per capita per manth earnings in 1985, the poverty 1line
in Indifa is about Rs. 113 (U.S.$9.00) for urban areas and Rs. 98
(U.S.$7.80) for rural areas. However much one may question the
RDA on which this poverty line is based, no rational person would
disagree with the fact that people below this l1ine are, indeed,
"poor",

Montek Ahluwalia (1978) analyzed trends 1in India's rural
poverty over the period 1956-1974, He concluded: "The major
findings are that there has been no trend, up or down, in the in-
cidence of absolute poverty over the period, but there has been
considerable fluctuation, with the incidence of poverty inversely
related to agricultural performance."

AhlTuwalia's estimates of poverty in rural India are given in
Table 5a. Estimate I in the table uses the all=-India ‘poverty
1ine for various years of the NSS consumption distribution for
rural Indfa. Estimate II uses a weighted sum of the estimated
percentages of poverty in individual states, obtainad from the
NSS distribution for 1individual states and the state-specific
poverty line. As Ahluwalia argues, Estimate II is a better es-
timate of rural poverty in India than Estimate I because there
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Table 5a

Percentage of Rural Population in Poverty

. Estimate I Estimate II
‘Based on All~ Based on State

India Poverty Specific Poverty

Size of the Poverty Population

(Millions)

Derived from

Source: Afluwalia (1978) adapted from Table 2, p. 15.

-

Line Line Estimate I Estimate J1
1956-57 54.1 N.A 181.0 “N.A.
1957-58 50.2 53.4 171.4 :182.4
1958-55 46.5 N.A 161.8 NLAL
1559 -60 4.4 48.7 157.6 172.8
1960-61 38.9 42.0 141.2 152.4
196162 39.4 42.3 145.9 156.6 .
1963-64 44.5 49.1 171.4 189.1
1964-65 46.8 50. 4 183.8 197.9
1965-66 53.9 51.1 215.9 204.7
1966-67 56.6 57.4 231.2 234.5
1967-68 56.5 57.9 235.3 241.1
196869 51.0 53.5 216.6 227.2°
1970-71 47.5 49.1 209.5 216.6
1972-74 N.A 47.6 N.A 221.3



were substantial differences in prices in the base year and be-
cause 1nflation occurred at different rates across states.

A striking result from Ahluwalia's study is the large fluc=
tuation over time in the incidence of rural poverty. It ini=
tially declined from over 50% in the mid=1950s to around 40% 1in
1960-61, rosa sharply through the mid-1960s, reaching a peak 1in
1967-68, and then began to decline again.

Ahluwalia's analysis over this period clearly shows that
there 1s no discernible trend in the incidence of poverty. The
incidence of poverty falls in periods of good agricultural per-
formance -and rises in periods of poor performance. The analysis
of the time pattern of poverty in individual states shows it fol-
lows the pattern of fluctuation described for India as a whole.
The percentage of the rural population 1in poverty by states is
given in Table 5b. :

According to Ahluwalia, the evidence concerning the
relationship between rural poverty and agricultural performance
1s somewhat mixed. As he says:

Much depends upon the level of aggregation at which
the analysis 1s conducted, with the all-India results
presenting a somewhat different picture from that ob=-
tained at the level of individual states. At the all-"
India level, there is strong support for the hypothesis
that the incidence of rural poverty is inversely related.
to agricultural performance....While this correlation
does not establish the causal mechanisms involved in the
process, 1t does suggest that faster agricultural growth

*might have led to a reduced incidence of poverty.

The state-level analysis presents a somewhat dif-
ferent picture. On the one hand, we find a significant
inverse ‘relationship between growth and poverty in at
least seven states accounting for three-fourths of the
rural poor. On the other hand, the state-level analysis
also shows that thers may be processes at work in the
rural economy which tend to increase poverty over time
{(pp. 39-40).

This last sentence is the subject of the next section.

27



Table 5b

PERCENTAGHE OF RURAL POPULATION IN POVERTY BY STATES

1957-58 1959-60 1960-61 1961-062 1963-64 1964-65 1965-L0 1966-67 1967-64 1908-69 . 19/0-71 1973-24

Andiira Pradesh 53.5 4.8 50.1 4.2 45.6 41.5 45.4 £7.9 4.0 41,3 a0 39.8
Assam ‘. 28,0 N.4 25.6 29.4 .4 26,2 31.3 6.8 3.4 W3 3503 39.3
Bidar _4 59.7 55.7 41.5 49.9 52.3 54.3 59.4 4.4 0.9 594 590 s
Gujarat ' v 41,5 3.6 39.7 45.7 _49.8 50.7 sh.l 50.8 425 .38 S 35.6
Karnacaka al. 48,9 39.1 5.4 50.5 55.1 63.9 5.5 56.9 suatnz 6.9
Kerala 62.3 7.8 503 52.5 6.7 70.7 o1 e3s o-.e ozu -9.3
Radhya Pradesh sh 46,4 4.8 40.0 43.6 42.1 41.2 58.2"  ,62.3‘» 56,0 f?;siig 52
Maharashira Yy sa.s 48.4 . 43.6 48.2 59.1 '57.8 63.2  s57.2 ~"'7 '5?;;'13’??"“‘k:‘::;‘ » 43.8
Orissa 66.6 63.4 62.4 49.3 - 60.0 -  61.9 2.} eh2 66.7 ‘711_:‘.‘2"_},"',’ 650 55.0
I ruajab s Baryana? 8.0 .2 18.8 22.3 29.4 26.5 26.5 295 339 v;_zl{"-o "-.,';;_23'.6 2300
Rajasthan - 33.4 n.a. 32.3 13.0 32.6 3.8 I8 A 35 e . ane 238
Tamil Radu . 67.8 64.4 53.9 51.0 52.0 ©  s7.4 59.5 ;oz.ﬁ'ir ’ "g".su.‘i? ;'fleo.a’.»_:. ;’57.3 C o LE3
Uttar Fradesh 52.3 36.7 3.9 35.4 56.6 53.7 a7t 53.2 0.2 4.8 406 "3
__West Beagal - 62.3 61 .4 40.4 .58.3 - 63.3 ' 64.0 36.5 633 -‘?}86;1 7%.9- '2'1‘0“.1 62.0
1EDIA . T N R IR v

Estimace 11 53.4 41,7 42.0 42.3 49,1 50.4 Sl ST.e = SST9 iSRS as o ge e

(Weighted Averapes)

Bomhay State 1ncluding both Mahavashitra and Gujarat. The poverty jucidence for Buwbay State iz 66.2 and thin Figuse has been used with the
combined weights [oc Gu)arat and Maharashtra to calculate the all-India weighted average, o

1/ Figures for Gujarat aad ‘Maharashira are not available ‘separately for the year 1957-58 siace NSS'rhhui#Llhnu'tnf that ‘year refer co the old

1/ NsS data report a single distribution for the old Puajab State (including iHaryana) up to 1963-64, after which separate distributions are
reportcd for Punjab and Warvana, The puverty incldeﬁcc for the years after 1963-04 is based on 3 pooling of the data for the two staLes.
using rural populatians of Punjab and Haryana as recarded in the 1971 Census as weights, It should be noted, however, that parts o1 the oid
Punjab Stares were nerged into Himachal Pradesh and the Union Tervitory of pelhi, Our procedurc ignores this problem but the error g likely
to be extremely small. Source: Ahluwalia (1978) '



‘Modes of Praoduction

There are three distinct although interrelated modes of
agricultural production, and each can have considerably different
effects on employment.

First {s the "resource-intensive mode", where production fis
Increased through the application of more and better quality Tland
and water resources. Land resources are i{ncreased through new
cultivated area (net area) and multiple cropping (gross area).
Water resource 1inputs are increased through 1irrigation and water
conservation measures and technologies.

Seconu 1s *h2 "piochemical mode". Here, yields 1increase
through the application of improved seeds, fertilizers (including
natural fertilizers), and pesticides to the same land and water:
resources. The biochemical mode can also contribute to the
resources mode through shorter duration and more drought~-
resistant varieties .of plants, and by bringing poor soils {nto
production through fertilizers, more suitable varieties, and the
11ke.

Third is the "mechanization mode". This mode should be °
divided 1into two submodes: labor=-increasing mechanization and
labor-saving mechanization. The distinction depends upon the to-
tal effect of mechanization on agricultural employment. An ex-
ample of labor-increasing mechanization is pump {rrigation, which
Induces high labor use in irrigated agriculture. An example of
labor-saving mechanization 1s the- use of tractors for shallow
ploughing~~a number of laborers with spades could do the same
Job, 1n the same time. An 1intermediate case {is mechanical
threshing. If it speeds harvesting activities so that a second
crop can be planted, it is labor-increasing through its effect on
employment in the second crop. If it does not, it may be purely
labor-saving.

Agricultural systems tend to evolve through these three
modes sequentially, as stages. Thus, as the costs of developing
new land and irrigatifon facilitias increase, investments are al-
located more to yleld=1increasing biochemical {nputs. As 1labor
costs rise and increased yields Justify the costs, 1{nvestments
are allocated to labor-saving forms of agriultural mechanization.
But the sequentfal nature of these modes {s more a matter of
degree than of absolute stages. Thus 1rrigation, biochemical
fnputs, and mechanization may all combine to increase multiple
cropping through 1improved water regimes 1in dry seasons, shorter
duration and drought-resistant plant varieties, and rapid harvest
and land preparation activities between crops. .

Nevertheless, 1f information 1s available, it is possible to
separate each of these modes, even {1f they overlap, and to es-
timate their differentfal {impacts on agricultural employment.
For this purpose, the essential concept 15 the employment elas-
ticity of production: the percentage change 1n employment
divided by the percentage change 1n production. For example, If
employment elasticity 1s one, then a given percentage increase 1in
production 1is accompanied by an equal percentage 1increase 1n
employment. On the other hand, if the elasticity is only 0.20,
then employment increases only 20% as rapidly as production.
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Thus the concept of employment elasticity provides the bridge be-
tween the growth of employment and the growth of production over
which most of the effects of interest here flow.

The subject of .employment elasticity in Indian agriculture
may ‘first be approached analytically and then, with much more
difficulty, empirically.

Analytically, the important distinction is between fixed and
variable labor inputs in agricultural operations. For example,
when new land 1is brought into production or non-irrigated land is
irrigated, 1labor "input may increase even more than propor-
tionately to the.increase in production, so that employment elas~-
ticity is above unity. But after this transformation 1s
complete, most of the pre-harvest labor inputs 1involved 1in land
preparation, interculture, and irrigation are essentially fixed
costs that do not vary substantially with further increases in
yleld. On the other hand, in the absence of mechanization, har-
vest and post-harvest operations do vary roughly 1in proportion to
yleld. Much the same is true in the transition to more intensive
use of biochemical {inputs. At first, the farmer, encouraged by
high ylelds, 1invests more 1labor 1in pre~harvest operations, but
then as dimishing returns set 1n, labor input stabilizes. In
this case, the effect i1s complicated by the fact that chemical
fertilizers and pesticides may reduce pre-harvest 1labor input
from that required by natural manures and hand weeding. Thus, on
a per crop basis, the employment elasticity of pre-harvest opera-
tions would be expected first to increase in the transition stage
to higher yields, but then to decrease as ylelds continue to
increass. On the other hand, the employment elasticity of har=-
vest and post-harvest operations would remain about the same
without mechanization--or 11kely decrease with mechanization.

Since pre-harvest operations typically constitute about two=
thirds of total 1labor input 1in agriculture, the prospect that
employment elasticity would be expected tn decrease as yield 1in=-
creases 1s a proposition of considerable significance to the
prospects for the demand for agricultural labor. It means that
as countries shift from the resource mode to the biochemical
mode, the rate of growth of agricultural production must increase
to compensate for decreasing employment eleasticity to maintain
the same rate of growth of labor demand. As Alice says, "We must
run faster and faster just to stay where we are."

Historical data on agriculture in Japan, shown 1in Figure 5b,
11lustrate the 1ssues at stake. While the value of agricultural
output per hectare doubled from 1880 to about 1955, Jlabor input
per ha hardly changed at all, resulting in an employment elas-
ticity of zero. After 1955, output increased by about a third,
while labor input substantially decreased, due to mechanization,
resulting 1n negative employment elasticity.

Unfortunately, while there are innumerable studies of labor
Tnput per unit of land 1n the published 1iterature on Indian
agriculture, there are almost no published studies of labor input
per unit of output at the farm level. And while there are many
studies of 1labor 1{input per unit of land or yield per unit of
land, there are very few that give hoth input and yleld under
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varying conditions so that employment elasticities can be
computed.

For this reason, before proceeding to the l1imited data
available for India, some exceptionally 1interesting data on rice
production and yield in Indonesia may be reviewed. This data has
been gathered and compiled by Collier (1979). Table 5¢c shows a
‘selection of Collier's data, selected mainly for these cases
where yield data is provided.

First, there 1s the data from a study of a farm in East
Java, 1n 1878, Unfortunately, yield is not reported. But 1t is
interesting to see that total labor 1nput per ha was as high on
that farm, at that timas, as in all but four of the more recent
cases=~-and most of the recent cases were much lower.,

The next set of data is from the perifod 1924-1930. Average
labor input per ha per crop was 1540 hours, with 63% 1in pre=
~harvest operations and 37% in harvest and post-harvest (HAR)
operations. The average for all of Collier's cases 1s also
shown, The selection here appears to be reasonably repre-
sentative of the total.

The last data set 1s for the same farms in 1569, divided be=-
tween those using local and high-yield varieties (HYVs). It 1is
clear that there 1s no significant change between periods or
varieties 1in terms af total labor input per ha, or its division
between pre-harvest and harvest and post~harvest operations.
However, there were some changes within operational categories,

Finally, employment elasticities with respect to yields are
calculated for the operations between the two periods and between
local and HYVs. Between periods, employment elasticities were
positive for all operations excapt harvest and transplanting. As
Collier notes, the change from the traditional, razor-like ani=
ani to scythes 1n crop harvesting resulted in some labor saving.
This may have been supplemented by mechanical threshing. Why
labor input per ha for transplanting decreased 46% is a mystery.

In the change from local to HYVs, elasticities are negative
for all operations except weeding and harvesting. The positive
elasticity for harvesting 1n this case, in 1ight of the above, 1s
again a mystery. ,

None of this evidence is conclusive in detail, but perhaps
the grand total provides a reasonable basis for 1inference. If
so,» 1t appears that employment slasticities in Indonesia, both
over time and with improved technology, are zero or negative even
with rather small changes 1n labor-saving mechanization.

Lastly, the few bits of data that this study has been able
to find for Indfa are shown in Table 5d. First, the effects of
the change from traditional to HYVs for wheat and rice are shown
in Section A of the table. The employment elasticity varied from
0.58 to 0.18 for wheat; and, like the Javanese data, 1s zero for
rice. In the case of the change from non=irrigated to irrigated
wheat shown in Section B, the employment elasticities are, as
would be expected, very high. Indeed, three of the five cases
have an average elasticity of about 1.30, while the fourth s at
0.83. The very low elasticity of the fifth case makes it a
decided outlier which probably should be rejected.

Thus 1t 1s clear even from this 1imited evidence that the
effects of 1ncreased agricultural production on agricultural
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employment very much depend on which of the three modes, or com-
bination of modes, prevails. The resource-increasing mode gen=
erates a large amount of employment, with elasticities of over
unity in the 1nitial stages of development and continuing high
laber 1inputs thereafter. The biochemical mode 1is subject to

decreasing elasticities that perhaps approach a lower 1imit at

around 0.30 set by harvest and post-harvest labor requirements.

Last, the labor-saving submode of mechanization may create nega-vli

tive employment elasticities.

In conclusion, the future demand for agricultural labor 1n
India will depend on the degree to which agricultural production
proceeds along the three modes of resource development, biochemi=
cal {nputs, and labor-saving mechanization. Given the lack of
data on actual employment elasticities, it is impossible to make
exact estimates. But as Indian agriculture develops progres=-
sively away from the resources mode to the biochemical mode, the
direction of change 1in employment elasticities will almost cer-
tainly be downward--whether labor-saving mechanization develops .
or not. This, in turn, means either %that the rate of growth of
agricultural production must accelerate in compensation, or the
other employment sectors must accelerate, or both, if the same
rate of employment of agricultural labor is to be maintained 1n
the future. This issue 1is the subject of the next and last
section. '

Brospects for Employment in India

In this brief concluding section we attempt a very rough es=-
timatation of the employment situation to the year 2000. This is
the approximate time through which the rate of growth of agricul=-
tural production 1s expected to be about 2.7%, according to the
analysis of the preceding chapter, after which it decreases. We
describe this as the employment "situation™ rather than "outlook™
or "projection" because the intent here is to attempt to define
required rates of growth of the non-agricultural sector to main-
tain the existing employment situation without pretending to know
exactly what this situation actually fis. Thus this section is
more a test of the sensitivity of possible future employment out-
comes to specific conditions than a predictive effort.

The basic employment assumptions and their possible results
are shown 1n Table 5e. Perhaps the best place to begin 1s with
the forecast of labor supply, based on GOI estimates, in Row 6.
It is seen that total labor supply is expected to rise from 224
million 1n 1950 to 376 million in 2000, an increass of 69%.

Row 7 shows that the estimated amount of underemployment
(including unemployment) 1in 1980 is 73 million standard person=
years, an underemployment rate of 33%. Although this figure
really 1s not known, 1t 1s assumed for the moment that 1t {is
valid. Given a 2.7% rate of growth for the agricultural sector
and 7.2% for the non-agricultural sector, underemployment will
rise to 106 million 1n 2000 with constant employment .
elasticities. If agricultural employment elasticity falls from
0.67 to 0.40, underemployment will rise to 121 million person-
years. , The rates of underemployment for these elasticities are
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‘Table Se

.Yea‘r_‘t‘ :
1979-80
l. Agricultural . ;6;57}
2. Non-Agricultural . 0.56
(In Mi11ion Standard
Person-Years) B
3. Agricultural 80.33
4, Non=-Agricultural 70.78

5. Total Employment (3&4) 151.1
6. Total Labor Supply#** 224,06

7a. Underemployment 72.96
7b. Additional Under-
Employment ——-

8. Required Growth Rate

of Non=Agricultural

Sectors to Absorb A1l

the Surplus Labor -
9. Agricultural Employment

as 2 of Total '

Employment 53.16
10. Required Growth Rate .

of Non-Agricultural

Sectors to Absorb

Only the Addition to

Labor Surplus (1.e.,

Underemployment ‘

-72.96) ——
ll. Row 10 minus the

Planned Growth Rate in

the Non-Agricultural

Sector (7.16%) ——-
12. Additional Investment

Required 1n the Non=

Agricultural Sectors

(over the planned

growth rate of 7.16% pa)

(in Trillion Rupees) cme
13. Required Increase 1in -

Annual Investment 1in

.Non=Agricultural

Sectors as % of

Planned Investment for .

7.16% Growth Rate - m—

* Notes on the next page.

114.97
155.37
270.37
375.81
105.47

32.51

12;03

42,53

1.7

2.16

S0 41.94¢

- 0.56

99,58
155.37
254,95
375.81
120.86

47.90
12,58

39,06

‘9,67

61075 -



NOTES:

Sixth Plan prdjeétjonfof,nbd-agriéaqura1igﬁbwthfdun1ngglgao§§$
is 7.16%., . coian . B
Our estimate of long=-range agricultural ‘growth based on the"

analysis of last three decades df‘growtho“2@7%:¢f

* Based on the Sixth Plan Document. - ; o

*% Based on Agricultural Commission projection of participation
rate of 35.9% in 2001, _ '

*¥%**  Sixth Plan projection of investment in non=agricultural
sectors during 1980-85 equals 1,287,280 million Rupees, for
an average annual investment of 257,456 mil1lion Rupees.
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28% and 32%, respectively, slightly lower than the assumed rate
- for 1980. ; ‘ :

Row 9 shows the rate of growth of the non-agricultural sec-
tor that would be required to absorb all the assumed
underemployment. These are very high rates, over 12% pa. Also,
as shown 1n Row 9, the percentage of the work force employed 1in
agriculture would decrease from 53% {in 1980 to around 40% 1n
2000. - This would break another remarkable constant 1in Indian
economic history=--namely, that the percentage employed 1in
agriculture has been between 50% and 55% throughout this century.

But perhaps the above objective of full] employment 1s too
ambitious, especially since the present extent of underemployment
in agriculture {is really not known. Row 10 shows the relevant
growth rates required to employ only the addition to the work
force over the 1980-2000 period. The required rate of growth of
around 9% 1s not 1mpossibly high, although 1t 1is substantially
above past rates of growth of the non-agricultural sector about
5.6% pa over the past decade. .

Although 1t may at first seem odd, Row 1l shows that a
decrease in agricultural employment elasticity from 0.67 to 0.40
can be compensated for by only a 0.74% {increase in the rate of -
growth of the non-agricultural sector. This is because the
growth of the agricultural sector fis very low relative to the
non-agricultural sector. However, this {impression can also be
deceptive in terms -of investment requirements for the two
sectors. The Planning Commission estimates that one million
rupees invested in agriculture generates 45 standard person-years
of employment compared to only 15 vears for the non-agricultural
sector. Thus, as shown in Row 13, the decrease in agriculture
employment elasticity would require the amount of investment
needed to employ the additional work force to rise by about one-
third, or (Row 12) by about one trillion rupees (U.S,.$80
bil1ion), over the twenty-year period. ‘

In conclusion, 1t must be emphasized again that these are
only rough calculations designed primarily to provide a feel for
the situation. Perhaps all that can be said here 1s that even
under the best conditions 1t will be difficult for India to hold
the 1ine on employment and poverty, and the situation could get
worse. On the other hand, if birth rates could be substantially
reduced, labor shortages could develop 1in the next two decades
and India would be well on the way to solving the problems of
employment and poverty.
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Appendi§ A; fH}§ibr1ca1’Bédkground

Table Al shows the basic historical data referred to in
Chapter 1. There are a great variety of estimates of percapita
foodgrain production in early India, some of which are shown 1{n
Table A2. We have not been able to explore this problem in the
depth we would 11ike, but we do feel that these estimates are
reasonably close to the truth and that the general patiarn (if
not precisely the atsolute level) of per capita feoodgrain produc~
tion shown in Figure la of the text is accurate.

The statistics on foodgrain production from 1901-1950 are
from Sen (1971, Annexure II, pp. 16-19). This data is based on
"Studies Made by the Directorate of Economics and Statistics of
the Ministry of Food, C.D., Cooperation and Agriculture and the
Agro-economic Research Center, Delhi University" (Sen, 1971, p.
2). We are grateful to S. K. Ray for background 1information on
this series.

The data 1s divided into twn series. Series I {is for
"undivided India"™, 1901-1948., Series II {is for the "Indian
Union", 1937-1966. Because the objective here is to compile a
continuous series for present-day India (which- is assumed to ‘be
the same as for the "Indian Union"), Series I must be spliced
into Serifes II. Why this was not done at the time is not known,
but fortunately, the two series overlap for the perfod 1937-1949,
On the average, Series II 1s 90% (+2%) of Series I over this
period. This 1s also the percentage difference in the base year,
1945, used for compiling index numbers for Series I. Therefore,
1t 1s assumed that if Series I is reduced by 10% for the period
1901-1936, the resulting figures represent foodgrain production
1n that period 1n terms of the present Indian nation. )

For the period 1950-1966, a special MOA-adjusted series has
been used (MOA, Appendix E). This data corresponds reasonably
well with Series II where it overlaps. Finally, for 1967-1985,
routine MOA data 1s used.

Heston (1984) discusses various estimates of agricultural
production in India, including his own, shown in Table A2. Blynn
estimates net total foodgrain production in 1901 at 230 kg per
capita for undivided India. If Blynn's net is about 10% of
gross, this estimate is virtually the same as that used here for
present India., Sivasubramonian's estimates do not 1include all
foodgrains,

Heston's low estimates are based on the assumption that
foodgrain yield did not increase in the period. In 11ght of the
large expansion of irrigation during the period, this is a most
questionable assumption. Heston also argues that, while per
capita foodgrain production did decrease from the early part of
this century, 1t must not have decreased substantially because
real prices did not rise. But -demand {is a function of {ncome,
not Just needs and increasing prices of non-foodgrain
necessities, discussed {n Chapter 2, may have absorbed effective
demand. This, together with lower wages from increased labor
supply, may have prevented prices from rising.
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Table A2

Some social and economic indicators for India, and other countries
(selected years, 1857~ 1946)

S 04 s — - cm—
-+ S—— B —

1857 1871 1881 1891 1901 1911 1921 193 1941 1946 -

e ————————————s w——
B ———————1

(1) Popuistion (mil) | T 2426 2552 2574 2820 2853 3033 3057 © 3382 " 3890 4123 -

(2) Per capits income (1946-7 prices) 133.6 140.3 144.1 155.6 175.8 173.4 184.8 174.8 177.4
Nutritoa and health

Net svailshility of foodgrains
(3) Blyn-British India tons perfpers=aijyeas 0.20 0.23 0.23 022 020 0.6 0.16
(4) Sivasubramonian India toas ' ’

pet/persoa/year 0.20 0.20 0.20 0.18 0.15 0.14
(5) Present study India tons per/person/yesr 0.17 . 0.8 0.18 0.17 0.15 “0.16
(6) Expectstion of life of male age 0 237 4.6 23.6 226 19.4 26.9 321
(7) Expeciation of life of male age 10 . 4.0 358 7 334 26.7 36.4 41.2
@) Infast morcality raze 05 198 7 160
Educstion
(9) Number of students - all levels (000) 189.5 264.4 385.7 41,7 678.0 838.1 945.4 1577.0




Appendfx B.’ Predipitationiand Agricultural Production in India

Research 1in the relationships .between precipitation and
agricultural production in India was pioneered by Cummings and
Ray (1968) and extended and refined by Ray (1983). Sanderson and
Roy developed a separate index to 1977. These indices are very
thorough and comprehensive aggregations of precipitation data for
all the states, weighted by the contributions of each state to
crop production by seasons. A disadvantage of these indices is
their very thoroughness: they require a great deal of data and
computation. For this study, we attempted to develop a simpler
index that could easily be used for recent years, where the other
indices are not available. We arrived at an even simpler 1index
than. we thought possible, and, as shown in the text, it has
worked quite well 1in analysis of foodgrain production over the
period 1954-1984. S

Table Bl provides the relevant data for this appendix.
Figure Bl compares the Ray index, the Sanderson~Ray (S=-R) index,
and the Seckler~Sampath (S-S) index. In general, the three {in-
dices move together, but the S-S index tends to be more volatile
than the other two (except for 1957). The major reason for this
1s the much smaller number of states and seasons used in the S-S
1ndex, as explained below, thus reducing smocihing effects due to
averaging over large numbers.

Figures B2, B3, and B4 show the residuals from the (log)
trend analysis of foodgrain production of Chapter 3 expressed as
a percentage of actual foodgrain production for the year, 1in
relation to the three indices. It 1s difficult to interpret the
S=S 1index directly because of the upside~down "U" function
described in Chapter 3. However, a discrepancy occurs 1in 1977,
where the foodgrain residuals are lower than would be indicated
by the S-S 1index. In this case, the other indices would have
been better, but 1t 1s not clear that this is %rue over all the
observations.

In developing this 1index, we regressed a great variety of
precipitation variables, defined in terms of states and seasons,
against the residuals shown in Figure B2. Our first surprise was
that the only significant seasonal precipitation variable (at
this aggregate level of total foodgrain production) was the sum-
mer monsoon. Precipitation in the pre- or post-monsoon periods,
or the winter season, was not significant. This does not mean
that precipitation in these other seasons 1is not important. It
only means that the summer monsoon: (a) determines a large part
of the total variability in foodgrain production; (b) may serve
as an indicator of precipitation conditions 1n other seasons; and
(c) may 1{nfluence soil moisture and frrigation conditions for
later seasons. In the latter connection, it is important to note
that most of the reservoir capacity of India, and, therefore, an-
nual frrigation supply, i1s determined by the summer monsoon,
which supplies about 70% of India's total precipitation. This
effect, together with the effects on soil moisture conditions,
gives the summer monsoon a good deal of influence on production
In the post-monsoon period. If this finding is borne out by more
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TABLE 81 RAIN AND FOCDGRAIN RESIDUALS
W NONSODN (JUNE ! TD SEPT 30) Lol
GROUP [ GROUP II 1 I1 AV6 5-5 RAY S-R  FG RES FG PROD RES 2

YEAR ¥8 ORRISA BIHAR UP PUNJAB  AVE  AVG INDEX INDEX [INDEX T MT FG PROD
1951 : -11 L ’
192 -3 oC I B B YA T [ S} 82

1953 2 0 3 -2 =3 2 -3 ¢ -7 =3 39

1954 & -5 6 15 18 2 14 9 3 3 .83 0 8.3
1995 =13 =18 <7 -8 =12 <12 <10 -1l -5 <4 217 &8 L19
1956  -1a 7 -8 17 4 |5 5 30 9 -0.53 67 =079
1957 18 28 11 E 72 19 .5 120 0S8 19 072 70 1.03
199 <7 =B <l <% B =22 <ld -1 <23 <15 <T.07 b -10.05
1959 -2t -6 -1l -1 A -6 10 <3 ) 1 409 77 53
1960 11 -17 <23 <19 14 -0 -2 - {1 ) 2.21 77 W
151 -4 18 ) 1% 4 17 10 0 2 520 82 &4
1962 -1 B -t -4 9 2 3 2 18 0 226 83 i
1983 <20 12 10 13 23 -4 5 -4 9 -4 <074 80 -0.93
1964 -8 2 -1 14 § -4 10, 3 -2 -4 -1,83 81 -2.2
1965 13 -1 - 6 S0 5 8 12 < 5 £03 89 453
1966 =10 =35 <17 =31 -4 -2 e S <3 2% <1547 72 -21.07
197 =29 30 4%  -19 b <36 =6 =2 A =17 -15.42 74 -20.84
1968 -1 -2 1% 8§ <33 -1 .13 -0 [ 3 .7 95 344
1989 14 14 -9 19 b =3 =T <5 -8 -l 0.1 94 -0.11
197¢. <2 -5 11 & =3 2 ! | i - .47 100 3.4
1971 3 <5 -8 <3 -3 0 <9 -5 | [ 8.97 108 8.1
192 U -4 7 3 12 12 19 15 { [ 41 105 325
1973 =4 ~fl  -40 -8 <14 18 A =20 12 14 -1.2 97 -7.43
194 & 20 12 2 -2 38 ! 19 1 3 -L91 105 -1.82
1975 S-M -7 -l S35 <120 - <18 200 I3 -9,67 100 -9.47
1974 2 -3 2 A 4 -4 3 12 7 .10 8.4 121 7,02
1977 <17 -la 1 1 80 -1f M| 100 <9 <10 -4,41 111 <397 -
1978 -4 =2 <14 =20 7 -3 § -5 3 0 7.8 126 4,03

1979 4 -8 3 18 ] 12 22 17 12 10.54 132 7.98
1980 T =17 -1 <30 -3 -l6 M <30 b =6 110 -13.27
981 & 13 12 33 4 10 39 25 .18 130 1.68
1982 P ] 3 -0 -} & =22 -8 .88 133 L4
1983 -ls 4 0 -3 -0 -7 - Sl -6, 31 128 -5.09
1984 -2 i -0 - -8 -4 -6 14,00 152 9.2
1985 10 4,44 146 3,04
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detailed studies, it provides a means for an early warning system
based on monsoon precipitation alone. '

Second, we found that most of the variability in foodgrain
production could be acceounted for by variations in the summer
monsoon in the five major foodgrain~producing states of the
northern tier of India--namely, West Bengal, Orissa, Bihar, Uttar
Pradesh, and Punjab. These five states account for about 50% of
the rice production and 70% of the wheat production in Indfa. It
1s reasonable to think, because of the problems of water manage-
ment {in the first four states, that a good part of the total
variance in rice production in India is from these four states,
although we have not investigated that question thoroughly.

Table Bl shows the method of computation of the S-S 1index.
The index 1s based on the percent deviation from normal
precipitation of the summer monsoon for these five states. The
states are divided into groups I and II, as shown, and the
average of each group {is taken; then the average of these two
averages becomes the index (a simple average would do as well).
We have explored more sophisticated formulations (it is not dif=
ficult to come up with them!), but they do not yield better
performance, so far as we can determine, varfables at this level
of aggregation. ,

Finally, we would 1ike to call attention to a peculiarity 1in
the precipitation data that could be of considerabie
significance, but is far beyond the scope of this study. It ap-
pears that the percent deviation from normal of precipitation in
the post-monsoon season had a substantial downward bias from 1964
to 1972, and then either recovered to normal variations around
the mean or has been trending upward. Such cyclical variations
1n the various seasons deserve more attention.
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Appendix C. Poverty an&3the FdodgFa1ﬂ-Suhp]ﬁSj

The data used 1n this appendix 1s from the National Sample
Survey (NSS). While there are major problems with this data
(Minhas, 1974), it 1s all there is.

The NSS data on foodgrain and non-foodgrain consumptions ex-
penditure 1n 1973-74 at 1973-74 prices 1is shown 1in Table Cl for
rural and urban areas, by various expenditure classes. This data
indicates that about 50% of the total population 1n both areas
consumes less than the RDA, valued at Rs. 49.09 for rural areas
and 56.64 for urban areas, for these years. '

According to the 1973-74 NSS consumer expenditure study,
roughly 56.5% of the total expenditure by the bottom half of the
population was spent on cereals and about 5.4% on pulses, result~
ing 1n more than 60% of total expenditure on foodgrains. The ex-
penditure elasticity of demand for foodgrain 1s 0.97. In other
words, when the expenditure for this bottom 50% of the population
goes up by 1%, the demand for foodgrains from this group goes up
almost proportionally (to be exact, by .97%). Using the NSS es=
timates of total foodgrain consumption for 1973~74, the share of
the bottom 50% of the population is estimated to be 42.48%. o

The Sixth Plan document states (on the basis of consumer ex=
penditure data made available from the 32nd NSS rural rounds con-
ducted in 1977-78) that thers had been virtually. no change in the
percentage of people below the poverty 1ine. By assuming that
the distribution has remained constant in 1984-85, we have worked
out the demand for cereals if the income of all the people below
the poverty line were increased to poverty line in the year 1984-
85. These estimates are shown in Table Cl.

Using the NSS data (Tables 1.27R and 1.27U from the 28th NSS
round on consumer expenditures in rural and urban areas), we es-
timated the total number of persons in each expenditure class for
rural and urban areas. Then by multiplying the average quantity
of cereals consumed {in each expenditure class by the number of
persons in that class, we get the total cereals consumed by each
class. Summing across all the classes gives the total consump=
tion of cereals in rural or urban areas; their 'sum gives the to-
tal cereal consumption in the country.

We then calculated the extent of deficit in cereals consump-
tion 1n each expenditure class below the poverty line in terms of
percentage deviation from the minimum. Because, as already
mentioned, the expenditure elasticity for cereals i{s found to be
near unity 1n these groups, 1increases in per capita expenditure
for each class to raise i1t to the minimum poverty 1level will
result in a proportional 1increase in expenditure and demand for
cereals, Thus, for example, for the Rs. 0-13 expenditure class,
.whose consumption expenditure 1s 85.1% below tho poverty line, an
85.1% increase 1in expenditure to raise it to the poverty- 1ine
will increase {its demand for cereals by 85.1% from the current
level of consumption of 0.129 million tons to 0.330 million tons.
Thus, removing the deficit in the level of consumption expendi-
ture for each class below the poverty 1ine will result in a total
increase in the demand for cereals by about 13.188 million tons
n rural areas and by about 3.111 million tons in urban areas,
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for a total increase of 16.3 million tons. This is 1.3 MT more
than the current surplus available. The detailed computations
pertaining to this discussion are given in Table Cl.
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TABLE C1

POVERTY. AND CEREALS REQUIREMENTS, 1973-74

EXPENDITURE CLASS RS PER MGNTH PER CAPITA S
200+ TOTAL TOTAL -~

TOTAL ADDITIONAL

CZREALS RESUIRED

0-13- 15 18 31 24 28 34 4y 53 75 {00 150 200
NO. HOUSHCLDS SAMPLED - (RP33 JRP3S
PURAL 35 49 145 272 412 749 1593 2760 3113 3183 {704 1025 285 147 15487
URBAN 9 10 20 26 32 188 413 940 1283 647 1200 1189 47 413 788t
TOTAL 4 39 a8 2@ ATy SMT 2008 370G 43%E 42lD 298¢ i94 TI2 IR0 23348
HOUSEHOLD SIZE '
RURAL T 8,35 5,687 &.03 6,98 .32 6,05 8,81 5.6 5.4 L1 4T 413 377 3.3
URBAN 1.86 3.77 &.21 7,17 7.5 &3 4T SO0 LA 5 21 4,36 3.29 .74 2.4
NUMBER FERSCKS SAWPLED
RURAL 272 288 874 1654 2398 4531 14034 15456 16B10 16315 BOO? 4285 949 526
URBAN {7 38 104 186 458 1102 2698 3843 7376 8331 5430 3846 1280 991
TOTAL. 289 325 979 1840 2644 Sh34 14732 21105 24186 24396 13457 8151 2228 1547
_POPULATION (MILL) '
RURAL 1,89 2 6.12 11,51 16,82 31.75 64.56 108.3 117.7 (14,3 56,11 30.03 6&.64 3.72
URBAN 07 0,18 0,5 0.88 2,23 5124 12,35 26,91 35.14 40.36 25.96 18.32 4.1 472
TOTAL 1.96 2.18 6.62 12,49 19.05 37.01 77.11 | 5 2 152.9 135.2 82,07 48,35 12.74 8.4
PER CAP CONS CERALS
(KB) PER ANNUM
RURAL 58,4 76,9 102,6 121.4 132.9 145.6 161.4 177.9 203.4 215.2 243.8 259.3 273.6 337.8
- URBAN 31,2 63.8 83.8 94,3 94,7 114,5 12£.9 133.5 141.3 151.2 134 143.4 139.7 145.5
PER CAP LINS EXPEND .
URAL 10,6 14 168 19,7 22,4 26 31 38.4 4B.6 9.6 B5.3 119.4 149.3 284.7
LURBAN 8.5 13.5° 17 (9.6 22.8 26,2 31,2 3B.5 48.9 &4 83.9 107.4 171.8 287.8
IP DEFILIT
" RURAL 078 071 0ubb 0.607 0:54 0.47° 0,37 00220 0.6 ~0n42 -0.74 <1:43 -2i4F 4,80
URBAN 0.85 0.76 0,70 0.35 0.50 0.34 0,45 0,32 0.14 -0.13 -0.52 -0.90 -2.03 -4.08
TOTAL CONS CERALS :
(§M
RURAL 0,129 0,153 0.627 1,409 2,235 4,622 10,46 19.27 23.95 24,50 13.57 7,786 1.816 1.256 62.88 49.14
UR3AK 0,002 0,011 0.041 0,082 0,215 0,402 1,564 3,592 4,945 &,18¢ 3.997 2,627 0.852 0,486 11.08 14.34
TGTAL 0.131 0.165 0,669 1,492 2,451 5,225 12,03 22,86 28.91 30.78 17.57 10.41 2,688 1,943 73.9b £3.49

RURAL 0.101 0,109 0,413 0,843 1,213 2,174 1,837 4.197 0.239 -10.2 ~10.0 -11.1 -4.48 -6,03 13,13 -22.0
URBAN 0,001 0,008 0,029 0,054 0,128 0,323 0.703 1,150 0,578 -0.80 -2.06 -2.36 ~1.73 2,80 3.08 -9.76
TOTAL 0,103 0.118 0.442 0,998 1,344 2,498 4.561 5,347 0,917 -11.0 -12.4 -13.5 =b.19 -8.83 16,23 -31.7
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Append"i"xrD.-'-.‘?-Datfa‘ 'Sheét' f@r the 1Stu‘dy

POP. -~ FOODGRAIN RICE WHEAT ‘
YEAR (1,000 FGPROD FGAREA FGYLD RAREA IRRA RPROD RVLD R PC WAREA  [RRA WPROD  WYLD . ¥ PC
1934 382947 70 109 442 31,3 8.2 901 4 10.7 8 7148 20

39 390523 68 108 430 30.8 3.2 818 65 1.2 9 804 3
36 398249 67 111 404 3.5 27,6 87a a?  12.4 8.7 702 22
57 406128 70 111 831 32,3 29 89 71 13.3 9.4 896 - 23
9B 414143 64 - 109 387 32.3 8.3 789 62 1.7 g &84 19
59 422334 7 1S a0 3.1 0.8 93 73126 B [T LT B
60 430712 7T 116 464 33.8 .7 938 %134 103 769 24
81 439235 82 1l 17 3.1 #1015 % 129 11 - 853 23
62 449073 8 U7 709 34,7 35.7 1029 7 158 12 882 27
63 459133 80 . 118 478 357 352 930 12 13.4 10.8 794 24
64 459417 8t 117 892 35.8 37 1034 " 13.5 2.8 726 2l
&3 479932 89 118 794 345 7.3 1077 2 15.4 123 918 2%
66 190683 12 114 432 35.5 30.6 862 62 12.4 10.4 825 21
67 301674 115 3 35.2 30.4 844 6l  12.8 11.4 89 23
48 512911 W 121 785 3b.4 37.6 1033 73 13 14,3 1100 32
49 524401 9 120 783 359 39.8 1079 74 14 18.6 1183 33
70 536147 100 124 804 37.7 0.4 1072 75 14.6 20 1205 37
71 548160 108 124 871 37.8 2.2 1122 7 18.2 23.8 1308 43
72 560525 108 123 6854 37.B 141 431 1140 7 19.1 10,4 26,4 1382 17
73 373170 7 1% BI5 367 144 33,2 1048 88 195 0.8 4.7 1247 43
74 388101 105 127 827 3B.3 14,7 u 114 77 18.6 10.8 2.8 Un 37
75399322 100 121 826 37.9 147 306 1045 64 13 1.1 40 1339 40
76 612842 121 128 945 39.5 15.2 48.7 1233 79 2.4 126 28.8° 1412 7
77 626668 111 (124 895 38.5 14.8 41,9 1088 &7 20,9 13.4 29 1388 46
78 640803 126 128 984  40.3 16,2 52.7 1308 82 2.5 137 .7 44 49
79 635261 132 129 1025 40.5 149 S53.8 1328 82 2.6 L9 365 151 34
80 670043 110 125 880 39.4 6.9 42,3 1074 03 22.2 15 3.8 1432 47
81 483158 130 126 1032 39.8 16,3 S§3.2 1337 78 2.1 15§ 345 1882 B
82 700615 133 129 1031 37.8 4.3 1230 6 2.1 37.4 1692 3
83716420 128 125 1024 38,3 7.1 1230 66 23.6 2.8 1814 60
B4 732581 152 130 1149 4 9.8 1459 2 2.4 45.2 1832 62
B3 749108 136 127 1150 41 37.5 14381 19 2%.3 43 1770 37

1985 FG PROD PRELIMINARY

1985 F& AREA ESTIMATED

1980 ONE OF WORST DROUBHTS; 1983, SERIOUS DROUSHT

1979-85 GROSS IRR AREA EST AT 1.026% PA GROWTH; REPORTED FIGURES SHOWN

1985 RICE AREA, YIELD ESTIMATED
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PULSES

YEsR TOTAL CERALS OTHER CERALS (GROSS  GIRA ~ IRR/ DRYA NPK NPK/  NPK/
CAREA CPRCD _ PROD _AREA YLD PC PULSP PULSA PU YLD PC_IRR A __ RPT T AREA 1000 T FGA GIRRA
193¢ 87,3 §9.2 3.0 453 508 60 10.8 21.70 498 8 4.4 2 8.6 105 L0 43
33 85,9 57 22,8 43.9 519 38 11 22.10 498 28 25 23 8 121 1.1 4.8
J B87.3 55.8 1.5 43.4 449 9 11,2 23.70 473 28 25,4 23 84 131 L2 S5d
7978 83 199 . 42 4 4 1L7 23,20 504 29 25.7 23 8.3 19 14 40
B 869 4.7 2.2 4.9 4 3 9.3 22,10 .421 22 26,6 24 824 184 L7 b9
39 90,4 64 .2 4.7 519 33 13 24,60 528 31 21 23 8 24 L9 83
60 91 649 229 43.8 523 3 12,1 25,00 484 20 27,4 24 88,6 205 2.6 L.
al 92 9.3 3.7 4§ 527 4 127 400 529 029 28 24 88 240 2.1 8.4
62 93 M 2.3 4.7 52 a2 12 24,00 500 21 28.5 24 88.5 3B 2.9 11,9
63 _93.6 686 2.6 .3 555 CUR VPR B U T Y 1Y 25 294 23 88.6 452 3.8 154
84 93,2 70.6 23.8 43.9 542 il 10.4 23.80 437 2 9.7 23 8.3 544 4 18,3
& 942 76,9 253 M3 s 3 12,1 23.80 508 25 30,7 26 87,3 77T 46 25,2
b6 2,1 4.2 m £ 9.9 2.7 4% 20 30.9 27 B}l 785 &9 25.4
&7 3.8 50.8 49 8.4 2.2 3m 17 327 28 823 1100 9.4 337
68 98.8 82.9 20.8 47.4 408 3 12,1 21,20 s 24 332 2] 87.8 1337 1.7 4b.4
69 99.2 B83.5 25.2 46,3 544 18 10.4 24,80 419 20 355 30 84S 1781 14T 49.4
70 1015 87.8 27.4 47,2 581 31 12,2 22,50 542 23 37 30 87 1982 16,0 953.4
711018 6.6  30.4 45 663 36 11.4,21.20 538 21 .38 3 8 2256 8.2 59.4
72.100.5 94,1 24,4 436 544 4 10,9 18.50 589 19 38.4 3 Bhe 2657 2.6 89,2
3 98.4 870 23,2 42,2 590 0 9.7 28.60 346 17 39 33 80 2768 23,3 71.0
74 1031 947 28,9 36.2 42 49 10,3 17.90 575 18 40.2 32 868 2839 2.4 70.6
73 99 89.8 26,1 431 406 #4 10,2 29.00 352 17 4.7 WoO79.3 2B57T U el
76 103.7 108 30,5 43.8 49 50 13 20,30 440 21 4.2 34 B4.B 2893 22.6 47,0
77 1004 99.3 28,9 42 488 4 1.2 26.60 42 18 43.3 35 80,5 M1l 2.5 7844
78 104 1144 29,6 42,2 - 70t 44 12 25,00 480 19 46 36 82 4286 3.5 932
79 105.3 19.7 30,4 42,2 720 4 12,3 19.70 &4 19 47.5 48,3 37 8LS M7 3.7 1077
80 103 10L.1 27,4 414 A2 4 8.5 23.00 370 13 48,7 49,2 39 76,3 5255 4.0 107.9
81 105.2 118.7 29.7 44,6 &b 4 10,6 22,30 471 13 50 49.6 40 76 5516 43,9 10,3
82 37.6 4.3 910 M 11,5 23.8 483 6 §L3 50,3 0 77.7 5087 47,0 i18.3
83 26,5 45,7 580 1 1.6 224 518 16 §2.6 32.1 42 72,4 M8 51,3 123,
84 34,3 a7 1.7 4 5.9 42 76 780D 60.0 147.4
83 3%.4 33,4 4 71,6 8600 67.7 160.3
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