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1. Introduction

The economic theory of *he connection between productivity and con-
sumption was discussed in part I <1 wuuis paper. Our focus of attention was
the positive theory of wages. In this second part we discuss ways in which
the theory can be tested. ~

Much of our discussion in part I was based on an explicit relation between
productivity and consumption (see fig. 1) postulated by.Leibenstein (1957)
and used by Mirrlees (1976) and Stiglitz (1976). We shall refer to this as the
relation. A first task in the examination of the theory is to discover whether
the relation, in the forri presented by Leibenstein or in the form of the
frontier of a consumption set as we have described (see part I of this paper),
can be constructed from rutritional evidence.

The theory of wages under study, if it is an appropriate theory, is clearly
of substantial importance, for an understanding of the rural labour market
in less developed countries to which the theory primarily, but not ex lusiv iy,
refers is central to an understanding of those economies However, the
empirical literature in economics on the relation and the theory is scanty
and, indeed, Mir:lees (1976) states 2t the close of his article:

But I suspect that empirical research on the productivity | ypothesis may
be the right direction for further r:search rather than theory.

*We have learnt »wuch on the subject of nutrition from Dr. P. Payne oi the London School
of Hygiene and Tropical Medicine. We are very grateful to him for his kind:zess and patience and
to Drs. D. Bergel ari J. Mann of the Faculty of Clinical Medicine, Oxford University for many
constructive suggestions. All opinions and errors are ours. For further acknowledgements sue
part T of this paper.
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The interest in the relation is, of course, wider than the theory we have
been examining. It is possible that the theory of wages may perform badly
under empirical examination yet the relation itself could be very important
foi policy. If small increases in food would substantially improve pro-
ductivity then this should surely affect government planning.

Further, an empirical investigation of the consumption set itself, which
describes the limits of a consumer’s abilities to supply factors given his
consumption izvels, fills a lacuna in the empirical examination of the concepts
of standard econcmic theory. The demand and production functions of
standard economic theory have received close attention from economet-
ricians. The one remaining part of the structure of standard gencral
equilibrium theory, the consumption set [see Debreu (1957)], has been
virtually ignored.

We begin our discussion of the nutritional literature with an examination
of Calorie reccmmendations for individuals to be healthy, active and
involved in certain occupations. The next step is to ask how work perfor-
marnce is altered by consumption below these levels. And we should go on to
ask how many individuals in a given area are consuming below the
recommended standards. If many people in an area have low levels of food
consumption relative to these standards, if performance can be thereby
seriously damaged and if individuals discover this and incorporate the
discovery into their economic behaviour then the theories of wages giving a
central role to the relction may be of importance.

This approach, through a series of questions, indicates serious gaps in our
knowledge of the relation between Calories and work performance and raises
substantial doub* as to the relevance of calculations of the numbers in
poverty based on caiculations of the income required to meet certain
nutritional standards.

Our first approach to testing which we have just described is, therefore, to
focus directly on the relation itself. This is the content of the next section.
We discuss secondly (in section 3), and briefly, the problems associated with
a formal econcmetric test of the hypotheses discussed in part 1 of the paper.
This would involve a formal specification of the nature of the relation as well
as the knowledge participants in the economy have of the relation, and the
structure of the economy in which they operate.

The third and final method is the less formal comparison of results, and
ideas concerning vossible markets and behaviour derived from part 1 of the
paper with simple observations on markets and behaviour in practice. This is
contained in section 4. The evidence we shall discuss for this section will be
‘nfluenced by our experience in India in 1974-75 and, in particular in the
village of Palanpur in West U.P. where we conducted an intensive study.

We shall concl:de by suggesting that the third and least formal method is
the best we can (o at present to test the positive theory. However we shall
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|
be suggesting that the most promising way forw:ird, in particular for pdiicy,
is to pursue some of the questions raised in our discussion of the first
method and we shall be making particular proposals for further researct.

2. Calories, performance aud poverty

The relation we wish to examine describes productivity in terms of the
number of efficiency hours or tasks performed. in a working day of giver
clock hours, as a function of consumption. Leibenstein gave it the particular
form shown in fig. 1(i). We have chosen to reinterpret the relation as the
frontier of the consumption set, in the sense of Debreu (1957). We think of /
as the number of tasks carried out per day, and relabel it as n, and ¢ as the
minimum consumption required to perform n tasks. The region on and
above the frontier [in fig. 1(ii)] is the consumption set itself and is the se:tion
of (¢,n) space on which individual preferences over (c,n) pairs are defined.
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Fig. 1(i). The relation between productivity and consumption as presented by Leibenstein and

Mirrlees (c=consumption per day, h=number of efficiency hours per day). In the case where all

wages are consumed and wage labour is the only source of consumption, the employer’s cost per
efficiency hour is minimised at w*.

The above definition conceals some important questions which conceru in
particular the distinction between the long run and the short run and some
of them are taken up in subsection 2.2.

In subsection 2.1 we report on our investigation of the nutritional evidence
as part of our attempt to construct the relation. This is, inevitably, a lengthy
and detailed process, out we found it fascinating. We then, in 2.2 look at the
consequences of this evidence for the theories discussed iu part 1 of this
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consumption set

n

Fig. 1(ii). The frontier of the consumption set as presented in part | of this paper
(c=consumpticn per day, n=number of tasks per day).

paper. In subsection 2.3 we examine, in the light of 2.1, estimates of numbers
in poverty in India, and in 2.4 pose sore questions and make suggestions for
furiher research.

2.1. The nutritional evidence

The frontier of the consumption set is intended to describe the limit of an
individual’s possible performance. His maximum [easible number of tasks per
day, n, will be determined inter alia by his strength, skill, intelligence,
psychology, and general health as well as food intake. Further these causes
will be interrelated —especially in ine long run. In this section, however, we
concentrate on the ability to translate food calories into work for an
individual of given skill, intelligence, nsychology and so on. We shall,
therefore, be saying rather little on the long-term effects of some aspects of
higher living standards, for example better Lygicne, protein and vitamins, on
strength, health and g=neral performance. These effects are, we suppose, of
substantial importance but we leave them ocut of our discussion for three
reasons. First, they are beyond the limits of our competence; second, we
suspect that in the detail required for the relation rather little is known; and
third, for the shorter run labour hiring decisions of some employers such
considerations may be of minor importance. The qualifications that many of
the aspects just mentioned, and others, which are ignored may be of great
importance and that rzquirements vary a gieat deal across individuals must
be borne in mind throughout. Whilst these qualifications should not be
forgotten it is tedious 1o keep repeating the caveats and we shall not aiways
do so.
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We shall be discussing the nutritional literature in some detail. This detai!
is important to our argument. First, incomes in India (see subsection 2.3)
and in many other poor countries are suci: that many people must have food
consumption which is very low by nutritional standards. Estimates of the
extent and severity of malnutrition and the impact on productivity will be
very sensitive to the levels at which standards are set. There is subsiantial
disagreement over these levels and the arguments must therefore be exam-
ined carefuliy. Judgement of the relevance of the theory and the importance
of the relation for policy depend critically on our view of the evidence to be
examined. Secondly we came to the conclusion that further research is
urgently needed. We require detailed discussion to demonstrate this and to
identify possible directions.

There are two ways of calculating the energy required, in terms of the
number of Calories (1 Calorie =1000 calories), for given weight and activity
levels [see Davidson et al. (1975, p. 28)]. The first involves dietary surveys.
Thus the consumption of (apparently) healthy individuals is monitored to see
how much foocd of various kinds individuals with the given weight and
activity levels consume without gaining or losing weight. Then food tables
are used to divide the food content into proteins, fats and carbohiydrates.
The heat of combustion of these constituenis (which varies a little across
foods) is measured using a calorimeter and finally factors are applied to
adjust for losses in the urine and faeces. Thus the number of Calories used
by the subject is calculated. It is found that the so-called Atwater factors of
4, 9, 4Cals/gm for protein, fat and carbohvdrate give, in general, quite
accurate results for heat of combustion raultiplied by proportion absorbed
when applied to gross food ingested, although of course, the proportion of
food absorbed will vary with the individual diet and state or health.

However, a dietary survey can give no information on how the energy in
the diet is expended. The alternative, and more suitable for our purposes, is a
survey of energy expendiiure. This involves careful recording of how the
subject spends his time and then an assessment of ths energy cost of each
activity. The energy costs of each activity are measured either by observation
of oxygen consumed or using published tables. The published tables [see, for
example, Durnin and Passmore (1967)] are themselves calculated by
measurement of oxygen consumed. The oxygen procedure has been con-
firmed by direct calorimetry—placing a human in a calorimeter to measure
directlv the heat emitted.

Both methods of calculating calorific requirements give similar results (a id
they are, of course, equivalent in nrinciple - sce below) but it is clear that, for
our purposes, the second carries more information. The economic theory
under discussion requires that we formalize this second approach into a
functional relationship relating tasks performed to calorific input. This more
formal approach seems rare in the nutrition literature. We draw rather
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heavily on a recent unpublished paper by Payne and Dugdaie (1975) [related
publications are (1977a, b)]. We shall, however, see that the relationship we
require is extremely difficult to identify.

When food is absorbed by the body the available energy may be used in
different ways. The individual may be involved in activities of various kinds,
he may put on weight and he has to maintain the fabric of his body. Not all
food caten is ingested by the body, some is passed out in the urine and the
faeces. References below to Calories retained by an individual will be to the
calorific value of the food absorbed intc the body, hence net of an allowance
for the calorific value of excretions (the Atwater factors described above
make such allowances). When food is ingested it may be used to build or
maintain body tissue, or it may be oxidized. Most food ingested is oxidized
and the energy thus generated is used for bodily functions such as respiration
and digestion and for muscular contractions by means of which work is
performed. The transition of enegy intc work is not completely efficient and
a good deal of the calorific content of the food is dissipated as heat, which
however serves to maintain body temperature. Assuming constant body
temperatnre the energy retained must be equal (by the first law of thermody-
namics) to the sum of the energy involved in various uses. The determinants
of the arnount of energy involved in the different uses, and the functional
forms associated with these determinants! are matters for both theory and
experiment and will vary across iadividuals but the accounting equation
remains the same in the sense that we add across the different uses to get the
total used.

Let the Calories retained by an individual (net of those that are excreted
from the system) in some period be ¢. Supposz the weight of the individual is
W (ip kg). Then we have?

c= %f(n, W)+ adW+ kW3, (1)

For expository purposes we have offered a particular form of the equation in
(1). We shall explain it first and then go on to describe the difficulties of
specification and estimation. 1t is important to realise that eq. (1) is not, as it
stands, the relation we are trying to identify. It is a vital first step, however,
and we shall discuss the further steps involved in transforming (1) into the

‘It has been claimed that individual variations are genetically determined and are to be
accounted for by variations in the aroourt of heat generated in the performance of basic bodily
functions, respiratisn etc. For a discussion of these variations and their refation to obesity sec
James and Trayhurn (1976).

*Since this is an accounting equation, a full treatment would include the possibility of a

temperature change. For those who maintain a normal body temperature this consideration can
be neglected.
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relation, or frontier of the cohsumption set, when we discuss the implications
of the nutritional evidence for the theory in subsection 2.2.

The first term on the right-hand-side in eq. (1), (1/e)f (n, W), is the energy
used up in the muscular contractions for performing n'tasks: the work done
is f(n, W) and e is the efficiency of the body in converting energy into work —
e is often thought® to be around 0.25. The work done by the individual in,
say, digging would be the raising of soil, overcomiag friction in loosening the
soil, moving around the field and so on. The second term represents the
energy retained by the body in weight increases over the period (so that for a
decrease AW <0). The constant a will depend inter alia on tte form in which
the energy is stored, in particular, the proportion stored as fat—to give
orders of magnitude however,* one might expect o to be about 5000 (or 5
Calories gives 1g).

The third term represerits the maintenance energy required at minimum
activity levels merely to maintain the fabric of a body at given weight. This
was taken by the FAO/WHO Ad Hoc Expert Committee [see FAO/WHO
(1973, p. 37)] as 1.5x BMR where BMR is the basal metabolic rate or the
cnergy expended (that is the heat produced) under resting ard fasting
conditions. The extra 509 is for the energy expended in the absorption of
food, including the work performed by the alimentary canal, plus a ‘mi-
nimum’ level of voluntary muscular activity, such as dressing and washing
(we return to this notion of minimum later) and the svnthesis of tissue (see
below for further discussion). This maintenance energy divided by weight in
kg to the power 0.75 shows a striking constancy a:rcss different animals,’
including humans, and seems to give k around 105 Cais-kg~%75. The third
term is much the most important constituent of daily Talorie recom-
mendations. For example the FAO/WHO (1973, p. 38) renort suggests 2600
Calories for maintenance and 400 Calories for moderate activity for an
average 65kg inale, at mean arabient external temperature 10°C, aged 20-39,
to give a total of 3000 Calories per day. We shall, following the FAO/WHO
call him the reference man.

We turn now to the problems of specification and estimarion. It sho.ld be
emphasised at the outset that both eq. {1; and the theory in part I of this
paper refer to changes in energy retained and expended for an individual. On
the other hand muck of the evidence to be discussed refers to comparisons
across individuals. One must take care, therefcre, before incorporating such
evidence into €q. (1). We have already stressed that energy requirements vary
considerably across otherwise similar individuals. And on¢. cannot suppose in

3See Mountcastle (1968, p. 532).

“Chapter 3 in Davidron et al. (197:). This value of & would be appropriate for AW <G -see
below especially footnote 6. Davidson 2t al. (1975) is the standard reference woik on nutrition,

SFAO/WHO (1973, p. 37). This is :he source to which most current specificutions of Calorie
requirements refer.
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comparing individuals of different weights that the capabilities of the lighter
individual would be available to the heavier if only the latter lost weight.
This last cousideration is of particular relevance to an appraisal of evidence
concerning the first term in (1). We now examine the terms in (1) in
increasing order of difficulty in sstimation and specification.

Thz issuss raised by the second term are relatively straightforward
although estimates which are both precise and general should not be
expected. The value of « will depend on the scurce of energy extracted from
body mass {for AW «0),-or the way in which energy is deposited (for AW
>0). When weight is lost it appears that the first source is glycogen in the
liver (giving approximately Cals/gm). This source would not be availahle for
more than a faw hours and the second source would be body tissue (proteins
yield approximately 4 Cals/gm and fats approximately 9 Cals/gm). It is clear
that a reduction in lean body mass may have an effect on work perforinance
and thus on the form of the first term in (1). Values of « will be lower for
increases in weight than decreases. The variability in o according to source,
and the difference for increases and decreases imply that, strictly speaking,
our notation a4 W is illegitimate.®

The problems increase when we turn to the third term. Davidson et al.
{1975, p. 31), suggest that, across humans f=1 seems to do as well as
f=0.73 (the figure they give across species) and indeed the FAO"WHO
Committee (1973, p. 79), eventually base their recommendations on f=1.
But for an individual losing weight these values of f do not seem
appropriate. Payne and Dugdale (1975, p. 13), show using data from a semi-
starvation experiment that f=2 models the decline for this energy require-
ment rather well. The experiment [see Keys et al. (1950)], was conducted in
the U.S., and involvad volunteers on low food intakes for 24 weeks. The
number =2 would not necessarily be appropriate for maintenarce require-
ments for given Win the long run since adaption takes place (see subsection
2.2). Thus the functional form for the maintenance term is an unsettled issue.
It shouid be recalled that we are concerned with equilibrium and changes
over time for an individual. However, we are mainly concerned (see sub-
section 2.2) with Calorific requirements after equilibrium has been established
and here variations across individuals would be of some relevance.

There is room for disagreement not only over the functional form but also
concerning the overall maintenance levels for a given reference man or
woran {of prescribed weight and age). An individual with variable intake
will require, on average, more energy to prevent a decline in average body

®We are grateful to N. Scrimshaw for information on the ordering of sources when enzrgy is
extracted from the body. Apparently there is an energy cost of 50 or 609 in the synthes's of
food into tissues but a negligible cost in releasing energy from tissue. These estimates arz from
experiments on rats and pigs- there seem to be none for humans. For further discussion, see
Payne and Dugdale (1975).



C. Bliss and N. Stern, Productivity, wages and nutrition 11 37

weight than an individual with steady intal'e since there is a cost to
deposition of tissue but not to the release of e1ergy from tissue. Payne and
Dugdale (1975) suggest that the cost of this variability, in their example, it
around 109 of BMR for their reference man or 160 Cals per day. It should
be noted, however, that there may be costs in both time and utility attached
to maintaining regularity of intake.

There is further disagreement as to whethzr adjustments to BMR are
necessary for differences in external temperature. Davidson et al. (1975, p. 32)
suggest a reduction of 5 or 109, of the recommended intakes where the mean

annual temperature exceeds 25'C, since the BMR is approximately 10 (p.
26) lower in the tropics than in temperate climates. On the other hand the

FAO Ad Hoc Expert Commiriee (1973, p. 28) in its document does not
recommend any such adjustment since they argue a single meteorological
characteristic may be misleading and certain adaptions-—such as light clo-
thing in the tropics and central heating in the U.S. tend to obscure
differences. The average annual temperature in the Indian Gangetic Plain is
around 25°C thus the difference between an estimate of total Calorie
requirements for the FAO/WHO reference man with and without tempera-
ture correction could be as much as 200 Cals per day.

The allowance of 509, above BMR in the calculation of maintenance
energy at ‘minimum’ activity levels may itself be reduced if food is cut back.
It is worth quoting here at length from Davidson et al. (1975, pp. 39-40)
since it will also be relevant for our discussion of the first term (1/e)f (n, w)
the energy expended at work.

When European men in prisoner of war camps in the Far East were given
a 1ation providing only 16(-)Cals daily, they lost weight at first rapidly.
but later slowly [Smith and Woodruff, 1951)]. After an interval of many
weeks and when the body weight had been reduced by 20 to 259, the
losses ceased and many of :hem survived till liberation three years later
with their body weight s ible at this low level. In the Minnesota
experiment on volunteers siuibjected to partial starvation, Keys and hic
colleagues (1950 showed a similar adaption to a low energy intake with
stabilisation of body weighi at a new lower level. They were able to
deinonstrate that this adjusi ment was in part due to a fall in metabolic
rates, consequent upon the roduction on cell mass, but the main factor was
a marked reduction in volurtary physical activity. Here is an example of
the control of body weight b a variation in energy expenditure.

Giver: that, of the 3000Cals, day for the FAO/WHO reference man, 400 is
for moderate activity over and above ‘minimum’, 1700 for the BMR and 900
for the 50% above BMR (v.orking in round numbers), the naturai -
terpretation of th: remarks of Davidson et al. is that one can cut into this
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50% by a reduction in ‘minimum’ activity. And note that there is a big
variability across individuals in the addition to BMR required for the various
energy expenditures described above which are part of the ‘minimum’. Indeed
in a recent papzr James and Trayhurn (1976) have argued that whereas
individuals with a tendency to obesity have BMRs no higher than otherwise
similar subjects, many such individuals require substantially less than an
exira 50% to furnish a maintenance level for minirnum activity (they give
exampies where BMR was above 2/3 of toial energy consumption).

Before examining in detail the energy required for activity above ‘mi-
nimum’ let us summarise the position on total recommended energy levels
accepting the FAO/WHO estimate of 400Cals/day for the energy require-
ments of moderate activity above the minimum. We begin with the
FAO/WHO recommendation of 3000 Cals/day for the reference 65kg man at
10°C and aged 20-39 and, to give an example of the range of possible
disagreement we calculate a low estimate of the requirement for the reference
man to maintain constant body weight performing mc derate tasks at 25°C.
We have suggested that 160Cals/day could be saved by uniform (non-
varying) eating and activity levels. There could be a 200 Cals/day reduction
for the higher ambient temperature. Further, and this is rather speculative, it
may bz possible to cut into the 50 % above-BMR ior minimum activity levels
by, sav, 200Cals/dcy (over and above the 160 reduction for uniformity).
Thus & low estimate, accepting 400 Cals/day for moderate activity and the
FAO/WHO estimates of BMR would be 2440Cals/day. However, the
FAO/WHO do say that (p.107) ‘a variety of values (of the BMR) have been
reported in the literatare’. We have not surveyed these values but we give an
exampie from the internal evidence of the FAO/WHO report itself. In table 9
(p. 37) they quote from Calloway and Spector (1954) a maintenance energy
intake for an adult man as 34 Cals/kg/day. This is to be compared with the
1.5 BMR of the caiculation of their recommendations, thus with 2600/65
=40Cals/kg/day. Now the use of 34 Cals/kg/day instead of 40 would reduce
the 2600 for the reference man to 2210.

Thus a systematic choice of the low ﬁgure, wherever possible, could reduce
the 3000 by (160+200+200+390)=950 to 205%Cals/day. We should em-
phasise that we are not suggesting this as a recoinmendation and emphasise
furcher the four assumptions different from FAQ/WHO which are used in
deriving the figure. We merely wish to give an indication of the range of
possible disagreement, which seems to us to be very large.” And there is
disagreement about average levels. We should not forget the considerable
variation across individuals.

The above calculations were for a man of 65kg. Accepting the FAO/WHO

’It appears to us that where there has been a choice the FAG/WHO Committee selected
estimates on the higher side.
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suggestion (p. 29) that for rcugh calculations total requirements may be
taken as proportional to body 'veight a 55kg man would require 159 less.

We have concentrated on th: maintenance energy since it is such a high
proportion of total Calorie re;juirements. Small differences in estimates f
these maintenance requirements will result in large differences in the residv 1l
amount of energy left for work, out of a given diet.

We turn now to the first term in eq. (1), (l/e)f(n, W), the enery:
requirements for work. We hegin with an indication of the orders "
magnitude involved. The FAO/WHO used 4 classifications: light, -
derately, very and exceptionadly active. Examples of each would be, . -
spectively, office workers, light industry, mine workers, rickshaw pulle: s.
Farmworkers wer: either moderately or very active. The daily Calor
recommendations for the reference man were (their table 1, p. 29), 27C ).
3000, 35000, 4000, respectively.

One estimate of the function f(.,.) could be obtained from table 1
[Davidson et al. {1975, table 3.9, p. 27)]. The estimates are obtained l.y
measuring the exira oxygen taken in by an experimental subject of t'e

Table 1

Energy expended (Calenes) during 10 min. walking related to speed of walking and gross bo 1v
weight.?

Body weight (kg)

Speed
(m.p.h.) <5 55 65 75 85 95
20 22 26 29 32 36 39
@ (5) (6) () {7 el
=5 26 3 35 39 43 48
(5 (5) (6) (6) . '8) (&}
30 31 36 41 45 -1 56
&]] (6) (6) (6) (8) )
5 36 42 47 51 59 65
{5) 5 4) 9 7) (8)
40 41 47 53 60 66 73

*Numbers in bracke:s show differeaces down the column. Entries are converted to Calores
from kilo Joules (4.186 kilo Joules=1 Calorie).

respective weight vhile walking at the speed specified. From a knowledge of
the exira oxygen used one 1nay infer an estimate of the energy expended. Li is
suggested (p. 27) that these are accurate within --159 for any individual. It
is clear that a relation expressing increments in energy as a linear function ol
increments in specd, and in W, would fit very well. Cur notion of tasks
performed, n, would in some circumstances be captured quite weli by speed.

“
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Again note that we have here comparisons across individuals of given weight

and not weicht chanoee for a oiven individual
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Further, the use of tables of energy expended per minute in certain
activities involves the implicit assumption of linearity in » of the function
f(.,.). For example [Davidson et al. (1975, p. 24)] suggest drizing a truck
involves 10-20kJ/min, ballroom dancing 20-30kJ/min and coal m:ning 30-
40kJ/min. Now in any given period an individual will spend a i-action (less
than one) of the time in performing the tasks associated with thz job. This
fraction wili, one supposes, vary from person to person and job to job and
there may be good reasons for setting it well below 1; for example a lorry
driver may be more accident prone if his number of hours is increased.
However, it would, presumably, require a similar number of (Calories to
increase from 6 hours to 8 hours of lorry driving a day as {rorn 12 to 14
hours.

The notion that there are limits to human abilities should of course make
us suspicious of an indefinite linear relation between calorific input and work
output. There would be little point in pouring 4 millions of Calories down
the throat of one man in one day and expecting 1 million Calorizs of output
(assuming e=1/4). What then might happen if we attenipted to increase
output and input indefinitely? The human machine would be unable to
accept Calories beyond a certain level. Also at a high level the efficiency of
transforming absorbed Calories into usable Calories may deteriorate, so that
¢ would drop from 1/4. Finally, work output itself will have an upper limit,
on account of muscle fatigue, so that calories above a certain level could
only increase weight. We have not investigated the literature on this point.
Perhaps more importaat in our context the transfer of usable Calories into
tasks performed, given by the f(.,.) function may deteriorate. Thus the
individual would be doing extra mechanical work but would be achieving
rather little.

The detailed investigation of work potential at very high Calorie levels is
not really our main concern. For our current purposes it seems that, at
constant body weight, extra calorific inputs may be linearly related to extra
work output over the range of inputs described by the FAO/WHO for the
d:fferent levels of activity—see fig. 2. The figure accepts the FAO/WHO
requirement for the reference man at ‘minimum’ activity levels of
2000 Cals/day, and assumes constant body weighi.

This discussion of linearity must, however, be qualified in an important
way. It is based on the assumption of a fixed method of performing tasks.
We have aiready emphasised, in our discussion of the mark-up of 509 over
BMR, the importance of adaptior. by the individual when inputs are cut
back. There is an adjustment in weight and an adjustment in the way in
which tasks can be performed. And adjustment can be expected in activities
other than those connected with productive work. We discuss the connection
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of this adaption to the theory in the next subsection when we discuss the
step from eq. (1) to the relation or frontier of the theory.

We have so far been examining Calorie requirements by :ooking at the
different components of energy usage. These estimates were constructed
primarily by examining the energy consumption of individuals involved in
certain activities. Thus we go from activities to Calories required. We now
examine evidence from studies which lock at the question the other way
round. Thus given the calorific intake they ask about actual or potential
performance. This sense of the question is closer to the spirit of the theory.
Two of the studies are from the 1940s and are well-known. The frequzacy
with which these two are cited leads us to suspect that few similar studies
exist. This is not surprising since conditions where the calorific intakes v.an
be controlled and performance monitored are rare. There is, however, some
work in progress by Viteri and his associates in Guatemala. Their exweri-
ments are of substantial importance, well-advanced and will be discvssed
below.

We have already mentioned the example of the Minnesota experinient by
Keys et al. (1950). This study is widely quoted, for example Berg (1973, p.
13), Freedom From Hunger Campaign (1962, table 2), Payne and Dugdale
(1975, p. 8), Davidson et al. (1975, p. 40), Young and Scrimshaw (1971).
Thirty-two volunteers were hired for 24 weeks and given a diet of
1600 Cals/day. Keys et al. found [see FFHC (1962, table 2)] the results given
in table 2.

Table 2
Weight loss and performance. i

Capacity for

Percentage of prolonged Actual work

body weight physical work performance

loss percentage chanye percentage change
5 - - 10

10 ~10 —-20

15 -30 -50

20 —50 —80

30 —80 —~90

40 -95 -G5S

50 - -100 —100

In Germany during the Second World War there was a survey of energy
expenditure in the major industries [Lehmann et al. (1950)]. Reference is
made in Leibenstein (1957, pp. 62-76), Davidson et al. (1975, p. 28), FFHC
(1962, table 3), Berg (1973, p. 252), and Sukhatme (1965). They found, for
example, the results presented in tables 3(a) and 3(b).
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Table 3(a)
Output in coal mine against rations in Ruhr coalfield in Second World
War.*
Daily calories
‘available for work’ Ouiput Calvries
(over and above 2200) - tons per ton Body weight
1200 - 6.7 177 Constant
1600 - - 24 169 Loss of 1.2kg in six
weeks
2000 - - 10.8 192 Slow rise

*Source: FFHC (1962, table 3) from Lehmann et al. (1950). -

Table 3(b)
Output in steel works against rations during Second World
War.?
Daily calories Production of
‘available for work’ steel, per man
Year (over and above 2200) - per month
1939 1900 - - 122
1940 - 1600 112
1941 1450 - 95
1942 1200 83
1943 1120 - 85
1944 1150 - 78

2Source: Sukhatme (1965, table 2.7) from Lehmann et al
(1950).

In both table 3(a) and 3(b) it is clear that the hypothesis of a linear
relation between Calories ‘available for work’ and output per man receives
quite strong support. In the examples involved in both tables 2 and 3 we
have studies which examine changes in cousumption, work anc. weight for
given individuals over time. The examples are, therefore, of particular
relevance for eq. (1)-sec also the example from prisoner-of war camps
above.

Both the Minnesota and German World War Two studies examined
contractiors in Calorie intake coupled with reductions in performance. There
i1s, however, a recent study of great importance and reievaace to our
discussion, by Viteri et al. which examines increments in intake and increases
in weight and activities. We are fortunate to have seen a preliminary report
on that study and be granied permission to quote [see Viteri (1975)]. We are
grateful for their permission and should emphasise that results are still
provisional. Published reports are expected shortly.
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Two cane-cutting communities in Guaiemala 2km apart were selected.
Workers in community 2 received an cnergy supplemert and those in
sommunity 1 acted as a control. The head of the familv received the.
supplement in the form of sucrose in a sweetened drink (tiken twice daily)
which also contained certain vitamins, Workers in community 1 also received
drinks which contained the vitamins but a low calorie swastener was used
instead. The additional intake from the drinks in community 2 was
650 Cals/day. it was found that the high-energy supplemented workers cut
their intake from home sources from around 2800 Cals/day to 2500 Cals/day.

Viteri {1975, p. 23) concludes:

The available measurements of total productivity, work intensity and
performance in the field indicate that the energy supwiemented workers
show a consistent tendency towards greater work intensity, energy ex-
peaditure and productivity than the control workers belonging to com-
munity 1.

Further results are to be reported on changes in family consumption and off-
the-job activity. The study provides a good and rare example of the kind of
work we believe should be encouraged and we shall return to it briefly when
we make some suggestions for further research.

We conclude this subsection by summarizing the conclusions of our
examinations of the nutritional literature. One can divide energy usage at
constant weight into energy for maintenance and energy for work. The first
of these is quantitatively more significant - for the FAO/WHO reference man
the two requirements were 2600 and 400 Cals/day at moderate activity levels.
It is possible however to arrive at estimates substantially lower than
3000 Cals/day by adjusting the maintenance requirement for a temperature
difference between 10°C (FAO/WHO refecrence) and 25°C (roughly a mean
for N. India), lower notiors of ‘minimum’ activity levels. steady diet and
lower estimates of BMR. An extreme low figure may be around
2000 Cals/day instead of 3000. It is unanimously agreed that ceteris paribus
lower body weights mean lowe. requirements. Differences over the mainten-
ance -equirement will lead to much larger proportional differencss in the
residual available for work out of a given diet.

At constant body weight the ability to do work scems to be linearly
related to Calories above maintenance over quite & ‘arge range if techniques
of work stay the same. It seems plausible that it some level of intake
significant non-linearities must be present.

When food intake is cut adaption can occur in sevzral ways, a reduction in
‘minimum’ astivity levels and a change in the way in which asks are
performed. ‘IJnfortunately, experience has shown that human beings can
adapt themselves, at a low level of vitality and with their powers impaired to
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an insufficient ration, without realising that they are underfed’ [Gopalan,
Rama Sastri, Balsabramanian (1974, p. 9)].

So far, in discussing thz interpretation of the relation between productivity
and consumption as being due to nutritional fuctors we have consiclered only
the calorific value of focd intake as compared to en¢rgy expenditure in doing
work. An obvious reasoa for focussing on this aspect of food consumption is
thrt the relation to work is direct and allows of precise quantification, at
least in principle. However, there are other influences at work, one of which
deserves mention although we will not be able to say anything precise about
it. Everyone knows that there are some people who feel faint and find it hard
to concentrate if they miss a regular meal. A possible cause is depletion of
the level of blood sugar. Blood sugar level is not necessarily linked to recent
food ingestion but in the case of some individuals it seems that the level falls
markediy when they fast.

When blood sugar level falls the result is not dissimilar to that which

follows a decline in blood oxygen level: the sudject feels drowsy and cannot
cencentrate, reactions are slowed and lethargy results. In the case of a person

in this condition the marginal productivity in terms of effective work output
of a small quantity of food intake could be very high. Even if blood sugar is
an important factor for only one in ten of workers, but supposing that the
employer cannot identify who these workers are, it could still be worthwhile
to pay higher wages to znsure an auequate leveltcf current food intake. Note
that the employer would want to ensure if possibie that the extra wages were
consumecd by his werker during the course of the working day, including
ideally breakfast.

All this is very speculative. Very little is known in quantitative terms about
bload sugar and food intake and until more is known it will not be possible
to 1nake the link to the theory of wages more precise.

We turn now (subsection 2.2) to the consequences of our discussion for the
theery described in part I of this paper and (subsection 2.3) to the
consequences for estimates of numbers in poverty and for further research.

2.2. The corsequences fur the theory

We must now discuss the connection between eq. (1) and the relation, or
frontier, we are trying tc identify. This involves a Jefinition of the meaning of
that trontier (see section 1 and fig. 1). This is not as simple as might appear
at first sight. Leibenstein (1957), Mirrlees (1976) and Stiglitz (1976) merely
state in some form or other that the number of efficiency hours produced in
a day is an increasing function of the wage. Indeed, this was our procedure
in part I of the papet.

It is clear from the Calorie approach of subsection 2.1 that we must
consider the relation as a fairly long-run phenomenon. In the short run one
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can perform work without any food intake by rcducing body weight
although of course, for stable body weights, on average over timsz, the energy
stored in the body must be replaced. Whether one would wich to reduce
body weight rather than do less work is a separate question.

The energy from ingested focd is available quite quickly. A graph of
available energy from food against time from ingestion of food would show a
peak after an hour or so with the majority of energy avaiiable within three
or four hours [see Garrow (1974, pp. 146-147)]. However, unless en2rgy
usage is synchronised with energy availability there will be storage in, or
extraction from, the body. It is this role of the body as a store which implies
that the relation is not a short-run phenomenon.

A body weight which is on average stable may fluctuate over quite long
periods. Davidson et al. (1975, pp. 38-39) quote a careful study (1962) of a
woman who had a weekly cycle of losing on average one pound per day on
week-days and replacing at weekends. And she was unaware of this until the
results were analysed. Hasw.ll (1975) (see section 4) shows in tke village she
studied in Gambia that there was a yearly cycle in body weight given the
agricultural work calendar and availability of food. Given the behaviour of
the body as ar: energy store we must consider the theory, in so far as it is
based on energy, as referring to a period longer than a few days and
frequently much longer.

Mirrlees (1976), for example, is perfectly clear that he has a long-run
relation in mind although this is not always so clear in Rodgers (1975) (see,
for example, p. 74 where he claims ‘wages cn one day effect capacity on the
next’). :

Accepting the relation as a long-run phenomenon we must encuire as to
the long-run adjustment hypothesis. An initial cand:date raight appear to be
a given weight. However, this does not appear to be the notion that previous
authors had in mind. For example, Mirrlees (1976, p. 20) refers to the ‘fairly
healthy and well-fed’ (and hence more productive) workers. We take it that
in this context he also means heavier workers. Leibenstein (195 pp. 62-75)

and Myrdal (1968, p. 1603) do not seem to have been talking about workers
of given weight either.

But what should we assume about the long-r.a weight ;,ldjustmem? Let us
now turn to eq. (1) and examine alternative approuches. Since we are taking
the long run we assume that (on average over a few days) AW is zero, and
thus that weight has settled down to a steady level for given (c.n). Thus we
have :

c=%f(n,W)+kW". @)

The assumptior of W =W independent of (c,n), togethzr with j(,.) line.r in
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n, would give the relation shown in fig. 2. Employers would show un-
ambiguous preference for lighter workers since both the fixed cost kW* and
the marginal cost would be lower. Further the employer would select a very
high number of tasks per worker since his optimum, the minimom cost per
task, is given by the tangent from the origin to the relation or frontier (see
part I and fig. 1), and thus cannct occur on the linear portion XB. Certainly
the former conclusion sounds implausible (see return to this in section 4).

aC

\\\\\\\\\\\\\ -14000
\
2600

2000

Fig. 2. Calories required as a function of tasks pcrformed for the reference man at constant body
weight and with fixed method of performing tasks {c=consumption per day (in Calories),
n=number of tasks per day].

Suppose now that we abandon the assumpticn of given weight W and go
to a different extreme, nairziy that given (c,n) the weight adjusts to a long-
run equilibrium value determined by (2). But this would seem to imply no
relation at all between (c,n). We could pick any (c,n) pair we wished and
there would be a long-run equilibrium W, This again is most implausible -
very low ¢ for given n would merely imply a low long-run W, even if it
happens to be 5kg.

The point is thaf a Calorie accounting equation of the form of (1) can be
used in two distirict ways. Although the particular functional form might
need to be adapted to the particular use, it is after all an identity. We have
for the most part, used the equation to estimate Calorie requirements given
work output and :then, setting 4W =0, the right-hand side determines the
left-hand side. But one may with equal logic use the equation to determine
the change in weight given work output and Calorie input, so tha. the left-
hand side vwill detetraine the right-hand side.

The implausibility of the two specifications we have tried so far must lie in
their ignoring the notion of strength or physical ability. We think of a person
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as being too weak to perform a certain task or more than a certaii: number
of tasks. This idea is best captured in tzrms of a relation between W '(n) which
would describe the minimum weight required to achieve a number of tasks n.
Indeed many nutritional standards are now related [see, for example,
Gopalan and Raghavaun (1969)] to weight, height, and other anthropometric
measures.® This idea of minimum wcight W(n) is important to oir sugzes-
tions for further research and is discussed further in subsections 2.3 and 2.4.
Let us suppose, then that a W(n) function can be defined. Eq. (2) becomes

= %f(n, W(n)+ kW (n)". )

This is now a relatien between ¢ and n and we take it to be the definition of
the relation or the frontier of the consumption set. We have discussed f# and
the f(.,.) function so to determine the shape of the frontier it remains tc
discuss W (n). It is clear that the fuaction W () will vary across individuals
and will not be easy to define for any one individuil, but it does seem
indispensable to the relation we seek. We suppose tha: W increases with n
and W(0) is positive. Empirical information on the function W(n) is
provided by table 2 and is shown on the graphs of f.g. 3. There a:e two
important points we should note about these data. They depict th: con-

v,

10+

0.5

| ]
0.5 1.0

*n

Fig. 3. The relation between weight and performance i the Keys et al. (1950) semi-stirvation

sxperiment (w=weight as a pioportion of initial weight, n=performance as a propo:tion of

initial performance). The lower line uses the second column of table 2 (capacity fov pri:longed
physical work) and the upper line the third column (actual work performance’.

3]t is obvious in this context that we are not concerned with the problems of obesity. & 1d that
ane should discuss proteins in the building of muscle.
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sequences for work performance of weight reduction for keavier individuals,

wharaae wa arae nrimarily concernnd with the effact of (vtra food on the
Wikl vad wWe aiv Pl UG Y WUSLHVWLIITAL  ¥RIH WLy Rivel U VAUd VML Vil e

underncurished. Secondly [FFHC (1952, p. 16)] ‘the effects of malnutrition in
these experiments are much more severe and occur earlier than in chronically
undernourished populations. Obviously, the sudden change from a relatively
rich North American diet to starvation rations allowed only a partial
adaption to the new situation’. Moreover our W(n) function is, in principle,
an equilibrium notion in the sense ol steady weight. The Minnesota results

refer to observations taken while weight was fallmg We return to both these
qualifications with our suggestions for further research in subsection 2.4.
Viteri (1975) does not give sufficient detail to provide a W(n) function but it
is recorded that those receiving high-energy supplements put on extra weight
as well as achieving higher productivity.

The W(n) curves shown in fig. 3 are at first concave then convex. Over a
substantial part of their length they are linear and we should, given the
remarks above, expect the linear approximation to improve if the period of
adaption is longer.

We can now use (3) to sketch the relation. Cn the assumption that f=1,
f(.,.) is linear, and Wn) is linear we have a linear relation which would be
as in fig. 2 but with a steeper gradient since we have, along the relation,
increases in W as a result of the change in n. Given that f may be less than
one and that diminishing returns in f(.,.) as function of n may set in, we
should be inclined to regard the relation as more likely to be convex
although there may be a small concave portion near the vertical axis in
accorcance with the W(n) relation of fig. 3. Thus we sketch the relation in
fig. 4. Further (minor) evidence in favour of a convex curve can be obtained
by examining the relation between weight lifting records and weight division.
For example the world records for the different weight brackeis for the jerk
are as presented in table 4. Note, however, that the capacity to lift a heavy
weight is not identical to the capacity to engage in prolonged physical effort.

bC

2600

n <+
Fig. 4. The relaticn [¢ =consumption per dey (in Calories), n=number of tasks per day].
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Table 4
Weight lifted for competitor against
weight limit for competitor (jerk).

Weight limit Weight lifted
(kg) (kg)
52 140
56 151
60 159
67.5 178
75 190
82.5 203
90 214
110 228
110+ 241

"Source: Guinness Book of Records
(1974).

Diminishing marginal returns to body weight seem to set ir strongly for
comparisons across individuals and would, we suppose, be yet more rmarked
for any one individual. The shape drawr. in fig. 4 for the W(n) curve must,
however, be speculative and we return to this point in subsection 2.4 when
we discuss further research.

It should be recalled that W(n) was the minimum W for given n. It would
not necessarily be the W which the individual would regard as preferable or
be ‘optimum’ in any medical sense. There mway also be a maximum W for
given n. The consumption set is the area above XD but presumably has an
upper boundary. The individual would order (c,n) pairs in the consumption
set taking into account the consequent W( ).

We should emphasise that at higher income levels the assuinp ion that one
can confine attention to a two-dimensional consumption set (tasks and food)
becomes impossible to sustain since expenditure on food would become less
important in the budget. The employer would be justified in assuming that
increases in consumption consequent on increases in work would be met by
a relatively minor budget adjustment by the employee and would not take
‘the relation’ into account in setting the wige (see part 1).

We note briefly the theoretical consecuences of the relation or frontier
sketched in fig. 4. The first is tha! if the consumption set is convex tiere is
no scope for the differential treatment of identical individuals a. suggested by
Mirrlees (1976). We saw in part I that this result depends criciallv on the
consumption set being non-convex. Qur consumption set (sce fig. 41 is the
area bounded by the frontier XD and the vertical axis above X. The line OX
is not included and hence it is a convex set (ignoring the smal' region close
to X). Mirrlees suggested that a family which could not produce =znough to
survive whilst feeding identical members equally may nevertheless swuvive by

¢
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treating identic‘:‘l people unequally. If our specification f the frontier is

. . . .. .
neveant thic nnt maccthla Tha Aanly calntiane ara mioratinn activity 1in an
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area or cccupation not covered by the raodel, or death of some members.
The second consequence arises from the possible proximity to linearity. It
will be recalled from part I that the employer minimizes cost per task by
selecting the point of tangency from O to the consumption set (see fig. 1). If
the ‘close-tn-linearity’ proposition is correct the employer would select a very
high number of tasks per worker, if he wer: indeed able to choose along the

e siseiiilTa ROR EUAS YA AuS2 4 A2 iAW 2RSS QLML L) LAZUVLRYL All L1t

frontier, since his optimuwn cannot occur on the ‘close-to-linear’ portion of
the frontier. We shall return to this point in section 4 when we discuss simple

tests of the theory and in particular (bn :fly) slavery.

2.3. Estimates of numbers in poverty

Our :nitial purpose in examining estimates of numbers in poverty based on
nutriticnal criteria was to shew that there are sufficiently many pecple with
incomes which must imply a low nutritional status to justify the examination
of theories of wage dectermination which focus on the relation between
productivity and consumption. We took India as our example and it is not
surprising that the number who can be assumed to be at this low level is
iarge. The relation of this findir.g to the theory is discussed in secticn 4. We
showed in subsection 2.2 that major differences exist over Calorie require-
men's and we wished to examine the consequences of these differences for
estimates of the numbers in poverty. We shall see that the estimates of these
numbers are highly sensitive to the specification of Calorie requirements. In
subsection 2.4 we go on to ask about the meaning of the statement that a
substantial number of people are below mirimum levels and to make
suggestions for further research.

The calculation of nuinbers in poverty based on nutritional status proceeds
as follows. A nuiritional standard is prescribed and a diet, based on local
materials, which meets it defined. That diet is then costed and we suppose
this yields X Rupees. The proportion 8 spent on food by those with low
incomes is estimated and the poverty line is then defined as X/8 Rupees. This
calculation has been carried out by Bardhan for rural India for 1960-61 and
1968-69 [Bardhan (1973a)] using data from the National Sample Survey. He
considers the cost of a 5 item basket- 150z cereals, 30z pulses, 40z milk,
1.50z sugar and gur, 1.250z of edible cils per day. This is his minimmum diet
for an average ‘Indian adult in moderate activity’. He calculates the cost of
this basket at rural prices as Kps. 24.43 per month in 1968-69 (Rps. 11.87 in
1960-61). Assuming the average person to be 0.81 adults he calculates a
requirement of Rps. 19.79 per person per month for food (Rps. 9.61 in 1960--
61). The figures for food are then translated into figures for tetal income
using the ratio of expenditure on food to total expenditure for the poorest
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509, of the rural population. In this way (using data on income distritution)
one obtains an estim:ate of the proportion of the rural population living on
incomes inadequate to meet minimum nutritional needs. Bardhan finds this
proportion to have risen from somewhat less than 389/ in 1960-61 to about
54 % in 1968-69. '

The calorific value of the basket in Bardhan’s budget can be calculated®
using tab'es on ths nutritive values of Indian foods [Gopalan, Rama Sastri,
and Balarubramanian (1974)] as 2386 Calories.

Now s:uppose that we dropped the Calorie requirement for the reference
male (see fcotnote 8) by about 209 from Bardhan’s implicit figure of around
2400 Cals/d=y to around 2000 Cals/day. It is not our purpose to defend such
a figure since we are concerned with demonstrating sensitivity but we note
that 2000Cals/day could be defended, for example as follows. Take the
FAO/WHO standard figure of 46 Cals/day per kg body weight (FAC,WHO
p. 79). Reduce by 109 to allow for the ambient temperaivre of 25°C
[Davidson et al. (1975, p. 32)] thus obtaining 41.4Cals/day per kg body
weight. Spe:ify a standard body weight of 48 kg and we have 2000 Cals/day.
48 seems close to average Indian weights for 20 year old males'® (our
reference m:n is aged 20-29). Alternatively drop the Calorie requirement by
109 and Bardhan’s estimate of prices by 109, to achieve a 20 %, reduction in
required income. Alternatively one could suppose that 6 (proportion of
income spent on food) was underestimuted by 109 so that reqired income
was overestimated by 10%, together with an error in price of 109
Alternatively one couid suppose that the incomes of the rural poor were
underestima:ed by some percentage (and this seems quite possible).

It shouid be clear from the above that it is possible that ecither Bardhan's
required minimum income was 209 too high or the estimated incomes of
the rural poor were 299 too low or a combination of the two giving the
same result. Using a 20 reduction in minimum requircments'' we find that
we should have 20% of the popuiation in poverty in 1960-&1 rather than

°For details of the calculation, see Bliss and Stern (1976). Bardhan omitted (for lack of price
figures) 1oz of ground nut and 60z of vegetables from the basket. These would add another
200300 Calorizs and bring the total close to the current ICMR recoramendations of 2800 for a
55kg man. Bardhan (1973) refers (p. 249) in the paper to 2700 {although this may be a misprint}
Calories ard 55gm of protein and says they are the recommendation of the [CMR. Since 1953
the ICMR has recommended 2800Cals and 55gm of protein for a 55kg man in moderate
activity. We take it that Bardhan must be referring to a 55kg man since it has been standard
ICMR practice since 1958 to recommend 1 gm of protein per kg body weight for the teference
male [see Gopalan and Narasinga Rao (1974, p. 2)]. However our main point here is not to
argue in favour of a particular level but to show sensitivity of numbers in poverty to variations
in the level chosen.

1%Gopalan ind Vijaya Raghavan (1969) give the average weight of 19 year old males as
48.1 kg.

Y'We multiplied Bardhan's estimated minimum income for 1960-61 >f Rps. 14 per month by
0.8 to obtain an annual income of Rps. i34. By interpolating B.S. Minkas’ (1974, p. 68, tabic 2}
we arrive at the 20%; quoted.
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Bardhan’s calculated 389. Thus a 209 reduction in the ‘line’ halves the
number of people below it. With this kind of sensitivity and the uncertainty
in all the figures involved in calculating the number in poverty we should
suggest that such calculations have rather little value. And we should
emphasise that the approach is a common one. We have selected Bardhan’s
example because it concerns India and rural areas both of which are of
particular interest to us. For a series of similar calculation for a large
nurber of poor countries and regions, see Reutlinger and Selowsky (1976).
Even though the notion of requirements plays a central role in their analyses
the authors subject neither the level nor the meaning of requirements to
serious question. We turn to the issues of the measurement of poverty in the
next section.

These qucitions having beun raised let it not be forgotten that our
calculations do confirm that a large proportion of the populution of rura.
India and, presumably, an even larger proportion of landless -abourers (see
section 4), must be consuming at rather low Calorie intakes by the standards
of only moderate work. The implication is that these labourers must be
lighter, or doing less productive work or using less energy outside their
productive work than tne hypothetical individuals being used to define the
standard (and we shall go on to discuss the questions raised by such
conclusions in subsection 2.4). It should be emphasised that the figure we
usec in the example of 2000 Calories is a low one based as it is on an
average weight of Indian males of 48kg. The average irncludes a large
number of the ‘undernourished’ and this may be inappropriate as a ‘target’.
Equally, as ar average it must >e above the weight of the least nourished.

Further Bardhan’s main purpose was to show that the numbers in poverty
increased between 1960-61 and 1968-69 (from 38 % to 54 he suggests) and
nothing we have said contradicts the assertion that a large increase has taken
place.

24. Some questions

The preceding subsections have raised questions and encountered difficul-
ties which are important for economists and nutritionists. We can summarize
the conclusions of this part of our discussion by posing the questions directly.

We set out on an atterapt to use the nutritional literature to construct a
relation between consumption and productivity and we concentrated on
quantity of food, measured through Caiories. We saw in subsections 2.1 and
2.2 that one could not really construct the relation at issue without first
constructing a relation between weight and ability to work. Thus our
question is: ‘What are the consequences for an irdividual, in terms of ability
to perform tasks of being a certain weight? Or: ‘What is the minimum
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weight (f it exists) an individual would require to be tc perform a given
number of tasks and how does this weight vary with the number of tasks?
We shall see that a similur question emerges from our discussions in
subsection 2.3 of the numbers in poverty according to nutritional standards.
We saw that Calorie recommendations depend on weight. The Indian
Council of Medical Research, through their National Institute of Nutrition in
Hyderabad, issue Calorie recommendations and these numbers form the
basis of most of the discussion of nutrition 1. India. They currently
recommend 2800 Calories and 55gm of protein for a man of 55kg in

moderate work [see Gopalan and Narasinga Rao (197, p. 2)]. Suppose wo
carried out an exercise such as that described 1. subsection 2.3 and deduced

that many such males were consuming less than 2800Cals/day. What then
follows? I+ must be (assuming that our calculations are correct) that these
males weigh less than 55kg, or that their basal metabolic rates are lower, or
that there is less activity performed or at a slower rate, than is implicitly
assumed. Presumably it is some combination of these effects.

But now we mus' asx why 55kg was chosen as the standard weight for
recommendations. 7he average weight of the reference Indian male would
appear to be around 48kg.!* The [CMR documents recognise this point but
say rather little. In the latest recommendations Gopalan and Narasinga Rao
(1974, p. 5), when discussing recommendations for children s‘ate:

1
The low body weights of majority of Indian children are attributable to
poot nutritional status. It has also been shown [Taneja (19€7)] that the
growth potential of Indian children is not different from that of European
or American children. Therefore the earlier recommendations of Calorie
allowances for normal Indian children based on expected bodv weights,
appear to be reasonable.

But this leaves open the question of the ultimate body weight one supposes.
The standard reference man for developed courtries weighs o5 kg, but for
India weighs 55kg. These numbers are based ca an average healthy weight, a
level, which is, we suppose, difficult to def ne.

We do not wish, and have not the competence, to sug<'est particular
weights for the reference man. Our aim is to cinvhasize the {ollowing point.
The calculation of numbers in poverty by nutritiona! standards involves the
asserticn thut individuals are underweight by cortain standards. A policy
judgement should be informed as to :he consequences of being underweight.
We are therefore back at the question whicn arose from subsections 2.1 and
2.2. Waat are the performance consequences of being "inderweight’?

12W: have been-unable to find an average ﬁgﬁre for the reference male (aged 20-39). However
the ave:age for 19 year old males is given in Gopalan and Vijava Raghaven (1969) ar 48.1kg.
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The above question raises suggestions for further research and for indices
of poverty and welfare. We suggest that there should be studies of the
relations between Calories, weight and perforrmance which are different in
two important respects from the main experiment hitherto [Keys et al.
{1950)] which put North America volunieers on a low level diet for 24
weeks. The studies should be longer term and look at the consequences for
performance of higher level diets which lead to increases in weight.!® Thus in
a less developed country batches of volunteers of various weights could be
recruited and their performance on different diets could be examired, both as
equilibrium weight is approached and after that equilibrium (for given diet
and activity level) has been established. Presumably it is less hard to find
volunteers, in a less developed country, for experiments which increa e
weight than those which reduce it. The work of Viteri (1975) described wn
subsection 2.1 provides a good example of the kind of research which is
needed. The problems of research design would be substantial. Apparatus for
measurerent can be disconcarting, the incentives faced by participants must
be analysed, energy expendzd across the whole range of daily activities
should be measured and s0 on. Viteri has shown that such problems need
not nullify these experiments.

Such studies would have consequences for welfare measures. We have
suggested that calculations of numbers in poverty based on nutritional
requircments are of dubious value. Presumably at incomes so low that
physical capabilities can suffer a main policy concern is the state of those
physical capabilities. Thus it would follow that, where possible, one should
imeasure these directly. Nutritionists do carry out related measures (for
instance height to weight ratios). The kind of research we have proposed
would inforr the use of ‘hese measures in discussing poverty and suggest
further indices. Such measures should then be used as alternatives to the
types of calculations of the incidence of poverty which were described and
criticized in subsecticn 2.3.

There is a risk thai much of what we have said may be misunderstood so
we should conclude this section by emphasizing the following. We have been
concerned with one aspect of nutritional status only, Calorie intake. It is
clear that -here are many others of substantial importance. Secondly, our
statement that estimates of numbers in poverty based on nutritional stan-
dards are of little is not rooted in a lack of concern for the poor. The
distribution of incomes and the extent of poverty are important issues which
demand a serious response. The calculation of the numbers below some
arbitrary level is inadequate. We want to know about the numbers with
various dietary intakes and the consequences for individual welfare of

'"We suppose that some important nutritional effects are very long term, in particular those

operating across gencrations. At this point we have in mind something between 24 weeks and a
generation.
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consuming at different levels. Similarly, the assertion that we are in-
sufficiently informed as to the performance consequence of being underweight
doss not imply that the consequences ar¢ unimportant. We should expect the
research we recommend to show the opposite.

3. The problems of formal econometric testing

We concluded section 2 with suggestions for an experimental approach to
the relation. Now economists are used to encountering the inability to
experiment, and indeed, econoinetrics has been developed primarily to cope
with the problem of statistical inference in economic models where experi-
ment is not possible. I: is therefore natural to ask whetrer an econometric
exercise, based on the kinds of data that are available, o: coulc be easilv
available, would he able to identify the relation that we seek.

Let us now see how such an exercise might proceed. We take it that the
question is posed for agriculture and that time series wouid bhe more
complicated than cross-section because of the long periods required for the
former. One would need then a cross-section of farms with data on output,
labour, input, other inputs (land, capital and so on), and the corsumption of
workers. We consider two cases. The first where all labour is hired and the
second where all labour comes from the family. With more than one type of
labour matters are, of course, more difficult.

Where all labour, [, is hired we require to estimate

y=F(l, ¢, x), (4)

where ¢ is consumption of workers, y is output and x a vacior of other
factors influencing production. One must specify the fur.ciional form of
F( ). If one supposed that one could work in terms of elficiency units, as
postulated in the relation (see fig. 1 and also part I of this paper) one could
rewrite (4) as

y=F (lh(c), x), (4)
and the problem becomes one of functional form for F'( } ard h( )

Presumably crude specifications could be tried such as hic) a cubic in ¢ (to
allow the shape shown in fig. 1) and F° «.7 < me standard form.

One would need to suppose that farmer  :re uns re of the relation since
otherwise one would obszrve only points touns* i ¢ the curve (see fig. 1).
Further one would need a reasonadle spread o« oo ¢ rates since a major
interest in the exercise is to t+y to identify chasr - o - urvature. Thus there is

the frequent econometric problem that the wid~: - .ac spread of wages the less
reasonable is it to suppose that the underlying si—icture is similar across the
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sample, and in particular that we are dealing witk similar individuals. In any
casi: onc would not be able to observe wages arcund zero.

The best Indian data available would appsar to be from the Farm
Management Studies. However the data are, inevitably, crude, and even a
simple production function ahalyais puts credulity under some strain,’* and

tha 2wmoama Adalicnntsa atéasased (A" wanld we cuooact ha lilra
1€ mMore aeiicawe au.culpl. luVUlVCU lll (v ) wuuil, wuw ouggwol, Uw AV

rearranging the deck chairs on the Titanic.
Tiwe problems become worsz when one turns to the case of the family farm
with no hired labour. For then one has a second equation representing the

cnncnmntian finctia
\cuuouluplluu luu\«lluu

c=H(y, |l z), (5)

where z is a vector of factors influencing consumption. Thus we have a
simultaneous equations problem and one would have to suppose x, z, and
the functional forms wete such as to zllow identification. In specifying the
consumption function H{ ) we include ! since hours of work would, no
doubt, affect consumpiion. But there is the difficuit complication that the
family may have some partial knowledge of e«. (4). Thus the functional form
or parameters of (4) would affect (5). We have aot attempted to carry out the
estimation in cither of thz cases presented here or in the more coraplicated,
and more natural, mixed case of part hired and part family workers. We
should not therefore be cogmatic. We suggest, however, thar an attempt to
tease something out of the data, which is much more delicate than the crude
production function, with all the problems attendant to that simple exercise,
would not be justified.

4. Simgple tests of the predictions of the theory

We examine, in this section, how some simple predictions of the theory
fare when confronted with evidence on agricultural wages together with some
suggestive evidence on the relation itself. We concentrate on evidence from
India and we are particularly influenced by our stay in the village of
Palanpur in West U.P. in the winter season of 1974-75.

We saw in our discussion of subsection 2.3 that a substantial proportion of
the rural population in India can be assumed to be malnourished and the
proportion of landless labourers whe are malnourished will far exceed the
proportion for the rural population as a whole. Dandekar and Rath (1971,
pp. 14-15) calculate (using a ‘minimum’ Calorie level of 2250Cals/day per
capita) that for 1956-57 579, of agricultural {abour households were below
the rainimum.

*See Bharadwaj (1975) or Junanksr (1976). Further they do not contain data on com-
sumption of workers. One would presumably need to use wages instead.
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Evidence that malnutrition is commonplace in India is only weak support-
1n0 evidence for the errlppe.—Qholﬂv model Tt shows that conditions are

such that the effect of consumptlon on productivity might be playing an
important role in influencing wages; it does not show that wages are in fact
being importantly influenced.

We saw in subsection 2.2 that the theory could only be sensibly considered
as applying to longer-term contracts, certainly more than a few ¢.:ys Thus
one way of testing the theory would be to compare the wages of those to
whom the theory could be thought to apply, permanent labourers, and to
those where it is unlikely to apply, that is casual labourers. The theory
would lead one to expect that permanent labourers would consume at a
higher level since permanency allows employers to capture thc long-term
benefits of giving extra food. Further we suggested in subsection 2.2 that
since the relation may be linear over a substantial part of its range we should
expect an employer, with a permanent contract who is setting his wage in
accordance with the theory, to pay high wages and demand heavy work.
Further in a situation where malnutrition is prevalent we should expect a
high incidence of long-term labour contracts.

For 1936-57 we are able to make such & comparison. Bardban!® has
provided us with the following calculation from the evidence collected by the
Second Agricultural Labour Enquiry in India 1956-57: he calculates that the
annual per capita consumer expenditure for a casual agricultural labour
household was Rps. 136.5 and for permanent {(cr ‘attached’ in the Raport) it
was Rps. 149.9. The difference therefore has the direction predicied and
seems roughly the ‘right’ magnitude for the theory.!®

Less favourable to the theory is that permanent labour contracts seem
relatively unusual. In Palanpur in 197475 out of a village popuiation of 750
there was only one such case. For further evidence see for example the
Indian Government (Ministry of Agriculture) annual putlication 4gricultural
Wages in India. There are, of course, less formal lorg-term arrangements
I'see, for example, Bell (1975)] which may be overlooked by those who gather
official statistics. Rodgers (1975, p. 69) discussing the Kosi region of Bihar
found that tying was a common practice. Nevertheless the incidence does
seem very much less than would be predicted by the theory. for many parts
of India and, certainly in the part of West U.P. where we were working.

'SWe are very grateful to P.K. Bardhan for supplying thes. figures, in addition th many other
helpful comments.

'®The ICMR [Gopalan and Narasinga Rao (1974, p. 2)] suggest 3900 Cals/day for heavy
work as opposed to 2800Calv/day for modzrate aclivity for a reference indian male weight
55kg. The increase is 39°%. A permanent labourer would be unlikely to do heavy work
throughout the year. Further someone doing heavier work could consurae 1 higher proportion
of his income and could command a highe: proponuon of food inside the family. Thus one
would expect to fird a percentage differenc: in income between permanent and casual workers
of very much less than 39°,.
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Perhaps the most striking implication of the theory is that weges will tend
to be constant for workers with similar consumption backgrounds notwith-
standing variations in demand for labour and various factors affecting
product;vity such as cooperating inputs and season. We saw in part I of the
paper that the efficiency wage theory when applied ic workers of different
consumption backgrounds concludes in both the co:petitive and norn
competitive cases that wages are such that the marginal worker ieceives his
efficiency wage. If the margina!l worker in different regions is typically a
landless labourer we would expect similar wages. In the light of this
implication it is worth asking how and according to what patterns wages do
vary in India across different dist-icts and across different seasons.

The ivailable data are mostiy contained in the official publication
Agricultural Wages in India. The data are voluminous. Wage rates are given
for each month, for several districts within each state and often for two or
three villages from one district. Moreover in many <cases wage rates are
provided for many different types cf agricultural ficld labour, for example,
ploughing is distinguished from sowing, and so on. Hence a summary of
what the data show would be formidably diflicult and probably pointless.
What concerns us here is that the picture that emerges is one of great, even
bawildering, diversity. Not only do wages vary across states, as everyone
wauld expect, they alse vary spectacutarly, often by a factor of 2, between
ncighbouring districts, even between n1eighbouring villages. There is also
var.ation with seasen but this is less marked. If there is any stability it is for
one observation pomt over the year althcugh even in this case there is some
variation.!”

It may well be that the official wag: data are highly inaccurate-the
manner in which they are collected does not lead one to have great
confidence in them-but it is hard on the other hand to belicve that they
show diversity where in fact there is uniformity. [f anything the opposite
would bz expected. Of course all our inferences here are very uncertain. We
do not know the consumption background of the agricnltural workers. We
Jdo not know where scarcities of labour that are highly local may be negating
a model solidly based on the efficiency wage. We do not know when a factor
such as the unionization of agricultural labour—which would have to be
taken into account in considering e.g. Kerala—is operating. Nevertheless in
the wintzr season of 1974-75 whzn we were in West U.P. the daily wage in
our village was 4-5 Rps. per day whereas in the Punjab the daily rate for
agricultural labour was 8-9 Rps. and in Bihar 2-3 Rps.!® It is hard to
belicve that the efficiency wage iheory could account for these differences.

It may be thought that the seasonal stability of wages provides support for

'"Rao (1972) has suggesied that the seasonal stability may be spurious.

'""These are rough figures collected as r:sponses to our own questions. We are not referring to
payments for harvesting which is usually ¢n t1e basis of 2 59 share.
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the theory. Indeed Rodgers (1975) gives evidence of stability in the villages
he studied in the Kosi region of Bihar. However the theory would predict
stability of the real wage. Thus seasona! stability of money wages is evidence
against the assertion that wages are, throughout the ysar, as determined in
the theory if prices have big seasonal movements. We saw in subsection 2.1
that small changes in the level of work activity do not produce Jarge
proportional variations in the Calorie requirements, thus one cannot use the
theory together with changes in the type of task over the season to account
for fluctuations in the rea! wage. It is quite possible of course that the theory
could be relevant for some periods in the year, when say work was on a
steady basis, but not for others where it was more casual.

In the village of Palanpur in the winter season of 1974-75 the price of
wheat (the staple cereal) increased by 20% from October 1974 to January
1875 while the wage moved downward slightly, from around 5 Rps. to 4
Rps.'? The slack labour time (February or March) in our village coincided,
and this i, presumably a general pattern, with a time wher the wheat price
was high being roughly nine months from the last harvesi. This produced a
low real wage. Such a pattern 1s common ¢lsewhere in North India, is easily
explicable by simple supply and demand and is inconsistent with the theory.

The theory would predict the payment of kind wages, particularly meals,
where possible in an attempt to raise the proportion spent on food. Rodgers
(1975) and Bell (1975), for example, found kind wages to be important in
Bihar. Rodgers (1975) shows that the wages provided in the form of meals
on the job constitute around half the wage. We consulted 30 fariners?® in
Palanpur in 1974-75 as to why they usually paid 4 Rupees plus meal per day
rather than 5 Rupees, (the mea! was valued at approximately 1 Rupee). The
large majority of those who offered a reason said that it was to save working
time since the worker would go heme for his meal if it were not provided by
the employer, whereas if it were provided the meal would be eaten in the
field. Only one farmer mentioned in addition to the reason given that it
might make the worker perform better.

P.K. Bardhan has discussed a notable observation which migh: seem at
first dramatically in accord with the non-competitive version theorv.?! He
notes from the 25th round of the NSS Survey that for 11 states out of 14 the
average daily wage received by pure landless lubourers is in excess of that
received bv small-holders. This is exactly what the non-competitive “ersion of
the Mirrlees-Stiglitz model would lead one to expect if labourers with some
land are interpreted as workers with a positive consumption background.
Unfortunately it is not clear, &s usual, that the cause is the factors isolated by
the theory. For example it may be that employers will pay higher wages to

'*We are adding the value of a meal {around 1 Rp.) into the wage.
20These were the farmers of our sample wheat plots [see Bliss and Stern (1979)].
2'Bardhan (1973b).
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workers whom"they can get just when they want them anrd these will be the
landiess labourers.?? Note too that the differences in wages, if they are to
support the model, should occur :n the same village and that the competitive
version of the model predicts the opposite ranking (see part I of this paper).

Our last pieces of evidence are fron: outside India®® and first we give two
examples of the applicability of the theery where theie is permanency and close
control of labour. They come from South Africa and from slavery. Feeding.
of workers in South Africa has besen a matter of some attention. After
surveying studies showing its advantages in industry, Keyter (1962, p. 15)
concludes ‘from these measurements it appears that the most immediately
obvious benefit of feeding to the employer is .a reduction in sickness,
absenteeism and accidents’.

The most permanent form of labour of all is a slave. Hence it is interestir 2
to note the observation of Fogel and Eugerman?® that slaves on the
plantations of the ante-bellum South had an average daily Calorie intake
109 higher than that for the rest of the population (4185 per day in 1860 as
opposed to 3741 in 1879). They go on to argue that slave farms were much
more efficient than fice farms:

In other words even after one adjusts for the fact that on large plantations
slaves generaliy worked on better land than free southern farmers and had
more equipment, large plantations were still some 349, more efficient than
free farms.2®

The authors remark further that ‘the higher rate of utilization of labour
capacity was partly due to what was, by the usual standards of farmers, an
extracrdinary intensity of labour’.

Berg (1973, pp. 13--14) provides a further example. He quotes from Freyre
(1946) that ‘in north-east Brazil sugar plantation owners soon learncd that
the energy of the African in their service, when zbused or subjected to strain
paid less dividends than when it was well conserved ... . The Negro slave in
Brazil appears ... to have been, with all his alimentary deficiencies the best-
nourished elemert in society’.

Obviously evidence from slave system in the ante-bellum South and 19th
century Brazil is not evidence for India in the twentieth century (and it
should be recorded that the empirical findings of both sivdies are con-
troversial). It does, however, provide rather striking support for the twin
assertions that the relation must be considered as a long-term notion and

“?See Bardhan {1973b) for further discussion. He does not discuss efficiency wages as a
possibh: explanation of the phenomenon but does offer a list of other possible rezsons.

“3Turaham (1971, pp. 80-88) provides a valuable discussion of nutrition and poverty and
sorre uscful references.

“*Fogel and Engerman {1974, pp. 112-113).

**Fogel and Engerman (1974, p. 210).
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that it is of form that would lead one to suppose that, if it were relevant,
work levels would be high.

Finally Hasweli (1975) has presented soine svidence from peasant farming
in the village of Genieri in Gambia in 1947-48. She draws attention (pp. 38—
39) in the decline in body weight during the ‘pre-harvest huager in
November-December. The harvest was over in March and the sipply of
food together with relative inactivity caused a recovery in body weights. The
season of heaviest work was July through October and this coincided with
relatively low intake.

She goes on to say (p. 45): ‘Persistently pocr feeding and lowered
resistance to disease adversely affected the performance of some farmers’, and
(p. 102): ‘Calorie expenditure during the agricultural season on actuaal farm
work was depenclant upon the extent to which villages were prevented by
shortage of food from adjusting intake to requirements’. Thus we have an
example of the body acting as a store of energy in the short term and on
apparent effect of low food intake on performance.

Let us now summarize the conclusions of the results of our tes's of the
simple predictions of the theory. Many of the local labour markets in India
are conducted on a day to day basis and the wages paid in different markets
vary a great deal. For such markets we conclude that the efficiercy wage
theory has no strong relevance. The large variations in the level of real wages
for similar types cf labour across quite small regions and over the year which
we found in India also undermine the applicability of the theory which, we
saw in part I, gave a presumption in favour of uniformity.

Comparisons of relative wages for different kinds of labour do 1owever,
lend some support to the theory. We found a difference in incomes :r. favour
of permanent labourers relative to casual labourers and !andless relative to
landed labourers.

It i1s, however, unreasonable to suppose that one thecry could apply across
all the labour markets in a country as large and diverse as India. We would
suggest that in the area of West U.P. in which we were working the standard
supply and demand explanation of traditional economic theory 'eems to
operate quite well. However, Rodgers (1975) does give some argurr.-nts (not
all of them convincing as we have seen) for supposing that in tk: poorer
Kosi region of Bihar the efficiency wage theorv has more relevance And no
discussion of agricultural wages in Kerala or Tamil Nadu coull ig nore the
influence of the agricultural trade unions.

5. Concluding remarks

We have examined the nutritional evidence on the connection between
productivity and consumption. OQur main conclusions were as follws. The
relation or frontier discussed in the theory doszs seem to b. a real
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phenomenon with some of the features used by previous writers. The
quantity of energy required for ‘minimum’ daily requirements is large relative
to that required for woik so that small changes in estimates of the former
lead to large changes in estimates of the residual left for work out of a given
diet.

There is a big range of possible estimates for Calorie requirements. This
leads to very large variations of estimates of numbers on poverty in India if
these are based on nutritional stardards. Concern with the physical weli-
being of the population should lead vs to measures of welfare which focus
directly on physical attributes such as weight and longevity. The Calorie
approach is not pa.ticularly reliable.

The relation as based on energy is long term since over periods of at lea.!
a few days the body acts as a store. Over a substantial range of tasks the
energy requirements seem to be linearly related to the number of tasks. This
implies. that an employer choosing his wage according to the theory would
specify a high work load.

Further experimental research is urgeatly needed since the relation may be
of substantial importance for policy purposes. We suggest in particular a
long-term closely monitored study of the effect of higher fe.ding and different
work loads on previously malnourished groups.

Forma: ecsncmetric modelling and testing of the theory is possible but
given cui piesent state of knowledge of possible functional relations and the
absence of a large body of published  data of the detail and reliability
required we concluded that the exercise is not at present worth the effort.

We suggested that less formal analysis of the indian data could provide
some tentative conclusions. With many labour markets on a day to day basis
and with wide differences in wages for apparently similar work the theory
does not have general applicability. We found examples, however, where the
relative wages for different kinds of work were in the direction suggested by
the theory. For example landless latourers who are paid more than landed
and permanent labourers more than casual. We emphasized that it is where
labour contracts are moie permanent, that the theory is more convincing.
The high food intake and iniensive work amongst slaves in 19th century
USA and Brazil provide extreme examples.

We should like to corclude by emphasizing our suggestions for further
empiricil research. The problem of identifying the relation is tractable, if
difficult of great potcntial importance for policy and has been largely
ignored by applied ecor:omists. We quoted the example of the work of Viteri
to show that studies of the relation between food intake and performance
can be fruitful. A second and related suggestion is for a series of careful
studies to provide anthrcpometric indicators of work potential. We should
not expect one single measure 1o be reliable and research studies should be
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of a broad selection of both indicators and communities. Sowne such
indicators (for example weight to heigit ratios) are already used but we necd
additional ones and guidance on their interpretation. Measures of these
kinds should replace the comparatively useless calculations of nunbers in
poverty which involve calorific standards and deficits.

These are not questions for idle intellectual curiosity but are of pressing
practical importance. Given this importance and the possibilitics for research
the comparative absence of knowledg: and lack of current active research is
both regrettable and worrying.
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