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Abstract

We investigate the institutional theory of famine in the context of the largest
famine in history: China’s Great Famine 1959-61. First, we provide evidence incon-
sistent with the traditional theory of famine which states that famines are caused by
national food production falling below per-capita subsistence needs. We show that
even though food production declined in 1959, national food production remained
well above per-capita subsistence needs, implying that the famine was caused by
institutional failure. Second, we provide evidence which cannot be reconciled with
the conventional institutional mechanism for the propagation of famines as described
by Sen (1981). Using historic data, we show that rural regions that produced more
food in 1959 actually suffered higher mortality during the famine. Finally, we rec-
oncile these two facts with a model of constrained optimal policy which explains
a new institutional mechanism for the propagation of famine. Our model implies
that government policy, which is constrained by imperfect information and limited
bureaucratic capacity, can amplify the rise in mortality resulting from a downturn
in aggregate food production and can cause this rise in mortality to be increasing
in local food production. A counterfactual exercise suggests that the presence of
free markets for food would generate lower mortality relative to the constrained op-
timal policy. This is because free markets incorporate the aggregate decline in food
production into the price of food, resulting in a more equal cross-regional decline in
food consumption.
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1 Introduction

In the twentieth century, over 100 million people have perished from famines, more than
in both World Wars combined.! China’s Great Famine which began in the winter of
1959/60 and lasted until 1961, is the most severe famine in history, claiming the lives of
between 17 and 30 million people.? Famines do not only kill, but they are perilous to the
survivors who suffer from health complications for decades afterwards.?

There are two major theories regarding the cause of famine. The traditional theory of
famine is that they are caused by a reduction in aggregate food production to below per
capita subsistence levels for the entire population. According to this theory, famine cannot
be avoided absent an increase in aggregate food supply. In contrast, the institutional
theory of famine proposed in the seminal work of Sen (1981), which was largely based on
his detailed study of the Bengal case, aruges that famines can occur even in the absence of
such an aggregate food shortage if institutions for food redistribution are not in place. The
mechanism underlying this theory predicts a precise geographic pattern in the propagation
of famine: there is a rise in the inequality of food production, and low food production
regions are incapable of acquiring food from high food production regions, leading to
famine in low production regions. Accordingly, such an outcome could be avoided in the
presence of political and economic institutions which facilitate the transfer of food from
high to low food production regions.*

With the exception of the work of Sen (1981), research on famines has not been able
to reject the traditional theory of famine. This is because the primary cause of most
famines such as the Irish Potato Famine (1845-52) and the Ethiopian Famine (1984-85)
is arguably a fall in aggregate food production to below subsistence needs. Hence, while
institutional channels may have worsened these famines, existing studies have not shown
that they could have altogether been prevented in the presence of good institutions. As
such, existing studies do not provide any formal analysis of the institutional theory of
famine.?

In this paper we investigate the institutional theory and the underlying mechanisms of
institution-driven famines in the context of China’s Great Famine (1959-61). Our paper
makes three contributions. First, we use newly available historic data to provide evidence

1See Sen (1981) and Ravallion (1997).

2See Coale (1981), Yao (1999), Peng (1987), Ashton et al. (1984) and Banister (1987).

3In a companion paper on the long run consequences of China’s Great Famine on survivors, Meng and
Qian (2009) provides a thorough literature review on the effects of famine.

4Sen argues that in the case of Bengal, bad rains reduced local production in certain regions and that
these regions were unable to purchase food from high production regions and thus experienced famine.
Sen links the causes of market failure to the inability of farmers to borrow to purchase food and to
the British government’s hoarding of food for military purposes which distorted the price of food to an
excessively high level.

°Dreze (1999) provides an overview of recent economic studies on famines. For studies of the Irish
Famine, see studies such as Hickson and Turner (2008), McGreggor (1989), O’Boyle (2006), O’Grada et
al. (2006), and O’Rourke, (1902). For an overview of the Ethiopia Famine, see Webb (1994). A recent
study by Ellman (2002) examines historic data from the Soviet era and finds that while institutions
invariably exacerbated the famine of 1932-33, there was an aggregate food shortage due to bad harvests.
Also, see Vallain (2002).



inconsistent with the traditional theory and consistent with the institutional theory of
famine. Specifically, we show that the drop in aggregate production in 1959 was not
sufficiently large enough to create a food shortage below per capita subsistence needs.
(Note that because almost all calories came from grains for most Chinese populations at
the time, we use the terms grain and food interchangeably in this paper). While this
fact has been informally discussed in other studies and anecdotal accounts, we are the
first to support this fact with evidence from historic data on population and production.
Second, we provide evidence which cannot be reconciled with Sen’s (1981) conventional
mechanism for how institutions propagate famines. Specifically, we use historic data to
show that rural regions that produced more food in 1959 actually suffered higher mortality
during the famine. To the best of our knowledge, this fact has not received any attention
in other academic studies.® Our final contribution is to reconcile these two facts with a
model of constrained optimal policy which explains a new institutional mechanism for the
propagation of famine. Our model implies that government policy, which is constrained by
imperfect information and limited bureaucratic capacity, can amplify the rise in mortality
resulting from a downturn in aggregate food production in way such that the severity of
the famine is increasing in food production.

More specifically, first, we show that there is no evidence that the famine was caused
by an aggregate food shortage below per capita subsistence needs. In 1959, aggregate
agricultural food production fell by approximately 13% percent over the previous year’s
production, approximately 18% percent below the estimated trend as food production had
been steadily rising from at a rate of 4% percent from 1952 to 1958. However, given that
China’s population had not increased dramatically since 1956 when production was equiv-
alent to that of 1959, this drop was not sufficiently large enough for the level of aggregate
food production to fall below the per-capita subsistence needs of the population. This is
clearly illustrated in Figure 1. Although food production in 1959 was approximately 3%
less than the level needed to prevent starvation, it was more than twice as much as what
was needed to prevent famine mortality.” Therefore, the famine which killed between
17 and 30 million people, most of whom died in the first winter of 1959/60, must have
been caused by an institutional mechanism which amplified the effect of the reduction in
aggregate food production.

Second, we show that the geographic pattern of famine in China is inconsistent with
the conventional institutional mechanism for the propagation of famine. According to
this mechanism, famines should occur in low food production regions which are unable
to acquire food from high production regions because of missing economic and political
institutions. Contrary to this prediction, we find a positive correlation between food
production and famine mortality across Chinese rural regions. This is illustrated in Figure
2, which plots the residuals from a province-level bivariate regression of the mortality rate
in 1959 and 1960 on the amount of grain production. It shows a negative correlation.

6The positive correlation between famine severity and grain production has been mentioned in the
companion paper Meng and Qian (2009). Amongst non-academic sources, it was described informally in
Becker’s (1996) book on China’s famine.

"We define 2,240 calories per day as the level needed to prevent starvation, and 900 calories per day
as teh level needed to prevent mortality. See section 4 for a detailed discussion.



Consistent with anecdotal accounts, we also find virtually no evidence of famine in urban
regions which produced no agricultural goods. More specifically, we use historic panel data
on reported production, population and death rates at the provincial level. To improve the
precision of the estimates, we also investigate the relationship between famine intensity
and pre-famine production, since pre-famine production is likely to be correlated with
famine production. The results show that famine mortality was positively correlated to
regional grain production in 1959 and production in the few years leading up to the famine
although mortality is in general negatively correlated with regional grain production. To
further address concerns over the quality of historical data, we supplement the province-
level analysis with a county-level analysis using county-birth cohort level data on survival
from the 1990 Population Census and the suitability for grain cultivation as predicted
by natural conditions. The results are consistent with the province-level analysis. Taken
literally, our estimates imply that the geographic variation in regional grain production
can account for up to approximately 21% of famine severity.

Finally, we develop a model of constrained optimal policy that is consistent with these
two facts. Specifically, we consider a stochastic endowment economy in which a utilitarian
government is interested in equalizing food consumption across regions. The government
is subject to two constraints. First, though the government knows the expected food
production in a given region, it cannot verify its realization since region leaders can
under-report their production in order to avoid taxation. Second, the report of income
and collection of taxes in a given region occurs independently of other regions. Thus, the
government is constrained in its bureaucratic capacity since it cannot condition taxes for a
particular region on income reported by other regions. We consider an economy in which
all regions can be affected by a binary aggregate proportional shock to food production.
In this setting, optimal constrained policy assigns a constant tax or subsidy to each region.
The model predicts that under the negative shock, mortality risk is sharpest in regions
which produce more food since they experience a heavier tax burden. Moreover, the
model predicts no rise in mortality risk for non-agricultural populations during a drop in
food production since these receive constant subsidies. Finally, a counterfactual exercise
suggests that the presence of free markets for food would generate lower mortality relative
to the constrained optimal policy. This is because free markets incorporate the aggregate
decline in food production into the price of food, resulting in a more even cross-regional
decline in food consumption.®

This paper makes several contributions to the literature. First, our paper adds to
existing works on the causes of famines. We show how the famine that killed more than
any other can be explained by an institutional mechanism. In spirit, our study follows
closely the work of Sen (1981) which argues that institutional failure can cause famine
even absent aggregate food shortages. In our focus on institutional mechanisms, we
complement the recent work by Burgess and Donaldson (2009) which explores the role
of trade and market institutions in mitigating famines. We depart from both of these
works by showing that an institutionally driven famine in a non-market economy can

8This last prediction is in line with the historical arguments made by economists such as Von Mises
(1921) and Hayek (1944) who argued that a functional price system could aggregate complex information
more efficiently than a small group of state bureaucrats.



produce very different patterns of mortality through a different institutional mechanism.
Importantly, the insights provided by this paper are specific to a context of a centrally
planned economy such as China, the U.S.S.R., or North Korea. This is a very relevant
context for studies of famines since two of the most devastating famines in history, China’s
Great Famine (1949-61) and the Ukrainian Famine (1932-33) occurred in such non-market
economies.”

Second, we build on existing works on the causes of China’s Great Famine.'® These
studies have typically focused on the drivers behind the fall in aggregate food produc-
tion, whereas we take the fall in production in 1959 as given and instead focus on how
institutional failures transformed this fall-which on its own could not have generated a
famine—into the largest famine in history. In this endeavor, we use a rich set of newly
available historic data to describe two important facts behind the famine: aggregate food
production in 1959 exceeded subsistence needs, and grain production and famine severity
were positively correlated across regions. We also differ from existing studies in that we
attempt to provide a theory to explain the features of the famine. Interestingly, while
our theory of constrained optimal policy complements existing explanations, it does not
itself rely on the malevolence or misbehavior of politicians or bureaucrats. Instead, it
emphasizes how imperfect information and limited bureaucratic capacity can amplify the
mortality effect of a reduction in aggregate food production. To the best of our knowledge,
this is a novel framework for analyzing famines.

Finally, we contribute to the recent studies in political economy on institutional ca-
pacity, and in particular, our analysis is related to the work of Besley and Persson (2009)
who analyze the implications of administrative capacity on public policy. Since we focus
on the role of state capacity in mitigating disasters, our work is also related to that of
Cohen and Werker (2008), Kahn (2005), and Zeckhauser (1996). More specifically, we
interpret state capacity in the context of the literature in public economics on optimal
redistributive policy in economies with private information dating back to the seminal
work of Mirrlees (1971). In contrast to this literature, we constrain the government’s in-
formation processing capacity and show how this feature can lead to inefficient outcomes
which fit patterns in the data.!!

The paper is organized as follows. Section 2 describes the historical background for the

9Tt is possible that the recent famine in North Korea is also comparable in severity. However, so little
is known of that famine that we forego speculations about this famine in this paper.

10See Yang (2008) for a review of the studies on the causes of China’s famine. The lessons from this
literature are that weather can only explain 30-50% of the fall (Kueh, 1994; Li and Yang, 2005); and
that the fall in production can be associated with many Great Leap Forward (GLF) era policies such as
labor and acreage reductions in grain production (e.g., Peng, 1987; Yao, 1999), implementation of radical
programs such as communal dining (e.g., Yang, 1996; Chang and Wen, 1997), reduced work incentives
due to the formation of the people’s communes (Perkins and Yusuf, 1984), and the denial of peasants’
rights to exit from the commune (Lin, 1990).

HThis literature is vast. Recent examples include Golosov, Kocherlakota, Tsyvinski (2003) and Albanesi
and Sleet (2006), for instance. These studies, by assuming the government to have a rich information
processing capacity, predict that the second best allocation can always be implemented via government
policy, which weakly dominates competitive markets. Our framework does not allow the government to
condition one agent’s taxes on another agent’s report and this implies a potential advantage of markets
over social planning since markets serve to aggregate hidden information.



famine. Section 3 describes the data. Section 4 presents the empirical evidence which is
contrary to both the traditional theory as well as the conventional institutional mechanism
for famine. Section 5 describes a model of constrained optimal policy which is consistent
with the evidence. Section 6 concludes.

2 Historical Background

The Great Famine was officially called the “three years of natural disasters” (san nian zi
ran zai hai). The famine began during the winter of 1959-60 and lasted until 1961. Unlike
any other famine in China’s history, it was not localized to one region and 17 to 30 million
individuals died. This section briefly discusses the collectivization of Chinese agriculture
in the 1950s, the fall in production in 1959, the grain procurement system, government
control on information at the time of the famine, and how the political climate in 1959
may have reinforced the institutional mechanisms by forcing bureaucrats to follow the
prescribed policies even if they were clearly problematic.

The New Communist government of China led, amongst others, by Party Chairman
Mao Zedong (1949-1976) designed a centrally-planned economy similar to that of the
Soviets. Some of the goals of the new government were to equalize land access between
tenant farmers and landlords, rapidly industrialize, and improve military defense in case
of a foreign invasion. Increasing grain output, so that urban industrial populations could
be provided for, and so that national grain reserves could be replenished (after over
two decades of war) was seen as a necessary ingredient for achieving these goals. Land
reforms, which ultimately led to full collectivization by the late 1950s, was a means
through which the government could control and improve agricultural production and
distribution (Twitchett and Fairbank, 1986).

The first land reforms which redistributed land from private holders to collective own-
ership began in the early 1950s. Communes, which include the collectivization of all
production assets, decisions, communal kitchens, grain storage, became strictly enforced
in 1958 as part of the Great Leap Forward (GLF) (1958-60). Beginning in the early 1950s,
the government set grain targets at the beginning of each year and procured these targets
from agricultural households in rural areas after fall harvests. In theory, these targets
were set so that rural households retained what they needed for subsistence (Johnson,
1998). In practice, there were accounts of local leaders procuring the target even if har-
vests were below what was expected and procurement left rural households with too little
for subsistence. However, this did not become a widespread phenomenon and did not lead
to widespread starvation until the Great Famine.

In the early 1950s, before full scaled collectivization in the GLF, peasants were able
to subsist on non-grain food sources such as livestock and other crops such as sweet pota-
toes they planted as insurance against bad harvests. Also, before 1958, collectives mostly
operated on a contract system where a complicated formula divided surplus production
between the different parties. In this system, peasants retained part of the surplus pro-
duction which allowed them to insure against food shortages by saving. With full scale
collectivization in 1958, the government became entitled to the full surplus. Moreover, po-
litical pressure from the center caused local officials to enforce government procurement.



In general, peasants were no longer allowed to invest labor or other inputs in production
outside of what was planned by the central government. They were not allowed to store
any food inside their own homes (Becker, 1996; pp.: 109). Like the Soviet collectivization
during the 1930s, all livestock and draft animals became state property. Chinese peasants,
like those in the USSR before collectivization, slaughtered and ate enormous quantities
of meat in anticipation, reducing China’s livestock by half between 1957 and 1958.!2 In
response to this, the Chinese government declared that slaughtering animals without per-
mission would be considered a crime against the state and severely punished offenders.
By 1959, the remaining livestock and draught animals were typically under-nourished and
badly tended as peasants no longer had much interest in caring for them. This meant
that by 1959, only the state could provide insurance against famine.

Since 1960, the Chinese government has alleged that a severe fall in grain output due to
bad weather in 1959 caused an aggregate food shortage which resulted the famine (Coale,
1981; Yao, 1999; Peng, 1987; Ashton et al., 1984; and Banister, 1987). However, studies
using historical meteorological data reported by the government and survivor recall data
suggest that the weather can explain at most 50% of the variation in the fall in output in
1959 (Kueh, 1994, and Li and Yang, 2005). Moreover, the Central Meteorological Office,
which by all accounts functioned accurately as a scientific monitoring station, reported
that there were no abnormalities in the weather during 1959-61 and that it was actually
rather good. In previous versions of this paper, we have verified these claims using the
recently released historical data from China’s permanent weather stations.'?

There are several more plausible alternative hypotheses for the cause in the fall of
output in 1959. First is the hypothesis that, in an effort to meet unrealistic production
targets, farmers employed methods that yielded high output in the short run but were not
sustainable in the long run. Anecdotal accounts recall that weather conditions in general
had been particularly good in those years. Communes also practiced methods such as close
cropping (e.g. the Lysenko Method), slash-and-burn and double (and sometimes triple or
even quadruple) cropping when first collectivized in order to produce high yields. Such
methods inevitably wore out the soil and had detrimental effects on long run production
(Becker, 1996; pp. 102). Concerns for reduced long run yields were most likely overcome
by immediate political pressure to meet targets. Second, diversion of labor away from
agriculture for GLF projects may have decreased production in 1959 (Li and Yang, 2005).

In 1959, a year of reportedly normal weather conditions, production fell by approxi-
mately 30 million tons (13% from 1958). However, procurement increased by over 20%
from 52 million tons in 1958 to 64 million tons in 1959. People began to die of starvation
in large numbers during the winter of 1959 and the highest levels of mortality occurred
in January and February of 1960. Those who survived had little physical strength to
work in 1960. The lack of labor input was exacerbated by the fact that other inputs such
as draught animals, seeds, and even organic fertilizers had been consumed by starving
peasants. The strict and largely successful restriction on migration prevented farmers

12See Yang (2008) for a comparison of the famines in China and the USSR.

13These results are omitted due to space constraints and are available upon request. Becker (1996)
establishes this using interview with officials of the Chinese Meteorological Centre. Until recently, access
to the agency’s reports were limited to senior members of the communist party (Becker, 1996, pp. 268).



from any type of informal cross-regional insurance. The famine ended in 1961, when the
army to delivered grain and clothing from government reserves to the countryside. Grain
production gradually recovered in the following few years.

Table 1 shows the historical aggregate production and procurement data provided by
Li and Yang (2005). Their data are a retrospectively corrected historical series released
by the Ministry of Agriculture in 1989. Their sample contains 21 provinces. We plot the
production from column (1) in Figure 4A. It shows that production was increasing slowly
during 1952-55. The following three years, 1956-58, experienced bumper harvests, where
production increased from approximately 170 million tons to approximately 200 million
tons. In 1959, production decreased to 1955 levels. Two facts follow from this figure.
First, food production during the first year of the famine was still higher than the average
of 1952-55, when there was no famine. Second, China experienced a monotonic increase
in food output prior to the famine, during 1952-58. This is shown more clearly in columns
(2) and (3) where we calculate the per annum and four year moving averages of growth
rates in grain production. They show that prior to the famine, national grain production
grew at approximately 4% per annum on average.

Figure 4B plots grain procurement in levels and as a percentage of production that
is surplus to the needs of laborers (see Table 1 Columns (6) and (7)).!* Tt shows that
procurement increased during 1952-54 from approximately 33 million tons (85% of surplus
production) to 50 million tons (114% of surplus production). In 1959, procurement
increased to 64 million tons. The high procurement levels combined with the fall in
grain output meant that procurement had increased to 143% as a percentage of surplus
production. In 1960-61, the last two years of the famine, the further fall in production
levels meant that procurement as a fraction of total production increased further even
though procurement levels had decreased. Note that procurement rates remained stable
at approximately 33% throughout the rest of the 1960s and 70s. Figure 4C plots per
capita grain retention and aggregate retention as a fraction of production from Columns
(4) and (5) of Table 1.1 The solid line shows that grain retention per person decreased

4\We define surplus production as the difference between total production and the level necessary
for subsistence. For the latter, we conservatively use the minimum in retention levels during the years
before the famine. It is 228kg per person in 1952. This amount provides roughly 2,240 calories per day,
more than the 2,100 calorie per person per day minimum nutrition requirement for agricultural workers
prescribed by China’s Institute of Nutrition and Food Hygiene (INFH). To translate this to aggregate
retention levels, we multiply this by the number of individuals in their sample, approximately 549 million
individuals.

Procurement;
Procurement_Share; =

(1)

Production — retention _percapita X total _pop

15We calculate aggregate retention by multiplying the per capita retention by the population of the
provinces in the sample (approximately 547 million individuals). We then convert the unit from kilograms
to millions of tons. We divide this measure of retention by total production from Column (1) to obtain
retention as a share of production.

. retention pc X total _population
share _retained = = =

(2)

total _production



from approximately 260 kg per person (87% of production) in 1952 to approximately 228
kg per person (74% of production) in 1954. It increased to a peak of 284 kg per person
(81% of production) in 1956. It then began to decline. In 1959, only 193 kg per person
(62% of production) was retained. Retained grains fell further to 182 kg per person in 1960
although as a share of production, it had increased to 70%. Based on the food content
table provided by the Institute of Nutrition and Food Hygiene of China, one kilogram of
grain (simple average of rice, wheat flour, and other grain) provides approximately 3,587
calories. 182kg will provide a diet of approximately 1,789 calories per day, which is only
85% of the 2,100 calorie per person per day minimum nutrition requirement. This is
broadly consistent with Ashton et al.’s (1984) finding that daily food intake fell to as low
as 1,500 calories per day by 1960.

The famine was mostly felt by agricultural areas. Non-agricultural areas (e.g. towns
and cities) were provided with grain subsidies by the government. While there were
accounts of malnutrition and starvation in cities from reduced food rations in 1960-61,
the magnitude is relatively small compared to the country side. In fact, most urban
residents had little idea of the true extent of the famine.

The political climate in 1959 most likely made leaders very reluctant to admit a pro-
duction shortfall that autumn after harvests had been realized. In July that year, Mao
had famously purged Peng Dehuai, a field marshal of extremely high political standing, for
criticizing collectivization and other GLF policies and expressing forebodings of famine.!
The Lushan conference had important consequences. The removal of Peng was accompa-
nied by a violent purge of all of his supporters amongst top party members as well as any
moderate mid-level party leaders who had expressed concerns about collectivization and
the dangers of famine (Becker, 1996, pp. 93). It put remaining leaders under enormous
pressure to deliver the high targets for grain quotas for the harvest of 1959 in order to
not be grouped with the critics of Mao.

Lushan pressured local leaders to fulfill their procurement target even in the event of a
production shortfall, and central leaders to be hesitant in admitting the aggregate shortfall
as they heard increasing number of reports from their field officers. Given that one of the
communist party promises was to insure against famine and that weather conditions in
1959 was not remarkably bad, local leaders may have simply decided to be absolved from
responsibility and follow the rules literally under the assumption that grains necessary for

16These problems of the collective system mandated by the GLF were a source of contention between
communist party moderates and hardliners who backed Mao. However, with the exception of Peng
Dehuai, a field marshal who did a tour of the countryside during the spring of 1959, there is no evidence
that any top leader ever obtained an accurate picture of the problems collectivization and the danger
of famine. Peng discretely reported these problems to Communist Party Chairman Mao Zedong in a
personal letter. The problems he mentioned included reduced incentives to work, a diversion of labor
away from agriculture and over-procurement of grain by mid-level party leaders who were under-pressure
to fulfill grain target quotas that had been set too high. Fearing a political revolt against his leadership
based on perceived failures of the GLF, Mao used the contents of this letter to purge Peng as a rightist at
the historic Lushan conference in July of 1959. The latter was put under house arrest and later executed
during the Cultural Revolution. At this conference, the top party leaders made clear that the first year
of the GLF was a success and that collectivization was increasing grain harvest more than ever (Becker,
1996, pp. 87-92).



subsistence will be returned when the retained stores run out.!” The same central pressure
will of course also have caused the procurers to be reluctant to disappoint targets. The
result was that in the time between when local rural grain stores ran out, and when the
replenishments were reluctantly made in 1961, 17-30 million people died.®

Unlike any famine other than the Ukrainian Famine (1932-33), population from famine
stricken regions were not allowed to migrate away. This rule was mainly in place to
prevent information of the severity of famine to spread and cause political unrest.'® This
means that famine severity varied substantially, even across neighboring regions. This
should become immediately obvious when comparing the average daily caloric intake of
1,500-1,789 in 1959 that we described earlier, which is the average across populations that
suffered varying degrees of famine, and the necessary caloric requirement for staying alive,
which is only around 900 calories for an adult (Dasgupta and Ray, 1986). If food was
distributed equally across China, then there should have been no mortality.

The geographic inequality in severity, one of the key facts that this study tries to
explain, is a topic that has not been paid much attention in studies of China’s famine.
Our study takes both the political climate of the GLF era and the fall in production in
1959 as given and will focus on explaining how in that context, the institutions at the time
transformed that fall into a famine that killed approximately 7% of the rural population
at the time on average, and over 50% in many regions (See Figure 6B, a histogram of
famine severity across counties measured in terms of survival in 1990).

"There is little doubt that the near certainty of being punished for not meeting production targets
must have weighed heavily against those who considered delivering less grain in fear of famine. However,
it is interesting to note that one of the promises of the communist government was that no one in China
would ever suffer from famine again. Therefore, it is possible that local leaders and farmers may have
assumed that they will be replenished once their retained grain stores were depleted. By postponing the
plea for grain from the central government, local leaders could postpone their own punishments. This is
consistent with accounts of collective kitchens providing large quantities of food even after the smaller fall
harvests were realized (e.g., Yang, 1996; Chang and Wen, 1997). The rigidity of rules and how it caused
officials to sacrifice efficiency can be observed in food delivery. Oi (1999) documents that local leaders
punctually put harvests by the roadside for pick up even in bad weather causing huge losses sometimes.
Presumably, these leaders knew that they would be punished for the lack of punctual delivery but not
for bad weather induced losses. Local leaders may have had an additional sense of false security from
believing that the decrease in production was not shared by other regions. During the late 1950s, there
was a general belief that China was awash with food. This belief came from government propaganda
and the unusually high yields in the years before the famine. In the fall of 1958, villagers were explicitly
encouraged to eat as much as they wanted from communal kitchens (Becker, 1996, pp. 80). Pressure to
not publicize shortfalls and the strict control on information flows would prevent collectives from knowing
about the general decrease in production in 1959.

18Collectivization may have also delayed peasants’ realization of the danger of famine until it was too
late to revolt. For example, harvests from individual farmers were pooled and stored in a communal
warehouse. This decreased the accuracy of farmers’ information on the amount of grain they produced
or the amount of grain that is procured.

9Travel was controlled by rationed tickets and the need to apply for permission to leave one’s commune.
Party officials were ordered to arrest all travellers and to not provide food or shelter for refugees (Becker,
1998, pp. 128). In cities, the lack of information was exacerbated during the famine when the number of
flights and passenger train departures were cut in half (Becker, 1996, pp. 95).



3 Data

This study uses food production and demographic data from several sources. The national
and province level historical data on grain production are based on a series published by
the National Bureau of Statistics (NBS) in 1999. In addition, we proxy for the otherwise
unavailable historical county-level production with data on the county-level suitability
for grain cultivation as predicted by natural conditions using a model and data provided
by the United Nations Food and Agriculture Organization’s (FAO) Global Agro-Ecological
Zones (GAEZ), 2002 database. The national historical data on population and deaths are
based on a re-constructed series recently released by the China Population Information
and Research Center (CPIRC) in 2000.2° The province level data on historical population
and death rates comes from the Comprehensive Statistical Data and Materials on 50 years
of New China published by the China Statistical Press in 1999. In addition, we proxy
for the otherwise unavailable historical county-level famine severity measures such as
population and mortality rates with birth cohort size in the 1990 Population Census.

There are two main issues to keep in mind in our analysis of each of the provincial-level
series. The first issue regards accuracy. The national and provincial food production and
demographic data have been corrected retrospectively to account for contemporaneous
reporting errors.?! For our study, the main concern is that the official national figures
overstate actual production and understate actual population. This would lead us to
incorrectly overestimate available food per capita in 1959. In principle, this should not
be the case since these data were reconstructed precisely to address issues related to
historical misreporting.?> A comparison of contemporaneous reports of grain production
and the reconstructed data suggests that the production numbers have been drastically
revised downwards. For example, the People’s Daily in August 1, 1958, claimed that “Rice
production exceeded 7500kg per mu (0.067 hectare)” for a county in Hubei province. The
revised statistics report that actual grain output in that province was closer to being 120kg
per mu. In fact, a comparison of the national aggregate of our production data for 30
provinces in Table 2 Column (1) to the data aggregated over 21 provinces reported by Li
and Yang (2005) in Column (1) shows that our production data is approximately 10% less
than their data, which was reported by the government ten years prior to the reporting
of our data. This suggests that in the last decade or so, the Chinese government has
made a continued effort to retrospectively correct for past over-reporting of production.
In our analysis, we will use the new and lower production estimates in Column (8) to be
conservative.

The second issue regards the completeness of the province level data. The grain
production numbers in our data are based on the same original data as the series reported

208ee http://www.cpirc.org.cn/en/totpope.htm

21The only exception to this is the province level data on historical population which should be inter-
preted with extra caution since these are contemporaneously reported and not retrospectively corrected
for reporting errors.

22Moreover, to the extent that the current government which reports these statics is biased, it would
likely be biased in the direction of under-reporting production and over-reporting population so as to
preserve the 1959 government’s claim of the existence of an aggregate food shortage below per capita
subsistence needs.
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by the Ministry of Agriculture in 1989 used in the study by Li and Yang (2005). However,
as we mentioned above, the production numbers have been further revised downwards
and provinces for which production could not be accurately revised (Sichuan) has been
dropped from the sample.?3 Therefore, the production data used in this paper will be the
most conservative data ever used in a study of the Chinese famine. Similarly, mortality
data are not available for the year 1959 for three provinces: Tibet, Hainan and Sichuan.
Li and Yang (2005) addressed this by using data only from 21 provinces. In this study,
we use all the available data as the particular omissions most likely bias against the point
made by this study: that there was no aggregate shortage in 1959. See the next section
for a more detailed discussion.

We plot the death rates over time for each province in Figure 5A. This figure shows
that there is substantial variation in famine death rates, and that death rates peaked in
1960. One striking observation is that there was no change in mortality rates in any of the
three urban municipalities (Beijing, Shanghai and Tianjin) during the famine and that
most of the mortality occurred in rural provinces.

Table 3 Panel A desribes the province level data. It shows that a province had on
average a population of 20 million over the period of 1949-76. Average mortality rate
was approximately 12 per 1,000 individuals. During the famine years when mortality was
highest, 1959 and 1960, mortality was almost double the average at approximately 21
per 1,000. On average, each province produced approximately 54 MT of grain per year.
Grain includes all cereals. In the four years leading up to the famine, production was
slightly higher than average at approximately 55 MT per province. In 1959, the first year
fo the famine, production was approximately 53 MT per province. Measured in per capita
terms, average grain production was approximately 289 kg /person on average. In 1959,
it was approximately 252 kg/person. ( Reacall that in 1959, grain production was not
reported for Sichuan, which on average has three times the population and produces three
times as much as grain as other provinces on average. Also, mortality is not reported for
Sichuan, Tibet and Hainan in 1959).

Given the limitations of the available historical data, we conduct a county-level analysis
by constructing a county-level panel of survival by birth cohort and county to serve as
a robustness check for our conclusions. This has several advantages. First, we avoid
reporting biases in the historical data by using proxies for production and famine severity
measured decades after the fact. Second, this allows for a more disaggregated analysis
and for more variation in the data. Third, this allows us to analyze agricultural and
non-agricultural populations separately. Nevertheless, our construction of the data comes
with the caveat that our data is at best a proxy for the actual county-level production
and population figures.

The county-level sample is constructed as follows. We proxy for historical production
at the county level with data on suitability for grain cultivation as predicted by natural
conditions from the FAO.?* Their measure of suitability is based purely on the biophysical

23n non-famine years, Sichuan produces approximately three times the grain as the average province,
and its population is similarly thre times that of the average province.

24The data are the result of over twenty years of research and are the product of a joint collaboration
between the FAO and the International Institute for Applied Systems Analysis (ITASA).
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environment of a region and it is not influenced by which crops were actually adopted in an
area. Factors that are easily affected by human actions, such as soil pH, are not parameters
in their model.?” The data on suitability is available at a 50kmx 50km grid cell level, where
one can choose the level of agricultural inputs on which to base the calculation. Our chosen
level of inputs allows for rain-fed irrigation but no heavy machinery or chemical fertilizers
since GLF policies forbade chemical fertilizers and since the use of heavy machinery such
as tractors would have been unlikely in this era. We aggregate grid-level data to the
county data as follows. The grid level data reports the predicted amount of output of
rice and wheat. If a grid can produce 40% or more of the maximum possible output for
any grid, then we code it as “suitable”. The suitability measure at the county level is
the fraction of grids within a county that is suitable. We use this measure for the sake
of computational ease.?® Since procurement targets treated rice and wheat similarly, our
measure of suitability is the union of land that is suitable for either rice or wheat within
each county. To get a sense of the county-level agricultural suitability data, Appendix
Figures A1TA and A1B present maps that overlay county level boundaries with the grid
level suitability measures for rice and wheat, respectively. Table 2 shows that on average,
14-15% of land is suitable for cultivating rice or wheat.

For the county-level measures of famine severity, we use survival. We proxy for sur-
vival with the cohort size in the 1990 Population Census. Smaller cohort sizes reflect lower
survival (and lower fertility) due to more intense famines. This relationship should be
especially strong for individuals who were very young or elderly at the time of the famine,
since the young and the elderly are biologically more vulnerable to health shocks.?” Be-
cause the elderly from 1959 would generally not be alive in 1990, our study focuses on
individuals who were born during the famine. We use data from the sample from the 1990
China Population Census. Because the famine was mainly a rural phenomenon, we ex-
clude cities. For each county, we divide our sample into agricultural and non-agricultural
households. This is an official government classification that is unlikely to have changed
between the famine era and 1990. We further restrict our sample to individuals who re-
port as having lived in the same county for over five years, and in doing so exclude less 5%
of the sample. Note that because strict migration policies made it extremely difficult for
rural individuals to move, we interpret our sample as people who are living in their county
of birth.?® We aggregate the data into birth year and birth county cells for agricultural
and non-agricultural households.

The result from our county-level data construction is a balanced panel of 1,454 counties

ZNunn and Qian (2009) provide a detailed description of the construction of this data and how to
calculate suitability measures at the regional level from this data. We follow their method.

26Moderately changing the threshold will not affect the estimates.

2"Moreover, during famines, a household may also concentrate its food supplies on prime age adults
who can work to bring in income and food.

28 Another potential concern is that cohort size in 1990 may not accurately measure regional survival
form 1959 because of migration. We think this is unlikely to be problematic because internal migration
controls were well enforced between when the famine occurred and 1990. Nonetheless, some rural regions
at the time of the Census may have comprised urban youths who moved from cities to rural areas during
the Cultural Revolution (1966-76), a factor which would cause us to under-estimate famine severity in
rural regions. See Qian (2008) for a discussion of migration in using the 1990 China Population Census.
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and 36 birth years for agricultural households, and 1,414 counties and 36 birth years for
non-agricultural households. The latter is smaller because not all counties have non-
agricultural populations. Table 3 Panel B describes the county-level data. It shows that
agricultural households have approximately 3,714 individuals per cohort on average in
each county. Famine cohorts are smaller on average, comprising of approximately 3,301
individuals. This is approximately 28% smaller than the cohorts born prior to the famine
(1954-57), which contain approximately 4,968 individuals per county. The ratio of the
famine cohort relative to the pre-famine cohort is approximately 0.72. If we use this ratio
being below one to indicate whether there was a famine, then 85% of the counties in
our sample experienced a famine. The table also shows that famine was more severe for
agricultural households than non-agricultural households living in the same county. The
ratio of famine cohort to pre-famine cohort is larger in non-agricultural households (0.85)
than agricultural households (0.72). Moreover, 85% of counties comprised agricultural
households that experienced some famine. In comparison, only 65% of counties comprised
non-agricultural households that experienced some famine.

Figure 6A aggregates the county-level survival data to the national and birth year
level, and plots the number of people living from each birth year for agricultural and non-
agricultural households. It shows that both agricultural and non-agricultural households
experienced a decrease in cohort size close to the famine years, thoug the drop is much
more dramatic for the agricultural population. The figure projects a linear trend for the
agricultural households and shows that there is a positive linear trend in cohort sizes from
1942 to approximately 1955. Cohort sizes are well below trend for individuals born right
before and during the famine as indicated by the vertical lines, though they return to
trend after 1961 when the famine is over. Figure 6A shows that the cohort size is smallest
for individuals born during the famine (1959-61). To observe the cross sectional variation
in famine intensity, we plot a histogram of the ratio of famine cohort size to pre-famine
cohort size for agricultural and non-agricultural populations in Figure 6B. These show that
there is substantial cross sectional variation in famine intensity; and that non-agricultural
households suffered much less.

One should keep some important issues in mind in using the survival data measured
in 1990 to supplement the province-level historic data on population and mortality. As
a comparison, Figure 5A plots province mortality rate over time and Figure 5B plots
province birth cohort size over time. Though the patterns across provinces are generally
consistent, many provinces do not exhibit high mortality rates but exhibit large declines
in cohort sizes. The survival data is not biased by the government’s under-reporting of
famine era mortality. Therefore, as a measure of regional famine intensity, it is more
accurate than province level mortality data. However, survival will measure of famine
mortality with noise because it also captures a reduction in fertility caused by the famine,
and it ignores the mortality of any children who were born during pre-famine fertility
booms, which would imply that the survival data understates mortality. This latter point
is not very important for this study, which only uses mortality to infer famine intensity.

Note that one piece of evidence which is not available for our analysis is regional data
on historical procurement. Our extensive investigations into publicly available archives
together with interviews of past and current government officials suggest that such data
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no longer exists. Nonetheless, Ministry officials claim that the method for procurement
has not changed much since the centrally planned procurement system was established in
the early 1950s. In light of this fact, we analyze more recent annual province level data
on procurement targets from 1980-88. Though the exact formula for setting procurement
targets is not publicly available, we impute it by analyzing this data in conjunction with
province-level data on grain output in 1980-88 from the National Bureau of Statistics
(NBS) to estimate the elasticity of procurement targets with respect to past per capita
surplus production. Using this imputed formula, we can establish some facts which help
to interpret the mortality data and which are consistent with our theoretical model.

4 Empirical Evidence

This section presents two sets of empirical evidence. First, we show that although there
was a fall in national food production in China in 1959, there was no food shortage
in terms of aggregate subsistence needs. In highlighting this fact, we also show using
historical province-level data that the percentage reduction in food production was ap-
proximately evenly distributed across regions, an observation which will be later useful
for our theoretical model. This leads us to conclude that the famine was institutionally
driven. Second, we show that-in contrast to the predictions of the conventional institu-
tional mechanism of famines-regions that produced more grain in 1959 suffered higher
mortality rates in the following winter. This means that the famine was driven by a dif-
ferent institutional mechanism than the one described by Sen (1981), an issue which we
explore in detail in Section 5.

4.1 National Grain Production and Subsistence in 1959

The traditional theory of famines predict that China’s famine must be the consequence
of a food shortage below per-capita subsistence needs. In this section, we compare the
historical estimates of national food production to two benchmarks for caloric needs in
1959, and we show that the evidence is inconsistent with the traditional theory of famine.
The two benchmarks distinguish between the caloric needs for preventing starvation,
from the needs for preventing mortality. It would not be a prior: surprising to find that
production in 1959 did not fall below the latter since aggregate production in 1959 only
dropped to the same level as in 1956, when there was no known incidence of famine.
Our first benchmark is based the amount of food needed for adult laborers to be
productive in agriculture. We use a diet of roughly 2,240 calories per day, which is the
level implied by the lowest per capita retention in the years before the famine (see Table
1). (This is similar to the recommended diet by the Ministry of Health in China is 2,100
calories per day). If per capita caloric availability falls below this level, then there will be
starvation. We assume that the entire population is made of prime age laborers. In reality,
a large proportion of the population will be comprised of children or the elderly, who need
fewer calories to subsist. Lacking historical data on the age distribution by region, we
have made the conservative and extreme assumption that the entire population are those
that need the most calories, and thereby grossly over-estimating caloric needs. Table 2
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Columns (1)-(3) show the historical aggregate production, population, and aggregate food
needs according to the 2,240 calorie per day level. Column (4) is the difference between
aggregate production and subsistence needs. It shows that relative to this need, there
was a 5 million ton deficit in production in 1959. Therefore, there may be starvation
and malnutrition. This is illustrated in Figure 1, which plots aggregate production and
subsistence needs over time. Note, however, that the magnitude of the deficit is less than
those in 1949-50, when there were no accounts of famine.

Our second benchmark is based on the amount of calories needed for survival, which
is approximately 900 calories per adult per day (Das Gupta and Ray, 1986). Columns (5)
and (6) in Table 2 show that in 1959, there was approximately 87 million tons of grain
surplus to what was needed to prevent mortality due to famine. This is also illustrated
in Figure 1.

It is not difficult to imagine reasons that would cause these data on production and
population to be inaccurate. But these calculations, as illustrated in Figure 1, show
that it is almost impossible that production in 1959 was too low to provide the diet of
900 calories a day that would have prevented mortality. In other words, the main point
conveyed here, that the fall in production by itself could not have caused the famine must
be true unless if our data on production in 1959, the most conservative that has been used
in any study of the famine, still overstates true production by over 41%. This seems highly
unlikely. Moreover, our estimates for caloric needs overstates actual needs because for two
reasons. First, because of the data availability issues described in the previous section,
national grain production data excludes Sichuan, a major grain producing province that
in normal years produce three times the grain as the average province, where as the
national population data includes all thirty provinces.?? Therefore, we under-estimate
grain production per capita on average. Second, lacking data on the age distribution of
past years, we have assumed that the entire population is made up of adult laborers. If we
take this overstatement of aggregate caloric need into account, it means that even falling
below the necessary level to avoid starvation is probably highly unlikely.

In addition to the key fact above, we can use the provincial historical production
data to examine whether the fall in production in 1959 was proportional to the past
production of each region. Figure 3A plots the fall in production in 1959 as a fraction
of past production against average annual past production. It shows that there was an
aggregate proportional fall in 1959 and provinces that produced more per capita in the
past did not seem to suffer larger percentage reductions on average. This is illustrated
more clearly in the residual plot of the bivariate regression of the percentage fall in per
capita grain production in 1959 and annual per capita grain production during 1954-58
shown in Figure 3B. This is an important stylized fact to keep in mind for our construction
of the theoretical model.

29Because the restrospectively corrected population data reported by the CPIRC is only reported at
the national aggregate level, we cannot substract an accurate measure of population of Sichuan out of
the aggregate numbers for 1959.
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4.2 Regional Grain Production and Famine in 1959

The results from the previous section suggest that the famine must have had an institu-
tional cause. The understanding of the institutional mechanism for famine due to Sen
(1981) is that institutional failure makes low food production regions incapable of acquir-
ing food from high food production regions, leading to famine in the low food production
regions. This implies a negative cross-regional correlation between food production and
famine intensity. In this section, we show that, not only is this correlation not present in
the Chinese data, but that the exact opposite correlation holds with high food production
regions experiencing a higher famine intensity.

In the previous section, we examined the time series pattern in production. Here, we
examine the cross sectional relationship of famine severity and grain production in 1959.
Table 2 Column (7) lists the provinces in ascending order of 1960 mortality rates (shown in
Column (8)). Column (9) shows per capita grain production for each province.** Columns
(10) and (11) calculates the production deficit relative to the two benchmarks described
above. A striking pattern emerges. The provinces with the largest production deficits
are also the provinces that suffered the least mortality in 1959. In fact, the three urban
municipalities, Beijing, Shanghai and Tianjin, which produce less grain per capita than
other regions, suffered very little famine induced excess mortality.

This pattern can be better illustrated by plotting the natural logarithm of mortality
rates against the natural logarithm of per capita grain production in 1959. Figure 2A
shows that there is a strong positive correlation. Figure 2B plots the residuals from the
bivariate regression of the natural logarithm of the 1960 mortality rate and the natural
logarithm of grain production in 1959. We estimate a simple bivariate correlation between
the natural logarithm of the mortality rate in 1960 for province p and the natural logarithm
of grain production in 1959 for province p.

In (deaths,) = f1n (grainl959,) + ¢, (3)

It shows a strong positive correlation between grain production in 1959 and mortality
rates. The estimated coefficient, 3, is approximately 0.14, suggesting that provinces which
produced more grain also experienced higher mortality, which is counter to the understood
institutional mechanism for famine.?! The estimate is statistically signficant at the 10%
level.

Interestingly, the positive correlation between grain production and famine severity
is only true for the famine years. In Table 4, Columns (1)-(4), we show the estimated
coefficient for the correlation between grain produced in a given province and given year
with population and mortality. Columns (1) and (3) show that for the years before the

30For mortality, we use the sum of deaths from 1959 and 1960. This is because mortality is reported
for each calendar year and much of the deaths that occured in the winter following the 1959 harvest were
during January, February and March of 1960.

31 As discussed in Section 3, according to most scholars of the famine, these mortality data understate
true mortality from the famine, since officials at the time of the famine were under pressure to repress
mortality rates. Nevertheless, there are no accounts of systematically biasing the death count across
regions. Therefore, these data should be able to serve the purpose of illustrating the cross-sectional trend
between production in 1959 and mortality rates.
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famine, 1949-58, and after the famine, 1961-66, grain production is positively correlated
with population and negatively correlated with mortality. This is not surprising since one
would a priori expect that increased food consumption would increase fertility as well as
decrease mortality by decreasing morbidity, both of which would lead to increases in the
observed population. In contrast, columns (2) and (4) show that for the three famine
years, this is not true. This is an important point to keep in mind when we consider the
implications of our model in the next section.

To improve the precision of the estimates, we exploit the panel structure of the province
level data on production and mortality. We estimate the following relationship.

Y e = B(In (grain1959,) x 1960dummy,) + v + 6, + a Xy + pt (4)

The outcome (total population or the number of deaths) in province p and year ¢,
Y,:, is a function of the following variations: the interaction term between the natural
logarithm of grain that is produced in that province in 1959, In(grainl959,), and a
dummy variable for 1960, 1960dummy;; a vector of province and time varying controls,
Xip; province fixed effects, d,; and year fixed effects, ;. Province fixed effects control
for all time-invariant differences across regions. Year fixed effects control for all changes
over time that affects all regions similarly. In some regressions we also add additional
controls such as province-specific year time trends, public spending on agriculture, public
spending on health, education, and science, and the number of primary and secondary
school teachers. These additions attempt to control for other factors which may affect
mortality rates. Note that the positive correlation between grain production in 1959 and
mortality in the winter of 1959/60 implies a coefficient of 5 < 0 for the effect on total
population and a coefficient of 3 > 0 for the effect on the number of deaths.

The estimates are shown in Table 4. Column (5) shows that a province that cultivated
1% more grain in 1959 on average suffered an 8% larger loss in total population. Column
(6) shows that adding the additional controls reduces the magnitude of the coefficient
slightly, but it is statistically similar to the basic estimate without controls. Both estimates
are statistically significant at the 1% level. Columns (7) and (8) show that the effect on
the mortality rates are very similar in magnitude. However, they are not statistically
significant. This is most likely due to measurement error in the mortality data.

Since production is correlated over time for each region, one should find a similar
pattern between historic regional production (e.g. production in the years prior to the
famine) and famine severity. In columns (9)-(12), we repeat the same estimation except
the independent variable is now the interaction term between the average annual grain
production during 1954-58 and a dummy for 1960. The estimated effect for total popula-
tion deaths and their significance levels is similar to the estimate in columns (5)-(8).

As we described in Section 3, there are many concerns over the quality of the province
level data on historic population and production. To address this issue, we conduct
a supplementary analysis at the county level using survival data as measured by birth
cohort size from the 1990 Population Census and a proxy for grain production measured
as the suitability for cultivating rice or wheat as predicted by time-invariant natural
conditions. As we discussed in Section 3, the survival data will likely understate the
level famine mortality because it will not be able to measure the death of those who
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were elderly at the time of the famine. However, as long as the deaths of the elderly
as a proportion of total county population does not vary according the the amount of
grain cultivation, this does not pose a serious problem for the regression estimates. This
supplementary analysis has three major advantages over the province-level analysis. First,
the disaggregated nature of the data allows us to capture much more of the variation in
famine. Second, the survival data from the 1990 Population Census can be divided into
agricultural households who were subject to grain taxation by the central government, and
non-agricultural households who were not taxed and in contrast received grain subsidies.
Finally, and most importantly, the data quality is much better than the historic data since
it is not subject to concerns of misreporting. Therefore, the supplementary analysis can
be viewed as a robustness check for the provincial historic analysis.

The county-level panel divides individuals from the 1990 Population Census into agri-
cultural and non-agricultural households, and it aggregates them into birth-year and birth-
county cells. We estimate the effect of the capacity for grain cultivation on 1960 birth
cohort size separately for agricultural and non-agricultural households.

The estimating equation for the county-level analysis is the same as equation (4),
except now we control for county fixed effects instead of province fixed effects and birth
year fixed effects instead of calendar year fixed effects. This compares birth cohort sizes
across areas that suffered varying levels of famine severity, between cohorts born during
the famine and those born before and after. This implicitly assumes that there is a secular
trend in cohort sizes over time absent the famine, and infers famine intensity by seeing
how much the famine cohort size falls below that trend.3?

Table 5 Column (1) and (2) consider agricultural households. Column (1) shows that
a county which is 100% suitable for producing grains had birth cohort sizes that were
24% smaller in 1960. The estimate is statistically significant at the 1% level. Column (2)
shows that this estimate is robust to the inclusion of province-year fixed effects; it is twice
as large in magnitude and also significant at the 1% level. To interpret these estimates,
note that on average, approximately 14% of land across counties are suitable. The average
effect is the product of the mean suitability and the estimated coefficient. Therefore, on
average, suitability for grain production is associated with a decrease in cohort sizes by
3.5-T% for agricultural households. Since the 1960 cohort for agricultural households was
on average 34% smaller than earlier cohorts, this estimate, taken literally, suggests that
the variation in grain production can explain approximately 10-21% of the decrease in
cohort size of agricultural households due to the famine. Since most of the famine was
felt by agricultural households, the effect on agricultural households effectively reflects
the effect on the overall famine.

In Columns (3) and (4), we repeat the estimation for birth cohort sizes of non-
agricultural households. The estimated effects show that for these households, local grain
cultivation is not correlated with 1960 birth cohort size and the coefficient is statistically

32Hence, our measure could understate the true severity of famine. If regions that experienced severe
famines also experienced above average fertility rates in the years before the famine, and those “extra”
children all died during the famine, then a comparison of famine birth cohort size and pre-famine birth
cohort size will understate the cohort size reduction due to the famine. This will cause our estimate of
the correlation between grain production and famine severity to be attenuated.
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insignificant. This means that non-agricultural households with proximity to food did
not experience systematically higher or lower mortality than other regions. Thus, the
positive correlation between food production and mortality is confined to the agricultural
households which were subject to procurement by the government.

To illustrate to effect of being born in a grain producing region across birth cohorts
more systematically, we estimate the effect of grain suitability for each birth year sep-
arately as in the following equation. For this exercise, cohorts born before 1943 are
collapsed into one reference group.

1966
In(cohortsize;) = Z Bs(grain_suit; x biryry) + a4+ v; + 0 + €it, (5)
5=1943
The natural logarithm of the cohort size of individuals born in year t in county ¢,
In(cohortsizey), is a function of the following variables: the interaction terms between
the fraction of land that is suitable for rice or wheat production in county i, grain_suit;
and dummy variables biryr, which equals 1 if s =t and equals 0 otherwise; county fixed
effects, 7;; and birth year fixed effects, d;. The reference group is comprised of individuals
born during 1930-1942. This group and all of its interaction terms dropped. All standard
errors are clustered at the county level. The inclusion of year fixed effects controls for
secular changes in fertility and mortality that may affect cohort sizes. The inclusion of
county fixed effects controls for time-invariant differences between counties. For example,
counties that are more suitable for grain cultivation are also typically richer and provide
better health care, and this may cause these counties to have larger cohorts or more re-
silient to negative shocks. Note that given our results thus far, we should expect that for
agricultural households 3; should not be statistically different from zero for individuals
born after the famine, t > 1961. As Figure 6 suggests, most of the reduction in cohort size
occurs for individuals born during 1959-1961. Our analysis thus predicts that §; should
be negative for those years so that the cross-regional reduction in cohort size is negatively
correlated with grain suitability in these years.

This prediction is validated in the estimates which are presented in Appendix Table
1 Column (1). The coefficients and their 95% confidence intervals are plotted in Figure
7A. Tt shows that suitability for grain is negatively correlated with cohort size for those
born right before and during the famine, and has no effect for those born after the famine.
Note that grain suitability is actually positively correlated with cohort size for those born
many years before the famine, an important issue to keep in mind our analysis of the
theoretical model.

Next, we estimate the same equation for the sample of non-agricultural households.
The coefficients are shown in Appendix Table 1 Column (2). They are plotted in Figure
7B together with the estimated coefficients for agricultural households. The figure shows
that for cohorts born many years before the famine and after the famine, the correlation
between cohort size and local grain production is similar between the two types of house-
holds. However, for cohorts born close before and during the famine, the correlations
diverge. As shown earlier, grain cultivation is negatively correlated with survival of agri-
cultural populations born around the time of the famine, and it has no correlation with
survival for non-agricultural populations of the same cohort. This reinforces the idea that
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procurement—which only affect agricultural populations—is a key factor for understanding
the geographic patterns of the famine.

Note that while agricultural populations which produced more food experienced more
famine, it is also the case that agricultural populations which were closer to cities also
experienced more famine. This result is displayed in column (5) of Table 5. For this exer-
cise, we used ArcGIS to calculate the geographic distance from the center of each county
to the nearest urban center, where we considered 13 major urban centers (the thirteen
largest in terms of population in 1959).33 Column (5) shows that for agricultural popula-
tions, being 1% further away from an urban center is correlated with 4.9% higher survival.
The estimate is statistically significant at the 1% level. In Column (6), the estimate for
non-agricultural populations show that distance from urban centers is uncorrelated with
survival. The estimate is much smaller in magnitude as that of agricultural households,
and it is statistically insignificant.

5 Famine as a Consequence of Optimal Policy

The conclusion from Section 4 is that the Great Famine must have had institutional causes
but that the geographic patterns of famine intensity are not consistent with the patterns
predicted by conventional institutional mechanisms. The empirical evidence from Section
4.2 does however provide some clues regarding the institutional mechanism which caused
the famine. More specifically, it suggests that the mechanism behind the famine generated
a positive correlation between food production and mortality among rural households ex-
periencing procurement. Moreover, this mechanism involved non-agricultural households
receiving food subsidies experiencing virtually no famine. Finally, our analysis using dis-
tances to major cities also suggests that the mechanism also involved rural regions closer
to cities experiencing more famine.

In this section, we develop a model of constrained optimal policy which allows us to
interpret the empirical evidence. This model implies that government policy—which is
constrained by imperfect information and limited bureaucratic capacity—can amplify the
rise in mortality resulting from a downturn in aggregate food production. Importantly,
this model is consistent with this empirical evidence. We will use the model to explore a
counterfactual exercise to contrast the implied food distribution under this policy to one
under free markets.

5.1 Intuitive Description

Before presenting the model, we provide a simple stylized example to illustrate how under
some public policies, a proportional cross-regional fall in production can lead to more
severe famines in regions that historically produced more. Our model in the following
section illustrates this formally and also identifies the relevant frictions motivating these
public policies.

33These are also the major historic transportation network nodes identified in a study by Banerjee,
Duflo and Qian (2009). See that paper for a detailed discussion.
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Two facts are key to this example. First, the fall in 1959 production was proportional
to past local production, a fact which was illustrated in the previous section. Second,
the central government set regional production targets proportional to past production.
This rule makes intuitive sense as past production is a key predictor of current production
for the central government, and the cost of procurement from high productivity regions
is lower than for low productivity regions. We verify this claim using province level
procurement and production data from the 1980s since, as discussed in Section 3, such
data is unavailable for the 1950s. Nevertheless, given that the procurement system has
not changed much since it was established in the early 1950s, the patterns we find using
the 1980 data should in principle be indicative of the procurement patterns in the 1950s.34
Using the 1980s data, we find a strong positive correlation between past production and
current targets. Figure 8 plots per capita targets against a four year moving average of
past production. It shows a strong positive correlation.

To understand the impact of procurement targets which are correlated with past pro-
duction, imagine two hypothetical collectives producing grain as shown in Table 5. Be-
cause these collectives are in a centrally planned economy, there is no interregional trade
for grain. Collective A and Collective B have the same population and subsistence needs.
However, Collective A can produce more grain due to better natural conditions. On av-
erage, in the years leading up to the famine, Collective A produced 130 tons of grain
while Collective B produced 100 tons of grain. The central government wants to increase
procurement over time since it knows that agricultural technology is improving. In 1959,
the government sets procurement targets to be 10% more than previous production, at
143 tons and 110 tons for Collectives A and B, respectively. However, in 1959, there is
an aggregate shock that causes production to decrease by 13% from previous years and
collectives A and B produce 113 and 87 tons, respectively. Assume for simplicity that
the subsistence need of each region is 100 tons of grain. Thus, in the presence of full
redistribution of food, both regions would consume 100 tons of food and experience no
famine. In the absence of such redistribution, two scenarios can emerge.

Scenariol: In the absence of any government redistribution program, Collective A will
not have a famine because it has produced 13 tons of surplus grains. In contrast,
Collective B which produced 13 tons less than what it needs will have a famine.
Therefore, in this scenario, famine severity is negatively correlated with production,
as is predicted by the conventional institutional view of famines.

Scenario2: Now imagine if a government redistribution program exists, and it takes the
same form as that in China. The government is interested in procuring grain from
the collectives for the urban regions, and it does so in a fashion which, in theory,
leaves both collectives with the same retained grain. More specifically, should the
two collectives meet their 10% growth rate target, they should both retain 100 tons

34 Although collectives no longer existed officially in the 1980s, grain production targets— which now
were the responsibility of village leaders to deliver—had not changed much since the 1950s. For this
exercise we estimate a bivariate regression of the relationship between the natural logarithm of province-
year level procurement targets and the natural logarithm of the average per capita surplus production
over the past four years.
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of grain, so that 43 tons of grain are procured from Collective A and 10 tons of
grain are procured from Collective B. However, there is in reality, a decrease of 13%
in production so that the 10% growth target is not achieved. Local leaders may
not be able to credibly convey this information to the central government which
may perceive these reports as an effort to avoid procurement.?® Moreover, even
if this information is credibly conveyed, the government may not be able to react
sufficiently quickly. Consequently, procurement according to the 10% growth target
occurs so that Collective A only retains 70 tons of grain, whereas Collective B
retains 77 tons of grain so that it experiences a less severe famine. Therefore, in
this scenario, famine severity is positively correlated with production, which is in
line with our empirical evidence.

A key feature of the second scenario is that the central government cannot adjust its
procurement target during the shortfall, and this occurs because the government cannot
verify the presence of the shortfall in a timely fashion. In the case of China’s famine, this
most likely reflects the administrative and transportation costs of accumulating informa-
tion. In practice, the government sent out tens of thousands of officials for procurement
operations. Each official could only acquire information for a small set of locations and
could not by himself verify the presence of an aggregate shock. Moreover, telecommuni-
cation was limited and time-consuming in late 1950s China. There were few telephone
and telegraph lines between major cities, and almost none that linked rural areas. The
railroads and roads had been devastated by the twelve year war with Japan (1933-45) and
five year civil war between the Guomingtang (KMT) who ultimately retreated to Taiwan
in 1949 (1945-49), and were just beginning to be repaired. Government officials often
visited rural areas on bicycles and beasts of burden, and the transportation time between
rural collectives and cities where the data was processed could easily have taken weeks at
a time.

5.2 Model

In this section, we describe a theoretical environment in which a procurement formula
analogous to that of the Chinese government is constrained optimal. Our model allows us
to show how such a policy can amplify the rise in mortality resulting from a downturn in
aggregate food production, and it allows us to show how such a policy generates patterns
which are consistent with the empirical evidence.

Consider an economy with a continuum of size M of rural regions labeled by i € [0, M|
and a continuum of size N of urban regions labeled by ¢ € (M, M + N]. Every region is
populated by a mass p; of identical households and has a stochastic per-capita agricultural
endowment e; > 0 which follows the below stochastic process:

e = en
{ 1 with probability u

forn = A with probability 1 — pu ’

35 Alternatively, local leaders may be very reluctant to report the shortfall due to political pressure.
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where 7 corresponds to an aggregate agricultural shock with 0 < A < 1 so that 1 —
A represents the lost agricultural production during an adverse agricultural shock. e;
corresponds to the expected agricultural production of region ¢ during the high aggregate
endowment shock. e; > 0 for rural regions and e; = 0 for urban regions since they do not
produce any food, and therefore cannot observe the shock 7. A given household in region
1’s budget constraint is

ci=e;— T — 077 )2 (6)

where ¢; > 0 and 7; E 0 represent household i’s food consumption and taxes (procurement
or subsidies), respectively. The parameter §; > 0 captures transport costs to and from
region i, where it is clear that transport costs are positive if §; > 0 and 7; is not equal to
zero.?% In our context this is particularly relevant since food is perishable. For example,
0; would be very high if a region is very remote since it is more expensive to transfer food
to and from this region. The government runs a balanced budget and does not engage in
any public spending so that its budget constraint is

M+N
0

The government is utilitarian over the urban population and utilitarian over the rural
population, though it may weigh the urban population with a higher weight 6 > 1,
which captures the fact that some members of the government can have a preference for
satisfying the urban elite. Therefore, the government chooses a set of taxes and transfers
to maximize the following object

2 Cpmenao [ ) i} ©

where 7 (+) € [0, 1] is a continuously differentiable, strictly increasing, and strictly concave
function. = (-) corresponds to the probability of survival as a function of consumption,
where y corresponds to the value of life.3”

It is clear in this environment that if §; = 0 for all households, the unconstrained
optimum for the government is to treat every rural (urban) household equally so as to
assign the same level of consumption to all rural (urban) households conditional on the
agricultural shock. In such an environment, there would be no cross-regional variation
in mortality risk in response to an agricultural shock with the exception that urban
households may have a lower mortality risk than rural households if 6 > 1.

Once the government takes into account that taxes and subsidies may involve waste
because of transport costs, it will not implement this allocation. Importantly, in our

36 All of our results hold if this cost is linear and the solution is interior.
370One can easily incorporate in our framework a motive for the government to save or deplete its
current stock of grain by ignoring (7) and adding an additional term in the government objective’s:

M+N
V( / pi(ei—ci)di)

0

for V' (-) which is increasing and concave. This refinement does not affect any of our results.

23



environment, the government is subject to the following two key frictions. First, the gov-
ernment does not observe the realized agricultural production of region 7. This is because
households can hide part of their output in order to avoid being taxed by the government.
Note however that the expected agricultural endowment under the high shock e; is known
to the government. Second, the government has limited bureaucratic capacity: It can
only condition region ¢’s equilibrium tax on region ¢’s report of its production. This is
because it is too costly for the government to collect all of the reports from the regions
and to condition taxes on the entire set of reports.?® This constraint is a realistic one to
impose for China in the 1950s given the vast size of the country’s territory relative to the
level of development of its telecommunications infrastructure.

Together, these two frictions imply that the government cannot condition taxes on the
realized agricultural shock. To see why, imagine if region i’s tax depended on its reported
income. Then region ¢ would always report the income associated with the lowest tax,
so that under-reporting would take place and the region would always be subject to the
same tax. Therefore, the only way for region ¢ to report its income is for the government
to choose a level of taxation 7; which is independent of region i’s reported income.?”

Consequently, the government’s problem reduces to the optimal choice of a set 7 =
{7i}icp1 ar+n which solves the following problem:

max (8) s.t. (6) and (7).

Letting 1 correspond to the Lagrange multiplier on constraint (7), the first order condi-
tions to the government’s program yield:

E{r' (¢))}(1+6;7:) = 1+ Vie [0, M] and (9)

Therefore, the government equates the expected marginal utility of agricultural consump-
tion across the rural and urban households separately, adjusting for differences in transport
cost. Note that this marginal utility is stochastic for the case of the rural regions but
deterministic for the case of the urban regions since they are not subject to endowment
shocks.

Equations (9) and (10) have some important implications which are summarized in
the below proposition.

Proposition 1 (optimal policy) The optimal policy of the government has the following
features

1. Given two rural regions k and | with €, > €; and o, = ¢;, it follows that 7, > 7, and
that
co>cifn=1and cy < cifn=A.

380ur underlying assumption is that a single leader from each region reports the region’s income. In
other words, all of the households in a given region can jointly coordinate in the under-reporting of
income.

39As an aside, note that in a dynamic environment with persistent aggregate shocks, the government
may be able to learn from region i’s report ex-post in order to formulate its expectations of region’s i’s
production in the following period.
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2. Gwen a rural region k and an urban region | with o = 0y, it follows that ¢ < ¢ if
n=A

3. Given two rural regions k and | with e, = ¢, > max {ck, ¢} and, o, > 0, it follows
that 7, < 7 and that ¢, > ¢.

Proof. (i) If €, > ¢ and 0, = ¢;, then 7, < 7; would violate (9) given the concavity
of m(-). (9) implies that either ¢, > ¢ if n = 1 and ¢ < ¢ if n = X or that ¢, < ¢ if
n=1and ¢, > ¢ if n = A. The second scenario is ruled out by (6). (ii) This follows by
analogous logic taking into account that > 1. (iii) This follows from (9) together with
the concavity of 7 (-). m

The first part of Proposition 1 states that for any two rural regions subject to the
same transport costs, the more productive region experiences a higher tax burden, a
higher food consumption during the aggregate food boom, and a lower food consumption
during the aggregate food downturn. The second part of Proposition 1 states that this
comparison applies to a rural region relative to an urban region since a rural region
necessarily experiences lower food consumption during a downturn relative to an urban
region. The third part of the proposition states that for any two rural regions with the
same productivity and which experience a positive tax burden, the higher transport cost
region experiences a lower tax burden and a higher food consumption.

The implication of the first part of Proposition 1 is that there is a negative relationship
between mortality risk and food production in rural regions during an aggregate food
downturn, which is consistent with the evidence which we document in Section 4. This is
because it is optimal for the government to tax the more productive region by more for
redistributive purposes. Thus, because the tax cannot adjusted for proportional downfall
in production, the more productive region suffers by more during the downturn. Note
that an additional implication of Proposition 1 is that the more productive region should
also experience lower mortality risk during an aggregate food boom via the exact same
mechanism, which is also in line with the evidence in Section 4. The implication of the
second part of Proposition 1 is that rural regions should experience a higher mortality
risk relative to urban regions during an aggregate food downturn. This is because urban
regions receive a constant food subsidy which does not fluctuate with the aggregate shock
whereas the rural region’s food consumption declines during the aggregate shock.*’

As an illustration of the implications of the first two parts of the proposition, consider
the constrained optimal allocation as the probability of a food downturn p approaches 0
in an environment with zero transport costs. In this scenario, the optimal constrained
policy sets consumption during the boom equal to ¢ for rural regions and equal to ¢
for urban regions, where the difference between ¢ and ¢" is rising in #, the government’s
preference for the urban population. Therefore, the positive correlation between food
consumption and food production in the boom goes to zero as the probability of the
downturn approaches zero. Note that in this scenario, the tax burden for a given rural
region is equal to 7; = €; — ¢". This implies that the consumption of such a rural region

4ONote that if § = 1 is is the case that mortality risk in the rural region is lower relative to that of the
urban region during the food boom, though this becomes less likely as 6 rises.
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during the food downturn is equal to ¢ — (1 — A\)€;, so that there is a strong negative
correlation between mortality risk and food production across these regions.

The implication of the third part of Proposition 1 is that in rural regions which are
taxed, there is a positive relationship between transport costs from a given region and
food consumption in this region. This is because it is inefficient for the government to
extract food from regions from which this will involve high transport costs. Consequently,
remote regions which are further away from cities experience a lower tax burden and hence
experience a lower mortality risk during the aggregate food shortage, and this is also in
line with the evidence in Section 4.

M+N
Proposition 2 (famine intensity) The value of [ piw(¢;) di is lower under optimal
0

government policy relative to under the equal distribution of food.

Proof. ¢; = ¢; Yi # j forn =1 and n = X\ mazimizes (8) for § = 1 and therefore
minimizes mortality risk given the concavity of 7 (-). Since optimal government policy
cannot set ¢; = ¢; Vi # j n=1 and n = X it cannot reach this mazimum. m

Proposition 2 implies that the intensity of famine is higher under optimal government
policy than that which would be implied under the equal distribution of food. This is be-
cause the distribution of food under government policy is unequal so that some households
receive very low food consumption and higher mortality risk. *!

Note that this pattern is driven by three factors. First, if 6 is very large, then the
government is very biased towards urban households and is thus very likely to provide
rural households with very low food consumption. Therefore, rural households suffer
significantly more during the aggregate food shortage.

Second, if §; is very large, then food cannot be extracted from or delivered to some
remote households, which implies that some households will not be able to consume as
much food as others during the downturn, and this will lead to a higher mortality risk
than under an equal distribution of food.

Most importantly, even in the absence of these two features—even if 6 = 1 and §; =0
Vi—there is a higher mortality risk under the optimal policy relative to an equal distribu-
tion of food because of the most important factor driving the inefficiency in government
policy: The government’s information constraint and lack of bureaucratic capacity. The
government cannot provide lower taxes to households during the food production bust
since this would violate their incentives to truthfully report their production during the
food production boom. More specifically, this constraint only applies to rural households
but not to urban households which do not produce any food and therefore cannot under-
report production. Moreover, this constraint applies more stringently to more productive
relative to less productive regions since these have more to gain from under-reporting
given the proportionality of the production shocks. Therefore, during an aggregate food
downturn, rural regions experience a higher mortality risk relative to urban regions and

4INote that while we discuss our result in terms of aggregate mortality, one can easily discuss this result
in terms of the fraction of the population below some arbitrarily chosen per-capita famine threshhold c*.
More specifically, one can choose ¢* < fOMJrN piAe; such that no household consumes less than ¢* under
equal food distribution and some fraction of households consume less than ¢* under government policy.
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more productive rural regions experience a higher mortality risk relative to less productive
urban regions.

Clearly, if the government could perfectly observe production, then it would equate the
marginal mortality reduction from food across regions, after adjusting for o; differences
and the fact that 6 > 1. Moreover, this would also be the case even if the government could
not perfectly observe production but had enough bureaucratic capacity to condition taxes
of one region on production reported in a neighboring region. In this circumstance, the
government would be able to deduce one region’s production from a truthful production
report of a neighboring region (since production shocks are correlated). Moreover, a given
region would thus never under-report its own production if it expects a neighboring region
to also not under-report its production. Therefore, government policy would be able to
adjust to the aggregate shock. Importantly, this would imply the absence of a negative
correlation between food consumption and food production across rural regions during the
aggregate downturn, so that the correlation which is consistent with the evidence would
disappear.

5.3 Counterfactual Exercise: Free Markets vs. Government

A natural question given our interpretation of this historical episode is the extent to which
the presence of free markets in China’s economy would have been sufficient to avoid the
tragic consequences of the downturn in aggregate food production. This question can be
formulated in our model by introducing an additional second good which can be exchanged
for food. We assume for this exercise that § = 1 so that the government values rural
household as much as urban households. This serves to focus our attention on distortions
which are caused purely by trade costs and the informational capacity constraints on
government policy.

To simplify exposition, imagine if every household ¢ has a constant exogenous endow-
ment y; of this second good and that every household receives a linear utility from the
consumption of this endowment which is denoted by x;. This assumption of linearity ap-
pears like a reasonable first order approximation since it implies a much higher elasticity
of demand for non-food relative to food consumption.

More specifically, following the realization of the aggregate shock, a given household i
solves the following problem:

max 7 (¢;) X + ;
Ci\ T
s.t.
¢+ pri = e; + pyi — i (e — ;) /2,
where p represents the competitive equilibrium price of non-food in terms of food and the

transport cost applies to the total amount of trade in food performed by household .42
First order conditions for the household yield:

7 (c))x = 0i (L +e; —¢;) /p, (11)

42GSince the second consumption good is durable, we assume that its transport costs are negligible
relative to food.
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so that the marginal benefit of food consumption is equal to its price adjusting for marginal
trade costs. This first order condition implies that the price of food is higher during the
food production downturn relative to the food production boom. Moreover, it implies
that if §; = 0 so that trade costs are negligible, food consumption would equalized across
regions, which implies that mortality risk is equalized across regions. This statement is
generalized in the below proposition.

M+N
Proposition 3 The value of [ (¢;)di is higher under free markets relative to under
0
optimal government policy.

Proof. (11) corresponds to the government’s first order condition in the presence of
perfect information which implies that the implied allocation strictly dominates that under
imperfect information since the constraint set is relaxed. m

This proposition states that there is lower aggregate mortality under free markets
relative to constrained optimal policy. Clearly, the government would be able to replicate
this free market outcome in the presence of better bureaucratic capacity since it would be
able to learn the realization of the aggregate shock. However, institutional constraints on
the government imply that the constrained optimal policy is dominated by the presence
of free markets. The reason is that the free market price of food reflects the aggregate
fundamentals of the economy, and this implies a more even allocation of food consumption
across the economy and hence a lower degree of mortality risk.

As an aside, note that many of the patterns described in Proposition 1 would be
overturned in the presence of free markets. In particular, if we control for transport costs
or assume that they are non-negligible, then one would observe higher food consumption
both during the boom and during the downturn in higher productivity regions under
free markets. This is because these regions are richer and can therefore afford higher
food consumption. This pattern would be at clear odds with the evidence from China’s
famine. This further implies that rural regions which produce a positive amount of food
would also be consuming more food than urban regions experiencing the same trade costs
which produce zero amounts of food. Note that the third prediction in Proposition 1 is
preserved. It is still the case that for two rural regions with the same food production,
the more remote region would consume a greater portion of food since the cost of selling
it is too great.*?

5.4 Alternative Institutional Mechanisms

We have provided a model which explains an institutional mechanism for the propagation
of famine which is consistent with the data. A natural question is whether alternative
institutional mechanisms could explain the geographic patterns behind China’s famine.

43This example with two goods highlights an additional constraint on bureaucratic capacity since it is
clear that in the presence of multiple goods, incentives for truthful reporting of income can be provided
by altering the intratemporal margin across households. Our analysis thus implicitly assumes that this
is impossible since we are effectively considering a setting in which the redistribution of food occurs
independently of the redistribution of non-food.
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In considering such an alternative explanation, the following fact is clear from our
model: the malevolence or self-interest of politicians alone would not generally cause
the geographic patterns observed. More specifically, one could interpret the self-interest
of politicians as manifesting itself in favoritism of some regions over others so that some
regions would receive more weight in the social welfare function. In the presence of perfect
information, this would predict that some regions would consistently experience higher
mortality both during an food production boom and during a downturn. Given that food
productivity is persistent and that more productive regions produce more both during the
downturn as well as during the boom, this would imply that politicians systematically
favor less productive regions by more so that these would experience less mortality during
the famine. However, this would also imply that less productive regions should experience
less mortality during the food production boom, an implication which is refuted by our
analysis in Section 4 which shows that these regions experienced higher mortality than the
more productive regions in the years prior to the famine. Therefore, while the self-interest
of politicians may have played some role—particularly if this manifested itself in favoritism
towards cities relative to rural regions—on its own it cannot explain the patterns generated
by China’s famine.

An additional issue to consider is the fact that rather than local bureaucrats being
tempted to under-report production—as they are in the model-it is possible that they were
actually more tempted to over-report production for various reasons related to career con-
cerns and reputation. This possibility leaves several important issues to consider. First,
within the context of our model, this would again imply that the government would be
unable to trust the information relayed by the region leader, so that the government would
set taxes independently of the message received from the region leader. Thus, though the
precise interpretation of the nature of the informational friction would be modified, none
of our results would change since the optimal constrained policy would be identical to
the one we derive given the limited information processing ability of the government. A
second issue to consider lies outside of the context of our model since the propensity to
over-report production may differ systematically among region leaders and this variation
may be related to other features of cross-regional institutional variation. More specifi-
cally, famine for a given region may have been caused by a regional institutional failure
which is also responsible for causing over-reporting, and this mechanism would generate
a positive relationship between mortality and reported food production. Nevertheless,
this mechanism alone would not generate a positive relationship between our agricultural
suitability measure—which is not contaminated by reporting biases—and famine intensity
of the sort that we find in the data.

An additional issue to discuss which is clear from our model and which is related to the
conventional institutional mechanism for famine is that the transport costs experienced
by the government alone could not have generated the famine. In fact, these costs should
have been sufficiently low that the government was able to deliver sufficient food to urban
regions which produced virtually no food. More specifically, in the context of our model,
under perfect information and trade costs, it would still be the case that controlling for
trade costs, high productivity regions should experience fewer, as opposed to more, famine
deaths, a fact which is refuted by the evidence.
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A final issue to consider is the potential incompetence of the government. In the context
of the model, this could manifest itself in the government’s ex-ante miscalculation of key
parameters in the environment such as the expected regional production e;, the size of
the downturn 1 — A\, and the probability of the downturn 1 — . Note that absent any
imperfect information or limited bureaucratic capacity, these miscalculations would have
no impact on the allocation since the government would have perfect knowledge of the
realization of the shock ex-post. Nevertheless, one issue to keep in mind, is that these
types of systematic biases by the government could serve to reinforce our conclusions once
we consider how these interact with the constraints of imperfect information or limited
bureaucratic capacity. For example, if the government underestimates the magnitude
of the downturn 1 — X\ or alternatively underestimates its probability 1 — p, then one
can show that this raises the extent of the famine and reinforces the positive correlation
between food production and mortality during the downturn. Moreover, if the government
overestimates expected production €; by more for high productivity regions relative to low
productivity regions, then this would also imply a heavier tax burden on high productivity
regions and reinforce our conclusions. In sum, the main insight from our model is that even
in the absence of additional factors such as government incompetence or self-interested
politicians, the constraints of imperfect information and limited bureaucratic capacity
are enough to cause a well intentioned government to generate a famine which fits the
patterns in the data.

6 Conclusion

This paper provides a rigorous analysis of the institutional causes of China’s Great Famine.
We add two facts to the general understanding of China’s Famine: the production fall
in 1959 by itself could not have caused a famine and it could not have caused a famine
that was more intense in regions that produced more grain. Moreover, we contribute to
studies of causes of the causes of famine more generally by presenting a concrete example
of an institutionally driven famine. We show that the mechanism for famine can be very
different in a centrally planned economy relative to a market economy since it produces
very different patterns of devastation.

Our analysis leaves open several interesting directions for future research. First, a nat-
ural future direction is to study whether a similar institutional mechanism was responsible
in other famines in centrally planned economies, in particular for the Ukrainian Famine
(1932-33). Second, it is important to study whether the geographic patterns predicted by
the institutional mechanism of Sen (1981)—which were not present in China—are present in
market economies which experienced famine. Finally, our model of Section 5 leaves open
several interesting theoretical questions. Our counterfactual exercise implicitly assumed
that market prices could serve to aggregate information on food production whereas the
limited institutional capacity of the government prevented it from doing so. While this ar-
gument is in line with historical arguments made by economists such as Von Mises (1921)
and Hayek (1944), the exact theoretical reason as to why markets are more efficient than
governments at aggregating information is an important question for future theoretical
research.
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Table 1: Historical Grain Production, Procurement, and Retention from Li and Yang (2005)

Li and Yang (2005) 21 Provinces Published by Ministry of Agriculture in 1989

Grain Prod Retained Grain Grain Procurement
% of
(Millions Growth Growth (Millions "Surplus"
Tons) Rate Rate 4MA (kg/Person) % of Prod* Tons) Production **

Year () 2 (3) “4) (5) (6) )
1952 164 260 0.80 33 0.85
1953 167 0.02 242 0.72 47 1.12
1954 170 0.02 228 0.70 51 1.14
1955 184 0.08 256 0.74 48 0.82
1956 193 0.05 0.04 284 0.79 40 0.59
1957 195 0.01 0.04 273 0.76 46 0.66
1958 200 0.03 0.04 268 0.74 52 0.69
1959 170 -0.15 -0.02 193 0.62 64 1.43
1960 143 -0.16 -0.07 182 0.67 47 2.64
1961 148 0.03 -0.06 209 0.75 37 1.62
1962 160 0.08 -0.05 229 0.80 32 0.92
1963 170 0.06 0.00 231 0.78 37 0.83
1964 188 0.11 0.07 256 0.79 40 0.64
1965 195 0.04 0.07 261 0.80 39 0.56
1966 214 0.10 0.08 282 0.81 41 0.46
1967 218 0.02 0.06 281 0.81 41 0.44
1968 209 -0.04 0.03 261 0.81 40 0.48
1969 211 0.01 0.02 259 0.82 38 0.44
1970 240 0.14 0.03 282 0.81 46 0.40
1971 250 0.04 0.04 293 0.82 44 0.35
1972 241 -0.04 0.04 298 0.84 39 0.34
1973 265 0.10 0.06 293 0.82 48 0.34
1974 275 0.04 0.04 303 0.83 47 0.31
1975 285 0.04 0.03 304 0.81 53 0.33
1976 286 0.00 0.04 306 0.83 49 0.30

*Column (5) = [Column (1) - Column (6)]}/Column (1).
** We assume aggregate subsistence levels to be 125.2 million tons. (7) = (6)/[(1)-125.2]
Source: Columns (1), (4), and (6) are taken from Li and Yang (2005) (Original Sources: Ministry of Agriculture (1989)).



Table 2: Historical Grain Production, Population and Subsistence Needs

30 Provinces Published by NBS in 1999

228 kg/person, 2,240 1959/60 1959 Grain
Calories 92 Kg/person, 900 Calories Province Death Rate Prod 1959 "Surplus"
Grain Grain 2,240 900
Grain Prod Population Needed Surplus Needed Surplus Calories Calories
(Millions (Million (Million (Million (Million
Tons) (10000) Tons) Tons) Tons) Tons) Kg/Person
Year ) 2 3) “4) (%) (6) ) (8) 9 (10) (1)
1949 101.59 54167 124 -22 50 52 Shanghai 6.9 107.02 -120.98 16.02
1950 119.88 55196 126 -6 51 69 Beijing 9.14 82.01 -145.99 -8.99
1951 128.12 56300 128 0 52 77 Neimeng 9.4 412.16 184.16 321.16
1952 157.42 57482 131 26 53 105 Jilin 10.13 401.07 173.07 310.07
1953 148.56 58796 134 15 54 95 Tianjin 10.34 91.42 -136.58 0.42
1954 149.44 60266 137 12 55 94 Heilongjiang 10.52 505.95 277.95 414.95
1955 163.97 61456 140 24 56 108 Shanxi 11.21 244 .48 16.48 153.48
1956 165.84 62828 143 23 58 108 Liaoning 11.5 235.91 7.91 144.91
1957 174.37 64563 147 27 59 115 Zhejiang 11.88 382.06 154.06 291.06
1958 169.82 65994 150 19 60 109 Shan'xi 12.27 251.99 23.99 160.99
1959 148.33 67207 153 -5 62 87 Ningxia 13.9 303.70 75.70 212.70
1960 127.66 66207 151 -23 61 67 Guangdong 15.24 242.70 14.70 151.70
1961 122.98 65859 150 -27 60 63 Xinjiang 15.67 304.35 76.35 213.35
1962 148.19 67295 153 -5 62 87 Hebei 15.8 195.12 -32.88 104.12
1963 146.59 69172 158 -11 63 83 Jiangxi 16.06 314.36 86.36 223.36
1964 166.12 70499 161 5 65 102 Jiangshu 18.41 231.42 3.42 140.42
1965 201.67 72538 165 36 66 135 Fujian 20.7 259.23 31.23 168.23
1966 197.29 74542 170 27 68 129 Hubei 21.21 241.07 13.07 150.07
1967 201.23 76368 174 27 70 131 Shandong 23.6 195.24 -32.76 104.24
1968 193.80 78534 179 15 72 122 Yunnan 26.26 265.26 37.26 174.26
1969 193.76 80671 184 10 74 120 Hunan 29.42 300.32 72.32 209.32
1970 241.66 82992 189 52 76 166 Guangxi 29.46 246.98 18.98 155.98
1971 238.21 85229 194 44 78 160 Henan 39.56 195.72 -32.28 104.72
1972 229.14 87177 199 30 80 149 Qinghai 40.73 200.49 -27.51 109.49
1973 254.98 89211 203 52 82 173 Gansu 41.32 223.95 -4.05 132.95
1974 264.20 90859 207 57 83 181 Guizhou 52.33 242.67 14.67 151.67
1975 296.58 92420 211 86 85 212 Anhui 68.58 204.55 -23.45 113.55
1976 276.65 93717 214 63 86 191 Hainan N/A 181.51 -46.49 90.51
Sichuan N/A N/A N/A N/A

Source: Data on historical province-level grain production as reported in The Comprehensive Statistical Data and Materials on 50 years of New China (1999). Data on national population in Column (2) is
reported by The China Population Institute and Research Center.

Note: Total production reported in column (1) is aggregate from province level production. This excludes Sichuan, a major grain producer, for which data is not available.



Table 3:

Descriptive Statistics

Obs Mean Std. Err.
A. Province Level

Population (10,000 People) 503 2034.34 62.98
Death Rate (per 1,000 People) 452 12.42 0.26
Death Rate in 1959/60 (per 1,000 People) 486 21.91 0.67
Annual Grain Production (Kg) 504 542826.60 16546.57
Annual Grain Production 1954-58 (Kg) 522 550292.60 16265.50
Grain Production in 1959 504 529101.80 14807.91
Annual Per Capital Grain Production 500 279.74 8.02
Annual Per Capital Grain Production in 1959 504 252.24 4.1

B. County Level

Agricultural Households Non-Agricultural Households

Average Cohort Size (1942-66)
Average Famine Cohort Size (1959-61)
Average Pre-Famine Cohort Size (1954-57)

Ratio of Famine/Pre-Famine Cohort Size
Fraction of Counties where Ratio of Famine/Pre-Famine
Cohort Size <1

Fraction of Land Suitable for Rice or Wheat

Obs Mean Std. Err. Obs Mean Std. Err.
46212 37.14 0.18 35175 21.62 0.18
45736 33.01 0.14 32381 24.75 0.19
46004 49.68 0.21 33937 29.59 0.23
45640 0.72 0.00 31934 0.85 0.00
46212 0.85 0.00 35175 0.65 0.00
46212 0.14 0.00 35175 0.15 0.00

Cohort sizes are 1% of actual cohort sizes.
Each observation is a birth year x birth county cell.



Table 4: The Correlation between Grain Production and Famine Severity at the Province Level

Dependent Variables

LnTotalPop LnDeaths LnTotalPop LnDeaths LnTotalPop LnDeaths
Non- Non-
Famine Famine Famine Famine All All All All All All All All
(1) 2) 3 4) (5) (6) ) (8) 9 (10) (a1 (12)
Ln Grain Prod 0.256 0.00375 -0.261 0.373
(0.172) (0.0859) (0.165) (0.445)
Ln Grain Prod 1959 x 1960 Dummy -0.0804  -0.0685 0.0797  0.0702
(0.0337) (0.0257) (0.104) (0.101)
Ln Grain Prod 1954-58 x 1960 Dummy -0.0800  -0.0659 0.0995 0.0817
(0.0305) (0.0242) (0.106) (0.103)
Controls
Province x Year Time Trends N N N N N Y N Y N Y N Y
Government Spending on Agriculture N N N N N Y N Y N Y N Y
Government Spending on Health, Edu &
Science N N N N N Y N Y N Y N Y
Number of Teachers in Primary and
Secondary N N N N N Y N Y N Y N Y
Observations 416 84 369 81 499 357 448 333 503 357 452 333
R-squared 0.970 0.999 0.564 0.661 0.969 0.974 0.558 0.764 0.970 0.974 0.561 0.765

All regressions control for year and
province fixed effects.

Standard errors are clustered at the
province level.



Table 5: The Correlation between Grain Suitability and Famine Severity at the County Level

Dependent Variables: Ln Cohort Size

Agricultural Non Agricultural Agricultural Non-Agricultural
) 2) (3) 4) (5) (6)
Grain Suit x Born 1960 -0.254 -0.428 -0.0351 -0.160 -0.393 -0.141
(0.0719) (0.0913) (0.0578) (0.0980) (0.0951) (0.102)
Ln Dist to Big City x Born 1960 0.0492 0.0230
(0.0188) (0.0251)
Province FE x Year FE N Y N Y N N
Observations 46212 36748 35175 21198 36748 21198
R-squared 0.907 0.895 0.892 0.865 0.895 0.865

All regressions control for birth year and county fixed
effects.

Standard errors are clustered at the county level.



Table 6: Example of Grain Production and Famine Mortality

Village A Village B
Subsistence Needs 100 100
Average Annual Production 1954-48 130 100
1959 Procurement Target = 10% Increase from past production 143 110
1959 Actual Production = 13% fall from previous years 113.1 87
Procurement = Target - Subsistence 43 10
Retention = Actual Production - Procurement 70.1 77
% Below Subistence = (Retention-Subsistence)/Subsistence -29.90% -23.00%




Figure 1: Population and Aggregate Production 1949-76
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Figure 2A: Correlation between Province Level Mortality and Grain Production in 1959
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Figure 2B: Residual Plot of Bivariate Regression between Mortality and Grain Production in 1959
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Figure 3A: Correlation between the Percentage Fall in Grain Production in 1959
and Average Annual Production during 1954-58

® Xinjiang
O -
@ Hunan @ Jilin
®Hebei ®Shanxi ) . ® Neimeng ® Heilongjiang
° X anOJlangX|
@ Jiang'sit ® Zhejiang

o | @ Tianjin OShan@Emdong ® Ningxia

! ® Henan
.f=E ® Hainag A i
U| ® Qinghai
a ® Shanghai
o<
N -
c
=
o

©

K

o | ® Beijing

! T T T T T T

100 200 300 400 500 600

(mean) pregrainpc

Source: Comprehensive Statistical Data and Materials on 50 years of New China (1999)

Figure 3B: Residual Plot from Bivariate Regression of the Percentage Fall in Grain Production in 1959
and Average Annual Production during 1954-58
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Figure 4: Historical Grain Production in 21 Provinces (Li and Yang, 2005)
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Figure 5A: Historical Province Level Mortality
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Figure 5B: Historical Province Level Grain Production
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Figure 6A: Birth Cohort Size in the 1990 Population Census
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Figure 6B: Histogram of Famine Cohort Size Relative to Pre-Famine Cohort Size
for Agricultural Households at the County Level
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Coefficients of Grain Suitability * Dummy Vars for Birth Year

Coefficients of Grain Suitability * Birth Year Dummy Vars

Figure 7A: The Correlation between Grain Suitability and Cohort Size at the County Level
for Agricultural Households
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Figure 8: The Correlation between Procurement Targets and Past Production at the Province Level
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Appendix Table A1: The Correlation between Suitability for Grain Cultivation Cohort Size

Dependent Variable: Ln Cohort Size
M )

Agric HH Non-Agric HH
Grain Suit x Born 1943 0.0283 0.118
(0.0410) (0.0501)
Grain Suit x Born 1944 0.114 0.0756
(0.0394) (0.0519)
Grain Suit x Born 1945 0.0916 0.0512
(0.0460) (0.0587)
Grain Suit x Born 1946 0.130 0.167
(0.0399) (0.0557)
Grain Suit x Born 1947 0.129 0.136
(0.0395) (0.0601)
Grain Suit x Born 1948 0.252 0.149
(0.0381) (0.0561)
Grain Suit x Born 1949 0.206 0.157
(0.0396) (0.0563)
Grain Suit x Born 1950 0.110 0.225
(0.0442) (0.0649)
Grain Suit x Born 1951 0.343 0.264
(0.0413) (0.0631)
Grain Suit x Born 1952 0.292 0.304
(0.0449) (0.0707)
Grain Suit x Born 1953 0.291 0.334
(0.0454) (0.0654)
Grain Suit x Born 1954 0.251 0.308
(0.0428) (0.0681)
Grain Suit x Born 1955 0.143 0.288
(0.0441) (0.0630)
Grain Suit x Born 1956 0.251 0.307
(0.0434) (0.0663)
Grain Suit x Born 1957 0.180 0.379
(0.0463) (0.0677)
Grain Suit x Born 1958 0.0231 0.197
(0.0583) (0.0760)
Grain Suit x Born 1959 -0.0639 0.188
(0.0685) (0.0716)
Grain Suit x Born 1960 -0.169 0.0908
(0.0806) (0.0744)
Grain Suit x Born 1961 -0.0200 0.131
(0.0587) (0.0700)
Grain Suit x Born 1962 0.0530 0.200
(0.0459) (0.0664)
Grain Suit x Born 1963 0.140 0.319
(0.0426) (0.0728)
Grain Suit x Born 1964 -0.0192 0.0574
(0.0389) (0.0703)
Grain Suit x Born 1965 -0.0134 0.0428
(0.0390) (0.0707)
Grain Suit x Born 1966 -0.0260 -0.0173
(0.0394) (0.0749)
Observations 46212 35175
R-squared 0.907 0.893

Regressions control for county and birth year fixed effects.
Standard errors are clustered at the county level.



Figure A1A: Map of Suitability for Rice Cultivation

Source: Author’s Calculations

Figure A1B: Map of Suitability for Wheat Cultivation
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