The Transformation of Hunger:
The Demand for Calories Past and
Present

TREVON D. LOGAN

According to conventional income measures, American and British industrial
workers in the late nineteenth century were two to four times as wealthy
as those in developing countries today. Estimated calorie expenditure elasticities
of American and British industrial workers based on the 1888 Cost of Living
Survey are greater than calorie elasticity estimates for developing countries
today, which suggest that yesterday’s wealthy workers were hungrier than
today’s poor. The result is robust to numerous criticisms. The finding implies
an extraordinary improvement in nutritional well-being among the poor in the
last century that has not been captured by our income estimates.

Given the long struggle with subsistence and chronic malnutrition
throughout human history, the quantification of hunger seems a
likely candidate to tell us about how living standards have changed over
time. Using this insight, I adopt a novel approach to measuring living
standards— exploring how the demand for calories in the past compares
to the situation in today’s developing countries. Using calorie demand
to analyze living standards in the past is important in two ways. First,
the methodology allows us to look at living standards today and in the
past in the same manner and with the same interpretation. Second, this
methodology allows us to ask and answer the question of how living
standards have changed over time in a tractable way that is closely
related to a basic dimension of human welfare.

I compare the calorie demand for industrial workers in the United
States and Great Britain in the late nineteenth century to those
from developing countries today. While calorie demand estimation is
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standard in development economics, we know little about how calorie
demand has changed over time. | find that estimates of calorie demand
for both British and American households in the late nineteenth century
are significantly greater than contemporary estimates in the developing
world today. Furthermore, the finding is robust to estimation bias,
the failure to capture home-produced calories in the 1888 Cost of
Living Survey (such as gardens and poultry), measurement error, and
accounting for substitution in the diet as income increases.

Comparable living standards across time are complex and can vary
significantly depending on the dimension analyzed. When one considers
that American and British workers in the late nineteenth century were
two to four times as wealthy as households in poor countries today,
these calorie results are surprising. I conclude that the press of hunger
has transformed dramatically over time and in a way not captured by
our income estimates. I also conclude that it is difficult to draw firm
conclusions about human welfare from any single metric such as GDP.

DATA AND SUMMARY DIETARY MEASURES

Data

The historical calorie demand estimates come from a unique and
rich household survey from the late nineteenth century. The “Cost of
Living of Industrial Workers in the United States and Europe, 1888—
1890” (henceforth 1888CEX), was conducted by the United States
Department of Labor to assess the living standards of American and
European industrial workers in the late nineteenth century. The
1888CEX contains a sample of 8,544 families working in industrial
sectors in both Western Europe and the United States. The majority of
the households in the survey, 6,809, are from the United States. The
European subsample comes from Germany, Switzerland, Belgium,
Great Britain, and France, although the majority of the European
households, 1,024, come from Great Britain.' Comparison with the
Historical Statistics of the United States, for example, reveals that
these households are close to the 40th percentile in the expenditure
distribution at the time. The survey contains detailed annual expenditure
information for both food and nonfood items, annual income

! Haines, “Industrial Work,” compares the 1888CEX to census returns and finds the sample
representative of industrial families. Lees, “Getting and Spending,” and Modell, “Patterns
of  Consumption; mmake similar comparisons for the British and American samples, and
independently confirm its representativeness. Williamson, “Consumer Behavior,” describes the
1888CEX in greater detail.
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information for all members of the household (father, mother, and
children), and demographic information on the household’s age and sex
composition, as well as a detailed recording of the household head’s
occupation. Calorie conversions were created in conjunction with the
Aldricl; Report on retail prices in a methodology described by Trevon
Logan.

Summary Dietary Measures

It is useful to start with other measures of nutrition that can be
compared to estimates from developing countries, such as average
calories per head, the percent of the budget devoted to food, and the
average price of calories as a percent of a day’s wage. These measures
serve as a motivating force for the use of calorie demand as the
quantification of hunger. To foreshadow the case study presented in the
next section, I compare the historical summary measures with those for
India in 1983 estimated by Shankar Subramanian and Angus Deaton.’

The average calories per head in Table 1 show that Indian households
in 1983 had 40 percent more calories per head than British industrial
households in 1888 and 20 percent more than American households. A
similar result is shown for calories per adult male equivalent. It is not
obvious that we can infer differences in hunger from the variation in
calories per head. To do so, we need to know more about how long and
hard people are working, the methods for preparing food, calorie
wastage, and the distribution of food. Table 1 also lists the fraction of
the budget devoted to food. American and British families in the late
nineteenth century devoted 50 percent of expenditure to food, while
those in India devoted more than 60 percent of expenditure to food. As
with calories per head, there are several problems with budget shares as
the measure of hunger. Budget shares take no account of the trade-offs
between home production and direct purchases of food, differences in
calorie prices over time, or differences in the relative price of calories.
Another measure of nutrition would be the price of calories. As Table 1
shows, a day’s worth of calories cost around 10 percent of a typical
day’s wage in the United States and around 13 percent of an industrial
worker’s daily wage in Great Britain.* Subramanian and Deaton find

? Logan, “Nutrition and Well-Being.” Since the Aldrich report contains retail prices for the
United States and Great Britain, only those subsamples are used to derive estimates of calories.

3 Subramanian.and-Deatong<Demand.for Food.”

* For the methodology used to construct household-specific calorie price estimates from the
1888CEX, see Logan, “Nutrition and Well-Being.”
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TABLE 1
SUMMARY DIETARY MEASURES
United States Great Britain India*
1888 1888 1983

Number of Calories per Head
Calories per head 1,646 1,390 2,098

Percent of Total Household Expenditure Devoted to Food
Percent of budget devoted to food 44.50 50.10 67.40

Price of a Day’s Worth of Calories as a Percentage of a Day’s Wage

United States Great Britain India**
Industry 1888 1888 1983
Pig iron 11.25 16.96 —
Bar iron 8.26 14.49 —
Steel 9.98 12.97 —
Bituminous coal 13.53 16.88 —
Coke 11.18 19.70 —
Iron ore 17.88 — —
Cotton textile 15.92 16.66 —
Wool textile 12.18 20.01 —
Glass 7.45 14.97 —
Average 11.15 16.04 <5

* Results come from Subramanian and Deaton, “Demand for Food,” p. 140, table 1.

** Results come from Subramanian and Deaton, “Demand for Food,” p. 155, and are for 2,600
calories at average prices for Maharastra, India in 1983.

Notes: The percentage is the proportion of a male head’s daily wage, in each industry, that
would purchase 2,300 calories at the average calorie price faced by households in each industry.
The differences in calories per head are robust. Calories per adult male equivalent for the United
States are approximately 2,300, 1,800 for Great Britain, and 2,800 for India. Clothing was 16.7
percent of expenditure, and housing 13.7 percent of expenditure in the United States. Clothing
was 16.1 percent of expenditure, and housing 10.8 percent of expenditure in Great Britain.
Sources: All others from the author’s calculation, see the text.

that a day’s worth of calories costs less than 5 percent of a typical day’s
wage in India in 1983.

The Case for Calorie Elasticities

The three traditional measures do not point to a single answer of the
question of who has better nutrition. As an alternative, consider a more
theoretically grounded approach to measuring hunger across time and
space. Imagine an experiment where two individuals, 4 and B, were
each given an additional dollar to spend on whatever they chose. If 4
used her additional dollar to consume 500 additional calories, but B
used his additional dollar to consume 100 additional calories, we would
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infer from their behavior that 4 was hungrier than B. This follows from
our intuition that if one is hungry, they will devote a large share of their
marginal income to securing more calories.” Instead of looking at the
fraction of the marginal dollar spent on calories, I estimate calorie
demand—the elasticity of calories with respect to changes in personal
consumption expenditures, what I term the calorie elasticity.’

Calorie elasticities reflect demand for nutrition, not a predescribed
measure of nutritional adequacy. Unlike food elasticities, calorie
elasticities reflect nutritional demand—people can consume only so
many calories in a given period of time, although the price of those
calories can vary significantly. Also, calorie elasticities should be
decreasing functions of income, where wealthier households have lower
calorie elasticities.” As such, calorie elasticities allow us to compare
demand for nutrition—those that are hungrier will have larger calorie
elasticities. To be sure, there are limits to this approach. For example,
differences in dietary taste or the demand and price of diet variety could
lead to differences in calorie elasticities that would not be related to
hunger per se. As will be shown later, there are ways of gauging the
extent of the effect of these factors on the demand for calories
generally, and the main result of this article is robust to such
considerations.

COMPARING CALORIE ELASTICITIES — A CASE STUDY

Calorie Elasticity Estimates

I first compare the historical estimates to the range advanced by
Subramanian and Deaton, who estimate calorie elasticities for rural
Indian villages in 1983. I compare my results to their estimates as a case
study for two reasons. First, my methodology is similar to theirs, and
it is important to have similar methodologies if the results are to be
comparable. Second, their work is concerned with the plausible range
of calorie elasticities for developing countries. While there is no
general agreement on the size of the calorie elasticity in developing

’In some respects, such an argument has the flavor of Samuelson’s, Foundations, weak
axiom of revealed preference.

® Throughout the article, per capita expenditure and calories are used. The elasticity estimated
here is the percent increase in per capita calories given an increase in per capita expenditure or
income.

" This is confirmed in the 1888CEX in Logan, “Nutrition and Well-Being”; and for the NSS
in Subramanian and Deaton, “Demand for Food.” The food elasticities reported for the
1888 CEX. (>..80) are much,greater,than,food elasticities estimated for the United States and
Great Britain in the middle of the twentieth century (< .50) or today (< .20) by the USDA. For
more on food group demand in the past, see Logan, “Food, Nutrition.”
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countries, an upper bound has been established in the literature.® I then
compare the historical elasticity estimates with a broad sample of
calorie elasticity estimates from the modern developing world.

Following convention, I estimate the elasticity with a log linear
regression of per capita calories (PCC) on per capita income (PCI) or
expenditure (PCE) and a vector of controls (£)

ln(PCCi)=a+ﬁln(PCll_)+ FZi+$l, (1)

where fis the calorie elasticity.” The log linear functions presented here
were estimated using ordinary least squares (OLS)." The OLS
regression estimates presented here are taken as summary measures of
each respective population’s demand for calories. Subramanian and
Deaton estimate the calorie elasticity in rural India. Their data come
from the thirty-eighth round of the National Sample Survey (NSS) in
1983, with a total sample of 5,630 households. They conclude that “the
range of estimates . . . for the expenditure elasticity of calories, from .3
to .5, is the right one for this part of rural India” (p. 161).

While constructing the NSS data to be similar to the 1888CEX and
then estimating the calorie elasticities would be an attractive research
strategy, it would not be as informative as the results presented below."’
Constructing the NSS as if it were the 1888CEX would create biased
calorie availability measures in the Indian data. It is well known that
in Indian villages poor families consume many meals outside of the
home and wealthy families serve many meals in their homes that are
not household measures of calories would systematically understate the

¥ Subramanian and Deaton, “Demand for Food,” were responding, in part, to the work of
Behrman and Deolalikar, “Developing Country Nutrition” and “Variety,” who argued that
calorie expenditure elasticities in India were close to zero and that households seemed to prefer
increasing the variety of the diet as opposed to its quantity. Subramanian and Deaton correctly
note that Behrman and Deolalikar’s point estimate for the expenditure elasticity of calories falls
within the range Subramanian and Deaton advocate (.3 to .5), but that the Behrman and
Deolalikar point estimate is imprecisely estimated. Banerjee and Duflo, “Economic Lives,” p.
147, concur that the “Deaton and Subramanian estimate is one of the higher estimates.”

° The controls include the log of household size, the fraction of the household in five-year
age-sex categories (for example, the fraction of the household that is female aged 5-9), the
industry of the household head, and geographic controls.

1 Since taking the logs of both income and calories produces an approximate joint normality,
OLS is indeed appropriate for estimating the elasticity (Deaton, Analysis of Household Surveys).
For the linearity of the calorie-income relationship, see Logan, “Nutrition and Well-Being.” For
more on the normality of the calorie distribution in the 1888CEX, see Logan, “Calorie
Distribution.”

! The_historical caloric estimates-are greater than all of the estimates for developing
countries, so doing such a comparison of one country would not explain why the finding holds
for other countries.
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consumed by household members.'> With this being true, simply taking
calories available to poor households, since they consume a sizable
fraction of their calories outside the home. The practice would also
overstate the calories available to wealthy households since they provide a
large number of calories to others in the NSS. For this reason,
Subramanian and Deaton construct their measure of calorie availability
based on information about where the meal was consumed in order
to capture calories consumed by household members outside of the
household. Indeed, one of the reasons that the NSS collects information
about where calories are consumed is to overcome this potential problem.
For the 1888CEX, however, such information is unnecessary. It is well
known that members of industrial families in the late nineteenth century
consumed nearly all their meals in their own households, where guests
were infrequent and the diet monotonous."

To tackle the issue of comparability fully, I took data from the “Credit
Programs for the Poor” household survey conducted in rural Bangladesh
in 1991 and 1992." These data are comprised of household surveys
conducted in 87 villages in 29 randomly selected thanas (subdistricts) out
of a total of 391 thanas in Bangladesh. The data contain detailed
information on household food purchases and production (which is valued
at market prices as in the NSS), as well as household demographics and
expenditures. There were 1,543 households from the survey whose
responses are sufficient to estimate the calorie elasticity.” In using this
data I took no account of the distribution of calories between households,
and in this way the data mirror the methodology used for the 1888CEX.

In Subramanian and Deaton’s fullest parametric specification of
the model, they regress the log of per capita calories on the log of per
capita expenditure, the log of family size, shares of the family by sex and
age, and other covariates such as religion, caste, and geographic
location. When 1 replicate their regression in Table 2, I also reject
the hypothesis that the historical expenditure elasticities of calories are
less than or equal to .5. When Subramanian and Deaton estimate the

12 See Subramanian and Deaton, “Demand for Food,” for a full discussion of this issue and
the remedies available in the NSS.

1 See Kertzer and Barbagli, History of European Family; Byington, Homestead; Chapin,
Standard of Living; and Shergold, Working-Class Life.

' For a further description of the data, see Pitt and Khandker, “Impact of Group Credit.”

!> A particular advantage of this survey is the fact that the survey design incorporated
seasonal variation in the Bangla calendar. The households in the villages were surveyed during
the post-harvest period,of the three harvest seasons (4man, Boro, and Aus), so that each season
corresponds to one-third of the year. Pitt and Khandker, ibid., note that the three seasons go
from the most plentiful (after the Aman harvest) to the leanest (the Aus harvest).
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TABLE 2

395

LOG-LOG TRANSFORMATION OLS ESTIMATES OF CALORIE EXPENDITURE
ELASTICITIES 1888 UNITED STATES, 1888 GREAT BRITAIN, 1983 INDIA, AND

1992 BANGLADESH
United Great
States Britain Bangladesh Bangladesh India* India*
1888 1888 1992 1992 1983 1983
I I I v v VI
Intercept 8.014 6.814 7.356 7.137 6.028
(.119) (:378) (.379) (:378) (.077)
InPCE 0.543 0.674 0.351 0.244 0.366 0.341
(.011) (.038) (.069) (.070) (.013) (.013)
InFamsSize —-0.033 0.090 —0.052 -0.157  -0.163
(.011) (.048) (.009) (.011) (.008)
Male 04 —-0.225 -0.212 -0.312 -0.097  -0.146
(.038) (-144) (:491) (.044) (.036)
Male 5-9 -0.114 —0.183 —0.113 0.049 0.032
(.039) (.155) (:492) (.041) (.032)
Male 10-14 —0.087 —-0.102 0.078 0.089 0.061
(.039) (.156) (.051) (.047) (.032)
Male 15-55 0.162 —0.057 0.206 0.164 0.163
(.040) (.140) (.422) (.032) (.028)
Male 55+ 0.120 0.084 0.329 0.141 0.121
(.038) (.152) (.566) (.047) (.043)
Female 0—4 -0.219 —0.248 —0.236 -0.136  —0.187
(.036) (-142) (.485) (.044) (.038)
Female 5-9 —-0.131 —0.274 0.104 0.018  —0.004
(.038) (.147) (.491) (.044) (.040)
Female 10-14 —-0.121 —0.065 0.096 0.114 0.068
(.042) (.155) (.052) (.041) (.034)
Female 15-55 0.054 0.023 0.108 0.042 0.051
(.036) (.131) (:396) (.026) (.025)
R-Square 0.64 0.57 0.42 0.62 0.55 0.67
N 6,809 1,024 1,543 1,543 5,624 5,624
Industry dummies? Yes Yes No No Yes Yes
State/Region dummies? Yes NA** No Yes No Yes

* Results come from Subramanian and Deaton, “Demand for Food,” table 2, p. 153.

**Geographic detail is not available for the British sample.

Notes: Male/Female x-y is the share (proportion) of the household that is in that age-sex
category. Each column is a separate OLS regression in which InPCC was the dependent

variable. Robust standard errors are listed under coefficient estimates in parentheses.

Sources: All other results are from the author’s calculation, see the text.

same regression, their point estimate of the elasticity is .37, and for
Bangladesh in 1992 the elasticity is .35 in the simplest specification and
.24 in the fullest specification. For the United States in 1888, the
elasticity is .54 and for Great Britain it is .67. Not only are the historical
estimates greater than Subramanian and Deaton’s estimates, but they
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are greater than the largest of either Subramanian and Deaton’s or the
Bangladeshi elasticity estimates.

Calorie Price Elasticities

Earlier I noted that food elasticity is not a good quantifier of hunger,
since even well-fed people may have high food expenditure elasticities
if they have high demand for expensive foods. The degree to which
people consume more expensive food rather than more food is a useful
measure of hunger. Taking this idea further, we can decompose
increased food expenditure into two components—the increased
number of calories (the calorie elasticity) and the increased average
price paid for those calories (the calorie price elasticity). People who are
very hungry should have relatively low increases in calorie price since
they would desire increased quantity over quality. Since each household
faces a unique price of calories based upon the quantity and types of
foods that they consume, household-specific average calorie prices can
be constructed from the survey data. Following the decomposition, the
share of the food elasticity that is devoted to quantity (the calorie
elasticity divided by the food elasticity) will be larger for those who are
hungry.16 This measure is indirect, but it is useful to see if it agrees with
the calorie elasticity estimates.

Table 3 shows the calorie price elasticity estimates for the American,
British, and Indian data.'” Indians in 1983 pay a higher food price
as their income rises than the British and the American industrial
workers pay in 1888. To the extent that higher prices reflect higher
quality, it says that Indians are not sacrificing quality to obtain
more calories in the way that the British and the American were in
1888. Subramanian and Deaton find that the food elasticity is equally

1% First, consider the expenditure elasticity of food, which is g [in(foodbudget ,)| = a, + B, In(PCE,)

where ﬂ 1s the expenditure elasticity of food. Total food expenditure is also total calorie
expenditure, giving the identity foodbudger i = P;0; where P is the price of calories and
QO is the quantity of calories. The calorie price has an elasticity ﬂ p, derived from the
equation E[In(P;)] = ap + Bp In(PCE;); the calorie quantity elasticity is ﬁQ in the
equation E[In(Q,)] = o, + B, In(PCE}) . Substituting these into the food elasticity equation gives
E[ln(foodbudget,- )] =ap+ ([;’P +Bo )ln(PCE,-) where the food elasticity is simply the calorie price
elasticity added to the calorie elasticity. In looking at the share of the food elasticity devoted to
calorie quantity, S / (ﬂp + ,BQ), we control for the overall size of the food elasticity.

7Tt was not possible to construct household measures of calorie prices with the Bangladeshi
data.
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TABLE 3
LOG-LOG OLS ESTIMATES OF ELASTICITY OF CALORIE PRICE WITH RESPECT TO
TOTAL EXPENDITURES FOR THE UNITED STATES, GREAT BRITAIN, AND INDIA
(dependent variable = log of calorie price)

United Great United Great

States Britain States Britain  India* India*
1888 1888 1888 1888 1983 1983
I I 11 v \Y% VI
InPCE 0.156 0.187 0.126 0.147 0.380 0.322
(.006) (.022) (.008) (.028)  (.015) (.014)
R-Square 0.10 0.09 0.34 0.23 0.43 0.64
N 6,809 1,024 6,809 1,024 5,624 5,624
Industry dummies? No No Yes Yes Yes Yes
State/Region dummies? No No Yes NA** No Yes
Household demographics No No Yes Yes Yes Yes

* Results come from Subramanian and Deaton, “Demand for Food,” table 2, p. 153.
**Geographic detail is not available for the British sample.

Notes: Household Demographics are the share of the household in five-year age and sex
categories. Robust standard errors are listed under coefficient estimates in parentheses.

Sources: All other results are from the author’s calculation, see the text.

divided between the calorie price elasticity and the calorie elasticity (so
that roughly 50 percent of the food elasticity is due to increased quality),
and this pattern holds for many developing countries. Indeed, Abhijit
Banerjee and Esther Duflo assert that “even for the extremely poor, for
every 1 percent increase in the food expenditure, about half goes into
purchasing more calories, and half goes into purchasing more expensive
calories.”'® Historically, however, these industrial workers devoted less
than 25 percent of the food elasticity to more expensive calories. Put
another way, more than 75 percent of the food elasticity for American and
British households was devoted to increasing the size of the diet, and less
than a quarter to increasing the diet quality.

EVIDENCE FROM THE GENERAL PATTERN OF CALORIE
ELASTICITIES

A Comparison to Calorie Elasticities in General

The main results of the case study hold when considering a host of
calorie elasticity estimates. The general pattern reveals that the historical
estimates are indeed at the highest end of what is seen today for
developing countries. The top panel of Table 4 lists the calorie

'8 Banerjee and Duflo, “Economic Lives,” p. 147.
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TABLE 4
COMPARISON OF 1888 ESTIMATES OF CALORIC ELASTICITIES WITH ESTIMATES
FROM HOUSEHOLD SURVEYS CONDUCTED IN THE DEVELOPING WORLD TODAY

Panel A: Comparison with Other Studies

Expenditure Elasticity of Calories Income Elasticity of Calories
Nation Method  Estimate Nation Method  Estimate

Indonesia — Urban OLS 0.26 Mexico OLS 0.01
Philippines 2SLS 0.32 Philippines OLS 0.11
Philippines OLS 0.34 Brazil OLS 0.24
Philippines OLS 0.43 Philippines 2SLS 0.28
India 2SLS 0.44 Thailand OLS 0.33
Indonesia — Rural OLS 0.51 United States, 1888 OLS 0.36
United States, 1888 2SLS 0.51 Great Britain, 1888 OLS 0.50
United States, 1888 OLS 0.55 Brazil 2SLS 0.53
Sri Lanka OLS 0.56

Great Britain, 1888 2SLS 0.62

Great Britain, 1888 OLS 0.62

Panel B: Instrumental Variable Estimates

Independent
Variables OLS v
Great Britain, 1888 InPCE, log of family size 0.722 (.031) 0.512 (.031)
United States, 1888 InPCE, log of family size 0.594  (.009) 0.450  (.009)
India, 1983* InPCE 0.439  (.006) 0.334  (.009)
India, 1983* InPCE, log of family size 0.378  (.006) 0.281  (.008)
Bangladesh, 1992 InPCE 0.351  (.068) 0341  (.067)
Bangladesh, 1992 InPCE, log of family size 0.309  (.069) 0.238  (.067)

* Results come from Subramanian and Deaton, “Demand for Food,” table 3, p. 160.

Notes: The dependent variable in all cases is the log of per capita calories. The instrument in all
cases is the log of total nonfood expenditure. Robust standard errors are in parentheses.

Sources: All non-1888 estimates are taken from table 34.1 of Strauss and Thomas, “Human
Resources,” pp. 1894-95, except those of Mexico, which come from Ruiz-Arranz et al., “More
Calories.” For methodological consistency, only OLS and 2SLS estimates based upon calorie
availability are reported in this table. For a discussion of the heterogeneity introduced by the
estimation procedure and type of caloric unit, see Strauss and Thomas, “Human Resources,” pp.
1883-2023; and Deaton, Analysis of Household Surveys. All 1888 values come from the
author’s calculation, see the text. All other values come from the author’s calculation, see the
text.

elasticity estimates compiled by John Strauss and Duncan Thomas that
use a methodology similar to my own." Namely, each of the estimates
in the table come from an OLS or two-stage least squares (2SLS)
estimate of the calorie elasticity where the calorie unit is the number of
calories available to the household and income and expenditure are the
measures of household resources. The calorie elasticity estimates for

1 Strauss and Thomas, “Human Resources.”
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both Great Britain and the United States are among the highest
estimates when compared to those compiled by Strauss and Thomas.

An important caveat to these comparisons is measurement error. If
there were only traditional measurement error in the 1888CEX, it would
imply that the historical elasticities are biased downward, and the
historical estimates are too low. If, however, both calories and
expenditure are measured with error, and if these errors are correlated, 1
will overstate the true expenditure elasticity of calories if the correlation
between the errors dominates the attenuation bias. Howart Bouis and
Lawrence Haddad have shown that when both types of measurement
errors are present in a linear model of calorie demand, the correlated
measurement error dominates the attenuation bias, so the net effect
leads to upward biased estimates of calorie elasticities.”” Subramanian
and Deaton show, however, that if the log of nonfood expenditure is
used as an instrument for the log of per capita expenditure, the resulting
elasticity estimate is guaranteed to be biased downward even if there is
correlated measurement error.

The bottom panel of Table 4 shows the OLS and instrumental
variables (IV) estimates of the calorie elasticity. The instrumental
variables estimates for the historical elasticities, which fall to .45, are
greater than Subramanian and Deaton’s or the Bangladeshi OLS
estimates for their respective calorie elasticities, which at their highest
are .38. This result confirms that these historical estimates of the calorie
elasticity are much larger than Subramanian and Deaton’s estimates for
India in 1983 or the Bangladeshi estimates for 1992. Even when using
historical estimates that may be too low by construction, the historical
estimates are still greater than the contemporary estimates.

Other Measures of Well-Being

Demographic measures such as infant mortality and life expectancy
support the notion that those in the late nineteenth century were worse
off than those in developing countries today. Returning to the case
study, we can note that while 90 percent of children born in 1983
Maharastra, India lived to see their fifth birthday, 80 percent did so in
the United States, and only 75 percent did so in Great Britain. Similarly,
life expectancy was also much shorter in the past. While males aged 10
in the United States and Great Britain in the late nineteenth century
could expect to live another 50 years, males aged 10 in India in 1983
could expect to live another 55 years.”'

20 Bouis and Haddad, “Estimates of Calorie-Income.”
21 While a five-year life expectancy differential may appear small, changes in life expectancy
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When considering other estimates of well-being, such as height, the
comparison between the past and present is more nuanced. Due to the
inherent problems of comparing point estimates of height, a look at the
growth rate of average stature in centimeters per year would be more
appropriate.”> Alexander Moradi analyzes height trends in Sub-Saharan
Africa and South Asia from 1950 to 1980.% He finds that South Asians
were making steady but slow height gains, but nations in Sub-Saharan
Africa had height trends that were increasing, decreasing, U-shaped,
and inverted U-shaped trends. These types of dissimilarities are not
found in historical height trends.”* Since stature varies greatly from
country to country today without a clear short-run trend, it is difficult to
extend the comparison to stature.

IS THE COMPARISON VALID?

Below I consider objections to the comparisons of calorie elasticities
across time and space. I consider the consequences if the estimates of
calorie elasticities in the past are contaminated with indirect estimation
bias, the failure to report home production of calories, measurement
error, and accounting for differences in substitution between food
groups as income increases. I conclude that these objections, while
potentially damaging, do not apply to the calorie elasticity comparisons
made here.

The Indirect Estimates Objection

It could be that the historical calorie elasticities are more indirect than
the other estimates presented in Table 4. Indirect estimates of calorie
elasticities are calculated by computing the income and expenditure
elasticity of food for each respective food group and then converting
that measure to calories. The problem with indirect estimates is that
they miss the substitution that households make between foods within
particular food groupings. Elasticity estimates using indirect methods
are usually greater than those that use the calorie method.

at age ten require large reductions in later-life mortality that are much more difficult to achieve
than reductions in infant mortality.

22 Comparing height at a point in time is analogous to comparing GDP at a point in time—it
would be unreasonable to expect people who have only had fifty years of a stature transition to
achieve the same heights as those whose statures have been growing for more than a century.

2 Moradi, “Nutritional.Status.”

2 Steckel, “Stature and the Standard of Living,” “Industrialization and Health,” and “Health
and Nutrition.”
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The historical estimates are not contaminated with “indirect bias” for
four reasons. First, Strauss and Thomas, note that there is, a priori,
nothing inherent in the indirect methodology that necessarily creates
larger estimates.”> Secondly, food groups in the 1888CEX are fairly
well detailed for the time of the survey, and I therefore capture a large
amount of substitution between calorie groups. It is well established in
the historical record that the diet of the working classes in the late
nineteenth century was monotonous.”® Third, for food groupings that
were fairly broad (fruit, for example), the calorie price of the foods in
that group did not vary significantly, which means that substitution
between goods within a food group were largely not substitutions
towards more or less expensive calories. Fourth, looking at changes in
food groups across the income distribution strongly suggest a great deal
of substitution away from and towards different food groups.”’ If the
vast majority of the substitution was within a food group, then the
expenditure shares devoted to particular food groups would remain
nearly constant from the top to bottom deciles of the income
distribution, and this was clearly not the case.

The Home Production of Calories Objection

If the distribution of home-produced calories is skewed toward the
poorest families in the historical survey, the estimates of available
calories are too low for poor households. This yields calorie elasticity
estimates that are too high because they systematically underestimate
the total calories available to poorer households. Comparing the
1888CEX calorie elasticity estimates to estimates that account for home
production, as most studies in the developing world attempt to do, is
therefore not appropriate.

This argument implicitly assumes that the errors in calories are
correlated with income or expenditure. Earlier, I noted that the result
was robust to this sort of correlated measurement error. The distribution
of home produced calories within the 1888CEX is not likely to be
as skewed as the distribution in the general population. Narrative
historical evidence also cast doubt on the home production objection.”®

25 “Human Resources,” pp. 1883-2023.

26 Kertzer and Barbagli, History of the European Family.

?7 Logan, “Food, Nutrition,” pp. 527—45.

8 Byington, Homestead, found that the poor families she studied bought their food in the
market on a daily basis, while the wealthier families were able to buy in bulk and to buy whole
animals,since,they.had.the income toprovide for their storage. She also found that poor families
lacked the money to buy ice they could use to store food. She also noted that these were the
families who would be most helped by buying in bulk. Instead, these families were forced to
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If anything, it was wealthier families who practiced significant home
production of calories.”’

We can also turn to the data itself for more information on home
production. Within the 1888CEX, interviewers commented on the
general condition of the home and noted items that the family owns,
including gardens, poultry, cows, and fruit trees. The comments can be
used to identify the income distribution of home producing households,
and to learn if the income distributions of home producing and non-
home producing households are similar.®® In a close analysis of the
comments, the results point in the opposite direction of the home
production objection. The means of log per capita income and log per
capita expenditure for both home producing and non-home producing
households are very close to one another, and households with home
production are found at all points of the income and expenditure
distributions.

The Measurement Error Objection

If there is more measurement error in the developing country
expenditure data than in the past, the results in the previous section could
have arisen due to attenuation bias. Asserting that there is greater
measurement error in contemporary developing countries is equivalent to
stating that the calorie elasticity estimates for developing countries
presented in Table 4 are too high. To assert that measurement error could
explain any significant portion of the differences in calorie elasticities,
however, one would have to take two contradictory positions. It could be
true that expenditure is measured with more error in developing
countries, but that would also mean that the greater errors in expenditure
in developing countries would be (potentially) correlated with the errors
in calories, resulting in even higher calorie elasticity estimates.

live day to day and nearly all of the food they consumed was purchased in the market.

 Streightoff, Standard of Living, notes a study by Forman which found that very poor
families in Washington “spend what little they have unwisely . . . these people never bought
their own flour for bread making . . . and they seemed to ignore the value of such a cheap
wholesome food as corn meal” (p. 99). He goes on to say that “some of the economies practiced
among working families of the lowest rank are pitiful” (p. 100). He also found that perishables
were rarely purchased far in advance since poor families could not afford ice. Chapin, Standard
of Living, similarly found that “most families buy their supplies from day to day in very small
quantities, partly from lack of facility for storing and keeping food, and partly from the lack of
money enough at one time to enable them to buy any large amount” (p. 132).

39Tt is important to note that the comments mentioned several types of household items, and
occasionally made observations about the family and its organization and well-being. Given
their, details it ds unlikely that.comments, systematically undercounted home production. The
newest version of the publicly available 1888CEX now contains analytic variables for the home
production of food.
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We can construct a reasonable bound for this measurement error with a
simple calculation. First, consider the traditional errors-in-variables
problem where the equation to be estimated is y = fx+ ¢, where y, X, £,

and ¢ are vectors, and further assume that x=Xx+0 where vis
orthogonal to the true x . In reality, we would like to estimate y = fx + ¢,

but the well-known result is that the probability limit
o

2
becomes b = ﬂ[ﬁ} .
o:+0,
Using the case study for illustration, and noting that the relative
variance is the important feature, we can further assume that the

variance in properly measured expenditure can be normalized to one so
2 _ 2 _ 2 —
that o7 s 1ss8) = Txemasss) = Ox(mdiaioss) = 1 - Also, we can assume that the

true elasticity, f, is either the American or British expenditure elasticity
of calories. Using the results of Table 2, we can use the probability limit

to measure the proportional variance of the measurement error, o,

relative to the variance of expenditure properly measured, o, since we

have normalized the variance of properly measured expenditure.
The arithmetic shows that the variance of the Indian measurement
error must be almost half of properly measured expenditure variance

(O idiatos3) = -3 2(maiar0s3)) Tor the true calorie elasticity in India to be

equal to the American elasticity estimate, and the variance of the error
must be nearly 85 percent of the properly measured expenditure

variance (01083 = -850 2 maiaoss ) TOr the British elasticity to be the

true elasticity for India. If we use the results of Table 4 and compare the
instrumental variables estimates of the historical calorie elasticities
calories to the OLS Indian estimates, we find that the variance of the
Indian measurement error must be almost 20 percent of properly
measured expenditure for the true elasticity in India to be equal to the
American estimate, and 35 percent of the properly measured
expenditure variance in the British case. Both of these calculations yield
implausibly high amounts of measurement error.

Accounting for Dietary Substitution

As income increases, households may move out of and into different
food groups. To the extent that foods of certain types have more or
fewer calories than others, differences in dietary substitution could give
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TABLE 5
FOOD EXPENDITURE AND CALORIE SHARE CHANGES FROM HIGHEST TO
LOWEST PER CAPITA EXPENDITURE DECILE

Food Expenditure Shares Calorie Shares

(percent) (percent)

United Great United Great
States Britain India States  Britain  India
1888 1888 1983* 1888 1888 1983*
Dairy 6.9 44 6.9 10.2 13.1 3.6
Fruits and vegetables —0.6 -0.9 35 0.8 0.3 3.1
Oils, fats, and sugars -3.1 -2.3 -1.8 -2.9 -2.8 3.8
Meats 2.1 1.0 3.0 3.5 3.8 0.6
Cereals -13.3 -11.5 -15.0 -18.2 -17.5  -20.0
Other foods 8.0 9.4 34 6.7 3.1 8.9

*Results come from Subramanian and Deaton, “Demand for Food,” table 1; and Deaton,
Analysis of Household Surveys, table 4.1.

Notes: Each entry represents the change in food expenditure or calorie shares when moving
from the highest to lowest deciles of the per capita expenditure (PCE) distribution. Negative
values imply that households in the highest (top 10 percent) decile have lower expenditure or
calorie shares for that food grouping than households in the lowest (bottom 10 percent) decile.
The range of expenditure over the samples is roughly the same. On the log scale, the range of
per capita expenditure is approximately 3 for the U.S. data, and 2.5 for both the Great Britain
and Indian data. For the exact ranges of PCE, see Logan, “Nutrition and Well-Being,” pp. 313—
41 for the U.S. and Great Britain range; and Subramanian and Deaton, “Demand for Food,” for
the Indian range.

Sources: All other values come from the author’s calculation, see the text.

rise to large differences in calorie elasticities that would not be due to
hunger. To determine if the calorie elasticities reported here are robust
to such concerns, two issues must be addressed: (1) to determine
whether the extent of dietary substitution in the past was less than it is
in developing countries today, and (2) to determine if these differences
in substitution could explain the calorie elasticity differentials.

Both of these issues are addressed in Table 5. I take the differences
from the highest to lowest decile of the per capita expenditure
distribution for both food expenditure shares and calorie shares for
the 1888CEX and the NSS data. The first item to note is that the
substitution trend in terms of food expenditure is more alike than
different, not only in the direction of the substitution (moving out of
cereals and oils, fats, and sugars and into dairy and meat, for example),
but also in the magnitude. The largest difference is in terms of fruits and
vegetables, which we would expect given their home production in the
past and due to innovations in refrigeration. The expenditure shares
show that both the historical and contemporary households exhibited
pronounced substitution between food groups in the past, and the
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expenditure results would make it difficult to argue that there were
marked differences in food group substitution between the historical
and contemporary surveys.

The calorie shares mirror the results of the expenditure shares for
the most part. Where there are differences, however, the results are in
directions that make it difficult to argue that the calorie elasticity
differences reflect differences in food substitution that would not be
related to hunger. For example, suppose that the poorest households in
India consume mostly cereals and that the poorest historical households
consume mostly meat and potatoes. If the Indian villager increases the
amount of meat in her diet (which is relatively low in calories per unit
of expenditure), while the industrial worker increases the amount of
sugar and fat in her diet (which is high in calories per unit of
expenditure), then the result could not be due to hunger but to
differences in substitution. Table 5 shows exactly the opposite:
wealthier households in the past moved out of oils, fats, and sugars and
into meats and dairy in greater proportion than the Indian households
today—Ilarge enough to result in significant increases in calories coming
from those sources. Taken together, the expenditure and calorie results
in Table 5 show that there was significant dietary substitution in the past
between food groups, and that accounting for taste for variety and
dietary substitution does not explain the differences in calorie
elasticities.

CONCLUSION

Using the income and expenditure elasticities of calorie demand,
this article has quantified a profound transformation of hunger in
the past 100 years. The empirical results in this article establish a
number of facts. First, people in developing countries today are well
fed in comparison to yesterday’s industrial workers. Secondly, calorie
elasticities have an intuitive appeal and their interpretation is robust to a
number of objections that would seriously damage comparisons of other
measures of nutritional well-being.

This comparison of calorie elasticities has established that those in
contemporary developing countries are better fed than American and
British industrial workers in the late nineteenth century, and runs
counter to the conclusions drawn about historical living standards from
conventional income estimates. That a person in rural India in 1983 was
better fed than an American industrial worker a century before is
surprising when._one _considers. that American industrial workers were
among the highest paid in the world at the time. If it is true that an
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American industrial worker in 1889 had nearly twice the purchasing
power parity of a rural Indian in 1983, then this result is truly
surprising.’’ In less than a century, some of the poorest people in the
world are better fed than some of the wealthiest workers in the world
were a century ago. From this case study, I conclude that the press of
hunger has undergone a significant and important transformation in
the last century that has not been captured by our income estimates.
This transformation of hunger mirrors the profound changes in human
physiology and the more recent convergence of other measures of living
standards.” These findings also give us hope that the defeat of hunger is
closer than many have previously thought, and they are in line with the
calls to eliminate extreme poverty in twenty years.>

What are we to make of the finding that the poor of today are quite
well fed when compared to the relatively wealthy only a century ago
—what could reasonably explain such a result? A rapidly declining
price of calories may be the answer. Given the Green Revolution,
transportation innovations, and increasing technological sophistication
of agriculture in developing countries in the second half of the last
century, we should expect the price of calories to be relatively low in
developing nations when compared to the price of calories faced by the
historical households analyzed here.

Economists have known of these problems for some time, and
recently Deaton has derived purchasing power parity (PPP) estimates
based on household surveys to overcome some of the shortcomings
with traditional PPP estimates.”* Banerjee and Duflo note that these
problems will have an impact on our PPP estimates to the extent
that poor households in some countries face relatively cheap prices
for consumption goods as opposed to others.”> Given how these
inaccuracies multiply over time, we are left with an incomplete and
potentially biased picture of living standards in the past and present. As
is usually the case, history provides some clues as to which track to
take, but it is up to contemporary policy makers to use comparative
measures of living standards effectively.

3! This estimate of PPP comes from the estimates of Officer, “Exchange Rate Dollar Pound”
and “Exchange Rate Dollar Forty Countries”; and McCusker, “Comparing the Purchasing
Power.”

32 Fogel, “Economic Growth” and Escape from Hunger; and Kenny, “Why Are We Worried.”

33 Sachs, End.of-Poverty:

3* Deaton, “Purchasing Power Parity.”

33 Banerjee and Duflo, “Economic Lives,” pp. 141-67.
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