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FOREWORD 

In 1977 the International Food Policy 
Research Institute published projections to 
1990 of the production and consumption of 
basic food staples. The People's Republic of 
China was not included in those projections 
because of the difficulty of using the data 
on China in a manner comparable to the way 
the data for other Third World countries was 
used. However, China's nearly I billion 
people and more than a quarter of a billion 
tons of grain seems an excessive omission. 
According to a recent statement from the 
People's Republic of China, there are in 
China some 200 million people with in-
adequate food intake. Thus the size of the 
food problem in China requires attention 
because it has direct implications for the 
welfare of large numbers of people and 
because it has indirect effects on the food 
and food production input availabilities for 
other countries. Even small imbalances in 
domestic supply and demand in China are 
magnified into substantial effects elsewhere 
in the world. 

Because of the paucity of hard data and 
the controversial nature of the political 
system, there are considerable differences 
of opinion about food trends in China 
among analysts in noncommunist countries, 
IFPRI provides in this Research Report two 
contributions to thought in these areas. 
Each author began his analysis with different 
perceptions. Each author offers the data 
with which he has worked as the basis for 
alternative analyses and conclusions. 

The first piece by Anthony Tang is a 
broad analysis of trends and proioctions for 
food and agriculture in China. In particular, 
Tang docs what is necessary to understand 
agricultura. development in any developing 
country. He places agricultural policy in the 
context of the broad set of objectives for the 
economy. He then examines the past record 
in detail and presents projections. In the 
process he provides an iininense amount of 
carefully worked and analyzed data. His 
lucid and candid presentation is refreshing, 
stimulating, and important. 

Bruce Stone concentrates on the foodgrain 
production targets for 1985 as stateJ by the 
government of the People's Republic of 
China, makes judgments about the potential 
for meeting those targets, and analyzes their 
consistency with various assumptions about 

demand. Stone's initial perceptions, the 
data he uses, and his view of the data differ 
from Tang's, but his major conclusions are 
strikingly similar. 

The mait. papers by Tang and Stone have 
been the subject of three semina-s held at 
the International Food Policy Research Insti­
tute during the past year. One seminar came 
at an early stage ofTang's paper and included 
a wide range of people concerned with 
development topics. Later a set of China 
specialists convened to discuss the data and 
analysis in detail. Finally, a small group 
discussed both the Tang and Stone papers 
from the point of view of their implications 
to development policy as well as to China. 
This last group included T. W. Schultz, 
Vernon Ruttan, Thomas Wiens, Radha Sinha, 
and members of the IFPRI staff. The papers 
reflect the comments made at these dis­
cussions. 

In addition, Bruce Stone has developed 
an important set of tables on aspects of 
China's agiculture. These include many 
estimates illustrating the difficulties of 
selecting appropriate data and providing the 
range of what is available. His commentaries 
serve as q careful guide in appraising, 
selecting, and judging this data. This work is 
to be publishe-1 as IFPRI Research Report 
No. 16. 

At the risk of adding even a further set of 
numbers, Iattempt in the following paragraphs 
to distill general conclusions. 

China's post- 1950 history of agriculture 
seems to divide into three periods. The first 
is the period of recovery from the incredible 
disruption of the decades before 1950. From 
then until 1957 reconstruction efforts caused 
agricultural production to return to earlier 
levels of productivity. Growth was rapid, but 
gradually declined. It averaged 5.8 percent 
for the period 1950 to 1957. 

The second period is best measured from 
1957 to 1971, which were both average years for 
weather and without major political disruption 
In the years between, major disruptions resulted 
in short periods of fast growth, slow growth, 
and even declines of production. Attention 
was generally focused on industrial growth. 
There was little opportunity to expand culti­
vated area, although irrigated acreage grew 
moderately rapidly and the base of modern 
inputs was too small to allow even rapid 



growth rates to affect overall output growth 
rates very much. The effect was a growth 
rare of about 2 percent. This just kept pace
with population growth. 

In the third period the production growth
rate appears to have accelerated significantly
for the comparable weather years of 1970 
and 1975, when the growth rate is calculated 
to be34 percent. Both years were good crop 
years, with the edge to 1975, and the spread
of five years adds some credibility to the
calculated rate. This high rate was achieved 
despite some apparent slowing of the growth
rate of inorganic fertilizer availability and 
either slowing of or no increase in tile 
growth rate for irrigated areas. But both were 
operating off much larger bases than before,
Although it is not clear from such a short 
period tile extent to which the accelerated 
growth is due to short-term factors or changed
incentives, it would not be inconsistent with 
the information at hand to expect tile growth 
rate to accelerate beyond 3 percent.

Looking ahead to 1985, it seems possible
but not likely that the growth target will be 
reached. This conclusion is made partly on
the assumption that 1975, the base )- ii !or 
the 10-year plan, was a normal year (and
therefore an appropriate base for projections):
that the effort to achieve growth was con-
sistent from 1975 (growth in fertilizer avail-
ability is consistent with that view): that the 
three years following 1975 were poor weather 
years, thereby reducing growth below the 
long-term trend in the first years of the 10-
year period: and hence that tile appropriate
growth rate implicit in the target is tile 31 ) 
percent needed to inciease tile output of 
foodgrains in 1975 to the target level in 
1985. It should be recognized, of course,
that the required rate is 50 percent higher
than the long-term rate of the 1957-71 
period. 

The planned acceleration in growth of
grain supplies is large enough to require
significant coordination with demand. File 
difference between a 3 and a 31,2 percent
growth rate betwee,, 1975 and 1985 is 15 
million metric If thetons. lower income 
people are to benefit, provisions lust be 
made to increase their real incomes. If the 
berefit is to be through livestock, then 
provision must be made to expand the 
livestock industry in tile appropriate timte 
and place. The latter may prove difficult in 
both the traditional sector and the large-
scale hog and poultry farms. 

Two caveats are in order. First, weather 

or major political disruption can affect 
production by as much as the difference 
between the 3 and 31/. percent growth rates 
spread over 10 years. Second, changes in 
trade can have an effect cqual to a large part
of such a difference. 

For tile longer run tile picture is more 
difficult to estimate. It is obvious that the 
growth rate of the 1957-71 period is inade­
(uate to meet the needs of the new economic 
policies. IHowever, Tang's median projection
for the increase of demand, 3 percent per 
year, is based on assumptions that appear to 
give a political position consistent with the 
past. In keepingwith the preceding analysis,
it seems feasible to match that with a 
sustained 3 percent growth rate in foodgrains
production. It is notable that Tang's median 
output growth rate for foodgrains (which
would be higher if he worked on the 1975 
base rather than the 1977 base) is essentially
tile same as tile demand growth rate. Ills 
estimate is based on tilt)lanned input
levels and i reasonable, arbitrarily derived 
assumption about increases of factor pro­
ductivity.

The inferences that follow about trade in 
foodgrains are that the gaps are so small that 
their existence depends on short-term 
weather and short-ter and long-term political
factors. If demand grows at about a 31,2 
percent rate and raises the real income of the 
lower fifth of the income distribution and of 
the inore prosperous urban classes, and if 
production growth does -lot rise above 3 
pwrcenL then imports co'.ild grow an additional 
15 million tons a year. That, however, seems 
unlikely. If the produdtion increases to a 31/2
percent rate, and the growth of livesgtock or 
urbn income follows, then imports could 
halt. Right now it seems that these forces 
will push more toward maintaining net 
impors or increasing them modestly. 

It is notable that Tang's approach relates 
tie asSUll1ptions for demand and supplg and 
that his high growth rate assumptica for 
production assUmes even greater acceleration 
in consumption, and hence, higher imports.
That is consistent with a position which I 
ient ion for India and set forth in The New 
Economics of Growttr .AStrategly for India and 
the Developing World (Ithaca. N.Y.: cornell 
University Press, 1976). 

Tang ma kes a major contribut ion in his 
discussion of the relation of agricultural
policy to overall development strategy. The 
similaritv of his discussion to my own 
writing on India, particularly with respect to 



the Mahalanobis model, is striking. Tang
approaches political questions that are in-
extricable from questions of development 
strategy. There are important lessons for 
other countries in these broader economic 
and political relationships. 

Stone's analysis tries to develop the 
essence of what needs to be done if China's 
food targets are to be met and indicates how 
difficult and perhaps unlikely meeting them 
will be. His joint treatment of supply and 
denand forces demonstrates a great deal of 
value about the processes of agricultural 

development. 
We at IFPRI hope these two different, 

careful analyses will settle a number of 
controversial questions and provide con­
siderable light on some important develop­
ment issues. 

John W. Mellor 

Washington, D. C. 
May 1980 
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PREFACE 

In 1967-68 1 had the considerable 
pleasure of visiting the Chinese University
of Hong Kong on a Rockefeller Overseas 
Professorship from Vanderbilt University.
One of my responsibilities was to direct a 
commodity projection study for Hong Kong
for 1970 to 1980. Hong Kong was the closest 
thing to a classical laissez-faire economy to 
be found anywhere. It had been booming at 
the Japanese rate of growth, though
temporarily slowed by the spillover effects 
of the Cultural Revolution then in full swing 
on the Chinese mainland a few miles away.
The Government of Hong Kong has seldom 
collected statistics. There were no eco-
nomic planners to demand it; nor has the 
economy suffered any apparent ill effect 
from a lack of it. Like the People's Republic
of China, Hong Kong has had but one 
census, a modest demographic census in 
1961. To make projections it was first 
necessary to"estimate" from data fragments 
a time series for Hong Kong's GDP. The 
present study is reminiscent of that exer-
cise. 

The unprecedented surge of 1969-73 
(unforeseen in the somber days of 1967-68)
and the subsequent "stagflation" following
the oil embargo and price quintupling have 
made the Hong Kong projections less than 
prophetic. It is our hope that this effort will 
fare better. 

The basic work in data collection and 
estimation for the agriculture of China for 
1952-77 was done at the University of 
Michigan, where I visited two years ago. It 
builds on my earlier work for 1952 to 1965. 
Many of the ideas expressed in this study on 
the leadership of China during the transi-
tion period of 1975-78 are distilled from the 
reflections and insights of my Michigan
(lays. These have benefited from the stimu-
lation of colleagues and students at the 

Center for Chinese Studies whose research 
support from the Mellon Foundation via the 
Chinese Economic Studies Project is grate­
fully acknowledged. To Alexander Eckstein,
director of the project, whose death during 
my visit grieved every China scholar, I owe a 
very personal debt ofgratitude in memoriam, 
expressed here with respect and fondness. 
Mr. Thomas R. Gottscharig, my invaluable 
and able research assistant at Michigan, has 
my thanks, the magnitude of which he alone 
can fathom in full. His contribution was 
such as to earn him the role of a coinvesti­
gator. Iwish him well as he joins the ranks of 
scholars and analysts of China. 

I also express my appreciation to the 
International Food Policy Research Insti­
tute for encouraging this stud and to Dr. 
Leonardo A. Paulino for the opportunity to 
work with him. I have benefited from 
comments by Paulino and Bruce Stone on 
an earlier draft of the work presented at a 
seminar at the Institute in December 1978. 
Dr. John W. Mellor, director of the Institute, 
and two anonymous reviewers have com­
mented on the revised version of the study.
The views and findings presented in this 
study are, of course, mine and need not 
represent those of the Institute. Maria Maia 
assisted ably with computations at Vander­
bilt. 

To Theodore W. Schultz and Vernon W. 
Ruttan I owe the intellectual stimulation of 
their presence at the seminar this June 
when the revised version was presented. To 
Schultz and his penetrating insights, hoth at 
the seminar and as set out with care in the 
margins of the manuscript pages, I 
acknowledge a special debt-a very special
debt accumulated over the years by a 
grateful recipient of his unfailing en­
couragement and unstinting help. 

Vc
 



1 
SUMMARY 

Projections of Chinese agriculture to the 
year 2000 point to increased production and 
consumption of agricultural products, but 
major breakthroughs in productivity do not 
appear likely. Under conditions considered 
most plausible, rates of increase would 
exceed those of 1952-57 but would fall short 
of the Ten-Year Plan goals. 

Three sets of projections are presented 
using different assumptions as to popula-
tion growth and development strategy. The 
medium, or most probable, projection 
assumes that th o Chinese leadership will 
continue to follow the moderate and prag-
matic policies that have characterized the 
post-Mao period. Market restrictions would 
be gradually relaxed, and prices would be 
relatively stable. However, China would not 
abandonthecommandsystemofcentralized 
economic controls or its goal of becoming a 
leading world power by the end of the 
century. 

The high projection assumes a dramatic 
swing toward social and political liberaliza-
tion and market economics. The low is 
based on a return to policies that relied on 
normative appeals and coercive pressure
rather than material incentives to induce 
greater productivity, 

Chinese agriculture has managed to 
meet the essential food needs of an ex-
panding population that comprises nearly a 
fourth of mankind. Grain production rose 
75 percent from 1952 to 1977, but the 
average annual increase of 2.3 percent 
barely exceeded the 2.1 percent rate for 
population growth. The increases in output 
were achieved by a massive injection of 
resources since the Great Leap Forward of 
1958-60, particularly inputs originating 
outside agriculture, 

The gross value of agricultural output 
rose 97 percent in 1952-77. whereas inputs 
were up 131 percent with the largest 
increases in power equipment and ma-
chinery, chemical fertilizer, and chemicals 
for insect and disease control. As a result, 
agricultural productivity, as measured by
the index of total factor productivity, 
declined at an average rate of 0.65 percent.
This is in sharp contrast to the productivity 

gains recorded by Japan, South Korea, and 
Taiwan. 

Much of the relative slowness of agri­
cultural development can be attributed to 
development policies that emphasized the 
heavy industrial sector and allocated key
economic resources administratively rather 
than by prices and markets. These policies 
have tended to weaken the incentives of 
workers and producers, discourage cost­
reducing innovations, distort economic 
signals, and reduce willingness to accept 
risks. Bureaucratic control has encouraged
irresponsiveness, rigidity, and delays. 

Planners had difficulty in coping with 
dynamic changes in comparative advantage 
among regions. Development was hampered
by policies of self-reliance which limited 
specialization, the relatively fixed bound­
aries of collective farms, the government­
enforced immobility of labor, and trans­
portation bottlenecks. 

More rapid increases in agricultural
production are called for in the Ten-Year 
Plan unveiled in 1978. Grain output in 1985 
would be 43 percent above 1977, which 
would require a growth rate twice that of 
1952-77. Increases of4 to 5 percent ayear in 
the gross value of agricultural output are 
envisioned. 

On the demand side, the Plan calls for 
population growth to be reduced to less 
than 1 percent a year within three years,
increased consumer incomes, and higher
COn1sumption of nonstaple foods. On the 
supply side, the Plan aims at increased 
fertilizer output, greater mechanization, 
"commercial-type" animal husbandry, and 
land development. 

The medium projection developed in 
this study results in .,n approximate equilib­
rium for demand and supply of agricultural
products by the end of the century. Popula­
tion would grow 1.5 percent a year, faster 
than in the Ten-Year Plan, while household 
income would rise 2.5 percent a year. This 
would yield a 3 percent annual increase in 
demand for all agricultural products. 

Direct demand for foodgrains is projected 
to rise 2.1 percent annually, but indirect 
demand for foodgrains would grow three 

13 



times as fast, reflecting increased livestock 
production. 

The medium aggregate supply projection 
is based on the assumption that current 
inputs will continue to increase at about the 
1952-77 annual rate oi7 percent. Reflecting 
further mechanization and growth in live-
stock, farm capital would rise 6 percent a 
year. The farm labor force would grow 1 

percent a year, below the 1952-77 rate of 1.8 
percent. The annual increase in sown area 
would be 0.9 percent. 

The decline in agricultural productivity 
would be reversed under th- medium 
projection to an increase o" 0.5 p,.icent a 
year. Grain output would go up to 2.9 
percent a year for a total increase of 92 
percent by 2000. 

14 



2 
INTRODUCTION 

Forecasting, a risky calling under the 
best circumstances, is especially hazardous 
when applied to the People's Republic of 
China. Since 1949 it has witnessed some of 
the most dramatic shifts in leadership and 
policy among major world powers. China is 
now emerging from its most recent political
vpheaval under a new leadership of 
moderate and pragmatic economic per-
suasion. In order to develop a feel for its 
future, it is necessary first to analyze
economic policy changes and disputes in 
the context of Chinese economic develop-
ment strategy. 

Development Strategy 

The values and goals of the leadership of 
the Chinese Communist Party (CCP) are 
aptly summarized in the aphorism attri-
buted to A. Bergson: "To the Communist 
Party leadership, bread is only an inter-
mediate product; steel is the final good."' 
Such values are apparent in the aspiration
of party leaders, present and past, to turn 
China into a modern, front-ranking pcwer
by the end of the century. 

This goal dictates a "maximum-speed
selective growth" development strategy and 
requires a command economic system for 
implementation. Main emphasis is placed 
on growth of the modern heavy industrial 
sector, whose absolute size is the pre-
ponderant determinant of power. The 
command system in important ways allocates 
key economic resources administratively 
rather than by markets and prices. Aliberal 
democracy also is apt to embrace a 
command system in times of crisis, as was 
done by the United States and the United 
Kingdom in World War II. 

The role of agriculture in such a system
is to support priority (selective) industriali-
zation with resource transfers in the form of 
food (the principal wage good), labor, raw 
materials, and exportable farni products. 
When agriculture fails to meet the full 
resource transfers required by the priority
industrial sector for maximum growth, the 

agricultural sector becomes a drag on 
industrialization. Such was the case in the 
People's Republic even durin§ the relative 
economic heyday of 1952-58.-

With agriculture limiting industrial 
growth, the two sectors were no longer
separable for operational planning. To 
develop industry it was necessary to develop 
agriculture. Fostering development in agri­
culture while extracting the maximum 
surplus from it proved a difficult policy
problem. In passing, we note that Russia, 
during its comparable development phase
under Stalin, faced a much simpler task, 
thanks to its large initial agricultural
surplus. 3 The Chinese problem was dram­
atized by the slogan "agriculture is thefoundation" in the early 1960s following the 
disastrous Great Leap Forward (1958-60).
This was not a complete policy reversal as is 
often argued by China watchers. The Chinese 
policy had never been "industry only," and 
the renewed emphasis on agriculture was 
not a reordering of priorities in a value-goal 
context but was concerned with ways to 
develop the sector. The strenuous develop­
ment efforts for agriculture in the 1950s 
were limited primarily to bootstrap opera­
tions utili-ing the sector's own indigenous 
resources of low or no opportunity cost. The 
1960s saw the beginnings by the state of 
large-scale commitments of scarceresources 
to the production and import of modern 
inputs for agriculture. The current Chinese 
official view is that both the First Five-Year 
Plan period(1953-57) and the readjustment 
period of 1962-65 were comparable periods,
noted for their "fairly well-coordinated 
relations between agriculture, light industry, 
and heavy industry."4 

Much has happened in China since 
then. Books will be written on the Cultural 
Revolution and the massive leadership 
shakeup that followed. The radical phase
which came to a head with the deaths of 
Zhou Enlai and Mao Zedong and the Gang of 
Four episode was followed by the counter­
revolution. Deng Xiaoping, who once was 
sacked for holding the view that "it matters 
not whether the cat is white or black as long 
as it catches mice," is now being praised for 
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it in and outside the country. China analysts 
have generally been inclined t0 view the 
struggle over economic growth between 
Mao and his associates and those of 
moderate, pragmatical persuasion as in-
volving value-and-goal disputes. Acommon 
notion is that with the start of the Cultural 
Revolution in 1966 Mao and followers 
tempered the growth objective with liberal 
doses of nonmaterial, ideologically appeal-
ing values, for example, distributional 
equity, self-reliance, antielitism, and work 
ethic for service as opposed to material 
incentive.5 The present leadership is seen as 
returning (selective) economic growth to its 
earlier position of primacy and as freely 
adopting pragmatic me,:hods to achieve it. 

It seems more plausible that the con-
tending leadership factions have shared 
common values and goals but have differed 
over methods. Clearly Deng was not con-
demned by his detractors for his "cat and 
mouse" statement because of the end but 
because of the means he advocated. More-
over, the quarrel over the means was 
concerned not so much with ideological or 
nationalistic considerations as with their 
economic efficacy. If this were not so, how 
can one explain Mao's unfailing willingness 
to tolerate (indeed, to insist on) the contin-
uance of Hong Kong and Macao as Wester; 
colonies-an anomaly not many other 
independent nations would be likely to 
accept without duress. We know that 
Portugal tried to return Macao to China but 
was refused. The Chinese attitude can only 
be explained by the fact that the two 
colonies earn for Peking more than two 
billion dollars a year in (hard currency) net 
foreign exchange earnings. This speaks t, 
the centrality of the economic growth goal 
and to Peking's inclination to wink at what 
must be a most unpleasant means to an 
end.6 

Consumption was seen by Peking's
leaders as an intermediate process rather 
than as the final act of an economic system. 
Consequently they tended to think of effi-
ciency in consumption more in relation to 
vorkers' productivity than in relation to 
utility. Here is the clue to much of the policy 
dispute. It turns on what constitutes the 
right mix between material incentive and 
nonmaterial (normative) substitutes. Mao 
and associates inclined toward the non-
material substitutes. Their periodic attempts 
to impose their view were checked by real 
world intractability, giving rise to the well-

known policy cycles in China.7 Each time 
Mao retreated from his "high tide," material 
incentive would regain lost ground in the 
wage-consumption policy debate. 

Even so, Mao's dominant power and 
personality, together with China's thin 
cushion of agricultural surplus, have largely
determined wage-consumption policy dur­
ing the past 20 years. The level of cnnsump­
tion for the masses was adequate but strictly
without frills. Virtually no improvement 
occurred. Differences among income classes 
were kept small. To this end, Peking
rationed the basic necessities-grains and 
cooking oil, cotton cloth, and housing, the 
latter through government allocation. Con­
venience and luxury goods were priced
extremely high to absorb income not spent 
on necessities. This policy bac-ground pro­
vides a perspective for viewing the salient 
features of economic development. As a 
rough, perhaps generous, statement of 
magnitude, China's real domestic product 
may be said to have increased at an average 
rate of perhaps 5 percent a year between 
1952 and 1977, whereas per capita product 
rose 3 percent If one takes as plausible an 
income elasticity of demand for all food of 
0.8 for countries like China and a Chinese 
population growth rate of 2 percent a year,
the expected annual increase in demand for 
food in China would have been on the order 
of 4.4 percent (0.8 3 percent , 2 percent). 
Yet the People's Republic managed with a 
food output growth that did little more than 
keep pace with population growth, and 
withcut massive imports or food crises. It is 
clear that much of the rise in per capita 
output was kept by policy from reaching the 
households, farm and nonfarm, through
higher personal incomes.8 Where some 
trickling down materialized, continuing 
rationing helped maintain the basic food 
balance. 

The new leaders in Peking have set out 
in earnest to "de- Maoify" the Chinese econ­
omny. Iligher worker incomes are displacing 
normative appcals and coercive pressures 
as ways of inducing greater effort and 
productivity. The fist significant wage in­
crease since the 1950s was granted in the 
fall of i977 to a broad segment of non­
supervis, ry, noncadre workers.9 Deng and 
his followers are certain that this is the surer 
-nd quicker way to the power goal set for the 
year 2000. Note that the worth of the new 
policy turns on its ability to raise manager
and worker productivity enough to more 
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salaries. How this evolves depends critically 
on the new regime's ability to expand con-
sumption opportuuities. 

While Peking will no doubt continue to 
rely on high pricing (to soak up purchasing 
power) of sewing machines, bicycles,
watches, cameras, and, most recently, tele-
vision sets, it is difficult to see how it can 
avoid providing more agricultural products. 
Moreover, since direct grain consumption is 
already adequate, especially in cities and 
farm areas with relatively high incomes, 
increased food consumption will consist 
primarily of meats, fruits, and what the 
Chinese call subsidiary foods-all of which 
use much more land than grains for equiv-
alent caloric production. Shigeru Ishikawa 
estimates that for China the resource cost in 
terms of scarce land required for equivalent
production is 3.3 times higher for meats 
than for foodgrains and 10 times higher for 
vegetable oils.10 Thus the prospects of 
solving the supply side of the equation
under the new economic policy are not 
reassuring because of the scarcity of land. 
Furthermore, the collective form of organi-
zation and the Chinese system of farming 
are better suited for grain production. The 
problem is further aggravated by aural-
urban differences in consumption. Urban 
areas, according to lshikawa's estimates, 
consume 20 percent less grain per capita but 
two to three times more meats and oils. If 
Deng's liberalization means an end to the 
coercive "send clown" program and a return 
to city-oriented industrialization and migra-
tion, as seems to be the case, further 
demand pressure will fall on the grain-
centered Chinese agriculture. I I 

Peking's new production goals in the 
Ten-Year Plan (1976-85) unveiled before the 
Fifth Nationai People's Congress on February 
26, 1978 are ambitious in light of China's 
production record since 1952 when recovery 
from 1937-49 wartime dislocations was large-
ly completed.12 Grain output is to reach 400 
million tons by 1985 (43 percent above 1977 
or a rise of4.5 percent a year). Gross value of 
agricultural output (GVAO) is to increase4 to 
5 percent a year between 1978 and 1985. The 
grain output target would require growth
twice the 1952-77 rate and the value output 
target a rate of growth 45 to 80 percent
higher than the historical average. Tho' 
targeted increases for grain output apparently
reflect a large increase in use of grain for 
livestock feed. Although China will likely 

ing quantities, in exchange for wheat and 
coarse grain imports, it is inconceivable that 
the country will import feedgrain on a scale 
proportional to Japan or Taiwan (luring the 
Plan period. This need not rule out (in
absolute terms) large feedgrain imports from 
the United States in the 1980s. 

It is reasonable to suppose that the 
People's Republic, because of its size and 
development strategy, must depend on do­
mestic production for its basic food balance 
and can turn to foreign trade for marginal
adjustments only Therefore the production
tArgets for 1985 probably t,'.into account 
the demand implications ot the unfolding 
wage and consumption policy. In the later 
sections on projections, these demand impli­
cations serve as an alternative set of 
demand projections. 

It has been widely renorted that several 
major readjustments in prices received and 
paid by farmers have been put into effect by
the government since the 1950s. These are 
said to correct the longstanding imbalance 
against agriculture. As such it was taken to 
be an incomes policy. These aSssu1ptions 
were checked by calculating the value 
added ratio and per-worker figure in current 
prices, deflating them by a general con­
sumer price index, and comparing them to 
the constant-price magnitudes. This indi­
cated that the changes of terms of trade 
made by Peking since the 1950" apparently 
did little morethan to maintair meager 
incomes of the f"i~rm people in China. These 
ilternative price-alue calculations, which 
ire being made for a study of the People's
Republic agricultural historical record, are 
still tentative. However, the falling value­
added per farm worker in constant prices is 
clear from Table i. The decline would be 
sharper if noncurrent nonfarm-supplied 
cost items, such as depreciation of tractors, 
were deductcd in arriving at value-added 
totals. 

The pragmatic appraisal by the present
leadership of the role of science, tech­
nology, and laws of economics in nation 
building has been received with widespread 
approval in anid outside China. The new 
course is seen as foretelling the emergence 
of a progressive, responsible, and stable 
China with a clear understanding of the 
advantages of peaceful, mutually beneficial 
economic, scientific, and technological
interchange with the world community. The 
road ahead, however, may be neither straight 
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Table I-Value of agricultural output and value added by agriculture, 1952 to 1977 

Gross Value of 
Value of Agricultural Output 

Livestock Pro. 
duced. Grain. Adjusted Insecticides and Value Added

Soybeans, Pre. 1957b Post. 1957 Post-1957, Miscellaneous Chemical Cake by
Year and Cottons Coverage Coverage' Coverage Inputs' Fertilizers Fertilizers Agriculture 

(billion 1952 yuan)
 
1952 27.47 48.39 
 40.05 37.76 0.070 0.169 0.690 36.83

1953 27.78 49.91 41.31 38.93 0.088 0.253 0.719 37.81

1954 27.86 51.57 42.69 
 40.26 0.191 0.354 0.659 39.06
 
1955 29.82 55.54 45.97 43.54 0.313 0.519 0.662 42.05

1956 31.37 58.29 48.25 45.71 0.742 0.659 0.741 43.57

1957 33.06 60.35 49.95 47.21 0.695 0.892 0.728 45.07
 
1958 36.32 67.27 55.68 52.86 1.148 1.041 0.761 49.91
 
1959 29.82 54.29 44.94 42.32 1.521 1.219 0.833 38.75
 
1960 25.72 46.11 38.17 35.76 1.890 1,197 0,595 32.08

1961 26.92 48.50 40.14 37.83 1.195 1.288 0.573 34.77
 
1962 29.62 53.89 44.61 42.21 1.321 1.650 0.558 38.68

1963 32.15 58.94 48.79 46.22 1.456 2.211 0.511 42.04
 
1964 34.73 64.09 53.05 50.34 1.610 3,043 0,503 45.18

1965 36.72 68.06 
 56.34 53.42 1.773 3.854 0.496 47.30
 
1966 38.88 72.38 59.91 56.92 1.960 4.616 0.493 49.85
 
1967 41.07 76.75 63.53 60.49 2.165 5.206 0.505 52.61
 
1968 38.83 72.28 59.83 56.82 2.389 5.773 0.471 48.19 
1969 39.52 73.65 60.96 57.91 2.637 6.698 0.450 48.17
1970 43.39 81.47 67.44 54.32 2.912 7,742 0.500 53.17 
1971 45.55 82.81 68.54 65.27 3.215 8.928 0.573 52.55
 
1972 46.02 86.63 71,71 68.26 3.551 10.248 0.631 53.83

1973 46.59 91 25 75.53 72.17 4.009 10.942 0.725 56.49

197.4 49.55 93.68 77.54 74.04 4.527 11.646 0.688 57.18 
1975 50.61 95.79 79.29 75.67 5.1 10 12.208 0.725 57.63 
1976 50.71 95.99 79.45 75.77 5.768 11.895 0.653 57.45 
1977 50.33 95.23 70.82 75.09 6.510 15.555 0.690 52.33 

Note: Additional notes on this table appear in Appendir 2. 
Includes items for which complete series ha,,e The values of livestock products are from Appendixbeen estimated 

I. Table IS. The values forgrains, soybeans, and cotton are from Table 3. 
bThese estimates were made by adjusting China igures to single price scales and uniform coverage, determining the
relationdiin between the adjusted figures and the figures in column 1.then using this relationship to obtain nissing
values. 

These are the pre-1957 coverage figures multiplied by the 1957-52 link index to convert thet to 1957 prices and
post-1957 coverage, then divided by a price ratio of 1.075 to convert them to 1952 prices. 

TThese figures were calculated by subtracting the value of feed antiseed from the post-1957 coverage figures.I These figures are based on estimates in Ta-Cluing Lit an( Kung-Chia Yeh. The Economy ofthe Chinese Mainland
National Income and Economic Development 1933-59 (Princeton: Princeton University Press, 1965).
fThese figures are the quantity series frotn Appendix 1Table 12 multiplied by prices taken from Alexander Eckstein. 
The National Inccme of Communist China (New York Free Press, 19621. 
gThese figures were obtained by multiplying the oilcake quantity series from Appendix I, Table 17 by a price from
 
Eckstein, The National Income of Cmmunist China.
 
hThese figures are the adjusted gross value of agric.ultural Output tminus the sun value of insecticides anl other
 
inputs, chemical fertilizers. and cake fertilizers.
 

nor smooth. The cost of a crash, outward- change. Derek Davies of the Hong Kong­
oriented modernization program may turn based FarEustern Economic Review charac­
out to be higher than Deng has allowed. And terized Deng's "New Deal" as "a gamble of 
the results may not meet the high expecta- enormous proportions."l13 

tions. Such a combination of outcomes There are many reasons for uncertainty
could again set in motion the familiar about Deng's approach, particularly in agri­
pattern of policy reversal and leadership culture. The targets of the Ten-Year Plan for 
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1985 (until recently revised downward) are 
400 million metric tons of grain and 60 
million metric tons of steel. Although the 
agricultural target calls for a smaller per-
centage growth, official Peking considers it 
the more lifficult.14 Under Mao's policy, 
China was effectively shielded from com-
parison with the accomplishments of other 
countries or from competing ideas and 
thoughts that might have cast doubt on the 
CCP's design for nation building. Considering
those circumstances, it is not surprising that 
the past accomplishments, now seen as 
slow and disappointing, generated a strong 
sense of pride and dignity among the Chinese 
people. When the author visited China in 
January 1973, after an absence of 30 years,
he found an insular, self-satisfied, proud, 
and confident people. The new open policy
-villcall these attitudes into question. It will 
bring hordes of foreign visitors and residents 
and send thousands of Chinese abroad on 
missions and for training. These changes 
cannot but benefit China and the world in 
the long term, but in the shorter term the 
story may be quite different, particularly in 
relation to the specific goals of Peking. 

Modernization, the centerpiece of the 
new policy, is in itself destabilizing. If 
recklessly carried out at the expense of the 
old policy of "walking on two legs," it may 
slow rather than hasten growth. Thought-
lessly implemented, it may become equated 
with change for the sake of change. The 
elementary fact that the technology that 
makes economic sense in other countries 
may not be suitable for China could be 
overlooked. This is all the more likely since 
decisions to adopt technology in China are 
not based on local profitability tests but 
tend to be made administratively from the 
center,

The material- incentive component of 
the new economic policy also will add to 
Deng's burden. The raises in income begin-
ning in late 1977 without commensurate 
increases in consumer goods supply have 
increased inflationary pressure. Use of the 
material incentive to induce greater produc-
tivity inevitably means increased economic 
disparity in income and consumption be-
cause of the unequal capacity of people to 
respond. The presence of an affluent class 
and the desire to ioin it will weaken the 
inhibitions against corruption and crimes 
fostered by the egalitarianism and pervasive 
social control of the recent past. 

To the student of economic development, 

the opening up of an insular society, the 
demonstration effects, modernization, and 
the play of new economic incentives are all 
positive and necessary ingredients for 
change and progress, Although the process
is not costless, no one has seriously argued 
against it. But the Chinese leaders are 
primarily interested in making China a super­
power no later than the year 2000. As Derek 
Davies's assessment clearly implies, the 
verdict is far From being in as to the efficacy
of the new policy in this regard. It is also 
useful to remember that in a command 
economy the question of corruption and 
ossification of a massive bureaucracy looms 
much larger than in more decentralized 
systems. And an unresponsive, self-centered 
bureaucracy can make the best-laid plans 
go astray. 

The people's perception of the system 
will be a key to the success or failure of the 
new policy. Their perception in turn will 
depend on the relationship of performance 
to expectations. The new announced goals 
for 1985 and for the end of the century, the 
new openness, the "four modernization" 
campaign, and the reintroduction of material 
incentive all tend to raise the expectations 
of the people and to lower their estimate of 
China's achievements. This may be com­
pounded by cynicism resulting from past 
reversals in government policy of which 
Deng Xiaoping, the twice-resurrected new 
architect is a living reminder. In time, 
prudence, skepticism, and formal compli­
ance (known as simulation in the Soviet 
Union and Eastern Europe) could replace 
enthusiasm and commitment as dominant 
attitudes. 

Recent Developments 

Since this study was first drafted, several 
major developments have occurred. To 
accommodate the modernization plan, China 
adopted measures never before attempted: 
tourism, direct foreign investment and joint 
ventures, and symbolic acts such as the 
return of Coca Cola, banned since 1949. To 
provide incentive for increased productivity, 
plans were made to resume payment of 
bonuses to workers and managers, to return 
confiscated personal properties, and to 
resume payment of equity earnings (or lump­
sum compensation) to former owners (or 
their families) of shares in enterprises that 
have been long nationalized. There also was 
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a renaissance of the "one hundred flowers' 
and "democracy wall" for posters expressing
opinions. Other (leveloliments tended to 
discredit or to sidetrack tile modernization 
scheme and the decision to open up the 
country to the West; for example, tile military
incursion into Vietnam which has escalated 
military demands on the budget and the 
incongruous fashion show staged in Peking
by Parisian designer Pierre Cardin. 

The future course of tile post-Mao
Chinese leadership was still not clear in tile 
spring of 1979. Itoeever, events since then 
sugget that Deng is proceeding with re-
newed confidence Recent appointments of 
close associates to positions of power attest 
to this. More telling still is the just-announced
appointment of Rong Yiren, a 63-year-old
former Shanghai capitalist, as chirman of 
the new China International Trust and Invest-
ment Corporation, an agency that reports
directly to the State Council. Two other 
former Shanghai capitalists assist as vice-
presidents, whereas industrialists and
businessmen from Ilong Kong and Macao 
serve as directors. The corporation, with a 
capital of 200 million yuan, has broad 
authority inadministering direct foreign
investment, joint ventures, and transfer of 
Western technologies. I5 Indications are 
that the new path will hear many ofmore 
Deng's marks than of Mao's. 

To many observers th, Ten-Year Plan 
targets for 1985 and the power goals for 
2000 nov, seem to err on the ambitious side. 
However, the power of a country depends 
more on the absolute size of its modern 
heavy industrial sector than on its level of 
living. This suggests that the po%%er goal for 
2000 may not be beyond China's reach, 

Greater awareness of China's structural 
bottlenecks has forced retreat fron some 
Plan targets. Two of these were described in 
a Peking article last summer on transport
and energy.16 "Owing to the shortage of 
electric power, about 20 per cent of the 
nation's productive capacity has not been 

FOOTNOTES 

tapped....In communications and transpor­
tation, the capacity in some weak sectors on 
the trunk railway lines can only meet 50 to 
70 percent requirements; loading capacity 
at the harbors is highly inade(luate."
Theodore W. Schultz has remindedt us that 
these bottlenecks will reduce the avail­
ability of modern nonfarin inputs that are 
critical if agriculture is to ifove forward at a 
vigorous and sustained pace.1-

Modernization and liberalization for 
agriculture need not mean an enl to scarcity
if the Soviet experience is an,,' guide.
[)espite local reorganization, liberalization,
and decentralization, the major decisions 
affecting agricuIlttire are centrally con­
ceived and directed by a vast bure -icracy.
Thus the efficacy of price will depend on 
decisions of central planners.

The values and goals that have s('rved
the CCP since the framing of its First Five-
Year Plan are not likely to undergo major
changes in the ears ahead. Consequently 
agriculture will reiuain in difficult circum-
Stances. Its role will resemble that exhibited 
by the familiar two-sector model of tihe 
le.e is-IFei-Ranis type, but exacerbated by
We ('CP's commitment to the "Principle of 

Maxi iu In-Speed Selective Growth under 
Austerity.' 18 

If lie material incentive provided by the 
new economic policy is to be effective, 
supplies of consumer goods must be in­
creased. Otherwise higher wages and salaries 
can only lead to inflation and the frustration 
of queties and depleted ration coupon
l)ooks. Since much of the increase in 
supplies must be filled by agriculture, it is 
reassuring that the ne'.s agricultural growth
targets were both prominent and explicit in 
the PartN's economic message to the Fifth 
National People's Congress in February 1978. 
As was suggested earlier, tie 1985 targets 
may be plausibly taken to indicate the food 
demand implications of the new economic 
policy that the new Ten-Year Plan j1976­
85) is to satisfy. 

Bergson referred to the Stalinist strategy of etiitioiiic devi'loilp nt fhat vas e'miraced Iu,, tor ,Ieking's leadiers.filer development of the nfodel, see ni,earlieri'itilngs " l'olN,itno Perfornianc, in Agriculture.' i WalerGalenson. Ta-Chung Lii. and Alexa-der Eckstei eds F onor- nIrnds in 'ommunist China (Chicago Aldine, 1968).
tll. 459-509; "Agriculture iii the Indtstrialization ofioIII( IIo niSt chinah and the So%ieiULtion.' ,ournal ofFarnEconomics (Decetmber 1967): 1118-34: ait "Organization and leriormni'e ii Chinese A4ricilure," a paperpresented at the jointsession of ito, At-tA.AAEA. and ACES on the I-'ii(iionic Organization of Soriaist Agriclitre atthe annual meetings of Allied Social Science Associations. ti)alas, ls, l)euetitwr 29. 1975. 1p 1-21. 
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See Tang, "Policy and Performance in Agriculture," pp. 459-509. For a Chinese statement oil the agriculturalbottleneck, see "Second Shanghai Talk on Mao's Major Relationships," February 25, 1977, Foreign BroadcastInformation Service, People's Rrpublic of 'hina Daily Report. p. E6. Recent statements from Peking remind us howdepentlent Chi na's industra Iization is on agriculture. Inia specia Ieat ure article in Beijing Review, June 29, 1979 p.15 on disproportions in the national econoly. Shi 1heng,,en pointed out that agriculture contriliutes about 85percent of the people's ueans of subsistence, 70 percent ot the raw a enhliaIsneeded hy the light industry, 40percent of raw materials needed hy all industry, and "a considvrahl I irge part of our financial revenue''
 

Tang, "Policy and Performance in AgricuIture'' 1. 466.80.
 

Beijing Review. August 3, 1979. p. 
 I. 

A inure radical luit perhaps the best articulated %ersionis hy John G. Gurley. See his ('hina'sEconomy and the Maoist
Strategy (Ne%- York Nlontll Revie% Prvss. 1976). 

6 See Tang, "Polic, andl Performance in Agriculture,' pp. 466-8(0; Tang, "Agriculture in the Indtustrialization' and
Tang, 'Organization and Pertornan( v.­

7 For seminal %%ritingsonil t Chinese p iih, ("cle. see G. Widliat Skinner and Filin A 'Ainckler, "'ComplianceSuccession in Rural CoOui-t (China, A (' clical Theor\-N," in A SociologicalReader on Complr Orantzations.2nde i,ed. Ainitai tzioni INeto York. Ifoll, Rimehalrt ald NtIslnI, 1969). pp. 410-38' anl Alexander Eckstein, China'sEconomic Developimeint (Aniii Aior: UniversNt, o 
work 

Michigan Prc-s. I975). pp. 31 1-22 and 332-38. Eckstein's excellenton China is trticularl, sensltiike tol tl'(- clashes lensctnllanner in! household, het.t.een resourcemobilization ain ec:imonic etllcietic lltceltit) dto, in his language, leweeii the Commnunist Mil and tileEconomic Man. TIl he 'ti-tie pollliSli's itilclilias al poli%\ i les
 

See lieloi lot 
Peking's 1979 release. of per ('aplta lilnllint' 

This is being follhowed i,, other inconl .tillittii'ilts, planned ilii'aa, iillleiletled. through hniither itage-priereform and reinistatemlent of lotlus paNniitt. Vi e-lPrenliler Yu Qiuli i,let ut'nteeten R lone 29, 1979. p. III thatthe average anntual sages of itorkers and staff iii state ent'rprisi, rose friiti 102 tin in 1977 to 644 Nyian last year.while peasant collective in o'te rose 13.7 percent. Planncd inl'use's in ix.ges anti i1l onines for 1979 ale 7 billionNyuan for urbn fatnilies and 13 billion lot rural amitlies (the latter ,tnioult n'hlec'ing [lot 1nv all improved ptrice
relationship hut anticiplatel il'r't.ses ill firm otpul). 

MSee Shigeru lshikas ,. "China's Fiod and Agritullur A iurning Ponto.' ood Policy 2 (May 1977) 94. 

I bid. 

12Pre- 1937 norms suggest that in 1952, output and the stocks if the iteans of production were still 6 percent lower
than they would have been hail tile W'atrtot hnpt d developtnit.
 

13See Derek Dav ies. 'Ptitg People in till' Picture." Far Eastein Fi'onomtc Review. July 6. 1979. p. 
 13. Also see his 
fuller analysis in " hitit: Rehirth of the Itndi idlill.' Isar Lastern :'conomic Reviw. August 17. 1979. lt. 51-6.
 

4 Pehing Review ,October 20. 1978. p. 8.
 

ii Beijing Review, Octohier 19. 1979. pp. 4-5. 

I, Shi Zhengwen. "Readjusting the National Fcunony: Why and Ihotv"' Special Feature, BeijingReview, JUte29, 1979. 

. 14. 

17Comments at a s'linar onl this stidy 

inFor a theoretical exptosiion of tle general principle of iiaxintmu-speed development {twithout selectivity which 
was our adaptation to fit the (Chinese strateg), see John C. II. Fei and Alpha C. Chiang, "Maxitunit- SpeedDevelopment Through Austerity,." and Anlhoi' NI. Tang, "Coninient," iii The Theory and Design of EconomicDevelopment, ed. Iria Adelman and Frik "Ihlorlecke(11il niore: Tile J.,hns I lopkins Un iersitry Press, 1966). pp. 67­
99.
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3 
THE DATA 

The input-output time series for 1952-77 
are pieced together trom Chinese official 
sources. Except for 1952-58, official data 
exist only in widely scattered fragments. 
These have been collected and pieced 
together by several U.S. government agen-
cies: the Central Intelligence Agency (CIA), 
the Department of Agriculture (USDA), and 
the Department of Commerce (DOC). These 
series are fully documented as to sources 
and methods of estimation. A number of 
China scholars have also published data 
series with full documentation. Where avail-
able and appropriate these data series were 
adopted (sometimes after modification) in 
this study with full acknowledgment and 
complete reference, 

The Food and Agriculture Organization 
of the United Nations (FAO) publishes 
annual estimates not supplied by Peking on 
both the output and input. China scholars 
agree that the FAO estimates leave much to 
be desired mainly because of lack of (locu-
mentation of sources, methods of estimation, 
and assumptions made. We share these 
views and have in general not used FAO 
.stimates. 

All of the time series, except those for 
grain and population, are incomplete or 
nonexistent. The basic work in gap filling 
for the 1952-75 period was done by Thomas 
R. Gottschang. The basic ioethodolog guid-
ing data generation and analysis is related to 
the aggregate production function and factor 
productivity decomposition based on the 
residual method. These techniques were 
developed for the People's Republic by the 
writer in connection with earlier studies of 
Chinese agriculture. 19  The techniques 
employed in filling information gaps ranged 
from simple arbitrary, but hopefu'lly plau-
sible, assumptions to interpolations and 
extrapolations, regressions on available re-
lated series, and the Moorsteen-Kaplan 
procedure(see Appendix 1,Table 14) familiar 
to students of the Soviet Union. These 
details and complete source documentation 
appear in the notes to the tables. 

The complete grain and population series 
are the more controversial, because of thei? 
importance in any empirical study of China. 
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The grain series is taken from USDA figures. 
It excludes soybeans and includes potatoes 
in grain-equivalent weight based on a ratio 
of four to one. The USDA estimates are 
based on official data fragments since 1958 
and the compilations of the State Statistical 
Bureau for 1952-57.20 Questions 'ecently 
have arisen about whether changes have 
been made on the potato-grain conversion 
ratio and the treatment of soybeans in grain 
output reports. Evidence seems to indicate 
that :hanges have taken plare, but their 
timing is unknown. Field and Kilpatrick 
recently recalculated a consistent "official 
grain series' based on plausible guesses 
about the dates of the changes. 2 1 The last 
word is far from being in, howev. In a 
special statistical release on the 30th anni­
versary of the People's Republic, Peking 
revealed that its recent grain output figures 
incluchd soybeans and the grain c,'uivalent 
of potatoes at the old four-to-one ratio.22 

The long-term output trend will be little 
affected by the changes. The corrections 
suggested by Field and Kilpatrick are to an 
extent compensating, lowering the official 
figures for the earlier years when their new 
five-to-one potato-grain conversion ratio is 
applied and raising the same figures for the 
early ,ears when soybeans are included. 
Thus the average compound rate of grain 
output growth calculated from the USDA 
series is 2.3 percent per year: the rate from 
the Field-Kilpatrick (CIA) series comes to 2.2 
percent. The exponential growth curve 
remains relatively stable even though the 
USDA estimates for 1976 and 1977 are 
probably undlerstated by perhaps 5 million 
metric tons. It is not considered worthwhile 
to recalculate the grain series and several 
others related to it. However, to reduce the 
effect of an understated benchmark year 
figure on projections for 2000, the trend 
value for 1977 has been used instead of the 
"reported"grain output. (For the handling of 
the newly released official data, see Table 2.) 

The size of China's population, its 
growth rate, and the growth deceleration 
likely in :he future remain major points of 
contention. Of the several population 
estimates available, those of John S. Aird 
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Table 2-Comparison of Tang estimates and official 1979 releases 

Stock Items 

Tractors Flow Items 

Large Power Drainage Oil- Energy Gross Value
Cultnated and and Irrigation Large bearing Aquatic Chemical Consump- ofAgricultiral

Source Population' Lind All Medium Haad Equipment Pigs Sheep Animals Grains Cotton Crops Produ~ts Insecticides Fertilizers tion, Output 

1111"tllo 11111lt 15 hot•*' j11,t1ll 

(11ll ls) ]|.lo( poi ,° tlltl)hIt, poNl)tl\,' milho¢ll'I (1n1l110n in ict Ions) 0(I1i 0on Uan) 

Talng 1977 
eStillnll-s 973 107 3 47 274 It'] I') 2HO 2 2 3 7' 1 7' 1 4' 8 3 79 

State stal­
fical ,1re.ill 

1977 'Ab 10) I -3370)467 1577 4 0 292 I,1 ' 283 2,1 40 47 03 72 36 134
 
197,8 931i lto) 927 I1(9) 1 37)) fir 301 1711 94 305 22 46 47 15 87 4) 146
 

'torJt( i-k l'ioplih Ht-;lufft li i S titiuti-o h I 9-H Natai Fioi Plan. Betllg Rei'iei,. Jut% 6. 1979. ,p' 37+41,,int e .,in ing. "Speech in Celeirattoti of 
Ow 30)th *nnit., TstAl theit. I ling of the PR(, Beijing Rt ie". Olole-t S. I'179. pl 7 16 
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have been selected (see notes to Appendix 1, the collect ve sector of agriculture continuesTable 11). Aird and some other Western to encourige more lalor units per family, Indemographers may have underestimated short, because the Chinese have not had ithe efficacy of the Chinese population con- census since 1953,Aird's medium projectionstrol measures. On the other hand, the post- continue to) be accepted. Official PekingMlao relaxation policy is likely to mean some may he equally in the dark concerning tieincrease in fertility r,ites. Lahor rearld in (ountry's demographic dimensions. 
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4 
THE 1952-77 RECORD 

Starting with an output of 154.5 million 
metric tons in 1952, total grain output in the 
People's Republic of China reached 270 
million metric tons in 1977, an increase of 
75 percent (Table 3). The average annual rate 
of inci.ase of 2.3 percent exceeded the 
average opulation growth rate of 2.1 
Percent.
21 


Gross value of agricultural Output (GVAO) 
rose from 40.05 billion yuan (in constant 
1952 prices) to 78.82 during 1952-77. a jumip
of 97 percent or 2.9 percent per year (Table 
I). Unlike other agricultures characterized 
by dynamic technological and productivity
advances, growth in inputs outpaced growvth 
in output, rising 131 percent (Table 4). As a 
consequence total factor productivity 
dropped 15 percent or 0.6 percent a year
(Table 5). The increase in resource use was 
particularly noteworthy for inputs purchased 
from outside agriculture: power equipment 
and machinery, and miodern current inputs
such as fuel and electric power, chemical 
fertilizers, and chemicals for disease and 
insect control. (See Tables 4 and 5 and 
Appendix 1,Tables 11. 12, 14, 15. and 17.)
Modernization in this context refers not 
only to the provision of inputs from the 
outside that are qualitatively new and dif-
ferent from the traditional varieties, but also 
the transfer of traditional agricultural activi-
ties and processes of an intermediate 
character from agriculture to the outside, 
Thus mechanical power not only replaced
draft animals, but the feed (or equivalent 
farm output) saved became an end prodLuct
of the sector, either directly or indirectly 
when used to produce livestock products. 
Under the Chinese-Soviet definition of gross 
output value, grain imports when embodied 
in livestock product also add to gross value 
of agricultural output. Because of this double 
counting, the Chinese-Soviet-type GVAO 
becomes increasingly misleading iftake,1 as 
a measure of the sector's contribution to the 
national economy. Part of the difference 
between the higher growth rates for GVAO 
and for grain otput is attributable to double 
counting. 

This is not to minimize the critical 
importance of modern nonfarm-supplied 

inputs in agricultural development. Two 
aspects may be noted. First, modern inputs
underpin the generation of new, low-cost 
income streams in agriculture. Second. they 
ease the two principal constraints operating
in agriculture-time and space as imposed 
by nature-by permitting transfers of agri­
cultural activities to an industry not so
constrained. 24 In other words, the final 
output of the sector is the joint product of 
internal and external inputs. As such the 
problem does not lend itself to neat account­
ing solutions. 

With this caveat in mind, the value 
added by agriculture (VABA) as an indicator 
of the sector's contribution to the gross
domestic product ofthe People's Republic is 
used. VABA. as defined here, is gross of 
depreciation charges on farin machinery,
equipment, and service buildings. VABA 
increased by only 42 percent as compared 
with 97 percent for GVAO. or by an annual 
rate of 1.7 percent (Table 1).In net terms (not 
attempted in this study), the pace of increase 
in sector contribution to the Chinese national 
economy would be slower still. The modest 
rate of increase in agriculture's contribution 
has meant a stagnant or declining value 
added per worker (Table 5). Value added is 
traceable to the employment of so-called 
primary factors of production: labor, !and, 
and calpital. These factors as an aggregate 
rose by 62 percent during 1952-77, as 
compared to a 42 per:ent increase in VABA,
leading to a primar ',cter productivity 
decline of 12 percent (Table 5).

The Chinese productivity under the CCP 
was none too impressive. Nor was the 
sector's capacity to generate value added. 
Agriculture managed to deliver end products
in quantities large enough and rising fast 
enough to meet the elemental needs of 
China's expanding population, not through
finesse, but by a massive injection of 
resources, particularly those of external 
origin. This tecord con.rasts sharply with 
the agricultural productivit gains of Japan, 
South Korea, and Taiwan.2A 

Grains as a group showed an average
annual output growth rate of 2.3 percent
luring 1952-57 compared with the GVAO 
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Table 3- Quantity and value of output of grains, soybeans, and cotton, 1952 to 1977 

Potatoes Total Grain Soybeans Cotton 
Coarse (Grain

Year Rice Wheat Grains' Uquivalent)" Quantity' Value' Quantity Value" tquantity Vdlue, 

()tfllbon 1ttillon 
inmillion (billion ((It (lillionl mletric(bIllion
 

nt tri(. tolls) Nttdi) lolls() N1,td ) tolls) 5Ilan) 

1952 68.45 18.10 51.50 1635 154 40 18.95 9.52 1.33 1.30 2.2!
 
1953 71.25 18.30 5070 1665 156.90 1923 9,93 1 39 1.17 199
 
1954 70.85 23.35 49.25 17OO 160.45 19f8 9.08 127 1.06 1.81
 
1955 78.00 22.95 54.95 18.9) 17480 21.56 9.12 1 28 1.52 2.58
 
1956 82 45 2410 5340 21.85 182.50 22.61 10.23 1.43 1.44 2.15
 
1957 86.80 23.65 52.65 21.90 185.00 22 81 1004 1.41 1.64 2.78
 
1958 93.00 25.00 52 00 30.00 200.00 2470 0 50 1.47 1 60 2.72
 
1959 79.00 24.00 41.03 21.00 165.00 211 34 I3 50 1.61 1 35 2.29
 
1960 73.)0 21)O 36.01 20.00 150.00 115) H,21 I 35 33.91) 1 53
 
1961 78.00 1600 44010 2411, 162.0 19.97 790 1 I3 ((390 1 51
 
1962 78.00 20.00 53.00 2300 174 Or) 21.45 7 70 1 )3 00 1 "0
 
1963 80.00 22.00 56.00 25 00 '3 0)0() 22 56 7 (14 0}99 110 .117
 
1964 90(00 25.00 5900 261 2(0.00 24 66 6 (('709. 50 2.55
 
1965 90.00 25.00 601) 2500 20.0) 2466 6 ;.11 96 165 2 30 
1966 9600 28.00 66.00 2500 1500 26 51 6180 0.95 31 3.07 
1967 10000 23 00 76.30 26.00 230.10 21.36 0 95 097 1 94 3.29 
1968 95.00 25.00 7000 2500 215.00 26.51 6413 O.(I 1 831 3.07 
1969 99.0 27 11 69.00 25(00 220.00 27 13 6 20 0 1 771)7 3.01
 
1970 130.10 31 .0) 75100 24.3) 241011 29 5) 690 097 200 3 40
 
1971 117.)0 3100 75,00 2300 24600 31.33 790 1 II 2 32 377 
1972 12.00 3600 69.00 2300 240.00 29 59 6'", 1 21 13 362 
1973 318.00 3500 7300 2400 25000 30312 I10) 1 40 2 5 4 33 
1974 327 50 38 0) 74.150 2500 26500 32 67 9 5O i 31 2 510 4 24 
1975 326.50 41 00 77 510 2500 27000 33 29 10 1)13 _10 24) 401 
1976 325.5) 451)1) 76 50 25101 2720)11 33 54 '(0 3.26 2.35 3 1. 
1977 326.50 4050 76 50 26 ,(0 271100 33 29 950 1 33 2 20 3,74 

Sources 3iv1952-57 ligures for all r('legorie, 0 ,,l)l oT,hv,lis , ervt,hllu loi1 (le V'eoples Rt-pj i c 'ofC'lia, 
SIte Sttstlcal lIlloenl. lIen ;realt I'ar.s(ek'i.' g I.o ig L('(gg lges l'rss. 196 ). thei 19511-77 figures ,irea 
from U. S D ),e rtlnetnt of Agri ulture. I ( o iif s., St.itlstihS. ,'In1( I es(r iceII, Peoples Repubicof 
China.,Igneo/buru/t Su(noion Revtw oft 977 and Ortloo. for 1978 (Washington. 1) (- USIA. 1978). Fhe 1952­
77 figures to, sov beans ,' frill Peopl's Republtic of Clilla. Ministi of Agriculltur. of 1'3h1uing.wllrealu 
A Collection of Stattstcal Data on .gricultural 'roducron of (hoto and Other Major Couties (Peking 
AgricuItural Publishling louse. 1958 111P1958 ligures arTlh1 Slb)tStlistil,[ liuriu. Ten Great fears: 
the 1959 figures are froli .len-rm Jih-pao. Jdnuary 22. 1960 

Notes: Vdlits Ire Ill (OllSt,11t 3952 ,urm .A\dd(iti(nal ( (ol this tilha ippeaTi. \pp(1wil 2 
1 Coarse grdlrln Itl(l(li(e ftflht, corn. k(I(liallg. ,arh,. u)l(kviit, o l, pr1OS-1( sili loullis. gretn heaols.1(W1le. 
broad hedn1s, a1(l peas, 

lotatoes , le(onv erted at I, I I((,lt :1(0) lof tollssl 3lpOtaIlocs to Or Ill c lollof gla(i 
Total grain (foes not Ili(l(e so5 lals 

lhe 1952-57 ligures (Sere (',iCI(lla id I\ iih 1952 lrilces (1( ehli( d Ilil I-( hung ].Iil aind Kling-Il Iil /lit,F/ i'ronor 
of the Chinese Mainland Aional In "orne a(nd FcoiorttOctel)'/opbnivn / T 51 (Prim (,till [i'ttcetlo (' 1i ersIt5 Press, 
1965). Aggregdte prices for 1958-77 ,(%iv ( alcuiated Is slims of Ill3(ll eu 1\ thle(Ill itsIfi] e of graunei h 
average proportion in tta Oalptut Itis\(ll 1953 (11(I1457 

annual rate of increase of 2,9 percent. Rice is registered, not surprisingly, by livestock 
output increased 2.5 percent: potatoes, 1.3 products, with the annual ra'e standing at 
percent; coarse grains, 2.3 percent; but 4.2 percent.
soybeans decreased 0.5 percent. Wheat out- In the base year 1952, grain output of 
put grew 3.0 percent per year. (All growth 154.4 million metric ions was valued at 
rates here and elsewhere in this study are 18.95 billion yuan (in 1952 prices), and 
estimated from the exponential growth accourted for 47.3 percent of a total GVAO 

26 function.) of 40.5 billion yuan. Livestock products
Cotton production rose by 3.2 percent a contributed 12.4 percent, soybeans, 3.3 

year. The highest nongrain output increase percent, and cotton, 5.5 percent. The re­
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Table 4-The aggregate input index, 1952 to 1977 

Labor So-on Area Adjusted Land Value of Capital Current Aggregate
Agricultural Inpu for Irrigation and Input Farm Input Input Inpu


Year Labor Force" Index Multiple Cropping' Index" Capital' Index' Index Ildex
 

(hillion
 
(million) (million hectares) 1952 ',uan)
 

1952 168.677 100.0 130.7 1000 11.292 100.0 100 100
 
1953 169.940 100.7 132.6 101.5 12.024 106.5 107 
 102
 
1954 171.575 101 7 1355 103.7 12,166 107.7 118 105
 
1955 174.134 103.2 137.9 105.5 11.885 105.3 128 108
 
1956 176.396 104,6 145.1 111.0 12.430 110.1 161 H15
 
1957 177.267 105 I 145.0 110.9 13.084 115.9 
 164 116
 
1958 178193 1036 1427 1)9.2 15.532 137,5 204 124
 
1959 179.6118 
 106 5 139.5 106.7 14.14 124.1 220 125
 
1960 1110.925 107.3 
 136.7 104.6 12455 11(0.3 235 126
 
1961 1112.541 1(1 2 134.0 102.5 11.1I7 
 105 3 116 118
 
1962 1115017 109,7 136.0 1041 12604 111) 1911 122
 
1913 1118107 111.5 1383 105.11 14 132 125 1 220 1211 
1964 192.005 113.8 1399 107 ) 5 3(11 135.6 244 134
 
1965 196471 116.5 142,2 10)88 17 :o3 
 151.5 271 141
 
1966 21 265 1193 1.12,7 1O9.2 il 116 6 3 290 146
 
1967 205.476 12111 143.1 11095 1 542
I 164 2 306 151
 
1968 210.076 124.5 143.5 1019.11 Il 399 
 162() 321 154
 
1969 214.9-16 1274 144,0 111)2 1.5I'( (64 0 341 159
 
1970 220.702 130.1 14-.7 11(.7 19 893 176 2 367 
 166
 
1971 226.582 134 3 1461 111.11 214611 I'0 1 .00 174
 
1972 232 388.1 137 13 1469 1124 23 697 219 1 435 183
 
1973 238 274 1413 148.4 113.5 23 280 216 2 46-1 1119

1974 2.1.1111 144 7 14911 114 6 25 317 224 2 506 199
 
1975 251010 14112 151.7 116 1 267703 2365 552 209
 
1976 255 956 1317 152 6 1168 2" 66 245 o 596 219
 
1977 262.052 1554 
 153 5 1174 28 371 251 2 659 231 

(ahh,,1111,ar
Notes: [or allji1h11es, 1952 1(0()AhIdition l notes oiltills In Al)lpendli\ 2. 

This column is takei from ..\ppendki I. aile11 I
 
bThis ildem%%as dvri',ed the 1gr uhlmhfl labor hone b\ 1014677.
h\' di',iding 


rhese figures ,re from ..\Jppendi I. lable 14.
 
These figures irefrom App endix I. lahho 14
 

I ncludes il)! I.viuie of livestock holdings from ..\ppedix1. 15.the v,ilue of poultly (value of livestock holdings
times 010385) anlit' t i of bachilr. estimated by mulipl\ ing total horsepovr oftractors and irrigation power
eqtipmenl from Appendi I. Tabhle I8. h the %%eighedanerage of 1952 draft animl] prices from Appendix I Table 
is. 

This tilde*was rhiri b\ diiding the valoe tipilil 65 11.292.led o farin 

This coluin is from Appendi\ I. lihe 14 

Shis index is the igelled erage of fit( other four input indees in thistlhlh.Ihe \\ ights are 50 percet for labor,
25 percent for Loll. )ern IS percenlt for currev iinputsIn) ent forc,piwl inputs. and 

maining 30 percent l\as contri)uted by ofthe function).2 1The CVAO index, as seen 
vegetables, fruits. pulses, nuots, and lnis- earlier, rose by itfly 97 percent (Table 5).-" CelhleOuS produ(t,.' Technically, there h.ve been downward 

As measured by the aggregate input shifts in the aggregate agricultural produc­
index, real resources cost (in 1952 prices) lion function in the Peoples Republic. This 
reqluired to generate odtput growth rose by suggests the conc~ljsion that the Chinese
131 percent between 1952 and 1977 (Table out)ut growth has ijc,n realized at high

4). In production function analog, the aggre- resource cost, especially flhen compared
gate input index is also a theoretical inde, with other East Asian nations. 
of output in the absence of any technical It is our belief that the command eco­
change (and under certain -. sumptions nornic system and the Chines,? development
about the markets ind technical properties strategy tend to Undermine producer-worker 
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Table 5- Factor productivity index, total and primary, and value added per worker,
1952 to 1977 

Gros3 Value of Total Factor
Agricultural Output Productivity 

Index indexd Primary
Aggregate I Value. Primary Factor ValueUn- Input Un-Year adjusted Adjusted Index' adjusted Adjusted 

Added Input Productivity Added PrIndex' Index' Index Worker 

1952 100 100 (1952 yuan)100 100 100 100 100 100 218.31953 103 
 101 102 
 101 99 102(954 106 103 99 222.8103 105 101 98 
 106 104 102 227.61955 115 110 
 108 106 
 102 114 105 109 
 241.5
1956 120 
 113 115 
 104 9(1 118 108 1091957 125 fill 116 247.0
108 102 122 110 I1 
 254.21958 139 131 
 '24 112 106 
 135 113 119 
 280.11959 112 106 125 90 85 J05 I11 94 215.6196' 95 
 90 126 75 
 71 87 108 
 110 177.3
1961 100 94 11 85 110 94 107 1(18 190.51962 1II 105 122 91 
 86 105 1091963 122 115 128 95 

96 209.1 
90 114 114 100 223.5
1964 132 125 134 
 99 93


1965 141 133 141 
123 l 8 I ((14 235.3 

(00 94 !21 
 123 104 
 240.7
1966 150 141 146 103 
 96 !35 126
1967 159 1)7 247.7
I50 151 105 
 99 143 128 
 112 256.0
1968 149 140 154 
 9" 91 
 131 129 101 
 2294
1969 152 143 
 159 95 90 
 131 131 (0) 
 224.1
1970 16( 158 166 101 95 144 134 ((7
1971 171 161 174 98 
2409 

93 143 139 (03 231 61972 179 
 169 183 
 98 92 146 144 (01 231 61973 189 1711 189 100 94 
 (53 146 IO5 23711974 194 183 199 
1975 198 187 

97 92 (55 151 103 234.2209 95 14 156 155 101 231.5 
1977 197 

90 (5 156 159 9(1 224.4 
1976 198 1(87 219 

1116 231 :15 IO 142 162 88 199.7 

Note:- - -oA dditional es a- vI d l i eirr iii- , wn(i(lin ...(Irthisable ppe. 2. 

This index was collpuleI front Td(,(e I.
 
In this ".oluirin. 6 percent underre 
 vr, is assulied for 1952. This is reilr ed 1.5 prterent a Year until 1956. 
This column isfrom ab)le 4. 

These colurns kwer, derived (y (1ixidinig the gross vatilre of agricutural outlput ind(ex (uind IOsted or ad usltel by the
aggregate in)ut id(le 
This column %%ascal ulated from fable I (he output value umderlying this iex is not adIlusted for underrecoveryThis index, includes land. labor, capital. ,mcl nonuirchased fertilizer, the last from Appendix I. Table 17. 

This index was derived by dividing the value-added lex by the primary input index.This column was derived byVdividing tIhe value adeidl), agriculture (from Talle I) by the agricultuiral labor force 
Jfrmn rable 4). 

incentive, discourage cost-reducing in- greater efficiency, it often destabilizes thenovations, distort economic signals, and system. Decentralization and recentraliza­exaggerate aversions toward risk The bureau- tion and other forms of experimentationcratic controls needed to insure compliance come and go in Soviet-type economieswith the central design mean irresponsive- without notable success. This is not to sayness, rigidity, and delay. Ir the larger(power- that such a system is about to break down.oriented) Communist context, decentraliza- In fact, the central virtue of the system fromtion cannot be total. When attempted as a the standpoint of Communist leadershiplocalized partial scheme giving local respon- values and goals is its ability to bring aboutsibility without commensurate power to larger savings ratios than are generallycommand resources or to alter mixes for attainable in market economies and to con­

28 



centrate resources thus mobilized for the 
central purposes of the state. Given high
savings ratios, growth is going to be vigorous 
despite difficulty in resource allocation and 
management. It will be especially so in high-
priority heavy industries where Output is 
more standardized and workers and manage-
ment are more easily monitored. Difficulties 
are much greater in consumer goods in-
dustries where the problems ofa bureaucracy 
mediating between millions of consumers 
and thousands of state enterprises become 
intractable. And the more affluent the 
consumers, tile greater are the difficulties 
for the planners, as quality, diversity, 
assortment, and after-sales service become 
increasingly more critical. 2(l 

The planner's problems are compounded 
in agriculture. File producers are more 
numerous, the spatial dimension loois 
large, and parameters are location-slecific. 
The human factor takes on singular impor-
tance at the local level. Organizatioual and 
incentive issues require a delicate balancing 
between private and collective activities. 
compulsory and free marketing, and agri-
cultural and nonagricultural production. 

In farming the basic clash between the 
household and the planner tends to be ,at its 
sharpest. The fact that tile Chinese house-
hold has seen little increase in income 
and consumption since the 1950s does not 
make the planner's task any oasier. The 
Chinese worker, in or out of agriculture, 
rates low in effort compared with his East 
Asian counterparts. The Chinese enterprise 
manager does not p~erform any better. These 
problems have been generilly observed in 
all the Marxist-socialist economies modeled 
after the Soviet comml d system.3) Against
this background, cat,:,on may be well advised 
in projecting tl h efficacy of China's post-
Mao policies under Deng. 

The new policy, by elevating the role of 
material incentives, should help on the cost 
or productivity side. This has been taken 
into account in making projections to the 
year 2000. It is, however, unlikely that major
breakthroughs will take place in the future 
as long as the command system remains in 
place, which is expected. 

Turning to the components of resource 
cost, our estimate of effective sown acreage
adjusted for irrigation and multiple cropping
shows an annual rate of increase of 0.5 
percent (Appendix 1, Table 14). The agri-
cultural labor force grew at 1.8 percent a 
year, whereas farm capital (livestock and 

equipment) increased at 3.8 percent annually
(Appendix I, Tables II and 16). The primary
input index rose 62 percent over the 25-year 
period, or at an annual rate of 2 percent
(Table 5). Livestock inventories grew 3 
percent a year, whereas tractors and power
irrigation equipment (in horsepower units) 
showed an average annual growth of 22.8 
percent each (Appendix 1, Tables 15 and 18).
Cultivated land area is estimated at 107 
million hectares for the entire period,
although some increases may have occurred 
in the first plan period. The multiple­
cropping index rose at a moderate rate ofO.6 
percent a year, reaching 158 percent in 1977 
(Appendix 1, Table 14). 

Current inputs as a whole increased by
560 percent during 1952-77, or at an annual 
rate of 6.9 percent. All fertilizers (in nutrient 
terms) registered an annual increase of 4.4 
percent with organic fertilizer rising at 3.2 
percent and chemical fertilizer at 17.2 
percent. Total nutrients amounted to 31.49 
million metric tons in 1977 compared to 
10.23 million metric tons in 1952. In the 
lttter year they consisted of 22.99 million 
metric tons of organic noutrients and 8.50 
million metric tons of chemical-)ased
nutrients (Appendix 1. Table 12). The 1977 
application rate was 186 kilograms of total 
nutrients per hectare of sown land with 
chemical fertilizers accounting for only 50 
kilograms. The latter rate is low by East 
Asian standards, anounting to about one­
tenth the Japanese rate of chemical fertilizer 
application and one-fifth the Taiwanese 
rate. Although the total nutrient application 
rate is much higher b, international 
standards and Chinese crop yields per unit 
of sown land area are roughly comnnensumrate 
with total fertilization, there is scope for 
further increases in both. It is useful to 
rememer that there ,ire qualitative dif­
ferences between orgaiti and chemical 
fertilizers in release and absorption proper­
ties. There is also munch scope for qualitative
improvement of chemical fertilizers with 
expected future decline in the relative 
importance of low-quality nitrogen fertilizer 
produced in small-scale rural plants using
locally available coal as the base. The payoff 
will depend on concurrent development of 
new high-response seed varieties. 

The State Statistical Bureau (SSB) recently
published, for the first time since 1958, 
statistics in a systematic compendium form.
The releases are on a limited scale and 
without notes and exl)lanations. Beijing 
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Review, July 6, 1979, pages 37-4 1,published
SSB output data for 1977 and '978 on major
industrial and agricultural products, along
with gross value aggregates, year-end
population, and current natural rates of 
increase. The issue, October 5, 1979, honor-
ing the 30th birthday of the People's
Republic carried shorter com)arative statis-
tics from 1949 and 1952 data published 
earlier. It also resolved the mvstery about 
the treatment of soybeans and the potato-
grain conversion rate in official (lata
fragments that filtered out of the People's 
Republic during the "information bllckoot 
period." It is now clear that these grain
statistics included soybeans blt continued 
to use the four-to-one ratio :n converting 
potatoes into grains (contrmy to CIA's long-
standing assumn)tion), 

A comparison o" these estimates with 
the new official data is summarized in Tahle 
2. Because the differences will make only
marginal changes (as discussed ill the notes 
to the table in Appendix 2) to the historical 
growth rates, which were estimated from the 
fitted exponential functions, the present 
estimates are kept. Also, in the interest of' 
completing the stmly For early circulation. 
1978 was not included in the time series. It 
'cas also felt that hecuse of the length of' 

the series, the historical growth rates would 
be little affected by the inclusion of one 
more year. It should be noted that insofar as 
1977 was used as the base year fNr the later 
projections for 2000, the trend values for 
1977 rather than the actual values as esti-
mated in our series were employed as bench-
marks. Trend values for 1977 would be 
virtually unchanged if the 1977 estimates 
were modified in light of tile new official 
releases. 

With no information on stock changes,
it is difficult to estimate China's grain 
consumption. The grain consumption idm 
stock change estimates ill ',ble 6 ire 
strictly for heuristic purposes. These crude 
estimates show a present Chinese strategic
food reserve of just under 50 million metric 
tons, a figure roughly equivalent to total net 
grain import over the period. Total grain
consumption rose 81 percent or 2.4 percent 
a year between 1952 and 1977, Grain con-
sumption per capita showed only a negli-
gible rise, fromr 270 kilograms to 289 
kilograms. 

The estimation procedure assumnes that 
the planner determines consumn)tion for the 
current year on the basis of current supply 

availability (output plus net import or minus 
net export) while abstracting from supply 
fluctuations. Operationally, it is assumeL 
that the planner uses the average of the 
supplies of the current year and( the two 
preceding years. The adjusted moving 
average is centered on the year immediately
preceding. In the presence of a trend, it is 
necessary to recenter it on the current '/ear
by applying the trend factor as an adjust­
itent. Tfhe trend factor is the average long­
term grain output growth rate of 2.35 
percent. In other words, the moving average 
is mu ltiplied by 1.0235. The moving average 
method is a plasible way to approximate
planner actions for conSU1lnltion and thus 
stocks. 

The simple moving-average method is
al)plied to the 1950s when. because of the 
relative food security afforded by a friendly
Soviet Union, stock operations ill China 
were assumed to be not for strategic lil dup
but for smoothing out supply fluctuations 
only. The same assumption applies to the 
early post-iLeap years because of the 
countr,'s inability to motit a reserve stock. 
prograin during tile food crisis following the 
Great Leap Forward. tltmever, because of 
the large percentage increase in current 
supplies in those years. estimated stock 
changes resullted in some accumulations. 
Beginning with 1965 an annual set-aside of 
0.5 percent of the current supply is assumed 
for the reserve stock Ibuildu,p. The cdculation 
involves multiplying the moving average
adjusted for the trend by a factor of 0.995 
(Table 6). This procedure yields an accumu­
lated strategic reserve of 48 million tnetric 
tons by 1977, which is consistent with the 
40 million metric ton figure for the mid­
1970s anm niel h, /hou l'nlai on several 
o(('asios. Ili' long-term target stated by Li 
Xiammn is a res('rve of 80 million metric 
toll , 

Gauging Household Income
Growth Rise Through GVAO 
Estimates, 1952-77 

Although tilel proce(lure may raise more 
questions than it answers, it is tempting to 
estimate the probable magnitude of the 
historical rise in real per capita income in 
the hands if the Chinese household. 

t-vidence abounds suggesting that the 
income growth that filtered down to the 
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Table 6-Estimated consumption of grains, excluding soybeans, 1952 to 1977 

Estimated 
Estimated Consumptionb NationalCurrnt 	 StockstiatedConumpion 

sar Output Exports Imports Supplya Total Per Capita' Change" 

fitillion 
(million metric tons) (kilograms) metric tons) 

1952 154.40 0.65 ... 153.7 153.7 2/u 0.0 
1953 156.90 0.76 ... 156.1 156.1 268 00 
1954 160.45 0.88 . I. 159.6 159.6 268 0.0 
1955 174.80 1.13 .. 173.7 166.9 274 -6.8

1956 182.50 1.18 ... 181.3 175.5 281 
 +5.8
 
1957 185.00 1.15 ... 183.8 183.8 287 0.0

1958 200.00 1.16 ... 198.8 192.4 294 +6.4
 
1959 165.00 1.17 
 ... 163.8 173.8 260 -10.0
1960 150.00 1.18 ... 148.8 157.8 231 -9.0
1961 162.00 0.37 6.2 167.8 163.9 236 +3.9

1962 174.00 0.56 5.3 178.7 169.0 
 240 '9.7 
1963 183.00 0.66 5.7 188.0 182.4 254 '5.6
 
1964 200.00 0.7'j 6.8 206.1 195.4 266 10.7

1963 200.00 0.10 5.7 205.0 203.4 271 41.6

1966 215.00 0.87 5.6 219.7 214.1 
 279 +5.6 
1967 230.00 0.68 4.1 233.4 223.4 285 +10.0
 
1968 215.00 0.74 4.4 218.7 228.1 284 -9.4

1969 220.00 0.80 3.9 223.1 229.2 279 -6.1
 
1970 240.00 0.86 4.6 243.7 232.7 277 411.0

1971 246.00 092 3.1 248.2 242.7 282 
 15.5
1972 240.00 0.90 4.6 243.7 249.6 284 -5.9

1973 250.00 2.14 7.6 255.5 253.6 282 
 +1.9 
1974 265.00 1.98 6.8 269.8 261.1 285 +8.7

1975 270.00 1.44 3.5 272.1 270.7 290 
 +1.4 
1976 272.00 090 2.1 273.2 276.7 291 3.5

1977 270.00 0.70 6.9 276.2 278.8 289 
 -2.6
Total 	 25.18 86.9 '48.1 

Sources: 	 The grain output figures are from Table 3. The 1952-57 grain export figures a e from Nai-Ruenn Chen. 
ChineseFconomicStatistics-A Handbook for MainlandChina (Chicago: Aidine, 1967); the 1958-59 figures are 
interpolations; the 1960-67 figures were pieced together from USDA sources by Feng-Hwa Ma in The 
ForeignTrade ofMainlandChina(Chicago: Aldine. 1971). p. 23; the 1968-70 figures are iinear interpolations;
and the 1971-77 figures are from U. S. Department of Agriculture. Economics, Statistics, and 
Cooperatives Service. PeuplesRepublic of ChinaAgriculturalSituatio" Review of 1977 and Outlook for 1978
(Washington, D. C.: USDA, 1978). p. 23, and U. S. Central Intelligence Agency. Office of Economic 
Research. "China: Agriculture in 1978." ER79-10206. Washington, D. C., April 1979. o. 6. Grain import
figures for 1961-70 were assembled from various CIA studies and Alexander Eckstein, China'sEconomic 
Revolution (Cantbridge: Cambridge Uni ersitl Press. I 77); he I970-77 figures are from the same souce. 
as tie grain export figures for tl e period. 

Note: Additional notes on this table appear in Appendix 2.
 
AThese figures are the difference between exports and imports added to output. They represent total domestic
 
availability without regard to changes in stocks.
 
b The 1952-64 figures are averages of current supply. The 1965-77 figures take stock changes into account.
 
CThese figures are the resu!hs of dividing total estimated consumption by the population estimates from Appendix 1,

Table 16.
 
d These figures a-e the difference between current supply and estimated total consumption.
 

households has been a small part of the creased labor force participation.
total annual gain in national production. As already suggested, if household in-
There have been virtually no pay raises in come gains had kept pace with real GDP 
China since the 1950s, and meager improve- growth and food had not been rationed, a 5 
ment of the observable general level of percent Chinese annual GNP growth would 
living attests to that. Household income have generated an annual increase of some 
gains that have been realized were largely 4.4 percent in total food consumption. The 
the result of fuller employment and in- latter figure (a d/d) is the sum of population 
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growth rate (a p/p 2.1 percent) and per capita." This was compared with $7,028 for
capita GNP growth(a y/y 2.9 percent) times the United States and $4,193 for Japan. It is
the income elasticity of demand for food reasonable to suppose that the Vice-Premier 
(plausibly e 0.08 for China). Food pro- had made 'j.e of comparable statistics forduction and consumption did not rise by 4.4 consistent iiternational comparisons. In 
percent per year in China. Rationing, which these terms, it would seem clear from thelowered income elasticity by dlenying its full magnitude of tie U.S. and Jipanese
expression, and the partial filtering down of 

per
capita figures cited in the article thatthe GNP gains explain how the People's "national income" referred to )ersonal in-

Republic has been able to get by with in come. 
overall agricultural OUtl)ut growth of only Vice-Premier Chen also gave per-capita
2.9 percent a year. incomes for some earlier years, all in I .3.

With A d/d 2.9 prcent as given b, the dollars. Without usable Chinese price in­
historical average rate of gr(milh of i\':A), dexes, it is difficult to obtain growth rates 
.%i/i 2.1 )erc(nt ani c put at 0.6 to reflect from them. Taking the year 1965 to mark off
food market restrictions, tillenagntude of the leriod to 1976 and using the lowest rate
A y/y c,1 be inerred. In these terms Chinese of' consumer price increase allong tIhehousehold incomes (or t(e'nicill'. per (aJ)ita socialist countries (that is the Soviet Union's
disposalle income, .hich is the same as 16 percent increase over the 1)eriod) toapply
personal income, in (ihina) b\ inference to China, Chen's 1965 per capita figure ofhave risen at a rite of 1.33 lercent a year $78, translated into 195 (1965) yuan or 226during 1952-77. (1976) yuan. The 1976 per capita income of

Chen Muohua. one of China's Vice- $139 converts to 268 (1 976) yuan using thePremiers, in a major policy article in the same source for the exlhainge rate. An 
People's Daily (August I 1,1979, page 2). on increase from 226 yuam to 268 over I I years
"four modernizations," elalorated on the yields an avemage rate of growth of 1.5
country's retardation against an unusual percent compared to the 1.33 percent inferred

backdrop of colparative incomes ilrain 
 above from food consumption estimnates,
from the United States and Japan. ie high- The comparison supports the study's esti­
lighted the need for modernization, I Ie used males of agricultural output, income, and
the figure U.S. $139 (in current prices pre- demand in the People's Republic during the
sumably) as the 1976 "national incotne per historical period under review. 3t 
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8 For .eewh'o feel uncomfortable wilh the production function: analog f-cause of the difficulties with the 
require;, s,!,utritions inthe Chinese context, the straightfonvrifd (quandotity index approach oight he preferred. The 
productivity dnalysis in this study st inds in either case. 

19The literature ol the strong aid %,eik points of ithe Soviet-type colntmndi economties is %dslA good, conciseintroduction is Robert \.Camlphell's li-Soviet typi Fcomii's !'erfornnanceand Evolution. 3 rd ed. (ioston: IHoughton-
Mifflin, 1974). Foi in,authoritativesiioma on conditions tending to reduce efficiency,of centalized planning, see
B1la Balassa, "Proposals for I''onoilnicPlanning il lPortugal." 43 (Nta, 1976): 117-24. Balassa discusses theFcoiorni 
need for simple,overriding goals for effective centrdized planrng and the dilficulties created by rising affluence,
!''incredsing sophistication of the eolilony, dd i the iixture of owntership and control of theineians of 
production as is fouind ii Chitnese agricutie (pp. 119-23). 

I0 Balassa's recent %sork "Proposals or Economic Pilanning") sheds considerable light, consistent Msiththis 
generalization, on t'iii)attlrticelgviwti and 
level of developinent. 

ptrlolnllle betseetl sotidli ,[ nonsocidilist econonies classified by 

In passing ice owt tihat against d per cdlpitapersonal inomne of $ 39. the Ct A estiiate of Chinese GNP per capita of 
$379 (U.S. Central Intelligence Agency'. "ilhildhook of 1'conomic Statistics, 1979." 1R79-10274. Washington, ).C.,
August 1979. pp. 22 and 5O) for 1976 is too high even for a country whose overriding ci~icern is gromsi. A Chinese 
private consumption ratioof about 37 percnt is clearly too los ishen compered % Soviet ratioof 56 percent inr iitih te 
1976 (CIA. "llanddiook," 1979, p. 621,even though the latter includes goveinent out lys for education and health. 
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5 
THE PROJECTIONS 

Hua Guofeng, in unveiling the new 
1976-85 Ten-Year Plan, gave the following 
specific targets: population growth to be 
lowered to less than Ipercent a year in three 
years; grain output to increase 48.0 percent 
between 1977 and 1985, or at an average rate 
of 4.5 percent a year; gross value of agricul-
tural output to grow at 4 to 5 percent a year; 
increased wages to be awarded step by step; 
and consumption of nonstaple foods to be 
stepped up. 

By adopting an average population
growth rate of I percent, an income elastic-
ity of demand for food of'0.8 percent, and a 
growth rate ot'4.5 percent for all agricultural 
output, one can determine the rate of 
increase of real per capita disposable (or
personal) income implied by the Plan. The 
scenario envisions the Chinese achieving 
food balance without significant internal 
constraints on food consumption so that 
income elasticities will operate. By means of 
the ordinary time-rate relative change equa-
tion derived from a standard log-linear 
demand function, we have the following 
relationship: 

ld = AP + e AV' 
(I P 

where the ratios refer respectively to the rate 
of demand increase per year, population 
growth rate per year, and per capita (dis-
posable) income growth per year. The 
coefficient e stands for income elasticity of 
demand for all food taken collectively, 
Solving for the unknown income growth 
rate, implicit in the Plan targets under the 
assumed scenario ay/y yields 4.4 percent 
1(4.5 percent-- 1.0 percent) - 0.8]. This rate is 
compared to the historical rate of house-
hold income rise, crudely estimated in the 
preceding section at 1.3 percent for 1952-
77. 


Aggregate Demand Projections 

In the following projections, future 
increases of 4 percent per year in real per 
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capita disposable income are to be the 
highest level consistent with the new 
income-consumption policy. A higher fig­
ure would be difficult to reconcile with the 
development strategy discussed earlier, 
especially if the overall GNP growth rate is 
taken to be around 6 percent per year. 

For all scenarios presented in Table 7, 
stable relative price structure is assumed. 
The high estimates presume unsuccessful 
population control, a relatively relaxed 
income- consumption policy for the people
(against an implicitly assumed overall GNP 
growth rate of about 6 percent a year), and 
an average income elasticity (0.8) that 
assumes gradual relaxation of market restric­
tions. Gradual relaxation would raise e 
beyond what it would be if %y/yalone were 
operative. It is recognized that e falls as 
households enjoy long-term income im­
provement. In other words, the constant 
elasticity consumption function employed 
shifts as development proceeds. The assumed 
value of e is thus an average for the period. 

The low projection assumes effective 
population control, a nominal income­
consumption improvement policy for the 
masses, and continued tight rationing of 
basic foods as well as queuing. To stretch 
the raw farm supply, special effort will be 
made to absorb the food yuan" in the hands 
of relatively affluent households by in­
flating the value added through fancy 
packaging, canning, and labor service em­
bodied in processing and food service. The 
government also resorts to high-priced 
nonagricultural consumer goods to help 
soak up the consumers' purchasing power 
and to hold disincentive for work in check. 
Such developments are likely in any future 
scenario, but would be accentuated if 
austerity is the official posture. 

The medium or probable projections 
assume an intermediate scenario. The 
present trend toward more moderate, prag­
matic economic policies and programs 
would continue. For these policies to 
produce planned growth in productivity and 
output, an annual 2.5 percent increase in 
household income accompanied by freer 
expenditures on food would be required. 



Table 7-Projections of demand for all agricultural output, 1977 to 2000 

Percent Increase in 
Demand for GVAO 

(Ad/d) 

Total for Projected
Projections AP/p Ay/y e Per Year Period GVAO 2000' 

(hillion
(percent) (percent) 1952 yuan) 

High 2.0 4.0 0.8 5.2 221 257.4 
Low 1.0 1.5 0.4 1.6 46 117.1 
Probale 1.5 2.5 0.6 3.0 97 158.0 

Note: GVAO stands for gross vlhe of agricultur,'l out)ut. 

"Projections obtained h nmltipl ,ing the 1977 GV\AO tren~d value (80.2 hillion yuan) by one plus t e percent increase 
from 1977 to 2000. 

This points to an income elasticity of 0.6. 
Moderate policies would bring less social 
control. They would mean more housing, 
shortage of which has been a key restraint 
on family formation. Meanwhile rural eco-
nomics would still favor large families with 
many labor units. In short, this projection 
assumes a population growth rate of 1.5 
percent a year, placing it higher than that of 
Peking's planners. The medium projections 
place the annual demand increase for all 
agriculltural output at 3 percent. compared 
with 5.2 and 1.6 percent for high and low 
projections. 

The grain demand projections distinguish 
between direct demand for foodgrains and 
indirect demand for feedgrains. From this 
perspective, the loss in calories that results 
when grains are converted into meats an(,
other livestock products becomes an im-
portant consideration. Recent Chinese 
estimates put the output value of animal 
husbandry at 13.9 percent of "total agri-
cultural production valhe."32 This figure is 
close to the study's estimates, which for 
1977 place the value of livestock product at 
11.97 billion yuan, about IS percent of the 
gross value of agricultural output. Shigeru 
Ishikawa states that livestock production 
requires 4.3 times as much land as produc­
tion of an equivalent amount of grains. 33 

This is in line with commonly accepted
calorie-equivalent grain-meat conversion 
rates of two to one for poultry, four to one 
for pork, and six to one for beef. China will 
continue to rely heavily on field and house-
hold wastes as a feed supplement, but 
future incremental meat production will 
have to rely increasingly on grains. 

The medium projections of Table 8 are 
considered the more probable magnitudes 

for 2000. Direct demand for foodgrains is 
projected to rise slowly at 2. 1percent a year, 
but indirect demand for feedgrains is ex­
pected to grow at more than three times that 
rate. Such a growth rate, 6.5 percent, wouid 
be in line with the experiences of Japan and 
Taiwan (see Table &, footnote c). The 
increase in indirect demand derived from 
the high-income elasticity of livestock prod­
uct demand helps explain the grain import 
explosion of Japan and Taiwan, which 
occurred as income levels soared, domestic 
grain output rose, and the Engel curves for 
(direct) grains leveled off and then fell. The 
future indirect demand estimated here takes 
into account future displacement of work 
animals by machines in addition to popula­
tion growth, income change, and other 
standard factors. 

Ai giiin demand is projected to increase 
at 3 percent a year. Total demand over the 
23-year period is expected to grow 97 per­
cent to 538 million metric tons. In the 
benchmark year 1977, domestic grain output 
(trend value) was 273 million metric tons 
and tota- grain consumption 278.8 million 
metric tons.34 

Aggregate Supply Projections 

One of the main resource provisions of 
the Ten-Year Plan for agriculture appears to 
be to increase chemical fertilizer output in 
1980 by 58 percent over 1977.3 5 This is 
slightly higher than the historical annual 
growth of 18 percent. The Plan also men­
tions a goal of one"large chemical fertilizer 
plant' in each province by 1985, and 
continued encouragement for construction 
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-) Table 8-Projections of direct and indirect grain demand. 1977 to 2000 

Projected Ad/d 

Income Elasticity' Per Year Total Total Grain 
Projections AP/p AY/y Direct Indirect All Direct Indirect AllDemand Demand Demand" Increase Demanq inDemand Demand 
 Demand For Period' 2000 

(million(percent) Metric(percent) (percent) tons)Iligh 2.0 4.0 0.30 2.5 0.74 3.2 12.0 4.96Low 1.0 204 8311 5 0.20 1.0 0.36 1 5 3.5 1.54Mediutm 15 2.5 0.25 2.0 0.60 2.1 6.5 
42 388 

3.00 97 538 
Note: Additional notes on this table appear in Appendix 2.
 

E1stimated i, elastIcti- -demand 
 forgrain are averages forthe period. They areconsidered plausible forChina in relation to international statistical estimates. T, eyarealso more Or less consistent with the elasticity estimates for China of the Food and Agriculture Organization of the United Nations.
 
TThese figures are neighted averages 
 of direct (0.8) and indirect (0.2) demand. Indirect demand is derived from consumer demoand for livestock products.The total increase %as calculhted b, compounding the ,early rates of increase Jr) of all deinand 2over the 23-, ear period using this formula: I -r)1 -1This column was calculated by multpl itg the 1977 trend value for grain output (273 million metric tons. excluding so,beans) b,one plus the rates of increaqres of all dmand indecimal form. 



of local plants. The general thrust suggests 
probable continuation of the 1952-77 
annual expansion rate of 7 percent for all 
current inputs (from Appendix I, Table 12).
In this study the 7 percent figure is used for 
the remainder of the century. 

Another major provision (teals with 
achieving 85 percent "basic mechanization" 
by 1985; improving quality; promoting 
standardization of parts; doubling some 
machine numbers in eight years; raising the 
utilization rate of available machines to 
over 80 percent; and reducing by 20 percent
the price of farm machines by 1980. Perhaps 
the most meaningful single target is the 
planned increase of gasoline allocation to 
agriculture of 1.2 times (or a yearly increase 
of 10.4 percent) between 1977 and 1985. 
Taking this as an indication ofltotal mechani-
zation, a farm capital growth rate for 1977-
2000 of 6 percent was projected. 

This takes into account the slower-- but 
higher than the historical-growth of the 
other main capital component, livestock, 
The Plan gives prominent mention to setting 
up mechanized and semimechanized live-
stock farms and to increasing nonstaple 
food consumption. tousehold raising of 
pigs, long the mainstay of China's livestock 
program, is not given much attention. 
Emphasis seems to be on "commercial-
type" animal husbandry that is also 
consistent with limited possibilities for 
further expansion of household livestock-
raising based on household and field wastes 
and with the inordinately large planned 
grain output target. The 1952-77 average 
annual growth rates are 23 percent for farm 
machinery and 3 percent for livestock 

holdings. Because the 1952-57 weights were 

highly skewed against machinery, the over-
all farm capital growth rate was 4 percent 
per year (Table 4 and Appendix I, Tables 15 
and 18). Our 6 percent for projected capital 
growth rate indicates the increased emphasis 
on 	mechanization. 


Another 
 aim of the Plan is to bring
population growth (]own to less than I 
percent in three years. As noted earlier, this 
study projects a 1.5 percent growth rate. But 
lower growth rates for farm population and 
farm labor force are plausible, especially 
under the new moderate policy that implies
freer future rural-urban migration. There-
fore, this report adopts a I percent annual 
growth rate for farm labor force for 1977­
2000, compared with the historical rate of 
1.8 	percent (from Appendix I, Table Ill. 

The Plan also calls for enough farmland 
capital construction to provide every 15 
members of the rural population with one 
hectare of farmland "guaranteed" to pro­
duce stable high yields irrespective of the 
weather. This involves nearly half of the 
country's total acreage. The scheme is to be 
backed by state-budgeted investment for 
capital construction for the next 8 years 
equal to the total for the past 28. There are 
also provisions for large-scale development
of grassland and opening up of 13 million 
hectares of wasteland for cultivation in the 
Northeast and Northwest by 1985. A more 
determined drive toward mechanization for 
relaxing labor-time bottlenecks in peak 
seasons may be expected to raise the utiliza­
tion -ate of land under cultivation. This 
study uses 0.9 percent (almost twice the 
historical rate) for annual increase in 
effective (sowr1 ) land area (from Appendix 1, 
Table 4). 

In making alternative sets of supply 
projections, it is assumed 'hat the equal 
growth targets for GVAO and total grains,
increasing shares of which will be used as 
feed, will be achieved though not necessarily 
reaching )lannedl rates of 4.5 percent a 
year. 

It is also expected that the annual rate of 
increase for each of the four input cate­
gories for 1977-2030 essentially will be as 
subjectively inferred from the Plan and as 
adopted. For low supply projections, the 
total factor productivity index (TFPI) is 
assumed to continue to decline at its 1952­
77 rate of'O.65 percent per year. For medium 
')r proba)le l)rojectiens, an annual increase 
of 0.S percent per,,ear is used. For the high 
projections, the implications of the Plan are 
accepted, recognizing that the contents of 
the Plan are still a matter of conjecture. In 
other words, it is supposed that factor 
productivity will rise markedly so that the 
input-output relationship will come out as 
planned. This was done as follows: 

PamIed 
GVO 

(I985/ 1977) 
l.abor 

1.48 ,}'IPl (0.5 x 1.01" 1 0.25 

Land 
1.O980 -0 

Capital 
. 1 '. 1.o61H 

Ctrrent Inputs 
+ 0.15 x 1.078). 
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The sum of the terms inside the brackets is consistent with the Soviet experience in 
is the aggregate input index (AIIwith 1977 = which total factor productivity changed 
100 percent) for 1985. The weights are the froin declines in the 1930s to moderate 
factor income share weights used elsewhere gains in the post-Stalin period. It is also 
in developing the Chinese historical series.36 consistent with China's move to relax restric-
The rates of input increases adopted earlier lions on income an( consumtption for tle 
appear as I , (the rate) com)oundled over farm households. Coinsiderations discussed 
eight years to produce the component input in Chapter 2 discourage the adoption of 
index for 1985 (1977 100 percent), This higher TFPI grow:h rates for the probahle 
sum comes to 1.228. TFPI (1.48/1.228) is projections. 
thus 1.2: that is, the 1985 total factor Tlhe aggregate supply projections are 
productivity needs to be 20 percent higlhti plu.ti tied i, !,h" , 9. TL tp.e !unn Prolec­
than in 1977 if the 1985 output target is to he tions anticipate a 92 l)ercent increase in 
achieved on the basis of what we inferred to grain Output hetween 1977 and 2000, to a 
be planned resource commitments. The total of 524 million metric tons. The annual 
annual increase in TFPI adopted for the high rate of increase is 2.9 percent. GVAO is 
projections is thus 2.3 percent. expected to reach 154 hillion yuan in 2000 

For the high aggregate supply projec- as compared to the 1977 trend value of 
tions for 2000, the annual rates of increase 80.15 hillion (all in 1952 prices). Further 
for each of the four categories of inputs are comment on su)ply projections a)pears in 
those worked out for the shorter Ten- Year the consolidated dlemand and supply ana-
Plan period. The T!PI itiproves at 2.3 percent 1ysis helow. If a reader wishes to infer stock 
a year. The low aol 'lie nedium (or probable) ,nd constnmption changes from the consoli­
differ from each oth:,r and from the high (lat edI statement, it is useful to recall Li 
only by the annual change in TFPI: 0.5 Xiannian's announced long-term reserve 
percent (the 1952-77 rate rounded upard stock target of 80 million metric tons and 
from 0.65 percent) for low projections antI compare it to the estimated reserve of about 
•0.5 percent for mediuml)rojections. The 50 million metic tons in 1977 (Tahle 6). 
latter rate is purely judgmental. However, it 

Table 9-Domestic supply projections to 2000 

Projected lnde\vs 

(1977 1010p'rc(entl 

Projections 

Total Fataro 
Prot.,cti\ it, 

hindeV 

Aggregpt 
I rl[)tit 

lilhV\" 

, 
Output 
Inde, 

Projected 
Grdin 

Output'" 

Projected Gross 
VdItt( o 

Agri(ultiuraI Output" 

1lnitilliulllS {hllhon 'I62 
Jpc1'( conllt toll")j 1, 11tl) 

IHigh 161 7 172 5 2l7 75 230 
l.o 8i 1 17 2 1'.; -120 123 
Mediuiii 112 I 172 5 192 "1241 15.1 

Not,. for Il'i l(,\,s., (177 1 (00 
I lhe I(Jlt ll & or I'H dItIlk I nlldt'\ tot high prl ~lo~ls \,IN h\ (lllllil l tll- '11, li v lll o()1ml ill-d'l lh 11.0 t ofl' 

liro(hlltl %ilk 11(I( - of 2 3 liltr( f-iii, ,is inlherred hloml tlhl, 19)76-)-1 II'll- ) -,lt t'l,n1 o',,,i l hO l 2-5.% ',tl hli ll.( lol d I ofl 

low projections, Ie compounling %%,isbased oi Ile hisoric'al rite tll mtial prilctiit\ ht line of (05 peri':ent. 
Medium projections ,siS~lllie a lliodiesl dlni d ( l of prodhluli%it\ ilncri,,lm( of1o35i pcrcfelt &1dItscussed and adoptliedl 

in the text. 
1, A ( olllniio w le\(' w,' il i ro'l fl'll f ll I ]i-l >11 l h hl illh1fl w'll of lmllr( llol ll e 'hw ll i rhd llI.i i ,~~ . 

>
inc.realse of12 4 pe lii , £( \ III,, ( ,I]( Iii'llu ,€ i l t( , r ghh'l,tllt'-dl ( i" o h ~ hf r lli ,llll of)1.wovl € IIlhon. I 

perq( (,tlt.Ian(]l, o () pvr( (ltt, t( l lhl,( ll-o vIl l, Ind ( 1llllcilll ) l p -o oll I ll l< h' iI2. i l hlll,-111-1,olllioillided' 

li lilt vi 2)00 to Ohi il lhi 11ol.f. Il111't 
. Illese ligi111m , l qvredvri t !! Ilk wuu nl\h;l:i. Ol - :oIIl Im llit ll )dol I1\II\ iollr otl 20lol) ), thi' igi!ol-' di Il1i11i marldlk 

for2000
 
i8 I llem" , \1-11 de , 1'dIl lluiillk i\ tll - lli illl (t, \ h ill 7:- ll'lid ill ) 11(273 I1llihloll till'il( toll , 

Ities(' Ilgliltcs \,\(,re (If-lked h)\ I111il1l1)1% IgI7 l1pill lni lk Iiht, 19l'7 It 'iiul go i , \,till(, il ,igi it ltllInll nil iill 

180.1I5 b~illionl \utll 
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FOOTNOTES 

12See Ching Hua. "ltow to Speed Up China's Agricultural Development." Peking Review. October 1978, p. 12. 

3 Ishikawa. "China's Food and Agriculture."
 

34See Table 8 for projections hased on alternative consumption anc 
 output benchmarks. The differences among
alternative projections are small.
 

is Some of the details below are from Clung Ilua. 'l'ow 
 to Speed up China's Agriculture," pp. 8-12. The article 
attempted to flesh out the Plan's blueprint.
 

b For sources and methods. see notes to Tables I. 4, and 5.
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6 
SUPPLY AND DEMAND PROJECTIONS CONSOLIDATED 

Considering their rather tenuous base, met by net grain imports not much largerthe projections for supply and demand are than the current level of food imports.
remarkably close. Tile high estimates pro- A routgh balance between supply and
duce a projected demand in 2000 for demand also is projected for grains.
agricultural products (GVAO) of 257 

Tile 
billion medium projections call for total direct and yuan (in 1952 prices), compared to 230 indirect demand for grains to reach 538

billion yuan for the projected aggregate million metric tons in 2000, compared with gross output (Tables 7 and 9). For reasoni total grain output (soybeans excluded and
stated earlier, we do not regard this scenario potatoes included at a four-to-one weight
as probable because it would involve a ratio) of 524 million metric tons. The deficitdramatic swing toward social and political of 14 million metric tons would be only
liberalization and toward market economics, about double the current net grain import
The low estimates, which assunle a return to tonnage and clearly manageable.
Maoist policy, would yield a projected de- The low projections would produce amand for GVAO of 117 billion yuan and a surplus of 32 million metric tons and the
supply of 123 billion yuan. This scenario high projections a deficit of 46 million 
also is considered unlikely in light of the metric tons. 
policies of the post-NMao leadership. Table 10 presents the 1952-77 rates ofThe medium projections are near e(lui- supply increase based on ,xlponential growthlibrium. If the present regime continues on trends fitted to the estimated( data. The
its moderate and pragmatic course without supply projections are obtained by simI)le
abandoning the command system and the mechanical extension of the trends to 2000. fundamental (levelopment strategy, this is For demand projections. 1.5 percent for
the most llausible scenario for the future. It annual population increase and 2.5 percent
would be likely to bring some improvement for annual per capita disposable income
in economic performance in agriculture but growth was used. Income elasticities 
no breakthroughs. The projected (GVA() de-

for 
commodities are from FAO's recent estimates

mand for 2000 is 158 billion yluan, only 4 on the People's Republic (5th run, April 15,
billion yuan or 2 percent over the projected 1978). The 1985 and 1990 elasticities were
aggregate supply. Such a gap could le easil averaged to obtain 0. 195 for wheat, 0.265 for 

Table 10-Commodity trends and projections by trend extrapolation, to 2000 

Supply Projections Demand Projections 

Trend Rate
 
Per Year Index 
 Annual IndexCommodity 1952-77 (1952 IOO1 Amount Increase (1977 lOO1 Amount' 

(Inillion (mnilliOn
 
IlleIric IletriC

(percent) tons) t)('rce t) tons)

All grains 2.35 304 
 471 3.00" 197" 538'
Rice 2.47 322 221 2.16 163 205Wheat 30 413 75 1.913 157 74
Coarse grains 2 28 295 152 2.00 151 120
Tubers 1.30 186 30 1.25 133 35Pulses 0.04 90 II .97 157 19 

These figures %%erecallI,lulated by tltipl), . g the indv, in the preceing tolhumnn b 1977 output adjusted for
 
exports or imports,
 
hThese fig res were lken fruin mediutm est imtes Iln Table 8.
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rice, 0.200 for coarse grains (corn, millet,
sorghum), 0.100 for tubers, and 0. 19 for 
pulses. Such mechanically extrapolated
values have little intrinsic worth; they are 
presented without comment for possible
inclusion in II:PRI's global projections. 

A study on the scale attempted here 
obviously cannot answer adequately many 
questions that will affect developimnent of' 
Chinese agriculture. What is the state of 
Chinese research in plant and animal 
breeding? flow effective are the personnel,
organization, and structure for research and 
development? What are the water prospects
in northern China where moisture is a 
chronic limiting factor? Ilow do we evaluate 
tile massive scheme to channel the waters of 
the Yangtse northward? Can the projected 7 
percent antual increase in cuirrent inputs be
realized? Are there enough fertilizer p ints 
in place and in process to meet the impllcit
chemical fertilizer requirement? Ilow abcut 
energy and transport? Ilow are the rice 
transplanters coming along? Itow are the 
water control and farmland capital con-
struction programs going to fare? What are 
the prospects for fertility raies dipping
helow I percent? The list could be extended 
indefinitely, 

Although the answers to such specific 
questions are most important to tile future, 
an understanding of tlhe larger picture may
be just as useful for long-term forecasting of 
critical national aggregates. The problem is 
similar to the distinction between partial 
and general equilibrium analysis. To study
details in isolation is one thing, to evaluate 
the whole in which all parts interact is (Ittite 
another, 

There is no better summarizer of the 
whole than the historical record. The 
Chinese agricultural record for 1952-77 has 
been documented more completely in this 
study than ever before. For tile first time 
there is a reasonably complete q it iatve 
record of contemporary Chinese agriculture.
That record shows that Chinese agriculture 
has been able to meet the essential food 
needs of the Chinese )opulation, nearly
one-fourth of mankind, whose annual in-
crement almost equals the entire population 
of Canada, but at a high cost illresources. 
The historical record is undoubtedly usefIl 
for making projections for the People's 
Republic because the post-Mao leadership
is expected to retain tile command eco-
nomnic system and the principles of nation 
building that the CCP introduced with the 

First Five-Year Plan. The projections in this 
study rest oil that historical record modified 
by the implications of the moderate post-
Mao policy direction, Some elements of the 
latter are drawn from the general outline of
the new Ten- Year Plan, 1976-85. The pro­
jections are based mainly on hroad sweeps 
and tendencies rather than on specifics and 
details. 

Theodore W. Schultz is noted for his 
special feel for what matters. In a capsule 
form, his message over the years has read: 
give the farmer the world over new profitable
production possibilities and sufficient in­
centive, and he will turn sand into gold. The 
large and growing disipa.ities in income and 
l)ro(luct ivity in world agriculture he atvri­
butes not so much to unequnal resource 
endonwment as to technological disequilibria
among nations. China is a victim of the
 
latter. It has much to gain from a vast
 
technological backlog. All backward, low­
income agricultures (1o. Bul to utilize it a
 
national gov'ernment llust get on with
 
idaptive research and development, invest­
ment in the human agent, and provision of
 
an environment coMcive to producer

incentive. The problem of control versus
 
incentive comes to tile forefront. In China,
 
with its 150 million households in agri­
culture, 5 million production teams, 500,000
brigades, and 50,000 communes, details
 
have to take care of themselves if Peking is
 
to manage.
 

This projection stlid, is conditioned by

the larger picture. The historical record
 
shows thalt Chinese agricultural productivity
has been declining even though rapidly 
increasing quant ities of modern inputs have 
been injected since the early I960s. In this 
connection, two problems related to tile 
conmand system should be noted. The first 
is the difficulty of central planners in coping
with d1namic changes in comparative
ailvanlage amnotig regions This has been 
comupounded hy transport bottlenecks. Dur­
ing the latter years Of Mao's rule, extreme 
emphasis oti self-reliance required localities 
to further reduce the l/inited specialization 
that remained. The Chinese cropl)ing pattern 
became increasingly different from what it 
k as when coimercial orientation was 
stronger under private farming. The second 
problem concerns the inflexibhility of the 
boundaries of the collective farms and the 
government-enforced immobility of farm 
labor ill China. The combination causes 
unsouInd resource allocation. As the more 
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prosperous farms and farm areas forge
ahead, thanks to accumulation and through 
it technical advancement, the poor ones fall 
further behind, and the twin problems of 
resource misallocation and weak income 
distribution worsen. The principle of self-
reliance applied to resource supply and 
employment creation compounds the prob-
lem. Transfer of accounting and income 
distribution from the commune to the team, 
although conducive to greater incentive on 
the lower collective level, adds another 
dimension to the problem. 

Although a fuller understanding of falling 
Chinese agricultural productivity awaits 
further investigation, there is little doubt 
that'problems arising from the command 
system had something-perhaps a great 
deal-to do with it. To this add the negative 
impact of bottlenecks and disparities in the 
Chinese economy, afflictions that Peking's 
present leaders attribute to the Gang of 
Four. 

Expectation of relaxation of the restric-
tions and increased incentives are the basis 
for projecting an annual increase in total 
factor productivity of 0.5 percent, a rise of 
one percentage point over the historical 
record. The projected rise was limited by 

other problems associated with the command 
system, the bottlenecks in transport and 
energy, and the loss of skills resuting from 
missed schooling opportunities during 
1966-76. The magnitude of the bottleneck 
problem was illustrated in theBeiiingReview, 
June 29, 1979, page 14, which states that 
"the capacity of some weak sectors on the 
trunk railway lines can meet only , to 70 
percent of requirements" and that" owing to 
the shortage of electric power, about 20 
percent of the nation's productive capacity 
has not been tapped." Such "disproportionali­
ties," which the article says pervade the 
entire national economy (in fact, involving 
all of Mao's "ten major relationships"), have 
had a negative impact on resource produc­
tivity in agriculture in the past. Such impact 
has also tended to become more pronounced 
as agriculture's interdependence vis-A-vis 
the rest of the economy bioadened while it 
modernized. The latter fact in turn places a 
new burden on the planner in his role as the 
interindustry resource coordinator. The 
correction of the existing disproportionalities 
will require a major effort (and time) by
Peking, as governmer, articles on the re­
adjustment theme have amply suggested in 
recent months. 
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APPENDIX 1 

SUPPLEMENTARY TABLES 

Table I l--Agricultural labor force (midyear) estimates, 1952 to 1977 

Rural I 5-64 
Proportion Age Group 

Total Urban Rural of Total Rural Agricultural 
Year Population Population Population Population Total Rural Labor Force Labor Force 

jmillions) (percent) (miillions) 
1952 569.900 69.6 500.900 87.9 334.875 294.355 218.183 168.677 
1953 582611 74.6 508.011 117.2 340.107 296.558 219.816 169.940 
1954 596.0, t 79.6 516.464 86.6 345.559 299.412 221.931 171.575 
1955 610.201 82.2 5211.001 86.5 351.185 303.877 225.241 174.134 
1956 625.004 86.0 539.004 86.2 356.940 307.825 228.167 176.396 
1957 640.024 94.3 545.724 85.3 362.799 309.345 229.294 177.267 
1958 654.727 102.6 552.127 84.3 368.747 310.962 230.492 178.193 
1959 668.930 109.1 559.830 83.7 374.679 313.570 232.425 179.688 
1960 682.091 . 16.0 566.091 83.0 380.427 315.730 234.026 180.925 
1961 693.624 1,.2 572.424 82.5 386.003 318.555 236.120 182.544 
1962 705.486 124.

. 
580.786 82.3 392.192 322.869 239.318 185.017 

1963 719.301 128.2 591.101 82.2 399.458 328.263 243.316 1811.107 
1964 734.359 131.0 603.359 82.2 407.812 335.064 248..357 192.005 
1965 750.394 133.8 616.594 82.2 417.258 342.858 254.134 196.471 
1966 766.946 136.7 630.246 82.2 427.403 351.223 260.335 201.265 
1967 784.017 142.5 641.517 81.8 438.222 3511572 265.782 205.476 
1968 801.983 148.5 653.483 81.5 449.907 366.599 271.732 210.076 
1969 820.733 154.7 666.033 131.1 462.221 375.097 278.031 214.946 
1970 840.148 158.7 681.418 111.1 474.837 385.143 285.477 220.702 
1971 859.927 162.8 697.127 81.1 487.741 395.403 293.082 226.582 
1972 879.520 167.1 712.4;.0 81.0 500.654 405.535 300.592 232.388 
1973 898.695 170.7 727.995 81.0 513.305 415.807 3)8.206 238.274 
1974 917.256 174.3 742.956 81.0 525.933 425.993 315.756 244.111 
1975 934 526 177.6 757.026 81.0 538.642 436.288 323.387 250.010 
1976 950.744 180.6 770.144 81.0 551.453 446.677 331.077 255.956 
1977 965.937 183.5 782.437 81.0 564.586 457.315 338.962 262.052 

SOURCES AND NOTES TO TABLE 11 in order to derive the proportion of the 15­
64 group in rural areas. This figure is then 
adjusted to eliminate those members of the 

The basis of the agricultural labor force age group who are not actually in the labor 
series is the assumption that the size of the force, giving the rural labor force. This 
labor force changes with the 15-64 age series is further adjusted to include only 
group from which most workers are drawn, those engaged in agriculture. 
rather than with the size of the total popu- This estimation procedure does not ex­
lation. A change in the birth rate will plicitly take into account the transfer of 
immediately affect the size of the population, middle school graduates to the country­
but it will not significantly alter the labor side, rural industrialization, more extensive 
force until most of the children born in that primary education, the increased participa­
year reach the age of 15. The estimate is tion of women dueto labor-saving machinery 
based on a 15-64 age-group series developed (rice mills, cotton gins, etc.), and additional 
by the Foreign Demographic Analysis Division childl-care centers. Such influences are 
of the U.S. Department of Commerce, under undeniably important but are virtually im­
the direction of John Aird. The ratio of rural possible to quantify accurately. Fortunately,
poptl!ation to total population is developed they are somewhat off-setting. Rustication 
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of urban youth and greater participation of 
women increase the agricultural labor force,
while growing primary education and rural 
industry redluce it. 

Total Population 

U.S. Department of Commerce, Bureau 
of Economic Analysis, Foreign Demographic
Analysis Division (FlAl)). Presented in U.S. 
Central Intelligence Agency (CIA), "People's 
Republic of China: Ilandbook of Economic 
Indicators," ER77-10508, Washington, l).C.,
October 1977, p. 8. As a result of the scarcity,
inconsistency, and lack of ptrecision in 
official Chinese population statements, there 
is no authoritative estimate of China's 
population growth. -the problems in esti-
mating the size of China's polilation anld 
the divergent opinions of demographers in 
the field are described in John S. Aird,
"Population Growth," Walter Galenson. Tu-
Chang Lin, ard Alex ander Eckstein, eds., 
Ecnornic Trends in Communist ('hina (Chicago:
Aldine, 1968), pp. 183-327: and Leo A. 
Orleans, "China's Population: Can the Con-
tradictions be Resolved?"U.S. Congress,
Joint EconomicCommittee, ('hin Reassess-
ment ofthe Economy,(Washington, D.C.: U.S. 
Government Printing Office, 1975), pp. 69-
80.The series use(d here is admittedly in the 
higher range of estimates, as Orleans states. 
It has been adopted over other lower 
estimates, such as Orleans's own, because it 
is believed to he based on the most careful,
sophisticated, and extensive methodology. 
The methods of .lohn Aird and the FDAD 
may be compared with those of Orleans and 
other major contrilbutors to the field in the 
two articles cited above. The series is 
generally consistent with official Chinese 
data released for the 1950s. The figure for 
195, is almost exactly the population of 
mainland China given for June 30, 1953 in 
People's Republic of China, State Statistical 
Bureau, "Communique on the Results of the 
Population Census of the Whole Country,"
T'ung-chi Kung-tso Kung-hsun [Statistical Work 
Bulletin], November 8, 1954. (See Nai-
Ruenn Chen, Chinese Econonic Statistics.A 
HandbookforMainlandChina [Chicago: Aldine,
1967], p. 123). This communique gives a 
total population, including Taiwanese and 
overseas Chinese, of 60!.938 million. Sub-
tracting tile population of Taiwan (7.591 

million) and tile overseas Chinese (11.743
million) fron this, the population of the 
mainland was 582.604 million. The figures
for 1954 and 1957 are quite close to the 
numers inPeople's Republic of C'hina, State
Statistical Bureau, 7 (;rea Years (Peking: 
Foreign Language i.ss, 1960: reprinte(I as 
Occasional Paper No. 5,Program in 1ast Asian 
Studies, Western Washington State College,
Bellingham, Washington, 1974), once these 
are adjusted to midyear coverage and to 
exclude 'l'a'van. This work gives year-end
totals for 1953 (595.55 million) and 1957 
(656.63 million). These include Taiwan but 
not overseas Chinese. The average yearl, 
rate of increase for this period was 2.47 
percent. Increasing the 1953 total and de­
creasing the 1957 total by half of this rate 
(1.235 )ercent) leads to midyear figures of 
602.908 million for 1954 and 648.617 million 
for 1957. For Taiwan a 1957 year-end figure
of 10.1 million for the population is given in 
Ten Great Years, and a figure of 8.617 million 
is given for year-end 1954 by IIu I-ltuang­
yung, "An Index Chart of Area and Population
of China by Province and Region," Ti-li Chili 
Shii lGeographical Knowledge]8 (September
1957): 390-1. lDecreasing each of these 
figures by one-half tile averave annual rate 
of growth (2.7 18 percent) supplies midyear
e,,imates of 8.389 million for 1954 and 
9.1033 million for 1957. Subtracting these 
from the corres)onding adjusted total pop­
ulation figures gives midyear mainland 
population estimates of 594.519 million for 
1954 and 638.784 millior for 1957. E-ach of 
these figures differs from the corresponding 
figures in this series (506.064 million ,nd
640.024 million) by less than two million. 

The series is also reasonably close to 
figures given for 1971-75 in one of the most 
recent major contributions to the study of 
Chlina's )0opuIItion growth, based on state­
merits by Chinese officials to visiting
Americans. This is Judith Banister, "China's 
Deitographic Transition in the Asian Context." 
a paper presented at tIe Conference on the 
Modern Chinese Economy in aComparative
Context, Stanford University, Stanford, Calil,
January 8, 1977. Although tile FDAD series 
differs from Banister's estimates by over 20 
million for '975, this is not serious dis­
agreement ina field where the best estimates 
of leading experts may be 80 million or more 
apart (see, for example, Orlens's and Aird's 
series in Orleans, "China's Population." 
Banister's figures are compared to the FDAD's 
below. 
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Banister FDAD 
(millions) 

1971 849 860 
1972 866 
 879 

1973 882 
 899 

1974 897 917 

1975 913 
 935 


Zhou Enlai, inhis Report to the Fourth 

National People's Congress on January 13,

1975(reproduced in
Hung Chi, No.2,1975, p. 
21) gave two conflicting figures for the 19 4 
population. In one account he gave an
increase of 60 percent since 1949,yielding a 

year-end population of 890 million. Inthe 

next account he said that China's population 

was approaching 800 million, This dis-
crepancy istoo big to be accounted for by a 
switch in the definition of China from 
"including Taiwan," the ,_ for the statistics 
inTen Great Years, to "excluding Taiwan," as 
Zhou may have. Taiwan's population in 
1974 was about 16 million. 


This pair of statements isan example of 

the inconsistency and confusion inChinese 

population information. This inconsistency

and confusion and the lack of a census
 more recent than 1933 explain the need to 

use: the independently developed FDAD 

series. 


Urban Population 

The data for 1952-56 are from People's

Republic of China, Data Office, "Statistical 

Data on the Population Census of Our 
Country," T'ung-chi Kung-tso !Statistical 
Work], June 14, 1957, pp. 24-5 (see Chen, 
Chinese Statistics, p.127).

Information and estimating procedures

for 1957-72 are from Bobby Williams,

"China: Grain Output Growth and Produc-
tivity, 1957-72," U.S. Central Intelligence
Agency, Office of Economic Research,Washington, D.C., May 1974, p. 13. (Mimeo-
graphed.) 

1957. Hsueh Cheng-hsiu, "A Tentative Dis-
cussion of the Relationships between 
Socialist ,Urban Population Increase and 
Industrial and Agricultural Production Devel-
opment," Kuang-ming Jih-pao, October 7, 

1963, p. 3 (see John Emerson, "Employment 
in Mainland China: Pioblems and Prospects,"
U.S. Congress, Joint Economic Committee,
 
An EconomicProfile ofMainlandChiha, 2 vols. 
(Washington. D.C.: U.S. Government Printing
Office, 1967), 1: 419),gives ayear-end urban 
population increase for 1957 of 38.9 percent 
over 1952. Using figures from tile Data 
Office article cited above (see Chen,Chinese
Statistics, p.127), a 38.9 percent increase 
over a 1952 year-end figure of 99.5 million.
The average of this and the 1956 year-end
figure (89.15 million) isthe 1957 midyear
figure (94.325 million).
 

1958-60 Jen-minJih-pao, August 25, 1960, p.
I(see Emerson,"Employment inChina," p.
419), reported an increase inthe urban 
population of 20 million for year-end 1960 
over year-end 1957. This implies ayear-end
1960 figure of 119.5 million and an average
annual growth rate of 6.3 percent. Interpolat­
ing between year-end 1957 and year-end

1960 produces the midyear figures shown.
 
(These are slightly different from Williams'
 
figures, apparently due to rounding-off dif­
ferences.)
 

1961-63 1963 year-end urban population of 
130 million was reported inTa-hung Pao, 
Hong Kong (January 15, 1964), translated in
 
U.S., Consulate General, Hong Kong,Survey

of China Mainland Press 3152, p. 7 (see
Emerson, "Employment in China," p.419).
 
This implies an average yearly growth rate of
 
2.847 percent. Interpolating between year­
end 1960 and year-end 1963 gives the

figures shown. (Here again the figures in the
 
table differ slightly from those given by

Williams.)
 

1964.66. Thes figures assume that the 1966
midyear urban population is the same pro­
portion of total population as in 1963 (17.8percent) and that the urban population grew 
at the average annual growth rate implied bythe figures for 1963 and 1966 (2.16 percent), 
which is also the average anrual rate of
growth for the total population over this 
period. (These figures differ slightly from 
Williams' because he used an earlier version 
of the FDAD total population series, which 
is not quite the same as the more recent 
series used here.) 
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1967-72. Chou Ching, "Light Industry 
Develops Apace," Peking Review, 1972, p. 12, 
states that "China's rural population makes 
up nearly 80 percent of her total." The 1972 
urban population is therefore approximately 
19 percent of total population, or 167.1 
million. 

Sung Pei-chang, secretary of the Anhwei 
CCP Committee, on March 4, 1973 reported 
that "Since the beginning of the Great 
Proletarian Cultural Revolution, more than 
7 million educated young people in our 
country...have settled in the countryside 

....Provincial March 4,Anhwei Service, 
1973 in U.S. Foreign Broadcast Information 
Service, People's Republic of China, Daily 
Report, March 8, 1973, p. 46. If it is assumed 
that more than 7 million young people were 
indeed permanently resettled in the rural 
areas, that other categories sent to the rural 
areas brought the total to 8 million, and that 
most of the rural-urban migration is implicit 
in an urbanpopulation total of 175.1 million 
(167.1 plus 8), then the urban figures can be 
derived. 

Between 1966 and 1969 the urban popu-
lation grew 4.2 percent annually, the average 
rate implicit in the increase from 136.7 
million in 1966 to 175.1 million in 1972. 
This results in a figure of 154.7 million for 
1969. Assuming that the transfer of the 
urban pop'.Iation to the countryside began 
to be significant in 1969-70, the figures for 
19/0 and 1971 are interpolated using the 
average yearly increase implied by the figure 
for 1969 and 167.1 million for 1972, 2.6 
percent. 

1973-77, Urban population is assumed to be 
19 percent of total population for these 
years, 

Rural Population 

This column was derived by subtracting 
the urban population from the total popu­
lation. 

Rural Proportion of Total Population 

This column was derived by lividing 
rural population by the total populotion. 
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15-64 Age Group 

The total comes from FDAD figures
presented in CIA, "People's Republic of 
China: Handbook of Economic Indicators," 
ER77-10508.
 

fhe estimate of the number of the age 
group in rural areas was derived by multiply­
ing the total 15-64 age group by the rural 
proportion of the total popu!ation. This 
estimating procedure involves the implicit 
assumption that the rural 15-64 age group is 
the same proportion of rural population as 
the total 15-64 age group is of the total 
population. This is almost certainly not true, 
because birth control and health programs 
are less effective in rural areas than in urban 
areas. Such influences are almost impossible 
to quantify. 

Rural Labor Force 

This colun was derived by multiplying 
the rural 15-64 age group figures by 0.7412. 
Frederick W. Crook, "The Commune System 
in the People's Republic of China, 1963-74." 
U.S. Congress, Joint Economic Committee, 
China A Reassessment of the Economy 
(Washington, D.C.: U.S. Government Printing 
Office, 1975), pp. 366-410, presents data 
collected from 1,400 reports on communes 
found in Chinese press releases from 1963 
through 1974. These data indicate that the 
average rural household contained 4.4 
members and had 1.87 labor units. Dividing 

the rural population for 1974 by 4.4 to 
obtain the number of rural households, and
multiplying this number by 1.87 produces 
the 1974 rural labor force estimate of'315.756 
million. Dividing this figure by the 1974 
rural 15-64 age group number (425.993 
million) supplies an estimate of the pro­
portion of the rural 15-64 age group in the 
rural labor force (0.7412). The rural labor 
force is assumed to oe in this same propor­
tion to the rural 15-64 age group in all other 
years. 

Agricultural Labor Force 

This column was derived by multiplying 
the rural labor force figures by 0.7731. This 
ratio was developed by Anthony Tang, 



"Policy and Performance in Agriculture," p. or 5.07 percent, were engaged in nonagri­
474, based on information from Ta-Chung cultural farm subsidiary work (The Economy
Liu and Kung-Chia Yeh, The Economy o/the of the Chinese Mainland,p. 102). This ratio is 
Chinese Mainland- National Income and assumed to apply to the period of this study,
Economic Development 1933-59 (Princeton: so agricultural labor is adjusted downward 
Princt,:on University Press, 1965). The ratio by a factor of 0.9493. The final adjustment
of agricultural population to total population factor, then, is 0.8144 times 0.9493, or 
was estimated to be 0.73 in C. C. Chang, An 0.7731.
 
Estimate o China'sFarmsand Crops(Nanking:
 
University of Nanking Press, 1932), p. 13
 
(see Liu and Yeh, The Economy o/the Chinese
 
Mainland,1) 182) A total population of 536.3 SOURCES AND NOTES TO TABLE 
 12 
million and rural population ot'480.7 million
 
for 1949 are given in State Statistical Bureau,
 
"Population Statistics, 1949-56," Tung-chi Feed
 
Kung-tso [Statistical Vork June 11, 1957, 
pp. 24-5 (see Liu and Yeh, The Econorny o/ the 
Chinese Mainland,p. 212). Applying the ratio The quantity of feed is assumed to have 
of 0.73 to the total population for 1949 gives a constant relationship to the numbers of 
an agricultural population estimate of 391.5 livestock and poultry. It is calculated by
million. Dividing this figure by the rural multiplying the value of livestock, excluding
population figure gives 0.8144 as the ratio of poultry (from Table 15), by 0.101, and that 
agriculturil population to rural population. total by 1.04 (adopted from Ta-Chung Liu 
flu and Yeh find 1933 agricultural popula- and Kung-Chia Yeh, Tl:e Economy of the 
tion to be 365 million, of which 18.5 million, Chinese Mainland- National Income and 

Table 12-Current inputs, 1952 to 1977 

Organic TotalChemical Fertilizer Fertilizer Fertilizer 
Year Feed Seed Insecticide Gross Weight Nutrients Nutrients Nutrients 

(thousand
(billion 1952 u an) metric tons) (million metric tons) 

1952 1.14 is1.15 0.463 0.09 10.14 10.23
 
1953 1.21 1.17 19 0.14
0.690 10.92 11.06

1954 ?.23 1.20 41 0.967 0.19 11.41 11.60
 
1955 1.20 1.23 67 
 1.417 0.28 11 72 12.00
 
1956 1.25 1.29 159 0.36
1.800 12.37 12.73

1957 1.32 1.28 149 2.437 0.49 13.03 13.52
 
1958 1.55 1.27 
 246 2.843 0.56 14.23 14.79
1959 1.39 1.23 326 3.330 0.66 13.48 14.14

1960 1.22 1.19 405 
 3.270 0.65 12.50 13.15
1961 1.15 1.16 256 3,520 (170 120M 12.70

1962 
 1.22 L18 283 4.507 0.89 12.20 13.09
 
1963 1.36 1.21 312 
 6.040 1.19 13.67 14.86
 
1964 1.47 1.24 345 8.313 1.63 15.23 16.86

1965 1.65 1.27 380 10.530 2.06 16.95 19.01

1966 1.73 1.26 420 12.613 2.49 17.56 20.05 
1967 1.77 1.27 464 14.223 2.83 17.60 20.43
1968 1.74 1.27 512 15.773 3.15 1740 20.63 
1969 1.73 1.27 565 18.300 3.65 17.67 21.32
1970 1.84 1.28 624 21. 153 4.22 1840 22.62
1971 1.97 1.30 689 24.393 4.116 19.47 2433 
1972 2.15 1.30 761 28.001 5.58 20.63 26.21
1973 2.04 8591.32 29.897 5.96 2042 26.38 
1974 2.17 1.33 970 31.821 6.37 21.25 27.62 
1975 2.27 1.35 1,095 33.354 6.65 22.08 21873
1976 2.32 1.36 1,236 32.500 6.50 22.52 29.02
1977 2.35 1.38 1,395 42.500 8.50 22.99 31.49 
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Economic Developmeni 1933-59 [Princeton: 
Priikceton University Press, 1965], p. 406, to 
allow for value of poultry). The coefficient, 
0,101, is the ratio of average feed expense 
(6.63) to average value of livestock per farm 
(65.76) for tile 2,866 farms examined by 
John Lossing Buck ill his study, Chinese 
Farm Economy (Chicago: University of 
Chicago Press, 1930), pp. 57, 75. This 
method and figure are used by Liu and Yeh, 
The Economy of the Chinese Mainland, p. 4!8. 
The estimation procedure is likely to under-
estimate the quantity of feed for later years 
as livestock numbers expanded more than 
the farm population and tile agricultural 
sector. This follows since the use of grains 
as feed expands more rapidly than livestock 
numi)ers under these circumstances. FAO 
estimates that for tile mid-1970s the pro-
portion of grains used as feed was 12 
percent. The figure used here is 7 percent 
(an estimated feed value of 2.27 billion yuan 
for 1975 divided by the estimated value of 
grains in Table 1). However, the probable 
error is insignificant in relation to the value 
aggregates as quality makes the value ratio 
smaller than the quantity rat'o. 

Seed 

The quantity of seed applied per hectare 
is assumed to be constant, imply ing that the 
total quantity of seed utilized varies with 
sown area. It is calculated in value terms at 
constant prices by multiplying by 8.14 the 
total sown area from Table 14 and dividing
by a thousand. The figure 8.14 is the ratio of 
total expense for seed to total sown area in 
hectares or the average value of seed per 
sown hectare. The People's Republic of 
China, State Statistical Bureau, "Data on the 
1955 Survey of Income and Expenditures of 
Agricultural Cooperatives." llsin-hua fPan-
yueh-A'an, December 1956, pp. 63-5 reported 
that in 24 provinces seed expenditure 
equalled 4.4 percent of the gross value of 
plant products (see Liu and Yeh, The 
Economy of the Chinese Mainland, p. 412). 
According to Liu and Yeh (p. 400), com-
munist data indicate an adjusted estimated 
gross value of plant products for 1954 of 
27.36 billion 1952 yijan, which implies a 
value of 1.20 billion 1952 yuan for seed in 
that year. Dividing this total by the sown 
area figure for 1954 of 0.1479 billion 
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hectares (see Table 14) produces the figure 
of 8.14 yuan worth of seed per hectare. 

Insecticide 

There seems to be virtually no infor­
mation on absolute quantities of insecticide 
available except for 1952-57. There are 
statements relating the size of insecticide 
Outl)ut in 1972 and 1973 to its size in 1965, 
but a figure for 1965 can only be built on 
speculation. 

1952-57. Peoples Republic of China, State 
Statistical Bureau, Ten Great Yeats (Peking: 
Foreign Language Press, 1960; reprinted as 
Occasional Paper No. 5, Program in East 
Asian Studies, Western Washington State 
College, Bellingham, Washington, 1974), 1). 
121. 

1958-61. The figure for 1958 from State 
Statistical Bureau, Ten Great Years (478.000 
metric tons) is assumed to be exaggerated, 
reflecting the breakdown of the statistical 
system during the Great Leap Forward. Tile 
estimate( output of industrial producer 
goods and of chemical fertilizers are used as 
indicators of insecticide production in 
these years in order to take account of the 
catastrophic effects of the Great Leap 
Forward and the years of crisis that followed 
it. The low point for the productioi i ofnearly 
all industrial and agricultUlal gUods in this 
period was 1961. After 1961 production of 
most goods increased steadily, Insecticide 
production is assumed to have grown more
 
rapidly and declined less rapidly than that
 
of most industrial producer goods because 
it was an important input to agriculture. It is 
assumed to have grown less rapidly than 
chemical fertilizer production which was 
considered more essential to agricultural 
production. Oil the basis of these assump­
tions, insecticide production for 1958-61 is 
estimated to change each year by tile simple 
average of the proportional changes in 
production of industrial prodlucer goods 
and chemical fertilizers. These proportional 
changes are defined as the ratio ofoutput in 
one year to output in the year before. These 
chang..s and the change of insecticide pro­
duction are: 



Industrial 
Producer Chemical 

Goods Fertilizer Insecticide 

1958 1.610 1.686 1.648 

1959 1.267 1.385 1.326 
1960 1.137 1.345 1.241 
1961 0.530 0.733 0.632 

The industrial producer goods index and 
chemical fertilizer output series were 
obtained from U.S. Central Intelligence 
Agency (CIA), National Foreign Assessment 
Center, "People's Republic of China: Hand-
bcok of Economic Indicators," ER76- 10540, 
Washington, D.C., August 1976, pp. 17, 23. 

1962-72. Peling Review, November 2, 1973, 
reported that insecticide production in 1972 
was over twice production in 1965. (See Nai-
Ruenn Chen, "An Assessment of' Chinese 
Economic Data: Availability, Reliability, and 
Usability," U.S. Congress, Joint Economic, 
Committee, China A Reassessment of the 
Economy (Washington, D.C.: U.S. Govern-
inent Printing Office, 1975), p. 65. The 
average annual rate of growth implied l;y 
this increase (about 10.41 percent) is assumed 
to apply to the entire period. 

1973. U.S., Foreign Broadcast Information 
Service, People's Republic of China Daily 
Report, January 11, 1974, reports that output 
in 1973 was over 2.26 times output in 1965. 
(See Chen, "An Assessment of Chinese 
Data.") 

1974-77. Output in both these years is 
assumed to increase at the same rate as the 
increase from 1972 to 1973. about 12.88 
percent. 

Chemical Fertilizer, Gross Weight 

U.S. Central Intelligence Agency,"People's 
Republic of China: Chemical Fertilizer 
Supplies, 1949-74," AER75-70, Washington, 
D.C., August 1975, p. 4. This series represents
total chemical fertilizer consumed, that is. it 
includes imports and production of ammo­
nium nitrate. The figures presented here are 
three-year moving averages of those in the 
source, that is: 

Wy l + Wyl+ Wyt. I 
W +y


W -t= 3
 

where Wy is equal to the weight year and t is 
1975. The purpose of this adjustment is to 
minimize the year-to-year discrepancies
betwf.en consumption and available supply 
arising from in, entory changes. The CIA 
series continues through 1975 (U.S. Central 
Intelligence Agency, National Foreign 
Assessment Center, "China: Handbook of 
Economic Indicators," ER77-10508, Wash­
ington, D.C., October 1977, pp. 12 and 22). 
The Department of Agriculture's tentative 
judgment that 8.5 million metric tons (42 
million gross weight) of nutrients were 
supplied in 1977 and its guess that 6.5 
million metric tons (33 million gross weight) 
were supplied in 1976 were used in the 
series. (U.S. Department of Agriculture,
Economics, Statistics, and Cooperatives 
Service, People'sRepublic of ChinaAgricultu,-al 
Situation Review of 1977 and Outlooh for 1978 
[Washington, D.C.: USDA, 19781, p. 19). The 
CIA's most recent nutrient estimates are 5.9 
and 9.1 million metric tons for 1976 and 
1977 (U.S. Central Intelligence Agency, 
"China: tEconomic Indicators," ER78-10750, 
Washington, D.C., December 1978). It is not 
considered worthwhile to make extensive 
new calculations to reflect the new tentative 
CIA figures. 

Chemical Fertilizer, Nutrients 

CIA, "Handbook of Economic Indicators,"
ER76-10540, p. 13. This series gives the
 
weight of the primary nutrient content of
 
chemical fertilizer. It is also a series of
 
three-year averages. For the 1976-77 esti­

mates see the notes for the gross weight of
 
chemical fertilizer.
 

Organic Fertilizer Nutrients 

This series is from Table 17. 

Total Fertilizer Nutrients 

This is the sum of the nutrients from 
chemical and organic fertilizers. 
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Table 13-Current input indexes, 1952 to 1977 

Index of 
Feed Seed Insecticides apd All Fertilizer Current Ipput

Year Index' Index' 

1952 100 100 
1953 106 102 

1954 108 104 

1955 105 107 

1956 110 112 

1957 116 111 

1958 136 110 

1959 122 107 

1960 107 103 

1961 101 101 

1962 107 103 

1963 119 105 

1964 129 108 

1965 145 110 

1966 152 109 

1967 155 110 

1968 153 110 

1-)69 152 110 

.970 161 11I 

1971 173 113 

1972 188 113 

1973 179 115 

1974 190 116 

1q75 199 117 

1976 204 118 

1977 206 120 


SOURCES AND NOTES TO TABLE 13 

The indexes for feed, seed, and all fertil-
izer nutrients are calculated from Table 6. 
The index of insecticides and other costs is 
calculated from Table 1 

The current input index is the weighted 
sum of the other four indexes in the table. 
The weights are valued weights taken from 
the period 1952-57. The six-year value total 
for feed is from Table 12; for seed, from 
Table 14; and for insecticides, from Table 
12. For all fertilizers the six-year total cost of 
purchased fertilizers (chemical and oil cake 
fertilizers) is obtained from Table 1.Accord-
ing to a Communist study (Farmer's Bank) 
cited in Ta-Chung Liu and KuIHg-Chia Yeh, 
The Economy of the Chinese Mainland National 
Income and Economic Development 1933-59 
(Princeton: Princeton Univcrsity Press. 1965), 
p. 411, purchased fertilizes accounted for 
23 percent of all fertilizer U~t , i he tutal 
cost of purchased fertilizers (7.05 billion 
yuan) is divided by 0.23 to arrive at a total of 
30.65 billion yuan for all fertilizers. The 
value weights and the percentage weights
actually used in making the aggregation are: 

Other Costs' Nutrient Index' Index 

100 IOO 100
 
127 108 107
 
273 113 118
 
447 117 128
 

1.059 	 124 161
 
993 132 164
 

1.640 145 204
 
2,173 138 220
 
2.700 129 235
 
1.707 124 186
 
1,887 128 198
 
2,080 145 220
 
2,300 165 244
 
2.533 186 271
 
2,800 196 290
 
3,093 200 306
 
3.413 202 321 
3,767 208 341 
4,160 221 367 
4,593 238 400 
5,073 256 435 
5,727 258 464 
6.467 270 506
 
7,300 281 552
 
8.240 284 596
 
9,300 308 659
 

Feed 
Seed 
Insecticides and 

others 
Fertilizers 
Total 

(billion 1952 
yuan) (percent) 

7.35
7.32 15.515.5 

2.10 4.4 
30.6537 64.6 
47.42 100.0 

The alternative is to take the results of three 
tiler Communist surveys cited in Liu and 

Yeh, The Economy of the Chinese Mainland, p. 
411, which gave :tverage total fertilizer costs 
of 22 percent of the gross value of plant
products. Estimation of total fertilizer costs 
on this basis, using Liu and Yeh's estimates 
of value of plant products for 1952-57, 
yields similar results. 

Where the growth rates of the subcate­
gories (for example, chemical fertilizer with 
a 1977 index of 9,179 percent organic 
fertilizer with a 1977 index of only 227 
percenl)arewidely (ivergent, disaggregation 
may mean widely different aggregate in­
creases even when the weights are the same 
(that is, the weight of fertilizer is the sum of 
the weights of the subcategories). Thus. had 
we chosen to construct the aggregate input 
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Table 14-Land input. 1952 to 1977 

Effective Sown AreaCultivated Area Multiple Sown Area Modified Adjusted for Irriga-Cultivated Irrigated Adjusted for Sown Cropping Adjusted for Multiple tion and Multiple LandYear Area Area Irrigation Area Index Irrigation Cropping Index Cropping Input Index 

(million hectares) (million hectares) (million hectares)

1952 107.9 21.3 113.2 141.3 130.9 
 148.2 115.45 130.7 100.0
1953 108.5 22.0 114.0 144.0 132.7 151.3 116.35 132.6 101.51954 109.4 23.3 115.2 147.9 135.3 155.9 117.65 135.5 103.71955 110.1 24.7 116.3 151.1 137.2 159.7 I1a.60 137.9 105.51956 111.8 32.0 119.8 159.2 142.3 170.5 121.15 145.1 111.01957 1118 34.7 120.5 157.2 140.6 169.4 12030 145.0 110.9
1958 107.8 34.7 116.5 156.3 145.0 168.9 122.50 142.7 109.2
1959 107.3 33.8 115.7 151.6 141.2 163.4 120.60 139.5 106.71960 107.2 32.9 115.4 146.9 137.0 158.1 118.50 136.7 104.61961 107.1 32.1 115.1 142.2 132.8 152.9 116.40 134.0 102.51962 107.0 33.0 115.2 145.7 136.1 156.8 110.05 136.0 104.11963 107.0 34.0 ; 15.5 149.3 139.4 161.0 119.70 138.3 105.8
1964 107.0 33.3 15.3 152 5 142.6 164.4 121.30 139.9 107.01965 107.0 34.7 115.7 156.0 145.8 
 168.7 122.90 :42.2 108.81966 107.0 37.3 116.3 155.E 145.4 169.1 122.70 12.7 109.21967 107.0 38.0 116.5 155.8 145.6 169.6 122.80 143.! 109.51968 107.0 38.7 116.7 156.1 145.9 170.3 122.95 143.5 109.81969 107.0 39.4 116.9 156.6 1464 171.1 123.20 144.0 110.2
1970 107.0 40.3 117.1 157.5 147.2 172.4 123.60 144.7 110.71971 107.0 41.5 117.4 159.3 148.9 174.8 124.45 146.1 111.81972 107.0 42.5 117.6 160.4 149.9 176.3 124.95 146.9 112.41973 107.0 44.0 118.0 162.2 151.6 178.9 125.80 148.4 113.51974 107.0 45.3 118.3 163.9 153.2 
 181.2 126.60 149.8 114.6
1975 107.0 48.0 119.0 165.7 154.9 184.3 127.45 151.7 116.11976 107.0 48.0 119.0 167.3 156.4 186.1 128.20 152.6 116.8
1977 107.0 48.0 119.0 169.0 157.9 187.9 128.95 153.5 117.4 



index from the indexes for seed, feed, 
insecticides and other costs, and separate 
indexes for chemical and organic fertilizers, 
the aggregate index for 1977 would have 
been 1,143 percent as compared with 659 
percent calculated from the same com'qponent 
indexes and weights but with the tV,,ofertili-
zer subcategories lumped together. 

SOURCES AND NOTES TO TABLE 14 

This table derives a single measure of 
land input ior each year taking into account 
both irrigation and multiple cropping. 

Cultivated Area 

The 1952-58 figures are from People's 
Republic of China, State Statistical Bureau, 
Ten Great Years (Peking: Foreign Language 
Press, 1960; reprinted as Occasional Paper 
No. 5, Program in East Asian Studies, Western 
Washington State College, Bellingham, 
Washington, 1974) p. 96. 

The figures from 1959 through 1977 are 
from U.S. Central Intelligence Agency, 
"Agricultural Acreage in Communist China, 
1949-68: A Statistical Compilation," Wash-
ington, D.C.: 1969, Table 1. 

It shows that in 1962 cultivated area 
began to be reported as about 107 mi!lion 
hectares. The figures for 1960 and 1961 were 
interpolated using the average annual rate 
of change implied by the 1959 and 1962 
numbers. Dwight I. Perkins, "Constraints 
Influencing China's Agricultural Per-
formance," U.S. Congress, Joint Economic 
Committee, China 4 Reassessment of the 
Economy (Washington, D.C.: U.S. Govern-
ment Printing Office, 1977), p. 353, reports
that delegations visiting China in 1973 and 
1974 were also given the figure of 107 
million hectares. This figure is perceived as 
constant for recent years by most China 
scholars. 

Irrigated Area 


1952-57. State Statistical Bureau, Ten Great 
Years. 
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1963.Jen-miniih.pao, November30, 1963, p. 
1.(See Leslie T. C. Kuo, The Technical Trans­
formation of Agriculture in Communist China 
INew York: Praeger, 19721, p. 80.) 

1964. Economic Reporter (tlong Kong), No. 
895, November 16, 1964. (See Kuo, Technical 
Transformation, p. 80.) Perkins, "'Constraints 
Influencing Performance," also gives this 
figure. 

1965. Jen-min Jih-pao, September 30, 1965, p.
2. (See Kuo, Technical Transformation, p. 80.) 

1966. Jen-rnin ih-pao, September 30, 1966, p.
3. (See KIo, Technical Transformation, p. 80.) 

1973. The 1973 figure was given to a delega­
tion of American water management special­
ists. Peking Review, January 4, 1974, 
indicates that irrigated area was increased 
by 1.4 million hectares between 1972 and 
1973. (See Perkins, "Constraints Influencing 
Performance.") 

1974. U.S. Department of Agriculture, Eco­
nomic Research Service, The Agricultural 
Situation in the People's Republic of China and 
Other Asian Communist Countries: Review of 
1975 and Outlooh for 1976, Foreign Agricul­
tural Economic Report No. 124 (Washington, 
D.C.: USDA, 1976), pp. 26-8. The figure given 
is the maximum total estimated from pro­
vincial irrigated area reports. 

1975. Pehing Review, October 8. 1976, p. 47. 
From 1965 to 1975 "the irrigated acreage 
was extendlei each year by an average of 
1.33 million hectares," The 1975 figure is 
calculated to be 13. million hectares plus 
the 1965 figure. 

1976-77. According to U.S. Department of 
Agriculture, Economics, Statistics, and Co­
operatives Service, People's Republic of China 
Agricultural Situation- Review of 1977 and 
Outlook for 1978 (Washington, D.C.: USDA. 
1978), p. 20, the 1977 acreage was reported
to be three times the 1949 acreage of 16 
million hectares. The 1976 figure is ourestimate. 

Figures for the years for which informa­
tion on irrigated area is not available (1958­
62) were interpolated as shown below, using
the "method developed by Norman M."Kaplan 



and Richard H. Moorsteen, Indexes of Soviet 
IndustrialOutput (Santa Monica, Cal.: Rand 
Corp., 1960), pp. 61-8.38 

Benchmark Interpolat- Final 
Year Index ing Index Index 

1957 
1958 

100.0 100.0 
99.4 

100.0 
99.9 

1959 96.4 97.4 
1960 934 94.9 
1961 90.5 92.4 
1962 92.7 95.1 
1963 98.0 95.0 98.0 
1966 100.0 100.0 100.0 
1967 100.1 101.8 
1968 100.3 103.7 
1969 100.6 105.7 
1970 101.2 108.1 
1971 102.4 111.2 
1972 113.9 103.1 113.9 

For an explanation of the method see the 
sown area series in Robert Michael Field, 
"Civilian Industrial Production in the People's
Republic of China: 1949-74," U.S. Congress.
Joint l-conomic Committee,('hi. J,Reass'ss-
ment of the Economy (Washington, 1).C.: U.S. 
Government Printing Office, 1975),pp. 17 I­
172. It is assumed that a positive relation-
ship exists between increases in irrigated
and sown area. Since cultivated area has 
changed little, growth in sown area has had 
to come about by increases in multiple
cropping Chinese press reports indicate 
that most uf the changes in cropping patterns 
used to bring this dhout-such as the 
northward advance of rice cultivation and 
the spread of early rice varieties-require
increases in irrigation. 

Cultivated Area Adjusted for Irrigation 

John Lossing Buck (Land Utilization in 
China,3 vols. [Chicago: University ofChicago
Press, 19371, Study, pp. 230-1) found from 
his sample that in North China's wheat 
region, irrigation increased wheat and millet 
yields (other things being equal) by 60-70 
percent, adding that in the Central and 
South China rice region the increases were 
much smaller. Limited Communist data 
showed larger increases. Two sources cited 
wheat and millet yield increases of a little 

over 100 percent in the wheat region and 
rice yield increases of 40-60 percent in the 
rice region (Jen-minJih-pao, December 22, 
1957 and People's China, No. 2, 1957, p. 27).
But as Kang Chao noted, these yield incre­
ments were results of the package applied 
on irrigated land. Since improved seed­
fertilizer technology is reflected in the totalfactor productivity index, a pre-World War
11 Japanese government sample survey,
which, after separating the contribution of 
additional fertilizers, shows a 10 percent
difference in rice yield between improved
p)addy land (mainly with provisions for 
irrigation and drainage) and unimproved 
land (Yujiro Ilayami, A Century o/Agricultural
Growth in Japan [Minneapolis: University of 
Minnesota Press, 19751, p. 192). Thi figure
and the higher estimates for China yield 25 
percent for the approximate average incre­
ment in yield from irrigation. 

In this light each irrigated unit of area is 
equivalent to 1.25 units of standard (non­
irrigatedI) cultivated land. Cultivated area 
adjusted for irrigation is thus the sum of 
one-fourth of the irrigated area and the 
cultivated area. 

Buck's statement does not imply that 
irrigation in the rice region was relatively
developed. The opposite is true for reasons 
that (1o not necessarily conflict with Buck's 
point. The rice region had lower costs for 
installing and operating irrigation facilities 
and equipment, and time to permit more 
intensive use of land. The latter effect is 
captured by increases in sown or cropped 
areas relative to cultivated arms. Our concern 
here is to adjust crop arcs for the yield
effectofwaterprojects. The Japanese survey
results, obtained by imputing yield increases 
separately to land improvement and to 
augmented fertilizer use, assume separability 
or independence of effects. The 10 percent 
yield response attributed to water measures 
was probably underestimated. Buck's figures, 
on the other hand, were probably inflated by
increased fertilization that accompanied
irrigation. The choice of seed varieties, too,
is part of the water-seed-fertilizer package.
The question whether the effects of factors 
are independent of each other undermines 
the methodology used to account for growth
according to factor contributions. This is 
basically a question of taste. As Solow put it,
either the methodology appeals or it doesn't. 
The matter is beyond recourse to fancy
theories about index numbers, aggregation, 
or production functions. 
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Sown Area 

1952-58. State Statistical Bureau, Ten Great 
Years, p. 96. 

1959-65. Edwin F. Jones, "The Emerging 
Pattern of China's Economic Revolution," 
U.S. Congress, Joint Economic Committee, 
An Economic ProfileofMainlandChina, 2 vols. 
(Washington, D.C.: U.S. Government Printing 
Office, 1967), 1: 94, develops the 1961 and 
1965 figures from fragmentary information, 
Intervening years are estimated by linear 
interpolation. (See Anthony M.Tang, "Input-
Output Relations in the Agriculture of 
Communist China, 1952-65," in W. A. 
Douglas Jackson, ed., Agrarian Policies and 
Problems in Communist and Non-Communist 
Countries ISeattle: University of Washington 
Press, 197 1, 1). 285. 

1966-72. Sown area for these years is the 
sum of estimates of area sown to grain and a 
constant 38.52 million hectares as an esti-
mate of the area sown with nongrain crops. 
The estimates of area sown with grain were 
developed by Bobby A. Williams, "China: 
Grain Output Growth and Productivity, 1957-
72." U.S. Central Intelligence Agency, Office 
of Economic Research, Washington, D.C., 
May 1974, Table 4. (Mimeographed.) 

Williams' 1966 figure is an unpublished
estimate by A. L. Erisman. For 1967-68 he 
assumed that the increase in total grain area 
consisted entirely of an increase of 0.604 
million hectares reported for early rice be-
tween 1966 and 1968. This increase is 
divided equally between 1967 and 1968. lis 
1969 figure is from a report in the U.S. 
Foreign Broadcast Information Service(FBIS), 
People's Republic of China Daily Repo.t, 
September 2, 1969, p. B3, that early rice area 
increased 6 percent, or 0.554 million 
hectares. This is assumed to be the total 
grain area increase. FBIS, PRC, August 31. 
1971, reported an increase in ear!,,' rice area 
of 1.8 million hectares in 1971. Data for 
Anhwei, Fukien, Hunan, and Kwangsi indi-
cate that the increase was about 16.9 percent
ofthe 1970 figure. This implies that the 1970 
early rice area was 10.651 million hectares, 
and the 1971 area was 12.451 million hec-
tares. The early rice area increases of 0.861 
million hectares for 1970 and 1.8 million 
hectares for 1971 are again assumed by 
Williams to account for the total increase in 
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grain area. Williams assumed that grain area 
in 1972 increased at the average annual 
growth rate for 1968-71, 9 percent. 

A constant term was chosen as an esti­
mate for new grain area because there is not 
enough evidence available to form a basis 
for a more satisfactory estimating procedure. 
Nongrain area-calculated by subtracting 
area sown with grain from total sown area­
ranged from 28.94 million hectares in 1952 
to 42.23 million hectares in 1959, and from 
29.57 million hectares in 1961 to 41.00 
million hectares in 1965. In 1964 the area 
sown with nongrain crops was 35.8 percent 
of total cultivated area (38.31 million hec­
tares), and in 1965 it was 38.32 percent of 
cultivated area. The constant figure of*38.52 
million hectares, or 36 percent of cultivated 
area was chosen as an estimated mean around 
which nongrain area might fluctuate after 
1965, on the basis of several consiCerations. 

Tile steady increase in nongrain area 
from 1961 to 1965 was part of the recovery
from the crisis years of 1959-61; grain area 
shows a similar recovery pattern. By 1965 
the precrisis maximum had nearly been 
reached, implying that further e'pansioi) 
might be more difficult. Also, steady popu­
lation growth required that top priority be 
given to the production of grain, implying
that expansion of area sown with grain 
might crowd out expansion of nongrain 
area. 

The increased production of most non­
grain crops may be accounted for as readily 
by higher yields-resulting from improved
seed varieties, increased irrigation and fer­
tilizer-as by increased area. 

The estimated multiple-cropping index 
produced by this method is consistent with 
the indexes of the preceding years and with 
fragmentary evidence from China. For in­
stance, FBIS, PRC, January 8, 1975 reports 
that the multiple-cropping index in 
Szechuan-a major agricultural province 
with cropping patterns between the largely 
single-crop wheat system of the North and 
the double-crop rice system of the South 
(see U.S. Central Intelligence Agency, People's 
Republic of China Atlas [Washington, D.C.: 
U.S Government Printing Office. 197 1] pp.
58-9)-was 143.7 percent in 1969, and 146 
percent in 1973. For these years the method 
used here gives figures of 146.4 percent and 
151.6 percent respectively, indicating that 
the use of a constant for nongrain-area has 
probably not resulted in serious under­
estimation. 
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1973-77. Total sown area is assumed to 
increase at the average annual rate for 1961 
to 1972 (1.1 percent). 

The final figures from this estimation 
procedure compare favorably with estimates 
made by official organizations. The Food 
and Agriculture Organization of the United 
Nations, FAO Production Yearbook 1975, Vol. 
28 (Rome: FAO, 1976) reports sown area 
figures which add up to 168.1 million hectares 
compared with the figure of 165.7 million 
hectares (lerived here. The U.S. Department
of Agriculture, Econolic Research Service, 
People's Republic ofChina Agricultural Situation. 
Review of 1976 and Outlook for 1977. Foreign
Agricultural Report No. 137 (Washington,
D.C.: USDA, 1977), estimates the area sown 
with grains, oilseeds, and cotton to be 155.4 
million hectares in 1975, yielding an index 
for 1952 (133.2 million hectares planted to 
the same crops) of 116.7 percent which is 
quite close to the index of 117.3 percent 
produced by the estimates derived here for
the same years. For complete USDA area and 
yield estimates on the major crops listed 
above, see Tables I and 2. 

Multiple-Cropping Index (MCI) 

The MCI is calculated as the ratio of total 
sown area to cultivated area. 

Sown Area Adjusted for Irrigation 


The contribution of irrigated area to 
sown area is taken into account by multiply-
ing the cultivated area adjusted for irrigation 
by the MCI. 

Modified Multiple-Cropping 
Index (MMCI) 

The MMCI corrects for the overstatement 
of effective crop area (as a flow concept)
inherent in the common MCI. The overstate-
ment results from the fact that land that is 
double-cropped does not yield twice as much 
as the same land single-cropped, using similar 
technology. This is true even if both crops 
are identical. The overstatement is amplified 
ifthe second crop is a lesser, secondary crop
adopted to fit into more restricted time-

weather limits, Several examples of this 
phenomenon were mentioned to Gilbert 
Etienne by provincial officials. 39 

Hupeh (average provincial yields): 
Earle pad(ly 3,750 kg'hectare 
Late l)aldy 2,625 kg/hectare 

Changsha, Hunan (an advanced area):
Early paddy 4,350 kg/hectare 
Late paddy 3,000 kg/hectare 

Hunan (average rovincial yields): 
Traditional varieties 

Early ady 3,750 kghectare 
Late pad(y 2,400 kg/hectare 

Hfigh-yield varieties 
Early pad(ldly 5,250 kglec'are
Late paddy 3,750 kg/hectare 

To derive a crude estimate of the relevant 
discount factor, which when applied would 
give effective sown area corrected for the 
muiltiple-cropping bias (and, by virtue ofthe 
adjustments for irrigation in cultivated area 
adjusted for irrigation and the MCI), a 
comparison was made with contemporary 
rice yields of Ja)an, South Korea, and 
Taiwan. The yields have increased in all 
three in I roughly parallel manner in recent 
years. The reference year used is 1975 
because harvest conditions were normal in 
all three countries during that year. 

Taiwan grows two crops of rice a year,
while Japan and Korea grow one. Taiwan's 
institutions and technology in rice cultiva­
tion are in between the other two. Thus, theaverag2 of the yields of Japan and Korea 
may indicate what Taiwan's rice yield would 
have been if it were single-cropped. U.S. 
Department of Agriculture, Foreign Agricul­
tural Service, Foreign nlgriculture Circular: 
Rice, FRI-76, May 1976, showed the following 
rice yieldls for 1975: 5.95 metric tons/hectare 
for Japan, 5.32 metric tons/hectare for South 
Korea, and 4.32 metric tonsIhectare (an 
average for the early and late crops) for 
Taiwan. MultiJ'ying Taiwan's figure by 2 to 
allow for double-cropping, an( dividing the 
product by the average of Japan's and 
Korea's yields, produces a ratio of approxi­
mately 1.5. Though a comparable ration 
cannot be inferred from the Communist 
data given to Etienne, the estimatedl ratio of 
1.5 appears plausile in relation to them. 
The estimated ratio implies that the l)ro(luc­
tion of one unit of double-cropped land is 
equivalent to the )rodluctivity Of 1.5 units of 
single-cropped (identical) land. An MCI of 
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150 percent implies that 50 percent of the 
cultivated area is double-cropped, which 
translates into 75 percent in effective single-
cropped-area terms by virtue of the 1.5 
productivity ratio. To this figure of 75 
percent is added the other half of the total 
cultivated area that is single-cropped. The 
MMCI is thus 75 percent plus 50 percent
(single-cropped area) or 125 percent. Me­
chanically, MMCI is conveniently calculated 
as: 

MMCI = 100 + (MCI -100). 

Effective Sown Area Adjusted for irri-
gation and Multiple-Cropping Bias 

The final effective sown art-, figure is 
calculated as effective cultivated area,
quality- Idjusted for irrigation, multipled by
the MW!. 

Land Input Index 

For this index, 1952 is equal to 100. 

SOURCES AND NOTES TO TABLE I5 

Detailed information on livestock hold­
ings is available only for 1952-58. Scattered 
statements relating holdings in years after 
1949 have appeared in the 1970s. H-oldings
in the intervening years were estimate(l l)y a 
least square regression analysis of the re-
lationships between the livestock series anl 
the complete series available for livestock 
exports an(d grain production. The regressions 
were run using the grain output series 
estimated or pieced together in U.S. Central 
Intelligence Agency (CIA), National Foreign 
Assessment Center, "People's Republic of' 
China: Handbook of Economic Indicators." 
ER76-10540, Washington, D.C., August 1976, 
p. II. The CIA has since developed a new 
series (see Table 17). Elsewhere in this work, 
the grain series (and the aggregate value 
output estimates based on it) is aapte(d 
from 1978 USDA estimates (U.S. l)epartment 
of Agriculture, Economics, Statistics, and 
Cooperatives Service, 'eople's Republic of 
China Agricultural Situation, Review of 1977 
and Outlooh for 1978 (Washington, U.C.: 
USDA, 1978), pp.30-2). It is not considered 

Table 15-Livestock estimated (year
end) holdings, total value of 
holdings, value of' livestock 
produced. 1952 to 1977 

Sheep Value
Draft and Total of

Year Animals Hogs Goats Value Production 

(million he,ld) (hillion 1952 yuan) 
1952 7H.31 92.95 66.90 10.86 4.97 
1953 82.72 98.92 76.66 11.56 5.16 
1954 86.18 94.82 82.76 11.69 4.90 
1955 87.38 85.97 87.94 11.41 4.40 
1956 116.05 (31300 93.91 11.41 4.88 
1957 
19511 

13.46 
85.06 

11500 
16000 

98.58 
101836 

12.53 
14.81 

6.06 
7.43 

19591960 01.797().5Si 136.10
105.53 t1.9978 25 13.24

I1163 
5.58
4.54 

1961 73.41 101.72 711.25 10(9 4.33 
1962 
3963 
3964 

70.117 
76.78 
82.333 

115.46 
136.62
148.30 

10007 
96.96 

104.44 
11.5c 
1300
14.06 

5.39 
6.73
7.23 

1965 91.19 167.66 115.67 15.69 3.30 
1966 92,40 183.07 11941 16.52 8.35 
1967 16.41 1933.611 130.64 16116 .35 
1963 83.79 191.29) 119 4! 16.55 11.34 
1969 11700 190.111 12316 16.49 1.51 
3970 
1971 

11730 
92 13 

21036 
230.92 

138 13 
130.09 

17.57 
33379 

9.43 
10.34 

1972 
1973 

95.04 
97.94 

259.8 
233.45 

143.21 20.49 
1,15.6119.47 

11.60 
10.04 

1974 
1975 

300.134 
103.82 

252.80 
263.20 

157.84 
163. 5W 

2(.69 
21.65 

11.31 
11.84 

1976 106.19 272.10 162.10 22.013 11.92 
3977 11006 273.50 160.53 22.37 11.97 

worthwhile to rerun the regressions and 
make new estimates of animal numbers that 
will differ only marginally from the esti­
mates already made. New grain output 
estimates for 1974-77 are substituted for the 
old estimates in the regressions. The "Total 
Value" column gives the value of the stock 
of animals in constant prices, while the 
"Value of Production'' column presents the 
flow value of livestock )rodluced or con­
sumed. All figures are for the end of the year. 
Data presented directly by the PRC, or 
(erived on the basis of official statements 
include: 

1952-58
 

Peoples's Republic ofChina, Ministry of 
Agriculture, Bureau of Planning, A Collection 
ofStatistical Data on Agricultural Productionof 
China and OtherMajor Countries(Peking: tAgri­
cultural Publishing House, 1958) pp. 65-78, 
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quoted in Nai- Ruenn Chep, Chinese Economic 
Statistics: A Handbook for Mainland China, 
(Chicago: Aldine. 1967), p.340. Before 1957 
tile reporting date for livestock was July 1. 
The year-end estimates in this table for 
1952-55 were calculated by simply taking
the average of each midyear number and 
that of the following year. Beginning in 
1957, the reporting date became December 
31. For 1956, therefore, year-end drft 
animal and sheep aid goat ntulmers were 
estimated by calculating the average six-
month growth rates implied by the midear 
1956 and year-end 1957 figures, then in-
creasing the midyear 1956 nuir ,,rsl,these 
rates. The 1956 year-end hog tigure is given 
in People's Republic of Chinl, State Statistic',l
Bureau, "Communique on Eul fil hIent ofthe, 
National Economic Plan in 1956," Ismhua 
Pan-yueh-h'an, September 17, 1957, pp. 201-
5. (See Ta-chung Liu and Kung-chia Yell, 1lhe up 57.92 percent. and sheep and goats made
Economy of the Chinese Mainland National 
Income and Economic levelopmenn /933-59 
[Princeton: Princelon University Press, 1965).
p. 364.) 

The 1958 figures are from Peo, ,e's Re-
public of China, state Statistical Bureau,
Communiqueon theD.-velopment oftheNational 
Economy in 1958 (Peking: Tung-chi Ch'u-
pan-she, 1959), p. 21. (See Chen, Chinese
Statistics. 1).340.) They are given as year-end
figures. 

1961,1962,1965,1971,1972 


The remaining data were derived from 
official statements. They cannot be pre-
sented in chronological order, since 1965 
and 1971 are given in relation to 1972, and 
1962 in relation to 197 1. 

For the 1972 figures U.S. Foreign Broad-
cast Information Service (FBIS), People's
Republic ofChina Daily Report, September 19, 
1973, p. 137, reports that betveen 1949 and 
1972 draft animals increased 59 percent,
hogs increased "4.5 told," ,and sheep and 
goats increased"3.5 fold.""4.5 fold" is taken 
to mean "4.5 times a large as." Adiscussion 
of these terms is given in U.S. Department of 
Agriculture, Economic Research Service. 
The Agricultural Situation in the People's Re­
public of Ctincr and Other Asian Communist 
Countries: Review of 1973 mnd Outloolk for 1974,
ERS-Foreign 362 (Washington, D.C.: USDA.
1974), pp. 5-7. In 1949 China had 59.775 
million draft animals, 57.752 million hogs, 

and 42.347 million sheep and goats. (Ministry
of Agriculture, Bureau of Planning, A Collec­
tion of Data.)

FBIS, PRC, September 19, 1933, p. B7 
states: "China registered the biggest increase 
in livestock in 1972."' This statement implies
that the increase in livestock between 1971 
and 1972 was greater than any previous
increase. The largest known increase took 
place between 1956 and 1957, when total 
numbers of livestock grew from 277.96 
million head to 327.93 million head, a 
change of49.97 million head. Assume, then, 
that tie total increase between 1971 and 
1972 was 50 million head. In order to 
allocate this increase anong the three 
categories, their proportions of the change
in total livestock numbers from 1952 to 
1958 were calculated. Draft animals made 
up 5.83 percent of the increase, hogs made 

op 36.25 percent. The increases between 
1971 and 1972 are assumed to b in the 
same proportions between 1952 and 1957.
Tie 1971 figures are derived by subtracting
the alppropriate proportions of 50 million 
head from the 1972 numbers. 

FBIS, PRC, October 3, 1972 p. B7, gives
the relationship between 952 and 1971 
figures. In relation to 1962, "... the number
of pigs by the end of 1971 had doubled.The 
increase was 30 percent for draft animals 
and sheep ......he 1962 figures were calcu­
lated by dividing the 1971 number of hogs
by 2 and the numbers of draft mnimals and ofsheep and goats by 1.3 

For the number of hogs, according to
FBIS, PRC. September 19, 1973, p. B8, "The 
number of pigs in 1972 was 55 percent 
above 1965 ....According to" 'el.ing Review, 
October 17, 1975. p. 23, "'[le inventory of 
live pigs by the end of June 1975 was more 
than four times that of 1949." Approximating 
''more than" as 10 percent al(d using the 
1949 hog figure cited above, this statement 
implies a 1975 midyear hog total of 236.78 
million (57.752 million multillied by 4.1).
This figure is adjusted to the end of the year
by increasing it by one-half the average
annual growth rate im)lied by the 1965-72 
increase. 

Estimates for Regression Analysis 

The official and derived figures for draft 
anitnals listed above (1952-58, 1962, 1971, 

57 



1972) were tested for relationships with 
possible related series, including grain pro-
duction, livestock exports to Hlong Kong, 
and livestock exports to the "Free World" 
and the U.S.S.R. The best relationship WaS 
found with exports of meat and live animals 
to the "Free World" and the U.S.S.R. for 
1955-73 (see Table 14). Figures for 1959-61, 
1963-70, and 1973 were then estimated 
using the following equation: 

Draft Animals 69.646 
(standard errors) (2.7199) 

0.14356 (world and U.S.S.R. exports:; 
(0.02240) 

0.8914. n 7. 

Because the export series does not include 
1974-77 draft animal totals, these totals 
were assumed to increase at the average 
annual growth rate implicit in the 30 percent 
increase from 1962 to 1971 (see above), 

Intuitive reasoning and an examination 
of Chinese press reports on hog production 
lead to the conclusion that hog numbers are 
affected by grain production in both the 
current and the preceding year. Articles 
such as the Pehing Review piece cited above 
for the 1975 hog figure (October 17, 1975, p. 
23), repeatedly link increases in hog produc-
tion to high levels of grain Output. The FBIS 
article cited for the 1965 hog figure(Septelm-
ber 19, 1973, p. B8) states that hogs are fed 
grain and fernented feed composed of 
stalks of maize, sorghum, beans, wild )Ilants, 
and other materials. Ideally, then, an equa­
tion for estimating missing hog numbers 
would be derived by a multiple regression 
using current grain production and grain 
production lagged one year as independent 
variables. When this regression was carried 
out for the hog figures mentioned above 
(1952-55, 1962, 1965, 1971, 1972,and 1975),
 
and a figure of 56.89 maillion for 1951 (Liu 

and Yeh, The Economy of the Chinese Mainlund, 

R2p. 364), rhe resulting value and "F­
statistic" .'howed that both variables were 
indeed releant. The "t-statistics" and stan-
dard errors, however, indicated such a high 
degree of multicollinearity that the grain 
coefficients could not be considered reliable 
within any practical confidence interval, 

Hogst = -149.68 + 0.44764(Grain,) 
(standard errors) (37.309) (0.84337 
(t statistics) (-4.01 1)(0.53077) 

1.12) 2 (C;rain.t. I 
(0.75261) 
(1.5004) 

R2 = 0.93156, n = 12, I.statistic - 61.251. 

The specific problem which this equation 
presents for estimation purposes is the 
relatively heavy weight that it allots to the 
lagged grain influence. In some cases this 
causes the predicted numbers of <gs to rise 
in years when grain production seriously 
fell. This behavior is contrary to what little 
information exists about hog numliers in 
the years for which data are not available. In 
particular, livestock and ineat exports to the 
"Free World" and the U.S.S.R. (see Table 14) 
fell sharply in 1959 and 1968. both years of 
major declines in grain production. 

In order to incorporate more equal in­
flue,ces for the two grain variables in the 
estimation procedure, individual regressions 
were carried out using grain output and 
lagged grain output as the single indepen­
dent variables: 

Itogs, -- --156.29 
(standard errors) (130.731) 

1.5743 (Graint)
(0.1579) 

R2 = 0.90037, n = 13. 

Hogs, = -135.66 
(standard errors) (25.382) 

1.52219 (Grain,-,);
 
(0.13263
 

R2 =0.92942. ti 12. 

Fhe missing hog figures were then predicted 
using each of these equations separately, 
and the results were averaged to .,btain the 
final estimates. In effect, this constitutes a 
redistribution of the weights attached to the 
two variables in the multiple regression 
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model and a concurrent adjustment of the 
constant term, as follows: 

Hogst - -145.975 , 0.78715 (Grain) 

00.76095(Grain._l), 

where the constant term is the average of 
the two simple regression constants, and 
the grain coefficients are each one-half of 
those in their respective single variable 
equations. 

The CIA gave the following estimates of 
hog numbers in U.S. Central Intelligence
Agency, National Foreign Assessment Center, 
"China: Economic Indicators," ER77-10508, 
Washington, D.C., October 1977, p. 11: for 
1970, 226 million head (compare our re-
gression estimate of 210); for 1974, 261 
(253); for 1976, 280 (272). 

The sheep and goat data (1952-58, 1962,
1971, 1972, and a figure of 56.84 million for 
1951 from Liu and Yeh, The Economy of the 
ChineseMainland,p. 364) were found to have 
a strong relationship with grain production.
The missing years were estimated using the
following equation: 

Sheep and goats =-41.513 
(standard errors) (11.162) 

+0.74849 (Grain);
(0.06003) 

R2 = 0.94532, n= 11. 

Value 

The total value of livestock holdings is 
the sum of the numbers of draft animals, 
hogs, sheep, and goats multiplied by their 
prices in 1952 yuan. These prices were 77.3 
yuan for draft animals, 46 yuan for hogs,
and 8 yuan for sheep and goats (from Liu 
and Yeh, The Economy ofthe ChineseMainland, 
pp. 136, 384). The composite price for draft 
animals is a weighted average of the prices 
of the major types of animals, where theweights were the average proportions of the 
various types in the draft animal totals for 
1951-57 (see the notes to Table 12). 

Don-
Cattle Horses Mules keys 

Average proportion of 
draft animal total 0.753 0.082 0.02 0.145 

Price (Vuan) 75.0 110.0 160.0 59.2 
Weighted average-. 77.3yuan 

The value of livestock production for a
given year s assumed to consist of the 
change in value of livestock holdings over 
the previous year and the value of slaugh­
tereci or utilized livestock. The change in 
value of livestock holdings is simply calcu­
lated by adding the changes for each category 
multiplied by their prices The number of 
of livestock that are slaughtered or die of 
other causes is calculated as a proportion of 
the previous year's holdings (the utilization 
rate), to avoid including animals reported as 
part of the increase in holdings. Thevalueof 
livestock utilized is then derived by multiply­
ing the number of animals utilized by their 
price: 

Value of livestock utilized 
(million 1952 yuan) 

0. 138 x (draft animalst1 ) x 77 1 yuan 
+ 0.8 x hogst1 x 46 yuan + 0.4 

x (sheep and goatst- 1) x 8 yuan. 

The utilization rates are developed in Liu 
and Yeh, The Economy ofthe ChineseMainland, 
pp. 310-11, from the following sources: 
Republic of China, Ministry of Agriculture 
and Forestry, Nung-lin T'ung-chi Shou-rse 
[Handbook of Agricultural and Forest Statis­
tics] (Nanking. Ministry of Agriculture and 
Forestry, 1948), p. 59: Chang Chung-wan 
and Hwang Wei-yi, Tsu-huo Ti Hsu-mo Yu 
Hsu-han Tzu-yuan [Animal Husbandry and
Animal Products of our Fatherland] (Shang­
hai: Yung-hsiang Book Co,, 1953), p. 207;Hsu Cheng-ying, Chung-luo Chih Hsu-mo 
[Animal Husbandry in China] (Shanghai: 
Yung-hsiang Book Co., 1959), p. 41. A 
composite rate for draft animals was calcu­
lated from Liu and Yeh's figures in the same 
way as the composite -rice in the previous 
note: 

Don­
iCattle Horses Mules keys

Average proportion of
draft animal total 0.753 0.082 0.02 0.145
Utilization rate 0.15 0.1 0.1 0.1
 

Weighted average - 0.138 
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Table 16-China: estimated and pro-
jectedimidyear) population,
1949 to 2000 

Vital Rates Per 
1,000 Persons 

Natural 
Year Population Inrease Births Deaths
Year__ Population__________ BirthsDeaths_ 

(thousnds) 
1949 537,918 12.(0 41-4 33.1 
1950 
1951 

547,364 
558,096 

13.5 
15.1 

45.4 
45.3 

31.9 
30.2 

1952 569904 18.0 45.2 27.2 
1953
1954 

582,603
596.064 

22.5
23.1 

45.0
44.1 

22.5
21.0 

1955 610,201 23.8 43.1 19.4 
1956 625.004 24.2 42.6 18.5 
1957 
1958 

640,024
654,727 

23.3 
22.1 

1.3 
40.2 

18.0 
111. 

1959 668,930 20.8 40.1 19,3 
1960 6(12.09 18,2 3t).9 21.7 
1961 693.624 15.4 39.1 237 
1962 
1963 

705.416 
719.301 

18(.5
20.3 

37.7 
37.6 

19.2 
17.4 

1964 734.359 21.2 37 2 16.0 
1965 750.394 22.0 365 14.4 
1966 766.946 21.6 30.2 14.6 
1967 7114017 22.4 36.2 13.11 
1968 
1969 

801,983 
820,733 

22.9 
23.3 

36.3 
36.3 

13.4 
12.9 

1970 840.1411 23.4 35.7 12.3 
1971 159.927 23.1 34.9 11.13 
1972 (79,520 22.0 33.5 11.6 
1973 
1974 

198,695 
917.256 

21.2 
19.7 

32.0 
30.0 

1h.8 
10.2 

1975 
1976 

934.626 
950.744 

17.1) 
16.4 

27.6 
25.5 

9.8 
9.1 

1977 965.937 15.3 24.1 8.8 
1978 
1979 
1980 

980.417 
994,332 

1,007,858 

14.4 
13.7 
13.3 

23.0 
22.1 
21.5 

8.6 
(.4 
8.2 

1985 1.075.999 13.2 21.1 7.9 
1990 
1995 

1.151.665 
1,237.029 

14.0 
14.5 

21.9 
22.7 

7.9 
B.I 

2000 1.328,645 13.7 22.0 8.3 

SOURCES AND NOTES TO TABLE 16 

These figures are estimates p~repare(] by
the U.S. Department of Commerce, Bureau 
of Economic Analysis, Foreign DemographicAnalyomis Division. They can be found in U.S.
Central Intelligence Agency, National 
Foreign Assessment Center, "China: Eco-
nomic dicators," R77-10508, Washington, 

D.C., October 1977. P 8. 

SOURCES AND NOTES TO TABLE 17 

There has been little fundamental dis-

agreement about the calculation of organic 
fertilizer quantities since the development
of estimates in Owen L. Dawson, "FertilizerSupply and Food Requirement," in John 

Lossing Buck, Owen L. D;,wson, and Yuan-liWu, Food andAgriculture n Communist China 
(Stanford: Stanford University Press, 1966), 
pp. 101 -48. There are wide differences in thequantities of fertilizer and nutrient content 
estimated by various scholars, but these 
have resulted from differences in coefficient 
or component estimates rather than methods.
The calculating methods and coefficients
used for this table were adopted from the 

Appendix on Organic Fertilizer," of James
Kilpatricl, s "The Role of Chemical Fertilizer
in the Development of Chinese Agriculture" 

(Ph.D. dissertation, Universi of Michigan,
forthcoming). His permission to use this
material is gratefully acknowledged. The
estimates in Kilpatrick's appendix are based 

prinarily on the Dawson article cited above 
and Shigeru Ishikawa, "Changes in the Struc­
trre of Agricultural Production in Mainland
China," in W. A. Douglas Jackson, ed.,Agrarian
Policies and Problems in Communist and Non­

('ommunist Countries (Seattle: University of
Washington Press, 1971), pp. 346-77.
Another major recent set of estimates was
developed by Kang Chao in his study,Agricul­

turalProductionin Communist China:1949-65
(Madison: University of Wisconsin Press,
1970), pp. 144-63, 310-14. Chao's work is
also based largely on Dawson, and differs 

only slightly from Kilpatrick's methodology.
The estimation procedures and ources

of information used for the organic fertilizer 

components are explained below. 

Night Soil 

Each member of the l)opulation is 

assumed to produce 500 kilograms of night 
soil per ycar. (Ministry of Agriculture, "The 
State of Utilization of Night Soils, Rubbish,and Other Miscellaneous Manures in Various
Urban Districts and Our Opinion Regarding
It," Chung-huoNungpao,No. 7, 1956 (quoted
in Ishikawa, "Changes in Structure," p. 369);
Jen-min Jih-pao, November 18, 1957, quoted 
in Chao, AgriculturalProduction,p. 312). The 

percentage of night soil actually ut.ized is 
assumed to vary between rural and urban 
areas, and overtime. The followingrural and 
urban utilization rate figures were adopted 
from Kilpatrick, "Role of Chemical Fertilizer": 
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Table 17-Organic fertilizer sources, estimated quantities utilized, and nutrient 
content, 1952 to 1977 

Draft River and TotalNight Hog Animal Green Pond Mud Gross NutrientYear Soil Manure Manure Manure Oil Cake Compost and Other Weight Content 

(million metric tons)

1952 185.66 130.13 422.09 11.2 
 4.66 73.71 114.09 941.5 10.141953 194.82 142.44 458.60 14.3 4.86 77.86 122.60 1,015.5 10.921954 205.02 140.33 491.05 18.3 4.45 81.12 131.74 1,072,0 11.41215.85 130.67 511.35 23.51955 4.47 82.25 141.56 1,109.7 11.721956 227,41 152.88 516.82 30.1 5.01 81.00 152.12 1,165.3 12.371957 237.15 184.00 514.11 311.5 4.92 78.56 152.12 1,209.4 13.031958 241.37 256.00 523.97 49.2 5.14 80.06 152.12 1.307.9 14.231959 245.75 217.76 503.84 40.6 5.63 76.99 152.12 1,242.7 13.481960 249.64 611.85 490.19 39.4 4.02 74.90 152.12 1,179.4 12.501961 253.21 162.76 452.21 39.4 3.87 69.10 152,12 1,132.7 12.001962 257.25 184.7, 436.56 44.3 3.77 66.71 152.12 1,145,5 12.201963 272.87 226.79 490.72 59.9 3.45 72.27 152.12 1.278.1 13.671964 292.59 258.04 555.19 81.0 3.40 78.01 152.12 1,420.4 15.231965 310.92 301.79 631.94 15.7 3.35

1966 85.83 152.12 1,571.6 16.95317.79 329.52 64(1.33 90.6 3.33 116.97 152.12 1,620.6 17.561967 324.31 357.62 591.85 95.8 3.41
1968 

81.34 152.12 1,613.4 17.60331.19 356.91 580.69 101.3 3.18 78.137 152 12 1,604,3 17.481969 338.39 343.45 602.91 107.1 3.04 81.89 152.12 1.629.0 17.671970 346.33 378.64 608.47 113.3 3.38 82.65 152.12 1.684.9 18.401971 354.41 415.66 631.46 119.8 3.87 86.72 152.12 1,771 .0 19.47197. 362.36 467.73 658.63 126.7 4.26 89.46 152,12 1,1361.4 2(0.63370.27 420.20 678.73 134.01973 4.90 92.19 152.12 1,852.6 20.421974 377.91 455.04 698.82 141.7 4,65 94.92 152.12 1,925.2 21.251975 385.06 482.79 719.47 149.9 4.90 97.72 152.12 1,992.0 22.081976 391.71 489.78 740.75 158.5 4.41 100.62 152.12 2,037.9 22.521977 397.97 492.30 762.72 167.6 4.66 103.60 152.12 2,081.0 22.99 

Rural Urban Hog Manure
 
(percent)
 

1952 70 
 30 Hogs are assumed to produce 2 metric1956 .. 40 tons of manure per head each year. (Chinese1957 80 40 Agricultural Academy, Institute for Research1962 80 40 on Soil and Fertilizer, Chung-huoFei.liaoKai.1965 90 
1972 

50 lun [General Treatise on Fertilizer in China]
90 50 [Shanghai: Shanghai Science and Tech-

The 1956, 1957, and 1962 figures were nology Publishing Co., 1962], pp. 58-9,
 
found in Ishikawa, "Changes in Structure," quoted in Ishikawa, "Changes in Structure,"
 
p. 369. Ishikawa derived them from the pp. 368-69; Jen-min Jih-pao, November 18, 
source mentioned above. (A similar rural 1957, quoted in Chao,AgriculturalProdu-tion,
series is presented in Chao, Agricultural p. 312,) The percentage utilized each year is 
Production, p. 313.) Values for intervening assumed to be the same as the rural utiliza­
years were interpolated to produce complete figurate r hogthe
rural and urban utilization rate series. The figures, then, are calculated from the hog

night soil figures were then calculated from holdings series in Table 15, as follows:
 
the rural and urban population series in
 
Table I I according to the following formula:
 

Hog manure utilized = 
Night soil utilized = 0.5 x (rural pop.) 

2 x (hog holdings)
x (rural utilization rate) + (urban pop.) 

x (urban utilization rate). x (rural utilization rate). 
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Draft Animal Manure 

Draft animals are assumed to produce
an average of 7.7 metric tons of manure per 
year. Ishikawa reports ("Changes in Struc-
ture," p. 369) that Chung-huo Fei-liaoKai-Lun 
gives figures of 9 metric tons per year for 
cattle and 5 metric tons for horses. An 
average figure for draft animals was calcula-
ted using as weights the average proportions
of cattle, horses, mules, and donkeys in the 
draft animal totals for 1951-57 (People's
Republic of China, Ministry of Agriculture,
Bureau of Planning, A Collection of Statistical 
Data on AgriculturalProduction of China and
Other Major Countries (Peking: Agricultural
Publishing House, 1958), pp. 65-78: quoted
in Nai- Ruenn Chen, Chinese EconomicStatis-
tics.A Handboohfor MainlandChina [Chicago:
Aldine, 19671, p. 340). Buffalo are included 
as cattle (this is the procedure followed in
Ta-chung Liu and Kung-chia Yeh, The Eco-
nomy ofthe ChineseMainland NationalIncome 
andEconomicDevelopmen 1933-59(Princeton: 
Princeton University Press, 1965). Mules are 
assumed to produce the same amount of 
manure as horses, and donkeys (asses) are
assumed to produce one-half this amount 
(2.5 metric tons). 

Don-

Cattle iforses Mules keys


Average proportion of 

draft animal total 
0.753 0,082 0.020 o.1'i5 


Manure(metricproducedtons) 
 9.0 5.0 5.0 2.5 
Weighted average = 7.7 metric 

tons 

The utilization rate is assumed to be tie 
same as the rural night soil utilization rate. 
Draft manure utilized each year is calculated 
using the draft animal figures from Table 
I5according to the following formula: 

Draft animal manure utilized 


(draft animal 	holdings) 
x (rural otilization rate). 

Chao and Kilpatrick both use an average
of 5 metric tons per year for draft animals. 
Chao's source for this figure is den-min Jih-
pao, November 18, 1957. Ishikawa's figures 
were used here because they come from a 

more recent and more specialized publication.
Dawson, "Fertilizer Supply," p. 139 uses anannual manure production figure of 7 metrictons for each "animal unit"; John Lossing
Buck, Chinese Farm Economy (Chicago: Uni­
versity of Chicago Press, 1930), p. 224 uses 8
metric tons; John Lossing Buck, Land Utili­
zation in China, 3 vols. (Chicago: Univer:ity
of Chicago Press, 1937), Study, p. 258 uses 
7.99 metric tons. One animal unit is equal
to. onte ox, one horse, one nule, two-thirds 
water buffalo, or two donkeys (Buck, Land 
Utilization in China, Study, p. 473). Buck's 
values imply production of 8 metric tons per
ox, horse, or mule, 12 metric pertons 
buffalo, and 4 metric tons per donkey. Using
individual weights of 0.595 for cattle and 
0.158 for buffalo (yearly proportional 
averages as above), and the other weights
previously used, a weighted average for 
annual draft animal )roduction of 8.052 is 
derived. The same procedure applied to
Dawson's figure leads to an average of
7.045. Both of these figures are sufficiently
close to 7.7 to support the use of lshikawa's 
numbers. 

Green Manure 

For 1952-57, People's Republic of China,
Ministry of Agriculture, Department of Soil 
and Fertilizer, "Perforrrance of the Work
Relating to Fertilizer in Our Country for the 

Past Ten Ye,irs," Chung-huo Nung-pao [China
Agriculture Journal], No. 17, 1959, p. 25 (see

Ishikawa, "Changes in Structure." pp. 369­
70: Chao, Agricultural Production, p. 312),
reports 2.3 million hectares of green manureand yield of 4.875 metric tons per hectare 
for 1952, and 3.42 million hectares and 
11.25 metric tons per hectare for 1957.
These figures imply totals of 11.2 million 
metric tons for 1952 and 38.5 million metric 
tons for 1957. Figures for 1953-56 were 
interpolated using 28 percent as the averageannual rate of growth between 1952 and 
1957. 

The same source as 1952 and 1957 givesan area of 4.2 million hectares and a yield of 
18.7 metric tons per hectare for 1958. The 
yield figure is believed to be seriously
exaggerated (Chao, AgriculturalProduction p.
312). Chao, Ishikawa, and Kilpatrick all
adopt a yield estimate of 15 metric tons per
hectare for 1964 and 1965. This implies an 
average annual growth in yield of 4.2 percent. 
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Increasing the 1957 yield figure of 11.25 
metric tons per hectare by 4.2 percent 
produces a yield estimate for 1958 of 11.72 
metric tons per hectare, and an output 
estimate of 49.2 million metric tons. 

Assuming that the production of green 
manure was influenced by the same climatic 
and organizational forces that depressed 
grain output in 1959-62, the amount of 
green manure changed in the same propor-
tion as grain output in that period, 

Jen-min Jih-pao, June 5, 1965, reported 
5.4 million hectares of green manure in 
1964 (Chao, Agricuitural Production, p. 312; 
Ishikawa, "Changes in Structure," p. 370). 
Assuming yield, of 15 metric tons per 
hectare as mentioned above, total output 
was 81 million metric tons. It is assumed 
that output for 1963 increased at the average 
annual rate implied by the figures for 1962 
and 1964. 

China Reconstructs, quoted in Kilpatrick, 
"Role of Chemical Fertilizer" reports 6.7 
million hectares of green manure for 1973. 
Assuming that yield had increased to 20 
metric tons per hectare by 1973, production 
was 134 million metric tons. 1965-72 are 
interpolated using the annual growth rate of 
5.75 percent implied by the 1964 and 1973 
figures. 

Output is assumed to have continued to 
increase at the 1964-65 rate between 1974 
and 1977. 

Oil Cake 

Oil cake fertilizer consumption is as-
sumed to fluctuate with soybean production 
(Table 1) at a constant ratio of 0.49 (oil cake/ 
soybeans). India, Ministry of Food and Agri-
culture, Report of the Indian Delegation to 
China on AgriculturalPlanningand Techniques 
(New Delhi: Ministry of Food and Agriculture, 
1956), p. 146, (see Chao, AgriculturalProduc­
tion, p. 311; Ishikawa, "Changes in Structure," 
pp. 368-70), reports that a total of 4.5 
million tons of oil seed cakes were used as 
fertilizer in 1955. The largest component 
was soybean cake. Chao states that soybean 
cake constituted two-thirds of the total, 
which is also the figure given in Dawson, 
"Fertilizer Supply," p. 139. The soybean 
series is used to estimate oil cake utilization, 
then, because of the predominant soybean 
component in the oil cake total, and because 
of the thin data base on prodt-ction of the 

other oil seeds. The figure of 0.49 is simply 
the ratio of oil cake (4.5 million metric tons) 
to soybean production (9.12 million metric 
tons) in 1955. It may be noted that T. H. 
Shen, AgriculturalResources of China(Ithaca, 
N.Y.: Cornell University Press, 1951), p, 34, 
estimated Chinese oil cake production (pre­
sumably prewar) to be 5.8 million metric 
tons annually. When allowance is made for 
the "small part" used as animal feed, Shen's 
rough estimate is consistent with the 4.5 
million given to the Indian delegation as 
oil cakes used for fertilizer. U.S. Department 
of Agriculture uses an estimated ratio of 
soymeal production to soybean production 
of0.358(ascomipared with0.747 fortheU.S. 
where most beans are crushed for oil and 
meal or exported whole). These rates are 
calculated from U.S. Department of Agri­
culture, Foreign Agricultural Service, World 
AgriculturalProductionand Trade (Washington, 
D.C.: USDA, 1975), p. 13. When the rate for 
China is blown up (that is, divided by two­
thirds as used earlier) to include all oil cakes 
(or meal), it yields O.537 as an estimate ofthe 
ratio of oil cake production to so 'bean 
production. This is very close to the 0.49 
ratio adopted in this study when allow,'ance 
is again made for oil cakes fed ;o the 
animals. 

Compost 

The quantity of barn compost and out­
door compost of litter material and plant 
residues is assumed to change with holdings 
of draft animals (Table 4) from a base iigure 
of 81 million metric tons for 1956. This 
figure was estimated by Dawson, "Fertilizer 
Supply," p. 138), and the method is used by 
Chao, Agricultural Production, p. 310 and 
Kilpatrick, "Role of Chemical Fertilizer." 

River and Pond Mud and Other 

In the words of Chao (AgriculturalPro­
duction, p. 312), "This item is meant to 
contain all the unimportant types of natural 
fertilizer that have only marginol contribu­
tions." Using an analysis of cropping areas 
and the location of suitable bodies of water, 
along with the probable effect of government 
directives, Dawson derives an estimate of 
river and pond mud available for use as 
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fertilizer in 1956 of 144 million metric tons, 
("Fertilizer Supply," pp. 138, 140). fie esti-
mates the amount of "other" minor natural 
fertilizers availa,-Ie at 8.12 million metric 
toils. The total for 1956, then, is 152.12 
million metric tons. This is assuned to be 
one-third greater thar, the amount used in 
1952 (Kilpatrick, "Role of Chemical Fer-
tilizer"). Estimates for 1953-55 are inter-
polated using the average annual rate of
growth implied by the 1952- 56 increase. The 
quantity used is assumed to have remained 
constant after 1956 (Kilpatrick. "Role of 
Chemical Fertilizer"). 

Total Gross Weight 

This is gross weight of all organic fertili-
zers utilized, or simply the sum of the other 
columns in this table. 

Total Nutrient Content 

The weight of plant nutrients suppliedby organic fertilizer is calculated as the sumof the components, each weighted by its 

ratoof e ntcomponent eacho weight bA 

ratio of plant nutrient to gross weight: 


Nutrient content --0.011 ((night soil) 

0.0141 x (hog manure) (draft animal 

manure) ,0.0091 : (green manure) 

0.105 > (oil cake) , .Ol. (compost) 

4 0.0055 (imud, etc.). 

These are the coefficients used by Kil-

patrick and Ishikawa. Their sources are (see

ishikawa, "Changes in Structure," pp. 368-

70): for night soil, Chung-huo Nung-pao

[China Agriculture Bulletinj, No. 7,1959, p.

36; for hog manure, draft animal manure,

and oil cake: Chinese Agricultural Academy,

Chung-huo Fei-liao Kai-lun, p. 57. The green 

manure figures also came from Chung-huo

Fei-liaoKai-lun, but include figures fromiJen-

minJih-pao,November 18, 1957; and Liu Pai­
kao, "Preliminary Studies, on a Few Problems 
Concerning Cropping Systems," Ching-chi
Yen-chin [Economic Studies], No. 4,1963. 
The compost coefficients are from Dawson. 

"Fertilizer Supply." pp. 139-40; the coeffi­
cients for mud. etc., are from Wang Chi­
rming, "Strenuous Accumulation and Rational 
Application of Fertilizers," New ('inaSemi-
Monthly, No. 24, December 1957 (see
Dawson, "Fertilizer SuplyIN," p. 140).

These coefficients are similar to those 
ulsed in Chao. AgriculturalProduction, p. 145. 
Chao's nutrient content series (1). 31 1) is 
much smaller than that presented here.
however, because he multiplies each nutrient 
content figure by an "absorption rate" that 
ranges between 0.1 and 0.65 for the various 
fertilizers. The absorption rate is intended 
to represent the proportion of the nutrient 
content which is actually absorbed by the 
plants. Although Chao bases his absorption
rates on official Chinese studies, they are 
not employed in this pap)er because theyhave not beeni adlequately studied in other 
countries. Shigeru Ishikawa, a leading
student of Chinese agriculture .!ong with 
Chao, put the 1956-57 per hectare (of culti­
vated land) aIpplication of all fertilizers at
135 kilograms (with nitrogen accounting for 
61 kilograms). This is to be compdred with 
our estimate 17 Ishikawaof 5 kilograms.
estimated the rate for 1974 at 175 kilograms.(See Ishikawa, "China's Food and Agriculture:

Turning Point," FoodPolicy2 (May 1977): p.
96. It is estimated to be 198 kilograms in this 

study. 

SOURCES AND NOTES TO TABLE 18 

Tractors
 

For 1952-64, 1966, 1970. and 1972-76, U.S.Central Intelligence Agency (CIA), "China:
Economic !'idicators," ER 77-10508, Wash­
ington, D.C., October 1977, p. 13. The 
intervening years were estimated from data 
on tractor production, CIA, 'China: Economic 
Indicators," 1R77-10508, p. 18, using the 
following procedure. 

Inventory (1)for a given year was calcu­
lated as the sum of the inventory for the 
previous year less the depreciation rate (d),
and the production of the previous year: 

Tractor, (tractort )(I (1) •(tractor output, 1) 

An average rate of depreciation of 6.6 
percent was derived for 1961-64 as the 
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Table 18-Farm machinery, 1952 to 1977 

Inventory of Tractors Inventory of Powered Total 
Year Number Horsepower Irrigation Equipment Horsepower 

(1.000
 
15 horsepower units) (1,000) 
 (1.000 horsepower) 

1952 2.0 30 

1953 2.7 40 

1954 5.1 77 

1955 8.1 121 

1956 19.4 291 

1957 24.6 369 

1958 45.3 680 

1959 59.0 885 

1960 79.0 735 

1961 
 95.0 1.425 

1962 103.0 1.545 

1963 115.0 1.725 

1964 123.0 1,845 

1965 134.4 2.016 
1966 153.6 2.304 
1967 178.1 2.671 
1968 195.4 2,931 
1969 216.1 3.242 
1970 293.0 4,395 
1971 352.7 5,290 
1972 484.1 7,262 
1973 639.5 9.592 
1974 1136.2 12,543 
1975 971.8 14,577 
1976 1.187.3 17,810 
1977 1,300.0 19.500 

average ratio of the difference between the 
previous yars inventory plus production
and the currrnt year's inventory, to the 
previous year's inventory, that is. 

d - Tractort . tractor etput t tracto 

tractort1
 

Powered Irrigation Equipment 

For 1955-74, CIA, China-Economic Indi-
cators, Estimates for 1952-54 are missing in 
the source and were interpolated using the 
ave ige annual growth rate implied by the 
195- number and the figure of 118 given for 
1951. The estimates for 1975 and 1977 are 
from Jack Craig, Jim Lewek, and Gordon 

Cole, "A Survey of China's Machine-Building
Industry," U.S. Congress, Joint Economic 
Committee, Chinese Economy Post-Mao,vol. I 

(Washington, D.C.: US. Government lminting 

Office, 1978), p. 319. The figure for 1976 is 

interpolated. 

153 183
 
200 240
 
260 337
 
338 459
 
508 799
 
560 929
 

1,280 1.960
 
2.535 3,420 
4,145 4,880 
4.845 6,270 
5.800 7.345 
6,440 8,165 
7,300 9.145 
8,450 10,466 
9.980 12.284 

10.695 13.366 
12.742 15,673 
14,790 111,032 
16.911 21.306 
20.000 25,290 
24,016 31.278 
30.000 39.592 
36,000 413.543 
40.000 54,577 
43.500 61.310 
47,000 66.500 

Table 19-Chinese exports of live animals 
and meat to the free world
 
and.the U.S.S.R. '955 to 1973
 

Year 


1955 

1956 


1957 

1958 

1959 

1960 

1961 

1962
1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972

1973 


Current 
Value 

109.511
104 195 

76.484 

124.268 
84.609 
62.949 
24.133 
31.15749.720 
95.847 

150.073 
158.504 
115.642 
97.560 


128.149 
135.337 

177.211 
221.137289.738 

Constant 1963
 
Deilator Value
 

102 107.364
 
101 103.163 
104 73.542 
I()1 123.038 
100 84.609 
91 69.175 
92 26.231 
93 33.502100 49.720 
104 92.161 
100 150.073 
100 158.504 
99 116.810 
99 90.545 
106 120.895
 
107 126.483
 
114 155.448
 
118 187.404
147 197.101 
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SOURCES AND NOTES TO TABLE 19 

The current value figures are from the 
data file entitled "Commodity Composition 
of the Foreign Trade of the People's Reoub-
lic of China wi'h the Free World and the 
USSR, 1955-73, (Ann Arbor, 1974) developed 
by the University of Michigan Project on the 
Foreign Trade of the People's Republic of 
China, under the direction of Professor 
Alexander Eckstein. 

Deflator 

The deflator is derived by dividing current 
value of exports by the 1963 value of exports 
and multiplying the result by 100. These 
deflators were found in U.N., Departmentof 
Economic and Social Affairs, Statistical 
Office, Yearbook of International Trade Statistics 
1964, 2 vols. (ST/ESA/STAT/SER. G/13), 1965; 
U.N., Department of Economic and Social 
Affairs, Statistical Office, Yearbook of Inter-
national Trade Statistics. 1965, 2 vols. (S'/ 
ESA/STAT/SER. G/14), 1966; U.N., Depart-
ment of Economic and Social Affairs, 
Statistical Office, Yearbook of International 
Trade Statistics, 1974, 2 vols. (ST/ESA/STAT/ 
SER G/23), 1975. The series given here is for 
Standard International Trade Classification 
categories 0 (Food and Live Animals) and I 
(Beverages and Tobacco), and is taken from 
the tables for exports to developing market 
economics. 

Constant 1963 Value Terms 

This column was computed by dividing 
the current value by the deflator livided by
100. 

SOURCES AND NOTES TO TABLE 20 

These weights are based oil factor income 
shares or relative value of service flows of 
factors. International data are not strictly 
comparable. 

The 1952- 56 weights for Taiwan are from 
Yhi-min Ho, Agricultural Development of Tai­
wart 1903-60 (Nashville: Vanderbilt University 
Press, 1966), p. 63. 

The 1951-55 and 1968-72 weights for 
Taiwan are from T.H. Lee, Growth Rates of 
Taiwan Agricultre 1911-72 (Taipei: Joint 
Commission on Rural Reconstruction, 1975). 
p. 75. 

The 1933-37 weights for Japan are from 
Anthony M. Tang, "Research and Education 
in Japanese Agricultural Development, Riron 
Keizai Gaku [The Economic Studies Quar­
terlyl, May 1963, p. 93. 

The 1930-35 and 1960-65 weights for 
Japan are from Yujiro Hayami, A Century of 
Agricultural Growth in Japan (Minneapolis: 
University of Minnesota Press, 1975), p. 97. 
The elasticities are estimated from a large 
number of cross-section production function 
studies. 

The weights for Panajachel are from T.W. 

Table 20-Relative input weights of selected countries and China 

Relative Input Weights 

Current 
Country Year Labor Land Capital Input 

(percent) 
Taiwan 1952-56 45 25 II 19 
Taiwan 1951-55 47 26 8 19 
Taiwan 1968-72 42 29 6 23 
Japan 1933-37 52 26 8 14 
Japan 1930-35 50 30 10 10 

Elasticity 40 15 15 30 
Japan 1960.65 50 20 10 20 

Elasticity 30 20 30 20 
Panajachel 1936 84 10 2 4 
United States 1949 33 19 48 
China 1952-57 58 27 15 
China 1952-57 50 25 I0 I5 
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Schultz, Transforming Traditional Agriculture
(New Haven: Yale University Press, 1964), pp.
99-100. Panajachel is aprimitive Guatemalan 
Indian village, 

The 1949 weights for the United States are 
from Zvi Griliches, "Sources of Measured 
Productivity Growth: United States Agricul-
ture, 1940-60,"Joumal ofPoliticalEconomy 71 
(August 1963): 336. 

The 1952-57 weights for China are those 
used in Table 4 to calculate the aggregate
input index and in Table 5 to cal, .late the 
primary input index, 

The weights for the United St ites in 1949 
and the first set of weights for China, 1952-57 

FOOTNOTES 

are for the primary factors of production
(labor, land, and capital) and exclude current 
inputs. For China the human and animal 
labor used to gather, transport, and spread
organic fertilizer is estimated with the pro­
cedure used to derive the primary input index 
of Table 5. The labor weight of 8 percent
estimated in Table 5 is thus allocated equally
to the labor and farm capital input categories 
(whose weights before allocation were 54 
percent and II percent, respectively). The 
equal allocation is consistent with the human 
and animal labor mix reported in a Chinese 
study investigating the labor content of 
organic fertilizers. 

37 This includes 2.85 billion yuan of chemical fertilizers.
 

18 The benchmark index is the index of knoo irrigated area data.The interpolating index is the index of sown area
figures. The final index is calculated iccording to ithe formnula:
 

where KNI= KpitI. ,loorstm'nt ita (Itt',.ollterIolt dittg tilex.,I
I a average t ta~hl of b tto,rate of gron tlh mllrk 
nlex, and b = average a u,i te h o interpoattog ie(h,\t ll, groo For 1957-63 a =).00336. b= -0.0085. For 1966­

72: a 0.02193, t) - 00051 

39 Gilbert Etienne, ed.. China's AgriculturalDevelopment (Geneva: Asian Documentation and Research Center,Graduate Institute of International Studies, 1974), pp. 22-3. 
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APPENDIX 2:
 

EXPANDED NOTES ON TEXT TABLES
 

The following material is presented for 
those who wish to retrace or recalculate any 
of the entries in the tables accompanying 
the text. 

TABLE I 

Gross Value of Agricultural Output 
(GVAO) 

Estimation of a complete GVAO series 
proceeded in three stages: collection of 
Chinese data on GVAO; adjustment of the 
Chinese figures to a single price scale and 
uniform coverage: determination of a rela-
tionship between the adjusted Chinese data 
and the series on the value of grain, soy-
beans, cottor and livestock produced, and 
estimation of missing GVAO data using this 
relationship. The figures for 1952-57 are 
from People's Republic of China, State Statis-
tical Bureau, Ten Greai Years(Peking: Foreign 
Languages Press, 1960), pp. 16, 91. They are 
in 1952 prices. The figure for 1957, in that 
year's prices, is 53.70. 

State Statistical Bureau, Ten Great Yews, 
notes that "The gross output value of agri-
culture covers agriculture, forestry, animal 
husbandry, agricultural side-occupations, 
and fishery (exclusive of fishing bN mechani-
cal means). Handicrafts consumed at the 
rural source of production and preliminary 
processing of agricultural products are in-
cluded in the gross output value of agriculture 
for 1949-57. but excluded for subsequent 
years." 

Wuhan Iron and Steel Company, Workers' 
Theoretical Group, "Only Socialism Can 
Save China," Wu-han Ta-hsueh Hsueh-pao 
IWuhan University Journall, Nos. 1-2, 1975, 
states that agricultural output in 1970 was 
2.5 times that in 1949. "Fundamentals of 
Political Economy" Writing Group, Cheng-
chih Ching-chi.hsuoh [Fundamentals of Poli-
tical Economy (Shanghai: People's Press, 
1974), p. 102 gives the same figure. 

According' to Shigeru Ishikawa, "Pros-
pects of the Chinese Economy: Trends and 
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Cycles," PacificCommunity 4 (January 1973): 
254: "It is known that the Chinese practice 
of' compiling production indexes is to use 
the Laspeyres method for each respective 
period for which the same fixed prices are 
used and to use the link-index method for 
linking the indexes of the periods under 
different fixed prices." Accordingly, the two 
GVAO figures given in State Statistical Bureau, 
Ten Great Years, for 1957 and the note quoted 
above imply a link index of 53.7/60.35 not 
only for .952-57 prices, but also for the 
difference in GVAO coverage implied for the 
periods before and after 1957. Therefore, in
calculating a GVAO figure from the state­
ment that 1970 output was 2.5 times output 
in 1949. the 1949 figure of 32.59 billion 1952 
yu,,n (State Statistical Bureau. Ten Great 
Years. p. 16) is first converted to post- 1957 
prices and coverage by multiplying it by the 
link-index: 

GVAO(1970) - 2.5x 5.7 x 32.599=z 72.499 
(billion 1957 60.35 
yuan) 

Use of this procedure is supported by a 
statement made by Zhou Fnlai to Edgar 
Snow that GVAO in 1970 was US$ 30 billion. 
At the official exchange rate of 2.4 yuan 
US$ 1, this figure converts to 72 billion 
yuan. (Edgar Snow. "The Open Door," The 
New Republic, March 27, 1971, 1. 21, in 
Dwight I-. Perkins, "Constraints Influencing 
China's Agricultural Performance," U.S. 
Congress, Joint Economic Committee, China-
A Reassessment of the Economy (Washington, 
D.C.: U.S. Government Printing Office, 1975), 
p. 351. Perkins has shown that this number 
was probably calculated in 1957 prices. 
(Dwight Il. Perkins, "Growth and Changing 
Structure of China's Twentieth-Century 
Economy." China's Modem Economy in ttis­
torical Perspective, ed. Dwight H. Per!.ins 
[Stanford, Cal.: Stanford University Press, 
19751, p. 254.) 

Officials of China's International Trade 
Promotion Committee told the delegation of 
the Center for Research on Trade Structure 
of China and Asia that the total value of 
production of industry and agriculture com­
bined in 1971 was 8.2 times the value in 

http:53.7/60.35


1949, and the total value of production of 
industry only in 1971 was 21.3 times the 
value in 1949. (Center for Research on Trade 
Structure of China and Asia, Chinese Views on
the Future ofSino-Japanese Economic Relation. 
ship [Tokyo: Center for Research ol Trade 
Structure of China and Asia, 1972] [in
Japanese]; in Ishikawa, "Prospects of the 
Chinese Economy"). GVAO is calculated as 
the difference implied by these ratios, be-
tween the values of combined industrial 
and agricultural output and industrial out-
put alone. State Statistical Bureau, Ten Great 
Years, p. 16, supplies the following informa-
tion: 

Industry 
and 
Agri-

culture Industry 
(billion yuan) 

1949 value of produc-
tion in 1952 prices 46.61 14.02 

1957 value of produc-
tion 

1952 prices 138.74 78.39 
1957 prices 124.10 70.40 

Converting the 1949 values to 1957 prices
using their implied link indexes, and multi-plying them by 8.2 and 21.3, respectively,produces the 1971 values: 

1971 Industry and agriculture 
(billion 1957 yuan) 

8.2 x 124.10 < 46.61 341.872. 
138.74 

1971 Industry alone -21.3 x 14.02 268.188. 
(billion 1957 yuan) 78.39 

Subtracting the value of industrial pro-
duction from the value of industrial and 
agri:ultural production gives the 1971 GVAO,
73.J84 billion 1957 yuan. 

"Fundamentals" Writing Grou,p, Cheng-chi
ching-chi-hsueh, p. 406, states that GVAO in 
1973 was 2.8 times that in 1949. Using this 
number, 1973 GVAO is calculated by the 
same method as 1970 GVAO: 

1973 GVAO 
(billion 1957 yuan) 

2.8 x 53.70 x 32.59 = 81.197. 
60.3Tit 

The 1970, 1971, and 1973 references­
except for the Edgar Snow citation-and 
calculating procedures were supplied by
Robeit Michael Field. 

Given figures for 1952- 57 in 1952 prices
and pre- 1957 coverage and for 1957 and the 
remaining data points in 1957 prices and 
post-1957 coverage, with the two 1957 fig­
ures supplying the 1952-57 link index, the 
entire series may be expressed either in 
1952 prices and pre- 1957 coverage, or 1957 
prices and post-1957 coverage. Ideally, it 
would be preferable to express the series in 
1957 prices andipost- 1957 coverage, since 
this seems to be the toim of recent Chinese 
statements. Unfortunately, 'his would be 
inconsistent with the partial GVAO series(the value of livestock produced, grains,
soybeans, and cotton). Furthermore, there is 
insufficient price data for 1956 to convert 
the partial GVAO series to 1957 prices. 
Consequently, the GVAO series is converted 
to constant 1952 prices and coverage by 
multiplying the figures derived above for 
1970, 1971, and 1973 by the 1952-57 link 
index, 60.35/53.70, and using the 1952 price
figure for 1957. 

A relationship between the partial GVAO 
series and the known GVAO figures (1952­
57, 1970, 1971. 1973) was calculated by least 
squares regression analysis. The missingGVAO figures were then estimated by meansof the regression equation: 

GVAO
 
(standard errors)
 

-5.2363 + 1.9962 x (partial GVAO)
 
(3.0724) (0.0860)
 

R2 
 z_0.9876, n = 9 

Fhe standard error and "t-statistic" of 
the constant term indicate that it is not 
significantly different from zero at the 5 
percent level. This implies that the possi­
bility that the regression line passes through
the origin-that a zero value for partial
GVAO would be accompanied by zero 
GVAO-cannot be rejected, a result which is 
consistent with the importance to total 
GVAO of the products included in the partial
GVAO. It also implies that the partial GVAO sum may have maintained a more or less 
constant ratio to total GVAO over the years. 
This deduction is not entirely plausible, but 

is probably a fairly good approximation 
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considering, again, thp importance-both 
direct and indirect- he partial GVAO 
products for total fart, output. 

The GVAO series using the pre-1957 
coverage was first multiplied by the 1952-57 
link index, 53.70/60.35, to convert it into 
1957 prices ani post-1957 coverage. It was 
then divided by a price ratio of 1.075 to 
convert it to 1952 prices, 

The problem of determining a 1952-57 
price index for agricultural products is quite 
lifficult, and the figure of 107.5 adopted 

here can only be regarded as a tentative 
approximation. The problem is stated by Ta-
Chung Liu and Kung-Chia Yeh, The Economy
of the Chinese Mainland"National Income and 
Economic Development 1933-59 (Princeton: 
Princeton University Press, 1965) p. 135: 

Quotations of faim prices for 1957 
are even more scarce than for 1952...two 
different indexes of 1957 prices are 
available, both with 1952 as the base 
year. The government procurement 
price index of agricultural products for
1957 is 122.4 (see State Statit.tical 
Bureau, Ten Great Years, p. 122). The 
second index is derived from figures on 
on the total value of agricultural pro-
duction in an article lby to -po, the 
Communist Vice Premier and Chairman 
of the State Economic Commission, 
who gave the gross value of agricultural
production i'i1957 at 64.87 billion in 
1957 prices and 60.35 billion in 1952 
prices. The price index in 1,457 is 
therefore 107.5 with 1952 as 100. This 
index indicates that government pro-
curc;ient prices may not have been
used for products consumed by farm 
households and that the prices of 
agricultural products not under the 
government procurement program rose 
less than those covered in the program. 

The statement by Po I-po ("Report on the 
Draft 1958 National Economic Plan," Itsin-
hua Pan-yueh.h'anINew China Semi-Monthly], 
No. 5, March 1958, pp. 13, 15) is somewhat 
less clear than Liu and Yeh imply. On page 13 
Po states that 1957 agricultural output was 
60.35 billion yuan in constant 1952 prices, 
He does not actually give a figure for 1957 
GVAO in 1957 prices. On page 15 he says
that planned GVAO for 1958, calculated in 
constant 1957 prices, is 68.83 billion yuan, 
and that this is an increase of 6.1 percent in 
1957. Dividing 68.83 billion yuan by 1.061 
produces the implied 1957 GVAO in 1957 

prices, 64.87 billion yuan. Dividing this 
figure by 60.35 billion yuan results in the 
107.5 price index. The issue is clouded, 
however, by a later paragraph on page 15 
where Po states that plannedt 1958 GVAO 
would amount to 64.25 billion yuan if 
calculated in constant 1952 prices. If this 
figure is divided into the figure of 68.F3 
billion yuan for the same year in 1957 
prices, the implied index is 107. 1. Because 
of this discrepancy and because Po makes 
no mention of the pre- and post-1957 covei­
age difference, this article is a very 
unsatisfactory basis for the 107.5 price 
index. For lack of any better information, 
however, and I)ecause it seems plausible, it 
has been adopted here. 

Possible support for a 1952-57 price 
index of about 107.5, and an unsettling 
comment on the reliability of Chinese figures 
may be inferred from a figure for GVAO that 
was not tnentioned above. U.S., Foreign
Broadcast Information Service (FBI5), Daily
Report: People's Republic o/ China, February 
25, 1977, p. E5, reports that Shanghai CityService in Mandarin, on February 10, 1977. 
hroadlcast i"Secont Shanghai Talkon Mao's 
'Ten Relations,"' which mentioned that from 

949 t ions," t c e ionet a t po 
1949 to 1973. "total agricultural output
value" increased by 130 percent. If the 
formula used to calculate 1970 and 1973 
GVAO is used with this figure, the result is 
66.70 billion 1957 yuan. This figure is 
clearly too low to be consistent with the 
other known GVAO numbers. If,however,
the 1949 GVAO number is not adljtsted by
the link index, and is simply multiplied by 

2.3, the restilt is 74.957 billion yuan, which 
is quite close to the figure obtained above 
for 1973 GVAO inpost-1957 coverage andi 
1952 prices (75.532 billion 1952 yuan). A 
possible explanation is that the Shanghai 
lecturer mistakenly adjusted the 1973 GVAO 
figure by the 1952- 57 price index rather than 
the link index before determining its relation 
to the 1949 figure. If this did in fact happen, 
the implied price index would be 
81.197/74.957 108.3, which is reasonably 
close to the 107.5 inleX Used here. 

It is clear that uncertainty clouds any 
choice of the 1952-57 price index: however, 
Liu and Yeh's preference for tl lower 
(derived from Po l-po) index of 107.5 percent 
appears t')be well founded and is adopted in 
this study. It is important to note, however, 
that once one accepts that the link-ratio 
(60.35/53.70 1.123) based on the two 1957 
GVAO figures given in State Statistical 
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Bureau, Ten Great Years accurately reflects 
the 1952-57 price change and the pre- and 
post-1957 coverage change, the choice of 
price index (whether 107.5 percent or 122.4 
percent) influences only the absolute mag-
nitude of the GVAO and not its index. This 
proposition is proved as follows. 

Note that the link ratio (R) of 1.123 
operates as a constraint such that choi'e of 
price index (P)automatically fixes the cover­
age factor or index (C). Denoting the 1957 
price index (1952. 100), derived by Liu and 
Yeh from Po I-po, "Report oil the 1958 Plan," 
by Liu and Yeh) by P, (107.5) and the 
government procurement price index for 
1957 by P2 (122.4). with C1 and C2 standing 
for the corresponding coverage index (pre-
1957 or post-1957) under each price index, 

C, C2 
R= 7 - - 1.23. (I)

SP 2 

The GVAO series provides proof of this 
proposition. It is expressed in 1952 prices 
and uses the post- 1957 coverage. This series 
deflates all official post-1957 values (re-
ported in 1957 prices) by P1 (107.5 percent), 
leaving C, at 120.7 percent (that is, the pre-
1957 coverage implied by choice of P, is 
20.7 percent larger than the post- 1957 cover-
age). Let this series be represented by V1. 
Adoption of the procurement price index, P2
(122.4 percent) in deflating the GVAO series 
lead.; to an implied coverage tifference, C2 
of 137.6 percent. Let V2 denote this new 
constant-price GVAO series. The calculations 
of C, and C2 are based on the constraint 
shown in relation (1)above. From the GVAO 
post- 1957 coverage series, V1,the new series, 
V2, can be arrived at with the following
relations (using 1958 and 1952 to illustrate): 

V2 (1958) =V 1 (1958) -P -V 
_2 


V1 (1958) . 107.5 , (2)
2caused 

V2 (1952) = V, (1952). C. = 

V, (1952)• 120. . (3) 
137.6 

Relation (2) is seff-explanatory. Relation (3) 
obtains because, whereas for all years after 

1957 GVAO was reported in 1957 prices and 
deflated to express it in 1952 prices, GVAO 
for the years before 1957 has been adjusted 
to conform with the new and narrower 
coverage adopted for GVAO using post 1957 
coverage. 

By virtue of relation (I), we obtain, by 
dividing (2) by (3) 

V2 (1958)=Vl (1958) (4) 
V2 (1952) V1 (1952) 

This relation shows that the GVAO index 
uses the post-1957 coverage independent of 
the price index chosen. 

In the current literature where the data 
fragments are from Chinese sources, the 
gross value figures shown are in 1957 prices 
and post- 1957 coverage. For the convenience 
of the readers our entire series from 1949 
through 1977 is presented in these terms: 

Gross Value of Agricultural Output 
(billion 1957 yuan; post-1957 coverage) 

1949 28.92 1963 52.45 
1950 34.13 1964 57.03 
1951 37.34 1965 60.56 
1952 43.06 1966 64.40 
1953 44.41 1967 68.29 
1954 45.89 1968 64.32 
1955 49.42 1969 65.53 
1956 51.87 1970 72.50 
1957 53.70 1971 73.68 
1958 59.86 1972 77.09 
1959 48.31 1973 81.2G 
1960 41.03 1974 83.36 
1961 43.15 1975 85.24 
1962 47.96 1976 85.41 

1977 84.73 

The adjusted gross value of agricultural 
output (AGVAO) is calculated by subtractingthe sum value of feed and seed (Table 12)
from GVAO in post-1957 coverage. This 

adjustment eliminates double counting 
by the inclusion in GVAO of agricul­

tural outputs used as inputs within agriculture.
To conserve space AGVAO in the now de­
funct pre-1957 coverage is not presented. 

Liu and Yeh, The Economy of the ChineseMainland,p. 414 estimates"insecticides and 
other" (that is, fuel, electric power, irrigation 

expenses, plant disease control agents) 
costs at an average of 0.9 percent of the 
gross value of plant products for the period 
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1952-57. Other categories of costs were also
given as average percentages for the period,
The ratio for the "insecticide and others"
category, because of its small base and 
unusually high rates of growth, is best 
estimated for the 1952 base by taking into 
account both the growth of plant ouptlt an(I
the (faster) growth of "insecticides and
other." From the estimated physical series 
on insecticides (Table 2), assumed to be a 
proxy for the "insecticides and other" inlput
category, tile geometric mean of the annual
growth rates is extracted and denoted by r. A 
similar geometric mean rate. i, is extracted 
from Liu and Yeh's "adjusled" gross value of' 
plant products for 1952-57 (The Economy o/the Chinese Mainland, ). 397). Trhe mean 
growth rates per year are 58 percent for r and
3.62 percent for i. 

The earlier expression that "insecticide 
and other" costs accounted for 0.9 l)ercent
of total plant product value during 1952-57 
can now be formally written as (using C52 to 
stand for 1952 costs and Y52 for 1952 plant
produce value): 

CS2C2 r + I i+ r 2[I + I -f .I + .. 

Y52 I i I 


+ + r JI 0.009. 
+i 6 

When 0.58 percent is substituted for r 
and 0.0362 for i, C52/Y52 is 0.0026 or 0.26 
percent. This ratio multiplied by Liu andYeh's 1952 estimate of "adjusted" gross

value of plant products of 26.75 billion 

yuan, yields an estimated cost of "insecti-

cides an,,! other miscellaneous inputs" c.t 

0.07 billion yuan for 1952. 

The value series for other years in the 
period is issumed to move with the insecti-
cide quantity series (Table 12). To obtain the 
full series, ti.e 1952 estimate of 0.07 billion 
yuan is multiplied by the index of insecticide
quantity (1952 10'9 percent). 

The chemical fertilizer value series is 
calculated by multiplying tile chemical fer-
tilizer quantity series (Table 12) by a price
taken from Alexander Eckstein, The National 
Income of Communist China, (New York: Free 
Press, 1962), p. 114. Eckstein obtained nine 
price quotations for chemical fertilizer. Fron 
these quotations he suggests a unit price of 
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366 Vuan per metric ton as representative
since this price was derived from figures for 
a large transaction. 

Unfortunately, Eckstein does noi cite 
the specific source of his price quotations.
File price is, howe.r, consistent with in­
formation in known sources, lie cites a 
report in ilsin-hua Yi'eh Pao (New China
Monthly] No. 2, 1954, p. 162. which states 
that in 1952, 300,000 tons of chemical and 
2 million tons of cake fertilizer valued at406.12 million yuan were distril)uted. When 
multiplied by these quantities, the prices of
366 ynan per tol for chemical and 1481 yuan 
per ton for cake fertilizer lead to a total value 
of405.8 million yuan, which is very close tothe 406.12 million yuan reported in the 
art icle. 

Eckstein's chemical fertilizer price is
also consistent with documented fertilizer 
l)rice lata collected in Jung-chao Liu,. China's 
Fertilize, "conomy (Chicago: Aldine, 1970).
Using l.II's price data (). 89) and weighting
the prices accorling to type composition, a 
rough estimate is derived of 374 Vuan per 
ton of chemical fertilizer in 1953. Eckstein's 
366 yuan per ton is not ow of line with this. 

The rough estiumte was calculated usingthe following information from Liu, Chinu's 
ertilizer Economy. Ainmnoniun sulfate made 
up 91 percent of domestically produced 
ferti lizer in 1953. Amnon ium nitrate nsade 
up tlhe remaining 9 percent ().12). Ammonium 
sulfate inade up 76 percent of imported
fertilizer, and superl)hosl)hate made up the 
rema ining 24 percent (pp. 61. 64). Of thetotal fertilizer supply, 66 percent was domes­
tically produced and 34 percent was imported
 
(p. 50).

The implied composition of chemical
 
fertilizer supply in 1953 was amnonium
 
sulfate, 85.9 percent ammoniumn nitrate,
5.9 percent; and Stperphosphate ' 8.2 per­
cent. Using this percentage breakdown, the

price claha are weighted 11) 89), so that
 
ammoniuml sulfate is 390 ya.an 
 per metric 
ton; anmonium nitrate is 316 yuan per
metric ton; and sutperphospl' ate is 245 yuan 
per metric ton. 

The price of ammnonium sulfate, the 
major component of chemical fertilizer 
sul)ply, is for 1953. Although the prices for
,1mlnuoniull nitrate ,andsuperphosphate are 
for 1956, they are used to calculate our 
rough estimate because other information is 
lacking. The resulting price for chemical 
fertilizers is 374 yuan per metric toil. 

The cake fertilizer value series is calcu­



lated by multiplying the oil cake quantity 
series (Table 17) by a price taken from 
Eckstein, National Income, p. 114. Like the 
price for chemical fertilizers, this price, 148 
yuan per metric ton, was selected as repre-
sentative from a number of different 
quotations. Like the price for chemical 
fertilizers, Eckstein does not quote a 
specific source for this price. 

It is, however, consistent with informa-
tion in other known sources. Besides Po I-
po, "Report on the 1958 Plan," we found a 
report in Nai-Ruenn Clen, ChineseEconomic 
Statistics: A ltandbooh' for Aainland China 
(Chicago: Aldine, 1967), ).419. Chen quotes 
a price of 7.00 yuanlper 50 kilograms or 140 
yuan per metric ten in Shanghai in 1952 
from Chinese National Academy ofSciences, 
Shanghai Economic Research Institute and 
Institute of the Shanghai Academy of Soc,-1 
Sciences, Economic Research Institute, Chieh-
flung Chien-huo Wu-chia Tzu-liao Hui-pien [A 
Collection of Shanghai Price Data Before 
and After the Liberation(1921-1957)] (Shang-
hai: Shanghai People's Press, 1958), pp. 470-
563. 

TABLE 2 

If correct, the ratio between the State 
Statistical Bureau (SSB) figures and our 
estimates is a GDP implicit deflator for 
agriculture. In these terms what may be 
considered the index of "purchasing prices
for agricultural products" (in the SSB's 
language) for 1977 (1952 100 percent) 
comes to 170 percent (134/79). The pro-
cedure assumes no change in Ohe coverage 
or definition of the gross value of agricul-
tural output (GVAO) by the SSB between 
1957 and now. (For the coverage issue see 
Appendix 2, Table 1.) The implicit 1977 price 
index of 170 percent is very close to the 
published fragments on farm purchase prices 
from Chinese sources as pieced together by 
China scholars. The index of 167 percent 
was reported for 1973 in Liaoning Ta-hsueh 
Hsueh-pao, No. 1, February 1977, as shown 
in Bruce Stone's companion study to the 
present work while Peter Schran inferred an 
index of 165 percent for 1974 from Pehing
Review, May 9, 1975. p. 18 (as shown in his 
"China's Price Stability," JoumnalofCompara
tive Economics [December 19771, p. 375).
Against our plausible 1977 GVAO estimate 
(hence, our entire time series) the U.S 

Central Intelligence Agency (CIA) estimates 
appear to be significantly understated. The 
CIA estimates produced a GVAO index of 
171 percent for 1977 (1952 -. 100 percent)
compared to our 197 percent (see U.S. 
Central Intelligence Agency, National For­
eign Assessment Center. "China: AStatistical 
Compendium," ER79-10374, Washington, 
D.C., July 1979. p. 3). 

The only large apparent gap between our 
estimates and the official statistics con­
cerns insecticides. Its weight is small, so 
that our aggregate input index would be 
little changed even if the difference cannot 
be reconciled. Used as a proxy (in percentage
growth terms) for a group of modern current 
inputs consisting mainly of electric power,
fuel, and other forms of energy our estimates 
appear more reasona)le than the official 
ones, whose growth rates are much lower. 
See, for instance, the CIA estimates in the 
above table of total energy consumption 
growth in agriculture between 1952 and 
1977-78. Moreover, our insecticides con­
sumption estimates are built up from the 
1952-57 figures from People's Republic of 
China, State Statistical Bureau, Ten Great 
Years (Peking: Foreign Languages Press, 
1960), which iepresented quantities "supplied
to agriculture" whereas the recent SSB 
releases include only domestic output(which 
is less than the supplied amount by the 
unknown imported quantity). 

The CIA estimate for 1977 fertilizer 
consumption is 8.881 million metric tons 
given along with domestic production fig­
ures which agree completely with the official 
releases shown above. (See U.S. Central 
IntelligenceAgency, "HandbookofEconomic 
Statistics, 1979" ER79-10274, Washington, 
D.C., August 1979, pp. 173 and 225-8.) 

TABLE 3 

Potatoes 

A recent reinterpretation of the grain 
data, Robert Michael Field and James A. 
Kilpatrick, "Chinese Grain Production: An 
Interpretation of the Data," China Quarterly
74 (June 1978): 369-84, argues that since 
1970 the official data fragments included 
potatoes in grain equivalent weight at the 
ratio of five to one. The reconstructed grain
series (which also assumed that soybeans 
have been included in"official" grain figures 
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since 1964) : best regarded as tentative 
until new evidence becomes available. As 
the series now stands, it raises more 
questions than it answers. An authoritative 
Chinese source which official Washington
is not yet prepared to identify has indicated 
a different date for the introduction of the 
five-to-one potato-grain conversion rate than 
Field and Kilpatrick assume. 

Total Grain 

This is the sum of the figures for rice,
wheat, coarse grains, and potatoes. It ex-
cludes soybeans. 

Total Grain Value 

Output between 1952 and 1977 is the 
sum of the four grain categories multiplied 
by their prices, which are 106 vuan for rice, 
160 yuan for wheat, 120 yuan for coarse 
grains, and 160 yuan for potatoes. The 
prices were developed for 1952 in Ta-Chung 
Liu and Kung-Chia Yeh, The Economy of the 
Chinese Mainland-National Income and Eco­
nomic Developmen& 1933-59 (Princeton: 
Princeton University Press, 1965), p. 136. 
1952 prices are used because there is more 
detailed information than for any later year.
(See Liu and Yeh, The rconomy ofthe Chinese 
Mainland, p. 138.) Liu and Yeh present the 
prices as yuan per picul (I picul 50 
kilograms). They have been converted to 
yuan per metric ton by multiplying them by 
20. The price for potatoes was then multiplied
by four to calculate the cost per grain-
equivalent metric ton. 

To determine value between 1958 and 
1977, an aggregate grain price estimate was 
calculated by adding the prices of the 
individual types of grain, each weighted by
its average proportion in total grain output
between 1951 and 1957. The weights for 
1951 were rice, 60.55; wheat, 17.55; coarse 
glains, 43.25; potatoes, 14.00; and all grains, 
135.05. 

Coarse 
Rice Wheat Grains Potatoes 

Average
proportion 
of total 
grain out-
put 0.45 0.13 0.31 0.11 

Price per
metric ton 106.00 160.00 120.00 160.00 

Weighted average - 123.3 yuan per metric ton 

Total grain output value, then, is simply
estimated as total grain output times 123.3 
yuan. Underlying this procedure is the 
assumption that the composition of total 
grain is stable-a plausible assumption in 
light of the U.S. Department of Agriculture 
estimates of output by grain category shown 
above in the figures for rice, wheat, coarse 
grains, and potatoes. For 1975 the propor­
tions calculated from these estimates are: 
0.44 for rice, 0. 15 for wheat, 0.31 for coarsegrains, and 0. 10 for potatoes. This is close to 
the composition in 1951. 

Value of Soybeans 

The price of soybeans is ,40 yuan per 
metric ton. The value of soybeans is equal to 
14 yuan times soybean output. 

Value of Cotton 

The price of cotton is 1,698 yuan per 
metric ton. The value of cotton is equal to 
1,698 yuan times cotton ottput, 

TABLE 4 

Detailed data on poultry numbers and 
prices are only available for 1952. Ta-Chung 
Liu and Kung-Chia Yeh, The Economy of the 
Chinese Mainland-National Income and Eco­
nomic Development 1933-59 (Princeton: 
Princeton University Press, 1965), pp. 403-6, 
calculated the value of the stock of poultry 
in 1952 and estimated values for other years 
by assuming a constant proportional rela­
tionship between the value of livestock 
holdings and the value of poultry. They 
found the value of poultry to be 3.85 percent 
of the value of livestock holdings in 1952. 
Due to the nearly complete lack of informa­
tion on poultry since 1952, this procedure
has been used to estimate the value of 
poultry for this series. 

The value of machinery is crudely esti­
mated by multiplying the .oral horsepower 
of tractors and irrigation power equipment
(from Table 18) by the weighted average of 
1952 draft animal prices (of 77.3 yuan from 
the notes to Table 7). This is probably a low
estimate of the cost of farm machinery per 
horsepower. The U.S. Central Intelligence
Agency, using scattered Chinese sources, 
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placed the 1958 price of a 2.1 horsepower 
motor and pump set for irrigation at 211.83 
yuan and the 1957 price of a standard 15 
horsepower tractor at 10,371 yuan (U.S. 
Central Intelligence Agency, "Prices of 
Machinery and Equipment in the PRC," 
AER75-76, Washington, D.C., May 1975, pp. 
15-6). Actual 1952 machinery prices are 
preferable, but consistent, detailed data aie 
not available. 

Weights were chosen, after examination 
of a number of national agricultural growth 
accounting studies, as reasonable approxi-
mations of the Chinese factor income shares 
or relative value (imputed where necessary, 
as for land) of service flows. Data on the 
sample countries are in Table 20. It should 
be noted that the aggregate input index is 
only moderately sensitive to choice of 
weights. Thus, if Taiwan's factor income 
shares for 195 1-55 and for 1968-72 are used, 
the 1977 aggregate input index becomes 249 
percent and 263 percent respectively,
Japan's 1933-37 and 1960-65 income share 
weights produce indexes of 224 l)ercent and 
258 percent, while Japan's estimated"imodal" 
output elasticities with respect to each of 
the four categories of inputs for the same 
two periods lead to indexes of 315 percent 
and 277 percent. These comparisons and 
the broad aggregation of input subcategories 
(a point explained in the notes to Table 13) 
suggest that the estimated aggregate input 
index is probably conservative, 

TABLE 5 

There is ample evidence to suggest that 
Chinese agriculture had not recovered from 
the cumulative effects of the Sino-Japanese 
War( 1937-45) and the Civil War( 1945-49) by 
1952. A detailed argument is advanced in 
Anthony M. Tang, "Policy and Performance 
in Agriculture," in Walter Galenson, Ta-
Chung Liu, and Alexander Eckstein, eds., 
Economic Trends in Communist China(Chicago: 
Aldine, 1968), pp. 459-509. The GVAO was 
adjusted for this by raising the 1952 output 
value by 6 percent, the 1953 output value by 
4.5 percentand so on. 

The value of organic fertilizers derives 
from the extensive use of labor for gathering, 
transporting, and spreading. Hence, their 
inclusion in the primary input index reflects 
the increased intensity of use of the Ch;nese 
farm labor force, a fact well-known to Criia 
scholars. Self-supplied fertilizer index is 

calculated from Table 17 by subtracting 
purchased oil cake nutrients (quantity of 
oil cake used multiplied by 0.105) from total 
orgapic nutrients. An indication of the mag­
nitude of labor content is given in Ching Chi 
YengChiu, No. 4, 1965, which reported on the 
use of 35-45 (lays of human labor and 20-25 
days of animal labor in Liaoning Province to 
100 kilograms of nitrogen in farm yard 
manure (or about 30 tons in natural weight)! 
Ishikawa, who cited the study, observed that 
the application of manure increasingly ex­
ceeded 30 tons per hectare in many localities 
(Shigeru Ishikawa, "China's Food and Agri­
culture: ATurning Point," FoodPolicy2(May 
1977): 96. 

The weights for the primary input index 
are 50 percent for labor, 25 percent for land, 
and 10 percent for capital, as used earlier in 
calculating the aggregate input index. The 
weight for nonpurchased fertilizer reflects 
the fact that it is only a part of total current 
inl)uts used. This fraction is estimated at 
49.8 percent from the 1952-57 totals of feed 
and seed costs (Table 12), insecticides (Table 
1). and purchased fertilizers (Table 1), with 
the imputed value of nonpurchased fertilizers 
estimated from the Communist source state­
ment (see Ta-Chung Liu and Kung-Chia
Yeh, The Economy of the Chinese Mainland" 
National Income and Economic Developmen& 
1933-59 [Princeton: Princeton University 
Press. 19651, 1).411), that purchased fertilizer 
cost constitutes 23 percent of total fertilizer 
cost. So estimated, the value of nonpurchased 
fertilizers came to 23.6 billion yuan, while 
all other current inputs totaled 23.8 billion 
yuan in 1952-57. Ie w\eight for nonpurchased
fertilizers is thus 49.8 percent of the weight 
used earlier for all current inputs (15 percent) 
or 7.47 percent relative to the original sum 
of weights. The new weights releveled to add 
up to 100 percent are: 54 percent for labor, 
27 percent for land, II percent for capital, 
and 8 percer't for nonpurchased fertilizer 
(actually for labor embodied). 

TABLE 6 

Estimated Consumption 

It is assumed that no well-articu!ated 
national stock policy was in operation before 
1955 when "unified purchase and supply" 
of grains was introduced throughout the 
country. For 1955-59 it is a3sumed that 

75 



because of the relative food security that a 
friendly Soviet Union was expected to pro­
v'de in anational emergency and because of 
the need to amortize the Soviet loan (repaid
partly with shipments of soybeans and other 
agricultural products), stock changes in 
China were to smooth out short-term weather-
associated supply fluctuations and not to 
build up a strategic reserve. Hence, estimated 
consumption in year t is the average of 
supply in t, t 1,and t 2. As amoving average
it is centered on year t 1.To"recenter" it on 
year t, the average isinflated by 2.35 percent,
the long-term exponential growth rate from 
the fitted trend to the grain output series 
(1952-77). For 1960-64 it is assumed that 
Peking saw the need for a strategic food 
reserve but the food crisis growing out of the 
Great Leap Forward and a run of ddverse 
weather caused short-term subsistence to 
override longer-term strategic reserve con-
siderations. Hence, for this period also the 
estimation procedure for grain consumption
for 1955-59 is applied. Fhe moving average 
method resulted in 22.6 million metric tons 
for 1959 and 25.7 million metric tons for 
1960 as stock changes. Subjecting the draw 
down to the accumulated 1958 total stock of 
19 million metric tons as alimit, we arbitrarily
assign 10.0 and 9.0 as stock withdrawals 
for 1959 and 1960. 

For 1965-77 stock changes are assumed 
to have a dual role: to smooth out short-run 
supply fluctuations and to build up a 
national strategic food reserve. Thus, the 
three-term moving average method (along
with the recentering procedure) is retained: 
however, each year's current supply is first 
diminished by 0.5 percent before being
averaged to allow for the annual set-aside 
for the strategic reserve. It isto be noted that 
because of the higher average rate of supply 
increase since !.he Great Leap Foward (about 
3 percent per 'ar) compared with the long-
term rate of 2.35 percent used to recenter 
the moving averages, the effective set- aside 
amounted actually to 1.15 percent c.each 
year's (smoothed) supply. In these terms the 
estimated stock buildup reached 48.1 million 
metric tons Ly 1977-a figure consistent 
with the 40-million-metric-ton total used by
Zhou Enlai on several occasions to indicate 
the size of China's accumulated grain stocks. 
Li Ziannian later added that the long-range 
target was a stock of 80 million metric tons 
(Shigeru Ishikawa, "China's Food and Agri-
culture: A Turning Point," FoodPolicy 2 (May 
1977): 90. 

TABLE 8 

Feed accounted for about 12 percent of 
total grain consumption in recent years in 
China according to the Food and Agriculture 
Organization of the United Nations. Ishikawa 
makes an es:imate for 1977 of 17 percent
(Shigeru Ishikawa, "China's Food and Agri­
culture: A Turning Point,"FoodPolicy2 [May
1977]: 90-102). Our estimated proportion 
used in this paper is lower (Tables 3 and 15)
but consistent, since our value ratio should 
be smaller than the FAO-Ishikawa quantity
ratio. Twenty percent is a plausible average 
feed/total grain ratio for the 1977-2000 
period-one that allows for the expected 
rising trend. 

Viewing projected indirect demand in­
crease as the increase in demand for feed­
grains, it is instructive to compare the 
estimates of this paper with the historical 
rates of Japan and Taiwan (from U.S. Depart­
ment of Agriculture, '.,reign Agricultural
Service, Forei,n Agricv,':.ral Circular:Grains, 
FG9-76, May 1976, ',p. 21 and 58). From 
1960 to 1975,Japan'; feedgrain consumption 
rose from 3.0 to 11.7 million metric tons or 
10 percent a year; while Taiwan's increared 
(starting its feedgrain import explosion later) 
from 0.064 to 1.195 million menic tons or 
more than 20 percent a year. These figures
place our high-low estimates for China in a 
good perspective. By 1975-76 Japan's feed/
total grain ratio had reached 36 percent and 
Taiwan's 21 percent, while the U.S. ratio had 
long stabilized at around 75-80 percent
(from USDA data). 

Projected increases of all-grain demand 
can be calculated either by using the all­
demand income elasticity or by taking the 
weighted average (weights being 0.8 and 0.2 
as indicated above) of the two projected
annual increases for direct and indirect 
demand. These all-demand rates of increase 
are to be compared with our h storical total 
grain p;uduction and consumption (annual
growth rates of 2.35 percent and 2.45 percent 
respectively). 

This procedure assumes equality between 
domestic production and consumption. Al­
ternatively, grain consumption can be used 
(as estimated in Table 6) as a benchmark 
(278.8 million metric tons for 1977) instead 
of production. In tile latter case the 2000 
projections are (from high to low): 847, 396, 
and 549 million metric tons. 
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1 
SUMMARY 

China's production target of 400 million
metric tons of foodgrains by 1985 called for 
a growth rate of 3.5 percent per year for 
1976-85, well above the 1952-78 average of
2.5 percent. Because of stagnation in 1976 
and 1977, the prospects of reaching the 
target seemed remote, but recovery and
rapid growth in 1978 and 1979 have restored
the prospect of target fulfillment, 

Emphasis on the technological transfor-
mation of agriculture has waxed and waned 
over the last two decades, reflecting major
policy changes. China's coordinated and 
consistent commitment to technological
change in agriculture began in 1962. Before 
then development strategy had centered on
the expansion of the industrial producers'
goods sector, national security, and organi-
zational reform of rural and urban areas. In 
the early 1960s production and delivery of 
inputs to agriculture increased rapidly but 
stagnated in the closing years of the decade,

Renewed commitments to agriculture
were made in the early 1970s and] again in 
1978. In particular, the latest recommitment 
features significantly more favorable terms 
of trade for agricultural producers, increased 
production of industrial inputs to the farm 
sector, greater investment in rural infrastruc-
ture, and higher incentives for local areas,

State funds budgeted for agriculture were

increased from about one-tenth of the total 

in 1966-78 to 14 percent in 1979 and are

scheduled to increase 
 to 18 percent for 
1980-82. If this planned allocation and the
input supply program are carried out, China 
should be able to maintain a growth rate of 
3.0-3.5 percent in foodgrain production 
over the 1979-85 period. When weather 
conditions in 1978, a number of technical 
developments, and the implications of vari-
ous 1979 policy changes for resource alloca-
tion, allocative efficiency, distribution, and 
incentives are considered, a mean rate closer 
to 3.5 percent or more appears quite possible.
This would provide enough grain for both 
quantitative and qualitative improvements
in the diet. 

Direct consumption offoodgrains by the 
Chinese is among the highest in the world, 

but per capita total caloric consumption is 
no more than average among developing
countries. Despite increased grain production,
however, average grain consumption per
capita in 1977 was about the same as in 1957 
as the population grew by 300-350 million,
and grain feeding of livestock increased. 

Although strong efforts are being made 
to reduce population growth, about43 million 
tons will be required by 1985 to maintain
consumption at recent levels. Even if popu­
lation control is successful, the large number 
of children who will become adults by 1985 
will increase requirements. 

Per capita consumption rates vary con­
siderably by income group, with the lower
20 percent consuming far less than higher­
income groups. In some areas consumption
is little above subsistence levels. Current 
policy indicates that an additional 7-8 million 
tons will be made available more or less 
directly to those in the two lowest income 
quintiles, but perhaps 20-33 million would
he needed to bring their consumption up to 
the national average level. 

Livestock t'.2ers adopted in December 
1978 call for 30 percL It increases in numbers 
of cattle, sheep, and Jigs, and a doubling of 
meat output by 19L5. In 1977 per capita

consumption of meat, mostly pork, was
 
estimated to be 7.5 kilograms per year. The
 
government p!ans to increase the small herd
 
of dairy cattle and to utilize northern grass­
land for beef. But the target for cattle may be 
either of minor quantitative importance or
quite difficult to achieve, depending on the 
current definition of cattle. The sheep and 
goat target, on the other hand, will probably
be exceeded. But most of the targeted
increase in meat must come from hogs. Hog
stock in the People's Republic has been fed 
unusually large amounts of nongrain feed 
in the past, but the present trend is toward 
higher grain/feed ratios. 

Conditions in early 1980 suggest that no
less than an additional 5 million metric tons 
of grain would have to be supplied-mostly 
to hogs-to meet the livestock targets. This 
is likely to be met. Achieving the meat 
target, however, would require 6-19 million 
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metric tons more. 
In addition to the grain needed for 

population growth (43 million metric tons), 
direct distribution to lower-income groups 
(7 million), and the minimum for increased 
livestock (5 million) in 1985, current policy 
indicates that stockpiling requirements will 
be ur 2 million metric tons, while industrial 
use, food processing, and brewing may use 
an extra 6 million. The total of 63 million 
metric tons is well below the 95-million-
metric-ton increase called for by the 1985 
target and seems likely to be attained, 

For the most part, additional supply will 
be divided between more direct human 
consumption and more feed for heavier 
animals, since there remains active unsatis-
fied demand for both meat and grain. 
Wealthier provinces seem to have reached a 
point at which much smaller proportions of 
increments in production are devoted to 
direct consumption. But at the national 
average level if around 200 kilograms per 
caoita of process,-.d grain, there is no evi-
deuce of slackening direct demand. 

The People's Republic has long been 
important in international grain trade, with 
regular rice exports since the mid- 1950s and 
large wheat imports since the early 1960s. 
The late 1970s marked a major increase in 
the latter. Further growth is possible, but a 
measured decline seems more likely. The 
probability of a large rise seems quite small, 

Imports allow China to leave more grain 
in rural areas, particularly in the north 
where adverse weather has resulted in more 
erratic output. Imports allow urban stocks 
to be larger and make feed available for the 
new suburban hog and poultry farms. China 
is also in the market for soybean imports to 
mcet increased demands for food, vegetable 
oils, and possibly animal feed. 

Improving the quality and quantity of 
industrial inputs to agriculture is a major 
plank of the current agricultural policy. 
Standardization and quality cottrol are being 
emphasized for manufacture and repair of 
machinery. The new fertilizer plants built by 
American, Japanese, and European firms 
are turning out higher quality products, and 
the operation of local plants is also being 
improved. The power industry is stressing 
increased efficiency and higher utilization 
of capacity. 

The growth rates of supply of various 
nonlabor inputs to farm production have 
been revived to levels equalling or surpassing 
those of the rapid-growth period for grain 

output in the first half of the 1970s. The 
prospects for effective nutrient delivery 
seem particularly good, not only because of 
large increases in the amounts of fertilizers 
with higher nutrient content, but because 
these fertilizers are more stable. Present 
utilization rates of organic manures are 
unknown, but may be declining owing to the 
large labor requirements involved. Itog 
manure is the most important and effective 
natural fertilizer. Its availability(as opposed 
to the rate of utilization) is likely to increase 
more rapidly than during the 1970s. The 
quality of conditions on China's irrigated 
lands has improved substantially during the 
past 20 years, iilltcting ambiguity into any 
constructed "irrigated acreage" series. Planned 
increases call for a growth rate of 3.6 
percent per year, which i. high but not 
unprecedented in the People's Republic. The 
plans for growth of both irrigated area and 
chemical fertilizer Supply seem to be con­
sistent with production of 400 million metric 
tons of grain by 1985. The extent to which 
these plans are likely to be fulfilled is also 
apt to be consistent with that target. 

The effects on the trend of foodg ain 
production growth of influences other than 
the supply of the nonlabor agricultural 
input stream are more difficuit to assess. An 
exception is weather. 1978 was still a poor 
weather year, though production soared 
over that of even worse 1977. Yet average 
weather, in spite of China's improved facility 
for dealing with weather changes, might have 
resulted in an increase of as much as 10 
million metric tons. 

It may be concluded that changes in 
policy emphasis affecting prices, budget 
allocation, and the manner of rural adminis­
tration should bring about an increase in 
work and investment incentives by sharply 
altering immediate and long-term returns in 
the farm sector and providing greater peasant 
participation in decisionmaking. It is far 
from clear that the bulk of additional effor. 
so generated will be devoted (o foodgrain 
production, but there are a number of 
reasons for suspecting that net impact on 
the latter will not be negative. 

For nonlabor inputs the policy changes 
should improve the efficiency of resource 
allocation both among and within collective 
units in a manner that favors grain produc­
tion. Considering the quality and quantity 
of land retired from grain production in 
1979, it does not appear that the negative 
impact on output was large. Even if such 
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changes represented a trend, the resultant 
production loss through 1985 will probably
be covered by reclamation. A mn:asured 
retrenchment in cropping intensity is also 
implied. But so far such chnge:: are still 
hotly debated, and in some instarce the 
retrenchment will have a positive impact on 
output as well as on profits. 

"Commandism," as unpopular as it may
have been, represented a means of easing
key infrastructural problems that constrained 
growth. Despite state and provincial assis-
tance to poorer brigadles at an unprecedented
level and revision of oppressive policies
contributing to their impoverishment, the 
net effect of the current policy changes will 
particularly favor the areas that have grown
rapidly in the 1970s. 

The incentive to expand production there-
by provided is no doubt crucial, but it
should be recalled that distributional issues 
are intense political topics in China and 
have often been near the heart of growth-
stalling popular turmoil. The causes of the 
disturbances have been complex. Broad 
current participation in income growth may 
ensure against an immedliate outbreak, but 
future difficulties cannot be ruled] out. Also, 
the possibility of an eventual achiinistrational 
shift back toward policies more closely
associated with the Cultural Revolution can-
not be discounted. 

The prospects for growth of procluction
caused by the available seedl technology
also seem reasonably good. The outlook for 
expansion by use of single-cross hybrid
maize and semidwarf wheat stil! looks strong.
Even the slow growth of rice production,
which may have even accelerated in the 
1970s, will be bolstered by the present
proliferation of male-sterile hybrils as 
growth from conventional rice hybrids be-
comes exhausted in more and more regions,
Toward the end of the current planning
period, growth in stagnant tuber yields is 
likely to begin responding to increased 
emphasis on appropriate field management
of this crop and to virus-free seed stock, 

It appears that the seed technological 

prospects for expanding production in the 
first half of the 1980s are at least as 
favorable as they have been in the 1970s,
although eventual exhaustion of growth
from semidwarf wheat and hybrid maize will 
ultimately present a problem. The net impact
of several other levelopments wili favor 
farm production in the first half of the 
1980s. What effect the purportedtly greater
peasant autonomy in production and the 
current administration's relative de-emphasis
of grain will have on foodgrain output is 
unclear. The material gathered to late,
however, suggests that it may even be 
positive or at least not significantly negative.

If the input supply plans (and the extent 
to which they seem likely to be fulfilled)
suggest foodgrain output growth in the 
annual range (from a 1978 base) of 3.0-3.5 
percent, then considu,'ation of 1978 weather 
condlitions, changes in allocational effi­
ciency, incentives, and technological pros­
pects would tend to argue for growth averaging
in the upper end of that range or even above 
it. At the implied production level of 380­
400 million tons, (lemlandl is likely to con­
pletely absorb' available supply. Domestic 
consumption of such volumes will result in 
both a qualitative and quantitative improve­
ment in Chinese diets. It should be notedl, 
however, that expected growth of these 
rates through 1985 does not at all imp!y that 
such rates will be maintained in future 
periols. The present outlook for supply
growth is particularly favorable. But rapid
growth beyond 1985 mayldepend upon 
more problematic contingencies, such as 
continued allocational emphasis on agri­
culture and foodgr'inz ''ng-term water 
diversion plans, further breakthroughs in 
seed technology, resolution of econony­
wide energy supply constraints, and preser­
vation of political and social stability. A 
major shift in the composition of domeslic 
demand for grain in China may also occur in 
the post-1985 decade. Important future 
research and data dr'velopment %"ouldhelp
ascertain the nature, timing, and extent of 
such a crucial shift. 
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2 
ISSUES AND PROSPECTS 

In 1975 China formulated a 1985 food-
grain i production target of 400 million 
metric tons. At the time it implied an 
ambitious but conceivable growth rate of 
3.5 percent per year. Foodgrain production 
stalled at about the 1975 level for the 
following two years, and although 1978 
registered a 7-8 percent increase (see Table 
I), the implied growth rate for target fulfill-
ment within the remaining seven years had 

2risen to about 4 percent per year. A 
preliminary 1979 figure of315 million metric 
tons has been released.3 This figure represents 
a healthy increase over a good 1978 harvest 
but falls somewhat short of the required rate 
for target attainment. It is quite possible, of 
course, that the preliminary figure is an 
underestimate.4 But it would have to be a 
record underestimate, with the subsequent 
adjustment surpassing even 1978's upward
revision of about 10 million metric tons, to 
bring the required growth rate for reaching 
400 million metric tons by 1985 back to 3.5 
percent per year. (According to the State 
Statistical Bureau final figure [332. 115 million 
tons], the preliminary figure was in fact a 
record underestimate. The required growth 
rate for 1985 target fulfillment is now 3.2 
percent. Fulfillment must now be considered 
a serious possibility, but would still represent 
a remarkable achievement.) 

High sustained growth rates in output 
are far more difficult to attain in developingagriculture than in the industrial or service 
sectors. From the vantage of 1978's final 
estimate or 1979's preliminary figure, reali-
zation of the implied expansion rate would 
not only represent a truly significant
achievement for the People's Republic, but 
for any majorproducer of grain.5 During the 
spring and summer of 1979, there was little 
reference to the 1985 target, but it was not 
explicitly revised with the new wave of 
economic conservatism as were the steel 
target and a variety of capital constructiol 
projects. In late September 1979, Zhang
Finghua 6 reaffirmed the target and went on 
to disclose that of Mainland China's 29 
provinces, municipalities, and autonomous 
regions, 18 declared that they would be able 
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to fulfill their individual 1985 targets, 3 
indicated that they would have difficultq
doing so, and 8 promised overfulfillment 
It is therefore useful to investigate how 
close the Chinese might come to achieving 
the goal and how the additional 95 million 
metrictonsofprcductionwouldbeallocated. 

China's long-term foodgrain production 
growth rate averages 2.5-2.6 percent per 
year (1952-78) and is a good deal lower if the 
baq year chosen is 1957, just before one of 
the worst nationwide agricultural failures in 
Chinese history. The rate can be made to 
appear higher by using 1949, the year of the 
Communist Party's ascension to power before 
full recovery from World War II and the 
Chinese Civil War; and the rate has clearly 

Table I-Two approximations of a con­
sistent "official" foodgrain 
output series, 1949-78 

Approxima- Approxima- Weather 
Date tion A tion B Conditions 

1949 111 I11 bad
1950 1301952 161 130 goodn.a161 
1953 164 164 average
 
1954 166 166 bad
 
1955 180 180 good 
1956 

7 
188 188 bad 

195 191 191 average

1958 206 205 " good
1959 171 '184 average
 
1960 156 146 bad
 
1962
1961 180 170 good168 156 bad 
1963 190 183 average 
1964 194 200 good 
1965 194 194 average
19661967 215 220 bad225 231-233 good

1968 210 . average 
1969 215 average 
1970 243 243 good
1971 246 246 average1972 240 240 bad1973 266 261 -266 average 
1974 275 275 good 
1975 284 283-285" average
1976 285285 286283 ' badbad1977 

1978 305' bad 



Table 1-(Continued) 

Sources: 	 Approximorion A: Robert Michael Field and]
James A. 1ilpatrick. "Chinese Grain Produc-
tion: At Interpretation of the Data," China 
Quarreny, June 1978, pp. 372-3. 
Approximation B: Bruce Stone, A Review of 
Chinese Agricultral Statistics. Research Report
16 (Washington, D.C.: Itiernational Food 
Policy Research lnstitone, forthcoing). 
Weather Conditions: Leo A. Orleans, "Soviet 
Perceptions of China's Economic Dtevelop-
ment," in U.S. Congress, Joint Economic 
Committee, Chinese Econorny Post.MaD Vol. I 
(Washington, D.C., U.S. (overnmient Print-
ing Office, 19713).p. 147; l'.dw in F.Jones, 
"Tile E ergiitg Paittern of Chitia's Economic 
Revolution." in U.S. Congress, Joint Itco-

tnotnic Cotnlittee, AIn :'conotri' Profile of 
Mainland China (New York: Praeger. 1970), P 
93. 


Notes: 	 Approximation A was In attempt to collt-
sate for changes in the offici,l Chinese 
definition of foodlgrains. It is based on the 
authors' conclusion that 1964 was the first 
year since 1955 that soybeans were included 
in footlgrain output statistics released by the 
Chinese governmen aniti that siiice 1970 
tubers have been incluhded at a fifth rather 
than a foturlh of their mtural veight. 'ie 
series relies prinarilh oil adjList ients o 

figures appearing inChinese pufblications,
broailcast transcripts ani oral statements bIv 
Chinese officials. 'they are suplpleiiiitel by
estimates p arlael b)'tifeauthors andlother 
scholars. 

Approximation B is tased exclusively oil 
Chinese materials and difiers, irimcipily in 
the 1960s. htitn those used toderivi the 
Field anti Kilpairick series owing it)the 
atthiors irovisional ailoliini of the recent 
slatement atribtuied to a Chinese govern-
illetit dlefinition offoodgrimsofficial that tile 
and the grain eqouivahett weight of ltohers weri 
changed itn. respectively, 1958 and 1963. 
Both series dre prsTentei since the (dltes
ieed to be verified. tonly are these dates a 

source of some amtbiguity. ilt thew is noi% 
some question whether all soybeans or (itlt
those co- tlTnei ireculy are includedI. 'fi'rel 
is also a small chance Ohtith tuber ratio hias 
been changed blaik to one fourth of tiheir 
natural weight (see note e). Firally, Chinese 
officials htave!old members of i Jaluamese 
delegation thatwhatever the aggregative iion-
ventions adtoitedf Itythe government, defio[i
lions used by local units iii reporting ;otiiii 
varied tetween Ioca iies antd some-were 
tites chanuge(i, suggestitg fthatestablismuent 
cfa truly consistent series % illnecessit'lle a 
recoipulatioti of adjusted local reports. It 
will lie complicatedi ani iifficul if not 
imnpossible to construct soch i series. 

Foodgrains include paddy rice. wheat, coarse 
grains, tubers (valued atone fiftli of their 
natural weight), and soybeans; for co .rse 
grain definition see footnote 1.
 

The official figures for 1958 and 
 1959 are particularly 
unreliable. Popular consensus has it that massive 
overreportmgoon the part of local administralivecaies 
during those years vatly inflated compilations at tOe 
State Staistiual Bureat. These conpilations ma'inot 
now be ompletely correctable,. although various nob 
consc,'ative official serie" %%ire publishel ater tlie 
orignial esiitilaltes ap)eared. The figitMes included ,dW' 
Ias(oiilol th(ii,ilst ol these more ('ll ,ersmaliVe series 
,ilhough it is nota paticdarly reliabl' scnes forothir years. 

No official nationil aggregate figures have been 
published for I968-69. 

,i on prel;mianry estimties: unambiguously finalBsei 

official estimates have not been 
 ilndeavailable.
 

1A defitnitinal question has again afisen over the 19780t)i111oup first t)blisheIld by' th Stte StatisticalliguLres 

Btreau iii June 1979. 'the 1977 figure may 
 also lie 
implicated since it alleared ii flit, same State Slatisti­
cal Iureau iublication. Ihe included 1976 figure, 
which was '.msedoti ut increment over 1977 output
appearing Iii a September 1979 publicationm. tiy be as 
rsell. Ai official niews release in late Selptembhier quioted
the included 1978 figure along wilh figures for1949 
and 1952. But litlatter twvo oiticiiie wilh officia! 
foodgrain figures for those years, including all soybeans
and tubers valued at one- fourth of their iatutral weight.
In 1978 anti 979, ho, ever. the current definition 
(imcluding all soybeans and tuilbers valued at a fiflth of 
their natural weight) was reportedly confirmei by Chinese 
officials to at least t%%oindependent foreign delegations. 
Moreover, statement: made to a Japanese delegation 
indicate that not all soyfbeans. butonly those consuted 
directly, are incluideI in official foodgrain statistics 
although an American delegation was reportelly told 
that ill soybeanis were included. 'Ilte issutmplionis here 
ire merely convenient ones: that the excluio.i of
 
so lieauls osel in oil dl bean cake proilucti,, is, at
 
most, relatively recent (lperhaps ac:counting for tite
 
idifference betwcen Ilie finial 1977 
 figure published in 
imi1-19711 anl ile Stale Statistical Iureau figure pu­
iiliet infid-1979); ani that the comparison with tie 
1949 amd 1952 tigines. isici iiii'lule fli soybeans and 
value tiiliers at one-ourth l'ir unatural %%eight %%as 
one of expelienlc,. Statistics may not be avaiialle for a 
recomputation off''fodgrain" soyblieanus Or tie Chiniese 
may now accept ihat early officiaI prohduction figures 
were minor underestimates anmtai,.imoreor luss offset­
ling the Itias introdocel y fdditional Iincongruity.
Current figures may also be utderreported, though no 
doubt to a lesser extent. If soybteats used to lroiltice 
such things as cooking oilan teiin cakes have inleed 
lieet exc:ludel, then to establish rTough consistency in 
Aplrosimlion 1i it is only ncessa, toadi afiout 3 
million metric tons to ifhe included Slle Statistical 
Bureau esliuiates for 1977 and to life 19711 figure
(though proalbly not 1976). Iltthe question,unfortt­
nalely, remains o1)e. 
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been higher for shorter periods, even if we the face of declining rates of population 
are careful to take peak-to-peak (1971-75: 
3.8 percent per year) or trough-to-trough 
(1968-77: 3.1-3.5 percent per year) readings. 
But the 1978-85 implied rate of growth has 
been exceeded no more than once in the last 
three decades for a period of comparable 
length (1960-68: 3.8-5.0 percent per year), 
and although this is a trough-to-trough 
reading, the 1960 trough was so low (pro-
duction probably dii not exceed the 1952 
level) as to render comparison with 1978-85 
quite spurious. 7 

In order to exceed historical average 
rates of growth in domestically produced 
foodgrain supply, China must do one or 
more of the following: increas- the rate of 
growth of input application and absorption 
in foodgrain production; increase markedly 
the quality oi these inputs; improve signifi-
cantly tl'e efficiency of allocation or manner 
of combining these inputs; or utilize 
technial innovations to effect a major 
upward TNh!t in the production function. It 
can be demonstrated that China, owing to 
technical developments and policy adjust-
ments, may be in a position to improve on 
past performance in each of these categories 
of change. Yet the changes themselves 
present problems which may eventually 
increase the risk of production stagnation. 
Although nonpoiemicists must perhaps re-
main skeptical that the 1985 foodgrain 
production goal will be achieved, the 
Chinese are currently in a rather favorable 
position to put together several years of 
better-than-average agricultural growth in 

increase. 
The fact that China is supporting one­

fifth to one-fourth of the world's population 
on 7-8 percent of the world's cultivated land 
suggests to many Westerners the pessimistic 
theories of Thomas Malthus and marginal 
labor products diminishing to zero. Yet over 
the last three decades as a whole, China has 
been able to increase foodgrain output, 
albeit by a slim margin, , excess of popula­
tion growth and seems in a strong position 
to continue and even intensify this process, 
all within the context of a development plan 
that has emphasized agriculture to a far 
lesser extent than its press reports would 
indicate. Moreover, the chronic peak-period 
labor shortages of Chinese agriculture, 
documented as early as the 1920s by Buck,8 
have been accentuated, due in particular to 
overlapping peak demands of multiple crop­
ping and China's labor-intensive agricultural 
strategy.9 

Virtually no Western observers doubt 
that the People's Republic's immense popu­

° lation of over one billion i will be capable 
of absorbing 400 million metric tons of 
foodgrains in 1985, particularly when popula­
tion growth is taken into consideration. But 
a closer examination of China's demand for 
grain may shed light on the extent aid 
timing of changes in China's internationail 
purchase plans (should future production 
levels actually turn out to be unexpectedly 
high or low) and oo prospects for demand 
progress beyond the 400-million-metric-ton 
mark. 

FOOTNOTES 

Foodgrains include rice; wheat; coarse grains; green, yellows, and black soybeans (probably all soybeans but 
perhaps only those used directly for consumption); and tubers (valued at one-fifth their natural weight). Coarse 
grains include millet, sorghum. corn, barley, buckwheat. mung bean oats, proso-tmillet. small beans, green beans, 
and broad beans. 
2 For output figures see fle of ficial series in Bruce Stone, "A Revies of Chinese Agricuth. of Statistics," 

International Food Policy Research Institute. Wa sl ig l,. D.C. Juie 13, 1979. Talte 2 Eee also two approximat ions 
of consistent series in Table I belows 
I U.S., Foreign Broadcast Information Service (:1IS). Peoples Repiublic ofChina Daily Report, December 31, 1979, p. 

LI2. "Rich Harvests," Beijing Review, Januairy 14, 1980, p. 3. The State Statistical Bureau (SSI,) final figure (332.115 
million metric tons) is Irom Xinhua [New Chinai Nesss Agency, nes's bulletin, April 30, 1980. 
"Chinese economists 'hare the belief that initil e'.nates are consistently below the true output figures because 

they are deliberately underestim,aed by local, county, and provincial governments. They also believe that the final 
'stimate- hased upon state purchase information are underestimated, although not by as much. Conversation with 
WiU Chian-chun, deputv lirector of the Institute of Geography, Academica Sinica, Beijing, January 25, 1979. 
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5This point was first made oi the basis of e 1978 estimate of about 290 million metric tons with an implied growth
rate of 4.8 percent per year by, Robert F.Dernberger and David Fasenfest, "China's Post-Mao Economic Future," in
U.S. Congress, Joint Economic Committee, Chinese Economy Post-Mao, vol. I (Washington, D.C.: U.S. Government 
Printing Gffice, 1978), pp. 3-47.
 
6 Xinhut. news bulletin, September 27, 1979, p. 
 19; FBIS. PRC, September 28, 1979, pp. L9-L15.
 
7 These growth rates were calculated from Table I.
 

John Lossing Buck. Chinese Farm Economy (Chicago: University of Chicago Press, 1930). 
This argument is developed in Shigeru Ishikawa, "China's Food and Agriculture: A Turning Point," Food Policy 2(May 1977): 98-9, where it is pointed out that the current labor utilization rate in Chinese model communes far

exceeds that of China in earlier periods and concurrnt rates in other Asian countries. However, this is (hie in part to
the differences between the valuation of labor by the individual and by the state, which resuits in both
overemployment and a negect of collective activities in favor of private sideline and leisure activities (see Thomas 
B. Wiens, "The Evolution of Policy and Capabilities in China's Agricultural Technology," in U.S. Congress -
Economic Committee, Chinese Economy Post-Mao, vol. I (Washington, D.C.: U.3. Government Printing Office, 1978) p.
674. Also see Ishikawa, "Prospects for the Chinese Economy in the 1980s," Tokyo, March 12, 1979. (Mimeographed)
10Arecent estimate by John Aird, he United States's foremost expert on the Chinese population, places the midyear
1979 figure at 1.017 billion(see Sone, "A Review of Statistics,": Table 1).As of year-end 1979 even the Chinese were
occasionally quoted as referring to their population as over a billion. (Xinhua quoted by the Japan Times [Toklo.
December 29, 1979). 
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3 
COMPONENTS OF DEMAND 

The Chinese revealed in the spring of 
1979 that fooJgrain consumption per capita
in 1977 was .to higher than it was in 1957.11 
But approxmately 300 to 350 million more 
Chinese were averaging consumption at 
that Ieve; in 1977 than 20 yea:s earlier, and a 
smaller proportion of production was de-
vote6 to direct human consumption (livestock
feed accounted for much of the difference). 12 

Then, too, 1977 was the second year of grain
production stagnation, resulting in part from 
extremely dry weather, while 1957 and 1958 
were at the apex of 1950s growth, not again
surpassed until the mid-1960s. 

The principal point to keep in miad in
comparing past and present Chinese con-
sumption levels is that the average level in
the 1930s was already very high by inter-
national standards and the 1978-79 average
level ranks China among the highest in the 
world. There remains excess direct deniand 
for grain in China, not because average per
capita consumption is low, but because 
sizable segments of the population have 
been consuming well below the average and 
because even average supply of nongrain
foodstuffs is low. Purchasing more food-
grains is the cheapest means for individuals 
to augment consumption and producing 
more foodgrains is the least land-consumptive 
means for economic planners to supply the 
extra demand for calories, 

Figure 1, most of which is borrowed from 
a 1977 article by Ishikawa, is an international 
cross-section of average annual foodgrain 

consumpt: inper capita plotted againt aver-

age daily caloric consumption per capita

from all food sources. Nations represented 

by triangles are Eastern European socialist 

countries. Those represented by circles 

along the rising trend line are Asian, and 

dots, along the falling trend line, represent

all others. Among a variety of interesting

observations drawn by Ishikawa, the figure

makes clear that China's total caloric con-

sumption is modest (about average among
developing countries) but that its foodgrain
consumption per capita ranks high. This 
observation suggests that improvements in 
the nonfoodgrain diet might be a much 
higher Chinese priority than further incre-

mentsoffoodgrainsfordirectconsumption. 
But this ignores the tendency of socialist 
planners to prolong concentration on food­
grain output expansion, and high average
foodgrain consumption levels in Asian 
countries generally, as well as the issue of 
distribution around the quoted mean levels. 

Raising The Consumption
Level of the Lowest 20 to 40 

Percent o2'the Population 

The redistributive nature of government
policy and egalitarian nature uf Chinese 
society can be easily exiggerated. The 
development process is normally associated 
with a widening of rural income differentials, 
and redistributive efforts have had to 
contend with this effect as well theas 
original maldistribution. Over and above the 
minimum guarantees of foodgrains, cloth,
oils, shelter, basic medical treatment, rudi­
mentary education, and so forth, the socialist 
principle of "each according to his work" 
has, in many respects, clearly triumphed 
over the communist principle of "each 
according to his need," and recent policy
changes have effected an even greater com­
pensation emphasis upon results achieved 

1 3 Theover effort expended in rural areas.
land reform in the early 1950s, though
clearly redistributive, by no means eradicated 
rural income differentials (see Table 2), and 
it appears quite possible that the subsequent
collectivization movement and other redis­
tributive activities were even less effective 
in reducing the remaining differences, 
except to the extent that they provided
greater security against drastic temporary
and trend degeneration ofwelfare. 4 Aithough
China's rural income distribution is one of 
the mcst egalitarian in the world today, 
average per capita incomes vary considerably 
among administrative and productive units. 
In 1977, for example, average foodgrain
distribution in Jiangsu was 44 percent greater 
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Table 2- Changes in the distribution of per capita income produced. 1930s to 1952 

Share of Farm Income Share of Total Income 

Change in Change in 
Percentile 1930s 1952 Share 1930s 1952 Share 

(percent) (percent) 

Top 10 26.0 21.6 4.4 24.4 21.6 -2.8
 
Top 20 42.7 35.1 7.6 42.0 35.0 --7.0
 
2nd 20 23.8 21.3 2.5 23.9 21.3 -2.6 
3rd 20 16.3 17.5 -1.2 14.9 17.4 2.5 
4th 20 11.4 14.8 .3.4 13.2 15.0 1.8
 
Bottom 20 5.8 11.3 ,5.5 6.0 
 11.3 +5.3
Bottom 20 1.8 5.1 '3.3 2.5 5.1 42.6 
Averag,., per capita
 
incofne (catties of
 
graii)" 972 920 . •. 1,084 1.082
 

Sources: Table 6 and Robert C. Roll, "Incentives anti Mutivalol .n China: The' Reality' of Rural Inequality," a paper 
presented at the annual neet ling of the American Economic Association, iallas, Tx.. I)ecember 28, 1975. 
pp. 27. 49. 
The distribution of incomes for the 1930s is derived froni the sample survey data presented in John 
Lossing Buck. Land Utilization in China. 3 vols. (Nanking: University of Nanking Press and Chicago: 
University of Chicago Press. 1937), Statistics, in Roll, "Incentives and Motivation." Chapter 3. 

One catty equals 0.5 kilograms. 

than that of Ningxia, while average distri- purported to be significantly higher.19 

buted income per capita (excluding private Although harvest fluctuations remain a 
plot and sideline income) in Shandong was problem in broad regions throughout China, 
over 77 percent higher than that of Ningxia resultant extreme losses in income docu­
(see Table 3). Turning to variations within mented by Buck 20 for earlier years are far 
provinces, in 1978 Zhejiang's 10 high-yield less of a threat. Moreover, a variety of 
countios averaged 161 yuan of distributed redistributive policies and activities of the 
income per capita, 57 percent above the Chinese government assist backward pro­
provincial average of 102 yuan, whereas the vinces and localities in maintaining subsis­
four poorest counties averaged 40 yuan per tence and ensure all areas against extreme 
capita.' 5 Among communes, average per harvest loss.2 

capita income levels may still vary on the But there are irtdications that the rationing
order of 1:10, and differences within coin- mechanism may break down in some of he 
munes and even brigades remain substan- areas most in need. Refugee-based research 
tial. 16 In 1979 Shanghai's 10 richest brigades reveals cases of malnutrition in localities of 
averaged 325 yuan per capita, whereas the several regions of China, 22 and Chinese 
10 poorest averaged 190 yuan per capita. 17  press statements have indicated that 200 
Thus, the available information on distribu- million peasants each consumed less than
tion would indicate that for the poorest 150 kilograms of grain in 1978.23 If this 
members of the poorest communes, the figure refers to unprocessed grain, then the 
margin of consumption of calories (and processed figure would be around 124 kilo­
even of rationed foodgrains)'8 above a grams, 24 well below the 1957 average urban 
modest subsistence level may be very slight, ration. This suggests that some of the targeted
despite average rates of foodgdir consump- increase in production might be devoted to 
tion ranking among the world's highest. raising the consumption standards of the 

A formal foodgrain rationing system in bottom quintile of the population.
both rural and urban areas was instituted in Although it is difficult to estimate how 
the mid-1950s. By 1956-57 the average much positive distributional impact on 
urban ration had been raised from 125.8 to China's lower income and consumption
134 kilograms of grain per capita (processed). strata will result from the broad spectrum of 
These rations represented minimum guaran- recent policy changes to be discussed later 
tees; average consumption levels were in the paper, some direct measures have 
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Table 3-Average rural provincial foodgrain and income 	distribution 

Average Foodgrain Distribution Average Cash Distribution Per 
Per Capita Capita from Collective Income 

Province 1976 1977 1978 1979 1957 1977 1978 1979 

(kilograms) (yuan)
 
Anhui 
 66.7 70,2
Beijing 	 8.7 greater 

than 1978 
Gansu 	 20.8 greater


than 1978 
Guangdong 	 32 greater
 

than 1977
 
Heilongliang 84.0 110.0
 
Ilenan 	 7.8 greater 

than 1978
 
Hunan 13.5 percent
 

greater than
 
1978
 

Jiangsu 219.5 249.5 67.0 850 
Jiangxi 300.0 73.0 89.0 
Jilin 209.0 249.5 81.0 1070 
Liaoning 205.5 220.0 770 87,t
Ningxla 152.2 187.2 63.5 80.2 
Qinghai 25 greater 

than 1977 
Shandong 	 24 greater
 

than 1977 	 112.6 112.4 
Sichuan 184.4 217.5 246.6 250.0 	 10 greater 8 greater
 

than 1976 than 1977
 
Xinjiang 	 169.3 184.8 193.3 73.6 85.6 102.6 
Xizang 	 37 greater
 

than 1977 	 104.0 130.0 
Zhejiang 42.5 greater 

than 1977 285.0 57.5 64.5 102.5 120.0 
Average 9 percent 13.7 percent 

greater than greater than 
1977 	 1977'
 

Sources: Average foodgrain distribution per capita: Stone, A Review of Chinese Agricultural Statstcs 1949-79. Research 
Report 16 (Washington. D.C.: International Food Policy Research Institute. forthcoming). Table 4A.
 
Average income distribution per capita:
 
Anhui: FBIS, PRC, April 22, 1980. p,04: and January 16, 1980, p. 04.
 
Beijing: FBIS. PRC. February 14. 1980, p. LI.
 
Heilongjiang: FBIS. PRC, July 3,1979. p. S3.
 
Henan: FBIS, PRC. April 3, 1980. p.Pl.
 
Hunan: FBIS, PRC, March 25, 1980, p. 116.
 
Jiangsu: FBIS. PRC. May 25. 1980. p. 03; MaV 30, 1980, p. 04.
 
Jiangxi: FBIS, PRC, April 24. 1980. p. 08.
 
Jilin: FBIS. PRC, May I.1979, p S3;May 9, 1979. 1). "Rural Economy Looking Up," Beiing Review, May
S4; 

11, 1979. p. 5.
 
Liaoning: FBIS, PRC. June 5,1979, p. L9; June 8. 1979. ).S4.
 
Ningxia: FBIS,PRC, May 16, 1979. p. TI (where the 1978 increase over 1977 was given as 26.3 percent):

elsewhere it was given as 16.7 yuan.

Shandong: "up 9.8 yuan in 1978" FBIS,PRC, April 25. 1979. p. 05; "up 8.7 percent" FBIS. PRC, June 25.
 
1979, p. 1.18.
 
Sichuan: FBIS, PRC. April 4. 1979, p. QI; May 14. 1979, p. Q4.
 
Xinjiang: FBIS, PRC, May 11,1979, p. TI; April 10. 1980 v. T2.
 
Xizang: FBIS, PRC, June 25, 1979, p. Q2.
 
Zhejiang "Average nral p.'r capita income in the highest yield counties in 1978 was 161 yuan...57 percent
 
greater than the provincialaverage" (FBIS.PRC.April 17,1979, p. 04). l' osee, :BIS,PR'. February 13.1980, p. 04.
 
All province-"FBIS.PRC,June 14, 1979, p. 19; Ninisterof Finance Zhang Jingfu"Report on the Final State
 
Accounts '78 and the Draft State Budget for 1979" (delivered at the 2nd Session of the 5th National
 
People's C.:;,ress on June 21. 1979). Xinhua [New Chinal news bulletin, June 29, 1979: FBIS. PRC, July 3,
 
1979, pp. L6-L7.
 

Note: Income and foodgrain distribution is shown, but not private plot and sideline income. 
A 1979 per capita income distribution from the collectives increased more than IOyuan over 1978 and 20 yuan over 1977, 
suggesting that the national average was less than 73 yuan in 1977 and less than 93 yuan in1979 
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been taken that should raise consumption 
standards of the poor localities over 1979 
levels. Already in 1978 large increases in 
collective income and foodgrain distribution 
were registered in a majority of Chinese 
provinces. Except in two cases, all provinces, 
municipalities. and autonomous regions 
increased per capita collective distribution. 
The average provincial increase across China 
was 9 percent for foodgrains and 14 percent 
for per capita distribution of collective 
income (see Table 3). In 1979 the state 
reduced (compulsory) rural grain purchases 
by 2.5 million metric tons. From 1979 on-
warl, wet rice areas with foodgrain rations 
of less than 200 kilograms (probably tin-
proctsessed) and nonstal)e fooclgrain areas 
with rations under 150 kilograms have been 
exempt from state ,urchases. Newli re-
claimed land will be exempt from state 
purchases for the first five years of produc-
tion.25 

Agricultuoral taxes, which averaged a 
little over 5 percent of agricultural crop 
output in 1974 2(, and 3.35 percent of gross 
industrial and agricultural output value of 
rural areas in 1977. were further reduced or 
eliminated for poor communes. Rural pro-
cessing enterprises operated by the people's 
collllnlles ah' now tax exeilpt lilitil tei 
annual profit reaches 3,000 yuian (as opposed 
to 600 y/uan befort), while all new rural 
industrial enterprises (exclusive of tobacco 
factories, distilleries, wineries, and (cotton 
mills) in financitl difficulties can operate 

.x-free for two to three ,,ears. In frontier 
counties and national autonomous areas. 
the tax exemption is for five years. The 
Ministry of Finance estimates that these tax 
reductions alone will add I billion yuan to 
rural incomes. 27 The incidh lice of the lax 
reductions falls primarily oii low-incone 
areas. 

There remains aln eStimlaited 25.4 billion 
yuan flowing to China's countr, side ii t979 
from the state"l to be set against remaining 
direct and indire(:t rural taxes. Although 
social relief funds and aid to comiunes and 
brigades are included in this sumin, the extent 
to which low-income groups will henefit 
from the progrctms financed thereby remaiv: 
unclear. 

lfwe made the very conservative assun-
tion that incomie lislril)utioi in 1978 was iio 
more egalitariai than it vas cit tie ud of the 
land reform in 1952 nd that foodgrain 
distribution %%as identically correlated with 
income distribut ion, then the bottom income 

quintile of the Chinese population ,:onsumed 
an average of 113.6 kilograms of processed 
grain per capita in 1978 and the fourth 
(luintile averaged 150.7 kilograms per capita.29 

Bringing the bottol (uintiIle's consumlltion 
u1p to the estimated 1978 average level of 
201 kilograms per capita would then require 
about 21.3 million metric tons (unprocessed 
grain): the fourth qo intile's requirement 
would be ahout 12.2 million metric tons for 
a total of 33.5 million metric tons. 30 All 
things considered, however, it seems highly 
unlikely that the 1978 income distribUtion 
is as skewed as it was in 1952, whereas it is 
very likely indeed that tile distribution of 
foodgrain consumpltion is significantly less 
skewed than is income, even considering
flaws in the rationing system and upward 
leaks in the official distribution ceilings.31 

Furthermore, ignoring tile above­
mentioned biases, if the 150-kilogram figure
quoted by the Chinese pre.s is in terns of 
processed grain, then the iimremnental food­
grain requirement !o bring th1e constiniption 
of the bottom two quinti h's Ulp to the 
average is more likely to hel in the neighbor­
hood of 20 million metric tons(unprocessed). 
Moreover, it is not at all clear that the 
Chinese government has the intention of 
increasing consimlption levels of' poor lo­
calities to anywhere near tile current national 
average through unilateral state programs 
within ithe 1979-85 planning period. Under 
our more pessimistic assumL)tiOlIs about the 
1978 mean level of per capita consumption 
of the bottom quintile of the popuiation 
(I 13.6 kilograms per year), raising the average 
to 150 kilograms (123.75 kilogrms processed) 
would require a little less than 2.5 million 
metric tons, which woul(d be covered by the 
1979-85 ieduction in compulsory grain de­
liveries. Il lle eyes of the government, this 
sum would he enough to ,lleviate file most 
lrastic insufficiencies amiong the Chinese 

population.32 
If the sole beneficiaries of the one 

hIillion yuan to be transferred to rural areas 
through tax reductions were lower-incoine 
groups and this sul completely levoted to 
increased graiin consuml)tion (whch may Ie 
Ierilouisly cese to the truth), al estimate of 

4.3-5.8 million metric toils of additional 
grain 3 1 woutl be available to the boctom 
quintiles for a total of 7-8 million metric 
toils. 

lhe remailimg 25.4 billion yutim flowing 
to rural areas in 1979 is an estimated gross 
smin, not an increase over 1978. Aid to rural 
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communes actually declined (from 7.695 
billion yuan to 7.05 billion yuan) from 1978 
to 1979. 3 4 Funds for capital construction, 
rural enterprises, and social relief rose from 
4.8 billion yuan to 7.8 billion yuan, but of 
the increment, the extra share devoted to 
social relief was probably not large. 35 Loans 
to communes and brigades from rural banks 
and credit cooperatives rose from 10.03 
billion yuan to 13.03 billion yuan, but the 
lion's share (11.6 billion yuan) was devoted 
to agricultural development and commune-
run industries, and certainly not to con-
sumption loans. 36 By far the largest increase 
in the rural package derives from an esti-
mated 8 billion yuan for increases in state 
purchase prices for agricultural products. 37  

But, as will be discussed in su)sequent 
sections, the primary incidlence of this 
increase will more likely be in high-income 
and fast-growing rural areas, 

In summary, although the lo%%est two 
quintiles of the Chinese population may 
require 20-33 million metric tons per year of 
additional foodgrains to achieve the 1978 
national average for per capita consumption, 
direct financial arrangements may make 
l)ossible increases of around 7-8 million 
metric tons if the 1979 policy cblnges
extend through 1985. Further iinpro. ,,ilent 
for those poor areas appears to be dlepl.,.*ent 
on production increases and population 
control, both of which may continue to be 
difficult tasks despite policy changes which 
facilitate the former, especially in well-
organized and wealthier areas. 

Maintaining Per Capita 
Consumption Levels 

The next questioa tc '), addressed is that 
of how much foodgrain will be required to 
maintain the status quo: that is, to feed the 
1985 population at the sufficiency level 
achieved for the 1978 population. The im-
portant thing to note is that incremental 
demand in this regard will not be generated 
so much from numerical growth in population 
as from chronological growth. In estimating 
how much additional grain must be supplied 
to satisfy all ofChina's citizens in 1985 to an 
extent equal to that enjoyed in 1978, one 
must first recognize that an identical per 
capita ration will not be sufficient owing to 

the changing age distribution of the Chinese 
population. Although there appears to be no 
one inside or outside China who has a 
highly detailed and accurate knowledge of 
the Chinese population, John Aird, of the 
Foreign Demographic Analysis Division of 
the U.S. Department of Commerce, appears 
to produce the most comprehensive and 
authoritative materials readily available on 
the subject. If his figures 38 are even generally 
correct, something on the order of 40 percent 
of China's population in 1978 were children 
under 15 years of age. The results of a recent 
sample survey conducted by Song Jian and 
three other Chinese scientists seem to con­
firm Aird's data, suggesting a figure of 38.6 
percent. This means that the numerical 
mean ration based upon the entire l)opula­
tion (approximately 201 kilograms per year 
processed, aside from stock contributions) 
is substantially below the average adult 
ration (which may be as high as 269 or more 
kilograms).Y Thus, even if birth and death 
rates were zero over 1979-85. a sizable 
amount of grain would be required to sipply 
the new adults with adu!t rations, and 
adolescents with increases commensurate 
with their quantitatively greater nutritional 
requirements in 1985, 

Appendix I attempts to incorporate this 
phenomenon into a rough estimate of in­
cremental foodgrain requirements for supply­
ing the 1985 population with rations equal 
to those available to members of a similar 
age group in 1978. In the absence of relevant 
Chinese data, people 15 years ol and older 
have been assigned 100 percent of an adult 
ration indiscriminate of age and sex. The 
weighting then proceeds: 14 years (90 per­
cent), 13 (80 percent), 12 (70 percent), 11 (60 
percent), 10 (50 percent), 9 (45 percent), 8 (40 
percent), 7(35 percent), 0-6 (an average of I5 
percent) of an adult's ration. 

There is no doubt that these weights are 
highly arbitrary, but it is quite likely that 
they represent some improvement over the 
assumption that all newborn children are 
immediately adult consumers and that 
changes in the age distribution of the pop­
ulation have no impact on the degree of 
adequacy of foodgrain supplies. Since there 
is no data available for age distribution of 
deaths, all deaths (1979-85) are assumed to 
be of adults, which gives a systematic 
downward bias to the estimates; but child 
leaths have been greatly reduced in China 

in the past 10 years, so the size of the error, 
in view of the relatively low hypothesized 
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death rates, may not be too large. Furthermore, 
the bias should be partially counterbalanced 
by the absence of an estimate for the 
reduction in consumption requirements for 
aged Chinese over the 1979-85 period.

The results of this exercise show that a
large quantity of grain-about.42-46 million 
metric tons per year-will be required by
1985 over and above tibe 1978 level just to 
hold the line on consumption per person
relative to age. China's fulfillment or failure 
to fulfill 1980 and 1985 target rates of 
natural increase is fairly immaterial to the 
estimates. As Appendix 1,Table 12 shows,
the Official Aestimates use tbe official 1978 
vital rates (including the lower of the two 
given death rates) and assume a I percent
rate of natural increase during 1980-85. The 
Official 13estimates use tile official 1978 
rates (including the higher of the two death 
rates) andI assume rates of natural increase 
of I percent in 1980 declining to 0.7 percent
in 1985. Aird's estimates, based on his 
projected rates, are actually the lowest owing 
to his higher hypothesized death rates. The 
three estimates are all relatively close since 
they all del)end heavily on Aird's pOpulation
estimates for 1963-78, which have been 
selected as those most likely to be accurate 
among series readily available. Even official 
population estimates are now drawing very
close to Aird's. 40  

Grain Stockpiling Food Processing 
Brewing and Other Industrial Uses 

China's national grain stockpile, which 
was probably quite depleted by the early

1960s, was as high as 40 million metric tons 

in the early I970s and is apt to be no lower in 

1979 despite two recent years of output
stagnation. It has therefore been accumula­
ting et an average rate of 1-2 percent of 
yearly output. A 1.5 percent figure would 
allow China by 1985 to surpass its long-
range stockpiling target foimulated in tile 
early 1970s; a lower figure is more likcdy in 
view of greater administrational emphasis
since 1978 on leaving more grain in rural

4 1areas. But even the 1.5 percent figure
would only take 6 million metric tons from a 
hypothetical 400-million-metric-ton 1985 
production figure and less than S.million 
metric tons of the 95-tmillion-metric-toil 
increment, 

These figures probably do not include 
local and provincial stocks, of which very
little quantitatively is known. Although visi­
tors' reports confirm the existence of stocks 
at several local levels, the slight information 
a.ailable indicates that they may not be
comparable in the aggregate to tile national 
stockpiles. 4 2 

Ishikawa has estimated that the propor­
tion of grain used in industry and For food 
l)rocessing and brewing in 1952, 1956/57,
and 1965 were 2 percent, 3 percent, and 2 
percent. respectively. 43 His foodgrain Ial­
,ace calculations in a recent article suggest
that tbe proportion ma only have risen to 3 
percent again by 1974. 1'4 If this is so. then it 
seems likely to have declined again in 
1976/77 when foodgrain production per
capita (ipped back toward tile levels ot the 
1950s and 1960s, exacerbated by larger
feedstock requirements.15 File prol)ortion
should have recovered to 3 percent in 1978, 
and with prospective grain production in­
creases running well ahead of population
growth, it can be expected to rise slowly over 
tile 1980s. A proportion of iore than 6 
percent (6 million metric toils) for the hypoth­
esized increment of 95 million metric toils 
(not tile average for 400 million metric tons)
would not be surprising in view of a renewed 
flurry of activity4 6 in such industries and
 
more favorable tax andi financing schemes
 
available from 1979.47 This would bring the
 
average proportion for the entire 400 million
 
metric toils toward 4 percent by 1985.
 

If 7-8 million metric tons for immediate
 
increased direct consumption levels of the
lowest quintiles, 1-2 million metric tons for 
stocking, 6 million metric tons for industrial 
use, food processing, and brewing, and 42­
46 million metric tols for lopulation growth 
are added, it would still leave 33-39 million 
metric tons of tile targeted increase un­
accounted for. 

Past and Future Trends For Live­
stock Feed 

A large portion of the remainder, particu­
larly in view of the relatively low probability
of actual target fulfillment by 1985, is likely 
to be devoted to improvements in diet 
quality (as opposed to quantity). Aside from 
illustrations of China's unusually high food­
grain consumption per capita figure, Figure 
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I also indicates the relatively modest 
position with respect to nongrain caloric 
intake per capita. For nonrationed items 
such as fruit and animal products, 48 the 
skewness of distribution far exceeds that of 
foodgrains. With average consumption at 
very modest levels, and greater skewness, it 
is clear that the bottom brackets enjoy very
little of these commodities. 49  

The most important food in this respect
is undoubtedly pork. The Chinese have 
focused on increasing the pig population 
because of its fecundity and early maturity, 
its omnivorous and hence less immediately 
competitive consumption habits, its im-
portance in traditional Chine3e diets, and its 
efficiency as a fertilizer producer. The hog
population has quintupled since 194950 
despite major setbacks due to pricing in-
consistencies and excessive compulsory grain
deliveries in the mid-1950s (and very possibly
the mid- 1970s),5 1 as well as an intermediate 
decline due to the agricultural failures of 
1959-61. 

The average annual peasant consumption
of pork in 1952, 1955, and 1956 was 4.95 
kilograms, 3.3 kilograms, and 3.85 kilograms, 
respectively, with worker and employee 
consumption in 1955 at 5.90 kilograms.5 2  

Chinese figures place 1977 consumption of 
all meats (dominated by pork) at 7.5 kilo-

53 grams per year. somewhat lower than 
recent Western estimates,54 and there are 
current plans to further increase these levels 
to deal with active unsatisfied demand, 
Although rural private and cc.lective pigs 
are fed a substantial amount of nonfeedgrain, 
low-opportunity-cost materials, Western 
analysts suggest that further increases in 
hoL stocks will require a commitment to 
increase the percentage of feedgrain con-
sumption. 55  

In any evept, the planned improvement 
in dict quality 56 will be a more land-
consumptive means of furnishing calories. 
Ishikawa estimates the cultivated land re-
quirements for supplying meat ar.d vegetable 
oils at, respectively, 3.3 and 10 times that of 
furnishing foodgrains directly. 57 Public 
pledges by party and government officials 
and reports of pent-up demand for meats 
and oils are entirely consistent with China's 
high relative proportion of foodgrains in 
total calories consumed(see Figure I), rising 
disposable income per capita in both rural 

58 and urban areas, recent policy changes
that immediately raise rural and urban 
money income,5 9 and high-income elastici-

ties of demand for such products relative to
foodgrains.60 

The proportion of food- rain production 
used for livestock feed in the 1930s has 
been estimated at about 12.5 percent6 ' and 
was roughly the same in the 1950s. About 
one-fifth of this was fed to hogs.6 2 The share 
for all animals may have been as high as 14 
percent in 1965,5 and 14-17 percent in 
1974,64 if fine-feed (concentrate) consump­
tion rates per head of livestock were allowed 
to drift up with increases in per capita grain
supplies for nonseed purposes as hypoth­
esized by Ishikawa. A rough calculation on 
1978 livestock figures65 indicates that if 
rates cf concentrate use per head of livestock 
and the ratio of whole grain to millings were 
kept at the low 1957 levels, only about 10.7 
percent of total 1977 foodgrain production 
(or 9.9 percent of 1978 production) was 
consumed by pigs and large animals, al­
though almost 40 percent of the total was 
hog feed. 66 

These last figures may be a closer approxi­
[lation of current reality since even model 
pig-raising units in the late 1970s were 
feeding their animals an average of only 
10.8 percent more grain per head than in 
1957.67 Even if the latter were representative
of pig raising generally, it would require less 
than an additional I percent(foratotalofl I 
percent) of total grain supplies. 

But current policy is moving away from 
grain-saving techniques. 68 If the entire 
nutritional requirements of the 1978 Chinese 
hog stock were supplied by grains and 
millings, it would necessitate the allocation 
of an additional 30 million metric tons. This, 
of course, will not occur, but present policies 
could bring about a 15 percent increase in 
the long-term hog population growth rate 
through 1985 (from 3.5 percent to 4 percent).
Some of the increment over the old rate 
could result from planned and current de­
velopment of suburban pig farms requiring 
high rates of concentrate use, But develop­
ment of these farms would have to occur at 
several times the current rate to utilize as 
much as a million tons of foodgrain by 1985. 

Assuming essentially no growth in abso­
lute quantities consumed by the stagnant 
large animal population,6 9 adding 95 million 
pigs to the 1978 stocks would mean an extra 
4 million metric tons of feedgrains. This 
includes the high concentrate diets of hogs 
reared on present and planned suburban pig
farms, but not any further upward drift in 
the fine-feed consumption rates of private 
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and collective sideline pigs. If Loncentrate 
consumption by all pigs were allowed to 
drift up by a second 11 Ipercent over 1957 
levels (to the average level of state procured
pigs in the first six months of 1979), an extra 
2 million metric tons would be needed, 

The target adopted by the Central Coin-
mittee in December 1978 called for a 30 
percent increase in cattle, sheep, and pigs
and for the annual Quantity of meat products 
to double by 1985.7 This would mean an 
additional 90 million hogs. 51 million sheep,
and 3 million cattle above December 1978 
stocks, and .xtra 7.5 million metric tons 
of meat products. 7 1 Assuming the higher of 
our previous fine-grain consumption rates 
for hogs, the 1957 rate for large animals, and 
the 19 5 7 ratio of grain tomillings in concen-
trate synthesis for all stock (45:55), then the 
targeted i,'-rements would :lllfor3.8 million 
tons and 1.2 million tnns of additional 
unprocessed grain for pigs and cattle, re-
spectively. It should be noted that to say
that cattle herds will increase by 30 percent
does not imply a 30 percent increase in 
China's 84 million other large animals (in-
cluding horses, donkeys, mules, camels,
yaks, and breeds of oxen excluded from 
cattle statistics).72 

Large Animals 

In 1957 water buffalo accounted for 
13.127 million (15.7 percent) of China's 
83.457 million large animals, whereas all
varieties of oxen numbered 50.485 million 
(60.5 percent).73 By 1978 large animals had 

only reached 93.89 million vith "cattle" 

accounting for about 10 million (10.7 per-

cent) of the total.74 Cattle here include water 

buffalo (about 20 percent of the total) and 
dairy cattle, but possibly only the common 
(yellow) ox from among a number of5varieties, 7 or only those raised specifically
for beef as opposed to those used as draft 
animals. If it includes all oxen, then numbers 
of other draft animals believed to be in 
decline must have increased over the 1957-
78 period, while cattle numbers alone dropped
drastically. This contradicts both Western 
analysts andl the implications of official 
reports. Even if the 10 million figure does 
not include most oxen, it is clear that most 
of those that are included, as well as the 
stocks of water buffalo, have declined since
1957. This conclusion seems to be borne out 

by scattered reports from both agricultural
and herding provinces.7 6 

The government has aggressive plans to 
increase China's inadequate herd of 500,000 
dairy cattle and is developing long-range
schemes to utilize the northn grasslands
for beef cattle.77 But the plans are still too 
small in scale and the transformation of the 
grasslands too distant to reach the required
numbers by 1985, let alone the figure for 
meat increase. In the collective economy of 
major growing areas, cattle raising cannot 
be expected to compete economically with 
pig raising, and calving rates are too low to 
generate the required increases. 

The most auspicious opportunity is prob­
ably presented by major herding provinces
such as Qinghai, which accommodated 16 
million cattle in 1956,714 as opposed to 5 
million in 197c. T7 Restoration of reclaimed 
farmland to pasture and elimination of 
government limitations on private stock, as 
well as technical progress in breeding and 
varietal improvement, should facilitate the 
process of recovery and expansion, provided
the decimation through soil erosion of 
former pasture is not critically extensive. 

The additional yield of meat from an 
extra 3 million head is likely to be only 
about 40,000-140,000 kilograms 1() due to 
the unavoidable low slaughter rate of large
animals. It is not impossible that the stock 
increment (19/9-85) will exceed the given
f'igure,fl but the additional feedgrain re­
quired is not apt to surpass the estimated 1.2 
million metric tons since the largest stock 
increases are likely to occur in pastoral
provinces such as Qinghai and Xinjiang, 
where cattl will feed primarily on grasses.


As for other large animals (except per­
haps camels, yaks, and highland horses), it 
is reasonable to assume that stock increases 
in herding provinces and middle-income 
localities better able to afford draft animals 
will be largely offset by continued stock 
declines in the poorest agricultural localities 
(owing to more direct competition with 
humans and with the more economical 
meat-and fertilizer-producing hogs) as well 
as in richer areas where more extensive and 
effective mechanization will continue to 
displace draft animals, 

Sheep and Goats 

Sheep and goat numbers have already 
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responded well to pastoral policy reform 
and will be quite capable of reaching and 
even surpassing their target. Following 15 
years of growth at slightly over2 percent per 
year (1962-77), herds expanded 5.3 percent
between Decemcer 1977 and Decembar 
1978, 7.3 percent between July 1978 and 
July 1979, and 4.1 percent between Decem-
ber 1978 and December 1979. 

Less than 4 percent per year (1978-85)
would be required to increase numbers by
30 percent over the December 1978 stock of 
170 million.812 But at current slaughter rates 
(about 40 percent), the targeted increment 
of 51 million head would only provide 300-
500 thousand tons of lamb and mutton. 3 

ile herd growth rate may indeed be higher
than the hypothesized 4 percent per year. A 
high rate is indicated not only by the 1978-
79 performance, but by a new slaughtering
regimen which should take the maximuml 
number of animals in the fourth quarter for 
more efficient fodder utilization and maxi-
mum herd growth.8 4 But even considering
the auspicious signs, the meat contrilution 
of the increment to the sheep and goat 
population is not likely to be more than a
million tons. 

Fortunately, although both the late 1950s 
and mid- 1970s were periods in which pastoral
lands were viewed as prime targets for 
expansion of grain acreage,8 5 the cunoint
 
period rejects such a view. Herders haVt
 
been released from grain production duties to 

a considerable extent, and herding is no 

longer regarded as a retardant of progress in
 
grain producti,.n.1 Because tile vast majority

of China's s'ieep and goats are raised in 

predominantly herding areas where the ani-

mals graze for most of the year and winter 


7for two to three months on cut grasses,11 no 
estimate has been made to account for extra 

feedgrain consumption of these animals. 


Poultry 

No mention of poultry has been attempted
thus far. Unfortunately, national statistics 
on absolute poultry numbers are unavailable,
probably even to Chinese officials. lherefore, 
increments to feedgrain demand from this 
source have been ignored. By means of 
justifying the omission, an "order of magni-
tude" estimate of poultry numbers in 1979 
has been made on the basis of the quantity 

of chicken eggs purchased by the state 
during the first half of the year.88 Although
the results of this exercise must be regarded 
as an extremely loose dpproximation, they
suggest that poultry numbers 'including
chickens, ducks, and geese) may have been 
on the ge.ieral order of a billion birds at 
midyear 1979. about three tiries the esti­
mated figure for 1956,f") implying a growth 
rate of about 4.7 percent per year.

If this rate were extrapolated or even 
doubled through 1985, additional grain de­
mand generated by tile increment over 1978 
stocks would be well within the most opti­
mistic standard of error for our estimate of 
aggregate incremental demand for foodgrains
between 1979 and 1985. Tthis is especially 
true because the amount of grain the average
Chinese bird is allowed to consume has 
been kept low. New suburban facilities forpoultry and egg production accommodate 
about 200,000 birds, while new commune­
level facilities average about 7,000 birds.' 8 

Development of the former, although con­
tributing to increased feedgrain demand, is 
still in the initial stages (the first large center 
was opened in 19 7 8 ),()l whereas commune
facilities are of a size that allows substantial 
substitution of low-opporiunity-cost materials 
for feedgrains. 

Hogs: Greater Numbers Versus
 
Heavier Stocks
 

Unless poultry is counted as meat, the
 
bulk of the targeted meat product increase
 
of 7.5 million metric tons must come from
 
hogs. But how much meat can be expected
from an increment of 90 million hogs? Using 
parameters from the mid- 1950s, the quantity 
of pork available from the increment would 
be 2.3-3.1 million metric tons,12 which 
together with increased mutton and beef 
could reach the neighborhood of 4 million
metric tons of extra meat. Increased con­
sumption of large species principally identi­
fied as draft animals has not been included 
(the most important omission is probably 
that of yaks). Inclusion of lead draft animals 
and yaks raised for meat might adll an 
absolute maximnum of abeut 2 million metric 

t 3tons to 1978 total meat consumption figures,1
but surely a much smaller figure (at least an 
order of magnitude lower) is appropriate for 
the probable 1985 increment over that level. 
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If fulfillment of the target for increased 
meat is seriously intended (which cannot be 
taken for granted), the solution to the problen 
may lie in attempting to drive :he hog stock 
growth rate beyond 4 percent per year; 
.,tempting to increase the average weight of 
hogs; or a combination of both approaches. 
Boosting the rate of stock increase has the 
disadvantages of requiring lower slaughter 
rates early in the period and requiring large
and sudden, rather than gradual, increase, 
in grain-consuinng stock held over the 
winter-just at a time when it appears the 
leadership has finally come to believe that it 
is quite imnportant to bring about some clear 
and immediate improvements in popular
living standards, especially in rural areas. 

Increasing the average weight )er pig,
however, would seem wo require even more 
fine feed for each additional kilogram of 
pork. !f the remaining 3.5 million rnetr;c 
tons of targeted medt production were to b" 
attained entirely from increased hog un:i- million metric tons of additional millings or
bers, the 1985 stocks would have to be some 
76 percent above the year-end 1978 level. A 
further increment of 5.5 million metric tons 
of unprocessed grain pls additional mi llings 
would also be Tequired.24 If the same result 
were to be achieved by increasing the 
weight of the planned 1985 stock of 392 
million hogs (1978 stocks )lus 30 percent), 
the required weight increast might be over 
22 kilograms (for a total of about 90 kilo-
grams per hog at slaughter time if the 1957 

' 
average %%as relevant for 1978).5 :\F'iording 
to previo,' .'-:-l!-acceptedpara meters in 
the 1930s. thi!, would necessitate the alloc,-
tion of an adtitional 18.2 million metric 
tons of feedgrains." 

Chinese officials until recently ha\e 
evidently maintained a 1)0icy of pulshing 
low concentrate use in feed schedules to an 
uneconomical extent.97 The result of a 
typical 1974 official stuly' imtplid that as 
much as 20-23 .ni!ion metric tons would he 
needed to add an average of 22.4 kilograms 
to the weight of 329 million hogs (making 
sure that it would appear quite foolhardy 
not to slaughter after a relatively brief and 
concentrate-scarce period for fattening 
weaned shoats. But calculations based upon 
a recomputation by Wiens of a 1957 Chinese 
study (the original results of which may 
have been altered to conform \vith official 
concentrate conservation l)olicy)}9 indicate 
that the feedgrain requirement fc'- an extra 
22.4 kilograms per hog would be, on the 
contrary, in the range of II -IS million 
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retric tons, depending upon the quantity 
and mix of supplementary feed used. This 
range is even below the figure of 8.2 
million metric tons (erived by assuming 4 
kilograms of concentrate (grain and millings) 
per kilogram of incremental hog weight, 
wide!, used as the rle oft liimb in China in 
tile 1930s. 

Requirenenits and Availability 
of Millings
 

All estimates made so far have been 
based on a 1957 grain proportion of 44.7 
percent of total concentrate weight. Most of 
the r'inaining weight has typically been 
supplied by millings. Tile larger estimate (5
million metric tons of grain for increased 
numlbers ani 18.2 million metric toils for 
increa.;ed weight) would also require 28.7 

olher fine feed. At the 1977 average process­
°
ing loss of 17.5 tercett. no more than 

19.6 million metric tons of millings could be 
)rovided from the targeted increment of 95 
million metric tons of unprocessed grain. I n 
19/8 a maxinum of 36.7 mililion metric tols 
(or about 66.7 )ercent) of millings out of a 
potential 55.3 million metric tons available 
in 1978 were used for animal feed (excluding 
poultry). Thus Under tile more pessimistic 
assumptions, if about 88 percent of all 
millings available in 1985 can be allocated 
to livestock feed, relatively tractable quanti­
ties of other concentrates will be required. If 
not, the slack will have te be made tip by 
more rapid growth of the availability of 
other fine feeds (such as ,vinc dregs or oil 
cakes from soybean, cotton, rape, sesa me, 
or peinti s, after the oil has been extracted), 
o from additio,al grain. 

The Outlook for Crain Demand 
From Livestock in 1985 

On balance, then, where does all this 
conditional figure manipulation lead us? It 
would be absurd to pre,,end to give a defini­
tive answer. But there are a few things that 
can be said without sinking into complete 
ambliguity in view of the rough pi,:ture of 
Chinese planning, popular responses, and 
current conditions available in January i980. 
At least 5 million metric tons of extra 
unprocessed grain must be supplied to 
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livestock by 1985 in order to satisfy the 
basic stock expansion plans formulated in 
1978; it seems quite likely that these plans 
can in fact be fulfilled. If the target for 
domestic supply of meat products is also to 
be achieved, somewhere between 6 and 19 
million metric tons of additional grain must 
be supplied (primarily to hogs, although 
additional demand for poultry feed could 
probably also be included), 

The actual figure within the range of 6-
19 milion metric tons depends on whether 
the means of increasing the meat supply 
focuses more on increasing weight per hog 
or on increasing the numbers of stock. Thi. 
in turn depends primarily upon: the amount 
of grain available and its redistribution (the 
more available and less redistributed, the 
more grain-iniensive will be the means of 
meat increase); the availability of nongrain 
feedstuffs; and the extent to which the state 
believes that peasants can or should be 
persuaded to forgo higher current incomes 
3nd standards of living now to increase 
national income later, 

If current signs are any indication, the 
supply of nongrain feedstuffs is a bit of an 
obstacle to continued hog stock increase by 
means of the methods officially recommended 
over the last two ind ahalf decades (although 
temporary removal of this constraint is not 
out of the question).' 0 ' Feedg-ains will be 
increasingly available and will be left in the 
hands of those that produced it to a greater 
extent than before. The state, at least for the 
time being, appears to feel, more than in the 
past, that the most effective means of rural 
enrichment and the solution to the agricul-
tural problem lie in allowing peasants to 
enrich themselves within permissible lati-
tudes of action. The bonds restraining peasant 
economic activities have not been and will 
not be eliminated. But the range of permis­
sible activity has unquestionably been 
widened. 

All this would suggest that a more grain­
intensive means of supplying additional 
pork products will be followed above and 
beyond what can be gained from a moderate 
upturn in the growth rate of hog numbers. 

What little can be ascertained from the 
record of the first year or so of policy 
changes suggests that this prediction may 
be correct. The July 1979 official stock 
figure is about 4 percent above that of July 
1978, a tidy but unextravagant increase over 
the long-term rate of 3.5 percent. But the 
December-to-December increase was only 

2.7 percent. 10 2 Meanwhile, it has been re­
ported that in the first four months of 1979 
the average weight of marketed pigs rose by 
8 kilograms in Shanghai municipality and 
by 4 kilograms in Guizhou province. The 
national average increase for pigs sold to 
the stte over the first half of 1979 has been 
given as 5.3 kilograms (from 76.5 to 81.8 
kilograms) over the corresponding 1978 
period. 10 3 Pigs sold to the state may indeed 
be heavier than those appearing in rural 
fairs and retained for home consumption. But 
the average for the iirst six months of 1979 
marks a 13.8 kilogram increase over the 
average 1957 level for state-marketed hogs. 

The appearance of the average-weight­
increase 'statistical category itself is indica­
tive of an official attitude encouraging 
weight increase as opposed to previuus 
government efforts to promote concein:ate 
conservation and early slaughter. Further­
more, the purchase price of pigs(by kilogram) 
as well as of beef and sheep has been 
raised. 1° 4 It also appears that hogs brought 
for state sale have, if anything, exceeded 
government expectations and occasionally, 
facilities for storage.'0 5 Still, it is not at all 
clear that the meat-products target will be 
fulfilled. Even if it is, the additional supply 
will derive from increases of stocks as well 
as of weight. And the percentage of meat per 
kilogram of live weight should increase with 
the latter. Therefore, if forced to quote a 
number, 10 million metric tons for additional 
feedgrain by 1985 seems a reasonable esti­
mate, with a probable maximum of 15 
million metric tons. The inillings complement 
of even the latter figure could be supplied 
out of the 95 million metric tons of hy­
pothesized inceemental grain production. 

Increased Direct Consumption 
Among the Top Three Quintiles
 

Current rural policies notwithstanding, 
however, it is not completely clear whether 
Chinese authorities will allow livestock to 
consume as much as 15 million metric tons 
of grain so soon. One very important issue 
has so far been avoided: aside from feeding 
the 1985 population at the 1978 level, aside 
from raising the standard of the bottom 20 
percent or even 40 percent of the population, 
aside from increased supplies for livestock 
and stockpiles, how much additional food­
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grain can the average Chinese absorb? How 
much would he choose to consume? To 
what extent is this level actually dependent 
upon any realistic supply of nonfoodgrain
items to the average Chinese citizen by
1985? These are questions about which we 
are not only uninformed but profoundly
ignorant. 

It might be suspected from Figure I that 
the middle-income Chinese would now wnt 
more nongrain foods rather than additional 
foodgrains. It has also been note(] that lie 
probably wants, first and foremost, more 
calories, and that the cheapest way for him to 
acquire them and the most economical and 
secure way for the state to supply them is to 
encourage more foodgrain production and 
consLMortion. But how long is this process
likely to continue? 

One Chinese agricultural ecoiomist1 6 

suggests that foodgrain output can be ex-
pected to grow 3 percent per year (0.5-1.0 
percent below our forecast) but not mLuch 
more over the 1979-85 period, and livestock 
feed will comprise only 10 l)ercent of total 
additions to supply (slightly below%our basic 
estimate). Agrowth rate of 3 percent per year
in foodgrain production (1980-85) with 10 
percent of the increment supplied to hogs
and cattle would allow 7.14 million metric 
tons of additional livestock feed over that 
available in 1978. After 5 million metric tons 
are deducted to feed the planned additions to 
livestock at the 1978 feeding rate, the remain-
ing grain would only cover a weight increase 
of 3 or4 kilograms for each hog slaughtered.
If the 400-million-metric-ton target were 
reached, 10 percent of the increment going to 
feeds would mean 9.5 mi Ilionimetric tons and 
would allow 7 kilograms of extra weight per
hog. 17 

If our ranges for other uses are correct (for
stocking, industrial use, and so forth, and 
population growth) this would leave a mean 
value of 34 millior metric tons for improved
direct consumption in the event of 1985 
foodgrain production target fulfillment. This 
is probably more than enough to raise the 
average consumption of the bottom two 
quintiles to 201 kilograms per year of pro-
cessed grain or 269 kilograms per adult 
equivalent, should the recent and future 
policy changes result in sucha distributional 
pattern. But as has been noted above, only
about 7 or 8 million metric tons of additional 
deliveries to the lower-income peasants 
seems assured. How then are the remaining 27 
million metric tons likely to be dtivided 

among the categories of increased direct 
consumption and increased indirect con­
sumption? 

Despite the expectation, through inter­
national comparison, that further increases 
in income among middle- and upper-income 
peasants might lead to a modest interest in 
increased grain consumption, it is possible 
that this notion is seriously in error. Recent 
nutritional studies note rising foodgrain re­
quirements of consumers who have con­
sistently derived high percentages of caloric 
intake from foodgrains.' 0 Refugee studies 
have also turned up evidence of high food­
grain demand in particular localities, 0 9 

although such demand must be taken in the 
context of particularly low caloric availability 
from nongrain sources compared with that 
of the average Chinese peasant. Ultimately
it may turn out that the elasticity of demand 
for foodgrains among even the top three 
quintiles of Chinese consumers is much 
greater than expected from examination of 
world-wide data. 

In 1978 grain distribution per capita was 
249.5 kilograms (probably of unprocessed
grain) in Jiangsu and Jilin, two of China's 
relatively more affluent provinces within 
their respective regions. In 1979 Sichuan's 
per capita distribution was 250 kilograms
while Zhejiang's was reported as 285 kilo­
grams. Although official figures are not 
available for all provinces, those included 
are clearly in the upper range of foodgrain 
distribution' " Jilin's value of animal pro­
ducts, however, is only II percent of the 
total provincial ross vailue of agricultural
output(GVAO)t -even less than the low 
national average of 13.7 percent1 2 -and 
Sichuan's animal stocks have only just
started to grow again after recovering from a 
severe de,-line inl grain (listril)ution (reaching 
a low of 184.4 kilograms per capita in 
1976). 113 Liaoning, which distributed 220 
kilograms per capita in 1978, 114 registeredl a 
value increase of 35 percent in pork supplies
between January and July 1979 relative to 
the same period in 1978.115 But the March 
1979 rise in l)urchase price of pigs alone,t lI 
which may have been included in the pork
value calculations, could cover most of the 
increase. Although too fragmentary to con­
stitute proof, these data indicate no 
discernible decline in the rate of direct 
consumption increase, at least until the 
approximate level of the national average is 
reached (201 kilograms of processed grain;
about 244 kilograms of unprocessed grain). 
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In 1954, when children comprised about 
40 percent of the popolation (as they did in 
1978),117 a survey was conducted co%,ering 
over 16,000 peasant households in 25 pro-
vinces t III "Poor" peasant families with an 
average income of' 116.7 yuan per family
member consumed ,i mean of 176.5 kilo-
grams of processed foodgrains per capita (or 
about 1.5 kilograms per yuan of income).
"Middle" peasants with an average income 
of 154.9 yuan per family member consumed 
189 kilograms each(0.32 kilograms per yua,
of income over that of a poor family member),
Curiously, the marginal tpropensity to con-
sume foodgrains did not drop off significantly 
among "rich" peasants: at 216.2 yuan per
family member, they consunled 206.5 kilo-
grams pr family member, 0.29 kilograms 
per yuan of incremental income over that of'"middle" peasant family members (see Table 
4). When converted to monetary terms, the 
marginal propensity to consume yuan of 
foodgrains per extra yuan of income inerely 
dropped from 6.1 percent to 5.3 percent. II 
anything the figures may overestimate the 
decline since richer peasants imay consume 
foodgrains of higher quality and price. One 
may assume that a rich peasant in 1954 was 
able to consume substantially mor' nongrain 
foodstuffs than was a poor teasai, 

Unfortunately a full range of variations 
of the marginal propensity to consume was 
not obtainable since the peasant categories 
were defined along class rather than eco-
nomic lines and therefore mask much more 
substantial regional variation in income' I)
(and probably consumption). Nevertheless, 
even on the basis of this abbreviated infor-
mation, it should be observed that the figure
of 206.5 kilograms of processed grain would 
be about 5 kilograms per capita above the 
1978 national average, below Zhejiang's 
1979 average distribution (when converted 
to processed terms); but about equal to the 
1978 figures for even the more relativelh 
well-off provinces, such as Jilin and Jiangsu. 
All this suggests that even the middle quintile
is likely to have unsatisfied demand for 
foodgrains. How far such demand may
extend into the top 40 percent of peasant
incomes and among urban dwellers is un-
known, as is the point at which Chinese 
consumers are likely to begin eating less 
rather than more grain with increased in-
comes. 

There is some indication, however, that 
a major point of inflection may finally be 
within sight. Zhejiang province has his-

torically allocated about 2 percent of total 
grain production to hogs. 120 In 1979, however, 
when distribution per capita reached 285 
kilograms per capita (223 kilograms pro­
cessed 121 or about 22 kilograms above the 
national mean), and grain production in­
creased by I million hog numbers rose to 15 
million-7 million above the previous record. 
This would indicate that about 20 percent of 
incremental grain production was allocated 
to hogs alone. 122 

To summarize the breakdown of esti­
mates for grain demand increases, about 43 
million metric tons will be required to 
maintain 1978 standards (f direct consump­
lion for the older and numerically larger
population. About 2 million metric tons will 
probably he reserved for national, provincial, 
and local stocks an(l 6 million metric tons
for industrial use. processed food, brewing, 
and so forth; 5 million metric tons will be 
required as a minimum grain provision for 
planned increases in livestock, and 7 million 
metric tons will be transferred more or less 
directly to lower-income groups. These 
components sum to 63 million metric tons, 
which would be covered by an annual 
growth in foodgrain sup)ly of 2.7 l)ercent­
a reasonably safe goal given the period
iner question. The remaining 32 million 

metric tons supplied if the 1985 target is 
reached will he divided l)rincipally among
increased livestock feed (at least an addi­
lional 5-10 million metric tons would be 
required to alproximate the 1985 target for 
provision of neat products) and increased 
direct consumption among all categories.
Considered thus far,. however, have been 
demand increases over and above the level 
supplied in 1978. which included 6.4 million 
metric tols of net foodgrain imports. 

International Foodgrain Trade 

In the immediate future, trade will almost 
surely play an augmented role (although 
still a relatively subsidiary one) in helping
China meet its foodgrain demands. The 
importation of wheat in exchange for rice 
began, on a major scale, in 1961, following
the agricultural filures of the period, al­
though large rice exports began in the mid­
1950s.123 This kind oftrade can be expected 
to expand. In spite of recent progress in 
wheat yields, China's production matrix and 

105 

http:each(0.32


D Table 4-Average income and foodgrain consumption per person, and the average and marginal propensity to consume 
foodgrains in 1954 

Percent of Average Average Average Foodgrain Consumption

Category of All Peasant Income Per Number Per Income Per 
 Per Person Average Propensity to Marginal Propensity toHousehold Households Household Household Person Amount Cost Consume Foodgrains Consume Foodgrains 

(Nuan) 	 (yuan) (biloglams) (yuan) (kgiyuan) (uan/yuan) (kg/yuan) (yuan/yuan)Poor peasant 29.0 488.7 4.2 116.36 176.5 31.59 I 52 0.27
Middle peasant 62.2 
 774.4 SO 154.88 1890 33.83 1 22 0.22 0.325 0.061Rich peasant 2.1 1.297.0 6.0 217.17 2065 3696 095 0. 17 0.281 0.053Former landlords 2.5 497.2 .2 118.38 1805 32.31 I 52 0.27 
Members 	of Agri­
cultural Coopera­
tives 4.2 704.6 5.1 
 138 16 195.5 34.99 1.42 0.25 

Sources: The average income per household and the average number of persons per household are rom d Sample survey Df 16.000 peasant households in 25 provinces. Asummary of results appears in People's Repuhlic of China. State Statistical Bureau. "A Brief Surmma of Dta on the Income and Expenditure of Peasant Households in1954.'" Tongligongzuo [Statistical Work] May 29. 1957. pp. 31-3; translated in Nai-Rucnn Chen. Chinese Economic Statistics A t'andbooh for Mainland China (Chicago:
Aldine. 1967). pp. 430-1. Chen gives the sear of reference aS 1955' it is actuall, 1954. 
Foodgrain consumption per person. The amounts were calculated from information given in the State Statistical Bureau saniple surve in Chen. Chine, EconomicStanstics. They appear in iin in this source and ha%e been converted at the rate of 2 jun per kilogram.
The cost of foodgrain consumption per p.i..on %%ascalculated at the rate ofO. 179 yuan per kilogram. The relevant price for peasants Is not the retail price but theopportunity cost of eating the grains they produce- the average rural purchase price. The price used is deri.ed from a 1950 average foodgrain price ofO. I Ilyuan perkilogram and an index number of 130.3 fur 1954 derived as a weightc:l average of the axerage wheat and unhulled rice indexes for 1954 ( 950= I0O). The weights arederived from the relationship between the wheat. rice. and average foodgrain price indexes for 1952. This ,ields a price figure for unprocessed grain ofO. 145 yuanperkilogram. But since consumption was given in processed units. 0. 145 'uan has been divided by an average processing loss figure (0.809) to obtain a stitable price forthe processed grain (O.179 Nuan). This average grain price was used for all average propensatN calculations. The price data are from Stone. A Review ofChineseAgricultural
Staristis. 1949-79. R-.rta , h Report it)6 i ishlo goo. I.( ilieriitilO ] I ou)d PIh Pe--ao( h lTtl . 

iUllh olling)
Average propensit to consume loodgrains. This is calculated from the average cost of foodgrain consumption per person. the aterage foodgrain consumption ner 
person, and the ,;.,erage income per person. 
Marginal propensity to consume foodgrains. Thif' is calculated from the average income per person and the foodgrain consumption per person. The price used tocompute the yuan of extra foodgrain consumption per extra yuan of income is an estimate of the ox er-quota purchase price. xshich ran generally 20-30 percent abovethe compulsory procurement price of the 1950s. The conipulsor, procurement price isas used for 23-34 percent of all grain production between 1953 and 1956; theover-quota purchase price is relev"ant for the remainder. On the basis of this information. the within-quota price was estimated at 0. 122 yuan per kilogram. The over­quota price isas O.! 53 yuan per kilogram of unprocessed grain orO. 189 ',uan per kilogram of processed grain. The marginal values for middle ,easants were computedusing poor peasant income and consumption as a base The marginal values for rich peasants were computed using niddle peasant income and consumption as a 
base.
 



dietary habits still make it a rice-surplus, 
wheat-deficit economy, and the probable 
pattern of yield increase over the immediate 
future may well accentuate this characteristic. 
The world foodgrain price structure also 
argues in favor of this kind of trade, and 
recent econometric work indicates that the 
world rice price is a strong determinant of 
China's level of rice exports.' 24 A more 
detailed explanation shows that wheat and 
coarse-grain imports are related to the two 
previous years' production of these crops 
and the previous year's trade balance (which, 
among other things, is influenced by the 
relative prices of wheat imports and rice 
exports). Rice exports are, of course, also 
related to per capita rice production and 
foreign exchange requirements. 125 Imports 
of wheat are loosely related to the procure-
ment of grain in the North China Plain 
surrounding the major urban centers of 
Beijing and Tianjin where much of the 
imported grain has been consumed. 126 

Even the recent grain import contract 
commitments (11-13 iillion metric tons per 
year through 1981)127 cannot be seen as 
altering significantly the per capita con-
sumption of foodgrains in China as a whole, 
Nor does it appear that land being shifted 
out of foodgrain production is large relative 
to reclamation plans, much less total culti-
vated acreage.' i-8 The imports can clearly be 
seen as part of a coordinated program of 
investment in peasant incentives: allowing 
more grain to be left in rural areas, particu-
larly in North China where output is erratic 
owing to drought, while easing bottlenecks 
in transport facilities; increasing urban food-
grain stocks (especially in Beijing, Tianjin, 
and other waterports); and supplying the 
new suburban hog and poultry farms, 

In this last connection, feedgrains and 
feedgrain products may represent a growing 
trade pportunity. China has recently built a 
farm for raising up to 10,000 hogs and 
another for raising 200,000 lavinp hens;' 29  

Chinese leaders are reportedly considering 
the installation of seven new large-scale 
integrated hog-raising and processing plant 
facilities, with an annual capacity of 90,000 
hogs, primarily to se rve northeastern in-
dustrial centers. Large-scale poultry opera- 
tions have also been discussed.' 3° This 
stock will be fed a substantially higher 
proportion of fine feed than th2- average 
levels throughout China, and authorities 
may very well not require contiguous rural 
areas to cover the additional demand, pre-

senting an opportunity for trade. But it 
should not be overlooked that state purchases 
in most provinces appear to be rising. 
Moreover, the vast majority of Chinese 
livestock will remain on private plots and in 
small unconcentrated collective units 
throughout China and will continue to sub­
sist on substantially nonfeedgrain materials. 

China was once one of the world's 
leading producers of soybeans with a large 
export market, but production may have 
actually declined somewhat since the late 
1950s. 13 1 Soybean acreage was probably 
squeezed out in the early and mid- 1960s by
other, higher-yielding food crops and in the 
1970s was primarily intercropped and 
planted at the edges of fields, though total 
output may well have recovered to around 
the 1957 level, Soybeans were previously 
counted on a weight-equivalent basis with 
cereals for purposes of quota fulfillment. 
The ratio has recently been changed to 2:1 
in favo of soybeans 32 but is probably still 
low in view of their protein content, low per 
hectare yield, and value on the world market. 
Some provinces have ,11Yeadytaken additional 
measures. 133 Despite a renewed governnet 
interest in soybean production, current diet­
improvement policies may lead Chinese 
authorities to import soybean products 134 

over and above increases in domestic output. 
This would be due to the value of soybeans 
as a protein source, their prominent role in 
traditional Chinese diets, the aforementioned 
feedgrain requirements, and both the pent­
tip demand for vegetable oils and high costs 
in cultivated land for producing them do­
mestically. 

The new import contract commitments 
are at levels two to three times the 1961-77 
average.135 These commitments seem to have 
been made principally because rural policy, 
urban consumption, and stockpiling plans 
could not he left to the vagaries of weather 
(luring the critical period of transition to 
new leadership. Per capita consumption, 
both urban and rural, is increasing at a 
reasonable rate, however, and it is unlikely 
that imports above the annual level of those 
committed to will be necessary. 

While it is quite possible that around 10 
million metric tons or a bit more will con­
tinue to be imported through 1985 (reduced 
within-quota procurements are guaranteed 
"from 1979 onward"), 136 it would not be too 
surprising if the level were cut back some­
what after 1981 if the initiative to further 
develop marketable grain bases progresses 
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well. It should be noted that despite the domestic production is reached by 1985, thereduction in within-quota purchases, total possibility of massive increasea in grain
state procurements in 1979 rose substantially exports is quite renote: increased consump­
over 1978.137 In view of the probable exten- tion is too important a plank in the ad­sion of current grain purchase prices, the ministration's current rural anct urban platform:
trend is likely to continne, provided grain and unsatisfied lemand for grain, bothproduction expands as required within agri- direct anti indirect, is too apparent. On the
culture as a whole. This issue is the subject of other hand, the Chinese have lived with
the remaining sections, but it should be unsatisfied demand since well before
noted that it appears improbable that China establishment of the People s 

the 
Republic of

would radically increase net foodgrain exports China. Therefore, although state policy must
within the 1980-85 period except to partially now adlress that demand, it need not be
defray grain import cos ts. Even in the in- eliminated] at once: evidence of clear, steady
like event that 400 million metric tons of progress is probably sufficient. 
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equal to 1.31578 E(X). In the table below, [-[X/I.31578 E(X)J is the percent of the normal harvest lost b'±cause of a 
naturil calamity; jis areference number given to each of the percentages in the table. The probability of sustaining a 
harvest loss of the percentage indicated by 1-[X/1.31578 E(X)J is indicated by p.The percentage harvest loss itself is 
indicated by x. It is shown in the table as the probable number of harvests with the harvest loss indicated. It was 
calculated by dividing the number of entries with crop losses of Z percent by the number of localities, then 
multiplying by the number of years multiplied by the double-c ropping index. 

1 2 3 4 5 6 7 
I-X/I.31578 E(X)[ 80-:00 70 60 50 40 30 20-0 

(avg. 88.5) (avg. 5.9) 
p 1.0 1.8 4.5 17.0 16.6 50.3 

Similarly. Bucls figures include data for 96 localities in tilerice region over a 25-year period. Their double 
cropping index was 166. E(X) was equal to 79 percent of normal yield, which equalled [.26582 E(X). 

1 2 3 4 5 6 7 8 
1-[XI.26582 E(X)J 85-100 80 70 60 50 40 30 20-0 

p 
(avg. 93.4) 

1.1 3.3 3.6 3.1 6.7 3.9 6.2 
(avg. 8.5) 

72.1 
The average peicentage loss (xn) in the wheat region when jequals 7 and in the rice region when jequals 8 was 

computed as follows: 
in-I 

X.=x , Pixi/P.,
 
i=l
 

where x = E(X)/ normal harvest = average harvest loss: 
pi = the probabilities or frequencies associated with x,; 
x, = the percentages of notmal harvests lost; 

n 
I pix, = X.and 
1=l n-Il 

pn = 1- pt 

Finally, the figures included in these tables exclude less frequent calamities that result in famines. These would 
add an extra 3.4 percent for the wheat region and 1.8 percent for the rice region to the tails of the distributions. 
21Nicholas Lardy, Economic Growth and Distribution in China (Cambridge: Camlridge Unversity Press, 1978).
22Miriam and Ivan London, "ilunger in China: The 'Norm of Truth'," I4!ot;d View. 22 (March 1979): 14-6; "ltunger in 
China: The Failure of a S~ stem" a paper prepared for the WorLsiop on Agriculture and Rural Development in the
 
People's Republic of China, Cornell University. Ithaca, N.Y. May 17-19, 1979.
 
23Stone, "A Review of Statistics."
 
24The compositc -,am processing reduction factor 0,825 
 is taken from Stone. "A Reviet of Statistics." Table 4. 
25
"Decisions of the CCP Central Committee." FBIS, PRC, August 31, 1979, p. L27. 
26 Pehing Review, January 3, 1975. pp 10-1, 

17Tax Reduction in Rural Areas." Beijing Review, March 16. 1979. p. 12;see also Xinhua. ne, s bulletin, December 27,
1979; FBIS, PRC. December 27, 1979, p. 13. 

28ZhangJingfu. "Report on the Final State Accounts of 1978 and the Draft State Budget for 1979," (delivered at the 
2nd Session of the 5th National People's Congress on June 21, 1979), appearing in Xinhua, news bulletin, June 29. 
1979; FBiS, PRC. July 3,1979, pp. L6-L17. The relevant section here is on p.L13. In this report the total estimated sum 
was 24.4 billion yuan; the estimated component for financial transfer to niral areas owing to tax reductions and the 
rise in agricultural purchase prices was 7 billion yuan. The final estimate for the latter, however, was 9 million yuan
(Xinhua, news bulletin, December 27, 1979: FBIS.PRC, January 3.1980. p. LI 8).The 25 billion yuan appearing in the 
text is derived by adding 2 billion yuan to the original 24 billion yuan estimate, then deducting the I billion yuan for 
tax reduction already discussed. 
29These figures were calculated using an average consumption per capita figure of 201 kilograms p .,year (207

kilograms available for consumption after deductions for feed, seed, industrial and food processing, brewing, net
 
international trade, and processing loss have been made, minus 2 percent of the original production figure [304.75

million metric tons] for national, provincial, and local stockpiling; this is Stone's (best) estimate in Stone. "A Review
 
of Statistics," Table 4),Aird's midyear 1978 population figure of 1.002.437 million, and Roll's 1952 income share
 
percentages (see Tables 2 and 4).
 
30Stone's estimate is 201 kilograms per capita (Stone. "A Review of Statistics"): population is Aird's midyear 1978
 
figure from Table 5; the composite processing reduction coefficient used is0.825 (Stone, "A Review of
 
Statistics"). derived from Wien's processing loss figures for individual crops and Stone's estimated 1977 crop
 
distribution (see Table 8 in this paper).
 
31Stone. "A Review of Statistics," notes to Table 4. See Table 3 below.
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12 Cheng Ming referred to the condition of the 200 million peasants consuming below the 150 kilogram mark ds a 
"state of semi-starvation" (FBIS. PRC. May 10, 1979. p. US). Although 1978 figures for steel were mentioned in the 
article, it is not clear whether the foodgrain reference is for 1977 or 1978. In "Decisions of the CCP Central
Committee," FBIS. PRC. p. L22, it was stated that in 1977 "somewhat more than 100 million peasants had inadequate
foodgrain supplies." Despite population and livestock increases, per capita direct consumption should have been 
significantly higher in 1978 than in 1977. 
11Since the reform includes reductions of rural taxes other than the agricultural tax, the appropriate pice for such a
calculation is not immediately clear. The 1979 average compulsory purchise price of rice was about 0.230 Nuan per
kilogiam. In 1978 it was 0. 192 yuan per kilogram. See Stone, "AR,_,ie, of Statistics," Table 20B: and Zhang Jingfu.
"Report," :BIS. PRC, p. t.10. The average compulsory purchase price i3 the lov.est relevant price because agricultural
tax redt.ctions of grain retained in rural areas would be evlalu, ed at this rate. For the highest price relevant to the 
purchased grain, the retail price of 0.32 yuan per kilogram may be used. This is the mean of 1975 national average
prices of Grade I, rice (286 yuan per kilogram) and medium grade wheat flour (0.360 yuan per kilogram) from Peng
Kuang- hsi. Why, ChinaHas No Inflarton (Peking: Foreign Languages Press. 1976), p. 7. One billion yuan at the average
retail price would purchase abouit 3.1 million metric tons of processed grain (5.75 million tons in unprocessed
eluivalent). At the isithi-l-quota price the sritn ,,ould purclase 4.34 million metric tons of unprocessed grain. 
14 Zhang Jingfu. "Report," F1S, PRC. lly,3. 1979 p. 1.8,1.13. The 1977 figure was 5.069 billion yuan. 
35 The 1979 figure is from Zhang Jinglu. "Report." FBIS. 1Ry' p. 1.13. Tile total sum for capital construction (39.5
billion yuatn) plus those parts of regular reserve funds and other standhy financial resources ,arTarked for capital
construction ill local budgets came to 45.192 billion Niian in 1978, a large increase over 30.088 billion yuan in 1977 
(p. LB). Agriculture's share il 1978 was 10.7 percent (Xinhua. neris bulletin, )ecemlber 27. 1979: FBIS. PRC. January
3. 1980, p. L8). or 4.836 billion ',uan.
 
16''Rural Bank to,ens and Savings Inciease," Belling Review. Nov(etlber 16, 1978. pp. 6- 7. If loans emanating directly
 

from the neIly established Agricultural Bank of China are included, the totals are. for 1978. 13.178 billion yuan: foi 
1979. 17 billion yuan and for 1980. 20 billion vriati (Xinrllla. news bulletin. Januar 23. 1980; FBIS, 1R(', January 2:3. 
1980, p. L3). 

Purchase price increases and tax reductions accounted for 9 billion 'rian 

estitlated a year earlier-see Iotnote 281).Of this sini , n estimated liillion u in 


37 iii 1979 (as opposed to 7 billion ytan 
%ere from tax reductions (see 

foottote 27). 
38 Calculated from Aird's t,la, 1979 tiid, ear Clina lopulation series iii U.S. Central Intelligence Age',:;,. National
Foreign Assessment Center. "China: A Statistical Comtpendiunm." R79- 11374 Washington, lD.C.. luly 1979. p. 5. The 
40 percent figure assumes that child deaths were zero ox er the I'5-,ear perioid 1964-73. Thi' iAhinese sample survey 
was quoted in Xinhiia. to(,s lifllelin. Februar 13. 1910, FIIS. PR('. [ehruar I 5. 1980, pp1.1 1 1.13. 
9 Stone's 1978 estitate is 201 kiliogramns per , ear (se lootnote 29)) fhe 269 kilogrin !igure is ileri cr1 in Appendix 2
 

of this paper.
 
40 See footnotes 10 and 311.Nes olfiCial tirgtIts lot thle rite Of 
 iatiral increase %%erepublished ili Feirviary I9O: less 
than I percent for 1980, 0 8 Percent for IM 1, It 0 5 pe (if'ltfor 1985. (Reneiin Ribao IPeople's IDaily]. February 11. 
1980, 1). :IFBIS, PRC. Fehr':ar 15. 1980. p) 1.15)
 

,

41 Stone. "A Rev ie of Stalistics." Tiblis 4 and 4A Th t', arl, I 97Os figure and long-range target were given by Vice
Premier l.i Ilsien-nien. cited inl shikar, ''('hini's Food and Agrictulture." p. 90. The report of a 1975 stud mission to 
China put the figure at 40-60 inetri(r tons Food id Agrictulture Organi/ation of the United Nations, Stiudy Mission. 
'Learning FroI China: A Report on Agriculturv and the Chilnese People's Comintiits." FAO. Regional Office for Asia 
and the Far Fast. Bangkok, 1977. 1 19 
42 In 1978 when the prc' incte's ontput rose 27 per(ent o er 1977. a dry, year. Jilinis grin reserve increase(] I 3.5 

IS.P1'. Na 
average er caupita i'insultpillli greater than tlii, atimial lean in 1979 {202 kilogrims per 'apita of pr-cessed 
grain). 

percent to 295.425 tolns. Il R I. 1979. I) SI .ll i! 4a iaior grain- producing province in the Northeast with 

41 Shigeru Ishika%,a. "Fartors Alfeting Chmin's Agric'ultiiri in the Coming licle.'" Institute of Asian Economic 
Affairs. Tokyo. 1967. rable 3 and Apelieli I. (mi'leograpled) 
44 Shigeru Ishikawa. "Chivl's [ood aitr Agriculture.'' ). 41 
4 Stone. "A Review o Statistics." Talles 1-4: see also U.S. Central Intelligence Agency,. "A Preliminary Reconciliation 
of Official and CIA National Produt Data.*' ERM79-10690. Washington. D.C., )ecember I979. p. 4 
4Ma Flung-yun aid Liti Yun-ch'ien. "frain More Experts of Economic Mlallageeilt of Agriculture." Kwang'mingJih.
pao. November 118. 1978; translated in U.S.. Joint Pulblicattons Research Service. PRCAgriculture 23 (JPRS 072,921), 
pp. 14-6; "Proposal for Changing l)ietar Itabits." P1ehing Review. lecember 1, 1978. pp 18-9: Benedict Stavis,
"Turning Point ii Chin's AgricutlTurai Pulicy." Working Paper No. I. Rural Development Series. NIichigan State
 
University, iast Lalsilg. %lichi. Ma'y 1979. p. 43.
 
47 See above.
 
48 Pork is strictly rationed in many urban areas.
 

49An exception to this observation appears to be vegetable consumption in areas where urban supply is relatively
high (0.5 kilograms per capita per day. gross weiglht) and fairly well insulated against seasonal fluctuations (varying
less than 20 percent in either direction of the ',early averagei, though there appears to be considerable pent-up
demand for tile gradually progressing program of varietal increase. See Thomas 3. Wiens. "Tile Economics of 
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Municipal Vegetable Supply in the People's Republic of China," apaper prepared for the Vegetable Farming Systems
Delegation. National Academy of Sciences, Washington. D.C., December 1977. (Mimeographed.) lower-income 
people would probably enjoy fewer vegetables in those rural areas with short natural growing systems and incomes 
too low to afford vinyl technology. Although in the 1950s tile average consumption of vegetables hy peasants ",is 
greater than in the cities. current urban constmption per caoita is 125 percent above consunil:tion in 1955 (this
calculation is based on official data found in Nai- Ruenn Chen, Chit ese Economic Statstics A landbooh'for .famland 
China [Chicago: Aldine. 19671. p. 438). It should again he noted that average statistics conceal large vat iations ,t tile 
extremes of the distribit ion. tInthe ma or municipal area of Tianiin. vegetable consumption per capita a (rages I jin
I tael in the busy season and 1.7 tael in the slack season (about an eighth of husy season consumption) The facilities 
for busy season storage still do not even out the seasonal variation. so rotting is exteisive. fantlin ah,;o has a varietal 
problem: a surfeit of leafy vegetables and a lack of yello%% vegetables. One of the alparent causes is inliexible 
management of prices by officials ioho do not take the problem of rotting it110consdlerdIin and nsulate the 
producers front corrective market signals. Neither fre nor market adminitratie adiustments have solved this 
problem (ianjin Riboo [Tianjin D)ail, I in FBIS, PRC. :.' ;y 4, 1979. p. R3).
 
soStone. "AReview of Statistics,".able 3. the use of 1949 as a base year is less inisleading ii this instance 
as hog
numbers, unlike many oher farm output i dicators, were already ahove their pres at lhvels see Ta-chung Liu aind 
Kung-chia Yell. The Economy ofthe Chinese Mainland National Income and Fconomtc lIevelopmin IOT-59 [Princeton:
Princeton University Press. 19651, p. I35). the nuinbers of olther livestock, espcialy iarge annal s, Iive gro in !ess 
rapidly.
 
%IAt tile end of 1975 or midtyear IWO(
1976. the hog stock %%asas lois as million heat. although it 1974.tt,'cks were 
probihly Ibetween 260 antd 290 million (Stone. -A Review%of Statistics.. Tale 3) 1lhi "udeti letil(ti' has Nei to be 
clearly eXplla ned.
 
52Chen, Chinese Statistits, p. 438.
 

''Decisions of the CCIP Central Comit(litee.'' I IllS. PRC. August 31. 1979. 1).1.29. gilestt" total quantltt o1 meat 
products as 15 billion iin (7.5 millioti itl ric tons). It is iossiile that il, figure refers to I17W1W 
54 A figure of 9.6 kilogrtius per capia cantibe Cal iulalel frtm Ileiir\ .. (iroen and James A. killtrick. 'Chinese 
Airicultural Proluction," in) U.S. Congress, Joinit (.iononic Co nittee, Chinese Fonornt t'ost-Mao. sol. I 
(Washington. D.C.: U S. Government Printing Office. 19711, 1. 645 
ss Conversation with C. Peter Timmer, larvard Unikersity. tntritge Mass. .tOlatel YiI, Ct"''t'rtrlitmier, Wltter 

P. Falcon. and Gerald C. Nelson. "A Perspective ol Food PolcN iii Chtt.' October 19718 Iminleograipheldl: and 
Thottis B. Wiens, "Aninial fHusaindry' in the People's Repuiblic of China." August 1978. titMieographed). Ihis is In 
part because of the increasing StdrCiit3 of eveii nonieedgrali materials contersation ilnner. 1978. andi ith 
Wiens." Animal Ilusbadilry." 1. 46). itit also owing to a rene'ed emphasis of central policy tin large collective pig 
farms for increasing irbin supply rather thia Onilcollectte sideline id private pig raising (Titiiter. Falcon. and 
Nelson. "A Perspective on Policy", and Wiens. "Ainal lusanidr" 
56 Refer to Zhou Enlai's st atement il 197 I to a Jaipanesi delegation, reporte ill Vi'ogyo to Aewuti (AgrICUlt re and 
Econom'j 38 (March 1972). p. 20. cited il Islik,ia. "China's Food and Agriculture." p 94 Also :,ee more recent 
szatements by Chairianii fua Giofeng. 
7 Shigeru Ishikawa. "Factors Affecting China's AgriCtiltuIre in tile Cotllrg Decade." pp. 23-8: and Ishikaw a. "Chinas 

Food anl Agriculture." p. 94.
 
Si According to Christopher Hotwe "Labor Organiation anld In centies Ili Indust r," ii 
 ,Authortv. 'urrtltpatlon.and 
CulturalChange, ed. Stuart Schirail (Cambridge Camiridge Untiersity Press, 1974). pp, 237-11, retl ituan i ages grew,ab~out 6 per( "Ill Ill'r N, ,itI roiln 1952-7,7. dht'll v" m-(lll1.111 " Iaglhm ed utll IV I ,indl 1172. %hli tn k%,igc', Xc'lv l,llvi, ll I 

average of 10 percent. A surve, of 152 families of '"tpical" workers. salIried eitlloees, and intellectals ill 10 
districts of Shanghai (cited in Shigeru Ishikawa. "Prospects ill the 1980s," p. 19). shiiied that petr capital itonthl 
earnings rose frot, ai aterige of 26 711yuan iit 1966 to 33.43 yuan in 1973. But it a1pears thal the increase ias not so 
imtich the result of higher wtges for ai elntplo e(l 1anilit member as ol til intrease litilh( ntumber of nienbers 
employed per lamil' . Another article. "Frtin the IHousehold's Receipt and Il~penditure Accounting Book of ,1 
Worker.'"JlinChugohu [Peoph's Chinal, Jalinary 1974. pp. 24-7; cited in Ishltkaa. "Irospects ii tlie 1980s." Table 
7. eamining the iccountis ofa.'"tyiical" Sliattghai worker. shos a simlar elect Ishikatwa notes that tie wage citel 
%tasapproximately equivalent to the 1957 average isage fronti the othier stds.t I ard. Economic Growth, 1t.175. sbotw s 
that real wages of all workers rose 31 percent betmieet, 1952 and 1957. theti declined Ibelow%the 1956 level by 1971. 
Despite the 1972 w,'age increases, real itilttstritl wages were at the 1956 level In 1973. 

It 1977.46 percent of workers and government erployees received a wage increase"Increasing Wages." Beijing
Review. Novemier 19, 1979. p. 4). this actimlly amounted to a 10 percent raise for 60 percent of the industrial work 
force (BeijingReview. Jtne 29, 1979. 1). 11, tii July 6. 1979. i).40: IlS. PRC. Julne 25. 1979, ip. L8. L9. and June 27. 
1979, p. LI 7). In 1978 an adtiditional 2 percent received an iincrease t"Increasing Wages"). but tlii' aroutit of these 
raises did not counterbalance the March 1979 pt e rises when real earnings of staff and iorkers declined to below

tthe 1965 level (Cheng 'ing. FBIS. RC. %tay It). 1979, p U4). Io redress this situation, tie avei.ge %%agesof 40 percent
of workers and government etiplo,,ees were raised iii November 1979 ("Incieasing Wages') lit retail prices of 
nonstaple food were also raised the saile mont h , healthy iiiirgins ("Notisht.ltle Foo(ilPrices RtiseI." eilingRevets'. 
November 19, 19791. io coipeinsaite for the rist ig prices lest t imat ed to increase stite reveli tie hN 5 hill on yuan) the 
governiment granted yntiper iionth to eici of I O million workers and civi Iservints (i'tcIldig apprent ices and 
retired), which transferred an estimated 6 billion iirati from tile state bhck to consurer i' "Nonstaple Food Prices 
Raised"). In sImnlary it appears that inflation has lust about cancelled norninal age it. eases since tile late 1950s. 
with real urban earnings in 1980 remaining ver close to tile 1957 letvl. Urban eillot',rent atilong legal residents 
ha- been reduced, however, loserig the dependency ratio petr eiployed fain i y 'ttilher and tinging about 
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parameter for meat yield per slaughtered atnimal and a reasonable margin of enor. This estimate. however, should he
supplemented by ali equivalent figure for highland yak meat which has not been included. Yaks have I slaughter
rate of about 20 percent, see Republic of China, Ministry of Agriculture and Forestr,. Nung-lin Tu,t-cht Shou-tse
1tndbook of Agriculture and I orestr Statistics jNanking. Repulic of China, 1948), p. 59; Ch -g Chung- wang and
lhang Wei-yi. Tsu-huo rti11sumo lulsu chun Tzu-;:iln [Animal I lishandry and Animal lioducts o: jur Fatherland]
(Shanghai: Ynng- I Isiaeg Book ('o. 1953). and Liu and Yel, )1.07: T-he Economny ofthe Chuiit- s Mainhlnd, p. 310.
Qinghai grazed 4.6 million yaks in 1978, Inure than any other pitvince. Yaks subsist oi grasses growing on land
generally unfit for grain culti ation lIhI have also been crossbred %%with ielding inoreoxen to prodoce ,ti animal 
meat earlier and able to graze during the summer itt high mountain areas JFBIS. /'RC. June 21. 1979. pp. L14-L I1.
These animals may require feeding during some months of the year, but are probably included Mith omen in cattle 
statistics.
 

If the figure of 10 million (,attle it 1978 is correct, ahigher slaughter rate is indicated, since user 1.3 million head were sold to the state itt addition to the nunilmers slaughtered at home (calculated from "'luansitt of AttitIal
Ilusbandry." Beilingk Review. .anuary 28. 19110. 1). 7). Most likely, ti( 10 million figure is ainunderestimate. but the
(li fference should be coereI h tle w% I aalowed for when igures are used.ile range in oeat yiel titlst lrolbable' 

Camels nutiler aliott 0.6 tmilliot (inclulitg 0.38 million iti Nei Menggit). 'Ihely aretuseI for both draft andslaughter, sullplyilng ,abotut350 kilograms of meat per animal "Mote Cattels." et-ijng Rt-w. February 19810. t. 29).
Slaughter rates are alit to i'l, lo%%-5 or al most t) Ipett-ritt -stiggestitng meat N,ivid if I0.000-20.OOO tolts per year.
81Xiniittg. istich suplorted 22.23 ttillioti head oi fl kitnids i ]Iestock in 19518 hutIlieerient'ed stagnation anddecline frotw at ltast 1967 to 14177(st iootn le 79). iIcreaseid its liVesttCk nutlbets hy 575.,000tihead in 19781(FBIS.
t'RC, March 13. 1979. p. MI). Cattle Ill leilittglilig ilcreased frti 1 5 millioi lIt.,d ini1977 to 1 6 million I tad il
19711 (BIS IRC. Ma 23, 1974. 1).53). 
I Ih igttres inithis si-tite'leitlndthe prec thung paragrlh ha e been taki-n t are t:alculatted fro llital l igures in 

Stone. "ARi ew of Statistics,." able 3. 
11 Calculited frot abuse figures and statistics frot Jet Chi-t:hot it al.. 'Pastoral l'roiLIuit lrotI'css and tile
Se,tstiotal Aniial Iltslhtdr." (htin,-huo YVR .-eh A'.i-hsueh lChinese Agricultural Sciencel. ni. 2. 1978, i) . 91: cited
in W\'iens "Aiutal Ihtsliandr." p. 5I. F-urthermtre. although an estimtted 40 ~perceti oir sit w-re shUghterCd, o111
alout 15 iterce t isere soild to the stlt- iii 1979 (calct laed Iron t ihtus-liguresand 10 7 milliit stild to the state in' 1979. "T-15 siOn of AnittiI tlusltandi .. lItlti Review.it Jau ar, 24. 1918 . 1) 7), 
84 Jetf (hI-thol et i . (/'hig-htio ,'tiuRi-y-eh A o-.suth. I) 87: \iet s. "Aital Ithslhatlry," If. 50.
85Wiens "Atimal I lisatndry." 1. 35. Stone. "A Rie\ tif Statistics." faili 3. distussiot. 
66 Stone "A Itviev of Staiistics. ' falble 3. liscussiot. 

8? See tile discussion oif Xilatig filne isittl Sheep tt thin tstn highlands, it Jet Chi-chou et al.. Chung-hrow ,ufng-yehe t 
K'o Itvueh, lilt. 87-91, Witins. "A iti: Iltslbaniilt,. ' 41 -11.fibNinhua. ntew,*butlletint. Sep~tember 11)91. 1)~t12. 

It isIIsistilh t cActlati- the Ititlti , polatiolittltii itnlN b mlking I large numnbler of grotss assumptions. The 
quantity ifcticket i-ggs iought b the statie duritng the lirst half tif 1979 %\as 579.7(1( tos (579 tmilliotn kilovrats.

xinlitua. ttes btll-tin. Selte-bt-r 19. Ict79. 1) 12 tor 11.6 billiot -ggs at 20 eggs pter kilogram Yearly productitn may

thit be about tise
i that leI . tir 23.2 hillti eggs ust-, iStiilite 90 i-ggs per LItiNg hiien per ,ear (Cltinese sourcts ilLll ,andYfell. Me' co'onmy ofthe Chineselhmlnd.1) 313). thentlie total nwntllro enwts mal bt,257.6 mlillion and [lte 
itititer bf tt greiir thtan 515 3 mittioni [sel if dhuks anl gtes- madeu 1 I percent of total ousiIirds is itt 1933(Buck. .undUtltattnIn Chint StudN. 1).122). itheit ttal I uttltlS wsoill h abolut 631.5 i1itlliot lhis I igur- sis based

oi the nutltibr to cticke-tn eggs Ittight b tti state adil ignores eggs soild at rural lairs ind retain(,(t lor personalCtnstmptioin. It it is assumtel thlat sthle proiseet Is trititiril for tirltain ctonStini~tn, fitl it 1956 estiniatescoinstrulcted for the rat ioiof egg costtionttiiti ler catita aint)ig itlitti lld rtulal tiusAlts in atloled-. lhei it ittaN beconcluded that altho~ugh tih(. ruratl population outnumb~ered urban) d%%velhvrs 8 1 fin 19t7H. ttlal eggs Ionsuniv(I jja\ 
ha'e attittitneleU t oitly ,about 1.7 times lhe prt turd le-el !his suggests thatpttirN sttcks it 197 ., tiittre tltn Istt 
Iillion birdls or abttt 3 times tlti- 1956 li--. I it e'stiotati- isis inade rising Sltnighai usokir ,antuligg ttiisutinltio 
per capita for 1956 (ithen. hineseStatistitcs, I). -14). rural, urlto. ital ad Shatghai ,,t-,itgnl Iitiliihittito figuris lot1956 and 1957 (l-Chen.(hneseStutist-cv, 1i 124. 127. adtt 129). estittes tirilivital timber i pttill fi 1953 aiti fioi
the value of poulttiltY ii 956 relatise to 1933 (Liiu and Yeh. P/it, .'mnomy /htnese1annhd, 251).o the nt t-sittiates ftr
!he 1971 urban population IStone. "ARevi-u oii Statistics.- lahle I, offitial serits) tttd lotr the total poptlttiin
(Stone. "ARevie tl Statistits, Table- I. Airt's best series). anttiother data iiled a ove


It tittl al 
 1979 stilt procureiet figure 1 125 million kiltigratns (Xzttl, it-i. s Itilli-m) \,is osedI titt als eCAI,10'.ai . I)rfO .ur hTC 'ield estilnatm of011O hirdsthe Hl hold ,I , billionl W ien'*s' ct nlh ( \ it'lls, "Amllll 
]Husbandtry'." 1). 31 !,ased oil ( (lahnt' r,mtos ofI poolitr\ per uCipt,. [.ouhllrN per follilo giant1 p~ro~dtuedl. adu polltn' per 

pig. suggests figures oi10,85 Itllititi fltr 1957 ,titl AI lilliti or 1978. hut Wiens tits ni gr-ti ,t tat ( ftr thesefigures. 
Moreover. la itig r,ilt-s otfI tIt1shrn-i-s su(h Is the It-kitig (lk I lilt t-ggs el, , tar) iltlit sthparto\% flil k (2(­250 eggs per ,, ar) mre mludih Ighrilhaut Llu anld Yfvh's 90 egg pvr 'car I igure k\VR. (oc krill. "R,'iHm of ,I Visit to 

Chin,. April/May 1974," Focod anld Agriculhure ()rgatnvation of tihe Unite~d Nations. Htome. 1974 ineo)graplhedl, See( 
Wiens. "Antimal IHusb~andry." 1) . 21). But These figures cannot h~egeneral izedI 

F:rot tile ahome e%* Ilentc P. It ,anotll' betsuggvsled that)ptolltr,,' n'umblers Ii*1979 are at!least 80O0million. [l thev, 

cmuld ie ms'ice that. 
90Vice-Ministi: tf Agritulture hut Ciheng as telat-d Ill,Darts in Stolle. resitlenl tiflhe U.S. Feedgraiis Cotlltiil. it tl 

intervie on March 31).1979. 
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'l echa eid Pig and clhi(keti ki.'s," Peig R'viw, Octobet r 201,19711. p. 30 
qI 'the slaugh tr rite used for this estllmi lt x1das l rceilt g l lugllo. 1SAlts0 (C h'liai ld ) Ili I)r('ltlgd lso 

alppears to hv use Il' lemie It' "l ,tittlltol lugs ill [lit, fmit'llig ptroctss" fiti lie ''tiillulnti tl lixe hogs ou tul, I" 
or vice \er.i) tr liit' ove s 1953 to -'57iii Chun'- vit' IIo iso l'untn-hx'imn 1('illr ('llu r,!i\ti%' litIlle l .rii I I,1959, p 31. ('he . (hint's' S'lulstiws. I tl) 1lic ­mid- 1957 il~ct,igct of hogs it ,,dr (l,11l .llillt111. "SIIIIIIIIhtl\-h lt' ISid ii1 ax 'iig' ix"' ,'ighlt it slilighltil lxs, 081kdlgriiis, aRvpl t t lht, Nmionald Ke pointl igl-I t0 ising ( outietsDi)scussionI Mce¢litng." C'/lfnk,.hl;, ,\'v+p.ua 1( him-se \gri( uil l l houl ll,. Nolt 11. 1957. It 1, \Viuls. ".rmllh 
Ilisbaiidr ,"p,i 43-4 in llliti ,3 1 li' a 'hagi' x. igtll t otl t hutl tl u tiiid pigs tig lt' lit s ,1 PITt Ts s 76,5kilogr ins. al(i 81 it kilogra Ilti t (lit. fist Nix iittiiut' of 1'71) (sit' tfotnt' 6;1). bit i' , iliwg' %+eightut pIgs
O i~tliieltd h\s prihltl .Il ltwlolx Iltest' igll's , \, tls sitlil tes ITS- tl itllst t ' %i'ght tilg(' llld [vIsalsllslIt1w chs' to 50 kiloglU s ilslit' lt w ixti ' ,,lt' x'tigl l (tt kiloig ills IhIIIet'Olt kiltigiil ls ilas Ib ,a

ret' l ll itle Itlig(' ill ,ISSIlt (iff 1t9T h ill h ti ilt, still' tiltppo(r!, lit~etunti,iget s It tgs t 17t68 ll'llltll ,pet kihlog1,t of f()Ih' l \ tt+h (,,,c t)',\o ) '+\vwH used't. 'I liiihe Ihightmid l~iloli'l Ir,it Nupph, l\tould b I llldosl 31I
lllilliloll illem crl o lo 90+( 1(}tll ll fl ogHot2- , 11gt oiftt Owll2t IIt' l Ill t clt\1 +%\,IN, (1 1illi cN lllld c dhem ed lloill t\\o igll+ 

l'O elli Iivlri'lxltigl', tstillahlt's t ax\er+IIg'ii'igliI Is' pig, ilo ft , l kiltgriui it li\t ixtigll 4ht7 It(te ill55,6 lercl Lt ioth pJiu 'nt hlge 'indoila (()ltlis 

fit liv-, 


T in' ieh t'ii nd I t' ' I ptl ullttpllui( li i'lls tu lo 55 aIppsailig 
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0ll 1,11 "+ igs poll h1dstd b, tille stulit" ((lurt,-Il v tHo-t'so I" v ,irtiu . % ,ii(' I . 10ttt 9 1) 311 a',vralgte (T8+kilogrmnls
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Of,A.l] parlllivv l ;lt'~)IIH(:.'\ll f11illt0, IItllit oll Il(N ~illll"t ohfIl/,t~.1 klltg?2 lllg l t t~li~ll ' itpl 

+lltiv thed lilts ligl f,1 %,\,INm) + ,'Ilt ' Ill
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t tl,. It)7TON ilhlit tilt, tI'l,lIl oI~tlhIp)bl\tv ln lhi' p vo v t i c Ii rl ( of g1 ,II ,1 t)i tiff,+oq't llt, '(lIHIril ell w~llll Se't, ( lhil I g - hiftl (Chl/ij -huoYuIkq-t/h if i( hi.et, M.h'thtots ofl Pig2R, mng+] \,kt l ing,116 ), k,\iv,,, "L.\ l llll h I i fld\, 1, 31), 
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kilogwr lns \ hi I d111 4-1~lll il]O)I htith'Illl abot]1 T ~l'l. , 
70 1%), p mi,hlll\ i ol11i~ l l lt,< l tlb 1, Ihilgh hlteol 

for,ige hftcd i{SIt hs ,1q'ttlshcs, ,ITI(l ITl'I(oIl. 111C ltdV\ Of %f-\tgVI,ddt.nl ,1 t ahki], ' IT heanll 11dl ,Ill(ll' llt'esh 
durIilng filte Itl(t'id e~l l io d d I P,%41Thm ilt l , l Il ,t ,t ()m it lict tlllll'l" Ito1 hid tlvoing 392 mih]I(iii hogs t)
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101See footnote 55. A variety of means are being explored to improve the situation in provinces with large and 
growing stocks of hogs. In Zhejiang, crop stalks totalling 15.4 billion jin (7.7 million metric toilsor about 70 percent
of the total available) were burned as fuel 4nnually in the mid-1970s. In recent years marsh gas digestors have
become the main energy source for 31 coiniinunes and about 500 brigades, freeing a considerable volume of stalks to 
be used as a supplement to livestock roughage anl as organic fertilizer. By mid- 1979 Zhejiang had built 27 I.000
such fuel units. (FlIS. I'RC. June 20, 1979. p. 07). For other methods of stretching the nutritional value of 
concentrate, see Sdietfilic Cooperative (;rou . JenhungLiit-wei Fah-lisitioIs"-lao Artificial Stomach Fermented Feed]
('eking:Scientific Cooperative (;roup. 1976), K\angtung College of Agriculture and Forestry, l)epartmen of A iital 
Ilusbandr and Veterinary Melicine. Isolation Selection of Cellulose Molds ,mnd Breeding of InduceI Mttants," 

.
AIuakn~ifmg Ntng.yeh K'o-hsuh [Kwa nglung Agricultural Science no. 2. 1974. 1)24;both cited in Wiens. "Aninal
 
Iluhiit-lr ."Ill) 40-r I lie in-ic Ilions Ih nisihur- )1 g1dr til tels trtt i'il the
hi 1 l i lolglaii ltttli)litOt(id lbs 
government results i,faster grosti-an itczease in %%eightof at least 30 percent is promised over ainleq ivalent 
groi,ing period."lheexact proportions ofthisiniture are unklown. hut it is likely to gain prevalence over 1980-85 
and1
almost ceulaiily incorporates highe percentages of fine feed. Zhao Zhiyang, "Study New Conditions and
Implement the Princileh, tf' Readjustment ioan All-Round WaN" Ilongqi [Red Flag, January 19110, pI. 15-20. 
MIBased oilSlonie. "A RsillS of Statistics," lahil3. 

I1See fotnttite (il.
 
IMIii Ntrch 1979 the ltturchase price otpigs as raised 26 percet. "he national ptrchase prices of cattle and sheep
 
forslaughter were raised h, 20-50 percent. ("lligher Pturchasing 'rices Bring Good Results."Ileiin Review,

November 19, 1979). Ililieilongiiang, prices rose 25 percent for pigs. 35 percent for cattle, and 33 lercetl 
forsheep
(1:111S.'RC, April 24. 1979. 1. S.6).Itappears that even before the increase relative feedgraih and hog purchase prices
did [lot lulls tilt ol fine leed conservation. liactuality it was prolit,lbltle to ttntiue
reflect govertlnlt pIolic 


cointrale (halt%Ias ret Also.
feeding more itllellded. see /hao Zhiyaiig, "Study New Conlitiots." 
Jhe state purchase of pigs om rthelI irst hallfo 1979 tsis 5.79 million head or 19.2 percent ahometle equivalent 

it 1978 (Xinhua. ne\s bulletin. Fejitenber I . 19791p. 12). Ihe ihutan trtovincial Commercial I)eltirtineitt found it 
necessary to redtuce thle sale price of pork it (.lanarN 25-FeFbruaty

depart inet's refrigeration wari-hotises ioulf tilt store ,y 


rititn areias 5. Ig1)0) to prtent rotting, as the 
inuore pigs (I-LS. I'RC. .miuntry 29. 1980, p. 1'3). ihe 

probhlem was also experienced iii April lust ll'ri Alpril I pric rei tase(IllS, . titiet'RC.April 21, 1979 14). At that
the doubling tf pork supplies t%ithin %Il\sc'ribed safe h peasaills who belived Ilti rise to le
a ht\s s i t pallic 

tepllotrary. Ilut le ptrollemn seet ll Ithlilt st-ll
 
106lW itChthall-,l.h n fG ograll)h,\cA ',hIlt'linlg, JalnUdy 25,
islitll~itut t I Still( ( nversatlionl. 19110).
 
17 igures fortis calculation ticlude ,11979 ir-lh
n mitlarN pod utltionlt estilmate millio ntI "itric tollsgrain of 315 
(footnote 3). hog slauighter rate of 130 ercent (lotiioe 92). Ihe 5-illion-ietric-tot estimate ftotra 30 percent

increase in hog ,ildcattle
stock (lootiloe 71). 8t6lLrcen-t milling ltc(tor fortrade grain, 44.7 percent gramti %%eight in
 
total cotcentrale (footnote 65) and the ride of ltumbli 
 frnm the 1930s ol .I kilograms of rtoteiir,lte required to inctrease
 
hog iseight l)yI kilogram. Mik itsh lprohahlhigh I lit llthllimiar5 1971) graim figure is as used sitte it Isis te latest
av',llab~le lic 3 elnlgrom\lh Ile \\,IS(11h(dlom t he timle ])er( Dr. Wiu. 

I(Ni I tasI irst suggested thl this idea lieapped tt (hil-s gram siti in , it ken dItt Wilker. "Grain Self-

Stffit it-eir: i Ntorth China. 1952-75." Chirit Qutrtl. Se-ptemter 1977, Ill) 58 1-2.
 

Lonlotn. "llfiger in ( llaIlahlre" 

All I rin-s IholChittes- sour(es iI Stttne. "A Ri ies ill Stalistics." fable 4A. Also see Table 3 of this paper.
IBIS. IPR. Seplet-uhtr 26, 1971). Ii 52. 
I11IS. PR1, SelIto-htr12. 1971). 1i 1.14 

R i'sit-is s AlSo l "A, o , "'lah h' -4 

-IllIS.tRC, Seltel mt 21). 171) ' tI. \itlttua. nviss htulleltit .Auttgust 3. 1979 p.5 gase the fig uire is 1/5. 
t'St,lotntrlre 104
 

figure for1955i Ithaistedillitll'tihulsF['he40 pt-rctt ol usiig igi-spciclit ald total pplutltioII ligures or 195B 
,
prep~ared h+ .JohnlAird11tI,Ma 1979) anidftound il (hIA,"V'lna A Statistic al Ciompendiuml." pp, 4-5:,tfll 40 percent


figure for 19781 %%,isalstobasd 11ld's poput
)Itl ionlll,alndbirthhillestillu~ltes from11ille Smlne pl)icationl andtfoundl~ In 
Al1Ieudi\ 2 

)IA Statie Salisli( a] Burteaut +.,llu\ c ifld fit(ChenJ.(hinlese1mi:'toirml.LStatIistics. 430-IIll 

l 1Iire id ettific ti ll of th class itisitito ni l Iach i lstii mnae icco rdilg P v pl lvuhluli, oilCh i nua.isis dt Itol s 
Political (Co)unc(il, ofl "'tlillcal"l)visloll ilhe (I)llmt (ilt( (oil the (Ids li~ ltl oi1ofl Central P'eoplle's (kvlrlillellf ano 
Rural Classis." ('i/h'iti'dMllatertalsot laulttawlrstil(he Ptoples Reptut coi(hint-,i-l I'ekinig Ptillt s liol I I, tCollge
(Peking Law Pulihshing (Co.1167). i)l34-56: Sligetu lshtktaa. "AgraTItn HI-rt1un id its lIMItitts, IFltctI: 
Ilmplications ol the Chilrese Pattern."*oIn - Stnhctlrte ond Dleveltopneitit /stt collofflts, ( etter Paler Nt (t k t).Japani Etinomnic Research Cte-r. 19611) 1) 320 "Rih ltlslt" is il- till-il .1 11sli 'ligged ill !,lill\S is
itleratu ritl', ott of hirnd liboters "Xtidtllei I d elsalii ott hisitig imainlll li e\tl)oitatit pietsit relius tiitl. 
tiwn lator ii farit tolteritlitit, regardless (111,lis lIIld or leases it "Pout lelislili is I l,1,llt %Ito isiether h i 
exploited by others eitlher lithrough the pliii lhrlugh the receipi tof lrnetahledfel r tnlor i wages flliht)nr.

A miuich witler ramnge oI income variation is exlibited il hhile iniLi(Ieng-liii. ( hilt/himth uJhn.2 and lot 
min Kun.g-hc-tio Ntr..yh-sht Shitth. tralt ill lheAgrictltitral la\ iii Iliv eople's Reptu licof (ChitaIA Ilistnr, 

115 



(Peking: Finance Puhlishing IIouse. 1959). ppI 133-8; Roli. " lncentiss and MoI ivaion," lable I. p).I t.en,Iv erage
income varies w idely between regions but 1In goodrain figi an's ldrP's tlltoisumiption)1 are 


Zheiang's hogs nu mtiherel 5.511million it 1957 ('lien, 'ines Sttistis, 1p.354). keted liogs \cie
10 
M at~ etld In 

average of 74 kilograms of filt'(fved nithiouall, ill 1957, 44.7 perteut til o hli \, S graint (set (totote 6), or 2.4 
percent of thetoital iroscwinhl glill prt(ditltittl 7.793 Ition i it rl t(Ions I(h t, .'ir,.t'fitis( Mostllogs %%ete 
retalintet or hoeil slaughter or bireedling intld trutlbly t'ttlstilllt'td less gnril) ut'i htead. 
IllIll ):ueOeSSitg 10S! iort, ((,216) used (or /lhte'ilng in (its islilit %%,is:Itihgl r Zhalt Il' 1977 itititi Islige
colnp teit eldse ltere (0.175, t1182.5 percetit r lllted), oNi1 i Il It' thigher iortill (iiiti it illn I pphxit mtt's grail
Otpuit t Ott|oSilltllTt Itti' figurt ii ludid is Ili istiageol 2 estntits, 77 4 ittp?'((t hl d til I1:Y7 tt oploitilltionit 
front Chell . tatistics, mid igiurt's ftr proctessit'g ttil(Slol', "A\ t elli ill it slit s.- Ilh ,'4.Chinese tiWietis' loss th 
tiotes) aiI 79.4 Ilerct-til (ot 97)97 t t 55 iiilltit titIt," ll"i t r atlk, i'l11 0.I. ANuglst 2M,titlttt'tld ,ssuliing l 
179. )I. 05) rellresets Totl j il iit al rice trutli (btil sig Itit- tl tpt 1d illsit's 01,11 int lht' lltte ,rds ,trt ltlt t 
productionr contsistetd etitirt'l\ of iheat (tiasinig dimtlltro 
22The I, ltpa'ram are lrom fttitttliti's 66 int ( l grli and lot ligun ir ' It'iti hliiges in /htli,iti ( 'tiln 1 side.'s 

Bliingr vitw, l-eltrtarN Ili, 1180. 
3 

p 4- 1 tis,il tmI i i , igvt iittil rilte it 13 eI ct itlt ii 19718 ,iitl 971) IlOtl3 mtillionl mntmi Itoins, sc't XmIlhth, itw%\s lhulle'ttil Dc(~ telui 111. 1t9.Ill 1 Bl.S. PR/C. Dc'( veill i 20t. 1971), 1) 0712) 
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13lPro~dutiol nl illit+ 957 iiY 10O45 mtillio)II li t( llst I(off]i ,i1 s>io rt e's Ii (hll . Chltinese' Stult.stcs. ppl 338-1-l. U,;S 

Detarlitlnt'ii of %gin-ultitrc(US(JA( tigure's shtsp(irttttttttilli risig (tOtu 62 Itillitin liitTIrt ltill" Il I969to1 1)tttllii
ImttIric toils 'itt li1973 mtil i iillmir g bte -,etii 'Ind ltiliitllt tll l t', ('itwd t l . ('hilia'sout littrit sl Iht'alt 'r(Iitur i t iGr[ainltt h W leli. tx, el.r gl l',i v+sll tho tif 7 	 illionll liltilt' Ionl oht 1917 (,lit tliM + liiit'IlW i'tens.htl 

based otl tllithil stlties ( tulkri a1ihighIN iTllthilh, tiltit' l SlItti ' IS il'lttttl'it 1 ii1 ' ig ri-tV thathI thu trt t USI-Aestinlale of dioutlnd I0 Illllltll liillf- Ionsi is I h;'ouitil	light " [Ihi, d111i em Itlthvit\w\l'll the tUSlO, Illkl M\'lnll vsi' i ll' , ,(holhio l h i(It alet dtrivlil Troll) ollilt I,i1 siml c T' 	 N hv~ "stir lllSlt IIl ' , ll h irstlil tliltl[I ,, lo i ddinl." \%fil( Ih 11 
let, recu:tlllN 11I,1Nhave, h ll i e,\( luldedt floill (111t( 1,1Ilootiipratli l (Slloneql)i. ''A i'\ ~of S1Ull li s,- laileh 2. 
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4 
UTILIZATION OF AGRICULTURAL INPUTS
 

Agricultural Transformation in
The People's Republic of China 

China's comprehensive experiment with 
technical transformation of agriculture
officially began with the Oth Plenary Session 
of the 8th Central Committee of the CCP in 
September 1962.138 Of course, a wide variety
of transformational efforts predate 1 62,
but they generally seem to have lacked 
temporal continuity and coordination; they
did not receive sufficiently broad- based and 
whole-hearted support from state and Party
officials. Through 1957 a development sta-
tegy emphasizing the concentration of re-
sources on the expansion of industrial 
producers' goods, a central focus of attention 
on national security, and preoccupation with 
organizational reform in both rural and urban 
sectors resulted in low priority for technical 
transformation. During this period real re-
sources moved out of the agricultural sec-
tor.139 Industry absorbed the largest and an 
increasing share of the state's basic construc-
tion investment. Not only did agricuiture's 
direct share decline from 5.0 to 2.9 percent, 
but the ire of infrastructural investment in 
water cuntrol-the key to technical trans-
formation-dropped from 8.9 to 5.0 percent 
cf the total. 140 Despite the location of almost 
nine-tenths of the population in rfiral 
areas,14 1 agriculture's share of gross fixed 
investments 142 (including modern and tradi-
tional farm implements, carts and livestoc%., 
land reclamation, peasant water control and 
other imputed investments) declined rapidly
from 31.8 to 23.5 percent, while industry's
share rose from 22.0 to 36.5 percent. 

Reported fixed investments burgeoned in 
1958 and 1959 to levels not again claimed 
until late n the 1960s, but a large portion of 
the projects were "indigenous" ones planned
in response to Great Leap policies. They were 
of uncertain real value if they were undertaken 
at all. Total fixed investment tien fell to 
around the 1953 level over the 1960-62 
period of sever,? agricultural failures and 
industrial stalls.143The unreliability of all of 

the statistic. during this period makes esti­
mation of agriculture's share unfruitful. It 
should be noted, however, that attempts to 
increase agricultural investment and pro­
duction relied heavily on labor-intensive 
methods. The early and mid- 1960s were 
marked by a particular concentration of 
scientific and technical efforts on the goal 
of agricultural transformation. 144 Sharp in­
creases in the production and delivery of 
various industrial inputs to agriculture began 
to be recorded in the late 1950s and early
1960s, but output in several of these cate­
gories either declined again in one or more 
of the disaster years, or else cannot be 
clearly documented at all until about 1962. 
In 1963, the year after the pledge to promote 
technical transformation, it is clear that 
production and delivery in all categories 
were rapidly increasing, as was the sector's 
share in gross fixed investment. 145 

Statistics for the first phase of the Cul­
tural Revolution (1966-69)141 are again scarce,
but the period clearly saw agricultural stag­
nation, at least scattered industrial slowdowns, 
failures to deliver agricultural inputs, a drop
in agriculture's investment share, an eclipse
of scientific and technical manpower, and 
greater reliance on motivation through de­
velopment of public-mindedness and patriotism 
as opposed to individual and small group
self- interest. 147 

Chiniese authorities became recommitted 
in the early 1970s to the goals of technical 
transformation. This resulted in an accel­
-ration of industrial production of inputs to 
agriculture, greater infrastructural efforts, 
and twists in terms of trade to facilitate farm 
production expansion. After a year of poor
weather in 1972, foodgrain output enjoyed 
rapid recovery and growth (through 1975)
until events accompanying the mid-1970s 
political conflict slowed down the input
growth rate an] alienated peasants. Contrary 
to previous policy, manpower and finances 
were expropriated from production teams for 
large infrastructural projects, the benefits of 
which did not accrue in any clear and 
immedia'.e way to the teams involved. The 
tendency of local administrative cadre to 
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dictate decisions about what, when, and how 
to produce seems to have been particularly 
acute in this period 148 Furthermore, the 
desperately needed improvement in the rural 
terms of trade evidently ground to a halt 
around 1973-74, far short of the degree of 
change necessary to ensure broad participation 
in technical transformation. On the contrary, 
the 1975-77 period was marked by a de-
generation in this ratio back to the level of 
1964-65.149 

Since 1978, however, China has once 
again embarked on a recommitment to 
agriculture involving further twists in the 
terms of trade, accelerated production of 
industrial inputs to the farm sector, intensified 
infrastructural investment, and an incenti%e 
scheme favoring successful localities to a 
greater extent than ever before. Several 
questions, however, come to mind. Will the 
commitment be observed) Will it be sufficient? 
Will it be interrupted? 

Early indications are that the commitment 
is serious. The rural incentive structure 
outlined by the Plenary Session in December 
1978, reiterated in major speeches at the 5th 
National People's Congress (June 1979). and 
embodied in the 1979 National Economic 
Plan and Draft State Budget is the most 
extreme since collectivization and has al-
ready been buttressed by long-term grain 
import agreements and a reform in the 
structure of state procurements of farm 
produce. Peasants are now afforded con-
siderably greater latitude in pioduction 
decisions than in the last two decades and 
will receive miore pecuniary benefits from 
successful decisions than before. 150 

The proportion of state-budgeted funds 
for capital construction to be devoted to 
agriculture, which had averaged slightly 
more than 10 percent from 1966-78.15 
increased from 10.7 percent (1978) to 14 
percent (1979)1 2 and is scheduled to rise to 
18 percent (1980-82).1 5 Operating expenses 
for agriculture and state outlay of aid to 
communes, brigades, and teams will rise 
from 6.9 percent (1978) and 6.3 percent 
(1979) 154 of the state's annual expenditures 
to 8 percent (1980-82).155 Long-term low 
interest loans to rural people's communes 
from the Agricultural Bank of China and the 
rural credit cooperatives rose from 13 billion 
yuan (1978) to 17 billion yuan (1979). The total 
sum that will be made available in 1980 has 
been announced as 2" billion yuan, and the 
volume by 1985 is supposed to be "more 
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than double" the 1978 level.1 Finally, the 
terms of trade between agricultural and 
industrial products have again been addressed 
anti in 1979 were less unfavorable to agri­
culture and rural areas than in any previous 
year.157 The estimated gross financial trans­
fer to the countryside brought about by the 
changes in state purchase prices of farm 
goods and sales prices of industrial goods, 
together with reduction and remission of 
rural taxes, was estimated at 9 billion 
yuan. 5l' By way of comparison, state aid to 
rural units and for agricultural operating 
expenses cameto7.05 billion yuan, whereas 
state rural capital construction was 7.80 
billion yuan in 19 7 9 .11, 

The sufficiency of the commitment is 
more difficult to ascertain. In the 1950s 
China reaped relatively inexpensive agricul­
tural gains without major commitments of 
scarce resources. In the 1960s the areas 
emphasized were those most nearly capable 
of establishing all the necessary conditions 
for auspicious introduction of high-yielding 
varieties. In the 1970s the gains were more 
costly. It might by hypothesized that the 
extent of central governmnnt commitment 
to foodgrains output expar sion, resulting in 
only a 2.5-2.6 percent gro vth rate (1952-78), 
was never sufficient and Iaat more resources 
should have been devoted (o agriculture 
throughout the period. Alternatively, it might 
be supposed that China is simply approach­
ing the biological limits of her output 
capability, given small fixed quantitie3 of 
often unstitable land. 

Given the available evidence, it seems 
more likely that investment in China's agri­
culture was chronically inadequate for 
making large strides in output.160 "Agri­
culture first" seems to have been a slogan 
indicating at hest a policy of concentration 
relative to a previous period rather than 
relative to other sectors. If China's top 
leadership failed to furnish "agriculture 
first" with enough teeth to succeed, in terms 
of crucial allocation of scarce financial, 
industrial, foreign exchange, and adminis­
trative resources at the national level, the 
understanding and acceptance of the co­
cept was far less keen within certain lower 
leadership echelons.1 61 

The results of this chain of events were 
dramatic. By the mid- 1970s the reports of 
production units that had increased output 
but had reia)ed little or no gain in per capita 
income were numerous. Among those particu­
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larly hard hit were units that had acceded to and 19.2 percent of its cotton in 1957 65 andgovernment pressure and concentrated all has benefited considerably from tubewellavailable resources on crop production, construction since that date (see Table 5).especially that of grain and cotton. 162 The Among surveyed localities the cost of pro­blame was placed on the large increase in ducing 100 jin (50 kilograms) of wheatinput requirements (particularly fertilizers, (excluding labor) rose from 13 yuan in 1965water supply facilities, insecticides, and to 15 Vuan in 1976 for a loss of 1.17 yuan per
machinery) and on the quantity of labor mu (1/15 hectare). For cotton the businessapplied per unit increase in output, as well cost increase for 100 jin was from 64 yuanas on insufficient cuts in prices of industrial (1965) to 112 yuan (1976) for a loss of 7 yuaninputs to agriculture and inadequate boosts per mu. Agriculttn al income rose 46 percentin state procurement prices.163 (1965-77), but production expenses rose 190The results of an extensive 1978 sur- percent. The percentage of the latter in total164vey in Hebei province are particularly product price rose from 26.5 percent (1965)
telling in this regard. Hebei is a major to40.2percent(1977). Labor applicationper
agricultural province in North China. It mu also rose (wheat: from 19.1 units in 1965produced 5.4 percent of the nation's grain to 33 units in 1976; cotton: from Y)6 units 

Table 5-Farm area irrigated per pump well in China: provincial and regional 
averages of selected periods between 1949 and 1979 

Province or Number of Increase of Irrigated Area Date and Page ofRegion Period New Wells Irrigated Area" Per Well Published Figuret ' 

I .(X ) be( ires) (ie tares)
Anhui 1979 25.900 1173 3.37 June 28, 1979. p 04
Gansu 1975 
 19.200 77,3 4.o3 January 7. 1976, p. MI1972-5 50.000 200.0 4.00 [)er'ember 30, 1975, p MItlebei 1949-70 >200.000 2.600.0 < 13 0 authry 13, 1971, ). F2 

1974 93.000 Inuatr) 5. I1976. p).KI
1975 121.000 266.0 J,uart p2 20 5, 1976.Heilongiiang 1979 10.513 66.7 6.34 Fehruar) 20. 1980, p. 

KI 
SIIJilin 1970 2,500 85.0 34.00' .anua 4, 1971. ). G6Liaoning (Central) Spring 1979 0,370 March 14. 1979. ) E14Liaoning (Total) Spring 1979 10.000 March 14, 1979, p. 1-14Nei Menggu 1973 >25.000 56.) January 10.<2.24 1974, p. F8 

1974 9,300 41.3 444 Ianuary 8. 1975. p K6Shandong 1949-79 540.000 2,260,0" 4 19 April 15. 1980. p. 06 
1949-72 <226.800 April 15, 1910, p. 06
1972-79 >313.200 )April 15. 1980, p 061979 30,000 )April 15. 191). 06Xinjiang 1966-76 :.o.,620 200.0 18.813 J,anutrN 14. 1977, It M2

North China October 197 I-
September 1972 > 175.000 D euezoher 26, 1973, pp. B3-14 
October 1972-

September 1973 >300,000 
 1,400.0 <4.67 )ec'mbher 26, 1973. pp. B3-,4

1979 250,000 I.000.01 4.00 l,'hrutr3 2 1, 19130, p. 67 

Source: U.S. Foreign Broadcast Information Service. People's Republic of China Duilv Repor. %arious issues. 
rhese figures were converted from Im to hectares by dividing the original figures h, I5.These are the dates and page numbers of the issues of )FBIS,P1RCin hich these dna ipared 

Ten large reservoirs and 2,790 ieditn" aio sitll water ('nstr , 
,li priilt,(is %%ere tlso (otmpltIetI irigated ,treaincreases are more closely linked Io pump well consrtuon onelo in 11h(r provnte (t,11, 

'rThe actual increase in Irrigated area %as 4,415,000 hemiles (I!)S. PRC. Septenber 20 1979. p 03), iut o l2.260,000 hectares were irrigated by puip wells (IBIS., 'R('. April I5. 1910. p 06) It .%,s ilso inilir aled thit each 
pump well cal; irrigate 30 to 60 hectares of frinland. hi ihe I%trages computtid tere ire im ( lowrer.IThis figure includes increases in Irrigated acreage from all siurces for all of Chi. hi I 979 press reports intlicatethat these increases result primarily from the completion of irrigation facilities uiill! as , uxiliaies to existing pump
wells. 
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in 1965 to 49.8 units in 1976). The situation 
was particularly severe in 1976-77 when the 
supply of industrial goods faltered and their 
prices rose. For 1976 the average net profit 
rate in Hebei's surveyed localities (no doubt 
including a labor valuation) was 1.1 percent 
for grain, while cotton production registered 
a loss of 15.1 percent. Against these figures
the profit rate was 26.3 percent on oil crops 
and 12.7 percent for live hogs. The average 
tax on industrial inputs involved was esti-
mated at around 20 percent. 166  

Despite the rather severe rural circum-
stances that have existed throughout the 
last two decades, in each period of recommit-
ment to agriculture, resources applied have 
been sufficient to sustain a period of com-
paratively rapid gro,¢ th, given the conrext of 
China's large and mature agrarian system. In 
view of the destruction in rural real capital 
during the Great Leap Forward (that is, to 
irrigation systems, soil quality, and culti-
vable acreage), one might argue that even 
1962 is an appropriate base year. Butwhether 
one chooses 1962 or a later year, the period
ending in 1967 was onc of better-than-
average growth. 167 The same may be said to 
a lesser extent of the recommitment to 

.agriculture in the early 1970s 161 as well as of 
the recent reemphasis that resulted in food-
grain output growth of 7-8 percent in 1978 
despite poor weather, and a further increase 
of 9.0 percent in 1979.169 In each case the 
stumbling blocks were overprocurement, 
overdirection, and setbacks in rural invest-
ment and input proliferation, resultirg more 
or less directly in rural impoverishment, 
political unrest, and farm output decline. 

Barring a repetition of that scenario,
there appears to be no strong reason why 
China cannot maintain a growth rate of 3.0-
3.5 percent' 70 or even a shade over that in 
the immediate six-year period, given the 
state's aggressive plans for rural investment 
and for production and purchase financing
of industrial inputs to agriculture. Of course, 
in any o,. e or two given years poor weather 
could result in stagnation without seriously
affecting the medium-term trenl.17 1 The 
principal justificaiien (though not the only 
one) for the prognosis of higher-than-average 
growth rates in Chinese agriculture in 
general and foodgrain production in particu-
lar can be found through examination of 
trends in application of inputs to the agri-
cultural production process anti their long-
term, quantitative impact on output. 

Trends in Input Use: 

Quantity and Quality 

Tractorization 

China's long-term increase in current 
inputs has been estimated at about 7 percent 
a year,1 72 which averages to roughly 22 
percent over a three-year period. Excluding 
the 1950s, when growth rates were large due 
to extremely small babe figures, and begin­
ning with the "agriculture first" policy 
formulations in 1962, the average annual 
growth rate of China's tractor stock was 14 
percent. It peaked in the early 1970s, de­
clined in the stagnant agricultural years of 
the mid-1970s, and rebounded in 1977 or 
1978.'17 The decline seems to have been the 
result of disturbances stalling the industrial 
sector and of rural financing difficulties 
(1974-76). 1977 production seems to have 
recovered quickly, and by contrast the 1980 
targets call for an average annual large- and 
medium-sized tractor-use growth rate of 20 
percent. 174 

The actu-il level of tractor production in 
1978-79 is somewhat less encouraging than 
the targets for tractors in use, Production of 
large- and medium-sized tractors rose 14.3 
percent in 1978 and a further 9.3 percent in 
1979, whereas that of garden tractors rose 
only 1.2 percent in 1978 and declined 4.9 
percent in 1979175 These figures are, of 
course, well below the 1966-77 average 
rates of increase of 20.3 percent per year for 
large- and medium-sized tractors and of 
46.4 percent per year for hand tractors.1 76 But 
there are several ameliorating circumstances. 
To begin with, the absolute production level 
has increased so that high growth rates are 
much more difficult and somewhat less 
important to maintain. 

Second, one of the main problems in 
Chinese agricultural mechanization has been 
an imbalance, and in many cases, chronic 
shortages, in production and deployment of 
types of implements and machinery other 
than tractors. 177 In 1978, 1.7 million horse­
power of large- and medium-sized tractors 
and 1.1 million horsepower of gardlen trac­
tors were produced for a total of 12.3 
percent of all horsepower of internal com­
bustion engines for agriculture (23 million 
horsepower)-a much lower percentage than 
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in previous years.'7 8 In 1979 the figures 
were 1.9 million horsepower (large- and 
medium-sized tractors) and 1.1 million 
horsepower (garden tractors) for a total of 
9.8 percent of the total (29.9 million horse-
power). Thus total production of internal 
combustion engines for agriculture in-
creased more than 30 percent in 1979. A
total of 129.000 machine-drawn plows,
harrows, and transplanters, or more than 
two such implements for each large- or 
medium-sized tractor, were produced. 17  

This was about the ratio of all machine-
drawn implements to tractor stock in 1959.11)

Finally, it appears that deploying tractors 
has been a greater problem than producing
them. Several times over China's tr' torization 
history, production has stabilized while 
demand (or the ability to finance purchases)
has caught up to product ion. In a number of 
instances, then. advances in "tractors in 
use" continued during periods of stable 
production, while inventories of unsold
equipment were drawn down. 18 1 

This is exactly what seems to be happen-
ing now. The increasing burden on rural 
finances of the greater flow of industrial 
inputs to agriculture at the still adverse 
terms of trade prevalent in the mid- I 970s 
severely discouraged purchases of agricul-
tural machinery. The rural stock of all 
tractors grew 14 percent per year bemeen 
1962 and 1977. but only about 8 percent per 
year between 1975 and 1977. By contrast 
stock increased 21.5 percent in 1978 182 
with the expansion of state mechanization 
financing in that year, which breaks down to 
a 19.3 percent increase in large- and 
medium-sized tractors and a 25.7 percent 
increase for garden tractors, despite the 
stabilization of production of the latter.183 

Mechanization of Irrigation and 
Rural Electrification 

The planned increase in stock of powered
irrigation equipment of II percent per year 
from 1978 to 1980 J84 tay not represent in 
increase over the rate of 1976 and 1977 and 
is certainly lower than that of the previous 
13 years (16-24 percent for 1963-75 depend-
ing upon the series used). The actual 1978 
increase of 9.2 percent was smaller still. 185 

Once again the absolute magnitudes are 
much larger so growth rates are of necessity 

somewhat smaller. But more persuasively,
the increase in stock may underestimate tie 
increase in usage of such equipment. As will 
be (liscussed shortly, the quality and actual 
completion of ancillary irrigation projects
and the operability of existing irrigation
e(luipment have heen worse than usual in 
recent years.

Although the statistics are not completely
clear, there is a strong indication that the 
quantity of electricity supplied for agricul­
tural purposes in 1978 and 1979 was 
substantially greater than in previous years.
Regardless of the series used, power con­
sumption "in rural areas" rose in the 
neighborhood of 17- 19 percent per year
between 1963 and 1975. No official statistics 
or statements about this indicator were 
,v,-,ilable for 1976 and 1977, although it was 
made ablndantli clear that power was in 
extremely short sulpply: even coal mines and 
large fertilizer plants were running below 
capacity owing to failures in electrical supply.
In 1978, however, despite continued short­
age of electricity across the economy, the 
amount supplied to agriculture was more 
than double the highest "rural usage" esti­

i t ' mate for 1975. 1 In 1979 an incrt ase of 10.6 
percent over the 1978 level was registered.
This topped the percentage increase in total 
electrical output.187 

The sudden apparent jump in rural power 
supply cannat be attributed to the develop­
ment of small hydroelectric power plants, 
which grew in number at a rate of about 12 
percent per year (1974-78). This last statistic 
may underestimate capacity expansion of 
small plants since the 1979 increase in 
numbers was only 8.2 percent compared 
with a 19.9 percent increase in small plant 
capacity, but these plaints still only account 
for about 40 percent of agricultural con­
sunlption. Il The retnainder comes from 
various regional power grids. 

One of the principal agricultural areasrequiring powered irrigation is the northeast, 

where drought has adversely affected water 
supplies and electrical generation alike in 
recent years (1976-78). In 1979 production 
over the northeast power grid doubled that 
of the previous year, 1119but the biggest jump 
in supply of electricity to agriculture seems 
to have occurred earlier, suggesting that the 
primary difference has been a shift in allo­
cational priorities. Electrical power con­
sumption in agricultural production is 
targeted to increase at 10 percent per year 
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through 1985, while gasoline allocations are 
to grow at the annual rate of 10 4 percent. 190  

Irrigation and Acreage Expansion 

Our understanding of the history of 
irrigation in the People's Republic is particu-
larly poor. One of the principal difficulties is 
insufficient knowledge about the timing 
and extent of various changes in the quality 
of irrigation. Available series for irrigated 
area almost certainly fail to incorporate and 
reflect this phenomenon.19 i A look at the 
numbers, however, shows that the same 
historical trend documented for other indi-
cators is accentuated for irrigated area 
expansion. If 1965 is used as a base(irrigated 
area had then recovered to the 1957 level 
after a decline during the early 1960s), 
irrigated acreage rose 3.2-5.0 percent per 
year on average through 1974. Then, if the 
statistical categories are comparable, the 
growth rate declined to no more than one-
third of a percent per year through 1978.19)2 
By contrast, in 1979 irrigated acreage rose 
2.1 percent and tile 1985 target implies ,n 
annual increase of 3.6 percent per year. The 
area of farmland capable of t)roducing high 
and stable yields is expected to grow even 
faster. 193  

The input to the agricultural production 
process that has grown -itthe slowest rate is 
undoubtedly cultivated acreage. According 
to official statistics, farmed area increased 
at the rate of less than 1.7 percnt per year 
(1949-57), although at least 14 percent of the 
claimed increase was merely statistical, and 
some of the remainder may have represented 
recovery from wartime decline. Nevertheless, 
it was the period of greatest real growth in 
this category in China's history. The official 
figures for 1958 drpped to 107.8 million 
hectares from the claimed 111.8 million 
hectares of 1957. Throughout most of tile 
1960s and 1970s, the usual reference was 
107 million hectares, but 100 million hec-
tares or a little less was regularly quoted in 
1978 and a figure less than 107 million was 
certainly relevant at least one year earlier.1'4 

By contrast reclamation plans call for a 
gross increase of 8 million hectares (1979-
85).195 Yields on this land will be low and 
partially offset by retirement of marginal
farmlands, but the planned acreage expansion 
is clearly the most ambitious since the 1950s. 
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Utilization of Farm Chemicals and 
Chemical Fertilizers 

Reliable official statements about the 

supply of chemical pesticides indicate that it 
grew from an extremely low base in 1949 to 
149 thousand metric tons (gross weight) by
1957, then increased more than 330 percent 
by 1965, and more than doubled again in the 
early 1970s with the recommitment to agricul­
ture. The exact growth rate of pesticides 
supplied to nral areas cannot be documented 
for recent years, owing to a shift in statistical 
reporting from gross weights to weights of 
active ingredients, but the state plan went 
unfulfilled for 1974-76. The cunent renewal 
of interest in agriculture has brought on 
another period of accelerated growth in the 
supply of this input (in 1978, 22.4 percent in 
gross weight terms; 16.6 percent in terms of 
active ingredient), j %6 

Chemical fertilizer presents a similar pic­
ture:1'9 a 1962-77 long-term average growth 
rate in nutrients applied of 17 percent; a 
period of stagnation in 1974-76 of around 5 
percent per year due to industrial slowdowns 
and import reductions, ending with a recovery 
and rapid expansion in 1977 and 1978. The 
targets for annual production of chemical 
fertilizer in 1980 called for a 53 percent 
increase in gross weight over the 1977 level, 198 

whereas tile 1985 target is almost double the 
1978 level. 199 This suggests an annual growth 
rate of about 10 percent per year at substan­
tially higher absolute delivery levels than 
those of the 1960s and early 1970s. 

So far performance seems to be exceed­
ing the trend required to achieve these 
targets. In 1978 domestic pro(uction in 
gross weight terms was reported to have 
increased more than 26 percent. 200 In 
nutrient weight the 1978 output increased 
20 percent, 2°1 while 1979 output has been 
reported to have increased 22.5-23.5 percent 
over 1978.202 Meanwhile, by 1977 imports 
of fertilizers had recovered the peak levels 
of 1970-73. 1978 imports have been estima­
ted to have risen about 64 percent above the 
previous record set in 1972, and to be almost 
30 percent of domestic nutrient produc­
tion.203 This combined effort brought about 
an increase in chemical fertilizer nutrients 
applied per cropped hectare from 64 kilo­
grains in 1977 to 89 kilograms in 1978, 
and 109 kilograms in 1979.204 

http:phenomenon.19


Campaign to Raise Input Quality 

Improvement of input quality is once 
again a major plank of the new agricultural 
policy. (Policies aimed at increasing the 
quality of labor application are briefly 
addressed below.) Large discrepancies exist 
between reconstructed official figures for 
tractors produced and increments in tractors 
in use, indicating either a lack of financial 
ability to purchase tractors, a high rate of 
mechanical and repair failure, or both. 1979 
statements confirm that in recent years the 
operability rate of tractors and irrigation 
and drainage machinery has been only 
about 70 percent. Raising this proportion to 
80 percent has become an important im-
mediate target in agricultural mechaniza-
tion.20 5 While the quality of operation of the 
nation's 2,400 county- level repair and manu- 
facturing enterprises 20 6 will not be improved 
so quickly, it appears that rapid strides are 
being made in standardization and quality 
control of original production in state-
assigned enterprises. Late 1979 statistics for 
531 kinds of farm machinery produced in 22 
provinces indicate that output of 508 of 
these was Up to standard. Spot clucks of 
complete farm machinery assemblies and of 
major accessories and subassemblies showed 
that 96 percent and 93 percent, respectively, 
were up to standard. 20 7  

Current increments in chemical fertilizer 
production are now dominated by the output 
of new centralized plants constructed by 
American, European, and Japanese corpora-
tions, after almost two decades in which the 
share of output derived from small and 
medium-sized domestic plants was rising, 
Fertilizer from these plants. though farther 
from the location of use, will be of higher 
and more dependable nutrient content 
(suggesting higher effectiveness per unit of 
gross weight, thereby easing some transpoi-
tation and labor bottlenecks) and less volatile 
than the output from the small plants. Even 
the products of small plants have been 
improving, on average, since 1978 under 
threat of closure. Particularly inefficient 
plants in a number of provinces have been 
forced to terminate production, while the 
efficiency, profitability, and product quality 
of remaining plants, especially in several of 
the leading provinces and municipal areas,
have significantly improved. 20 8  

Forty percent of installed tubewells in a 

major grain province were evidently inopera­
tive in the mid- 1970s, and the reinforcement 
of dams to prevent collapse had become, by 
1978, one of the highest priority tasks of 
capital construction work in rural areas. 
Another major grain producer in the north­
east, Jilin, indicated that existing irrigation 
projects are utilized only to 50 percent of 
design capacity, while for Shaanxi and 
Yunnan, among others, full utilization be­
came the major capital construction task in 
1978-79.209 

As suggested earlier, it seems likely that 
the technical requirements for qualifying as 
"irrigated acreage" have been raised at least 
twice since the early 1960s and possibly 
more. To date, however, there is no unequi­
vocal confirmation of this allegation. On the 
other hand, it is clear that if there has not 
been a definitional change in recent years, 
there has been a correction of curient and 
previous statistics to reduce overestimates 
resulting from incorporation of lands in 
which the irrigation facilities were not 
actually completed. Moreover, the quality 
of irrigation has unquestionably improved, 
not only because of the greater stocks of 
operating tubewells, irrigation and drainage 
machinery, and higher fuel and power allo­
cations to operate them, but because of the 
design of the irrigation network itself.2 10 

In the i950s and 1960s, most so-called 
"irrigated lands" were equipped with facili­
ties able to apply only plot-to-plot irrigation 
methods. The amount of water supplied by 
these facilities was not sufficient to cope 
with a long period of drought, so attempts to 
intensify land use beyond the traditional 
cropping system were risky. In the 1970s, as 
land use intensification became more urgent, 
the emphasis of the project design was 
placed increasinglv on the assurance of 
controlled and sufficient water supply znd 
drainage for individual plots (a "ditch-to­
plot" method). In describing infrastructural 
construction targets and accomplishments, 
"the area of land guaranteeing good harvests 
irrespective of drought or flood" increasingly 
replaced the terminology "area of land under 
irrigation." For lands on which the introduc­
tion of highly intensive cropping systems 
was planned, a far wore sophisticated in­
frastructure began to appear. In these" lands 
with yield of a ton (per mu)," the land was 
completely levelled and subdivided into 
uniform plots surrounded by irrigation and 
drainage ditches, while access roads suitable 
to accommodate tractors and power tillers 
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were constructed. 2 11 

Low electrical power consumption in 
rural areas has clearly constrained irrigation
and fertilizer production efforts until re-
cently. It seems to have been the result not 
only of insufficient total capacity and a low 
priority for agricultural uses in allocation of 
power-grid supply (despite a central official 
policy of "agriculture first"), but also of low 
capacity utilization and inopportune failures 
in the electric power industry-coal mines 
in China have been shut down recently for 
lack of power, while generators remained 
idle for lack of coal. The sector is focusing 
considerable attention on improving effi-
ciency and increasing tile capacity uitilization, 
2specialhy in the critical lortheast power
grid. 21 2 

Discussion of input quality in the Chinese 
press seems to go in cycles. Rural stock 
increases are occasionally reported as if the 
problem was nonexistent: as if all goods 
produced were up to standard and deprecia-
tion did not occur. At other times there seem 
to be campaigns of criticism: reports issued 
at these times traw a general picture that 
may possibly be overly pessimistic. Therefore, 
estimates of the degree of progress iinniedi-
ately attainable in this area in a massive 
developing cou ntr such as China should be 
conservative. But it should not he difficult 
to improve on the extreme sittation outlined 
above, now that it has been placed at the 
forefront of bureaucratic and popular atten-
tion and has received priority from central 
organs. The last time such strident criticisms 
of inefficiency andl poor quality control 
were registered was in the early 1960s,' 13  

just before the period of rapid agricultural 
growth that ended during the first phase of 
the Cultural Revolution. 

Potential Contribution to 
Foodgrain Output 

Until recently few foreign analysts be-
lieved China's increase in input application 
alone would sustain the growth rate required 
to achievc the 1985 foodgrains production 
goal. Yet this increase may enable China to 
achieve faster than average growth over the 
next seven '/ears if the input targets for 1980 
published early in 1978, the Central Com-
mittee Decisions adopted in December 1978, 
and the draft 1979 National Economic Plan 

released in June 1979, 214 are indicative of 
the commitment to the agricultural sector 
over the entire pe:-iod. 

A 1979 paper by Sarma and Roy suggests 
that the effects of other agricultural produc­
tion inputs on lndi,,i agriculture are sub­
sumed in the regression coefficients for 
increases in acreage under foodgrains.
incieases in irrigated area, and increases in 
chemical fertilizer nutrients supplied, and 
that these composite coefficients are addi­
live. 2 1

5 Full input-output analysis or 
econometric study of the determinants of 
fodgrain growth in China is beyond th, 
scope of this paper. 2 16 Moreove, it seems 
quite possible that in China other r~roduction 
inputs, notably imp~rovements ir. tile qualty
of irrigation, would be seen to have indepen­
dent effects were appri.priate statistics 
available. Nevertheless, it ina, he useful to 
look at the impact on grain production of 
changes in the amounts of the key inputs 
identified by Sarma and Roy as well as the 
tprospects for changes in the supply of these 
inputs. 

Yields in the most productive major re­
clanation areas are about one-and-a-quarter 
tons per hectare. Yields in other areas are 
often three-quarters ofa ton." 1

7 Iven ignoring 
the acreage shifts out of foodgrains,
especially into oil crops and fibers, and tie 
planned reconversion of large tracts of 
marginal land to pastures and forests,2 11no 
more than 5 million metric tons should be 
expected ftom gross additions to foodgrain­
sown area. 

The other two categories will receive 
slightly more extensive treatment. For each, 
two questions will be explored. Are the input 
expansion targets for 1985 consistent with 
production of' 90 million metric tons of 
additional foodgrains (400 million metric 
toils minus 1978 output. ninus tile 5 million 
metric tons expected from net additions to 
foodgrain acreage)? What are the prospects 
that these input expansion targets will befulfilled? Examination of the first question 
requires an estimate of the expected impact 
on foodgrain production of changes in the 
amounts of inputs applied. Because of the 
limitations of available data, because only 
two inputs are considered, and because 
Tang conducts an extensive input/oumtput 
analysis in the accompanying paper, a simpler 
and less ambitious approach will be adopted.
Historical changes in tite level of application of 
these inputs will be matched with changes 
in foodgrain production levels for various 
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periods to obtain hypothetical "coefficients 
of consistency." These coefficients are noth-
ing more than lagged and unlagged changes 
in foodgrain output per unit change in in)ut 
application. The coefficient that seems least 
likely to be biased and most applical)le to 
the 1979-85 period will be adopted to ic 
termine whether the 1985 input expansion 
targets in the two categories are consistent, 
on the basis of the historical record, with the 
production of an additional 90 million metric 
tons of grain, 

Consistency and Attainability of 
Irrigated Area Targets 

Table 6 presents lagged and unlagged
ratios of change in foodgrain output per unit 
of change in irrigated acreage for three periods 
The irrigated area changes involved were 
not based on statistics derived from single 
year citations and coml)ilations by Western 
analysts, but were given mot e or iess direct lh 
in the Chinese press. Consequently. possible 
changes in the definition of "irrigated area' 
suggested eariier are not as likely to present 
a problem as they would if other materials 
had been used. 

Table 6 shows that the ratios between 
the changes in foodgrain output and the 
changes in irrigated area dre rather consistent 
no matter how many years the change in 
grain output was lagged behind the change 
in irrigated area. In general, weather condi-
tions in the initial and final years were 
dissimilar, thereby ex)laining a large part of 
the variations between the calculated ratios, 
Only in the initial and final years for the 
unlagged 1965-75 coefficient were weather 
conditions similar. Although 1978 has been 
identified as a poor weather year by American 
and Soviet intelligence services and the 
Chinese press, the increase in foodgrain 
output over the poor weather years 1976 and 
1977 was so great that it is ,mpting to 
accept it as an average year. This would 
make weather conditions for the three-year-
lag figures for 1965-75 (and 1970-75) matct, 
up. But the official figures ,-or change in 
irrigated area for 1957-78 and 1970-75 are 
still ambiguous. Moreover, there has been 
sotne indication that the 1977 and 178 
output figures, unlike those for 1957 (and 
possibly 1970), excluded some portion of 
soybean production, introducing a down-

ward bias in the ratios calculated for periods 
terminating with these years. 

It appears, then, that the most appropri­
ate coefficient may be the unlagged 1965-75 
figure. In defense of such a high ratio, the 
reader should i)e reminded that this is a 
"consistency coelficient" and not an input­
output or mtltivariate regression coefficient 
since tile contribution of other inputs was 
not considered the quality of irrigation, 
as defined for the 1965-75 statistics, was 
substantially higher than in the 1950s and 
1960s; and average foodgrain yields in China 
are the results of aggregating extremely 
high-yielding land, especially land with a 
guaranteed water supply, and much lower­
yielding land, especially unirrigated land. 
Foodgrain Niells over the entire province of 
Zhejiang averaged 10 toils petr iectare in 
1979. For several of the hinterland provinces.
the average is close to I tol per hectare. The 
latter provinces have large tracts of unirriga­
ted land that yield even less.2 1 

Applying [he selected coefficient to the 
target of 13.3 million hectares for the in­
crease in irrigated acreage by 1985 results in 
exactly 90 million metric tons, suggesting 
that tie ratio may approximate the bench­
mark figure used by the Chine,,e. Two 
questions remain, however. Can 13.3 million 
hectares be delivered by 1985') What if a 
more conservative coefficient is adopted? 

Only one of the major surface irrigation 
schemes (tihe Ilan River diversion, affecting 
son 4 2/3 million hectares) is likely to 
affect yields in the 1980s, 220 but two other 
lines of attack are being pursued: puimpwell 
construction and the comnpletion of auxiliary 
projects on existing irrigation works. The 
latter is expected to add some 8 million 
hectares to irrigated ,icreage.221 This total 
phis thbe I Ian diversion acreage would come 
close to ftulfilling the 1985 target, but what 
about pimmpwells? In 1979 irrigation facilities 
for 250,000 pmmpwells in North China were 
completed, -nd irrigated area rose I million 
hectares. [tit the impact of much of this 
work may be included in the 8-million­
hectare figure cited above. New tubewells 
were sunk at the average rate of over 
150,000 per yer between 1965 and 1974 
and over200,000 perNyear between 1975 and 
1978. Although the exact number of new 
wells constructed in 1979 cannot be deduced 
from currently available information, 
scattered provincial reports during the spring 
of 1979 indicated that work was proceeding 
at the pace of 1975-78. This suggests thal 
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Table 6-The relationship between changes in foodgrain output and changes in 
irrigated area, 1957-78, 1965-75, and 1970-75 

Period/ Change in 
 Weather Conditions Change inAmount of Change in Foodgrain First Last Output fromLag Irrigated Area Output Year Year Irrigated Area 

(million hectares) (million tons) (tons/hectare)
' 

1957-783 
No lag 20.8 120 good bad 5.8No lag 17.5 120 good bad 6.9
 

1965-75
 
No lag 13.3 89 91 
 av erage average 6.7-6.8I year 13.3 66 bad bad 5.02 years 13.3 50 52 good bad 3.8 3.93 years 13.3 90 average had 6.8
 

1970-75'
 
No lag 8.00 
 40 42 good average 5.0-5.3

6.65 40 42 good average 6.0 6.31 year 8.00 40 average bad 5.0 
6.65 40 average bad 6.02 years 8.00 43 bad bad 5.4 
6.65 43 bad bad 6.5
3 years 8.00 39 44 average bad 4.9- 5.5 
6.65 39 44 average had 5.96.6 

Sources: lor changes in irrigated area. the 1957-711 figures are based on a quote rin U S. :oeign BroadcastI IfornIlation Service, Peoples Repubht"of t'hma l)oth" Report. Ja nIari,,26. 1979. p.) 0 (see note aI).Thefigures lot1965-75 are hased on Ihie staltlemet "irrigatediarea (eac 1i 
average of 1.33 million i(-tares.'' roiii"\ Decade of 

%%asextended ear 11965-75) bh an 
gapid F'onoic Iti'e.eloipinnt' l'ehtig Review.October . . milion1976. 1)..4.li7 , 13.0() hrctawe figure for 1970-75 is hasIed on the satenient that "theaverdge dnlIal IlrIease of.erilI lre%ious fi,v .(,,irs 1iio) h eii es ' {FBIS, I'RC..aiitiar 5,%%as 1.6 


1976. p. 12) aliI "fint Iiof if 
 re(o nit I 
, 

vaets fin aviage of 1.6 nuIIlioin Iit-fi'irTs isere adiedI o Ieivirrigated ar'a" (Chi,iMig ' iiiii-nni,.iii % Chu'i ecilianeSl-sufficient I 0(rain. ' In Chiang( hinig-tsaogatd(Cliang I lta-liong. Iow C'hina I 'came Self-Sffi''nt in(rat IBeijing Foreign Languages Press. I p. 10).lie 6.65 million ie(are figure is frioii IBIS. 'IRC,I-ebruarN 19. 1976. fll 3L:0. 1111 
77J. 

All iati for lotiflanges ifi oodgtam oitiittt and firloeatlher coiuiitions irefrom Fable I. Series B.215 
miillion oli's hs bieen tusel -is ,inesiulniti hor196. 'onsistent isithSeries If assionmptions.
 

The figures fortuis period depenl upon a .huaruun 
 1179 olhical statemrnt that irrigated area rose 60 percentbetween 1957 and 1978. 20.8 million Iie( in ,snas hriid hu*using ilbi official 1957 figure (published in1959)for 1957 (34.7 million hectares) and 1.6tilies thrat figure for 197 17.5 1illion1 hectares is as derised b'iyusing tIt1978 official figure (46.6 riilirci iectares, publslied Iiiid ear 1979) ail 1957 figure deriied bi,iliiing tie 1973value by 1.6. 'ITherefiore. taken literally. the first set of figures assu res that all changes ini delinitio.iof irrigatedacreage (1959-79) occrrrel luets enu .atiiilar anil J 39791ne Tie seconil set asslhlres tf.r .!!-t2, ldIiges OccurTedbetween 1959 and Januai 1979. It seems ver, likely Iiat Ihe leinitiio %%aschanged at least t%%ice iretween 1959 and1979. lendiiig crediice to tihe se(ondiset of figures. butiils possible tihat amther change i%%asirade %withintie first
sixmoniths of 1979 as definitional changes i erv clearl,, rade illother statistical cdtegoris during that period
STie first figure fun lheIlhanged irrigatvd area (13.00 million hectaris) ias publishedii arIl, 1976 3h.holnary


second figure (6.65 million hechaes) lids publi nlle iid-Ferurary 1976 Tis snlggi'srs rItat tie seciri is a revisei
figure or that a change iI definition occurred ilthis brief period Ilieutliri 
 case, tire secrondcl figure is tnioreapproliriale for our irproses, but it niaN represent nreIly a hal in,of the 1965-75 dinference. Moreover. an official
parrphlet plblished itt 1977 ilanied that "ineachiii tiit relent Iv%,ears (ending irt 1975) an a erage if 1.6million
hectares of laindis ueer added to the irriiaiii area. '' 
 hisvalue riay ie grcss rather tian net. frother.iSe seems 
more consistent with tire first figure 

completion of auxiliary facilities may have quite likely that the rate of tubewell con­been the more serious constraint. 222  strutnon can be maintained, which would
The average area of farmland irrigated indicate overall irrigated area consistentby a single pumpwell is best approached on with the 1985 foodgtain output target even a more disaggregated basis. But data prr .nted if a lower coefficient from Table 6 is used,in Table 5 suggest that three to four hectares five tons per hectare, for example.

per well might be a reasonable aggregate Several caveats should, of course, be
estimate. In vie%% of past history, it seems mentioned. The full potential of previous 
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irrigated area increases may not yet be 
realized. If it has been realized but a lag is 
required after future irrigation efforts in 
order to achieve full potential, immediate 
output increases from this source may suffer 
from the apparently slow irrigation expansion 
in the 1975-78 period. This discussion ig-
nores not only the question of the supply of 
other yield-increasing inputs, but also the 
significant shift in rural policy in 1978-79. 
To a certain extent, soil to be irrigated is 
inferior to the soil in areas already irriga-
ted.223 Eventually, the quantity of "high-
and-stable-yield land" or "land with a yield
of a ton (per mou)" will be more reliable 
output indicators than the quantity of irriga-
ted acreage.


It should also be noted that while China's 
crrent proportion of irrigated area (almost 
50 percent) exceeds that of most developing 
nations, the growth rate implied by the 1985 
target224 surpasses the 1975-90 projected 
growth razes of almost all developing coun-
tries with the exception of Nepal, Afghanistan, 
and several nations with proportions of 
arable area irrigated falling below 5 percent. 225 

The rate appears less ambitious when com-
pared with historical rates of expansion in 
the People's Republic. It exceeds the 1972­
78 rate but falls below the rapid expansion 
.of the 1950s (even after recovery of prewar 
levels) and the 1964-72 period. 226  

The Contribution of Planned Increases
in Fertilizer Application 

Some scholars have maintained that the 
rates of China's yield response to incremen-
tal application of chemical fertilizer nutrients 
have declined. The principal proponent of 
this view is Kang Chao, who found that the 
incremental yield of grain fell from between 

10 and 30 kilograms for each additional 
kilogram of nitrogen applied between 1959 
and 1963 to 7.2 tons of grain for each ton of 
nutrients applied between 1971 and 1973.227 
Chao concludes that if returns continue to 
decline at such a rapid rate, China will soon 
cease to benefit from increased applications 
of fertilizers 22 8 

If Chao's analysis is correct, it would be 
crucial to determine what caus s the decline, 
whether it is likely to continue, and how 
current policies might affect it.Fortunately,
however, other research 229 has indicated 

that the historical evidence does not support 
Chao's contention. A number of problems
with tile methodology and data series used 
in Chao's study have been dealt with exten­
sively in another work. Amore recent study
by Benedict Stavis 230 suggests that tile 
productivity of fertilizer may actually be 
rising inChina. The series Stavis uses cor­
responds somewhat more closely with the 
information now available on production of 
grain and fertilizer, but still suffers from 
some methodological problems. 23 1
 

Tables 7, 8, and 9 contain national
 
aggregate rates of response o grain output
 
to incremental applications of various fer­
tilizers. Table 7 contains the expected rates
 
of response published by the Chinese in the
 
I950s anti early 1960s. There are problems
 
in comparing these figures with the coeffi­
cients in Table 8 (see the notes to Tables 7
 
and 8 and Appendix 2). 

Table 10 provides the response rates 
derived from field tests in specific localities 
made (luring the 1950s and early 1960s. It is 
probably even more risky to compare these 
figures with the figures in Table 8. Moreover, 
there is no suggestion that the lands on 

Table 7-Expected response rates of 
foodgrain output to chemical
fertilizers applied 

Fertilizer Rice Wheat 

(kilogram of foodgrain!kilogram of nutrient) 

Ammonium sulfate, 1950s 
Nitrogen applied 14.6 24.4 9.8 19.5
 
Nitrogen absorbed 29 3 48.8 18.5 39.0
Ammonium sulfate, 

early 1960s 
Nitrogen applied 19.5 29.3 146 24.4 
Nitrogen absorbed 39.0 58.5 29.348.8 

Ammonium nitrate. 1950s
Nitrogen applied 14.4 9.4 
Nitrogen absorbed 28.8 18.8 

Superphosphate, 1950s 
'20, Applied 11.8 7, 

Notes: To get these figures, yield increments per 
unit of gross weight were converted to nu­
trient weight rates by dividing through by 
0.205 (for ammonium sulfate). 0.34 (fortammoniun nitrate) and 0. 17(for superphos­
phate). It was assumed that only about half of 
the nitrogen applied was absorbed by plants. 
This assumption is based on a study by the 
Fujian Soil and Fertilizer Research Institute
(appearing in U S. Foreign Broadca3t Informa­
tion Service. People's Republic of China Daily 
Report, April 30, 1979, pp. L13 L14). 
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Table 7-Continued) 

Ithe stitisticsfor ex pectel yieldper ii it of 
gross weight from iwhich these figures were
derived appear in,ataile muisleadingly ibeld 

The Average Yield hicreteivit ill1951 and 
S962-63, .ippe,trinlg n. ti- ChaLiu, Chinas 

FertilizerEcorfony ('hie,to Aline. 1970l) P. 
110. liu cites these dat,itas iftle were 
nationitl verdiges for 1959 anid 1962-63. Yet 
the 1950s dta lere not hased on 1959 results 
,ldone--the ly 1IIpublications,p)ear is earl, 
,is1954 ,ind,is late is 1962 Siiiilirl . thedti 
for the edarly 1Ins ,ilellitre i10l Iehtnary I92 
,mid itt Fsel)ru,, ,I h 1963. theirad so 
earliest resltills tr1111-:ih\ I ('etltroillto liter
th,1 1961. 

Ile figures iere ilst-dini stt.lera) 111111s' 
articles to prt'liit ihe ltltprt i'nllolt l itd s 
tht0atiouldrestilt l lrlt ilit rhll 
[tt it islot ,11t1,tl', . thei'klsitl lllt'ther 
figures ire hi1adl,, ittiiiwl.lastd is -vagcs 
or aggrVglgn of a,It' e t\)rimill'llil'stilts, 
were at1511e't t.(ifhbi- ,itliutt io 
Ilhtur,al n -irt' iaI soI d.oli 5lietherIertili/ 
incre lli',its%nere ,itlt'tlll otJ illelilt \e,lrs 
on tie s'lie pitl t ,andtl lot TieIghllorig 
parelts durin I he 'lit t'Ill 

which these local studies were conduicted 

were representative of the national norit. 

Even so, the range of response is illuminating. 

It must also be noticed that the increment,iil 

yield response inmost exleriments dropped 

off sharply after a point, snlce increases in 

other complementary inputs were absent. In 

the only cited experiment investigating the 

impact of widely variable application levels 

of nitrogen and phosphorus comlined, how-

ever, tile rate of re'ponse was high and 

relatively stable ever a broad range of 

com))paratively intnsive application. 


The respov.,e rates may have risen or 

fallen bet-.een the 1950s and 1978,Ibut 

scrutiny of the data. including the dal 
examined by Chao and Staivs, reveals no 
justification for concluding that they did. 
This is partly because tile data (ire not easily 
compared and partly because the calculated 
coefficients are similar after controlling for 
various extranleous features such as wealher 
fluctuations and poor data for certain years. 
This similarity call be seen atmong the 
coefficients in Table 8. These coefficients 
must not be interpreted as the nuil)er of 
additional weight units of grain that will be 
produced when an extra weight ullit of
nutrient is applied or absorbed and the 
other input levels held constant. It can only,
be said that within our period of scrutiny the 

incremental production of grain was con­
sistent with the absorption ot application of 
nitrogen (N) or a combination of nitrogen,
phosphorus, and potaSSitIm (N PK) according 

to the given rates. Therefore, it' these rates 
are used to predict the amoulnt of fertilizer 
required to produce an increm ent of grain,
there is an implicit assunpt ion that sonme­
t atin 
thing approximating constant returns to 
scale may he obtained From the base period
through the period of prediction and that
the alItOti~ tS of other inputs to the production 

process will be as large in relation to increased 
fertilizer Stpply as in the past.

Though the amount of cultivated land 
\vas relatively fixed in the process, cultivated 

trea has actually declined since the !950s 
aild will rise somewhat in the prediction
period. But although there \as n0 evidence 
of decline in long-term aggregate rates of 
response to fertilizer within the period scrl­
tinized cotm pared with the I 950s, it is 1o1
all impossible that the rate will decline

at 

between 1979 id(l 19135 if the growth rates of 
fertilizer nutrient applicattion and absorption 
increatse much fiaster than those of the 
supplies of otlher yield-increasing inputs. 

The stale's aggressive chemicaI fertilizer 
supply plans for 1979- 85 ,and the extent to 
which they seeit) likely to be fl filled make 
this a real possilbility. Fortunately, nutrient 
application and absorption appear likely to 
be so high that even a large decline of the 
response rate may be acconmodated with­
oit jeopardizing the foodgrain output target, 
unless there is a critical failure in the 
current plans for supplying other in)uts. 

One such failure coul be of the supply
of organic fertilizers. If the "chenical fer­
tilizers only" coefficients are used to predict 
consistency, tlere is inimplicit dsstunlltion 
that app ropriate increases in organic nutrient 
supply will also be mtde. Table 9 also 
presents consistency voefficients which itl­
corporate tile "response" to both chemical 
and organic fertilizers combined. These 
rates are of course mu)C lower. But they are 
also consenative because the organic series 
employed for their computation has been 
generous. (It assunes that lhe high rates of 
anilll Manure and night soil utilization of 
the mid- I960s continued through the I970s 
and that Ohe 1950s quantities of other 
organic materials Imid- I960s quantities for 
green mniiure and oil cakesl continued to be
sulpplied despite the increasing opportunity 
costs of providing most of these components.) 
It is also not clear that sufficient account 
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Table 8-National aggregate response rates of foodgrain output to all fertilizers applied, late 1960s to 1970s 

Years Fertilizer Years Foodgrains
Applied Harvested 	 Chemical Fertilizers Only Chemical and Natural Fertilizers 

NPK N N N NPK N N NBase Terminal Base Terminal Nutrients Absorbed Nutrients Nutrients Nutrients Absorbed Nutrients Nutrients
Period Period Period Period Applied 	 P K Applied Applied Absorbed Applied P KApplied Applied Absorbed 

(kilograms of foodgrain vutputlkilograms of nutrient 
Lagged rates of response
1963-65 1971-74 1964-66 1972-75 21.4-22.0 36.5-37.6 31.0-31.9 768-79.1 6.9-7.1 11.3- 11.6 15.9-16.4 48.4-498 
1963-65 1972-75 1964-66 1973-76 21.2-21.7 37.6-38.5 29.7-30.4 76.4-78.2 8.3 8.5 12.5-128 16.6-16.9 50.6-51.8

1964-66 1971-74 1965-67 1972-75 21.4-22.5 36.6-38.4 31.7-33.3 81.5-85.5 7.5-7.9 11.1- 1l.- 15.9- 16.7 50.3-52.8

1964-66 1972-75 
 1965-67 1973-76 21.1-22.0 37.8-39.3 30.0-31.2 80.0-83.1 8.3-8.6 11.4-11.8 16.7-17.3 52.7-54.8 
Unlagged rates of response
1964-66 1971-75 1964-66 1971-75 21.7-22.2 38.7-39.6 30.9-31.7 81.9-84.0 8.2-8.4 12.4-12.7 16.7-17.1 52.8-54.1
1964-66 1971-74 1964-66 1971-74 22.2-22.7 37.9-38.8 32.9-33.7 84.4-86.5 7.8-8.0 11.5-11.3 16.5-16.9 52.1-53.4

1964-66 1972-75 1964-66 1972-75 
 21.0-21.6 37.5-38.5 29.8-30.6 79.3-81.6 8.2-8.5 12.5-12.9 16.5-17.0 52.3-53.8 

Sourccs: 	 For the grain production data. the Stone approximations in Table I. For the fertilizer data. Bruce Stone. "A Series of Chemical Fertilizer Nutrients Absorbed in Chinese 
Agriculture with Implications for Foodgrain Yield Response." a paper prepared for the Workshop on Agriculture and Rural Deveiopment in the People's Republic of 
China. Cornell University. Ithaca. N.Y.. May 17-19. 1979. revised May 1980. Also see Bruce Stone. A Review ofChinese AgriculturalStaistic: 1949-78. Research Report 16 
(Washington. D.C.: International Food Polic Research Institute. forthcoming). Tables 15-17. 

Notes: N stands for nitrogen. P for phosphorus, and K for potassium. When the calculated ;response rate is ex! ressed as a range, that range is entirely Oependent upon the 
range of grain output figures cited ii Approximation B in Table 1. 

The response rates (RR) in this table have been calculated by the following formula: 

n 2 n2 
i=O0+~ 1 0 IQ i-I 0 =~t-r+j0
 

RR=/ _ 
n 3 ii 3 

where: 

F= China's national output of foodgrains in year t:
F= 90 percent of NPK chemical fertilizer nutrients produced and imported (Or Which may be absorbed from nutrients produced and imported) in year t. It includes 

natural fertilizer nutrients where designated. (It was assumed that 10 percent of all fertilizers were applied to nongrain crops, based on the calculation for 1965in Kang Chao, AgriculturalProduction in Communist China 1949-651Madison: Unix ersit\ of Wisconsin Press. 19701. pp. 160-2.):
 
n the number of consecutive years averaged in the terminal period (3,4. or 5):
 
r = 
 the lag between grain output data and fertilizer production and import data (0 or I year):
 
T = the number of years separating the firs, years of the base and terminal periods (2-12 years).
 



Table 8-(Continued) 

There is no guarantee that any of these rates are comparable to the rates cited in Table 7 for the 1950s and early 1960s. Even if they were, the material presentedhere and in Tables 9 and 19 does not support the contention that the national aggregate response rates have declined. In attempting to prove the contrary. Chao (inAgricultural Production) uses only the ammonium sulfate rates for the 1950s and early 1960s. He also uses adifferent data series for grain and fertilizer for the 1970s andignores the volatility ofchemical fertilizer and the differences in weather of the base and final years. He does use a similar, though cruder formula for estimating yield 
response than the one above: 

= 
RR Q1973+Q197 1 -2Q, 970 
 F1973+ F197 1 - 2F1970 

The estimates used for natural fertilizer are of doubtful accuracy. No allowance has been made for declining rates of utilization since the mid-1960s despiteindications that a decline has occurred. The series for natural NPK fertilizers applied may be particularly mislead:ng since no allowance is made for nutrient lossduring drying, storing, and the preparation of manures and feces cakes. The loss was much greater if the cakes were stored out of cover. See James Cameron Scott,
Health and Agriculture in China (London: Faber and Faber. 1942), pp. 133-47. 



Table 9- Lagged averages of national aggregate response rates of foodgrain output to chemical fertilizers applied, 1960s to 1970s 

Years Grain Harvested 

Years Fertilizers Applied Base Period Terminal Period 
Base Period Terminal Period Years Weather Years Weather NPK Applied N Absorbed 

(kilograms of foodgrain/kilograms of nutrient) 
1963-65 1971-73 1964-66 good, average, good 1972-74 bad. average, good 21.1 	 72.4 
1963-65 1972-74 1964-66 good, average, good 1973-75 average, goodaverage 22.7 82.1
1963-65 1973-75 1964-66 good. average, good 1974-76 good, average, bad 21.0- 77.6
1963-65 1974-76 1964-66 good, average, good 1975-77 average, bad. bad 20.3 75.5 
1963-65 1975-77 1964-66 good. average, good 1976-78 bad, bad. bad 17.7 62.2
1964-66 1971-73 1965-67 average, bad, good 1972-74 bad, average, good 21.1 75.9
1964-66 1972-74 1965-67 average, bad, good 1973-75 average, good average 22.9 87.6
1964-66 1973-75 1965-67 average, bad. good 1974-76 good. average, bad 21.0 81.2
1964-66 1974-76 1965-67 average, bad. good 1975-77 average, bad, bad 20.2 78.4
1964-66 1977-77 1965-67 average, bad, good 1976-78 bad. bad, bao 1".3 62.3
1971-73 1972-74 1972-74 bad, average, good 1973-75 average. good, average 24.8 129.6 
1971-73 1973-75 1972-74 bad. average, good 1974-76 good. average, bad 16.8 94.1 
1971-73 1974-76 1972-74 bad, average, good 1975-77 average, bad. bad 16.9 83.3
1971-73 1975-77 1972-74 bad. average, good 1976-78 bad, bad. bad 13.9 50.0 

Sources: 	 The grain production data is from Approximation B in Table 1. The fertilizer data is from Bruce Stone. -A Series of Chemical Fertilizer Nutrients AbsDrbed in Chinese
Agriculture with Implications for Foodgrain Yield Response." a paper prepared for the Workshop on Agriculture and Rural Development in the Peoples Republic of 
China, Cornell University. Ithaca. N.Y., May 17-19, revised May 1980; also see Bruce Stone, A Review of Chinese AgriculturalStatistics 1949 79. Research Report 16 
(Washington. D.C.: International Food Policy Research Institute, forthcoming). Tables 15. 16. For the weather conditions, see Table 1. 

Notes: The response rates (RR) in this tabie have been calculated by the following formula: 
2 2 2 2 

I Q - I Q /7 F - I F 
RR i= 0 t+T+i =0 t+j i=0 t+F-r+i j=0 t-r+j 

where: Qt = China's national output of foodgrams in year t: 
Ft = 90 percent of NPK chemical fertilizer nutrients produced and imported (or which may be absorbed from nutrients produced and imported) in year t It in­

cludes natural ferilizer nutrients where designated. (It was assumed that 10 percent of all fertilizers were applied to nongrain crops, based on the calcula­
tion for 1965 in Kang Chao, Agricultural Production in Communist China 1949.65 [Madison: University of Wisconsin Press. 19701. pp. 160-2); 

r= the lag between grain output data and fertilizer productiofi and import data (0 or I year):

T = the number of years separating the first years of the base and terminal periods 12- 12 years).
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L Table 10-Responses of foodgrain yields to incremental applications of chemical fertilizers in experiments, 1947-65
 

Nutrient 
Appliea 

Nitrogen 
Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Phosphorus
Phosphorus 
Phosphorus 
Phosphorus 

Phosphorus 
Phosphorus 
Pho,-.,Inorus 
Phosphorush 

Phosphorus 
Phosphorus 
Phcsphorus 
Phosphorus 

Crop 


Rice 

Rice 


Rice 
Rice 
Rice 
Rice 
Rice 
Rice 
Rice 
Rice 
Rice 

Rice 
Rice 
Rice 
Rice 

Rice 
Rice 
Rice 
Rice 

Year 

1947-51 

1955 


1955 

1956 

1956 

1963 

1965 

1955 

1955 

1963 

1963 

196.3 
1963 

1963 

1963 


1963 

1963 

1963 

1965 


Yield Without
 
Chemical 

Fertilizer 


(tons/hectare) 

3.390 
3.390 

3.840 
3.345 
4.230 
4.635 
6.276' 
3.340 
5.487 
4.464 
1.334 
3.555 
4.635 
2.52b 
2.715 

1.190 
1.827 
1.238 
2.265 

Kilograms of Nutrient Applied Per Hectare0 15 30 45 60 75 90 
 105 120 135 1SO
 

(average kilograms of incremental output/kilogram of nutrient applied) 
- 24 12 11.5 8.5
 

18 ­

14.8 
12.7 

11.7 
10.4 

10
 
- &7
 
- 16.5
 
-2.5 


7.5 
9.3 2.6 

-- 34.4 
3.8 

21.5­
27.7­
49.5­
-	 30.4 
- 36.6 

- 207-- ­ 30 7.5 - - - 5.1- - 37.8 ­
25.3 

14.5 
15.2 

19.7 

11.4 
- 13.4 

19.5­
5.1
 

16
 
27.6 

- 22.8 ­

-19.4 
13.6 

- 31.2 - - 5.5 - 5.1 ­
19.1 

14.9 
10
 



Nitrogen & 
Phosphorus' Rice 1955 3.840 -16.7 

Nitrogen & 
Phosphorus' Rice 1955 3.338 11.I 

Nitrogen Wheat 1956-57 2.145 17.2--.8- 5.6­
-9 
- 7.9­

-3.2-
Nitrogen Wheat 1957 0.488 -22.5-
Nitrogen Wheat 1962-63 0.600 - I 
Nitrogen 'Nheat 1964 0.655 -2.6 
Nitrogen Wheat 1964 2.167 -36.2 -19.1 

-27.7 
Phosphorus \heat 1955 1.362 - 16.2 
Phosphorus Wheat 1962-63 0.600 7.5 
Phosphorus Wheat 1964 0.655 14 

Nitrogen & 
Phosphorus' \ heat 1958 2 .3 2 5

d 
29.5 26.7 - 26.3 

-28.1 
27.5 

Nitrogen &26.5 
Phosphorus- Wheat 1962-63 0.600 - 31.3 

Nitrogen & 
Phosphorus' W ieat 1964 0.655 - 18.8 

Source: All figures are based upon yield data associated wsith various levels of fertilizer application, and have been calculated from material appearing in Jung-Chao Liu,
(hin's FerilizerEconomy (Chicago Aldine. 1970). Tables c7. c8. and c9. 

This refers to the Nieldof rice when 15 kilograms of nitrogen per hectare were applied. 
1,The results of this experiment are anomalous. Liu suggests that the yield figure on which the negative value was based (for 75 kilograms) was a misprint in his source. Orission 
or adjustment of this figure alone. however. would not eliminate the peculiar pattern exhibited. 

A combination of nitrogen and phosphorus fertilizers were applied. 
dThis refers to the yield of %%heatwhen 60 kilogram, of N and P2 O, were applie I per hectare. 

U4
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has been taken ofrnutrients lost while drying nutrients are derived. By contrast, the 
and storing manures; such losses must still nutrient gains of phosphorus and potassium
have been large in the 1960s and 1970s. through fermentation under the most efficient 

But even if the conservative "chemical rural melhods of the 1930s were lost in 
and natural fertilizer" coefficients are used storage. The nutrient gains of more volile 
and continued high rates of manure utiliza- nitrogen were completely swaamped, es­
tion assumed, the levels of' all fcrtilizer pecially when animal manures formed a
nutrients likely to be applied by 1985 are large part of the organic material under 
consistent with the production of an addi- study.2 33 

tional 90 million metric tons of foodgrains In some areas there has been a secondary
(see below). I-log manure and night soil benefit of the tanks to the processes of soil 
dominate the presumed increases in orga';ic preparation and nutrient supply. Crop stalks 
manure supply. By far the gieater of the two may be used in these processes as they are 
is hog manure. If supply to agriculture of the replaced as a household fuel source by
latter rises collinearly with hog numbers, methane produced in the tanks. Crop stalks 
the 1979-85 period should see faster growth from China's 1978 grain harvest may have 
of this component than occurred in the weighed about 250 million metric tOn1s. 234 
1970s. Together, night soil and hog manure Around Ipercent of the gross weight may be
would provide some 3.3 million tons of' plant nutr'ents. Nitrogen and potassiuml
nutrients by 1985 over and above 1978 each comprise about 40 percent of the total. 
levels and perhaps as much Is 4.8 million Most of the remainder is phosphorus. 235 In 
metric tons over 1977 levels (equally relevant crowded provinces such as Zhejiang is
for 1978 grain output).232  much as 70 percent of annual crop stalk 

An important question remains: regard- production has been hurned as fuel. 231 
less whether utilization rates have been lousehold energy (temnand will rise with 
constant or have declined from the high increased and conwient supply, hut if 
levels of the mid- 1960s. will they fall in the even 10 percent of available crop stalks are 
present period) Peasant autonomy over allo- diverted, then an additional quarter million 
cdtive decisions involving both their o%%n tons of crop nutrients cou ld be applied to 
Libor and other resources (such as famil, fields.237 
night soil and excrement from privately To summarize the argulent with respect
owned pigs) has increased. So there must be to organic nutrients, it is likely that the size 
a strong supposition that these rates will of the natural fertilizer supply and its growth
decline, at least CIsthey concern application from the mid- 1960s to the mid- 1970s has 
to grain crops, most of which are grown on been exaggerated. The anount of nutrients 
collective lands, not private plots, actually absorbed by plants and its growth

There is, however, a recent development rare during the same )eriod has probably
which may counter-balance ary decline in been exaggerated even more. This suggests
utilization rates. The appearance of manure that the coefficients appearing in Table 7 for 
storage tanks is hardly a recent plhenomenon 'chemical plus natural fertilizers" are too 
in rural China, but the massive proliferation low. Even abstracting from ut ilization, the 
of relatively high-quality. multipurpose growth of availability of natural fertilizers 
storage facilities only began in the mid- from 1978 to 1985 will certainly be much 
1970s. In 1975 only 450,000 such units had greater than it was over the previous eight
been installed in China's countryside. By years and will probably grow faster than it 
midyear 1979 the number had reached 7.1 did between the mid- I960s and 1977. (This
million, and development is being accelera- is based primarily on the assumptions that 
ted in the Five-Year Plan. inaddition to the prospects for the growth of the hog stock 
producing methane gas for home cooking are good, that the numbers of large animals 
and lighting and improving disease control, will continue to increase slowly, stagnate, or 
the tanks minimize nutrient loss instorage, only gradually decline, and that the contri­
which was 30-50 percent for nitrogen under hution of flighlt soil his 

" 
lieln ie ,t'-stililt-d 

even some of the better Ielhods used iltile I, moi(ist resial(' rs.2 
1930s. They also facilitate fermentation, The natural fertilizer utilization rate may
which produces methane. The tanks provide decline during the 1978-85 period, but the 
fertilizers with 16 percent more nitrogen quantity of nutrients actually absorbed by
and 25 percent more phosphorus than the plants seems likely to rise faster than the 
unfermented manures from which these qua.,tity originally collected for utilization 
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because losses in storing and processing 
have been reduced and gains from fermen- 
tation have been increased. Even the 
hypothesized decline in utilization of some 
fertilizer components may be partly offset 
by increased utilization of others. Crop 
stalks may be diverted from household fuel 
use, and green manure acreage is being 
expanded. But these are trends suggested so 
far only by reports from a few provinces, 
These arguments suggest that fears of stag-
nation or decline in effective organic fertilizer 
use may be unfounded. Moreover, since the 
quantitative prospects for the effective use 
of these manures may be better in the 
current period than from the mid-1960s 
through the mid- 1970s, the qualified use of
"chemical fertilizers only" coefficients to 
predict for the present period may be justified. 

What remains to be done is to use 
appropriate consistency coefficients to relate 
the foodgrain output targets with China's 
planF for nutrient supply. 

I.,. past, imports have nomally counter-
balanced production shortfalls 'n particular 
categories.239 It is likely that imports will 
continue to do this despite the sudden 
increase to unprecedented levels in 1978,241 
but domestic production may well continue 
the rapid expansion of' 1977-79. By 1980 or 
1981 the remaining synthetic ammonia/urea 
complexes built by foreign companies should 
be in operation. They will provide an addi-
tional 1.6 million metric tons of nitrogen 
annually.241 

In addition, the central government plans 
to build a large plant in each province plus 
10 more nationally (for a total )f 39, includ-
ing autonomous regions and the three major 
municipal districts. 242 If these plants are 
built from popular designs dating from 
around 1972, each is likely to produce no 
less than 110,000 tns gross weight per year 
of either superphosphate (45 percent phos-
phate) or urea (46 percent nitrogen).24 This 
would add about 2 million metric tons to 
annual nutrient production capacity. 24' 

But China's newest design for a large 
nitrogen complex can produce far mre: 
300,000 tons of synthetic ammonia. "Ahe 
first of these plants went into trial operat on 
at the end of 1979. This complex inclu les 
urea production facilities with a capacit/ of 
240,000 tons per year, which suggests that 
only half of the planned synthetic ammonia 
output will be used as raw material in the 
urea facility. This may not be acharacteristic 
of future provincial complexes of this type. 

The plant in question is in the Shanghai 
municipal area.245 where rapidly expanding 
demand by industry for synthetic ammonia 
and the high level of nitrogen application on 
local farmland may make it less important to 
devote all synthetic ammonia to agricultural 
uses. 

If the 39 domestic plants planned for 
construction were all of the newer design,
the capaciy for additional annual nitrogen 
production would be 4.3 million metric tons 
(if the urea production capacity of the 
Shanghai plant is assumed) or as high as 8.7 
million metric tons (assuming the plants are 
equipped to convert all synthetic ammonia 
output to urea). Even discarding the higher
figure, it could be concluded that planned
expansion of large plant capacity from both 
imported and domestically designed facili­
ties would be between 3.6 and 5.9 million 
metric tons246 of nutrients per year, depend­
ing upon the proportion of planned com­
plexes that will be constructed according to 
the more -ecent design. If these plants were 
all completed by the end of 1985 and 
produced at fkll capacity in 1986, then the 
1978 level of imports and capacity utilizaticn 
in the older plants would be consistent with 
grain output of between 420 and 470 million 
rnetric tons by 1987 (using the NPK applied
coefficient).24 

But how many of the planned plants will 
be operating at full capacity on schedule, let 
alone in ime to boost 1985 production? Ifit is 
assumed that full capacity of only the remain­
ing foreign-contract plants and t, ie Shanghai
facility already completed will be added to 
1978 production of nitrogen by 1984, then 
fertilizer output would be consistent with 
1985 grain produiction of around 390 million 
metric tons using the NPK coefficient.248 If 
the greater stability of the fertilizers pro­
duced in the newer plants is considered, 
however, and the "N-nutrients absorbed" 
coefficient is used, then the addition of 
these plants alone would be consistent with 
grain output well beyond the 400-million­
metric-ton mark. 249 The result is the same if 
our tentative estimate for increases in organic 
fertilizer supply are included and the 
selected coefficient is for N-nutrients ab­
sorbed from chemical plus natural feri­
lizers.250 

It does not appear, therefore, that ferti­
lizer production capacity will be too small. 
In fact, capacity will probably far surpass 
what is required to fulfill the 1985 targets 
under any system of estimation. This is not 
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only because net additions to large plant
capacity (even after accounting for depreci-
ation) will be greater than hypothesized
above, but also because excess capacity
exists in both large and sn ill plants. More-
over, additions are being made to even small 
plant capacity in many areas. Communist 
party documents have maintaineu that ex-
cess capacity among large plants in 1978 
exceeded the entire output of small plants.
This must have been no less than 4 million 
metric tons (if the statement refers only to 
nitrogenous fertilizers produced in con-
junction with small synthetic ammonia 
facilities).251 

The important question is whether what 
caused capacity to be idle as late as 1978 
will be even more limiting in the 1979-85 
period. These causes should not be over-
simplified. Limitations of weak rural buying 
power, mismanagement within the plants
themselves, and fundamental unprofitability
in some plants, including many of the 
smaller ones, must always be considered, 
but the principal problem seems to have
been a failure to coordinate the physical
delivery of raw materials. 252 Part of the 
problem may be seen in terms of agricul-
ture's insufficient )riority in many regions 
over the past three decades. But the crux of 
the failure has been a weakness in the basic 
infrastructure, especially in freight transport,
in coal extraction and processing, and in 
electrical generation industries. Such diffi-
culties are more intractable than )roblems
with the construction of additional fertilizer 
plants. 

Yet there are reasons for a qualified
optimism that the limits on utilization will 
loosen. The greater priority for agriculture
in the allocation of resources during this 
period seems to be more solidly backed up
than before. 253 Government policy to con-
centrate more physical resources on ke,
agricultural areas should simplify the trans-

portation problem. 254 Development of rural

infrastructure has received central attention, 
even under the more conservative revised 

3capital construction budget.2 5 Ultimately,
China's abundant natural endowment of 
primary energy resources, especially coal, 
oil, and hydroelectric power, should not be 
a constraint in itself.2 

'
6 Current trends are 

to increase the utilization of existing mines, 
generators, and transport networks. 25 7 Utili-
zation of existing capacity in China's large-
scale chemical fertilizer plants has already
increased (luring the last few years, 25 8 

altnough there was considerable idle capacity
in 1979, if the Party's statements were 
correct. 

Two further developments should favor­
ably affect the stability of nitrogenous fer­
tilizers produced and their effectiveness in 
increasing grain yields. The Party has vowed 
to increase the utilization of large plant
capacity at tile expense of small plant
output if necessary. The leadership argues
that if the same resources used to operate
the small plants were used to reduce idle 
capacity in large plants, anet increase of the 
quantity produced (presumably of nutrients)
would result.2 59 The Chinese material, how­
ever, does not discuss the major advantage
of such a substitution: the far greater stability
of large plant products such ,s urea and 
especially ammonium sulfate. The propor­
tion of nutrient absorption by crops of 
urea may be twice (or more than twice) as 
great as for small plant products such as 
ammonium bicarbonate and aqueous am­
monia. 260 

There are problems with realizing this 
)otential gain, however. Large )lant pro­
duction will use the overburdened and 
inadequate transportation network more 
intensively and extensively. Ti absence of 
any modern facilities in outlying areas is 
also a problem. Of equal importance, tile 
timing of transportation and the means of 
storage must be efficient enough to prevent
gains in nutrient weight and stability from 
being cancelled by the necessity of applying
nutrients at suboptimal times or by evapora­
tion. As suggested above, however, this 
problem should he eased somewhat by the 
new policy concentrating grain production

in "major grain bases" and "key front­
runners" within these bases.
 

A more general difficulty with the scheme 
is the extent to which substitution is 
actually possible. Many inefficient small 
plants have aheady been closed down, and
 
idle cajacity in large plants has been re­
duced,- t '' but the extent to which these 
events are related is less clear. The Party 
may not have the authority to close down 
small plants built on local initiative with 
local fLands and primarily using locilly
product d materials. Since long-distance trans­
mission of electricity from sma': hydroelectric
facilities isimpracticable, substitution would 
be limited to localities with access to power­
grid supply which might somehow be con­
served or reduced by plant closure. Many of 
the small coal plants have been designed to 
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burn materials with few other uses such as 
brown coal, coal dust, or tailings that may be 
unsuitable or uneconomical to transport to 
large plants. 

The threat is perhaps being used primarily 
to coerce the small plants to become more 
efficient. Many chronically unprofitable
plants are responding.262 Moreover, the 
small plants continue to be a temporary 
necessity in rural localities with insufficient 
transport links. Most provinces are still 
retrofitting existing plants for iicreased 
capacity. Some provinces are even stepping 
up new construction of small fertilizer 
plants.263 China's small synthetic ammonia 
facilities increased production by I I percent 

2 ' 4in 1979 while reportedly reducin~g costs. 6 
Ultimately, the closure of small plants 

may reduce the idle capacity of large plants
less than other major developments, such is 
growth of raw material supply, a higher
priority for industries serving agriculture,
imprGved frei-hl transport, or enterprise 
management reform. But new construction 
is shifting a higher proportion of nutrient 
production into large plants. This will in-
crease the average stability anld effectiveness 
of Chinese fertilizer supply, particularly
within the major grain bases where inputs
and planned yield progress will be con-
centrated, 

Another development will eventually
have a very important effect upol net 
nitrogen efficiency. It may also affect the 
speed of absorption of phosphorus and 
pqtassium, regardless of the variety of fer-
tilizer alpplied. In (iien nturients are most 
ofhen appiied to tlhe surface of the soil, 
although mixing normally occurs before 
application. It is well known that pelletized
fertilizer beneath the surface preserves
nutrients from evaporation and leaching In 
April 1979 the Fujian Soil and Fertilizer 
Research Institute announced the develop-
ment of a pellocizer and a machine for (feel)
application oi pelletized fertilizer. The insti-
tute claimed that the equipment raises fer-
tilizer efficiency by 20-30 percent and raised 
crop output in test localities by 10-IS per-
cent. The machines are reportedly cheap
and simple to construct and can be fabricated 
by agricultural machinery plants of counties 

265and communes. 
It is unreasonable to expect to be able to 

discern the impact of the pelletizers on 
aggregate grain output in most of the period
understudy, particularly as it may be advisable 
to develop the equipment further and to 

investigate optimal utilization techniques
and the timing for nutrient application. But 
in view of the extremely rapid deployment
of garden tractors in the late 1960s and 
1970s,266 and tile increase in buying power,
particularly in high-yielding localities (see
below) it would not be surprising to find 
some impact of the pelletizer in tie major
grain bases by 1985. In 1979 in Fujian it was 
already employed on 530,000 hectares, about 
half of the province's paddy fields. 267 

Aiuothnr te,hnicai de. lcpwmnt will have 
important effects on crop yields and help
offset the decline in applying other orgailic 
manures, especially in multiple-cropping
regions. Blue-green algae have been used as 
nitrogen-fixing green manure on late rice 
crops in Hubei since 1976. Rice output has 
increased by an average of 17.2 percent on 
87 test plots in 19 counties during the 1976­
78 period. In 1978 the algae was used to 
grow late rice on 24,000 hectares. The 
province repor,edly planned to double the 
acreage in 1979. 2613This technique, however,
will lrol)ably not have as great an effect as 
the pelletizers during the current planning
period since it is being used on a smaller 
scale and isbeing expanded more cautiously.

All things considered, it seems unlikely
that tie amount of nutrients applied and 
absorbed will prevent production of 400 
million metric toils of foodgrain by 1985,
though it may well have constrained pro­
luction through much of the 1960s and 
1970s. If it does limit foodgrain output, 
insufficient capacity is much less likely to
be the cause than such difficulties as poli­
tical problems in the plants themselves, a 
Idecline in agriculture's real importance to 
decisionmakers, or infrastructural problems
involving, especially, the transportation
network and the primary energy sectors. At 
preseint however, the prognosis in even 
these areas is encouraging. The rate of 
increase of nutrient app!ication and absorp­
tion should easily be greater than in the 
previous decade. 

To summarize, net additions to cultivated 
acreage are likely to provide 0-5 million 
metric tons of additional foodgrains per 
year by 1985. In addition to whatever may be 
gained in this fashion, it is only possible to 
say that China's plans for irrigation and 
fertilizer production development are con­
sistent with producing the remaining 90-95 
million metric tons required over and above 
the 1978 output level to achieve the 400­
million-metric-ton target by 1985. Moreover, 
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while complete plan fulfillment in these addition to successful delivery of irrigation
categories is unlikely, fulfillment consistent systems and fertilizer. Ultimately, in fact,with achievement of tile foodgrain target farn output expansion is not a fu,.nction of appears within Chinese capahilities. It physical inputs alone, l)ut of resource allo­should be remembered, however, that driving cation am.thong and within collective units,the aggregate grain production growth rate lahor incentives, potliical disturbances, andof a large, diverse, Inature agrarian system the future, not the historic, technologicalsuch as China's as high as 4 lercent per year context. The remainder of the study willis a prodigious task requiring simultaneous therefore be devoted to an exploration ofsuccessful development in avariety of quan- these less easily quantifia)le factors.
tifiable and nonquatIIifiahle categories, in 
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fertilizer delivered in 1962 was double the amount of 1957. By 1965 it had sextupled. Electric power consumption in 
rural areas in 1962 was 15 times what it was in 1957, and it more than doubled again by 1965, reaching a value of 192 
million yuan. This share of investments allocated by the center was not maintained, however. Agriculture's average 
share from 1965 to 1978 was a little over 10 percent ("On the Aim of Socialist Production," Beijng Review, December 
21. 1979, p. I 1).(The quantities cited in this note are from Stone. "A Review of Statistics." Tables 13. 14. 15. 16. and 
18; fertilizer prices are a conservative anmonium sulfate transfer price of 184 yuan per ton from lluahlisuehAung-yeh 
(Chemical Industry. No. 11. 1957. cited in Jung-chao Liu, China's Fertilizer Economy (Chicago: Aldine. 1970). p. 32; the 
electricity price is a national average from Tongii Gongzuo IStatistical Work]. No. 4, 1957, p. 7. 
146This terminology is borrowed from Shigeru Ishikawa. "Prospects of the Chinese Econon in the 1980s." p. 5. 

147The shift in motivational emphasis is discussed in Shigeru Islikaw'a, 'Prospects in the 1980s.' 

1 
48See Ishikawa, "China's Food and Agriculture"; Nicholas R. Lardy. "Recent Chinese Economic Performance and 
Prospects for the Ten-Year Pin." illU.S. Congress. Joint Economic Committee. Chinese Economy Post.Mao, vol. I 
(Washington. D.C,:U.S.Government Printing Office. 1978), pp. 48-62; FBIS, l'RC. May 7. 1978, p. D16; Febluary 17. 
1978, pp. El 2-E6; Fehruary 16, 1978. pp. 114. 115, and Xu Zhigang and ZhIIou Jnghu a, "Economic Policies in Rural 
Areas," Beijing Review,Aptil 20, 1979, pp. 15-26. 
l49Terms-of-trade indexes have been constructed andIappear in Stone, "A Review of Statistics," Table 20. The idea 
that agricultural purchase prices ha'sebeen chronically too low has 'ow been openly acknowledged b,the Chinese 
(see Xnue Muqiao. "A Study in the Planned Management of the Socialist Economy." Beijing Revieit. October 26. 1979. 
pp 14-20,and his recent book A Study in the Problems ofCIma's Socialist Economy (Beiiing: Peoples Publishing House, 
1980, see also Yao Jinguan, "Prelimnary Discussions on Several Problems Concerning the Price Scissors Betuseel 
Industrial and Agricultural Products, Jingl Yaniu IEcononic Research] December 1978, pp. 32-6 
ISO.Decisions of tie CC PCentral Committee," FBIS.I'RC.August 31. 1979* Xo /higang, .nd ho Jinghuai. "Economic 

Policies in Rural Areas," Beijing Review, April 20, 1979. pp 15- 26:Dav id Bunavia, A Reoluin in It he Conim nes." 
Far Eastern Economic Review, March 30, 1979. pp. 8-9. Bona ita."At the Root of the Problem- Far E-astern Economic 
Review, lilt. 49-50. 
IS].,On the Aim of Socialist Production," p. II. 

152Vice-Premier and Minister in Charge of the State Planning Conmission Yu Qiuli's "Report on 1979) Nationallit, 


Economic Plan attilePlenary Meeting of the 2nd Session of the Sth Nationl People's Coiigt'ss (.l[tie 21. 1979)." 
FBIS. PRC. June 25, 1979,pp. 6-7; excerpts are ii"China's National EconoiN, 1978-79." Beiiqg l,'cuew, June 29. 1979. 
P. 9.
1t 

"Accelerating Farii Production," Beijing Review, November 9. 1979. I. 5-f. 
IS4Calculated ftotn Zhang Jingfu, "Report." EB IS,PRC. July 3.1 979, pp L7, 1.8,1.13. l he 1979 figures are lower even iii 

absolute amount: the 1979 figure is 7.05 billion yuan, tile1978 figure is 7.695 billionyutan. But tile net transfer it
 
1979 is much larger owing to the agricultural purchase price increases and tax reductions.
 
5S."'Accelerating Farm Production." Beijing Review. November 9. 1979.
 

MXintla, news bulletin, Januar 23. 1980: IBIS, PRC. Januar, 23, 1980. p. [3. The volune ty 1985 is from 

" e(isiuons of thu ( (11 (intril ( Ouiniiite.' I 1I,'R . \Wui , 31, 19791 
17S5tone, "A Review of Statistics.," Flable 20. 

ISaXinhua. news bulletin, December 27. 1979; FIS.PR('. January 3. 1980, 1. L18. 

ii9Zliang Jingfu, "Repo-." FBIS, PRC. July 3. 1979, pt.1.13. 

160°Inaddition to evidence prvided by thle history cf prodohctiot input sUltlIN(discussed later in tile text) and of the 
proportion of the capital construction budget devoted to agriculture, it may be useful to review some available 
information on the changing absolute size ohrural construction investment and its distribution anong agricultural 
localities. 

As has been indicated above, tit,share of basic constructimn investment devoted to agriculture and water 
conservancy inthe State Plan dinished during tie 1950s and its absolute magnitudes wet stagnant. though they 
reached a peak in 1956. (Official sources inChen. Chinese Statistics,p. 165; Chao,Capital Formation. p 112). Over the 
entire period 1953-71. the state spent 23.4 percent more oti agriculture than it received from the agricultural tax 
(PehingReview, December 15, 1972,1p.17). but this sut is not very large iti absolute ternis(between6 and 12 percent of 
crop production). It would irobably not have counterbalancei] the implicit tax on rural areas emlodied iti the high 
(though declining) sale price forfarm goods. See Li Cheng-jui, Chung-huaien-minKung-ho-guo Nung-'yeh Shut Shih Kao 
(Historical Report on the Agricultural 'Fax in the People's Republic of China] (Peking: Finance and Economic Press, 
1962), p. 189; FBIS,PRC, October 24, 1973, I. B 1:and Dwight Perkins,"Constraints Influencing China's Agricultural 
Performance." in U.S. Congress, Joint Economic Committee. China A Reassessment ofthe Economy (Washitigton, D.C.: 
U.S. Government Printing Office, 1975), It. 363. This investment would have been concentrated fi those areas that 
had most of the necessary conditions for increasing yields and that sulbsequently becatie more affluent. 

In 1974 the state's capital allocation to agriculture was 50 percent greater tlianit 1965 )Tsai Cheng."China's 
Financial and Monetary Achievements," Peling Review, April 17. 1974pp. 4-6),but that still yielded a relatively small 
amount in view of tilerequirements of the vast long-term engineering projects undertaken it North China. Curretf 
plans call for total state budgeted investment for -apital construction during 1978-85 to equal tie entire budgeted 
sum for the first 28 years of the People's Repub' see the accompanying paper by Tang). This represents a sizable 
increase over previous periods but may not have much effect on output until, at tileearliest, the end of the eight-year 
period. 
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187There was an 8.4 percent increase in total prodtiction ofelctricity (1979 estimate from Xinhtna, news bulletin. 
December 27. 1979; FBIS. PRC, l)ecember 28, 1939: FBIS,PRC, october 2. 1979. p. L.I5) and a9.9 percent increase ingenerating capacity) FBIS, PRC..tanary 17. 1980. p. 1.5). Ili- increase in 1979 oSag, for agriCUltoie is from Xinhuia, 
news bulletin, lDeciliber 27. 1979; IBIS. 28 p.Decem betct-thr 1979. [L20: 'Th-.tricity-Over 270.000 Million
Kiloe%,Itts."Beijin, Reiew. Ft-blitialr3 1,1980.. 6 It is [btsed on liefirst9 months ol I479. [lherei salt.7 iercent 
intcrease it total ptodttti 01 electriItN (1979 t-stotte froto Xi1ht1.. news ltileltil, i-cetlwt 27. 1979: FilS.IPRC,
I)eceinber 213.N .79. 1.20. ,idllhctrtit- Bqtrs'Reviw, lebrtmr 4.p ',/" 1980, p. 6; set- also FllS. I'R('. O('toltr 2, 1979. 
p. LI 5) and a 9.9 p-rtilltt mc1t-,is- !itg-tert-ratil p (IlS, 1'RC, diotary 17. 1(lt). p 1.5).tpacitx 
t

i Slone."A Re-views of Statistics.. .ble 14A. 

taliXinhua. ntews bullhtin. Si-ptetilwr 6. 19791) p. 21.
 
IM)Ste the ic(ompanN IIIg piper b tlang.
 

191Stone. "A Retiets of Statistics.. lable 12. dti tiission
 
1 lIbil. fable 12
 

ll'"Decisions f1the 'PCentral Cotmlmittt-e." IBIS, PRC. August 31, 1974. p. L27. Theie may also have beet a 
do% vnward revision ili*high aind stalle hieltfarvi statistics (or an increase in the retluirenents lot ilidili,cation).
li-e above source puts thiv 1978 tigure al33.3 millioin hetutes, buit Renin Ribti, August 103.19711.put Ihltgure at 
tess tha a fourth olall iltit acreage. Mich is abtiit 1 imillion liectares. lhe 1975 figure isas givei in 1977 as 
"over 33 itilliti hectaris (l'iang Ili- tmg, "Ilrtw Chillia lecaitme Self-Stillicieut ii ;rain." in (hang Chig-wmg
and Chiang IIII ltiotig, IOw htra /hclti-sefSuj/oenti tinGra. InIekiig ioreign I ,agulages Press, 19771 p. 10). [lie,1978-15 planned iltteast-is 3.3 tiltioli hectiris <")tiiisti l the C(Il Ct-itral Ctiiuite.." tIlS. t'RC,August 31.
1979). The 1979 irrigated icreage FlItS,1iRC . 21,igiire (15 hlmillioti ml) is Irol Fi-tbrtlar,1980. i.L7.
 
194Slone. "A thei.-
 of Siatislics.. ftbleO1.[0. isuion.
 

the original I gure %as 13 million hciares (.liil Mit. Reclaiming Wastelal, 
 1'ehng Review. June 30. 1978. pp. 
10-2). ccording to 

CCP Central Coltttittee," I[1tS. t'R(. August 31. 1979, p. 1.27
 

1ut it slums toIw - b-ven revis-I tlots os dIII(or pmrIhIlyl,iNialotlishei i'I 711973). lDtecisiotis of the 

196All these figures arte lrotu Stone. A Reiis of Stal istit s,."lale I E. 
197Slccet-ding talculatioiis lIsed til bid.,lablv 16.
 

\tFriMealaiatioi Tilgets hor19110,Peliin/ Review. Ivbrultrl
24. 19711. p. 10. 

Detcisions of the CI) Central Committee." [-11lS. 'RC.August 31. t1979, p. 1211. 
2 1978 Grain atud Coll (utputt." Blei-tri Reie'lt,. .l,idr\ I2. 1979 p 8. 
201People's Rt-plutli(" to China, Staite Sthtisticil Iluri,i. ''Cmmuiqul e oilFfiltltInt," FBIS.PR( , .ttitle27, 1979. pp. 
LI 1-1.19 

Nutrient prtduiction ii197 %,isgis iii is I.65 tilliot netic 1ons (tIlS. PRC, .,itu tiry 15, 1980, p. L7) or 22.5
 
piercen,dlov- the SSB ligure citel In Peoplh's Republic of ililli. 
 State Statistical Bureu. "Comnique on

Fulfilhluelt." 
 IBIS. PR(. himt, 27. 197,. 111 1.1t -. 19. Bill tle claimd puercelttagt incrtase s,,s23.5 percent.

2l CIA estimates sulplieul b, .brutes A. Killptrtk iti,I letter. 1979.
Deceniluer 

2t0.lhe 1977 aind 197 ligurts art- Iroti Ivople's of Chlltl.Rliptublit Stte Statistical BtIIreati, "Ctli1tttioniue onFulfillnient;" the 1N79 I gurv is front Xtmthlu, lt s btulletiu April 30, 19MO; FBIS, I/R, April 30. 19110, p. L.4. 
201See Stolle, "A Revive ol Statistics,. lldes 13 mid Ill. discussion.
 
20 Xi ultia. t-is s lull til. No v-ilmbier 211.197 1 111S. PR). I tmtbllier 5,1979 ) . 1.12.
 
207 Xinltiia. ni-tlos Iilletitl, .Ialtuuary 13, 1N80 1IBIS, /'R(. Iiiiiit3 14. t19O p. LS. 

208Stc Stone, "A Review olStatistics." lllics 15 dl 16. uliscrUssioi. 

20 Ibitl.. Tabltes 12 adtl 13, discussion. 

iIbid.;21 and lhoimlas Wiens. "Chiiese Agriult ur-:Contintrd Self-Rthance." Amenr, , Journal of Agricultural
Economics II (lteceluber 1978): 175. 

Ishikawa. "Prospects lorthe (lhinisi- L1ollly," pp 26-1). 15 iut = I hectare.T*Ihis is attestei to in vriots Cliit-(si- [t5 .t itihg 1979. For itornat ionoi tihe nort heast power,sateit-tlts issneil 

grid, see Xinhua. news bullitit. Septembe-r 6. 1979. p. 21 anlalso FlBIS, I'RC. Januay 21, 19B0, 1).1.7.According tothe xinhua bulletin, 1979 outtlput through August 31. 19719 was doublt that of the preceding Ntar, partly owing to 
better rainfall. bit the grid's primary ulependi-ti(t is nollo thermal stations unaffiet-d by lrught. According to the
article in FBIS, only 145,000 kilowatts ,er-adled to gi-tvratitig capiacity in 1979 and ther- %%,illi- fewer lit-i unitsoperating in1980 The principal emphasis is upoli mort elfectively tpping Ihe- pote-tial t.iltiti emisting poer
plants. 

113An overhaul of ihchinery carried out Ii 1962-63 showed that 25.000 statdlard tractors, or soilel 22.7 petcentol
the 1962 total %%ere inoperable (Renutin Ribto. April 9. 1963). Ihe rate of deprt-cation ol irrigationtlulndrainagt­
machinery (1958-62) reached 29 percent of a InuatrOtdction 'file official figure for 1962 of available machiner' 
was revised downwatrd ilmid-1963 for this reason from 7 to 5.8tIillion horsit- owt-r (Dgort,/bio Ihinpartial Reportl,
October 1,1962; Pehing Review, June 211.1963. p. 20). For aidiscussion of iechanittion d-velopnents anl related 

141 



quality problems in the period, see Chin Szu- Kai and Choa Wing-fai, "The Mechanization of Agriculture," in E.StuartKirby, ed. Contemporary China 1962-64 (Hong Kong: Hong Kong University Press, 1960), pp. I-1 0. For adiscussion ofinefficiencies in rural electrification and steps taken to reduce them in the same period, see Robert Carin, "RuralElectrification," in E. Stuart Kirby. ed. Contemporary China 1962-64 (Itong Kong: [long Kong University Press. 1968), 
pp. 11-21. The most complete treatment of the People's Republic's early efforts in the electricpower industry is SteveSchineiser, "Growth and Development of the Electric Power Industry in the Peoples Republic of China, 1949-57."

MATHTECH, Inc., Analytic Support Center. Bethesda, Md., June. 1977,

214., Mechanizatioi 'targets for 1980."
Farri 

JtsJ.S. Sarna at. Shyarnal Roy, "Foodgrait Production and Consumption Behavior in India, 1960-77." in voAnalyses of[ndwi !aA':ii: P,ducuon ind Consumption )ata. Research Report 12 (Washington. D.C.: International 
Food Policy Research institute, 1979).
 
216See the accompanying paper by Tang
 
21tJenI in ' aReclaimigWasteland, pp. 10-2.
 
218Stone. "AReview of Statistics," Table 9A and Table 9. discussion,
 
219Stone, "A Review of Statistics," FhI' 9A and "Changes In Zhejiang Cout ntryside." pp. 4-5.
 
2
10Stone, "A Review%of Statistics," Table 12, discussion, IInd Kau Hsia, "A Project That Will Work Yangtze Waters
t)iverted to North China," Pehirig Review, Septemer 22, 1978, pp. 6-9. 

IllFBIS, RC. August 21, 1978, . E19.
222 Stone. " \ Reviewv of Statistics." Table 13 and Table 12. 
223The itopa t of this limlitation shoul not be exaggerated in the current period. A large part of the land to beirrigated beto 'en 1979 and 1985 differs very little from that irrigated in tile 1970s, but to acertain degree some of the
ecologically n ore delicate red and yellow soils will be utilized. Similarly, although the Yellow River is not the 
principal sourcL that will be tapped, to the extent that its highly silt laden water is used, yield increases will proceedslowly, It should I.e noted, however, that a ntuiber of counties irrigated with this type of water have achieved yieldso14.3 tons per hect.-e and more. X\nhua, news bulletin, Febnary 21, 1980 and March 23. 1980; FBIS. 1'RC. February
22, 1980. 1p.L3 and M.,rch 26, 1980,1. LS. 
2243.6 percent per ear (see aliove) 

2s2Stone. "AReview of Statistics.".ale 12: Peter Orain, Juant Zapata. George Alibaruho, dd Sryanmal Roy, Investment
and Input Requirements for AlIcelerating Food Production by 1990 iit LowIrcome Countries, Research Report 10
(Washington, D.C.: Internationd Food Policy Research Institute. 1979). 1. 40.226Stone. 'A Review of Statistic,.."I able 12.
 
217Kang Chao, 'Tile Production ,'nd Aplplication of Chemical Fertilizers 
 i China," China Quarterly.,I)ecemlber 1974., 
pp 712-9. 
129Ibidt.. p. 725. 

jqBruce Stone, "A Series of Chemical Fertilizer Nutrients Absorbed in Chinese Agriculture with Implications for 
Foodgrain Yield Response." a paper prepared for the Workshop oi) Agriculture and Rural Development in thePeople's Republic of China. Cornell University, Ithaca. N.Y.. May 17-19, 1979 e'..ist-d la,, tuBO 

230Benedict Stavis, '.urningPoint in China's Policy," pl)p13-4.
 
2T.he grain series isApproximation A,Table I;tile ferlilizer nutrient sTries is from U.S. Central Intelligence Agency,
National Foreign Assessment Ceter, "China: Iconomic Indicators,' FR78-10750. Washington, D.C. December1978. To his credit, St,a.is cho,' years of comparison near tile trend title Ii grain prod,ction, blt tie grain serieSshould be lagged, and lie paid no attention to the change il composition toward more 'olatie products. 
32rhe 1977 and 1978 estiiates ,i e from Stone, "A Review o Statistics," table 17 and Stone. "A Series of Nutrients."


The 1985 figure adopts the ilethod3 and parameters used to prodi c the estimates cited above and a probably

coriservati e prediction of 30 percent riore hogs than in 1978. 
 Ihis %%asthe target defined iii "Decisions of the CCP
Central Committee," FI IS. I'RC. August 31, 1979. Fulillment implies only a slight increase over China's long-term

hog stock growth rate and %N
ill probalbly be achieved it nt surpassed. 'Flte hunan population estimate is from Johnm 

Aird's May 1979 projections in CIA. "China: A StatIstical Compendiuml." It rIoes not take into accout the changing
age distribution of the Chinese population (h:ages Il the sli)1 es of other organic lertilizer components have 
been ignored ill tie 1985 figure.


The reason to! tie considleriatle discrepancy betw,ween tie 1978 anild tentative 1977 
 figures is a very recentlyreleased low figure for hog mbers in 1976 (180 million, see Srone. "AReview of Statistics," taltle 3) The 1977midyear figure used for estimating organic Imaure suppllY is an Interlpolation beto'een the low 1976 figure and the 
year-end 1977 figure. 
11For infiormnation oil iiethale tanrik developint, se, Yu iQiri. "Address to tlie N,irionral Methiane Conference,"
FBIS, PRC, .Jne5. 1979. p. 1.7. I-or [fhat and for Sic liianIi Itarticul, see June 18. 1979. p. 1.6; for Guangdong, :Fee
June I, 1979, p.P4; for Zhejiang, see June 19. 1979. p. 07. 

Experimental and surve,, data from tile 1930s can he found ti James Canmeron Stt. Health and ,Igri-culturein
China (London: Faber anid Fiaber, 1952). See especially Chapters 4, 5. and 9. 
214Grain production in 1978 was 305 million metric toils (table I). In Zhejiang, grain production uas around 13.6million metric tons Icomputed from figures ill Xinhla. ness bulletin, )ecember 111,1974; FBIS. P'RC. Dccember 20. 
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1979, p. 012, and May 17, 1979, p. 04). Zhejiangproducedabout II illioninetrictons of crop stalks in 1978 fromnall
 
crops (FBIS, PRC, June 19, 1979, p. 07). Assuming that the ratio of ,ll crop stalks to grain production in Zhejiang is
 
approximately the same for China as a whole, their about 250 million metric toilswere produced in 1978. In Renmin
 
Ribao [Peoples Daily), February 28, 1980. p.S. a Chinese estimate appeared of 300 million metric toilsof stalks
 
burned each year nationwide, suggesting that total production of stalks is even higher- perhaps 400 million metric
 
tons or more. In Zheiiang 70 percent of crop stalks are burned as fuel (see footnote 236).
 
13Owen L. DaWson, "Fertilizer Food Requnements," in John Lossing Buck "een L.t)awsoi.
Supl)Iy ,ln(d ami Yuan-li 
Wu,Food and Agnculture in Commun ist itma (Stantiford. Stanford University Press, pl.138-40,. p, 

236FBIS. PRC,June 19, 1979, 07.
 

237Computed front figures appearing ihove. 
138See Appendix 2 anil Stone. "A Revie. of Statistics,. r,inles 2 anid 17. Special thainks are extended to Radha Sinha
 
for bringing attention to the night soil pirlblel at a seinimir oilthis liaper. See Radlha Siiha. "Chinese Agriculture: A
 
Quintitative Look," Journal iif Ievilopment Studies, I I (April 1975): 208-9.
 
239Jung-chao Liu, Chim's t-erttizer F'onornv (Chicago: Aldie, 1970).
 
240According to a recent (IA estimte. 1978 ttitrient imports were some 64 percent greater than in tie previous 
record year, 1972 (lettcr frotm Jaies A. KilliatiikIDecemelr 26. 1979). 
24'FBIS.PRC, September 21, 1978. 1) El14 
24 1:BIS, PRC, Septemlber 19. 1978. 1i, -II 

24 Kang Chao, "The Prduition ,Iit Al,)llit )
.718.ation o Fertilizers,' 

244Calculat,-d frot ligures ihove. 
)
245HIS, PRC, January 28. 1980. 1 07. 

246 All figures %%ere calcultmId using estitlhtes apIpeariilg above. 

247NPK applied coefficient from Tible 7. It is issumned that the 1976-78 average level of domestic fertilizer 

production plus imtports {from Stone."A Review of Statistics," Table 16) is most relevant for1977-79 average grain 
proiluction (from lahile I Approxiimation I, plus tie preliinary 1979 figure from footnote 3). The difference 
betvem the 1976-78 average and the 1978 figure his been added to the expected rdtige of lutrienit proilduction 
calm~citv increase frotI tlie 39 new !arge lhmits. The suts have been ietiated 1w tO t to allow for allliliot t 
iongrainicrtps (see k'ibli 7). lhey %iretheit multillied bt' the conisistenicy coefficieit (21 0) toarri\e at ,lgraitn 

itncrmenilt raige consistelnt %sth ltI, plie nutrienit inicreitelt ralge. 'Ilte raige )fgrail inicieniiltisis iddedIt 
1978 iUttut, dS %Is 11nestuiled 5 million tnetriC tis for the iicremenit frotm iet exlailsitn ot ,il,iidil a'reage. 

248, e same i)rocedure ocitlined il footnote 247 was folhwvd, h'xept Mer theihd the future itlcrie In c',t)di'tN 

1978 level only included 1.6 million metric toilsfrot the remaiing fore-g plinits 0ti million metril't. I tols frotm
 
the Shanghai filtmt. In fict 1979 domestic caipcity aloe is as repcirted to he 1(1.65 millio mietric tions (FBIS. PRC,
 
January 15, 1980, p. L7). This is 1.957 toillioti metric tons greater titan tie 1978 levil relorteI Ii teopile's
Relulblic of
 
China, State Statistic'al Bureau. "'Corotniiliie cm I'tlflllent. 'Ihis lbstrists frot 
, the resultit NPK imilialn'e. hut 
01J111)111 01 l~lltri ll~ l If-1111)111 I mll (cdml\, hct Iml lra'd 

249For an exainilie, assuime that Ihe3.4 titillion inetric tons of foreigi l),ult ured-itirieit produtti t iptlii began 

l on hilue 

metric toilsfrout the Shalinghai pitin e tle onilluicreises ilinitrogen lroductio il ,iNit ielmin 1977 dil 1984
 

being utilized alter 1977 ()itiually Somne I)Intslil before 1978) Intl thr ti, ruise plus tl (1.1 I million 

b

(certainly i uinderestlinie). II 90 ierceilt tfl is Ibsorbedis ,iplied iii gr,ain lrops. ,iild only 50 perceiit that dlmnoUit 

by plaits (se tileioes to ifbles 7 aidtl If),thvi the procedure tsel ii footnote 247 alii usedh, hut \ith the N­
nutrients absorbied inellicient )72.4). This results iii (olsistuitCy with graii lroillttiot of rould 425 titllioni itnetric

toils.provided phosp~hlteS, tpot,issium. linput reqtuiremenlts ,i!sosupp~li(ed.ind( oilhtr are 

ISOSee footiote 249 aid liabhles 7 mild hypottisied mid humii popul,tioin over 1977 or8 lot inicreases itt ho, slot(k 
1978. Paraitetcrs Itta lihe fotuil ii Stollt. Series of Ntirietits." Also see Stotie, ''A Re% ies of Statistics'"" 'henicai 
Table 17. 

21 A Cheng ,fing'editorial on China's he fouidil ilFBIS.Ci(otiiic' iIdjustitleiitsllinde iii the spring of 1979 which (iili 

PRC. May 10, 1979, lill. UI-U9. 

152A variety of ,rticles have indiciated lmit raw mtiteril suptply the root of the idle capicitNi problem liobothIlrgeis,it 
,andsmall ilaits, although sunall phits Iave also Ieen troultled by %%'idesp'tail iutrolilabilit,. Sie t.IlS. l'R('. \aMi 

Xililh. neo',S 1979, Ill. Ili least s~e%10, 1979. 111). 
U6- U7: .]tile 7, 1979, 1)(P; ,md b~ulletini. S( Iptei ilber 8., 6-7. ,it eiwi10 I1 9,lil-.t o7, ld I 'll9.71 I f lli l, \%'m iv , 9 ii l t( 'g loht llmi utc l[Ill7'. l -I 6o% ls 

Of tie 600 million iietric toiis oh io,il produced iyChiia ill 1978, oily 180 lillion metric toilswevre elfectikely 
convertedf to thermal energy 1,iloiut 20 percetnt helow the world IverIge rite). 'IThis %%as partly ]ltue to a lack of 
industriatl recyclilg tdh irrationtal ii;e j)iltertis ailipirtly to iiefficient equipiment (about 40-50 perceit efficient 
whereas equipimnlt illdeselolped outntries is 70-0It percelflIicietl:; FIlS. PR1.Mat 29, 1979,. 1 'Ihis problemit1-7).

has been (x,imerlfitef by iilec!hte ili prolucti 1976 iii other seclors wsSthe expmansioln of c in 1979. (Growti ill 
i ell shlo\ci I ,1]o lplitih il " I l i'h43is-
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(million metric tons) 
1949 32.4 
1952 66.5 
1957 130.7 
1965 232.2 
1970 327.4 
1974 less than 428.0 
1975 478.0 
1976 483.0 
1977 550.0 
1978 618.0 
1979 635.0 

The figures for 1949. 1952, 1965, 1970, and 1972 are from Beijing Review. October 5,1979, p. 10; the 1957 and 1975figures are from CIA, "China: A Statistical Compendium," ER79-10374. p. 9; the 1974 figure is from FBIS, PRC, April17. 1979. p. LI I;the 1976 figure is from Hua Guofeng's speech to the 5th National People's Congress, printed in FBIS.PRC, June 21, 1979, pp. L5. L6; the 1977 figure is from People's Republic of China, State Statistical Bureau."Communique on Fulfillment"; the 1978 figure is from People's Republic of China. State Statistical Bureau,"Communique on Fulfillment." HuaGuofeng's speech, and Beijing Review, October 5,1979; the 1979 figure appeared
in Xinhua. news bulletin. April 30,1980.2
SISee above. 

254See below. 
ISYu Qiuli, "Report," FBIS, PRC, June 25, 1979. pp. 6, 7. See also Hua Guoieng's speech at the same Congress, B1S,
PRC, June 21, 1979. pp. LS, L6. For several provinces the increase was dramatic. In Guangdong, fur example, capitaconstruction funds allocated for electrical generating capacity expansion rose 21.67 percent in 1979 (FBIS, PRC
March 3. 1980, p. P6). 
2156"China's Energy Policy,' BeijingReview, December 14, 1979, pp. 5-6. China ranks 3rd in the world in known coalreserves (about 600 billion tons, 65 percent of which are in Shaanxi and Inner Mongolia); Istin hydroelectricresources (580million kilowatts. 3 percent of which are currently exploitedl) and 13th inwworkable oil reserves (albout
the same as the United States). but only a small portion has been opened up. 
is-Ior example. 1979 C1aCly eXpisiun iI the coal t'\trlctllli sSiill'tll ,t ,ltt 14 illion ilelri toiils J9.5million metric toilsfrom the opening of 22 ln. coal mi's aild 449 mnilht1lloliltric tollsfruim elltllrgellientexisting nlltes-FIlIS. I'R( , Jituai, I of 102? 9. I 161 But outlltlt r se b\ ,bout 17 itilli t mrlns. Ilith, list hiallof 1979. totalproducion costs ll IIhltOarpr(;lhIti t'l,1.2 pel(t'lihotx'r than lith' list ,l llof 19711 (Mil tBroadcastiIig Company, Summary of World Broidcasts. I. WI(46.A;2, 

ih 
August 21,1979). litJilin averagi' clconsumption decreased 6 grains per kilos ,it

) 
hour; gel'rltliii il n SlrIriillIlzSsiun CosI It' ll 5.7 percelt (I-BIS.PRC. March 13, !980. .S2). Across China totaletntergy oltplut illrt'aisell iy less thl I lrcent ill1979 blut satisfiedthe demands of ,at8 percent increase (it to conser,atitln )Xiiiliu., n os biilletin, faultir\ 5.1980, FBIS, 1''(,January8, 19110. p. 1. I). In Guingdong I 1t Ol syntiht'li ,tnonit relluired 203 kilograms lesscoal and 84 kilo ,1llt
less electricity in the first hall o1 1979 than in the lirst haltof1978. At tlt tilnle116 oifGuanlgdolg's 118stitall ilitrogen­

producing facilities were still noperatiun (1BIS.!'RC.
percent and electrical dt'itatit; 'Iropped 

August 15. 1979, p. PI). Iii Zheiiing coildonstmption fell 19.713 lrcent illfil' province's 45 small nitr(gell outlltfacilities, %Olih'increased 7: percent over i firL 9 ll)oths of 1979. S('e 'Zlieihlg ,Xi,lothlifeli Igutll \Vdnclt'nglan .lihtlt"[Zheiang Small Nitroge'ntous 1I Iuit:,)le-rtilizer (;isePrecedenice to IIIllillzitg the Entire It',arI',littht,Xiili,i, twosbulletin, Septetmber 21. 1t79. lr. Shigerti Ishika,, sulplie'd setr,il articlts to th(tll( ,uthttr oi sin,llfertilizer plants. intcludling /h'liatg'slast. Ill F'ulia.I oal tonsunmptilon fell14.3 pe'rcent ,and t'hvciriuimv11,8.5 percent lrtill 
January 14 to November 17, Mhihe tpultlt %as 25,000 Itlus greater ihal lit' totalI 1)711 lritlutillt (I.BIS. I'RU.
Deceiber 20. 1979. 1)03). Intitrit, 19711tseeils Itlihtv(' r('lrt'sntd all iIllprO it'lletull Itr 1977. 
 I Ihf irst iulrleicoal consutption per ton oh It'rtilit'r trtltlled d('h(tt'Iwdllv 300 kilograms m1id ,l(titlt 200 kiltn atthoursipo0t'r It
coItpared with the first quarti or f '977 I BIS, I'RC, 'pil 24. 19711, p).67l. A.itttli staiti, s set' 1111I,I'IR. +lluNT 21,1978. It. (9; forGuangxi, ste IBIS, I'R(, hlil21 ] 1711 1).IIIj

ISIncreases in t thtt lnest'tmpr llllil(tll (ht' iill , l ertil /er ltlril'i ts hl tn 5.2411 
 tilli ontiletri" tons iii 1976 io 

7.238 million metric tons it1977, 81.693 illhnt iletric tols iU19711, intl 101.654 illiuon iletric ttns in 1979 hase ini
each case suilpsseld reported ill 
 relst's li large plllt ctillicit. till ,t'r 'xllllSilllnlof silll L!,h1 protlli.lon Itasbeen deducted. Set, Stone,"A Rleviess Ill StaIistics,' all It); "A Series uflalles IS in Stonet, Ntrii-is." 

FBIS, PRC.FS May 10, 1979. pp. U6, U7. 
260From Stone. "A Series of Nutrients." FBIS, PRC, April 30. 1979, pp. L13, L14; and John W. Mellor, International
Food Policy Research Institute. conversation. Washington. D.C., June 15. 1979. 
26 For decreases in large plant idle capacity, see footnote 258. As for small plants, in Guangdong one-third of theprovince's 88 small nitrogen fertilizer plants were troubled by short supply of coal and electricity. Production wassuspended in all plants, and output rose by 34 percent over the first 10 moonth of 1979 (F81S.PRC. December 14.1979. p. P6). It is not completely clear whether output from all plants or only Small plants rose by 34 percent­probably the latter. From dis-ussions in press reports on other provinces, it may be concluded that Asizable minoritye small plants have been closed down across the country. In Fujian inefficient small fertilizer plants were"given sixweeks to reform their backward methods" )FBIS, PRC. August 31. 1979, p. 09). For Tianjin see FBIS. PRC, June 26.1979. p. Q4; for Hainan, see FBIS, PRC, April 21.1979, p. Pl. In spring 1979 only two-thirds of Hunnan's plants were
operating (FBIS. PRC. May 14. 1979, pp. P6. P7.) 
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262In 1979 the purchase price of coal wis raised, but the small synthetic ammonia plant deficit fell IV 52.2 million 
yuan over the first I I months. In 1979. 592 such plants began making a profit for th, 2time(FBIS, PRC, January 18,

1980, p. LI5). In the first four nionths of 1979, Zhejiang plants made a profit of 5.58 million yuan Mhile selling

ammonium bicarhonate at a price aroun1 20 percent lower than the national average (FBIS. PRC, May 24. 1979. p. 13).

For other provincial information on increasing profitability, see articles listed iii footnote 257.
 
26 Technical innovations ,ttd expansion itt 27 of Zhejiang's small nitrogen facilities are expected to raise synthetic
 
anmonia production capacity by 100.000 toils per year (FBIS, PRC, May 24, 1979, p. 1.3) Also see "Zhejiang
Xiaotanfei" and Xinhua. news bulletin, Septethr 21. 1979. leclinical change and expansion ill Fujia is discussed
in FBIS, PRC. NIarch 7, 1979. pp. GI. G2. Of Fulian's 36 small nitrogen plants, seven mill increase otut of synitbelic
annonia by 30,000 tols as a result of ilatt modifications. M eaovhile tile Itroxviice is but(ilding eigltt ttew stnall-scIle 
plants with a total capacity of 26.000 tons (1IIS, 'RC, August 31, 1979. It. 09). len new platts had been plantned(FBIS. PRC, March 7. 1979. It. I). Beijing's eight small nitrogen plau ts will increase capacity Irom 0,000 tois per 
year to 120,000 tons (FBIS. PRC. April 17. 1979, pp 1.7. 1-8)
264Xinhua, nes bulletin, Januhry 14, 1980, [:IS. PRC, tantar 22, 1980, It. 1.16. tle increase in Zhejiang, Jiangsu. 

Beijing, ind Sichuar exceeded 22 ptercent it each case.
 
2HFBIS, PRC. April 30. 1979, pp 1.13. 1.14: Xinhua, nlews bulletin, Jhuh 21, 1979. p). 10.
 
2 

See Stone, "A Review of Statistics," Tabhl IBA. 

NinVluo . te s hulietit:, 1o1s 21. I979. P It0 Although ocIll-ktutm t otltsilt to ( ttim. tiltsu tltuil wats reptrtetldI
des clopelt b the I-tltiitt Po' ltt 1,tl \tlutIC t t eS tt11 97f! NMmtlIt th I'etll sp ttl ti" uillg ,ittlol otnlte I haplillto p lotil+selhll IIodti tlll. t hv+'lp ,llt~ Id~ h ptvlhl( t'l . altd , lmplI l s IllI (~ 1)-t'11h m m~led 1JN( olttl' antdC011111It-ttt s tl ll tI t I'tt tt l ttt's 

AM itill,. ten% builhttit. SepltetttltI.i , It6.9. . l o exttltls.e detuils, ,I[tlult~tut i t n us ,uit)Il cullture 1la'y
bte ttltt,lined Iroll th Iood td Agr tilitureu otgttttttututtt of tte Imiled Niliois. 
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5 
THE EFFECTS OF OTHER POLICY CHANGES AND 
TECHNOLOGICAL DEVELOPMENTS 

Thus far it may be concluded that on the 
basis of prospective input supply alone, 
China's population, which is growing older 
and more numerous, can be provided with a 
quantity of foodgrains equivalent to the 
amount consumed in 1978. Additional re-
quirements for food processing, industrial 
use, brewing, and the like may also be 
accommodated, as can grain stockpiling
plans, direct assistance to poor localities,
and feed demands sufficient to underwrite 
the Party's livestock-increase targets. If the 
growth rate between 1980 and 1985 indeed 
falls within the range of 3.0-3.5 percent per 
year, tjien another 10-20 million tons of 
grain will also be available to be consumed 
directly (by those whose consumption is 
average or below) and to meet the meat 
supply target. Should the growth rate of 
supply exceed 3.5 percent per year, it is clear
that unsatisfied direct and indirect demand 
will easily absorb the remainder, at least up 
to 400 million metric tons of production.

The justification for predicting growth
in the 3.0. 3.5 percent range rather than the 
long-term historical average of 2.5-2.6 percent
is simply this: the current trends and future 
prospects for input supply in the target
period are more reminiscent of those of 
China's rapid-growth periods in the mid-
1960s (when output grew about 5 percent 
per year) and in the 1970s (when output grew 
3.7 percent per year between 1971 and 1975)
than of the slow-growth periods that followed 
the Great Leap Forward, the first phase of 
the Cultural Revolution, and the mid-1970s 
political disturbances. In each of these 
latter periods, politically ambitious policy
shifts were undertaken while the input 
stream ebbed. After a year or so, output
stagnated or declined. 

In some ways input supply prospects are 
now even better than supply increases were 
in the two rapid-growth periods. The absolute 
levels of input supply are substantially
higher. The growth rates are comparable. If 
the level of absorption of fertilizer nutrients 
has indeed been a major constraint, as 
suggested above, then the growth rate of 

absorption may very well exceed that required
to generate a 3.5 percent-per-year average
growth in output. But power and fuel supply
is an immediate constraint throughout the 
economy, and growth continu,.s to depend
on major infrastructural efforts. If sheer 
comparative trends are any indication, the 
projected supply of irrigation and drainage
machinery is suggestive of constraint although
this may be temporarily alleviated by increased 
utilization of existing supply. Soil quality,
which in certain areas has unquestionably 
deteriorated, must also be considered an 
input. Moreover, the two rapid-growth periods
mentioned above did not continue without 
interruption over the 2ight-year period. Un­
fortunately, future I eriods of stagnation 
cannot be ruled out. For the immediate 
future, however, the prospects look very 
good. 

In the remainder of the paper, it will be 
argued that the prospects for growth from 
other policy changes and technological de­
velopments also look good for the next few 
years, but that the risk of stagnation has not 
been eliminated. For convenience it may be 
assumed that output expansion resulting
from these other considerations can be 
added independently to that resulting from 
growth in input supply 269 This is a distortion, 
particularly in the case of changing tech­
nolcuical circumstances, but perhaps one 
that is not too serious for present purposes.

Under conditions of dynamic technical 
change associated with "green revolution" 
developments, foodgrain output expansion
istheresultofanoutwardshiftofagriculture's 
production function, as well as movement 
along that function. Hence potential for 
growth from technological change in the 
current period must be compared with growth 
from this source in past periods,

Recent changes in official policy em­
phasis are also apt to bring about output
increases. The effects of such changes 
may be subdivided into those operating 
upon the efficiency of resource allocation 
within and among collective units and upon
the structures for incentive and income 
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distribution. Although the influences of 
policy changes on foodgrain production 
are not limited to effects falling within these 
categories, the latter are certainly important 
considerations for China in the current 
period, Moreover, they are not mutually 
independent, and their orthogonal elements 
cannot be easily separated. Nevertheless, 
this section includes a separate attempt to 
describe the impact of each of these vari-
ables upon the prospective supply of 
foodgrains. 

Before, proceeding to these discussions, 
it should be noted that 1978 was still a bad 
weather year, although to a lesser extent 
than 1977. Therefore, it is quite probable 
that weather in 1985 will be more favorable 
than it was in 1978. The expected value of 
this consideration for prosepctive foodgrain 
output may be estimated without much 
trouble. In the process of estimation, it is 
sensible to weight 1970s fluctuations in 
weather and output much more heavily than 
previous variations since Chinese ability to 
mitigate adverse effect on output has improved 
significantly since the 1950s and 1960s. If 
this is done, and weather fluctuations are 
merely trichotomized as in Table 1, an 
expected increase in supply resulting from 
the expected difference in 1985 and 1978 
weather conditions may still be as much as 
10 million metric tons. 270 

The Effect of the 1978-79 Rural 
Policy Reform Upon Farm Labor 
and Local Savings Incentives 

Three categories of recent policy changes
by the central government should raise farm 
labor and local investment incentives and 
contribute to a higher effective labor input 
and savings in rural areas. Some changes 
increase the government's concentration on 
the agricultural sector in terms of its adminis-
trative priorities and budget allocations. These 
allocations help develop the agricultural 
infrastructure and industries with strong 
demand linkages to agriculture. Such priori-
ties and allocations will expand the long-
term rewards available to peasants for applying 
extra effort to agricultural development, 

Other changes will raise the immediate 
rewards for extra productive effort in the 
rural sector. They include such measures as 

the 20 percent increase in the government 
purchase price of within-quota grain; the 
additional 50 percent price increase for 
delivery of surplus grain; the decision not to 
raise the quotas of grain that must be 
delivered at the lower, within-quota price, 
and the abolition of ceilings on collective 
grain distribution to commune members: 
the 10- 15 percent decrease in the sales price 
of industrial inputs to agriculture, 27 1 and 
increased preferential input allocations to 
localities that increase output; and en­
couragement of rural fairs for interrural 
exchange and sale of produce from private
plots and sideline production.27 2 

Other changes are embodied in the 
government and party repudiation of 
"commandism-a dictatorial tendency which 
often leads to the application of production 
team labor and savings, without team ap­
proval, to projects that benefit larger 
organizational units, or are otherwise Un­
popular. The frequent increase, contrary to 
national policy, of compulsory purchase 
quotas by ambitious local officials is also 
encompassed by this term. Commandism, of 
course, not only alienates peasants from 
expropriating and dictatorial authorities, 
but results in declines in labor productivity 
and in locally generated savings and in­
vestment. Repudiation of commandism 
should tend to reverse these declines as 
should the other incentive measures, al­
though this policy shift may not be without 
drawbacks and limitations. 

The essence of the grain procurement 
structure as an incentive mechanism is in 
the tax structure, relationships between the 
size of compulsory puruhdse quotas dat 
output per capita, the changes in those 
quotas, the relationship between the com­
pulsory quota price and the"surplus" delivery 
price, and the manner of determination and 
size of the planned "surplus" to be sold to 
the state. 

In 1954, the year after a grain crisis that 
resulted in the establishment of the state 
purchasing monopoly, compulsory grain 
deliveries were introduced because state 
procurement organs had again been unable 
to secure enough grain for urban areas. 
grain-deficit areas, the army, and planned 
exports. Another crisis in 1955 led to the 
assignment of a standard production quota 
to each unit of land. Afixed portion of these 
quotas was to go to the state at a given low 
price, After meeting the grain needs of 
provinces for food, feed, and seed and 
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delivering the agricultural tax and comIpul-
sory quotas, 80-90 percent of all the"surplus"
grain was to be sold to the state. 273 Produc-
tion and fixed purchase quotas were to be 
set for tile three-year period 1955-57 in
"normal" years to avoid tile )owerftil disin-
centive effect of increased outpu t inledi-
ately resuiting in higher quotas. After a fall 
in state procurement, an ",4)nornl'' year 
was invoked, allowing compulsory sales to 
be increased beyond a leg,,l restrict ion of'40 
percent of extra output (over and above 
compulsory deliveries, tax, aid "planned 
surplus") and subsequently, the elimination 
of the 40 percent limit. Pressure to produce 
more and deliver more grain to the state led 
to the abandonment of fixed quotis, but the 
system returned, even before 1962, during
the agricultural disasters. Quotas were fixed 

27 4for 5 years nd in some areas, 10 years,
although there is evidence that the limitations 
oil quota reassignment were sometiti(es trais-
gressed. 


The longer the declared period of a 
single fixed quota, the greaer the incentive 
to exceed tile quoti, ind the greater the 
reward to those who succeed. Compilsory 
quotas, the absolute (luantity of agricultural
tax, and the "planned surplus" percentage 
to be delivered to the state (varying from 
about 40-85 percent of total output( after 
food and seed needs letermined by Itrovincial 
authorities have been met),27 1 set onwere 

the basis of land quality. The structure was 

progressive.276 By fixing the tax as al absolute 
amount, however, an incentive was provided
to increase production. This brought rewards 
to those who could (10 SO and promoted
income concentration. The greater the surplus
price over the quota price, of course, the 
greater tile incentive and tile greater the 
financial ability of successful localities to 
purchase inputs, which made fiture stccess 

in exceeding the Luotais easier. 


Between 1953 and 1956 compulsory

deliveries (tile quota pIlus tile 'planned
surplus") varied between 23 and 34 percent
of ann'al output.27 7 They appeair to have 
dropped to an average of a little at)ove 20 
percent during the I960s and early 1970s 271  

and rose in the 1970s to an average of 
around 20-25 percen. 279 In calendar year
1978 total state grain procurement was 19.7 
percent of output. In 1979 tile figure rose to20.6 percent despite a cutback n required
deliveries. 280  

production will increase above what they 
were before 1979. It is only being suggested
here that there is an increased investment 
incentive to iccuitlate savings (comple­
nented 5N a higher interest rate available on 
rural 3avings accouints) and that thele is 
greater incentive to apply labor effectivel 
to prOductive efforts. Inmaking even this 
tint, it n; to overcome alyllecessary 
susl)icioa thIt coercive, or patriotically and 
socially inspired work levels might be superior 
to those more dependent on motivation 
through individual and small group self­
interest. 

Although it is quite possible that the 
former inotiv;ational elements, especially
appeaIs to public-lniidedness, at particular
times and for particular purposes have 
yielded positive results, further dependence
Onl Such {leleets has encountered severe 
constraints. The relatively poor perforinance

of rural policy ox erl, dependent upon these
 
eleme'nts inllthe recent past is 
one of tile 
primiry reasons for the 1978-79 policy
changes. Leading 'lhinesc economists nd 
administritors hav( aggressivel pointed

out the relationship b'txecll substandard
 
agricultural output aind overprocurmtenit

anId llo% . grain and
profit rates for, especiall 
cotton. Ihis relationship has been singled
outl isimajor obstacle to )roductioP in­
creases in the mid-I970s. 211 1 It should also 
be kept ini mind thaltduration of work. which 
is relatively easy,, to control, is only one 
eleitient in effective labor ipplication. Other 
elements, such as tile quality and intensity
of work are ituich more difficult to preserve 
once tile incentive structure is undermined 
and inotivation begins to degenerate. 212 

Another idea haitmust be rejected is 
that necessity inrecent lein years caused 
work levels to increase to those that can Ie 
expected in the current period. This is i 
comllex matter tlat requires empirical in­
vesligation ind more so bst anlial treatment 
than it Will receive here. It seems that 
millions of Chinese have been undernourished 
in recent years, perhalps chronically (see
above). Nutritional studies indiite, however,
that undernoturishment inhibits effective 
labor al)plication and that output rises as 

-nourishment does. 2 13 

It must be admitted thait iua, rural 
Chinese have incomes greater than thebottom quintile, and thit the typical Laibor 
application curve has a backward-bendingIt is not yet possible to conclude th,lt stiply, section dt higher levels of comnpen­investment and labor applied to foodgrain sation. It does not appear likely, however, 
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that most rural Chinese are operating on 
such a backward-bending section. If the 
1979 response is any indication, th !Ural 
attitude is characterized more hy asuspicion
that current policy changes may be short-
lived and by an eagerness to take advantage
of favorable terms of trade through greater 
production and sales than by a desire for more leisure and less work.284 

Given that tile policy changes will prob-
ably generate, if anything, more rather than 
less effective labor, the above consideration 
may be cause for optimism that, in the short 
term, some proportion of incremental savings
and effe-ctive lator e%ill be applied to raising
farm output. I'he Chinese authorities seem 
concerned that a domlinant share of the 
large financial transfer embodied in the 
1979 price changes wvill be devoted to 
upgrading rural housing ind( general living
standards rather than to aniimhal hushandry
and agricultural investment. The likei hood 
of' this seems to he borne out bI, recent 
experiences in Southeast Asian countries,28  
If the allocation of labor and savings has 
indeed become more discretionary, this 
kind of movement can be expected. This 
does not inenill,however, that labor anI 
savings devoted to increasing farm outt)u is 
likely to fall absolutely as a result of the 
price changes.


1he farm labor SUplyh shoul becarefully

monitored because of China's lahor-intensive 

production methods. As it is more tradi-
tionally measured, a gross increase in the 
rural labor supl)y oving to population
growth can he )redicted (see Appendix 2).
But net migration to tile cities will prolabl
increase hetween 1980 and 1985, as will the 
rural nonfarn work force. The siz' of these 
two effects is more difficult to predict.
Forecasts depending a01past trenrIds, not
exactly known to begin with. are probal} , 
poor measures of those factors, in view ofliberal turns in policy and expanded rural 
opportunities both in and out of farming in 
the late 1970s. Unfort un iteI. it is still too 
early to estimate any short-term trend since 
then. 

Effects of Changes in the 
Allocation of Resources 

Thus far, the thrust of the supply-related
arguments has been aimed at demonstrating 

that a greater rate of increase in the flows of 
productive resources to the farm sector is 
apt to occur in the 1980-85 period than 
before 1978. especially when compared
with the slow- growth periods such as 1959­
62, tile late 1960s, and the years immediately
before 1978. They may even compare favorably 
with the periods of rapid growth in the mid­
1960s and tile first half of the 1970s. But 
how much of these resources will he devoted 
to fcodgrain production? And will the pattern
of allocation increase or reducf efficiency
in grain cultivation? If tile repudiation of 

iiommandismis complete, might it not be 
reasonalble to expect a large-scale realloca­
lion of resources to more lucrative liongrail
and peasant sideline production,

While comnandisin has been reduced. 
the lilits of current initiatives to increase 
peasant atitonoiiiy should he recognized.
On the whole, tile 1978-79 rural policy
changes were not taken to redouce planning
in foodgrain production, bot to make planning 
more effective while conserving expense.

In addition to the measures listed above. 
several shifts in policy emphasis may have
 
sIgnificant effects on the pattern and effi­
cie nc of resotrce allocation. These include:
 
an emphasis on redlocating agricultural

Lind, devoting nore to pastures. forests, and
 
noi oodgrain acreage greater peasant

autonomy over collective d(ecisions and
 
private plots, accoinl)anied by the active
 
encouragement of peasant sideline produc­
tion; a focus of attention on "major grain

bases" and, in particular. -key front runners"
 
witthi, that group which will receive pre­
ferential allocations of ill(idstrial inputs,

investment, and credit ill exchange for
 
)dedgesto deliver large increasps ill marketed
 

grain: anda focus ofattention on the problems

of backward !oca!itiesand low-yield counties.
 
lach of these shifts has affected grain
 
production by :nfluencing the (luantity and
location ofacreagesown to particular crops.
Acreage has been reallocated from foodgrain 
to, especially, sugar beets and cane, oil 
crops, bast fibers, and pulses. Some of this 
land has been of high quality. More marginal
agricultural lands have been retired on a 
large scale, particularly for conversion to 
forest and pasture.

Asample of reported acreage conversions 
conducted in the spring of 1979 has been 
tabulated in another work28" with tile most 
recent foodgrain yield figures available for
each area (usually oil a provincial basis).
T[le results suggest that foodgrain acreage 

149 



reductions as of 1979 were not a significant 
portionoftotalgrainsownareaevenquanti-
tatively and did not outweigh reclamation 
plans. When the quality of the retired lands 
is considered, the extremely low yields 
typical of these areas suggests even smaller 
gross reductions in grain output. 

The policy of allowing greater peasant 
autonomy may indeed be in earnest, but t 
does not appear that it will result in major 
declines in foodgrain acreage on collectives 
except in some poor localities. Some provinces 
even announced that although they mLy 
reorganize foodgrain acreage oil a county 
basis, the total area under grain cultivation 
will not be permitted to fall. 

The private plots are a small proportion 
of acreage, and only a minor proportion was 
devoted to foodgrain production. The princi-
pal exceptions are in the areas where total 
foodgrain production per capita is very 
low-and even many of these areas may be 
unlikely to radically reduce foodgrain acreage 
for security motives, despite policy changes. 
All in all, the total reduction in foodgrain-
cultivated area is not likely to be large, 
particularly when one considers policies to 
increase large state grain purchase prices 
and to open the lucrative rural markets to 
produce from private plots. 287  

The policy of allowing greater peasant 
autonomy will also reduce the pressure on 
locai units to increase cropping intensity. 
This development coincides with growing 
adininistrational ambivalence over the ul-
timate value of maintaining even the 1978 
level of multiple cropping in many regions. 
The combination seems likely to result in a 
decline in foodgrain-sown area in some 
provinces over and above any net reductions 
in foodgrain-cultivated land, The iinplica-
tions of this trend for aggregate grain 
production, however, are again apt to te 
much less serious than they first appear. In 
some provinces, most notably Sichuan, 
combined yields have actually increased 
when triple-cropped areas have reverted to 
double cropping or when unpopularly double-
cropped land has again been single cropped.288  

In areas such as the lower Yangtse region,289 

triple cropping has coincided with gross 
increases in foodgrain production since the 
mid-1960s. But when greater seed require-
ments, lower millingrates ofrequired varieties, 
and gains not attributable to increased 
cropping intensity are netted out, the im-
provement appears to be small. A shift back 
to double cropping may indeed occur since 

any increases in the profitability of net 
output are swamped by greater input re­
quirements. But even a small reduction in 
output may be ameliorated by a judicious 
application of some portion of the difference 
between the current and mid- 1960s input 
streams. 

In the major grain bases, on the other 
hand, grain-cultivated area is likely to expand 
if it changes at all. Twelve such bases have 
been designated by the state, including the 
entire province of Heilongjiang, sections of 
Inner Mongolia and Ningxia that are irrigated 
by the Yellow River, the Gansu Corridor, the 
Tonting and Boyang Lake areas, the Yangtse 
Delta, the Songhua-Jiang and Liaohe basins 
of Jilin province, and the central plains of 
Liaoning 290 Most are areas where produc­
tion per capita is high, either because 
population density is low and land of modest 
yield is extensively machine cultivated, or 
because yields themselves are particularly 
high.29 1 To the extent that grain acreage 
expansion occurs where yields are particu­
larly high, the marginal impact on aggregate 
output will be large. Yields from the other 
land can benefit from the greater concentra­
tion of fertilizer, farm chemicals and 
machinery, capital construction investment, 
and preferential loans and subsidies that 
have been flowing to these bases since the 
spring of 1979.292 

When all of the above are considered, it 
does not presently appear that foodgrain 
production is likely to seriously suffer from 
any net reductions in foodgrain-sown area. 
The aggregate effect may even be slightly 
positive. A number of other allocative con­
siderations have net effects that are less 
ambiguous. 

The zoning changes in several instances 
will make the spatial pattern of production 
more efficient if the risks of monoculture 
can be neutralized. For example, cotton 
yields in the southern and western sections 
of Liaoning are comparable, but grain yields 
are 3.7-4.0 tons per hectare in the south 
while only 0.75 tons per he-tare in the west. 
It was therefore proposed that most cotton 
production be shifted to the west and grain 
to the south without significantly changing

293 grain-sown area. Heilongjiang province 
will concentrate production of wheat in the 
nortn, wheat and soybeans on the rich 
Songhuajiang and Nenjiang plains, maize 
and soybeans in the south, and maize and 
rice in the productive river valleys. It will 
relegate beet, and oil crops to the compara­
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tively saline and alkaline soils of the 
2 9 4west.

In addition to increasing allocative effi-
ciency, such shifts in regional cropping 
patterns can bring ecological benefit,. 
especially in the Yellow River watershed e.nd 
in areas threatened by desertification. Ulti-
mately, there may be some advantage to 
foodgrain production of the 'green belt" 
now under construction in the northwest, 
This is seen as the answer to the problem of 
reducing silt content in the Yellow River, 
now used for in'igation with limited success. 21S 
Benefits to aggregate yields in the currentperiod, however. will negligible. 

The sizeable boosts in the foodgrain 
purchase price mentionedl above were made,
of course, to provide rural localities with the 
means and incentive to make further input 
purchases required to raise production (or 
to maintain application levels within areas 
in which greater peasant autonomy would 
be apt to bring about cuts in those levels 
owing to perceived unprofitability at pre-
1979 prices). The price increases could also 
improve the efficiency of resource allocation 
within collective units. 

In general, acreage sown to foodgrains
has been officially determined and ira-
possible to disguise. Yet the purchase )rice 
of private anl sideline l)roducts has been 
high relative to foodgrains, creating incen-
tive not only for the individual to concentrate 
variable inputs like labor and fertilizer on 
his private plot. but also for the fairly 
successful collective unit to devote more 
resources to nonfoodgrain activity. The re 
cent price change may be sufficient to turn 
the allocational decisions of collectives 
toward greater emphasis on foodgrain pro-
duction. Since the old price structure would 
have resulted in a relatively land-abundant, 
and capital- or input-scarce foodgrain pro-
dliction mix, shifting units of capital an(d 
inputs could have a high marginal impact. 

To be sure, there have also been large
boosts in the purchase prices of nongrain 
farm products,2% but for the most success-
ful localities- those able to greatly exceed 
quota assignnirts-the surplus grain price 
must now compare much more favorably 
with prices of other agricultural products. 
The poorest localities, whose quota assign-
merits have been reduced or cancelled, may 
also be motivated to produce more grain. 

Foodgrain production in poor areas, 
however, may benefit more directly from the 
elimination of taxes and purchase quotas 

and from selective subsidy programs being
implemented l)y the provinces. These 
measures may almost be prerequisites to 
obtaining more than nominal profit from 
the pricing changes in some poorer localities. 
They may be far more inmortant than any 
increase in allocative efficiency within a 
collective. 

For Chinese agriculture of the late 1950s, 
characterized by relatively high yields for a 
predominantly preindustrial l)roduction pro­
cess and with little surplus land that could be 
easily converted to agricultural use, the 
most auspicious way to increase foodgrain
oueoutput was the road of technical transforma­
tion. 297 A region able to pllt together a 
complete package of requisite in)uts and 
field management liatterns would be able to 
shift upward the production function of tile 
agricultural sector, transforming its technical 
base. Ilie region could increase output by 
large margins and to varying degrees, depend­
ing on the state-dictated terms of trade 
ltmeen agriculture and other sectors, juslif
the very sizible i(ddit)lil e\peiise br the 
inputs l)trchased. 

In general, those localities not able to 
put together such a package would suffer 
sharply diminishing returns when applying 
only part of the package. Thus, large-scale 
increases in, for example, chemical fertilizer 
application could easily be uneconomic for 
such localities even with favorable terms of 
trade. This observation conforms with results 
of research on Indian agriculture. 29 

1 But 
even when the road of technical transforma­
tion is not open and the region is constrained 
to the existing production function. tile path 
of making the most of available techniques 
may/ lead to some increased output, if the 
application of such inlputs as farm chemicals 
and fertilizers has been at very low levels. 
The difference in potential between this 
type of region and one able to fully transform 
agricultural )roduction is schematized in 
Figure 2. 

While long-term aggregate growt' rates 
in Chinese agriculture have been, on average. 
relatively modest and slightly above the rate 
of pol)tlation growth, it can be documente(l 
that in many regions of the country, foodgrairi 
output growth has, on the contrary, been 
very high. 2W) 'his indicates that there are 
areas with essentially rio growth or even 
negative growth in output per capita. It is in 
these localities that the better-off rural 
inhabitants have more incentive to separate
themselves from poorer peasants amld reject 
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Figure 2-Agriculturl growth in two categories of localities 

Localities Able to Technically Transform Cash-poor Localities Otherwise 
Agricultural Production Constrained From Technical Transformation 

0 0 
A B 

Z A 

Industrial Inputs to Agriculture Industrial Inputs to Agriculure 

Nt-l ,l A -0n1 'I d1l!i ,1 
glEI )l 

I t.Tc0 TEE. I~, 

fr' ..ll 1; to., ,1t t , . '"I . Ilx,, .. or Ion ,', ,E It.111, 1" "1E-ET. , I I 1 4, 1TE I,- 1EE Eltc A, T"ll EEET,111'll~ qE , fl l IE lE" I 0. I1 ' a
,,E~,El,!'E'EI lCEI, . 1 0 :11 OEE 1EEEY o 

collective behavior patterns. It is these 
areas that have probably been the centers of 
'leviving landlordism" and pressure for dis-
solution of the communes.:40And these are 
also localities that may be chronic benefici-
aries of the redistrilu-tive revenue policies 
of the state. 0 1 But although these policies
include revenue sharing by the provinces, 
aid to many of the very poorest localities 
does not seem to have been oriented toward 
directly facilitating productive investment, 
but has geierally taken the form of emergency 
grain aid, lowered agricultural taxes and 
procurement requirements, and, from time 
to time minor terms-of-trade advantages. 
Donnithorne has pointed out that counties 
and provincer that are designated "deficit 
areas" have had low priority in the competition 
for scarce inputs and allocations.3 02 

The implicit policy described by
Donnithorne may be reasonable for increasing 
allocative efficiency when distributing large
quantities of industrial inputs to agriculture 
by region, but the rationality may break 
down somewhat at the local level. Many 
poor localities have had a long unbroken 
history of constrained growth. The fundamental 
constraint may be either deficiency in rural 
infrastructure and organizational support or 
the unavailability of an improved seed tech-
nology suitably adapted to local conditions. 
While these localities probably cannot, for 
example, efficiently use large additional 

, ,0~ pI all MiIre. 
,;T ,11 

applications of fertilizer, relatively modest 
increases may have a greater impact on 
production in some of these poorer locations 
than in those that are somewhat wealthier 
but are encountering new growth constraints. 
Judicious allocations in these poorer areas 
would also serve to ameliorate rapidly increas­
ing income differentials between localities. 

Available material suggests that areas 
with low rates of chemical fertilizer use also 
tend to have low rates of organic manure 
application. 303 Moreover, these areas are 
probably receiving little organizational sup­
port and have higher population growth 
rates. They are stronglysubsistence oriented 
and higher state purchase prices have not 
appreciably increased cash income because 
quotas are of necessity set at very low levels. 
Grain, for the most part, has been eaten or 
paid as tax, not sold to the state. The larger 
constraint limiting rapid expansion in output 
is not merely a lack of fertilizer, but a more 
general discrimination by central authorities 
against poor areas, not only in distributing 
scarce physical inputs, but in allocating
investment i infrastuctural categories, 34 
such as transportation, water control, and 
hydroelectric power. Owing to this more 
general constraint, and because these peasants 
are too cash poor and too risk averse to 
purchase or produce fertilizer, the most 
needy areas may not be disposed to finance 
even modest fertilizer applications, though 
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they might thereby bring about respectable 
additions to output. 

In spring 1979 authorities in some prov­
inces began a systematic attempt to 
supplement consumption assistance to poor 
counties and brigades with direct production 
assistance. In each case this was clone 
selectively and the scope of such programs 
was limited. Surveys were conducted, and 
participating units were selected either 
according to their potential for expanding 
production or simply owing to their partic-
ularly low per capita income level. What 
few results are available on these programs 
seem to show some success and their ex-
pansion has been indicated.

Amuchlargernumber ofprovinceshave
mnounchd provs hplargeran 

announced assistance programs to poor
brigades for 1980. Sometimes these programsare nothing more than agricultural tax 

exemptions or grain aid. Often they provide 
special organizational assistance and give 
encouragement and material aid to develop 
sideline production or cash crop cultivation, 
Occasionally, they include allocation of 
agricultural inputs or financial, technical,and organizational assistance to establish 
enterprises to produce inputs.3s 5 

How far such programs will eventually 
proceed is open tu question. Grain production
growth in these localities will be limited. But 
the programs represent a source of untapped 
potential and may mitigate the effect on 
aggregate grain production of acreage shifts 
out of foodgrains in poor localities, 

Consideration of all the various adjust-
ments of rural policy that may affect incentives 
and resource allocation suggests that the 
net incidence through these mechanisms 
on foodgrain production will be positive
when compared with even 1978, although 
the magnitude of such influence is not 
possible to estimate at the present time. The 
most powerful reason for such a conclusion 
lies in the alleviation through terms-of-
trade adjustment of the disincentive caused 
by the low, declining, and sometimes negative 
profit rates for foodgrain production, These 
rates were characteristic of important agri-
cultural areas between 1966 and 1977, and 
more than occasionally brought about a fall 
in real income levels.30 6 The most serious 
cause for pessimism is that this same ex-
perience, coupled with increased local peasant 
autonomy over farm decisionmaking, may
result in widespread hesitancy to invest 
further in grain production expansion. 

Rural Policy Changes, Income 
Distribution, and Political Unrest 

Afull discussion of the interaction among 
China's rural policies, the pattern of income 
distribution, and foodgrain production will 
not be attempted here. It would be remiss, 
however, not to offer a few basic observations 
of probable relevance to the future course 
of farm output in China: the 1979 shifts in 
rural policy will almost certainly have a 
profound effect upon the pattern of income 
distribution in China; distributional issues 
have been important historically ingenerating 
mass response to and participation in poli­
tical upheavals; and periods of politicalunrest in the People's Republic have been 
associated with declines of agricultural output.

There should be little doubt that to theextent that policy measures of the kind 
emoen th e 1979 rurl ol reform 
embodied in the 1979 rural policy reform 
provide incentive to expand production, 
they will also widen the gap between fast­
growing and slow-growing counties and 
brigades. An abolition of the ceiling forcollective distribution to commune members 
and a freeze on quotas at their 197 1-75
levels to be delivered at the lower compulsory 
purchase price will enable localities that are 
able to sell large and increasing shares of
grain at the surplus price to generate large 
gains in incomes. 

The inequality will be ameliorated by
fewer bureaucratic restraints and active 
encouragement for all areas, (especially 
those relatively unsuccessful in generating 
income through grain production), to diver­
sity into cash crops, animal husbandry, and 
farm subsidiary pursuits. But to a large 
extent, those best able to take greatest
advantage of higher prices for these goods 
will be comparatively affluent localities. 
Poorer counties and brigades will be assisted 
by measures discussed above. But for the 
peasants in those localities to increase their 
income by as much as farmers in advanced 
and fast-growing areas, not to mention state 
industrial workers, the only alternatives 
may be migration, greater reliance on non­
agricultural sources of income, or removal 
of some constraint barring technical trans­
formation. 

The latter two possibilities could require 
major capital transfers that the budgeting
authorities may still not find justified. Even 
if such transfers were forthcoming in the 
current period, rapid growth in income 

153 

http:levels.30
http:inputs.3s


would at best be a long way off for many 
such localities. 

Perkins and Myers argue that modest 
projects requiring a family or a few families 
have been pursued intensively by the Chinese 
for centuries.30 7 More recently, several teams 
have gotten together to undertake more 
ambitious tasks. But there still remain proj-
ects that require more technology, working 
capital, or organization than a production 
team can manage. Such projects, coupled 
with indivisibilities in other callital invest-
ments too expensive for a team to handle. 
have created periodic pressures to shift the 
accounting unit from the team to the pro-
duction brigade. 

Yet, the brigade is generally too unwiely 
for the link between effort and individual or 
family benefit to he clearly )erceived. Ishikaw' 
has shown that tile soci.l :;tr;*.ture of 
Chinese rural society seems well dhsigned 
for productive organization centered around 
the proluction team anid incorp oratedl into 
tile looser framework of people's cott-

1mIunes. 308 Within a l)rodction tean of 
approximately 30 families, information floms 
freely and a certain coilmulity f'eeling 
l)revails, contrasting sharplh with mistlist 
of people outside the team ani a sense of 
isolation from larger or neighboring org,mi-
zational units. Ishikaa cites cases of 
production teams that have refused to sur-
render their collective savings to the brigade 
for the purchase of agriculturdl maclinerN. 3() 

The National Agricultural Congress de-
cided in 1975 that the investment funds for 
mecia nizatOin should be acCUtnlIateld mainly 
from tile surplus earned from production 
enterprises, which ill turn shoUl receive 
greater emphasis within brigales and com-
munes. But this is not always an atspi.:ious 
possibility and the result was often cot))-
mandisin, cmsing peasait resentment, low 
quality labor application, 'Ind occasionally 
output decline. Criticism of comnmandisin 
similar to Liu Shaoqi's coinphlints about tile 
Great Leap Forward,3 1 may indicate in 
alandonment of active support for these 
collective projects and ,idisinclintion to 
expropriate sur)luses for rachineir purchase 
and( other development needs. As coniler-
productive issuch actions caI be, they nl', 
still be the only way to loosen key infra-
structural constraints beyond the calacity 
of individual )roduction teams in backward 
areas in the absence of larger capital amd 
skilled manpower allocations from the cen-
tral authorities. 

Distributional themes in periods of polit­
ical unrest and tileuse of (listributional 
i.slsuts to milobili/e the ilasses hav beenlaid, 
no doul)t,will be tile Fotus of much research. 
Howe discussed a variety of distriblutiona: 
issues in his investigation of groups most 
actively articipating in the Cultural Revo­
lut ion. 31 [)onn ithorle noted that five of 
the first six provinces to establish revolu­
tionary committees at the start ofthat period

3 1were grain-deficit provi nces. 2 Field, 
Mc(lynn, and Ablett developed a method­
ology for quantifying political stability and 
investigated its correlation with industrial 
output growth durin iheIlpolitical conflicts 
of the mid-197()j. 31 Th,ey found that pro\,­
inees of noderate or str:g growth were 
stahble and that, with one exceptfon, politi­
cally ut stal1) provinces experienced slow 
growth or even(olecli nes of outlutduringthe 
period. ThIese effects were linked to a 
centrally adiiinistered program of' plasecl
discrimitor investment inindustrial c,pital 
construction. Work cited by Dernberger 
indict'lles that -ldVdliel-ltc pe colities" where 
signlificmt yield inicreases %\ereregistered 
usill, received preferential st,lte lssistance 

tid teildl to be high-yielding counties ill
t,,nditionatl ChinaI.31 

The exact nature of the distriblitioial
 
issues involved in each case and their exact
 
relatioiship to the pihases of the social
 
uplheavals that have been detrimental to 
production cannot be discussed here. It is 
enough to note that distributional issues 
have historically been oflparticular political
significanmce in China. Populr consciousness 
of and sensitivity to clhanges in tlistribution 
have been heightened 'bythe exlerience in 
recent decades under the CCP's leadership. 

The association Of political unrest with 
declines of Output can be apltrvciated with a 
glance itTalble 1.Fle Great Leap Fonvard 
(beginning 1958). the first phase of tile 
Ctiltural Revoltion (beginning 1966). and 
the mid- 1970 s political conflict (beginning 
1974) -:1brought on periods of dislocation 
and unrest: illwere folloed, within a year 
or two of their advent. by stagnation or 
decline in igricultural l)roluction. It would 
be a serious distortioi to (;vt'rein)lasize tile 
similarity of th three teriods. The causes of 
falling farm oulltut have been varied aid 
'omplex, but the declines were always it 
least exacerl)ated I stalls or drops in the 
rate of inllustril injuit SIpply to agriculture 
'Ind, to varying degrees, by direct rural 
participation in the upheavals. Problems 
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with the implicated industries have included 
instances of rural unwillingness or inability 
to finance demand, and political unrest 
within the industrial sector itself', 

What do these considerations mean for 
the prospect of foodgrain output stalls caused 
by political unrest? First, since income and 
consumption increases are being widely 
distributed now after a recent period of 
upheaval and a decade or more of income 
stagnation for many localities, the hypoth-
esized chain of causation seelns unlikely to 
cause growth to stall in the next few years. 

Secondly, it is unwise to assume that the 
current policy emphasis is in any sense 
final. Future administrations (or even the 
current one) are not at all incapable of 
attempting to shift China's development 
along lines more closely approximated by 
the -ucial revolution as artict,!ated by lead-
ing figures during the Great Leap and the 
Cult,'ral Revolution. 3 15 inally, even ifthere 
is no hange in emlfhasis for the time being, 
popular participation in periods of political 
unrest, speaking siiplistically, seems to 
have occurred when income distribution 
has been perceived as insufficiently egalitarian, 
as well as when it has been too egalitarian. If 
the current policies do provide incentives 
and materially reward the successful, they 
run the ultimate risk of being politically 
controversial once perceptions of growing 
inequalities supplant the euphoria from the 
initial broad-based income improvements, 

The Suitability of Chinese 
Policy to Present Technological
Developments 

It is quite possible, then, that current 
trends, recent policy. and allocational changes 
may favorably affect output by increasing 
the growth rate of input and resource appli-
cations; improving the quality of inputs, 
especially labor inputs; and improving the 
efficiency of resource allocation. At tile 
same time it does not a)pear likely that the 
gross allocational shifts away from foodgrain 
production and gross reversions toward less 
intensive cropping patterns that will inevi-
tably accompany the developments describel 
above will result in a large and negative 
influence on grain production once the 
amount and quality of lands involved and 
gross increases in grain acreage are con-

sidered. On the other hand, although the 
danger for the next several years does not 
seem great, these same policies will bring 
about profound and increasing changes in 
the pattern of income distribution in China. 
Put conservatively, such changes seem to 
have had an association with political dis­
turbances that stall growth, although the 
causes of the latter are complex and not 
limnited to distributional issues. 

Thus far policy initiatives resulting in 
shifts in the patterns of resource allocation 
hay! been discussed as changes that May 
bring ahout a single absolute increase in 
output by increasing allocative efficiency 
under recent technological arrangements 
and gross input supply levels. Ultimately, 
however, the suitability of that l)attern for 
ful ly exploiting the growth potential of the 
currently emerging technology and SUl)ply 
levels may be of dominant im)ortance. In 
the past, instances have been reported in 
which input application in areas of newly 
constrained growth has proceeded not only 
beyond the point of profitability under the 
concurrent relative prices, but far beyond 
the zone in which quantities applied may be 
considered rational from the standpoint of 
sheer physical allocative efficiency.3 ) 

What then is the technological context 
that will be relevant for the remainder of the 
current plan? Ilow will it gel with the current 
shifts in policy emphasis and resource allo­
cation? One of the bright spots is a recent 
domestic breakthrough in rice production.3 17 

China's own male-sterile Fl rice hybrid was 
grown successfully in 1977 and 1978 on 5 
percent (more than 2 million hectares) and 
13 percent (4.3 million hectares) of China's 

3 1rice acreage. t 1 In1977 it yielded about 20­
30 percent more than conventional dwarf 
rice hybrids. 3t 9 l, 1978 nationwide increments 
over yields sown to conventional improved 
varieties averaged 700 kilograms per hec­
tare. 320 The basic stratin reportedly has a 
longer growing period than the varieties it 
replaces. 32 1 It is therefore suitable as a late 
or middle crop but discourages Multiple 
cropping in some areas. Despite some indi­
cations that the new hybrid strains have not 
been arl immediate success in certain areas, 
1979 planting increased to over 5 million 
hectares, and yield increases reportedly 
averaoed 750 to 1,125 kilograms per hec­
tare.32 

China is now actively participating in 
seed iinstitute exchanges and hence will be 
exposed to a wider range of genetic variation, 
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with good potential for increasing disease 
and pest resisihlnce.3 23 It should be noted 
that many countries have been unable to 
realize thit potential. But China's genleti(
stock has been particuularl cloistered, and 
disease and pests have I)een an outsitmlling
problem. This suggests thlv the short- range 
potential fron the interchange for China .sgreater than for nian tither countri- s v%ith a 
longer histor of conlt . 

Finally. China has c'%ol, ed a streaililel 
system lermlitting siinulhltiois stabilization. 
selection ot' local ,hlaltal)ilit[N, evaluatin. 
,ll seed multtiplication c%itllillabout three 
or four \years father than the miore ('isltoilIain) 

4eight to tell I3le-1Ie asI yet nShleel 
,arieties c(Ould furtlher raise. ths th en 

during the current eonnoiiti plan. 
Ilhe FIhybrid is,llread ibegillling to 

!)( atgtni tt aggregate yields' anl is,ieabll 

esl)('cillV suited to localities 
 %ilh histories 
(if su('ssfil ,%cll-ititegrited (he% ehtliiett 
Iletice policy (o(ltellratioll ot these aas 
Itlay he a(lvalltlageous to o(tput gro\ th. 

Shlnxi's ex(perience seens typtical inl 
this regard. li1978 theit1 hybrid yielded ai 
average of 8.3 totis per lh.('tare on 2.730 
hectares (o,ailotit 2 piercenit of' the provintce's
rice acreage', whereas (:onvenlional hibrids 
were alread, yielding 6. I totns per hectare. 
In 1979 Ycngf'eugzdo wasi)lhnteol ot 38,630
hectares (or about 27 percent offprovinci,l

2rice acreage). 3. As of 1979 tihe hybrid his 
been reported as being sowi extensivily iIi 

Hunlan, Hubei, Jiangsu, Jialgxi, Shanghai,

Zhejiang32 -,ll with substantial liroliOr-

tions of high-yielding rice acreage lrior 
to 

introdlctio n of the hybrid, 

FI nav therefore make a major contrium-

tion to rice production growth, espevcially ill 

the rice regions anitng China's graiti bases 

Such as 
 tIle Yngtze D~elta. But whatliotit 

tile evolving technological situhationi 
 across 

the board? It should be recalled, for example,

that the large:,t part of the major grain bases 

are ittOSt suitable for ,%heat, soybeans, cornt 

and other coarse grains.


Recent work )y lardty 327 )ase(I upont

incomplete provincial statistics indicates 

that yields during the 1960s and 1970s 

varied increasingly among provinces inthe 

same major cropping t ,ion. L.ardy's pro-
visional conclusioi I that Ihe conditiodns 
underlying this variation suggest considerible 
growth potential. 

The crux of the argument may be 
summarized as follows: in the 1950s variation 
between provinces illthe pattern of growth 

(with few exceptions) seemned Imodest, sug­
gesti ng the exhlustion of growth ),ased on 
traditional technology. Growth in theI 1967­
75 period (inore than 3 )ercent per annum)
has been divergelit-becalse of lthe limited 
pctterll of(lifftisioi o t echnological chalge
illagriculture andI because of inllipropriate 
agricultural developmtent policy. Broader
geographic dlifflnsion and the cturent reversal 
of poorly conceived agricultural lolicies of 
the past should help the rate of' grottih of 
foodgrain output accelerate. 

t1H
would he dlangerous to accept such a 
thesis in gross statement ofr genralize front 
it. Nevertheless, it would be doing Laidy a 
lisservice to presume that he is llWdlre of' 
the cost efficiencies itivolVd in int'reasing
)tptit (hroughselective concutration adl 

that hieis igntorint (if ihi%(ergent growth
patterns illco'litries at various stages illtile 
Iprocess of "green revolution" Fhe thesis 
iust It[aken, if it is taken at all. in a relative 
sense ald with a partitlar ref''etnce to 
current (irclniSha i hi.dlltes i 


Part of' l.ardy's optitnismn stems frotti his 
disiovety that ri(e Itro(duction gr(okth ml\ 
la'e accelertledil the 1970s, long after the 
introductlin of convenItiO(ll hk}afli briids. 
This is colttratr to iopular supposition ,li(
Suggests that a loIge, tlile lag (haul exlectel 
has heeni reluirel to develop the full iotential
 
of these varieties. Although sole of' the
 
,%il- putlicized advan,:ed areas seem to
 

32
have exhlusled this potential in the I)60s, 8
 
the pritcess my still be cotitinuing in
 
several regions. Aui ittipOrtt imnplication

for production e...;n'entis thatperio'

the contrilutio is of tie newest 
seed tech­
nologies wilh their reluisite input stream,

and(the contributions of tileolder tpe of
 
imntproivedl seed technology t,hich has 
now 
hecotie Cthintil(wli coltitied with better 
water control. Itore fertilizer, eft.) are to a 
certlini extent additive at the prisent titite ill 
('hina, rather than the friner being cate­
gorictll, a substitute for tile hiter.
 

Evidence that state 
l)lans will exploit
this (1ual o)tenlial ltaxbe seen in Chinia's 
catpital construction ef'forts., As was discussed 
above, a small subset of high and stable 
yield lands are heing converted to lands 
with yield of ,itoti per filU.and the major
graihl bases. ailost hill (of hich have high 
dt stable yields, reckie pref'rential finan­

ciI assistance anid input deliveries. Mean­
while, ,l(l(li onal high antstable yieldacreas
ire now again being constructed. It may be 

useful to roughly sort out the possible 
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sources of growth among various crops and 
strains. (1957-77 growth disaggregated by 
crop is shown in Table 11.) Though it is 
somewhat illegitimate to do so, seed technical 
growth is discussed in isolation from the 
particular nature of the input stream that is 
normally required to increase yields from 
improved varieties, and in isolation from the 
input stream as a source of growth indepen-
dent of seed technology changes.329  

Conventional dwarf rice hybrids have 
accounted for slow but steady growth since 
1964 when they were first distributed for full 
production. Yield growth between 1957 and 
1976 was about 1.4 percent a year. Total 
production growth between 1957 and 1977 
may have been about 2 percent a year. 
Provincial research indicates that rice pro-
duction growth was accelerating rather than 
declining in the 1970s. The full potential of 
these varieties has probably not been realized, 
even though they were sown on 80 percent 
of all rice acreage in 1977. 

It is claimed that yields from Fl male 
sterile rice hybrids are 20-30 percent greater
than yields from conventional hybrids il 


areas where the full potential of the latter 
may have already been realized. Large-scale 
distribution did not begin until 1977, whenthey were sown on 5 percent of all rice 

acreage. These hybrids accounted for 13 
percent of rice acreage in 1978 and over 15 
percent in 1979.

Although wheat production has grown 

more than 3 percent a year since 1957, much 
of the increase is attributable to displacement 
of coarse grains and improved water control. 
Semi-dwarf varieties from more disease-

resistant Chinese-Mexican crosses were in­

troduced in1973 and were widely disseminatedl 

by 1977. But peak growth rates from these 
varieties have yet to be realized. 

In Shanxi, a number of hybrid wheat 
strains have been developed from arecently
identified male-sterile strain which appeared 
through natural mutation and produces 
offspring, half of which are fertile. Thus one 
of the major stumbling blocks to male-
sterile wheat development seems to have 
been overcome, although the usefulness of 
the hybrid to the current plan is still un-
prove-n. 

'aize production growth has proceeded 
at 4.5 'ercent a year since 1957, benefiting 
from tile displacement of coarse grains and

Double-cross maize
improved water control. 
occupied a large proportion of total maize 
acreage by the mid- 1960s, but was susceptible 

Table I l-Foodgrain production disag­
gregated by crop, 1957 and 
1977
 

Grain 1957 1977 

(million metric tons) 
All foodgrainsRice (unmilled) 195.0586.80 286129 

Wheat 23.65 41 
Coarse grains' 52.65 86 
corn 21.44 48 

Tubers' 21.90 19 

Sources: All figures for 1957 are from People's Re­
public of China, State Statistical Bureau, Ten 
Great Years (Peking: Foreign Languages Press, 
1960), p.119. The figure for all foodgrains,
however, is not the figure appearing on that 
page, but the sum of th figures for the 
categories included in the table. 
For 1977 the figure forall foodgrains is from 
Beijing Review, January 12, 1979. p. 7.It is 
assumed that this figure includes soybean
production and not merely soybeans directly
consumed. The figures for rice, wheat. and 
corn are from Thomas B.Wiens, "Agriculture 
Among the Four Moderniizations," a paper
prepared for the Workshop on Agricultureand Rural Development in the People's 
Republic ofChina, Cornell University, Ithaca. 
N.Y.. May 17-19, 1979, p. 20. Wiens based 
his figures on statements given by aChinese 
official to adelegation in 1978. The figurefor soybeans is from the U.S. Department of 
Agriculture. and was cited in George Gunset, 
"China's Grain Push Could Alter Markets," 
Chicago Tribune, February 7, 1979. The 
coarse grain figure was calculated as aresidlual. 

According to Chinese sources in U.S. Foreign 
Broadcast Information Service (FBIS), People's 
Republic of China: D~aily Report. September 
tO, 1979. p. T4, potato acreage rose from 20 
million mu in 1949 to 110million (5.3 million 
hectares) in 1979: yields increased from 700 
to 1,300 linper u,1at that time. Irish potato 
acreage may have been about 20 million 
1u ii 1949 as the ligures for 1952-57 

ranged from 25 ro 32 mil)ion tou (Nai-Ruenn 
Chen, Chinese Economic Statstics. A landbook 
for Mainland China [Chicago: Aldine. 19671 . 
pp. 286-7). Chen cites official figures giving 
total tuber acreage in 1952-57 ,is 130-165 
million mu and in 1949 as 1O5 159 million 
mu. It is therefore assunmed thit the sources 
found by FBIS refer only to Irish potatoes 
and that the tuber figures found in anews 
bulletin issued by Xinhua [New China News 
Agency]. September 19. 1979, p. 5 1, BIS, 
PRC. September 26, 1971, p. 118) reler to 
sweet potatoes. Xinhua's figures are 4.6 
million hectares sown with tubers, yielding 
9 metric tons per hectare 
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Table II -(Continued) 

Adding Irish and sweet potato production
gives the total tuber production figure for 
1979. 93.348 million metrlc tons. This has
been used as a proxy for the 1977 figure.
Since the total foodgrain production figure
and its components are used to derive an 
estimate of coarse grain output, the total 
tuber production figure has been divided byfive as the Chinese have done since 1963 
when aggregating foodgrain statistics. See 
Bruce Stone, A Review ofChineseAgncultural
Statistics /949.79 (Washington, D.C.: Inter-
national Food Policy Reseach Institute. 
forthcoming1. Tahble 2 

These Include millet, corn. sorghum, barley, buck-
wheat, oats, proso-millet. small beans, small green
beans, broad beans, and peas, and others,
b These include Irish, sweet, and other potatoes. 
Following official definitional conventions at thetime,
tubers in 1957 are valued at one-fourth of their natural 
weight: tubers in 1977 are valued at one-fifth of their 
natural weight. 

These include yellow soybeans, green soybears, and 
black soybeans (or black beans). All soybean produc-
tion is included although current official foodgraindefinitions may only include the production of 
soybeans consumed directly as foodgrains, and exclude 
some 3-4 million metric tons of output devoted to 
edible oil and bean cake production, 

to disease over broad areas in 1961 and 
1966. Single-cross maize was distributed by
the late 1960s. It occupied 40 percent of 
total maize acreage in 1973 and about 60 
percent in 1978. Growth potential is still 
available from some displacement of other 
grains, continued displacement by the single-
cross hybrids of other maize, and yield
increases in current hybrid-maize areas,

Soybean production fell in the 1960s 

due to displacement by higher-yielding 

varieties of other foodcrops; recovery began

in the late 1960s --id early 1970s and may 

now be close to the 1957 level. Hybrid

soybeans have recently become available, 

but their yield increment in ordinary farm 

situations has yet to be clearly documented, 

On the other hand, government incentive 

measures have been introduced to encourage

increased acreage on collective lands and 

private-plot production. These seem to have 
had some effect, and further measures have 
been introduced by the provinces in 1979 
and 1980. The growth rate of production of 
coarse grains other than maize since 1957 
has been us low as 1percent a year or less. 
Acreage displacement by higher-yielding
andi more valuable wheat and corn varieties 
and a general lack of concerted attention to 

coarse grains has worked against improve­
ments in the input stream. Displacement is
likely to continue, but a higher-yielding
wheat-elytigia hybrid and drought-resistant 

hybrid sorghum and triticale varieties have
been developed and are being disseminated. 

The yields of potatoes since 1957 have
probaky increased less than I percent a 

year, aid 1978 production may be little
above the 1957 level. But potatoes have 
probably been valued at one-fifth rather
than one-fourth their natural weight since 

1963, which may have confused the yield 
computation. 1otato yields seem to have 
stagnated owing to viral infections, but 
sharply divergent yields in contiguous areas
confirm official reports that lack of coordi­
nated emphasis on the dissemination of
optimal field management practices is also 
at fault. The first virus-free potato farm was 
not established until 1975. By 1979 seven 
such farms and several potato institutes had 
developed 40 varieties, In 1978 seed potatoes 

were produced which are claimed to increase
yields 150 percent on test farms. Dissemina­
tion should begin in the early 1980s but
extensive adoption is still hampered by the 
small volume of seed CL .ently produced. 
More suitable field management practices 
are also being promoted, notably in Fujian,
Heilongjiang, and Inner Mongolia.

Producing 380-400 million metric 
tons of foodgrains by 1985 appears quite
feasible from a seed-technology standpoint. 
On the basis of the kind of information 
given above, a sample distribution of an 80­
million-metric-ton increment over 1978
 
production is offered1 30
 

Thirty-five million metric tons could be
 
rice, of which 13 million metric tons would
 
come from acreage and especially yield

increases of conventional dwarf hybrid and
 
22 million metric tons would come from 
adoption of the new Fl male-sterile dwarf in 
place of conventional hybrids. Thirteen 
million metric tons could be wheat. The 
increase would come primarily from yield
improvements on existing semi-dwarf acreage,
secondarily from acreage expansion of semi­
dwarfs. No gain can yet be expected from 
male-sterile wheat hybrids. Seventeen million 
metric tons could be maize. This increase 
would come primarily from expansion of the 
acreage of single-cross hybrids and from 
yield improvements on existing hybrid 
acreage. Five million metric tons could 
come from coarse grains. Growth from art 
improved input stream would be almost 

158 



counterbalanced by acreage displacement; edented achievement-and to show that a 
some increase could come from hybrid large proportion of the potential increase 
sorghum and triticale. Five million metric over the current I0-year plan (perhaps 50 to 
tons or more could come from potatoes. The 60 of the 80 million-metric-ton increment 
increase would come from virus-free seed hypothesized) is dependent on the perfor­
technology to he introduced in the 1980s mance of China's -elatively advanced agri­
and from improved field management. Less cultural regions. Hence, at least for the 
than 5 million metric tons would come from purpose of increasing aggregate output, a 
soybeans as a result of acreage increases concentration on these regions may be well 
and greater input application. No gain can advised. 
presently be counted nn from hybrid soy­
beans. In the past China's ability to deliver 

The point to be made here is not that the requisite inputs to favored localities has 
Chinese will produce 385 million metric been good, especially compared to other 
tons by 1985. Whether they do will depend planned and developing economies. Its con­
primarily on their success in fulfilling their tinued abili.' to do 8o should assure some 
plans for fabrication and delivery of requisite acceleration of growth in the current period 
inputs to the localities that can most effi- and foodgrain production levels well in 
ciently use them and their success in des~gning excess of the 360 million metric toils the 
and administrating rural and urban policies historic long-term rate implies. Whether 
to harness initiatives in both sectors and to they come close to the 1985 target of 400 
avoid growth stalls due to political unrest million metric tons may depend on the 
and disaffections. With better than average Chinese being eclectic enough to supplement 
marks in these areas, even the 400-million their efforts with a course of action that will 
metric-ton target is not out of the question. tap the potential of less advanced and slow-

The rough crop distribution synopsis of growing localities without squandering 
possible production increases given above resources-an approach that could also 
is designed to suggest that available seed mitigate the threat of growth stalls from 
technology provides potential for an average political disputes over maldistribution which 
annual rate of growth of over 3.5 percent a may be risked by many of the new agricul­
year- an ambitious mark but not an unprec- tural policies. 

FOOTNOTES 

269The supply relationship hypothesized and developed descriptively in this section may be formalized in a loose 

theoretical sense as follows. 
Abstracting from the reflexive influence of demand upon loodgrain supply. 

Q = fIl 1),T.M., 

where Pis policy, T is seed technology and the appropriate field management practices, andI W is weather. I is the 
nonlabor input stream not embodied in T.Abstracting from the interrelationship among"independent" variables, it 
is assumed that the expected value of the change in foodg-ain supply between 1978 and 1985. E(dOJ, is of the form: 

E(dOJ = FIdQ/dl) + F(dQ/dP) f- F(dQdl) + E(dQdW) 

It is also assumed that E(dQ/dl) can be written: 

E(dQ/rIl) = l+E(gQ!l)]b Q1978 - Q197E 

where gOl is the average annual foodgrain , roduction growth rate from 1978 to 1985 that results from input supply 
increases alone. It has already been suggested that gQJl is expected to be within the 3.0 to 3.5 percent range so that 
E(dQ/dl) is about 70 to 85 million metric tons, since Q1978 is 305 million metric tons. 

As 1978 was a bad weather year. E(dQ'dW) 20. It is briefly discussed in the text and Ohe succeeding footnote. 
In general, it can be suggested that E(dOJdP) and E(dQ/dI are not negalive and that LIdQ/dtP) is significantly 

dillerent fro l zero I l pOnil aitter to be ( ollidvnt'd Ilt111 lb, .ss li' ht I (1Q dII', 11 Il' %l111'llit iitll s ni the ll 

E(dQ/dP) = E(dQ/dR1) + E(dOjdR2) + E(dQ/dS) + E(dQ/d5S2) 

where R, is the effects of 1979 policy changes on resource allocations among communes and R, is those elfects 
within communes: and where S, and S, are the effects on the labor and local savings incentive structure and upon 
the income distribution structure. A principal difficulty with the above equation and any attempt to discuss the 
included variables is that the latter are far from mutually independent and their orthogonal elements cannot be 
easily separated. 
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of preferential inputs. But the province will further concentrate these stppilies ill the hands of 42 rich brigIles te
 
maximize grow'th Ili
provincial agricultural ottlput,
 

FB1S, I'RC. April 24, 1979, p. 1.6.
 
194 IS, i'R(., March 5,1979. . 1.1 

I-1.lForafforestation see FBIS, PRC,Mlar(I B. 149, 1). NI :March 9, 1979. p).I2. March 19. 1979, p. RI atl March 23,
 
1979. p). T. Water forirriptiot fron the Yell+, lRiver currently sets awtvorhf's record horgreatest silt ctottilt ttitiong

irrigatiotn a',ters
evt'insi.elsNtuployed (Stott., "A Revie%' of Stalistitcs," Ith' 12, discussion). I-or ii article
 
discussing soitel success cases illthle \%a to arrest soil erosion ottl the loess tlttlis through lorvstr,, see Xilhta,
 
nvs bulletin ,.rl 16, 1I80. IBIS, I'RC, April 17, 1910. pp. 1.12,1.13.
 
146lighteetn ttior agricultrad irchasts pric'es sere raised IS I'lnhIases ltis Britig Good
to51)pertet ("11iglttr I't 
Re'sults," ltling Rvet'w. No~t, nbwr 9, 1979. 1).S), 

I7
Mark Ft.in, l'uern a/ftc ('hinest' 'lst A.1 Social antd Ecollrnttunh'Inq'tatton(SI an fun I. St anltrdtlUniversity Press,
 
1973); )wighl Prkins, Agrtlttlra/'rodttin 'hina ((titigt. Aldine, 1969). Carl Riskii, "Stirllits or Stagnation." in
 
l)ight Perkins, ed., C'hinas Modern Fcototmi itilistorialP'erspi'tvt (St tlaii d:Statfoirl Ut is-ersitI Press, 1)75).
 
2911Dlhltari Nratil. "Groxtth of Prodittli\it Idt lt Agriculottllc,, ("OccasiotlI',lpi' No. 93 (Cortell Utivtvrsit,. 
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V NAver,tgt' grtin yi l i lll,.l tt gsu i s tIth lti \ii tailv, I itltilll m sitlt 61 ,[$3ls lii llt(Vit tt alittp lltio nl l l-ipt 

riltisatted hecials) gl\ frott 3 6 to-,liii hc(ttit in,19,9 t 5.3 ti19 5 i. .1 ili1965, tld 12 5 it 1976(( lut1Chi-tlit,
 
"Nets Picture tila ItIttk Shent ofPaper: I .11111Mt'htlliz,itltion \t usi C'ttitly (1 I,'v'Ati g Refltex. 21),
ht1t 1977. lil
 
20-4). Averagi' ' iti ottlltI. Slhllsi (is Ith popitlditinI of 30OOOO 'ullvtted hnhlares) rust
Itldis Pigtitg itdtl31,500 
lom 2.74 toils per lcttre i 1974 to 5 25 toll.s iti1977. Ihv' hula' to ,ichivt'v' s, per lithtre in1911(0ivhls of 7.5 trill, 


(Chit Clii "I-out to I)'eloij \grtiulture-A Glimpse itSltusi Irtirittt''," . ,irSit
(tli.A Itt rI olPingitg Counts 
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,l+hi Rohad," , +htng Ret'tew, [)c'cemtlbet' 
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,IMIVtt
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301 Lardly,Fcor'onlic
Grothl 

102Dontilhlort,, C'hinao's(;ralt
 

tinB . W it 'tu - s Agricltturtd *,tIhit' lt mporar y China10 t1ihos s. ( lti lirgets: i ,te 'onte 2 (I1ll 19 711) 115.27, 

the Ptophs Rilpitblle t how." 

Elottoitc Oututl. til. Alesodittt ksteti IJuiersits il ,i Press, liorulhttttictg).
 
Ihitts B. Wiens. -Agri( ulttr,tl St,llsIIS ln il iln Qa..tfitutve Metsuires of 'Chit's 

I (,\illi Arior: ofithit 

\iip\tlt' ll I I inl s of ititl to t'is tltutfall ,l)iw'rs d\lr tOpll mn ilnot ipolpulo~us, hats is po%IO Ill. (htt'smnost 
 Sulleted Slow',Industrial gro\\ ,id ind hsnipormlt' iits IThe omlrt (,ill food dcU( inth,li~onll 

riflhed~ll d infr(du tioln Italid-siah\ irrpgtion I(,clhilolog\InalkvIillw%\\dlfl k of %\,IVT'
ill(.hl ofl t11hl\ 
 ,dxila~lt"A idt 
hms vlfl vc~t\tl' ih( tilltisi(lollmnoreti1(llltsl\lpping patllits ('hill. '1111,1'SMoIst |>opllhttsbarre.d to , c ('hot] -" 

Prtovitlt'v:Bactk it)()rhr." llhtrtk 1, 111711.pp, 20.2 sec ':gtll mtel.Iht(,
Reviw. I)c(t emtbe~r Also \ w'its. fil Flit',' 

"Chin,t'sAgrittlturalI argits,.I lit' ..ihliionl ol oltit" "
 
WSA subset of i,0,ilable itattutltos li1 Ilitt t.l1t 1 lisi' 
 p1ss ,Ippeats fit I.IS, f'R(.lotvartlots piolitttts is
 
followvs:
 

lleiltngih~nu. April 2, 1981. 1), 53; I:nbrutr 28. 11l111.i SI;

Ihtber:April 13.1980.t}1) Pl.
 
Iluint: Marc~h 3, I1980, 1) 113,
 

iatlstl: .1mtttthar. 22. 19110. 1), 13,
 
Zhijiing: Dlecetetber 20. 1979. p1) 12-013;
 
(.inghai, Ielrt tr, if. 1980, 1t 1';
 Gumtngdong: AprilI 16. 1980. 1).I'll 

5'aYolilugithl, "l'i'lilti\r 1)stIstl i5I liii lit' r'ice S<cissiirs"; W\it'its, hlter to t,trkt'r+; lslhik,tist. 'C(hita's -Fttltl 
Agm uil't [shlikd\\ *"lre,"; ,"lrospe( Psforthe ('hl,i I(otlllI 

11),Pi-rkilns, ",Ra,Ill
dkl.nd Ref'orm, ':,it). 30-I1, RInIon ,Mlt,, Mhe Chinese.,gricutfuradlDevelopment titP'easantLtonomy
 

Ilop~ei,milShtnltutg, 11190-194)49 (1 uttlbridge,liss I Itvrlrd Uitsil Press. 1970) ,ttti Myers, "t(toop'ratltln it"rratilitonlti Agricollturt. mid 11s1inplic,ttilolls forlealti People.'s Rvpmlllic"ol (Uhilfl." Perkin s,I mining of tht(- illIt\\Ight 
Cltna'sModen E'onoiytn l lltstortuial 'ierspl'ctvelStatlniorl1 Shltttld UJiltirsitN Press, 1975), pp 201-713, Rilnon My~ers,
'-ritIids it Agri, lure. 191 1-49,- Stnfori Util'tll ar Sttilfrd. (tl., no tlte. (Mitnt'otgratlttl.) 

WShigerti Islhikatsa. - htigiitt ls i'iiu-Shotiktu K,ikust tt Kettat itt (I) Sudo Shsluiki ill Staktt ltoSluioitto 

Ilatttlsludo o Chushini loujhlte" (hiltits |Pnrsoil Itcomet' ltislmilns ,th Its Ir'tlnilltts (1)(hoit' itl Ilstittittn,andllD)egreetof Matrke~t Alia kr~iat tAshill onoin j17 (Jlunv Itl)Del'\lopmn~jt F.t . 

309sltikawtsva. "Chith's Food mtl Agrictltur.- pp. 10O-1. 

161 



1OCoI)drisoll with Liu Shaoq i's arguments tlra i' lby lhoi s If. \Viens. TChina's Agri'.. rural Targets"
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APPENDIX 1
 

THE TOTAL AMOUNT OF FOODGRAINS REQUIRED IN 1985 
TO SUPPLY THE NET INCREMENT TO THE 1979-85 
POPULATION WITH THE 1978 AVERAGE RATION 

The numbers of children growing up 
between 1979 and 1985 were calculated 
from estimates of midyear population and 
birth rates prepared by John Aird. 33 1 Using 
the birth rate for each year and the previous 
year's population, the number of births in 
each year between 1964 and 1978 was 
calculated. When added together, they give 
a total of 202,056,000 for those born between 
1964 and 1970 (who will be between 15 and 
21 years old in 1985) and 220,94.,000 for 
those born between 1971 and 1978 (who will 
be between 7 and 14 years old in 1985). 
Estimates of hirths andldeaths between 
1979 and 1985 are shown inTable 12. 

In 1978 consumers born between 1964 
and 1970 are assumed to have each consumed 
an average of 62.5 percent of an adult's level 
of consumption (they were then between 8 
and 14 years old). In 1985 they are assumed 
to consume 100 percent of an adult's 
ration. The difference is 37.5 percent of an 
adult's consumption per person. Multiplying 
this by the number of consumers in the 
group gives their consumption in numbers 
of adult equivalents relative to 1978: 0.375 
(202,056,000) = 75,771.000. 

In 1978 consumers born between 1971 
and 1978 are assumed to have each consumed 
an average of 17.5 percent of an adult's 
;ation (they were then betweenO and 7 years 
old); it i.assumed that the difference between 
their average annual consumption in 1978 
and in 1985 is 41.25 percent of an adult's 
consumption per child. Multiplying adult 
equivalents relative to 1985: 0.4125 
(202,949,000) = 91,141.000. 

The consumption of those born between 
1979 and 1985 (see Table 12) is assumed to 
average 15 percent of an adult's consumption 
level in 1985 (when they will be between 0 
and 6 years old). Multiplying this by the 
number of consumers in the group gives 
their numbers in adult equivalents relative 
to 1985: 

Aircl Official A Official B 
151,364,000 3116,799,000 114,097,000 
1 .15 3 .15 0.15 

705,00- 17520,00 17,!15,000 
The total expected deaths are the sum of 

all expected deaths between 1979 and 1985 
derived from each set of esti'nates (see 
Table 12). The totals are 59,908,000 for the 
Aird estimates, 43,425,000 for the Official A 
estimates, and 50,590,000 for the Official B 
estimaes. 

Foodgrain consumption per capita in 
1978 was estimated by Stone to be 201 
kilograms per year. after 2 percent was 
deducted for national, provincial, and local 
stockpiling. 3 32 This figure was computed 
using a pcpulation estimate for 1978 of 
1,002,437,00. Thetotal amount of foodgrains 
available would be about 201.49 million 
metric tons (of processed grain). In 1978 the 
total numberof children was estimated to be 
423.005 million; of adults, 579.432 million. 
Children (all those between 0 and 14 years 
old) are expected tc consume on average 40 
percent of an adult's ration. They therefore 
consumed an estimated 169.202 million 
adult equivalents in 1978, which makes 
consumption in 1978 equal to 748.634 million 
adult equivalents. This figure divided into 
the 201.49 ;nillion metric tons available for 
human consumption yields 269.1 kilograms 
per adult equivalent. This is the estimated 
1978 adult ration. 

Net additional corisumption in 1985 is 
the sum(in adult equivalents) of consumers 
who will be 15-21 years old (born between 
1964 and 1970), those who will be 7-14 years 
old (born between 1971 and 1978), and 
those who will be between 0 and 6 years old, 
minus the total of expected deahs. Multiply­

° ing the net additional consumption foi "h 
set of estimates (in thousands of all. 
equivalents) by 0.2691 metric tons per .ult 
equivalent gives the estimates of additional 
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Table 12-Estima.ed midyear population, births, deaths, birth rates, and death rates, 1979-85 
Midyear Population Births DeathsYear Birth RateAird Official A Official B Death RateAird Official A Offial B Aird Official A Official B Aird Official A Official B Aird Official A Official B 

(1.000)1979 1.017.477 1.013.464 1.014.516 (percent)23.156 17.041 17.543 8.52!1980 1.031.988 1.023.598 6.015 7.017 23!1.024.661 22.486 l.70" 756.215 17.247 8.54 0.85 0.60 0.701981 1.045.507 6.081 7.1021.033.843 1.034.293 22.085 16.378 16.804 
221 1 60 1 70 084 0.60 0.701982 8.566 6,1421.058.576 1.044..173 1.043.395 21.642 7.173 2.!4' I 60 1 6416.541 16.342 8.573 083' 060 0.701983 1.071.173 1.054.614 1.051.951 6,203 7.240 2 07' 16021.172 16..',7 15.860 158 0.82' 0.60 0.701984 8.574 6.2651.083.277 1.065.160 1.059.946 7.304 2 00' 160 1 5220.674 16.874 081, 0.6015.358 8.569 0.701985 1.094.868 1.075.812 1.067.365 20.149 

6.328 7.364 1 93' 160 146 080"17.043 14.943 8.558 6.391 060 0.707.420 186 1 60Total 140 C 79151.364 116.799 0.60 0.70114.097 59.908 43.425 50.590
Sources: .Aird. U.S. Cetral Intelligence Agencs,. National Foreign Assessment Center. "China. '
.. Statistical-ComoendlmOlficial A and B Bruce Stone..4 ER79-10374 Washington D.C.. July?eview ofChzneseAgncuirura1 Statistics 1979. p. 5.949-79. Research Report 16 (Mshingon. iC . International Food Pohc, ResearchNoes. Institute.The series o estniates from Aird are based on hirhlisted dho e. at d denath rates amid the. md er 1978 ppulatitn figure de,. 

The official birth rate for 1978 isas gi en ac 
eloped h, Aird and pub!shed in the CIA publication

I 8 percent, the official death rite 0for the entire period and a birth rate falling to 
,is go en ,is0 6 0 7 percent I he Official A series assumes a death rate of0.6 percent1 6 percent in 1980. fulfilling the official target for the rate of naturalassumed to remain constant through 1985 Mcrease (1.0 percent) The birmh rate is thenThe Official B series assumes the higher officidl death rate (0 7 perent) Bith rates are assumed to fall to 1.7percent in 1980 and then to 1.4 percent in 1985. which 

0oul0 mneetthe target rate of odtUrdl Increase 01 7 per thousand in 1985 1his i a (hllese s I,IstIIs +sluniat
All mid'€ear population figures are based on e. Ifil icialhtarget is 5 per thousandAird's midyear 1978 population figure These and the birth and death figures are derived using the birth and death ratesshown in the table. 
These rates are interpolated 
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consumption required in million metric These figures can 	be put in terms of un­
tons 	of processed grain in 1985: processed grain by dividing them by 82.5 

Aird Official A Official B percent, 333 giving totals of 42.3 million 
metric tons for the Aird estimates, 46.0129,709 141,007 133,437 million metric tons for the Official Aestimates,

0.269! 0.2691 0,2691 and 43.5 million metric tons for the Official 
B estimates.

34.905 37.945 35.908 

FOOTNOTES 

131Reproeuced in CIA, "China: A Statistical Compendiunm" ER79-10374.
 
331See Biuce Stone.A Review ofChineseAgnculturolStatstics,Research Report No. 16 (Washington. D.C.: International
 
Food Policy Research Institute, forthcoming), Table 4.
 
3See ibid. The processing loss figure is based on estimates of grain composition in 1977. The 1985 compositionproportions will not be radically different, but the proportion of rice (which issubject to the greatest processing loss)may decline on the order of 2-3 percent, so the composite processing loss may fall by less than a percent. 
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APPENDIX 2 

TOWARD A MORE APPROPRIATE METHODOLOGY FOR 
PURSUING THE MACROECONOMIC PARTIALS APPROACH: 
JUSTIFICATION FOR CHOICE OF METHODOLOGY AND 
EVALUATIVE PERIODS
 

The best method ofassessinp 'he expected
impact of fertilizer applic, ..on on grain 
output would perhaps be to rompare longi-
tudinal studies for a broad .ross section of 
representative location,. Unfortunately, this 
is notyet possibleforChina forthe 1970s, so 
the aggregate record naust be relied on. It 
must also be recogni7 eclthat large increases 
in grain output are not solely the result of 
applying more fertili7'-r, but of applying a 
controlled package o inputs, including
higher or faster yielding seed varieties; 
extensive, intensive, and reliable irrigation: 
improved nutrient delivery and pest control; 
and often considerably altered fieldl prepara-
tion and management practices. 

If all available aggregated information is 
dumped into a regression equat'on, however,
there are immediate a priori expectations of 
very strong multicollinearity among'indepen-
(lent" variables. Furthermore, data for China 
on several of the inputs are unavailable for 
many years or are defined inconsistently,
while data for others are difficult to quantify
appropriately. If, in addition, the years are 
thrown out in which the best data on 
nutrient application or grain output is still 
questionable, there must be an expectation
of highly biased coefficients surrounded by
wide confidence intervals. 334  

It should not, therefore, be quickly 
concluded that the kind of simplistic macro-
economic partials approach emploed by 
Chao and Stavis 335 is inferior in all cases to 
somewhat more complex techniques such 
as input-output or multivariate regression
analysis. Chao and Stavis compare increments 
in national aggregate fertilizer production
and imports with increases in aggregate
grain output, then calculate "response ratios" 
by simple division. This kind of approach
has many biases, risks, and limitations, but 
the problems are immediately apparent. 
These response ratios are only rough "con-
sistency" coefficients, but even at this level 
a number of basic refinements can be 
suggested, 

First of all, fertilizer statistics must not 
be used in gross weight terms. The nutrient 
content of fertilizers produced in the People's
Republic has varied from around Ipercent 
to over 80 percent. The gross weight com­
position among these varieties of fertilizer 
shifted drastically between the mid- 1960s 
and the late 1970s. Its future composition is 
problematic principally because of the un­
resolved controversy over small plant pro­
duction. 336 Therefore the 1985 target for 
gross weight output, 80 million metric tons, 
is not a useful measure of planned supply 
from domestic sources. 

With the exception of the 1976-79 pedodl,
for which Chinese prodtction has been 
publishecl in terms of nutrient weight, esti­
mates of nutrient supply depend upon (a)
import statistics; (b) estimates of domestic 
p~roluction in gross weight products; (c)
estimates of the composition of gross weight 
outpul among varieties of fertilizer, which 
are approximate at bcst for most years; (d)
the optimistic assumption that gross weight
produced in each category reached the 
expected nutrient weight standard; and (e)
fairly heroic assumptions about the percent­
age of prodluction and imports actually
supplied to agriculture and the percentage 
of supply that is applied to foodgrain acreage. 
Unfortunately, there are still controversies 
over even the appropriate aggregate gross
weight statistics, although the situation is 
rapidly improving.337 

Itshould be mentioned that two commonly
cited statements by high-ranking Chinese 
officials about gross weight production were 
rejected in the Stone series for the years
with which they are usually associated 
(although they conform well with Stone's 
estimates for the respective succeeding years)
since they seem to be inconsistent with the 
remaining body of material now available 
(see Figure 3).

These difficulties notwithstanding, the 
relatively large amount of obtainable infor­
mation on Chinese fertilizer production and 
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Figure 3-Domestic chemical fertilizer production, 1957.85; 
Chemical fertilizer supplies, 1957.79; and grain 
production compared with nitrogen nutrients 
absorbed by plants, 1957-85 
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the crippling distortions introduced when 
gross weight statistics alone are used, 
suggests that an effort to estimale hile yearlyavailability of nutrients is likely to improve
the analysis sigificantly,, 

The next observation is that Iciggedl postwar sturveys. 1' ()il half or le(ss 342 ,are
averages of estimated grail outlut and 
fertilizer supply should he used rather than 
single-year comparisois. The mIrost olvioths 
difticulty with the lltter is Ille impact of 
weather fluctuations on grain hanrests, which 
may (h%,Trf all other effects. lhe problem is 
particularly actte Mien the hasemud terminal 
pcriods ar, separated h\ only a fe Nears asis the case %,ithChao's stiih,. Evel when 
ihree- or five-year a\erages are used, ite 
base and terminal periods selected should 
contain similar liportions of favorbile, 
average, and poor 'cather,ears. A prepon-
derance of poor tllier ,cars should par-
licularly be avoided. ('(iit Mhen the base 
.lifI tecrmninawl periods areoilet-isecI l),iiilnle,
silICu( iii ('hina harvest loss il bclow,-"nornhi' 
years varies more driasically thwn bIumnper 
crop iiicreioei+ts' 3 i 

Also, increases in intriernt production
froi Near to ,',car often var, sirbsaiiall, in 

'China even within five-, ear phlis.Y so the
timing of alplication and the ,muill Ilrnfit 
to crops of'rtilizerl)rotliiction mil imports
tus1st he considered. F\('1 ignoring lciriliar 
inveintory a(umulation, over hItf of mI ear's 
fertilizer otlltit is not applied before that 
year's crops are harvested. Furthermore. 
there is a strong lendeny for the nutrient 
base provided 1, lion- nitrogenous fertilizers,
especially phosphates, to be fixed u, mretallic 
elenents iin the soil (eslu'cially ron,iltnii-
mni, nIlag It'sItnl11,ul ciliu'I r. 'Ihis impedes
close contact m itll ll root system and 
results in slm ,bsurltio ii and growxlh re-n

sponlse. 34 

1 ll'refor-, the mrxllItlln 
 irrlll tof phOsliahle anid illSSi( l'rtili,'rs nia, 

tnot occur until sonie years after 
 lhey are
applied. Owing to these ronsidenrtions. a 
three- to five-year movinig average is r'c-
omtnenldel with a one-year lag belween 
the grain harvest dati and the fertiliz(er 

l)roluctioni and import dalta. 


It may be legitimate to ignore 
 non-
llitrogenous applcltions and assuime thia 
they are supplied iii proportions ,ppropriati' 
to theIcttallili!icatiou levIl Of 1utrogenotts
fertilizers. This would resolv' the problem
of slow aind variable absorption rates for 
lphosphtic id OlSSiCicnutrients arid %,ouhl
circumivent ltle poorer data oii varietal coi-
position of these fertilizers. The size and 

appropriate interl)retati on of the consistency
Coeflicienlts tls oshined will be different, 
of' course. 

Ahlmost all chinese soils are deficient ill 
nitrogen, ac;cording to both prewar and 

(leficient il phosphorus. In general, phos­
phorus-deficient soils are located south of 

aleitiigtse. lut are also lound ill large 
areas ofl Inner Nlongoliir gr issliruls the 
Ilen anl Wei River Basins in the northwest,
the sanlI and loess hillock areas of' west 
Slhaxi and north Slhaami, the salinized 
lands extending from Ycinglitiqinig(l lehei) toDezhou (Slhadtog}, in inllerous salinized 
or alkaline traicts b tiL:, Yellot% River, and 

3,auig ',elhoish red soils in Iheilomgjiangi.v
But ess their 2 percent of fertilizer 

imports have been pl)hlosphates. 3 -1i , hich
sglgests that scarcir, of this intl has 110
iiorihill, been ( insidered a liltor ((iistriit.
Rook llosphor is his been (isc(im ered '\­
t('ISi\ el , throughout Mhill iiid smallliries 

fLitories for 
v\tacioll rainldri'hitar,
processing of the ore for hlrelizer use have 
developed ripidl, since qs 5 s.tIre Large
plants hive beenalso lIiuilt, prodticing
higher-rurilen ihliosphlie fertilizers such
is tripIle suiierphosliale (contaitiniig 45 

rer(et llphosphorus) and mixed NPK fer­
tilizers ,is well as more sidnIlrd \arieties 

I( I as (ilcirin sutiprlphosplial, ad cilcium 
hnigntsitii tphosplate, xMhich ire also pro­
d ced ili small plants.

The proportion of small-plm product In 
totl uuililoit of phosphate fertilizer had
dlrudd reachod 75 percent by I972. 3sl*or 
the inorst pirt the liriuichtior processes used 
ill thi-smSnhll fotories ire rltiiv ly simple,
Often lhetphsphhte rok is sinply powdered
for direul aplic(aion ifh(r being mnsed with 
other rntrrials such as orgrniC rIrairtire aldliie In Olher forimes the ore is heited ill 
the pre'sere of magnesiumn to fifhricat
chiuitm magnesium lihosldhtec'', tIner,al,,
slw'aking, small pihosphate lants la be set 
il) itmiklv tI respond to demand require­

riunts ill diverse localloris, including those 
with little industriail e'perierice

Tlh Peoples Rell lic has tried to pro­
luin v pliosplites iin specific ratios to nitro­

genous fertilizers. Nitrogen has often betein 
ipplifd locally in excess of the ,appropriate
ratios, but, in general, r tioral irrbalances 
lwv, usuallI been ca'Used by shortages (if 
nitrogen. Phosphorous production his often 
b)een ciuiback i

l 3 1is aresult. (The opening of 
loreign-comrltricted sitletic ,inr1ootia plnts 
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may alter this sit. ation temporarily.) with the grain output series. But with the 
The propor of lands deficient in exception of the Great Leap Forward period

potassium is lo~ver still. 343 The People's and its aftermath (including two years of 
Republic has depended on organic fertilizers extremely poor weather), the "N-nutrients 
to supply crop recluirements owing to the absorbed" line seems to fit the lagged grain
high proportion of iotassium as well as output line particularly well. Both a priori 
nitrogen in, especially, animal manures, considerations and the comparison in Figure
plant residues, and green manure.3411The 3 suggest that the use of some es inated 
high labor requirements and slow growth in 1nutrients absorbed" series (perhaps merely
the availability of natural fertilizers have nitrogen absorbed from chemical sources) 
necessitated a steady increase in the iactory may be most advisable. 
production of 1)oassic fertilizers since the The inclusion of estimates of organic
mid- 1960s. They have also caused imports fertilizer nutrients should also be considered. 
of fertilizers to become regular since the late The main arguments in favor of including 
1960s and to grow markedly in 1973 ,and{lthem are that they still constitute the majority
1974. But the volumes involved are still of nutrients alpplie(d and that the quantities 
small and manageable compared to nitrogen applied moay still he growing, though the 
deliveries. 3 t)roportion of nutrients they contribute le-

One other problem is that even estimates clined substantially in 1949-76 and began 
of nutrients suppllied may incorlorate a falling rapi(lly in IN977-78.35) The roost 
distortion. Phosphatic and plotassic fertilizers powerful argument against inclusion is that 
are noi generally prone to e'. aporation ,anl the quality of these statistics is very low%. The 
are not easily washed from fields M.itl quality 1)rolbletns, as well xrs reasons for 
(Irainage.35 But nitrogen, %hih(: doinats Sls)ecting both upward and downwkard biases 
both (omestic production and imports of in the series available, have been discussed 
chemical fertilizer in Chila. 352 has a high ait length in another work.351' 
rate of evaporation and is easily eroded Suffice it to say that any investigation 
away by water anl winld. especially when into the statistical bases of organic fertilizer 
applied by broadcast methods. There seem estimates is likely to suggest that including 
to be significant differences itl tie volatility them in the present analysis is risky. The 
of the various nitrogenous fertilizers. One amounts applied over the 1950s are known 
Chinese study conducted by the Soil and only in tie broadest sense but are based for 
Fertilizer Research Institute of the Fulian the roost part on official Chinese estimates 
Provincial Institute of Agri,"iltural Science and laramoeters. Aggregate figures for the 1960s 
indicatel that the surface soil evaporation and 1970s are apt to be much weaker since 
rate is generally greater than 50 percent for mnarts of the estimates of several of the 
nitrogenous fertilizers used in China hu: is organic components must rely onilata seg­
greater than 70 percent for alimroniitl inents trolli t he 1950s. Nevertheless. in 
bicadrbonate and aqueous dlilOnia prodhuc'ed erlns (1fo I tionl aggregates, ally trends of 
in small plants.3" 3 Western scientists suggest increase or decline are likely to be gradual 
that even 70 percent tua. he too low for (omlareI with the trends for chemical 
small plant l)roducts.X4- fertilizers. lbis suggests that, with a few 

Although the figures are rough. discount- exceptions, increments of nutrient suj)ly
ing 50 percent for nitrogenous fertilizers within )eriods of mode(rate length may be 
from large plants (including imlports) and 70 largely of chemical fertilizer. Stone's rough 
percent for small plant out put corrects for estimates, which, for lack of better information. 
evaporation and leaching in the nitrogen assu rle constant iiliza tion rates after 1965, 
nutrient series. This series then providles a inldicate that the Sol)ply, of orgarnic manures 
general indication of the quantity of nitrogen changed little between 1971 and 1977 (ex­
nutrients absorbed by cot)s troto year to cept for 1976 %%lhen a iro) in the hog 
year. The results of this exercise have hern l)l))ulat ion caused by fodder shortages and 
graphed in Fi igure 3 together with grain disadvantageous prices may I aVe caUsecl a 
pro(luoction lagged one year and series for significant 1ecrease ofthe rriarluresupt)ly).1 
gross weight ofdomestic fertilizer l)ro(luction Foi the present analysis the simplifying
and for production plhs imports of all NPK assumption has been nade that increases in 
nutrients. Of'course, if the scale in each case the availability and progress of storage.
is carefully chosen, any of the series may be fermentation, and cake roanufacture, anti in 
made to appear to conform in a general waN, methods and timing of alpplication have 
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been offset by declines ill the utilization 
rates between the base antI final periods. 
This assumption allows us to omit an estimate 
of natural fertilizer nutrients, 

If organic su pply estimates are used, 
however, some estimate for nutrient loss 
before and after field application should he 
made, Ihe resultant estimates should then 
be averaged for, perhaps, three-y ear periods
and added to sililarly averaged estimates of 
nutrients absorbed from chemical sources, 
In estimating nutrients absorbed from organic 
sources, care should he taken not to confuse 
Chinese data on speeds of absorption for 
various components with rates (or extents) 
of absorl)tion by crois, is so ne have done 

Appropriate 1ase and terninal periods for 
calculating a consistency coefficient must 
satisfy a number)of requirements outlined 
above and other a priori considerations. The 
process of' aplropriate selection severely re-
stricts the choice of periods. The 1950s should 
not he use(d as a base. The I)roportion of 
chemical fertili,_ers devoted[ to nongrain crops 
was large aod variable. Appl lication to grami 
crops was skewed toward a few of the Most 
favorable farmlands, yet aplicatioll in in-
approprate proportions and other errors I'ad-
ing to waste seem to have heen coiumion. The 
1950s are too distant to shed usefu!l light on 
the 1979-85 period, particularly as changes in 
total nutrient efectiveness in the 1950s and 
early 1960s were much more likely to be 
dominated by c(hanges in the qtuaintities of 
natural fertilizer nutrients absorbed by
crops-quantitis for n1hich existing estillates 
are poor. 

The 1960s also present problems. hoi ever, 
A base period should not be chosen during
which grain production had not yet recovered 
from the inassive lecline accompJ)anying 
and following the Great Leap Forward. Iike-
wise, the first phase of the Cultural Revoltion 
in the latter 1960s should be avoided. Offictial 
grain output figures for 19613 and 1969 wer( 
not released. Western estimates generally
show declines that may h,,-e resulted as 
nmuch from the ptarficulr political difficulties 
of the period as from nmore 'asily quantifiable 
cauises. Moreover, estimates of chemical 
fertilizer application in even gross weight 
terms are questionable for the 1967-70 

period. 
What remains are the pe'riods 1963-66 

for fertilizer application, 1964-67 for grain
production, and tile ear: 1970s for both. 
The problem with selecting th latter as a 
base is that any three-year prrird chosen 
will of necessity he close to tte terminal 
period, raising the expected variance of tile 
estimated coefficient- a problem exacerbated 
by the preponderance of very poor weather 
between 1976 and 1978. Any rough attempt 
to match weather conditions in base and 
terminal periods, then, would push the 
latter into the early 1970s ,as well. 

Fortunately, the 1964-66 and 1965-67 
periods each cont ai n all "average," "good." 
and "poor" weather year, although it should 
be remembered that tIle weather n 1967 was 
exceptionally favorale-certainly the best 
in the history of the People's Republic and 
one oft he most favorable years in twentieth 
century China. Among potential terminal 
periods, both 1972-74 and 1974-76, like the 
h ase )eriodls, include a good, average, antd 
poor weather year. The four-year periodls
1972-75 and 1973-76 IlaN also be considered 
average, as they each include one good. one 
poor, and two average years. 

[here are several imlnportant way s ill 
which the consistency coefficient estimates 
provided in this paper could be improved
should more data become available. Any 
difficulties regarding organic matnure esti­
ination, especially national averages of 
utilization rates, fermentation gains, pre­
application losses, anod green manure and 
oil cake ouitput illac become less important 
in the futire if such lata are pullisled by 
the Chinese. The senes might also le improved
by distributing the datta for phosphatic and 
potassic nutrients absorbed for each year 
over several Ne,,.rs tn(l using a two-year 
weighted moving ,averagefor nitrogen. Finally. 
no statistics 1,\ e been iatde available esti­
iating the percentage of fertilizers applied 
to foodgrains. This )ercenltage varied sub­
statntitll, during the 1950s. The estimates 
appearing here have assumd that it was 90 
percent from the ini(l- 1960s onward. This 
assumption is based upon Chao's research, 
which concluded that that was the per­
centage for 1965 .351 
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FOOTNOTES 

4
3 See Stone. "A Review of Statistics." Tables 10-19; and Stone, "A Series of Nutrients." 
3 Chao."The Production anl Application of Fertlizers"; and Stavis, "China's Ag' culture.". 

6 Stone, "A Series of Nutrients"; and Stone, "A Review of Statistics," Tables 15 and 16. 

711)id.
 

338See footnote 20 for the locality-specific manifestation of this phenmnenon. For the most part, and especially in 

China, fluctuations even out over the nation as a whole, with good years for some localities, largely cancelling out 
bad years for others so that aggregate outtput variltions are not nearly so drastic. But, particularly when severe 
drought strikes north China. "bad" years over extenskie areas carn result in sharp drops in national output. 

39Stone, "A Series ol Nutrients"; anl Stone, 'A Reviei, of Statistics,"'I ales 15 and 16. 

40Also see flou Te-lpang,"The Application of I'hllsliha0' Fertilizer in China," Shanghai lVen'hunpao, [)ecember 27. 
1965; trans. in U.S. Consul ate General II long Kong.5tin'ev ofrhe ('hirieseMhinlond Press. Supnleint No. 148, pp 18­

21.
 
"41According to a survey oh 170 fieldexperinents in 
 14 prmics Iegining 1935. 74 pereilt ,er'deficient (N.F. 

Chang and I.L. Richiardson, "Use of Soi Fertilization in Chii'arr. 49 (April I1.1942). According to l Qinggi in 
Renmin Ribao IlPeople's Ddil, Decem er25, 1962, p. 5. 80 perce t were deficient (te exact date aoid nalture lf this 
estimate are unknown.' and according to prewar estimates cited in M. L.iiier. the World Fertihier :tionoriiy (Stanilord. 
Stanford University Press, 1957), pp. 426-7, 80-96 percent were teicient.
 
3'1According to Cthong and RWchardson, 'Use of Soil Fertilization. atr'oiling to Li.
*8 pe'rcent %,%ere. Reirnin Ribnio 
JPeople's Dil ]. Decemter 25, 1962, p. 5,50 percenMer;eccorIih, totihe stuiilits cited iii Il.,iier,The WorldFerilizer 
Economy, 40-55 perceit were. 
"4lHou Te-pang, "The Application of 11hosphate." pp. 20-1 
l44Based on unpublished research findings of II. J. Groen and F.L. Smith aplwaring inAva le is Frisiltarn. "China: 
Agriculture in tie 1970s," ir U.S. Congress, Joint Fconomic Committee. Chinat A Reaissessment of the Ec'onomy 
(Washington, 1)C.: U.S. Government Priling Office, 1975), 1).333. 
145Stone. "A Series of Nutrients­

146American Rural Sinall-Scale .dustry D elegation, Rural Smoll.Sc'le Indusrry in the Peoples Republic o)('hina 

(Berkeley. Cal.: University of Californi Iress, 1977), lip. 173-4. 
347Stone, "A Series of Nutrients.' The"iriper" application ratio beti eni nitrogen andiphosphates %sas described "for 
most Chinese soit"' as 1.4-2.0:1 0 in 1116) in l'u-inng llsneh.pro [Soil Sciencel. No. 2. 1960. pp. 79-100: tite(d iii liu, 
China'sFertilizer ,-t,.omy. p. 115. When le ratioexceeds 2.5: 1.0, yields of ahrost ill types of rice are said to decline. 
Since domestic production ani irlpc tsof mtrogen exceed this ritio. evadlInration and leaching may be responsible 
for a duration of the nitropen constraiit. 
148The proportion was 12 percent according to Chang ani Richardson, "Use of Soil I-ertilization";15 percent 
according to Li,Renmir Ribao. IIeople s 1aly], )ecelb'r 25, 1962: anl 15-24 percent aci:uirming to the studies cited 
in Lamer. The World Fertilizer Economy 
349 

See Stone, "A Series of Nutrients." 
30Groen and Smith in Erisman "Chin: Agricultuire in the 1970s." 

'Flou Te-pang. "The Application of l'hosphle." 

83 iercent oft he clemical fertilizer nutrients,,iulced in China i 1979 were nitrogenous (Xinhiu, news bulletin, 

April 30, 1980; FBIS, PRC, April 30, 1980. p. L2). '6 perceot of c'heroical fertil.i/er nutrients imported between 1949 
and 1174 were nitrogenous ((roen and Smith in Erisman, "Chin.: Agriculture in theI 1970s"), 
111rtoile. "A Series of Nutrients": ';ee especially, FBIS, PRC, April 30, 1979, pp. LI3, LI,4 
3S4John W. Mellor. International Food Policy Research Institute, conversation. Washington, D. . ne 15. 1979. 
ISStone, 'A Review of Statistics," Table 17. 

:';61bid.
 

3S7Ibid.: and Stone. "A Series of Nutrients.' 
1SeSpecifically. Chao, Agricultural Production, and "The Production and Application of Fertilizers" which is based on 
Agricultural Production. Also see Stavis' low estimate in "Making Green Revolution," which follows Chao's methods. 
Finally, see the discussion in Stonte, "A Review of Statistics," Table 17. 
S9Chao, Agricultural Production, p. 160. 
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