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ABSTRACT

Since 1978. China's agriculture has undergone dramatic economic reform. One
important change was the dismantling of collective farming units after nearly a quarter
century of practice in China. The widely held explanation of this change is that collective
farms cannot generate adequate work incentives because of the special problems of labour
supervision in team farming. This argument, however, focuses narrowly on the technological
aspects of team farming, but ignores broader problems of optimal incentive design.

This thesis develops a theoretical and empirical mode! to address the incentive
problems of China's rural teams. A simple model of static mutual monitoring is developed.
The model endogenizes the determination of the size of penalties as well as the choice of
monitoring intensity in the context of team optimization. The processes of formal and
informal mutual monitoring, and individual and group incentives, are then integrated by
extending the static monitoring model to a production team with an infinite time horizon. It is
demonstrated that the possibility of rent is a necessary condition for an effective monitoring
system. Any policy that represses the financial returns to the team will make labour
supervision more difficult.

The theoretical model provides several testable hypotheses: (i) Chinese collective
farmers faced a free-rider problem; (ii) teams invested resources in labour monitoring to copc
with the resulting incentive problems in contrast to the prevailing belief that supervision in
Chinese production teams was negligible; (iii) the recognition of mutual interdependence
among individual workers has significant impact on the worker's effort decisions; (iv) the
internal incentive problems of Chinese collective farms were not the simple outcome of team
farming per se, but rather resulted from dysfunctional economic and political policies adopted
during the commune era.

A 1970s' panel data set from a commune in China is used to test these hypotheses.
The static and dynamic versions of an implicit function determining the team's optimal
allocation of labour time between production and monitoring are estimated by the nonlincar

two-stage least squares method. The empirical results prov.de a broad patiern of support 1or



the above hypotheses. These results reject the conventional belief that no effective monitoring
system can be implemented in a farming team with shared residual claims. By highlighting the
complexity of the incentive problems in China, the findings of this thesis have important
implications for the broad issues concerning the choice of proper economic reform and

development strategies in China.
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Chapter 1
Introduction

Since 1978, China's agriculture has undergone dramatic economic reform. One
important change is the dismantling of collective farming units and restoration of f arming by
households after nearly a quarter century of practice in China. It is widely recognized that this
dramatic institutional change took place because collective farms had failed to generatc
adequate work incentives. However, there are sharp disagreements concerning the causes of
the incentive problems in Chinese collective farms. Nolan (1988) and Lin (1987,1988)
attribute the incentive problems to the special difficulty of labour supervision in team
farming, indicating that coliective farms are not a viable alternative to private ownership for
farm modernisation. Nevertheless, Lardy (1983), Blecher (1985) and Putterman (1985, 1987)
argue that despite the difficulty of labour monitoring, democratic producers' cooperatives
neec. not be inferior to family farms. The incentive failure of Chinese collective farms was the
outcome of ti.. nation's bureaucratic controls, extractive government policies and
anti-incentive ideology. Because China's rural institutional experiment is of historic
importance, this thesis develops a theoretical and empirical model to assess these competing
arguments concerning the incentives of team farming in China.

The thesis proceeds as follows. An historical background for the incentive problems of
China's collective farms is provided in chapter 2. I discuss why China adopted collective farms
as an alternative to private household farms for rural development and why such an
institutional choice gained considerable popular support from Chinese peasants in the
mid-1950s. I further document how the performance of Chinese collective farms was
influenced by policy fluctuations during the period 1953-77, and discuss why in many
circumstances the collective farms were operating quite inefficiently and were unable to
provide adequate incentives for the peasants. The conclusion following the historical review is
that Chinese collective farms were not inherently inefficient rural institutions; it was the
adoption of dysfunctional policy regimes that aggravated the difficulties of labour supervision

facing Chinese rural teams and undermined the peasants’ incentives to work hard.



Chapter 3 reviews the literature on the incentive systems of worker teams. 1 identify
three issues that have not been dealt with adequately in the labour supervision literature. The
failure to handle these issues properly leads to an unduly pessimistic view of the possibilities
for monitoring when peasants hold shared residual claims. The first involves comparison
petween central monitoring and mutual monitoring. The pessimist impicitly assumes that
monitoring must be undertaken by 2 specizlized agent. However, mutual monitoring among
workers helps reduce monitoring cost by narrowing the information asymmetry between the
principal and agents that exists under a central monitoring system. Hence, the neglect of
mutual monitoring leads to an exaggeration of the difficulties of labour supervision in group
farming. The second problem with existing discussions of labour supervision is that they
usually take an ad hoc approach to the income distribution scheme. The formulation of the
payment rules and the specification of the monitoring system have often been treated as
separated problems. This has led to excessive emphasis on the role of monitoring per se as
compared with constraints on the rewards or penalties to which individual workers may be
subjected. As a result, the influence of the policy regime on the internal incentives is often
ignored. Finally, the monitoring problem is usually dircussed within the framework of a
one-shot noncooperative game. However, most production teams involve long-term
relationships. It is well known that under certain conditions economic agents can achieve
much better actions in a long-term relationship than in a one-shot game.

In chapter 4, a simple model of static mutual monitoring is formulated to address the
question of work incentives in a production team. The major innovations of the chapter are
twofold. First, I specify a formal model of mutual monitoring in which each worker engages
in two tasks: productive labour and monitoring the effort of the other workers. Second, in
contrast to the ad hoc choice of an income distribution scheme found in most models of
labour managed firms, this model integrates the selection of a payment scheme with the
choice of monitoring intensity in a team's optimization program. It is demonsifated that the
possibility of rent is a necessary condition for an effective monitoring system. Any policy that

represses the financial returns to the team will make labour supervision more difficult.



In chapter 5, a panel data set from a commune in China in the 1970s is used to
examine the technical, economic and ideological constraints on the incentives of China's
production teams. An implicit function determining the team's optimal allocation of labour
time between production and monitoring is estimated by the nonlinear two-stage least squares
method. Several hypotheses are tested. These hypotheses are: (i) Chinese collective farmers
faced a free-riding problem; (ii) teams made rational decisions with regard to monitoring
intensity, in contrast to the prevailing belief that supervision in Chinese production teams was
negligible; and (iii) the internal incentive problems of Chinese collective farms were not the
simple outcome of team farming per se, but rather resulted from dysfunctional economic and
political policies adopted during the commune era. The empirical results provide a broad
pattern of support for the above hypotheses.

In chapter 6, a simple model of dynamic mutual mornitoring in a worker team is
developed. What is unique in this model is i3 integration of formal and informal labour
supervision. The pure dynamic monitoring system and the pure static monitoring sysiem that
have been discussed in the literature are special cases of this general monitoring model.
Compared with established dynamic monitoring models in the literature, the present set-up is
argued to be more realistic, because it is observed that formal labour supervision is conducted
in most worker teams, What we attempt to show is that the group incentives and the
long-term relationships among workers can supplement the static formal monitoring sysiem
and improve the efficacy of labour supervision in cooperative production.

In chapter 7, the dynamic incentive system developed in chapter 6 is estimated with
the 1970s' panel data from a commune in China. The effect of dynamic monitoring upon the
incentives of Chinese production teams is examined. It is found that the recognition of mutual
interdependence among individual workers had a significant impact on the workers' effort
decisions. The fear that shirking would be punished by informal retaliation helped reduce the
team's monitoring cost, and therefore permitted more time to be allocated to physical
production activities. The hypotheses that were tested in chapter 5 are re-examined under the

dynamic specification. The test results are, however, inconclusive.



Finally, in chapter 8 the results are summarized and the implications for the broad

issues concerning the choice of economic institutions and development strategies are discussed.



Chapter 2

Historical Review

2.1 Introduction

The Chinese commune system <as the largest experiment with cooperative production
in human history. As an altesnative appreach to industrialization and rural development, the
Chinese collective farming system was shaped by China's factor endowments and communist
ideology. The evolution of the system reflected China's changing development strategies.
Therefore, the performance of team farming in China must be evaluated from an historical
perspective.

The chapier is organized as follows. In section 2, China's economic setting and rural
institutions prior to 1949 are introduced, and the factors that determined China's development
strategies are identified. In section 3, I address the issue of why cooperative farming gained
popular support from Chinese peasants in the mid-1950s, by reviewing the historical events of
land reform and collectivization. In section 4, the policy fluctuation during the period 1958-77
is documented. Section 5 analyzes how the incentive system of Chinese production teams
developed in response to changes in the external environment. Section 6 summarizes and
concludes the discussion by assessing the general performance of the Chinese commune sysicm

in the process of industrialization.

2.2 Economic Setting and Agricultural Policies

2.2.1 Ecoromic Setting and Rural Institutions prie- to 1949

China had been a traditional agrarian country prior to 1949. It was estimated that the
GNP per capita of China was less than US $50 in the 1940s (Dernberger and Fasenfest,
1978). This was much lower than the income level at which the western developed countries
started their industrialization process in the late 18th and early 19th centuries (Eckstein,

1978). China's productive capacity had suffered severe damage during the Japanese invasion



and the civil war. Even in the 1930s industrial output accounted for only 10 percent of
China's gross national product. Most of that was concentrated in textiles and other light
industries. There was virtually no machine-building industry and only a limited amount of
repair and assembly work. But in 1949 industrial output fell to only one-half its prewar peak.
The industrial workers in 19 accounted for only 1.5% of the national population’.

Agriculture was even more backward, with its increasing rural population coupled with
a scarcity of arable land. "hr Zrowing agrarian population and the inheritance system
contributed to dwindling farm size and excessive land fragmentation. Most farms were 100
snall for efficient ope:ation.’ The limited arable land, howewver, faced great variability of
precipitation, uneven distribution of surface water and uncertain of insufficient provision of
underground water (Prybyia, 1978). In consequence, throughout histozy Chinese farms had
been plagued by the twin calamities of flood and drought. Agricultural production fluctuated
over time as a result.

The basic rural institution was the land-tenure system. An extremely unequal
distribution of land-ownership and high rental rates had been typical of China's land-tenure
system. The landlords and rich peasants made up less than 10% of the population, but owned
more than 70% of the total arable land, while poor peasants formed 70% of the village
population, but owned only 10% of the land. The land rent ranged from 50 to 80% of the crop
(Xiu, 1982). The land rental income made little contribution to rural growth, because
three-quarters of all rented out land was owned by the absentee landlords, who were military
or government officials, moneylenders and businessmen in commerce and industry (Perkins,
1969). By extracting economic surplus from the peasants, the unequa! land distribution

exacerbated agricultural stagnation and chronic and deep-seated rural poverty (Riskin, 1975).

See China Handbook Editorial Committee, 1984, Ecomomy, Foreign Languages Press,
Beijing.

i was estimated that in the 1930s, 33% of Chinese farms had less than 1.6 acres,
25% had 1.6 to 3.3 acres, and only 8% were larger than 8.4 acres (Chen, 1982).
According to a sample of 16,786 farms in 22 provinces, the average number of
parcels per farm was 5.6 (Buck, 1937).



As a result, the land problem represented a fundamental political issue in China’s
modern history. In the bourgeois revolution, Dr. Sun zhongshan, founder of the Nationalist
Party, proposed the guideline of "land to the tillers". Unfortunately, little was accomplished
in this task before the end of Civil War, and the issue was taken over by the Chinese

communists.

2.2.2 The Party's Development Strategies

In 1949 the Chinese communists gained control over the country. The new
government's approach to the development of agriculture stemmed in part from communist
ideology and the Stalin-type development strategy. Following the logic of Marxism, after the
proletariat takes over power, the immediate tasks are threefold. First, a centrally planned
economy should be established to avoid the "anarchy” of the market system. Second, private
ownership of the means of production should be abolished, for it is thought to be the primary
source of class conflict. Third, the proletariat should try its best to accelerate the speed of
economic growth to demonstrate the superiority of the socialist system. Marx did not take
sufficiently into account the special features of agriculture. He considered the development of
agriculture in the same way he considered the development of industry, and asserted that
mechanization would revolutionize agricultural production and the future would belong to
large agricultural enterprises (Wittf ogel, 1971).

Lenin led the first socialist revolution in Russia, a backward capitalist country with a
large population of individual peasants. Lenin foresaw the conflict between private farms and
central planning, and the polarization between the rich and poor due to the private ownership
of land. Hence, he contended that in countries where communists came 10 power, peasanis
could be led to socialism without passing through a capitalist stage of development.

Stalin actually conducted the socialist transformation and the socialist construction of
the Soviet economy. In the Stalinist regime, the major economic objective was rapid
industrialization to catch up with industrially developed countries. Therefore, the main

emphasis was placed on growth of a modern heavy industrial sector; and agriculture was



viewed as an accommodating agent (Nove, 1971).

Despite the influence of the Marxist-Leninist ideology and the Soviet development
model, China's acute economic realities were the ultimate factor that determined the Chinese
communist government's development strategies. Industrialization of a vast agrarian economy
such as China requires a huge amount of capital investment. Foreign aid is »n important
source which has helped many developing countries break domestic economic constraints and
start industrialization. However, due to political and historical reasons, sizable foreign aid was
not available for China until the early 1980s. As a result, the Chinese government had no
alternative but to rely on domestic sources to start industrialization. In other words, the
success of industrialization in China crucially depended upon the ability to trans‘er a surplus
from the dominant agricultural sector for investment and capital accumulation in the
industrial sector.

Nevertheless, the Chinese communists could not afford to copy exactly the Stalinist
strategy, for agriculture's restrictive hold on industrialization progressively tightened in China.
Chinese pe: capita food availability in 1952 was less than half that of the Soviet Union in
1928. So the Chinese agricultural problem was one of production, while the Soviet problem
had much to do with marketing. Therefore, the Soviet agricultural policy in the early stage of
the Stalinist regime was extractive, whereas the Chinese leaders found it necessary to adopt a
policy which was both extractive and developmental (Tang, 1985). The Chinese government
needed a delicate economic policy whick balanced industrialization and rural development
properly so that agriculture was able to grow fast enough to meet the demand of
industrialization and the basic human needs of its mass population as well. This can never be
an easy task given the harsh realities of poverty and the scarcity of land, capital and skilled

manpower imposed by China's factor endowments.



2.3 Land Reform and Collectivization

2.3.1 Land Reform and Its Conscquences

As soon as the Chinese communists came to power, they kept their promise to the
peasants and carried out a program of land reform. The land reform redistributed 115.5
million acres of land (46.5% of the total cultivated land) to the peasants. The burden of
annual land rental payments relieved accounted to 35 million tons of grain, 31% of the total
grain output in 1949, The land reform created incentives for increasing agriculturai production
and consolidated the Party's political power in the rural areas.

However, the land reform brought about a series of new problems. The land reform
granted equal shares of land to peasant households and increased the number of landholders
by more than 50 million. The total number of household farms in 1952 was 110 million
(Chen, 1982). In consequence, average farm size was reduced and land fragmentation was
aggravated. The egalitarian land redistribution also caused serious shortages of farm inputs
for small owner-cultivators. According 1o an investization of 15,000 peasant households in 23
provinces in 1954, each household averaged (.82 hectare of farmland, and there were
approximately two draft animals for every three households, one plow for every two
households and one waterwheel for every ‘on households (Yan, 1981). Small scale family
farming was also threatened by natural disusters, iliness and death in the family. Hence, many
household farms were not able te be @i’ -sustaining over time.

As a tesult, there was & 5ir¢ v, tendency toward class stratification in the rural sector.
Some poor peasants were soon {wced into debt and land tended to become once again
concentrated in the hands of rich peasants, It was reported that one-third of the poor
peasants in 10 townships in Hubei, Human, and Jiangxi provinces and half of them in several
townships in Guangdong province were in debt. The interest rate on these loans ranged from
10 to 100% (Yan, 1981). A survey of 143 villages by the Xinxian prefecture communist party
committee in Shanxi province showed that 19.5% of total peasant households sold their land

and houses in 1949 immediately after the land reform, and the number jumped to 25.25% in
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1952 (Shi, 1987). One feature of the re-stratification was that among the rising newly tich
peasants, the majority were rural party cadres. A significant proportion of rural party cadres
engaged in labour hiring, usury, speculation, and profiteering with their political privilege.
This damaged the presuge of the party with Chinese peasants (Shi, 1987).

The constraint of agriculture on economic development became apparent as the First
Five Year Plan was initiated in 1953. The major objective of FYP-1 was the rapid
development of a heavy industrial base. The expansion of modern industry and the urban
population caused an €xcess demand for grain and raw materials. Many light industries failed
10 run at full capacity due to the serious shortage of agricultural raw materials.

In sum, the land reform provided primarily a means for overthrowing the forme.r
ruling class in the rural areas, but did not offer a solution for the conflict be.ween economic

growth and equity in the rural area.

7.3.2 Traditional Practices of Mutual Aid and Cooperation

Mutual aid and cooperation among peasants has a long history in China. In oi¢ umes,
labour exchange and draft animal sharing among groups of peasauts and cooperation during
busy sowing and harvesting seasons Were adopted to overcome shortages of means of
production, funds and labour (Myers, 1975). There were occasionally examples where a few
peasant households with more of less the same factor endowments pooled land together and
conducted unified farm management (Xiao, 1987).

However, mutual aid and cooperation did not become a common and regular practice
until the communist revolution took place. In 1920-30s, mutual-aid working groups weic
formed by peasants in the revolutionary base areas of Jiangxi province. During World War 1I,
such organizations as "labour-exchange teams", "teams for the exchange and hiring of
labour”, and "peasant cooperatives” appeared in Northern Shanx’ By the year 1949,
numerous mutual aid teams had been established voluntarily in North and Northwest China.
By the end of 1952, there were over 8 million mutual aid teams; over 65 percent of the

peasants in the old liberated areas and 25 percent in the new had been organized on a mutual



11

aid basis (Adler, 1957). The teams were formed primarily to exchange draft animals,
implements, and manpower during the busy season. Compensation for labour, implements,
and draft animals borrowed from other member households was settled by members on
mutually agreeable terms. Mutual aid teams helped poor peasants break the shortage of
manpower and draft animals and thus increased their output.

In the later 1940s, some "spontaneous” producers’ cooperatives came int? being.
These cooperatives were sev up by the peasants of their own accord without any government
initiation or approval. These cooperatives engaged in farming, food processing,
transportation, carpentry, blacksmithing, etc. The internal management and distribution
structures of these coops varied with production technology and peasants' commitment. For
instance, 32 peasant households in Shanliu village in Guang Rao county in Shangdong
province collectively reclaimed 740 mu of land in 1946. To operate the land on an efficient
scale, the peasants put the newly reclaimed land under unified management, wmle each
household also had its own original private farm land. After 2 year, having noticed that some
peasants did not devote as much effort to the coops' land as they did to their privately owncd
land, the peasants decided to put all farmland under collective operation (Xiao, 1987). These
"spontaneous cooperatives” were generally run very well, producing higher outputs and
income. The practice of miutual-aid and cooperation indicated that cooperative production

could be a promising option 1o achieve rural growth and equity for Chinese peasants.

2.3.3 Success in Collectivization

Seizing upon the traditional practice as the first step, the Chinese leadership initiated
its collectivization program in 1953. Learning from Russia's experience, the CCP leader, Mao
Zhedong, emphasized policies of stage-by-stage progression, voluntary membership, and
mutual benefit. The original plan was to accomplish co-operativization in 15 years with
one-third of the cooperatives established in each five-year plan period. These policies aliowed
peasants gradually to adjust themselves to the new system and learn how to manage farms on

a large scale.
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Moreover, attention was paid to balanced growth between industry and agriculture.
The speed of industrialization was controlled so as t0 lessen exploitation of the peasants. The
capital accumulation rate during the period was 24.2 percent of national income, lower than
most of the rates in later periods. China's agricultural tax rates were set relatively low
compared with the Stalinist regime "Dernberger, 1982). The Chinese government manipulated
a "scissors” gap between the prices for industrial and agricultural products to transfer
economic surplus from agriculture. Yet to provide production incentives for the peasants, the
prices of procurement quotas were raised at an annual rate of 4 % from 1952 to 1957 (Perkins
and Yusuf, 1984).

Furthermore, the state provided producers’ cooperatives with technical, material and
financial supports. During FYP-1, state dircct investment in agriculture amounted to 4.18
billion yuan or 9.7% of total state investment funds. The state also facilitated 7.6 billion yuan
in rural credit supplies for production and investment at low interest rates. In 1954, 4,549
agricultural technological stations were established to help producers’ cooperatives adopt new
farm technology. Meanwhile, 50,000 rural accountants were trained to improve the
management of the newly established co-ops {(Wu, 1985).

With the avoidance of Russia's mistakes, collectivization in China succeeded rather
smoothly. By the end of 1953, 15,000 elementary producers’ cooperatives had been
established. Elementary agricultural producers’ cooperatives were several times larger than the
mutual aid teams. The system was characterized by a pooling of land as shares under a unified
management. Income was distributed by both land shares and work effort. The average size of
elementary producers’ cooperatives was 20 to 30 households. Most of the cooperatives
increased their production during the next few years. According to a survey of 16,000
households in 25 provinces in 1954, the average return of the cropland of cooperatives was
18.5% higher than that of the individual poor peasants, while the return of the rich peasant
households farms was 14% more than that of the individual poor peasants (Yan, 1981).
Cooperative farming was thus attractive not oniy 10 poor peasants but also to well-to-do

peasants.
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In consequence, the rate of cooperativization exceeded the party's expectation,
although the party had dissolved numerous new cooperatives in the spring of 1955 to ensure
the quality of cooperatives. By the fall of 1955, 634,000 elementary cooperatives had been
established, 41.3 times the figure in 1953, and 16,920,000 households joined the coops, 61.5
times the number in 1953. It was reported that per acre productivity on cooperative farms in
1955 was 10 per cent higher than on individual peasant farms in the casc of rice, 7 percen'
higher for wheat, 19 percent higher for soyabeans and 26 per cent higher for cotton (Adler,
1957).

By the end of 1955, 529 advanced producers’ cooperatives were established, organizing
40,000 households. Advanced producer cooperatives represented a higher level of
collectivization similar to the Soviet Kolkhoz. In this system, pezsants’ land and other
principal means of production were transferred from private to collective ownership, and
payment for land shares and other means of production was abolished. On the average, an
advanced cooperative embraced 158 peasant households, about four to five times the size of
elementary cooperatives (Chen,1982). Most of these new advanced producer cooperatives
made further improvement in their production (Xiao, 1987).

The success in collectivizziics l2d to an overestimate of the peasants’ enthusiasm for
socialism on the part of the CCP leadership. In his "preface to the socialist upsurge in
China's countryside™ in December 1955, Mao Zhedong modified the original schedule of
collectivization and proposed that elementary agricultural cooperativization be basically
accomplished by 1956 and that advanced agricultural cooperativization be basically
accomplished by 1959 or 1960. This fueled the already high speed of collectivization. The
peasant households organized into agricultural producers’ cooperatives leaped from 60% of the
total in 1955 to well over 96% by the end of 1956, of which households in advanced
agricultural coops accounted for 87.8%(Yan, 1981). Collectivization was then basically
completed.

The overly hasty pace of collectivization gave rise to a series of problems for newly

established coops. Many new coops lackedl managerial personnel in organising team
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production. Too fast a pace in collectivization inevitably led to the violation of the principles
of voluntary membership and mutual benefits. In consequence, the number of draft animals
fell and sideline production dropped in many rural areas. The party had to send work teams
to rectify these mistakes in 1957.

Despite the haste and its undesirable consequences, collectivization in China was a
remarkable achievement. The tremendous institutional changes did not bring about social
disorder; in fact, agricultural production continued to increase in this period. It was estimated
that without significant growth in modern inputs, 80 percent of the villages increased their
production after cooperatives were established (Wu, 1985). During FYP-1 agricultural
production grew at an annual rate of 4.5%. The total productivity of agriculture rose steadily
over the period (Tang, 1980). As a consequence, peasants’ income increased by 30% in 1957,
compared to that in 1952. The experience of producers’ cooperatives during the period had
left Chinese peasants with a fine memory. Thirty years later when collective farms were
dismantled, ir an interview with a "Bejing Review" correspondent, a 43-year-old peasant,
Wang Xin, made the following statement:

"In 1951 the agricultural collectivization movement got underway in my village. We

first got organized into mutual-aid production teams and then into elementary
agricultural cooperatives, pooling our land and sharing the dividends. In 1956 we
switched to the advanced agricultural cg-operatives and put our farmland into public
ownership.”...... "With the land under public ownership all the villagers met 10
discuss how to use their farmland and how to distribute the income. This was
completely different from pre-liberation days when we had no land at all. During
those years since every one worked hard and the government provided the
co-operative with preferential loans and farm tools, production grew rapidly. The
grain output for instance, grew from 2,250 kg per hectare before 1949 to 4,225 kg in
1956. 1 remember my family got more than enough wheat that year. We lived quite
well during those years."(Bejing Review, 1984)

2.3.4 Economies of Scale, Incentives, and Policy Regimes

It has been a conventional belief in the west that cooperative production is not a
viable alternative to private houschold farming because there are no economies of scale in a
traditional agrarian economy. Also following the logic of Marxism that advanced productive
forces are the prerequisite for socialist institutions, some Marxists in the socialist countries

assert that producers’ cooperatives are 100 advanced to be suitable for a poor country like
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China. The success of collectivization in China provided evidence contrary to these popular
arguments. If cooperative farming had of fered no benefits to Chinese peasants at all, it could
not have gained considerable popular support from Chinese peasants in the mid-1950s.

Despite the prevalence of household farming in the world, China's unf avourable
factor endowments determined the special desirability of cooperative farming in the country.
It is well known that China has nearly 25% of the world's population with only 7% of the
world's cultivated land. With more than 85% of the population living on farms, the land-farm
worker ratio of China is among the lowest in the world. Moreover, China is a large and
undeveloped country; even over long time horizons it is unlikely that the economy would
provide sufficient employment outside of agriculture to relieve the population pressure on
farmland. These two factors limited the abiiity of owner-operated family farms to achieve a
unimodal rural growth in China. As was evidenced by the land reform, household farming
based on egalitarian land distribution implied exceedingly small land holdings and excessive
land fragmentation. Nevertheless, to achieve an efficient scale of farm size, a large proportion
of the rural population had to become landless and jobless. The resultant rural inequality
might undermine the social stability which is the prerequisite for sustained economic growth.
China perhaps is the last country in the world which can afford to waste its scarce land
resources and pay no attention to rural inequality. Cooperative farming offered a practical
option for Chinese peasants to obtain a rational factor combination without paying the cost of
severe rural inequality.

The optimal size of farms is an elusive economic issue in the literature, yet there has
been little doubt about the adverse impact of land parcellation on China's agriculture. Buck
(1937) notes that, traditionally, Chinese agriculture suffered severely from a high degree of
fragmentation, "the ownership by individuals of scattered pieces of land..... Such
fragmentation has the disadvantages of using up land in boundaries, increasing the number of
boundary disputes, consuming time to reach the plots, increasing the diff iculties of irrigation,
limiting the size of fields and hence the use of machinery, and making crop protection

difficult.” With the statistical data of North China for 1937-40, Dittrich and Myers (1971)
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show that the individual peasants Wwerc allocatinz their land and labour efficiently, but
operated under increasing return to scale. In an empirical study on eight agrarian areas of
China in the 1930s, Chinn (1977) notes that an increase in land fragmentation had a
significantly negative impact on private farm productivity. The egalitarian land distribution
made far.n size even smaller; therefore, the scale economy in land utilization was substantial
under joint farming. It was estimated that cooperative farming added 13 million acres to
China's arable land simply by wiping out boundaries and unnecessary paths between fields
(naler, 1957). Larger units of farm management make more efficient land utilization
possible.

The second advantage of cooperative farming was the better utilization of indivisible
farm inputs. Given exceedingly small farm size, it is too costly for every household to own a
complete set of draft animals and farm implements. Under the land tenure system, the
indivisible farm capital was pooled by having the landlords supply draft animals and
implements to his tenants or other farmers or a rental basis. However, the transaction costs
of a rental market in capital equipment can be very high. Since it may be difficult to tell by
inspection whether the renter has taken due care and attention, the problems of moral hazard
are likely to be severe. Requiring a full compensation implies high rent which may drive small
tillers into bankrupicy. Moreover, the demand for the services of farm capital inputs may be
correlated due to the seasonality of agricultural production. In other words, in peak seasons,
there will be excess demand and no farmers have surplus capacity, while in slack seasons, the
situation is reversed. In both cases, the market will experience no trade. As a result, having
their own draft animals has been a common dream of Chinese small cultivators. In
cooperative farms, costly transactions for the services of capital equipment are replaced by an
integrated farming arrangement.

Cooperative production also facilitates efficient utilization of the rural labour force.
Georgescu-Roegen (1960) compares the labour-hiring decision of a capitalist farm with that
of a family farm in an overpopulated economy where the marginal productivity of labour falls

below the minimum subsistence income. Georgescu-Roegen contends that to maximize its
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profit, a capitalist farm will never hire labour beyond the point where the marginal
productivity of labour is equal to the subsistence wage, whereas a household farm will utilize
family labour to the point where the marginal productivity equals zero in order to maximize
output. If the capitalist farms were prevalent in an overpopulated economy, there would be
sizable rural unemployment unless wages were below subsistence. Given the fact that
unemployed labour still consumes social resources, capitalist farms could create considerable
waste of labour resources. Chao (1970) suggests that due to the inability to dismiss members,
China's producers' cooperatives can preserve the merits of a household farm with respect 1o
labour utilization. According to Chao's argument, cooperatives are not only able to fully
utilize the rural labour force to maximize current production, but also hold the promise of
mobilizing the rural labour force for rural capital formation and rural industry, which
individual household farms were not able to conduct. Additionally, cooperative farming
encourages labour coordination, division and specialization.

Producer cooperatives also provide a mechanism for dispersing risk among the team
members. In the case of small private household farming, the well-being of peasant
households depends upon the state of the family members and their animals. Iliness and death
of the family's labour suppliers and animals during the peak season not only directly imposc
financial burdens on the family but can also destroy the crops. This type of risk can bc
handled by the rural credit and insurance network. However, in poor countries, the rural
credit and izsurance markets are highly localized, so that the suppliers of credit and insurance
schemes in rural areas face high risks and operational costs. Consequently, the service charges
for credit and insurance schemes are too high for many small family farms. With collective
management for manpower and draft animals, producers’ cooperatives offer an automatic
mechanism of pooling this type of uncorrelated risk among individual peasants. Moreover,
with a large operating unit, producers' cooperatives are more able to absorb losses stemming
from risky innovation and thus less reiuctant to adopt new farming technology.

Another advantage of cooperative farming is its ability 1o provide public goods such

as flood control, irrigation, experimentation with new varieties of crops, and rural health care
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and education. Collective ownership overcomes the major economic obstacles to these types of
cooperation by independent peasants. It has been argued that the services of agro-technicians,
doctors and school teachers can be provided by the local government and financed through
taxation. Nevertheless, the cost of this pure governmental approach might also be rather high
in a poor country. With a huge gap between the living standards of the urban and rural
sectors, the financial return to specialized agro-technicians, doctors and teachers must be high
enough that these intellectuals would like to serve the rural populace. Without sizable
government financial subsidies, a large proportion of the rural population could not afford
these services. By pooling lirnited financial resources and making a proper division of labour,
producers’ cooperatives are able to finance the training of the local peasant technicians,
barefoot doctors and part-time school teachers, and then make the services of technological
diffusion, health care and education available to the rural population at a relatively fow cost.

Cooperative farming internalizes numerous market transactions, the cost of which is
rather high in a backward country. However, there were agency Ccosts associated with
cooperative production. A crucial issue facing producers’ cooperatives is how to provide
adequate incentives for all individual participants. The internal incentive system of a collective
farm in a poor nation is subject to Iwo handicaps. First, the metering of individual
contributions is costly due to the nature of agricultural production. Second, low per capita
income may narrow the feasible reward scale for discriminating with respect to labour input
performance. However, the institutional design of cooperative production introduces a group
incentive mechanism which can supplement the inadequate individual incentives.

An effective collective incentive system depends on the following conditions. First, the
team size should not be too large, so that the team members have the incentive and ability to
make sure each does his or her share of the work. Second, a collective farm must be able to
control its own production process and to reap the benefit of improving team production.
Third, the workers must form stable long-term relationships. Fourth, there shculd be
sufficient coordination and communication among team workers. For these reasons, the

internal incentive problem of a farming team is not a merely technical issue. To overcome the
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potential disadvantage of team farming in labour supervision, considerable attention must be
paid to the material incentives for individual workers as well as for teams as groups.

The experience in the later period of collectivization revealed certain unhealthy
tendencies in the CCP's economic policies, which were detrimental to the establishment of
effective internal incentive systermas in Chinese collective farms. First, the party was not able
to make a proper distinction between class-stratification on the one hand, and income
inequality necessary for preserving optimal work incentives, on the other. The fear of
re-stratification in the rural area could spontaneousiy lead to rejection of material incentives
and encouraging egalitarianism in producers’ cooperatives. Second, the party leadership .id
not quite understand the limitation of economies of scale in agricultural production. In the
view of the party, advanced socialist production relations, characterized by large scale and 2
high degree of public ownership, could stimulate economic growth. Third, due to similar
ideological reasons, rural collective ownership was regarded as an imperfect socialist
production relation which was subject to transformation. This view not only encouraged
political encroachment on collective ownership but also imposed institutional uncertainty on
Chinese collective farms. Fourth, following the doctrine of Marxism, the party considered
state intervention as the primary characteristic of socialism and local autonomy as
"spontaneous capitalism". Lastly, to the party, cooperative farming was not only a stimulus
to agricultural production but also a strategic tool to transfer agricultural surplus for
industrialization. Excessive extraction of economic rent from collective farms could make ' .ch
group and individuzl incentive systems infeasible. In sum, all these policy tendencies would

thwart the consolidation and development of Chinese collective farms.

2.4 Policy Fluctuations During 1958-1977

2.4.1 Disaster During the Great Leap Forward

The Chinese communists did not draw on the experience of FYP-1 properly. The

superior performance led to an over-estimation of the contribution of institutional changes to
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agricultural production and the peasants’ socialist enthusiasm on the part of Chinese leaders.
As a consequence, the Great Leap Forward was promoted in March 1958. The major
objective of the Great Leap Forward was to simultaneously develop agriculture and industry
and to surpass Great Britain in principal industrial output within fifteen years. To support
this ambitious goal, the rate of accumulation shot up to 33.9 percent in 1958 and 43.8 percent
in 1959. The sharp expansion of industry put great pressuré on agriculture. To break this
bottleneck, a further transformation from agricultural producers’ cooperatives t¢ people's
communes ook place at the end of 1958.

With their "large size and high degree of public ownership”,? people's communes
provided a mechanism for mobilizing labour for large scale projects to support the "Great
Leap Forward". Nevertheless, a sudden expansion of the size of collective farms caused
serious management problems. The problem was exacerbated by the so-called "three winds":
a "communist wind", characterized by extreme egalitarianism and the uncompensated transfer
of resources from one collective to another, or from one level of ownership to another; a
"wind of boasting”, a tendency among cadres to exaggerate production achievements; and a
wind of blind direction”, a tendency among the authorities to issue arbitrary and uninformed
orders to collective farms.* The tremendous waste and losses caused by these "three winds",
together with the occurrence of serious natural disasters in 1959 and the deterioration of the
Sino-Soviet relationship, contributed to the nation's agricultural crisis of 1959-61. During this
period, total output of grain fell sharply by 15 percent per year; and there were some 135

million famine related deaths. The economy was pushed toward the brink of total collapse.

2.4.2 Economic Recovery during 1962-66
The agricultural crisis led to the readjustment of Chinese development strategy. The

Chinese leadership realized that industrial development could not proceed without agricultural

' Each commune averaged 4,600 families, in contrast to the average size of 158
peasant households for a producers’ cooperative.

‘The phrase of "three winds" was utilized in Chinese official media as a criticism
of incorrect past policies after the food crisis.
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development, and that institutional reorganization alone could not solve China’'s agricultural
problems. The CCP leaders adopted a new development policy, different from past ones in
several respects.

First, there was a subtle shift of emphasis toward agriculture. The targets for steel
and other heavy industrial production were lowered, and the rate of capital accumulation was
curtailed to 22.7 percent. This allowed the state to take steps to reduce the burden of
agriculture. In the period of 1963-65, the prices paid to peasants for agricultural products
increased by 20-25 percent and the agricultural tax rate was reduced from 15 to 10 percent . A
larger share of state investment was aliocated to agricuiture than before and more modern
inputs were previded for agriculture (Lardy, 1983).

Serond, within the agricultura! sector, the focus was 10 be on grain. Another new
guideline, "taking grain as the key link", has dominated Chinese agricultural development
since 1962.

Third, the commune movement was reappraised. The size of the commune was
drastically curtailed.® The three -level collective ownership by the commune, the production
brigade, and the production team was implemented. ¢ The production team, with an average
of twenty to thirty peasant households was the basic unit of collective ownership and
accounting in a people's commune. Moreover, various forms of the work point system,
initiated by producers’ coopetatives, were reintroduced to implement the principle of
distribution to each according to his work rather than need. In the meantime, 5-10 percent of
the cultivated land was returned to individual households to allow them to increase their
income. These measures rectified the practices of the "three winds™ and restored team
autonomy.

With the implementation of the above policies, the national economy showed a turn

for the better. During the three years from 1963 to 1965, the average annual increase in the

S The new commune averaged 1622 households in 1963, only one- third of that in
1959.

The commune owned only small enterprises, motor vehicles, mills and farm-tool
repair shops. The brigade owned some farm implements and facilities. The team
owned virtually all land, draft animals and tools.
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gross value of industrial and agricultural ouipt: -3 15.7 pu.er:, with industry at 17.9
percent and agriculture at 11.1 percent (Xiu, 1982). T recovery in +..tput was also suggested

by rising total factor productivily in agriculture during 1962-66 (Tang. 380).

2.4.3 The Turmoil of the Cultural Fevelution

The recovery of agriculu2i production, however, fuelled the party's aspiration for
rapid industrialization. High targets for the development of heavy industry were set again and
the rate of accumulation began to grow. By 1966 it teached 30.6 percent and never dropped
below 30 percent during the period of 1966-1976. The high target of industrialization once
again put great pressure on agriculture.

The burden of agriculture was aggravated by an excessive growth in the population. In
the early 1950s some economists did advocate that the rate of population growth should be
brought under control. Unf ortunately, these proposals were criticized and suppressed, because
the CCP leaders believed that overpopulation is a problem of capitalism that does not exist in
a socialist country. In consequence, from 1949 to 1975 the annual natural growth rate of
population exceeded 2.3 percent. The rapid growth in the population not only put great
pressure on the food supply, but also placed considerable strains on the party's employment
policies.

To support industrialization and meet the demands of the growing population for
food, the Chinese central government adopted policies which aimed at maximizing agricultural
output and procurement through the growth in the use of modern inputs and a large-scale
mobilization of peasants on rural capital construction. Among agricultural products, there was
a lopsided emphasis on grain. Local self -sufficiency in cereals became an important target for
production units at ail levels. To ensure full employment in the urban sector, the government
implemented a strict system of resident registration management to control the flow of the
labour force from the rural areas into the cities.

The Cultural Revolution started in 1966. The objective of the Cultural Revolution was

to fight against the so-called "bure ~rai-capitalist class within the party and to prevent
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restoration of capitalism. The leftists of the CCP were adamant about the "correctness” of
the commune movement and the Great Leap, and tried to re-introduce the previous policies
through political struggle.

The policies adopted during the Cultural Revolution caused great damage to Chinese
collective farms in three general respects. First of all, the price structure for industrial and
agricultural products was manipulated to the disadvantage of agriculture. During the period,
an increasing amount of modern inputs had been injected into the rural sector. From 1965 to
1977, the utilization of chemical fertilizers was extended from 0.63 million tonnes to 8.84
million tonnes, the combined horsepower of agricultural machinery power grew from 14.94
million hp to 159.75 million hp, and electricity used in rural areas was extended from 3,710
million kwh to 25,310 million kwh. Due to the existence of the price scissors between
agricultural and industrial products, the exchange vaiue of industrial products relative to
agricultural products was higher in China than on the international market. As the use of
modern inputs had greatly increased, agricultural production costs shot up.

Moreover, during the period 1949 to 1975, the labour force engaged in agriculture
leaped from less than 200 million people to 300 million people, an increase of 50 percent.
Instead of transferring rural surplus labour to the urban sector, some 16 million urban
educated youths were sent to the countryside. More and more peasants were tied to work on
the limited land, simultaneously with the growth of the use of modern inputs. Furthermore,
the marginal v~'rns to new investment in agriculture were diminishing because high yiclds
had already been achieved in the most productive areas and the state stressed cereal
production even on relatively marginal land. All these factors led to substantial increases in
agricultural production cost per unit of output.

Despite continuous increases in agricultural production cost, there were few upward
adjustments in the procurement prices of agricultural products. From 1966 to 1977 the price
index of all farm products purchased by the state rose only 4 percent, less saen (0.4 percent
per year (Lardy, 1983). The procurement price adjustments could not match the increases in

the production cost. A survey of 2,163 production units . 23 provinces, for example, revealed
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that from 1965 to 1977 grain vields increased by 36 percent but production costs wem up by
54 percent and the value of the labour day declined from 0.70 yuan to (.56 yuan, a reduction
of around 20 percent (Chen, 1982). As a result, collective farms produced high grain yields
but still had low income. The decline in the value of a day's work and stagnation of peasants’
incomes had a significant impact on incentives for peasants to work hard and on peasant
support for the collective generally (Watson, 1983).

Another factor was that during the Cultural Revolution the decision-making power of
the production teams was gicatly restricted and the peasants were deprived of their democratic
rights. The agricultural policy adopted during the period conflicted with the interest of
collective farmers, for the policy required the peasants to fulfill the state production targets at
high costs. "1 such a policy to be carried out the state had to concentrate the
decision-making power and tighten its control over production teams. Thus, the critical policy
instruments became the sown acreage, the yield target and the input requirements for
individual crops that were issued downward to production teams. The production teams had to
comply even “hough the production plans were not suited to local conditions and reduced the
teams' income, for the peasants were required to farm for the state and the revolution rather
than for themselves”. For iistance, to achieve the goa’ of regional grain self -sufficiency,
forests, grassland and lakes were blindly destroyed so as tc open up wasted land for grain
production, and arable land suitable for production of high vyield cotton, soybeans and sugar
cane was also used for grain. This kind of practice generated rather low returns to collective
farms and created a disruption of the ecological balance as well.

The state interventioin not only restricted team autonomy, but also deprived team
members of their democratic rights in dealing with the teams' own affairs. This occurred
because the state production and procurement plan had to bz enforced through the local
cadres and party organs. Consequently, whether a cadre could continue being in power
depended upon his performance in motivating the production team to fulfill state cutput and
market targets; the democratic right of the members in the choice of the leadership of the

team was simply neglected. Thus, too much power was given to local cadres, and the problem
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of corruption among commune and team leaders was aggravated. The freedom of collective
farmers was further restricted by such policies as eliminating private plots, banning household
side-line production and closing rural markets. Under this policy regime, collective farmers
had few alternatives except to produce cheap agricultural products for the state.

The Cultural Revolution era ideology directly disrupted the internal manaZizaent
system of Chinese collective farms. The Cultural Revolution motivated the desire to set up
higher forms of public ownership. In the early 1970s, neariy half of the communes in Jizngxi
province and one quarter of the communes in Zhejiang province transferred the basic
accounting units from procuction teams to production brigades (Wu, 1985). The
expropriation of grain, money and manpower from the production teams and unprediciable
institutional changes shook the collective ownership of these teams and encouraged short-run
behavior. Many production teams deliberately adopted the strategy Jf " partitioning all and
eating all” in their income distribution, and did not leave any income for collective
accumulation (Domes, 1980). Under the anti-incentivist ideology, egalitarianism pervaded the
income distribution system of the collective farms. ’

In sum, with numerous external economic and political disturbances for more than a
decade, collective farming in China had been seriously obstructed, and the peasants’

inclination towards cooperativism had been undermined.

2.5 Evolution of the Internal Incentive System

2.5.1 Formulation of Group Material Incentive Systems

Ever since agricultural producers' ceoperatives were established, Chinese peasants had
searched for some simple and practicable systems of internal management. At the very
beginning of collectivization, producers' cooperatives were small, consisting of 10-15
households; most of these coops adopted a time rate work point system. The team heads gave

the peasants job assignments on the spot every morning, and provided close labour

T will discuss this issue in detail in the next section.
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supervision. Each peasant gained work points for his/her working days.

The transition from elementary producers’ cooperatives to advarnced cooperatives
brought about a rapid expansion in the farmiand and labour :urce available to the collectives.
In this situation, the method of assigning jobs on the spot often led to idleness and chaos.
The simple lime rate work point system was then replaced by the group bonus and penalty
systems. The most popular reward scheme adopted by advanced producer-coops was called
"three contracts, one reward” i.e. contract describing jobs, output quotas and production
costs, and rewarding overfulfiliment of output quotas while penalizing unsatisfactory task
fulfillment. Under the reward system, regular work teams were organized to take charge of a
fixed section of land and to perform a perennial task. The cooperatives set the quantitative
and qualitative targets for a contracted job and output, and also specified the production
expense necessary for reaching fixed quotas in production tasks contracted to work teams. The
work team was rewarded with work points in accordance with its task fulfillment. The work
points were distributed to individual workers based on tneir contribution to the team task
fulfillment (Wang et al, 1985).

Some coops also set individual task rates alongside the group material incentive
system. In these coops, large-scale tasks, such as carrying manure to the fields, ploughing and
raking the fields, sowing, harvesting, threshing, small-scale capital construction, and fighting
natural calamities were organized by the production team, while some divisible tasks such as
weeding and field management were assigned to individual cooperative members. Some
cooperatives conducting diversified economic activities contracted the cultivation of cash
crops, the raising of animals and poultry and some aquatic products, the management of
orchards, vegetable gardening, etc. to individual members or houscholds. These individual
workers and households received work points according to the amount of output they handed
over 1o the teams. With these flexible incentive schemes, producers' cooperatives were able to
provide adequate incentives for individual workers and to take advantage of joint farming as

well.
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In Sepember 1957, the party central committee decided that agricultural producers’
cooperatives should universally adopt the system of “three contracts and one reward”. The
implementation of the group incentive system successfully overcame idleness and waste,
improved the quality of farm work, raised labour efficiency, and increased production.

Theoretically speaking, with imposition of proper group bonuses and penalties,
optimal incentives can be obtained through workers self -discipline (Holmstrem, 1982 aud
MacLeod, 1987). Yet it should be noted that a number of factors worked to ensure the
efficacy of the group incentive system during the period of 1953-1957. First of all, the
majority of collective farmers were the poor peasants who used to be hired labourers or land
tenants. By voluntarily joinire collective farms, these peasants became the masters of
production and started working 1or their own interests. This ari: ssed the peasants' initiative.
Secondly, at the early stage of collectivization the central planning system had just been built
up to replace the market system, and the state influenced collective farms' decision-making
mainly through the price mechanism and taxation rather than direct intervention. Thus, the
collective units exercised a high degree of control over their own economic processes. Third,
the agricultural policy adopted during the period was mors developmental and less extractive;
therefore, collective farms were able to increase their income by improving production.
Fourth, the Chinese government paid attention to inspiring the peasants' collective
consciousness through the appropriate propaganda. For instance, one of the popular slogans
associated with collectivization was "only if I serve for other people, would others serve for
me." This kind of slogan was acceptable and instructive in directing Chinese peasants to work
for the collective interests. In consequence, the Chinese producers’ cooperatives 1an

reasonably well in the 1950s.

2.5.2 Adoption of a wage system and emergence of household farming
The labour management system of Chinese collective farms was disrupted by the
commune movement. To support the Great Leap, agricultural production was carried out in

the form of "large formation warfare” and the labou- forces of the communes were organized
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into military forms of organization, such as squads, platoons, companies, etc.. The commun=
members teceived fixed wages and ate in the commune kitchens. The egalitarian income
distribution system of the communes resulted in free-rider problems. In the spring of 1959,
the central government reaffirmed the system of "three contracts and one reward” in rural
production brigades.

The poor harvest in 1959 combined with excessive state grain procurement initiated the
devastating famine in the early 1960s. Since no feasible reward scheme could be implemented
in the situation of famine, production teams in many regions instituted a system of
contracting land to individual households as an emergency device to overcome famine and

food shortage in 1961.

2.5.3 Restoration of the work point systems

In the spring of 1962, the central government issued the "Regulations for the work of
the rural peoples' communes”, known as the "Sixty Articles”. The document made significant
policy adjustments in the commune system. The production team with an average of twenty
to thirty peasant households became the basic unit of production and accounting. The team
was responsible for profit and loss and directly organised production and income distribution
(Art. 20 and 21). The production team was required to practice the system of democratic
management. Decisions about the team's production, income distribution and leadership were
required to be made through dizstussion at a general mecting of the team members.

The Regulations also specificd the general structure of the income distribution of
production teams. Before income was distributed to member households, deductions were
made from the total incor-. (0 cover taxes, sales to the state grain procurement organization,
seeding grains, the 1-2 ‘percent of the grain for storage, the 2-3 percent used to provide
welfare funds and t* . 3-5 percent used as public accumulation funds each year (Art. 36). The

remainder, about 65-70 percent of the crop, was distributed to the households according t0

the number of "work points achieved”.
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The income to be distributed took the form of both cash and staple food stuffs
produced. To guarantee basic food needs, the teams distributed grain on a per capita basis
according to the numbers in a family. Grain and other staples distributed were off'set against
each household's work point earnings, and the balance was paid in cash. For those
labour-poor households whose work points were insufficient to cover their basic grain
distribution, the team allowed them to go into debt for the amount of the short-fall.

The work points were calculated based on work days and task fulfillment. The team
fixed a standard for work points according to the technical level required by different types of
labour, as well as the intensity and importance of job tasks. The basic work norms werc
discussed and approved at the general meeting of team members (Art. 30-35). The
"regulations" emphasized that egalitarianism must be prevented.

In this spirit, five distinct types of material incentive shemes were implemented during
the period of 1962-1966. First, the team conducted unified production and income distribution
and assigned jobs with the specified quantitative and qualitative requirements to individual
workers. Second, with unified production planning and income distribution, the team assigned
the tasks to the work groups with "four fixed requirements”, i.e. the team specified the
production quota, the quality and the length of working time, and the group was to be
rewarded a fixed amount of work points according to the fulfillment of the task. Third, fixed
tasks on a section of land were contracted to groups or individuals, depending on the nature
of the tasks, and rewards were determined through appraisal of the quality of the job.
Fourth, a small group of individual households located in mountainous regions were assigned
output quotas. Fifth, farm output quotas were contracted for individual households. Among
these forms, the first three were the most popular ones (Wu, 1985).

Reducing the basic accounting unit to the team level and implementing the task rate
work point systems improved internal incentives significantly. The improvement of the
workers' incentives was suggested by the rapid recovery and growth of a- - .tural production

during this period (Tang, 1980).
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2.5.4 The Dazhai Work Point System

In 1964, a movement of "learning from Dazhai" was initiated in the rural areas.
Dazhai, a small production brigade in a very backward area of Northwest China, was selected
as the symbol of self -reliance and hard struggle to develop production. Dazhai adopted a time
rate work point system associated with imposing peer group pressure. Under the Dazhai work
point system, the team leader recorded the number of days an individual worked. At a
monthly meeting, a mstandard” person was selected according to criteria such as political
thought, technical skill, labour intensity, and labour attitude, with whom the team members
were compared in assigning work points through self -assessment and public discussion. The
merit of the Dazhai work point system was simplification of the awarding of work points
through promotion of collective consciousness and self -discipline.

The Dazhai system did not necessarily reject material incentives; it could function well
in teams with strong leadership and workers' commitment (Perkins and Yusuf, 1984). In a
case study of China's collective farms, Unger (1985) notes that when collective production
contributed to a significant improvement in peasants' living standards, the stronger team
members had not particularly minded that their less productive teammates were rewarded with
a disproportionate share of the team income. In this case, the Dazhai work point system had
operated reasonably well. Unfortunately, the Dazhai work point system was introduced into

Chinese coliective farms during the Cultural Revolution.

2.5.5 Political Struggle, Rural Poverty and Egalitarianism

The Cultural Revolution sabotaged refinement of the internal incentive system of
Chinese collective farms. During the period, the material incentive schemes were criticised as
"putting working points in command”. The principle of "distribution according to work " was
attacked as "bourgeois rights”. As a result, the various forms of piece rate and task rate work
point schemes were replaced by the Dazhai work point system.

The potential merit of the Dazhai method was, however, outweighed by the Cultural

Revolution era ideology. Under the guideline of “taking class struggle as the key link", the
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class alignment in the rural zeas went astray, and a series of man-made conflicts were
created among cadres and peasants which had a disastrous effect on the solidarity of the
peasants. Moreover, having experienced numerous political movements, the cadres of most
teams were afraid of arousing disputes and spoiling relations among team members.
Furthermore, when implementing the Dazhai method, political reliability rather than work
contribution was introduced as the most important criterion for the allocation of work points.
Lastly, the Dazhai method was used as a tool to fight selfishness. However, this incidentally
destroyed the self-enforcing mechanism of an ef fective group incentive system, because
free-riders in the team no longer feared retaliation. As a result, egalitarianism dominated the
income distribution of most teams. A predominant practice of allocating work points was to
assign a fixed number of work points to each worker for each day worked according to
his/her sex and perceived strength. The scale of daily work points usually ranged from 6 to
10.

Egalitarianism in Chinese collective farms was reinforced by the chronic rural poverty.
Under the extractive agricultural policies, the value of a day's labour in Chinese collective
farms fell by 33% between 1957 and 1977 (Zhang. 1980). As a result, many production teams
possessed little economic rent, and werz not able to distribute the team's cash and staple
according to work points adequately. More precisely, many teams could distribute little cash
above the basic grain ration and also had few welfare funds to finance overdrawn grain by the
labour-poor families. As a result, the peasants' indebtedness diluted the income distributabic
for work points. According to Nolan (1983), income distributed according to work points did
not easily cover 30 to 40% of the distributed collective income in many poor areas. ' Under
the work point system the raw number of work points gained by each household was quite

different, for each household possessed a different capacity for labour supply. Yet the income

"The problem was noticed by the CCP leaders. In the document of the Central
Committee of the CCP issued at the end of 1971, it was stated, "At present, somc
communes, brigades and teams have quite a few overdrawing households, rendering
normal distribution impossible. They have even used up the accumulation of the
collective, partitioned the national loans, thus seriously battering the aggressiveness of
the commune member's collective production, and affecting the consolidation and
development of the collective economy.” (Domes, 1980)
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distributed 1o each household did not differ much. The rural poverty induced excessive
egalitarianism in the income distribution of collective farms, which dampened peasants’ work

incentives.

2.6 Concluding Remarks

Despite traversing a tortuous road, Chinese collective farms made a remarkable
coniribution to China’s economic development. The coliective farms provided a tremendous
amount of financial resources for industrialization. It has been estimated that from 1949 to
1978, the price scissors between industrial and agriculiural products had extracted 600 billion
yuan for the state from the peasants, or 45 percest of their cash income during this period
(Jiang and Lou, 1987). Thus, with little foreign financial support, China's industrial fixed
assets had increased 26-fold from 1952 to 1979. The share of the industrial sector to gross
national product increased by more than 30 percentage points from 23.1 in 1952 10 53.6 in
1978. The corresponding share of agriculture declined by nearly 25 percentage points from
5§7.7 to 32.8 during the same period.® The development of modern industry made it possible to
equip agriculture with modern technologies.

The collective farms also provided huge amounts of labour for large-scale capital
construction aimed at water conservancy. With the state's financial assistance, new dikes and
embankments as long as 164,000 kilometers, four times the circumference of the earth, had
been finished. More than 86,000 reservoirs with a total capacity of 400 billion cubic meters
had been built (Xue, 1982). The total irrigated area of the country increased from 20 million
hectares in 1952 to 44.96 million hectares in 1978. As a result, Chinese agriculture became
much less vulnerable to cyclical weather anomalies (Kueh, 1986). The remarkable
improvement in land infrastructure removed the major obstacle to accelerating agricultural

output growth through modern technologies.

"Kueh (1989) points out,"This sharp rise in industry's share in China's national
income is a rare historical phenomenon. For example, during the first four or five
decades of their drive to modern industrialization, the industrial share rose by only
11 percent in Britain(1801-41); and 22 percent in Japan (1878/82-1923/27)."
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During the period 1962-80, China's cereal production grew at a respectable 4.5 percent
per vear in contrast to the annual growth rate of world total cereal production of 3.1 percent.
There was a significant improvement in productivity per unit area. In terms of sown acreage,
grain yields rose from 1.03 tons per hectare in 1949 to 2.78 tons per hectare in 1979, and
gotton yields from 158 to 488 kg per hectare. In 1980, China produced 18.4 percent of the
world cereal cutput with only 7 percent of the total arable land on the Earth. China's cereal
production was 120 percent of the cereal output produced by the U.S.A, 178 percent of that
by the Soviet Union and 224 percent of that by India, whereas China's arable land was only
61 percent of that of the U.S.A, 49.6 percent of the Soviet Union and 67.8 percent of India
(Ma, 1989).

The Chixnese collective farms also provided an institutional vehicle through which great
achievements in improving rural health and education were made. According to Perkins and
Yusuf (1984), Chinese peasants had a life expectancy at birth of thirty to thirty-five years in
the 1930s. Infant mortality for the rural populace was around 200 per 1000. In 1979, lifec
expectancy was nearly sixty-nine years, having increased by an average of 1.5 years per
calender year since 1949. This rate was three times the standard for developing countries. The
infant mortality rate dropped to around 50 per 1000 for the nation as a whole. The literacy of
rural young adults increased from 20 percent in 1949 to 70 percent in 1979 (Perkins and
Yusuf, 1984). In 1979, there were 250,000 part-time peasant technicians and 17,622
agricultural technology diffusion stations in the rural areas, in contrast to zero and 10
respectively in 1950. In consequence, a great number of technological innovations had been
made in the rural areas since 1953 (Xue, 1982).

The collective farms also promoted rural industrialization. Up to 1979, there were
767,098 commune- and brigade-run enterprises in industry, 82,142 in transportation and
49,651 in construction, employing 22.5 million workers. This unprecedented progress made
under the commune system in the development of industry, rural infrastructure and human
capital in fact provided the backbone of accelerated growth during the post-1978 reform cra

in China.
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However, the heavy investment in industry and rural infrastructure was not
accomplished without the sacrifice of peasants' current consumption. The growth of the
income of peasants had been quite slow. It was estimated that the total ner capita income of
peasants was 73 yuan in 1956 and 113 yuan in 1977 (Lardy, 1983), and the income distributed
from collective sources of a peasant in nearly one-fourth of production teams was below the
50-yuan poverty line (Document No. 1, 1979), and as much as one-eighth of the rural
population could not produce enough grain to feed themselves (Watson, 1983). The
stagnation of peasants' income had a significant impact on incentives for peasants to work
hard and on peasants’ support for the collective farming sysie

Judging by its performance, cooperative farming in China as a special approach to
maximize the speed of industrialization, and minimize the human cost that many developed
countries have paid for their industrialization, can hardly be accused of a failure, given
China's harsh economic realities. Nevertheless, there is no doubt that Chinese collective farms
did not operate at full efficiency. In many circamstences the system was operating quite
inefficiently.

However, the efficiency and incentive problems facing the Chinese collective farming
units were complicated issues. Perkins (1980, pl48) argues that the low return to the
investment on China's agriculture can be explained in part by China's factor endowment. He
speculates: " In the absence of a severe shortage of land ..... , current high rates of
investment in Chinese agriculture would have achieved much more dramatic results.”
Moreover, no economic organization is born with success. It has taken capitalist institutions
more than two centuries to evolve from their classic form to modern corporations. One should
not be surprised that Chinese collective farms went through some coustly periods of seeking
proper operational forms.

Nevertheless, it is undeniable that there were many man-made policy mistakes which
prevented Chinese rurai 'cams from working on their frontiers of production efficiency. As
we have reviewed, the performance of collective farms was significantly influenced by

variations in the current policy regime. During the period of FYP-1 and the early 1960s when
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the speed of industrialization was moderate, the agricultural policy was less extractive, and
workers' material incentives were encouraged, Chinese collective farms did fairly well in
development of production and improvements in peasants’ living standard. But during the
Great Leap Forward and the Cultural Revolution, the Chinese government adopted policies
that promoted urban and industrial development at the expense of the collective farmers, and
encouraged egalitarianism. With such an external environment, Chinese collective farms could
not be operated efficiently to meet the demands of the state, while simultaneously raising
peasants' incomes significantly, except a minority of communes which had locational
advantages in production and marketing. The lack of significant progress on peasants' living
standard undermined the peasants' incentives to work hard and their support for the
commune system.

Thus, it is safe to conclude that Chinese collective farms were not inherently
inefficient rural institutions; it was the adoption of dysfunctional policy regimes that

undermined the consolidation and development of Chinese collective farms.



Chapter 3

Literature Review

3.1 Internal incentives under perfect information

The origin of the theory of collective farms is intertwined with that of the theory of
the labour-managed firm. In the self-management literature, a labour-managed firm is
commonly defined as a productive enterprise in which the workforce of the firm exercises the
ultimate decision-making rights in a politically egalitarian and democratic manner, and
workers share the residual claim (Bonin and Putterman, 1987). Economists have studied the
nature of labour managed firms from various angles, for instance, the firm's behavior in
labour !° and capital markets.}! Among these broad issues, the internal incentives in a
labour-managed firm have attracted growing attention, because it is well recognized that the
enthusiasm and devotion of the participants 10 a firm is as important a determinant of the
firm's productivity as resource allocation cfficiency in team production.

Sen (1966) investigates the internal incentives in collective farms. In his study. the
optimal choice of the individual peasant's effort is assumed to be influenced by an internal
distribution scheme that consists of a proportion of the collective income distributed according
to "need" and a proportion according to *work”. Sen demonstrates that with no income

distributed according to "need", collective farmers tend to perform an excessive amount of

"Ward (1958), Domar (1966) and Vanek (1970) discuss the situation in which the
team chooses its short-run labour input to maximize net revenuc per worker. They
note that because a new employee with lower marginal productivity tends to reduce
average net revenue for the existing members under such a maximand, an increase
in demand for output leads the worker team to reduce its output and employment.
The team's perverse short-run behavier can be corrected in the long run through
the formation of new teams in a growing industry.

1 Pejovich (1969), Furubotn and Pejovich (1973) and Jensen and Meckling (1979)
contend that a producers' cooperative cannot operate efficiently because of its
defective investment incentives. According to this argument, the investment incentive
problem is located in the limited horizon of the team member with the enterprise
and non-transferability of the collective asset shares. Sertel (1982) and Dow (1986)
argue that the inadequate investment incentives can be remedied through the use of
marketable memberships. In a competitive market environment, "capital can be
collectively owned by a iibour-managed firm without undermining investment
incentives.” (Dow, 1986).

36
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labour, because the farmer earns an added claim on the common product even if his marginal
contribution increases that product very little. On the other hand, there is too little work dene
in a system of distribution according to needs due to free-rider problems. Sen concludes that
optimality requires a mixed system of distribution according to work and needs.

Following Sen, Bradley (1971, 1973), Cameron (1973a,b) Markusen (1975, 1976),
Bonin (1977), Chinn (1979), Cremer (1982), Israelsen (1980), Putterman (1980, 1981) and
Putterman and DiGiorgio (1985) study the various issues of the incentive system of collective
farms. The common conclusion of these studies appears to be that the organizational design
of a producers' cooperative implies compatibility between productive efficiency and income
equality; therefore, it is not necessarily inherently inefficient.

In all these models, work is assumed to be costlessly and perfectly measurable. This
assumption, however, is not plausible because identification of individual productivity in team
production is rather difficult. The difficulty of monitoring labour input requires a departure
from the perfect information context of the labour-managment literature in order to

understand the intricacies of work incentives in a team setting.

3.2 Internal Incentives under Imperfect Information

3.2.1 Alchian-Demsetz on the Necessity of Central Monitoring

It is now widely recognized that imperfect metering of labour input results in internal
incentive problems under conditions of team production. Whenever the rewards fail to
accurately reflect individual contributions to the joint output, an individual motive exists for
shirking. Alchian and Demsetz (1972) contend that free-riding on the part of agents can be
avoided by bringing in a specialized monitor to check the work performance of agents.
However, the central monitor also has a motive to shirk, for monitoring effort cannot be
measured at zero cost. According to Alchian and Demsetz, moral hazard on the part of the
monitor can be eliminated by making him a residual claimant. On this account, Alchian and

Demsetz argue that a classical capitalistic firm will have an advantage over a worker tcam,
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because a worker team lacks an exclusive residual claimant, and hence no member has an
adequate incentive to monitor the contribution of others.

One flaw in Alchian and Demsetz's argument is that labour monitoring by a central
agent is only one way to deal with the moral hazard problem of team production. In reality,
many types of monitoring system such as central monitoring, mutual monitoring and
self -supervision are implemented in productive enterprises. A central monitoring system is a
control system in which some agent specializes in monitoring. This agent can be an exclusive
residual claimant, a hired subordinate supervisor, or a partial residual claimant. A mutual
monitoring system is a monitoring system where mo...tors are production participants. A
mutual monitoring system can rely on formal horizontal control of labour, or informal
peer-group pressures. Self -supervision describes a situation in which individual workers’
efforts are self-enforced. The desirability and feasibility of a particular monitoring system
depends upon the information structure and organizational design of the firm.

To see the nature of the information structure of a production team, we have 10
distinguish the concepts of verifiability and observability, which are sometimes used
interchangeably in the labour supervision literature. A worker's performance is said to be
verifiable if by investing resources in the monitoring of actions, the team can measure effort
with enough accuracy that it can be explicitly included in a binding contract, so that a third
party (the contract enforcer) can determine whether the specified level of effort has been
supplied, and can penalize the worker if not. Effort is observable if it can be determined
simply by watching a worker's actions. Effort is verifiable only if it is observable, while the
converse is not true. A contracting problem arises from the fact that labour performance
cannot be verified at zero cost, but formal labour contracts cannot be based merely on what
people have observed, that is, they require verifiability of effort, not just chservability.

Nevertheless, it has been contended in the implicit coatracts literature that both
verified information and observed information are valuable for contract enforcement (Bull,
1987). Verifiability is pertinent for the implementation of explicit contracts, while

observability is crucia! to the enforcement of implicit contracts. So the two types of
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information are both potentially useful in improving the productive efficiency of a firm.
Generally speaking, obtainirg verified information is the major purpose of formal labour
supervision, while intra-firm observed information introduces the possibility of informal
monitoring among the participants in the team.

A productive enterprise usually has two types of human input: a central manager and
subordinate agents. To ensure optimal work incentives both the manager and workers should
be brought under control. However, the monitoring mechanisms for the manager and

subordinate agents are not the same because they have different information characteristics.

3.2.2 Contro! .f the Central Manager

The primary task of a ceniral manager is to coordinate team production; a man I’y
performance involves considerable initiative. As a result, a manager's effort cannot be dirce.
supervised, and thus cannot simply be purchased on a payment for service basis. As Alchian
and Demsetz suggest, in a capitalist firm, the central manager's effort is self -enforced
through his position as a sole residual claimant. Yet the exclusive residual claimancy of an
owner-manager is not the only way to provide incentives for the central manager. *?

Although the manager's performance cannot be directly supervised, his work attitude,
initiative, fairness and so on can be observed by workers. Through annual team production,
workers will have a fairly clear idea about how much effort the manager has devoted to the
team. This type of intra-firm information is wasted in a capitalist firm because there is little
that workers can do to punish an unsatisfactory manager even if the workers are informed
(except perhaps going on strike if the workforce is unionized). However, the observed
information will be fully utilized by the workers in a labour-managed team, because the
workforce has the ultimate authority over the decisions of the firm, including the right to
choose the team manager.

The special information characteristics of the central manager provide some simple

and thrifty solutions for the moral hazard problems on the part of the central manager in a

"Many people disagree with the Alchian and Demsetz argument about residual claims
and effort of the central manager (see Putterman (1984) and Dow (1987)).
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worker team. For example, the team can pay the manager 2 competitive wage and let his work
contract renewal be subject to worker's annual assessment and the democratic vote of the
working membership. A lazy manager will be fired by the team, and his performance will be
written into his job reference. In this way, managers who are concerned about their
reputations may be deterred from shirking by the prospect of lost future earnings. In
particular, suppose that the wage of a manager is higher than a worker's average shared
income in the economy. Job loss can be made directly costly even without reputation effects.
As Shapiro and Stiglitz (1984) and Bowles (1985) demonstrate, involuntary unemployment
can be used to discipline workers, and the same approach can be applied to managers as well.
As long as the sum of the discounted income loss and the non-monetary losses in
self -accomplishment, self-esteem, privilege of avoidance of unpleasant manual labour etc. for
a fired manager are large enough to wipe out the one period gain of shirking in his managerial
duty, the manager will align his individual priorities to the team's objective.

The control of the central manager's performance in a democratic production team
should not be more difficult than the use of takeovers or proxy fights by shareholders to
minimize managerial shirking. In fact, a team can react (0 a manager's malfeasance more
quickly than the shareholders, for the team's manager is subject to direct monijtoring by
workers, while shareholders have to detect managerial shirking by reading stock market prices,
or through other indirect channels. The problem of controlling the central manager's
performance in a production team is thus overstated by Alchian and Demsetz. In what

follows, 1 will focus on the monitoring of workers in the rest of the thesis.

3.3 Control over workers

3.3.1 Information Characteristics and Monitoring Structure
Generally speaking, a worker's job is relatively concrete and specific compared with
that of the central manager. So it is less costly to measure a worker's contribution than a

manager's by such devices as working hours with expected intensity, pieces of job done with
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some qualitative requirements, task fulfillment and so forth. If metering of workers'
performance is not prohibitively costly, close labour supervision offers one potential solution
for agents' malfeasance in a situation of team production.

It has been argued that the efficient form of labour-supervision depends upon the
technological characteristics of the production process (Puiterman, 1984). For instance, it
may be efficient for a firm to have some agents who specialize in moritoring when the
workpiacc is relatively concentrated in space and jobs are standardized. In other cases, where
production is conducted at widespread locations, or the input performance of workers cannot
be accurately assessed by agents who do not directly engage in production, it would pay
instead for a firm to have each worker devote some of his time to “monitoring” (Mirrlees,
1976).

A worker's effort is ofien observable to his co-workers. If the firm’s size is not too
large, it is not impossible for a worker to know how all the other workers have performed
through joint production. In this case, informal mutual monitoring among workers may
furnish another potential control mechanism over workers. Clearly, eliminating frec-riding
problems necessitates worker supervision, yet the best solution is not necessarily to have all
monitoring carried out by a central residual claimant as Alchian and Demsetz suggest.

Despite the existence of many potential solutions for the internal incentive problems
of team production, a firm's monitoring structure is shaped by the organizational form
involves. It seems unlikely that an effective mutual monitoring system could be established in
a capitalist firm. In such a firm, the principal holds the residual claim and the workers earn
fixed wages; any additional effort extracted from workers will become a part of the residual
of the incipal. A formal mutual monitoring system is not feasible under such an incorac
distrii. *n structure. The conflict of interest between the principal and ag:nts introduces a
potential for negative collusion among workers, which might be aggravated if workers werc
responsible for checking each other's performance (Cable and FitzRoy, 1980a). Conceivably,
if a formal mutual monitoring were implemented, the principal might lose control over the

workfoice, unless he also monitored the worker-monitors himself .
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The problem of extracting monitoring effort from workers here is not that the
rewards to monitoring are too diffusely shared, but that the income distribution structure of a
capitalist firm provides no incentive for workers to monitor each other at all. As a result, the
principal must engage in monitoring. If the size of the team is large, it would be desirable for
the principal to hire some subordinate superviscrs to monitor productive workers rather than
implement a mutual monitoring system, even in the case where mutual monitoring appears to
be technically superior. Separation of monitoring duty from productive workers and paying
higher wages to subordinate labour supervisors are one way to prevent negative collusion
among workers and to control subordinate supervisors in a capitalist firm. 1

Informal mutual monitoring among workers seems also infeasible for a capitalistic
firm. The lack of direct interest interdependence among workers limits the scope for
peer-group pressure over workers. Also, the conflict of interest between the principal and
agents discourages truthful revelation of workers' observed information.

The monitoring structure of a worker team is rather flexible. Due to their sharing of
residual claimancy, workers directly bear the cost imposed by free-riders in the team and
share the benefit of improved productive efficiency. The interest interdependence among
workers may motivate workers to monitor their co-workers. The individual incentive for
monitoring might be small in a static situation because the benefit of monitoring activity tends
10 be spread among the team members. However, the workers are unlikely to engage in
negative coilusion against their own interest.

The interest interdependence among workers also provides a fundamental material
basis for efficient utilization of intrafirm observable information flows in a worker team. This
type of information has limited scope for improving productive efficiency in a one-shot static
situation because the team cannot formally penalize a shirker without showing verifiable
evidence, while team members are unable to react informally to each other's actions in 2

one-shot game. But most production teams involve long-term relationships which allow

UCalvo and Wellisz (1978) show that under a hierarchical control system, it is
incentive incompatible to pay supervisors and supervisees equal wages despite the fact
that no more skill is required of the former than of the later.
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workers to punish free-riders through the use of their observed but non-verified information.

A production team can therefore more fully exploit its informational resources by
implementing a monitoring system which consists of two parts: forma! labour supervision
(either central or mutual or a2 mix) and informal dynamic mutual monitoring. The existence
of mutual monitoring components is the primary characteristic of the contral system of a
worker team (Ben-Ner, 1988b).

In sum, we see that Alchian and Demsetz treat the special attributes of the monitoring
system in a capitalist firm as a common feature of all team production, and then compare
capitalist with labour-managed firms using this biased assumption. Needless to say, the
conclusions derived may be misleading with respect 1o the true monitoring capacities of the

labour-managed firm.

3.3.2 Static Mutual Monitoring

Compared with the centralized monitoring system that is commonly implemented in
capitalist firms, a mutual monitoring system has numerous advantages. First of all, a mutual
monitoring system may eliminate the information asymmetry between the principal and agents
that exists under a central monitoring system. In team production, there are many activitics
that allow workers to work and observe one another's performance simultaneously. In these
situations, a specialized monitor may not be able to observe labour input as accurately as
productive workers themselves. '* The difficulty of monitoring labour by a third party can be
aggravated by the spatial and sequential charateristics of the production process. In this casc.,
a specialized labour supervisor has io conduct his duty by travelling back «nd forth over
widely separated parts of the field, and hence the chance of catching a shirker is low.
Nonetheless, if the monitors are also productive participants, labour supervision can be

automatically carried out wherever production takes place as long as workers dre mnot

14 Bradley and Gelb (1981) suggest that considerable scope for horizontal menitoring
may exist regardless of technological constraints. They point out, "As a matwer of
fact, only 2 per cent of ali employed Americans are estimated to work undei
assembly line-like conditions.”
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physically isolated from each other. The information asymmetry between the principal and
agents will become more serious when the production process is subject to frequent random
disturbances. In this case, a central monitor may noi be able to accurately discount the
random impact in assessing input performance, while by doing the same job and facing the
same state of the envirouinent every worker of the team has equal access 0 information on
the performance of others. The information implications of a mutual monitoring system are
particularly important to a farming team.

By reducing information asymmetry, a mutual monitoring system allows the team to
reduce the mistakes that otherwise might be made in choosing payment schedules, deciding
about worker promotion and dismissal etc. This type of mistake is counter-productive in
labour supervision. Additionall, with a symmetric information structure and democratic
decision making process, it would be relatively easy for the team to set up quantitative and
qualitative job requirements and corresponding rewards which are mutually acceptable to the
workers. Once workers believe that the rewards/penalties and job assignment procedures are
fair, fewer resources wiii be lost in disputes and disagreement.

Furthermore, a mutual monitoring system may motivate workers as a group to
internalize menitoring costs through self -discipline. By engaging in both production and
monitoring, workers directly bear the cost of both labour effort and labour supervision, while
they will share the benefits of improvement in productive efficiency. Workers therefore have
incentives te find production techniques or methods of organization that reduce the net cost
of monitoring. Conceivably, if the size of the team is not too large, with sufficient
communication and coordination workers may be able to avoid the temptation to shirk
through mutual self -discipline.

Bradley and Gelb (1981) formulate a mutual monitoring model. In this model,
"mutual monitoring” is defined as "positive reinforcement by peers". Bradley and Gelb
demonstrate that under peer pressure, a worker may provide greater effort than he would
deliver if only motivated by his share of profits. A worker's mutua! monitoring effort is

induced by this perceived increment to his shared income, while the worker has to sacrifice his
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leisure by engaging in mutual monitoring. They assert that workers will participate in
monitoring of fellow workers up to the point at which the marginal disutility of the
monitoring effort equals the marginal utility of the increment to their individual profit shares.

Bradley and Gelb's study demonstrates both theoretically and empirically the existence
of a mutual monitoring mechanism in a production team and its positive impact on the team's
efficiency. In their study, mutual monitoring is treated as informal labour supervision 10
supplement rather than to replace a formal central control system. This approach to the
incentive system of industrial producers' cooperatives is reasonable. Since the work processes
are relatively concentrated in space, and the jobs are standardized in an industrial factory, a
central monitoring system may be more efficient than a f ormal horizontal monitoring scheme.

A formal mutual monitoring model has not to our knowledge been formulated in the
literature on collective farms, yet such a system has many desirable properties for a farming
team. In the literature on labour supervision in producers’ cooperatives, monitoring is often
treated as an ordinary input; the utilization of monitoring inputs is regarded simply as a
reduction of the teara's net revenue available for distribution. What is the monitoring
structure of a production team like? Who engages in monitoring? And who monitors the
monitors (Alchian and Demsetz, 1972)? All these problems remain unsolved in the case of

production cooperatives.

3.3.3 Choice of Monitoring Input and Payment Rule

Another important aspect of labour supervision that has not been dealt with
adequately in the literature is the relationship between income distribution schemes and
monitoring per se. A team cannot solve free rider problems simply by monitoring itself, for
few people would care about monitoring if shirkers were not penalized. The penalty imposed
on sub-standard work is an inseparable part of an effective monitoring system. However, the
formulation of the rewards and penalties and the specification of monitoring have often been

treated as separate issues in the literature on moral hazard in team production.
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There are two parallel approaches to the moral hazard problem in firms. One focuses
on the endogenous choice of payment schemes for a given information environment; while the
other emphasizes the choice of the optimal degree of monitoring holding the incentive scheme
fixed.!® For exampic, Holmstrom (1982) shows that in the absence of observability of effort,
free-rider problems can be removed without monitoring when there is a "third party" who is
able to enforce grour penalties or to finance bonuses. He argues that the third party must be
a principal who owns the capital and receives the residual income of the firm. Eswaran and
Kotwal (1984) note that Holmstrom ignores the fact that the imposition of group penalties by
a principal creates a potential for moral hazard on the part of this third party, which could
render the proposed equilibrium incentive -incompatible.

The opposite tack 1o Holmstrom's approach has been to treat methods of labour
supervision as a choice variable. Such studies focus on the choice among alternative systems
for moritoring labour effort, while dealing with the issue of income distribution in some ad
hoc fashion. For instance, Bradley and Gelb (1981) introduce the rewards and penalties into
the mutual monitoring system rather informally. They argue that mutual monitoring will
create a self -disciplined environment in which the workers may not feel so disciplined as they
might feel under a vertical control system. So mutual monitoring is assumed to influence the
choice of effort level not by changing the monetary return to labour, but rather by altering
the disutility of effort. The peer pressure approach to mutual monitoring is inadequate if one
is concerned primarily with individual monetary incentives. If the information generated
throvgh monitoring did not have well-specified consequences for workers' income, it would be
dicficult to determine the effectiveness of a mutual monitoring system when workers were
rather materialistic and did not care about "peer pressure” too much.

Lin (1988) implicitly introduces penalties into a model of the labour supervision
system of Chinese production teams. According to Lin's model, under perfect supervision the
work points a worker earns are equal to his effort e. Without supervision a worker is

presumed to have worked at maximum intensity e=1 and to be assigned full work points. He

UPutterman and Skillman (1988) make this distinction.
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assumes that a penalty equal to 1-e is imposed on a worker who is decla::d to have not
orked at maximum intensity. Lin does not explain why a production team must impose
penalties in this ad hoc way.

Economists have noticed the impact of the income distribution scheme on the efficacy
of a team's labour supervision system. Bonin and Putterman (1987) and Putterman and
Skillman (1988) formally demonstrate that the incentive effect of increased monitoring
depends critically on the incentive scheme employed in a production team. In particular, they
show that if all the collective income has been distributed according to need, rather than
individual effort, monitoring has no effect on effort.

The authors of these two studies, however, do not deal simultaneously with the
optimal choice of an income distribution scheme and the optimal choice of monitoring
intensity. As the authors mention, an ad hoc approach to the payment scheme is assumed in
their analysis as a simplification, to help focus on the relationship between monitoring and
incentives. However, by holding the payment rule fixed, one can easily overlook the ways in
which workers' incentives vary with the nature of the income distribution scheme. This
omission has led to excessive emphasis on the role of monitorirg per se in the investigation of
labour supervision and incentives in a production team.

The interaction between the payment rule and monitoring intensity as determinants of
labour effort has been modeled in the efficiency wage literature. Shapiro and Stiglitz (1984)
and Bowles (1985) show that when labour effort cannot be observed costlessly and perfectly,
involuntary unemployment is in fact a worker discipline device. By examining the [ irm’s
optimization program with respect to the wage package and monitoring intensity, they find
that there exists a trade-off between :he magnitude of the penalties imposed on a caught
shirker and the degree of monitoring: a employer can curtail monitoring expenditures by
choosing to pay high wages, while relying on the threat of involuntary unemployment to
achieve a no-shirking equilibrium. Shapiro and Stiglitz and Bowles' studies provide insights
into how to integrate the selection of a payment scheme with the choice of monitoring

intensity in a team's optimization program.
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3.3.4 Dynamic Mutual Meuito:isg

Formal labour supervision offers a static solution for free-rider problems in team
production, whereas most production teams involve long-term relationships. It is well known
that economic agents could behave quite differently in a one-shot game and in a long-term
relationship. In a one-shot game, the concept of Nash equilibrium rules out strategies which
take into account the reactions of other agents. A repeated game, however, allows agents 10
respond to one anothers’ actions, so that each agent must consider the future reactions of his
opponents in macxing his decision. The fear of retaliation may lead to outcomes that otherwise
would not occur, and which may be Pareto-superior to Nash equilibria of the one-shot game
(Fudenberg and Maskin, 1986).

In this spirit, Tyson (1979) proposes tnat the efficient level of effor: can be obtained
by a production team through infinite horizon trigger strategies. MacLeod (1984) formally
models the dynamic incentive system of a worker team. MacLeod shows that one-period
cheating gives the deviant a net utility gain due to high leisure and only slightly reduced
income. However, once the defector is detected through his or her effect on output, all team
members will revert to suboptimal effort levels in all periods following a deviation, and then
the defector will be punished in the long run. With a sufficiently long horizon, and a low
discount rate, it is never optimal to shirk. The first best level of team production can thus be
attained despite the selfishness of team members, simply through monitoring total output and
dynamic punishment strategies. MacLeod notes that because a long term % .tionship is a
necessary condition for viable cooperative production, freedom of exit may make the existence
of a worker team impossible, even if such an organization is socially desirable. In this rege i,
MacLeod recommends the imposition of exit barriers to create sufficient commitment to the
cooperative on the part of workers.

Two objections to the dynamic incentive model of Tyson and MacLeod have been
raised. First of all, the model assumes long-term relationships among a fixed group of agents.
Although the firm may have an infinite life, each of its members participates for only finitely

many periods. Workers who are about to retire will be tempted to renege on their effort
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contract, because they do not fear any punishment triggered by their deviation from the
cooperative agreement that would happen in the next period (Conte, 1979). Secondly. the
imposition of barriers to worker exit may be incompatible with the factor mobility required
for efficient allocation of resources (Bonin and Putterman, 1987).

Jacques Cremer (1986) develops an overlapping ; :erations model to remedy the first
of these two objections. According to Cremer, while it is true that the oldest members of the
firm will slack off due to their freedom fzom retaliation, the next oldest member of the firm
has to behave himself properly, for he can still be threatened by the workers who will be
living in the next period. These workers in turn will be threatened by the successors in the
chain of members of t:- firm. Consider that a firm with an infinite life consists of N
workers, and each period a new worker enters the firm while the oldest quits. Cremer shows
that in this situation an equilibrium where N-1 workers choose cooperation and the oldest
worker slacks off is attainable, even if the static equilibrium is inefficient. He also notes that
in this ongoing firm, it is optimal to assign the young agents the hardest tasks, because they
are least likely to cheat. Thus, the infinite horizon incentive model for a fixed group of agents
is a plausible simplification of the incentive system in a more realistic production team wheie
workers have finite lives.

To avoid the conflict between productive ahd allocative efficiency that might rise in
the dynamic incentive system, special attention has to be paid to the notion of barriers 1o exit
from the team. There are three kinds of exit barriers which need not be incompatible with
efficiency in resource allocation. The first one is the natural barrier created by the factor
endowments of an economy. Because of the existence of natural barriers, labour mobility
varies across industries and nations. For instance, agriculture is essentially a declining sector;
most labour on farms will be gradually transferred to non-farming sectors in the course of
economic growth. The transfer of farm surplus labour is inevitable and desirable, so it shouid
not be deterred on any account. This special feature of agriculture limits the scope of the
dynamic incentive mechanism for a team mainly engaging in agricultural production when no

labour exit barriers are imposed. Nevertheless, the dualistic economic structure of an
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underdevels ped econuiay such as China i =3 rise to various natural barriers that discourage
iabour migration from rura! «. \whay areas, since the already overly-crowded cities provide
very limited employment opportunities for fu. -igrants. The exisicace of these natural
barriers helps provide a solution for the conflics b,iween productive and allocative efficiency a
farm team may encounter. The promotion of rural industrialization and economic
diversification in rural producers’ cooperatives will reduce labour turnover for the
cooperatives, without deterring the transfer of rural surplus labour to the non-farming sector.
It is likely that without the imposition of any additional barriers to rural migration, the most
successful producers' cooperatives in rural areas will be those teams that diversify their
economic activities rather than those mainly engaging in farming.

Another type of exit barrier which need not undermine allocative efficiency involves
reductions in the value of a worker's reputation. A history of frequently quitting jobs serves
as a signal about a worker's past performance . Since a worker's reputation influences future
employment opportunities, he/she cannot afford to choose the option of shirking and quitting
without hesitation.

The third type of natural exit barrier which is not necessarily in conflict with
allocative efficiency is the firm's own internally generated barriers. The success of a team is
obviously the fundamental material basis for workers' commitment to the team since the
opportunity cost of leaving a good team for a worker is high. While workers' commitment to
remain in the team is a necessary condition for viable cooperative production, the team'’s
success reinforces this commitment. It is thus likely that unusually successful teams can
achieve optimal effort levels through dynamic self-enforcing mechanisms, without the
imposition of additional exit barriers.

Nevertheless, no firm is born successful; it takes time for a team to adjust to external
market conditions and to establish behavioral rules among workers. As a result, in the early
stage of a team, worker turnover could be quite high, other things being equal. Hence,
without unusual commitment on the part of workers, the dynamic incentive mechanism is

unlikely to completely replace f ormal labour supervision as a way of ensnring efficient effort
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levels. It is thus conceivable that at a certain phase of a team's life cycle, the team will
implement a mix of formal and informal labour supervision schemes to ensure the proper
incentives, without adopting any device of deterring labour mobility. The pure dynamic
incentive model may not fully resolve the incentive problems facing a production team, but it

may well be an important special feature of the incentive system in a successful team.

3.4 Labour Supervision in Team Farming

It has been argued that free riding pervades farming teams, for monitoring of labour
effort in agricultural production is extremely diff’ icult and very costly. Agriculture's sequential
nature ard spatial dimensions make it difficult to standardize job tasks, to control the quality
of performance and to provide close supervision of farm workers at all stages of the
production process. The high cost of supervising farm labour induced dramatic labour-saving
technological change in western agriculture, which allows fairly large units of production to be
operated as family farms (Bradley and Clark 1972, and Wittfogel 1971). Supervision problems
have also resulted in labour-displacing investment in some dynamic areas in LDCs, despite
low wages (Sen, 1981).

The special problems of supervising farm labour have been thought to be the ultima’
economic factor behind the sensational demise of team farming after nearly a quarter ceatury
of practice in China. Lin (1988) formally models the monitoring and incentive problems
facing Chinese collective farms. Lin's model assumes that individual workers ma: . their effort
decisions under the team's monitoring system, while the team management cheoses the degree
of supervision to maximize the average net income per worker. Lin shows that under the
imperfect metering of labour effort, the incentives to work in a production tez™ are positively
correlated with the degree of monitoring in the production process. The optimal degree of
monitoring in a team, nonetheless, is negatively related to the difficulty of monitoring. Since
"t is thus costly to monitor each peasant's effort contribution in agricultural production”,
states Lin (1987), "the optimal degree of monitoring in a team mainly engaging in agricultural

production must be very Jlow." He asserts that the special problems of supervising farm labour



are "the most important factor in explaining the failure of the work point system in Chinese
agricultural production teams and in explaining the dominance of the household responsibility
system over the production team system.” (Lin, 1988)

Lin's study reinforces the view that team farming is not a viable production struciure
for agriculture. However, Lin overlooks many important aspects of labour supervision in te;m
farming. Free riding is indeed a common potential problem in team production, and the
nature of agriculture limits the ability of the team to solve its internal incentive problems
through close labour supervision. However, metering of individual workers' effort
contribution is only one way to deal with the moral hazard problems in team production.
Team farming does not rule out the possibility that a team mobilizes workers' unsupervised
initiatives by ali-ning workers' interests to the objectives of the team. If the workers were
strongly motivated to work for the collectives, close supervision might not be required (Sen,
1967 and Riskin 1974).'¢ What is crucial to an effective collective incentive mechanism is that
the team must exercise control over its production process and output. Such a prerequisite
could not be easily ensured in a centrally planned and underdeveloped economy.

Monitoring is an important aspect of a labour supervision system; yet it becomes
pertinent to the incentives only if the information generated through monitoring can be
translated into appropriate payment schemes. Such a necessary condition for a valid
monitoring cost argument should not be taken for granted in the study of the internai
incentives in Chinese collective farms, which had been responsible for the primary capital
accumulation of the nation's industrialization and provision of "basic needs” for nearly 16 per
cent of the world population, while having limited economic and technical options to generate
enough economic surplus to achieve all goals.

Furthermore, it is undeniable that labour monitoring is more difficult in a large-scale
farming team than in an industrial producers’ cooperative. However, the difficulty of labour

supervision caused by the nature of agriculture can be veduced by selecting an appropriate

% In a case study, Zweig (1985) notes that in some Chinese brigades where
collectively distributed income accounted for a significantly large and growing
proportion of peasant household income, the team members preferred time-rate
schemes to the household responsibility system.



33

monitoring scheme. In other words, agriculture's sequential nature, spatial dimensions, and
vulnerability to the random impact of nature make metering of labour effort rather costly
under a vertical monitoring system; but these factors may not matter so much when a mutual
monitoring scheme is implemented. It is unclear why collective farms must adhere to costly
central monitoring rather than implementing a possibly feasible and better mutual monitoring
scheme.

Due perhaps to his focus on the technological aspects of team farming, Lin does not
pay sufficient attention to the special attributes of the incentive system of a production team.
As a result, Lin's study is not able to go beyond the surface to tackle the fundamental factors
behind the incentive problems of Chinese collective farms.

Lardy (1983) advances the view that there has been a long-term tendency in the
Chinese government's pricing and marketing policies to constrain peasant income-earning
opportunities and to inhibit the efficient use of resources in agriculture. These policies
resulted in peasants' income stagnation and dampened their work incentives. Hence, the key
obstacles to China's agricultural development lie not in the realm of rural institutions, but in
government policies such as pricing, crop planning and marketing. Nolan (1983) asserts that
the official advocacy of a high proportion of "basic ration” in total grain distribution in the
past could have caused serious motivational problems in China's backward areas.

Putterman (1985) argues that despite the difficulty of labour supervision, democratic
producers’ cooperatives need not be inferior to family farms. The success of collective
farming in Tanzania and China was inhibited by these nations' bureaucratic controls,
extractive goverurment policies and anti-incentive ideology. Putterman (1987) shows that the
failure to choose an optimal mix of meeting basic needs and implementing a distribution
scheme based on material incentives in China's collective teams was among many factors that
caused the incentive problems of Chinese collective farms. Under the prevailing economic and
ideological constraints, it was rather common in Chinese collective farms that the proportion
of the collective income used to cover basic needs was too high, while the proportion of the

income left to be distributed according to work turned out to be too low. This could result in
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serious moral hazard problems in these teams, which were in general located in poor areas.
The low preductivity of labour led to the use of a large share of distributable income for
subsistence consumption, and left little scope for implementing material work incentives. In
consequence, there may have existed a vicious cycle of poverty and moral hazard in these poor
teams.

Parish (1985) suggests that given the difficulty of correcting market distortions and
reorienting existing industrial and urban-biased <Jevelopment strategies, "to move toward
quasi-family farming, then, may have been seen as a cheap alternative, providing 2 quick fix
for many of the problems afflicting agriculture.” Nevertheless, as the experiments with
household farming in Poland show us, without proper attention to the macro-policy regime,
family farming itself is unlikely to provide sustained growth in agriculture in the long run.

Due to the lack of a sound theoretical analysis of the incentive system of collective
farms and its relation to the policy regime, these important notions have not attracted

sufficient attention in the study of Chinese rural reform.

3.5 Empirical Work on the Incentive System

While the issues of labour supervision have been considered in the labour-management
debate, there has been little rigorous empirical study on the subject. Some attempt has been
madée to examine incentive issues by estimating the productivity effects of participation,
worker ownership and profit-sharing in free market economies. Among these studies are Jones
and Backus (1977) and Jones (1982) for British producer cooperatives, Cable and Wilson
(1989) for British engineering firms, Cable and FizRoy (1980a,b), Svejnar (1982) and
FitzRoy zand Kraft (1987) for German participatory firms, Conte and Svejnar (1981) for US
participatory firms, Defourney, Estrin and Jones (1985) for French cooperatives, Jones and
Svejnar (1985) for Iltalian producer cooperatives, Bradiey and Gelb {1981) for Spanish
Mondragon cooperatives and Estrin, Jones and Svejnar (1987) for preducer cooperatives in
various Western economies. The general approach adopted in these studies is to regress firms'

cutput against such instituiional variables as profit-sharing, worker ownership and worker
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patticipation as well as conventional production inputs, assuming that changes in working
incentives will lead to variations in the intercept of the production functicn (interpreted here
as the tota! factor produciivity) of imperfectly measured factors such as labour, The broad
findings of these studies are that profit-sharing and worker participation have positive effects
on total factor productivity. This result appears to reject the pessimistic view that
residual-sharing teams offer insufficient incentives for labour effort.

There have been a few empirical investigations of labour supervision and incentives in
Chinese production teams. Lin (1988) presents such a study with a highly aggregated data set
of agricultural production from 29 provinces in China over the years 1979-83. Because the
data set does not contain any detailed information internal to the production teams, Lin is not
abie to conduct a rigorous test of his monitoring thesis. Instead, Lin approaches the issue of
monitoring indirectly by estimating an induced institutional innovation model.

Lin postulates that the rate of adopting the household responsibility system (HRS) in
an area is a function of the gains and costs of shifting to the new sysiem in that area. Lin
uses the average amount of machines and the number of draft animals per tcam in cach
province as proxies for the cost of the institutiona! chang: According to iin, machinery
would make it more difficult to break up a production team, while draft animals woul® be
suitable for individual household production. Arguing that the gain of the shift from the
production team system to the KRS is the improvement in incentives since the difficulty of
monitoring does not exist in the HRS, Lin use the average size of producticn teams and the
ratio of the gross output value of crop cultivation to the gross value of animal husbandry in
each province as proxies for the gains of the institutional change. Lin's claim is that the cost
of monitoring is greater, the larger the production team, and that the more important crop
cultivation was compared to animal husbandry, the more severe was the incentive problem.
Lin argues that crop production was conducted by the team, while most animal husbandry
was undertaken by individual households before the HRS was adopted. Hence, the team size
and the ratio of the gross value of crop cultivation to the gross value of husbandry arc

expected to have a positive effect on the diffusion rate.
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However, the relationship between the ratio of cropping to husbandry and the rate of
adopting the HRS seems irrelevant to the monitoring issue. The ratios of cropping to animal
husbandry across provinces are not an accurate measure of the relative weight of collective to
individual household operation. As a matter of fact, in most areas such as Beijing, Shanghai,
Tianjuan, Inner Mongolia, Xizhang, Qinghai and Xinjiang provinces where animal husbandry
accounted for a large proportion of the gross value of agricultural production, animal
husbandry was undertaken by collective units rather than by individual households before the
rural reform. Hence, a positive correlation between the diffusion rate of the HRS and the
ratio of cropping to husbandry can hardly be regarded as convincing evidence supporting Lin's
monitoring thesis.

The use of team size as a proxy for monitoring cost is also not particularly
convincing. One can always argue that the larger a production team, the harder it is to
dismantle the team; therefore, the slower the rate of diffusion of the HRS. This dispute has
1o be settled empirically, yet Lin's empirical results are controversial. The result of an
ordinary least squares estimation in Lin's study shows that team size is negatively correlated
with the rate of diffusion of the HRS, but statistically insignificant. This outcome is
obviously inconsistent with Lin's monitoring cost conjecture. Lin then argues that team size,
together with the amount of machines and number of draft animals in a team, Wwere
endogenous variables. Decisions about those variables, he contends, were responsive for
potential returns to scale. As a result, the model is re-estimated by a two stage lsast squares
method (2SLS). The 2SLS result shows that the coefficient of team size has the predicted
positive sign and is statistically significant.

Although the results finally support Lin's thesis, the treatment of team size as an
endogenous variable raises some puzzles about Lin's model specification. If the observed team
sizes were the teams’ contemporary optimal choices, why did the teams want to change them
by adopting the HRS? If Lin assumes that team size and other variables were the teams’
choice when the option of shifting to the HRS was not feasible, i.e. those variables were

predetermined before the rural reform, then the OLS estimates, which ao not support Lin's



monitoring argument, are consistent. Without an avpropriate miodel of a team's
decision-making with respect to resource allocation and institutionai choice, these puzzles
cannot be resolved. In sum, Lin does not provide convincing evidence for the widespread
belief, which Lin himself holds, that the incentive problems of Chinese collective farming
units were primarily caused by difficulties of labour monitoring.

Putterman (1990a) examines the incentive problems of Chinese production teams with
a micro panel data set comprising 41 teams for the years 1974-79. In contrast to Lin's
monitoring explanation of poor work incentives in the eams, Putterman argues that the lack
of incentives may have resulted from tht egalitarian nature of the income distribu’" 1 practice
in Chinese rural teams. According to Putierman, workers would work harder, the more of the
team income they expected to be distributed to them as income, and the more of that income
they expected to be distributed in the form of cash rather than grain, since grain distribution
based on household demographics was largely egalitarian. The problem Putterman faces is
how to measure work effort. By using the number of work points per worker as a proxy for
work effort, Putterman estimates the effect of the incentive variables on the number of work
points. Noting that the number of work points may be a poor proxy for work effort given a
iow level of monitoring, Putterman aiso calculates the effect of incentives on work qualily by
estimating the productivity effect of the incentive variables. The two equations are estimated
by 2SLS. The results provide some mild support for Putterman's hypotheses.

John McMiillan, John Whalley and Lijing Zhu (1989; hereafter MWZ) estimate the
relative contribution of price increases and strengthened individual incentives due to the
introduction of the HRS to the post-1978 growth of China's agricultural total productivity.
With a standard growth-accounting technique, MW?Z find that 78 percent of the measured
productivity increase is attributable to the incentive effect of the new payment system and the
remaining 22 percent to changes in price policy. Using the same method, MWZ also compute
incentive indices, showing that the effort Chinese peasants in the communal system supplied
was only 56 percent of what they did under the HRS because it is estimated that the peasants

had expected to receive only about 30 percent of their marginal value product under the old
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payment system.

As MWZ mention, their procedure may exaggerate the incentive problems of Chinese
rural teams and overstate the contribution of the HRS to the agricultural growth of China in
the post-1978 period. Having been determined residually, the estimate of incentive effects
might take all the credit for policy changes in such areas as <rop diversification and opening
of free markets, technological progress and . avorable weather conditions (Kueh, 1986).

Despite this problem, the striking aspect of the MWZ study is that the results
obtained by MWZ reject the widespread belief that there was no effective monitoring in
Chinese production teains. According to Lin (1988), a team worker would expect 10 receive
only 1/n of his marginal product if labour monitoring was negligible, and effort and rewards
were entirely disconnected. Nevertheless, MWZ's estimated proportion of the marginal
revenue a peasant expected to keep in the communal system is 30 percent, which appears 10 be
too high to support the zero monitoring thesis, since the size of a typical Chinese team was
not smaller than sixty.!’” The existence of effective labour monitoring in China's production
teams is evident by the fact that peasants anticipated receiving a not insignificant fraction of
their marginal product in return for additional cffort.

Considering the fact that the high proportion of income distributed according to
"basic needs" in China's rural teams could have undermined the efficiency of labour
monitoring in linking rewards to individual effort, Putterman (1990b) notes that if the
findings of MWZ are to be believed, much of the incentive failure in Chinese rural teams may
not result from deficiencies in supervision. Putterman assesses the relative importance of
monitoring problems and the egalitarian income distribution measures for the incentive
problem in China's communal system by linking the MWZ method to a microanalytic model
of team production. Applying MWZ's results and the parameter values obtained from other
empirical studies, Putterman shows that the probability that a worker is observed perfectly in
the teams fell in the range 0.28 to 0.96. If values at the high end of this range are relevant,

the monitoring problems may have played only a trivial role in undermining work incentives.

"The average size of a production team across 29 provinces in China during the
1981-83 period was 63.8, according to China Agricultural Statistic Yearbook, 1984.
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Tne Putterman study thus can be interpreted as a refutation of standard monitoring
arguments such as those of Lin. However, there might be some possible deficiencies in
Putterman's procedure. Putterman takes an ad hoc approact to the issue of payment rules
and estimates the probability of monitoring as a residual. As a result, the study gives us little
idea which factor explains the computed high value of the probability of monitoring: high
observability of individual effort in team farming, or heavy investment in labour supervision.
If it is the latter, the measured high value of the probability of monitoring does not
necessarily contradict arguments that monitoring problems were central to the incentive
problems in group farming. Moreover, being treated as a residual, the probability of
monitoring in team farming may be ovarestimated. Unfortunately, we lack knowledge of the
statistical properties of the estimates; therefore, it is difficult to assess the reliability of the
results.

In sum, empirical work on inccatives in team production has been subject to certain
handicaps. There has been no rigorous theoretical model which deals simultaneously with a
team's decision-making in the areas of income distribution and labour supervision. The crucial
variables relating to incentive issues, such as effort and monitoring cost, are typically hard to
measure. Data containing detailed information internal to teams are often not available. As a
result, empirical investigations of incentive problems have so far been conducted in an
indirect, partial and somewhat ad hoc fashion. The results are sometimes subject 1o

contradictory interpretation. Gieater research effort is needed 10 improve on this situation.



Chapter 4

A Static Mutual Monitoring Model

4. Introduction

To tackle the complicated issues of the incentives in Chinese collective farms, a model
of mutual monitoring of work effort is constructed in two steps. We first focus on formal
mutual monitoring and study the incentive issues in a static set-up. Then, we will extend the
static mutual monitoring t0 a production team with an infinite time horizon to integrate
formal labour supervision with informal mutual menitoring among workers. Thus, a simple
model of static mutual monitoring is formulated in this chapter and estirnated in chapter 3,
and a dynamic mutual monitoring model will be developed in chapter 6 and examined
empirically in chapter 7.

Chapter 4 is outlined as follows. The basic assumptions of the model are presented in
section 2. The characteristics of individual workers' effort decisions in a noncooperative game
are described in section 3. Section 4 discusses the constraints on choice of an optimal labour
contract, existence and uniqueness of an optimal contract and the comparative static results.

In the final section of the chzpter, the results are summarized.

4.2 The Basic Assumptions

4.2.1 The Production Team

Let N = {1 . . n} be the set of workers in a production team, which is finite, and n 2

2. All workers are identical. !* The team implements a mutual monitoring systera, in which

"The assumption of identical workers is justified by the fact that the teams have
to standardize the contribution and rewards of potentially heterogenous workers,
because the direct measurement of an individual worker's marginal contribution to
the team is almost impossible. The Chinese remuneration system was designed using
the guidance of Marx's labour theory of value, which treats time as a natural
measure of labour contribution. Tic teams usually measured labour supply by the
concept of "standard working hour”, which is defined as the product of a natural
unit of working time and an expected working intensity. in practice, the team
defined an hour job that an adult male worker was able to handle as a standard

60
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each worker engages in two tasks: productive labour, and monitoring the effort of other
workers. '* These activities are mutually exclusive: time allocated to monitoring comes at the
expense of production. We normalize the length of the relevant time interval at unity. If the
time devoted to production by a typical worker is a ¢ [0.1], then l-a is the fraction of the
worker's total time devoted to monitoring activities. **

A worker's monitoring activities provide information about the effort of other
workers engaged in production, as well as information about the diligence with which other
workers are carrying out their own monitoring responsibilities. Because there is a positive
probability that shirking in production will result in detection and punishment, monitoring
induces team members to work, and is therefore indirectly productive. At the same time
workers are deterred from shirking in their monitoring duties by the prospect that such

shirking will be detected by some other worker who does not shirk in monitoring. The answer

5(cont’d) working hour, and then discounted an hour job a woman or a teenage
worker was able to manage as 0.8 and 0.6 of the standard working hour
respectively. The team specified the total number of working days and assigned jobs
associated with different intensity requirements to each type of worker. Daily work
points of 10, 8, and 6 were then awarded to the workers in the corresponding
categories. The required working intensity was enforced by imposing close labour
supervision and penalties. The income structure under this type of remuneration was
generally egalitarian. If no worker was accused of having done a substandard job,
the observed income variation across workers reflected merely the diffcrences in
workers' age, sex, and perceived strength and skills.

1 The work point system adopted by Chinese production teams was a mixed sysicm
of muwal monitoring and central monitoring: the team leaders organized monitoring
activities such as job-checking and performance evaluation meetings, while the team
members directly engaged in monitoring. To simplify the matter, | treat the tcam
leader as one of n identical workers and assume away the special role of the leader
in labour supervision. Admittedly, this assumption is not realistic. But it is
consistent with the fact that there were no specialist monitors in Chinese production
teams in the sense that the team leaders in China were required to participate in
team production for nearly two thiids of the total number of working days
(ganbu-chan-jia-lao-dong), while directing team production. Morc about the control of
team managers was discussed in section 3.2 of chapter 3.

10The time spent on monitoring represents the team's cost of labour supervision in
terms of foregone output. The expense for nonlabour monitoring inputs such as
paper and pens for recording work points was usually negligible and therefore is
ignored. The specification of worktime allocation 1o production and monitoring is
made based on the fact that productive effort and formal labour supervision are
mutually exclusive activities. When workers are arranged to check the task-fulfillment
of their co-workers or to hold a performance evaluation meeting, they are unable to
engage in direct production at the same time. Hence, monitoring activities iake away
a proportion of worktime from production.



to the question "who monitors the moniter?” (Alchian and Demsetz, 1972) is thus "another
monitor.”

In the simplest case, each worker monitors the effort of only one other worker. To
formalize the organizational structure of the tean:, let i-»; mean that i directly monitors the
effort of j, withi, i e Nandi ¥ j. Let j--j mean that ihere is some sequence of distinct

team members i,, i,,...ik such that i -» i, -»...» ik - j. Then we assume

Al: (a) For each i € N, there is some unique j € N such that
i—»j.
(b) For each j e N, there is some unique i ¢ N such that
i-»j.

(c) For everyi, j ¢ N,i > j.

Assumption (c) ensures that every worker is indirectly monitored by every other worker. This
rules out situations where the team is divided into several independent pairs, for example,
with each partner in a pair monitoring the other. The team members will be labelled so that
i+1 » i for each i ¢ N, adopting the convention n+1 = 1. This gives rise to a circular

monitoring structure, as shown in Figure 1 for the case n = 4.

Figure 1.

> l-a\
1

a
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In Figure 1, « and 1-a denote productive and monitoring activities, respectively. Worker i+1
monitors the performance of worker i in both production and monitoring. Through such

mutual job evaluations, the team compiles a performance record for each of its members. n

4.2.2 The Monitoring Technology

Assume that a worker is punished by the team for shirking in production and/or
monitoring only if the monitor involved can produce verifiable evidence that shirking has
taken place. Let w; e [0.1] and x; € [0,1] be worker i's effort levels in production and
monitoring, respectively. W, =X = 1 stands for fully effective work, and W, =X = 0 for
complete idleness. We assume that the probability of verifiable evidence of shirking being
obtained is a function of these effort levels and the fraction of time spent on monitering.

In particular, the probability that worker i is punished for shirking in production will

be written as

¢)) Pil(wi‘xi-i-l'“) = xi+1(1-wi)d>,(a)

The probability that worker i will be punished for shirking in the monitoring activity is

(2) PiZ(xi'xi+1'a) = xi+1(1-xi)¢,(a)

The true efforts thus influence the probabilities of punishment in a multiplicative fashion.
The probability that worker i is caught shirking rises when worker i+1 devotes more effort 10
monitoring, and/or when worker i slacks off in either production or monitoring. The technical

efficiency of monitoring is determined by &;(a) and ®,(a) for the two activities. These

coefficients depend upon the allocation of time between production and monitoring as well as

11The one-to-one mutual monitoring structure describes the situation that at a
particular point in time, a worker is able to check only one worker's job (not
two), and that a worker's job is checked only once; double-checking is minimized
by the team.



difficulty of collecting documentary evidence about each form of shirking.
In each case, the probability of punishment for shirking is a function of the time
fraction spent on monitoring, for given levels of effort. The functions ¢ 1_(az), r = 1, 2, have

the following properties.

A2: (a) d>r(1) =0,
(b) ¢ (a) <0,
(c) ¢ "(e) >0
(d) lima»O‘br(a) =k, 0<k<l

Property (a) means that if no time is spent on monitoring, the probability of punishment is
zero. Properties (b) and (c) state that as the time spent on monitoring decreases, the
probability of punishment decreases at a decreasing rate, for any effort level less than one.
Property (d) indicates that the probability of punishment for a shirker is bounded away from
one as the time fraction spent on monitoring tends to one. As long as production occurs, a
shirker can never be punished with certainty, no matter how much time has been devoted to

monitoring.

4.2.3 The Payment Scheme

We assume a Cobb-Douglas agricultural production function, given by
- n B
3) Q= G(aZj:_le)
where Q is gross output in value terms. © is the technical coefficient of labour input.”

aZ?___ le stands for total input of productive labour. It is assumed that the workers

contribute equal time a to team production, despite their potentially different levels of

" Tn Chapter 5, | adopt the interpretation © = ANKMTMSFM, where K, T, and F
are capital, land, and non-labour current inputs, respectively. The parameter Ao
captures the price at which output is sold. 7\i, i = 2.3,4 are output elasticities.
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roductive effort, Wi The parameter, B, where 0 < 8 < 1, is the elasticity of cutput with

respost 1o labour input. The team's net revenue available for distribution is
(4) Y=Q-D,

where D is the sum of current farm expenditures, taxes, collective savings and welfare funds.

All net revenue is distributed among team members, but only a fraction y € [0,1] is
distributed according to performance. The remainder is set aside for distribution according to
"basic needs". The parameter y is determined exogenously by ethical factors and the
ideological preferences of the state. This places an upper limit on the size of the penaities that
can be imposed for shirking, since an individual worker can be deprived at most of his/her
claim on income that is distributed according to performance. *

To formalize this idea, write worker i's income as
—-— 1 - 5

The workers share equally in net revenue because they are identical. The penalty Cr 201
paid whenever a worker is caught shirking in activity r = 1,2. The binary variables Tik arce
defined as Tir = 1if worker i is caught shirking in activity 1, and Ti = 0 otherwisc.

In this model, the penaities are introduced as an important choice variable of the
team. This approach differs from Lin's model (1988). According to Lin, under perfect

supervision the work points a worker earns are equal to his effort, e. Without supervision, a

DThe net income of a Chinese team was distributed to individual households
according to the work points earned by each household and the grain ration 1o
which each household was entitled. The value of this ration distribution was offsct
against each household's work point earnings, and the balance was paid in cash.
For those households whose work points were insufficient to cover their basic grain
distribution, the team allowed them to go into debt for the amount of the
short-fall, usually for a unlimited time period. The ration portion of houschold
income was therefore perceived as an income floor and imposed a limit to the
reward scale the team could implement to discriminate with respect 1o labour input
performance. This is the intuitive story behind the specified income distribution
scheme in this model.
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worker is presumed to have worked at maxir im intensity, e=1 and to be assigned full work
points. He in fact assumes that a penalty equ: to 1-¢ is imposed on a worker who it declared
1o have not worked at maximu: . intensity. T assumption is, however, not plausible. It is a
common knowledge that the purpose of impos. .a penalty is not merely to cover the loss but
to deter workers from violating collective agreements. When a penalty takes its minimum
possible value, all the burden of worker-discipline will inevitably lie on the side of monitoring.
To have a balanced view of the roles that penalties and monitoring play in an effective labour
supervision system, we introduce the penalties into the model explicitly and allow the size of
penalties to be determined in the context of team optimization.

For tractability, it is assumed that the fines C; and C, are not transferred to any other
team members, and represent pure social losses from the team's point of view.?* The model
differs from Holmstrom (1982), where individual effort is assumed to be unobservable, and
the removal of free-rider problems requires a third party who is able to enforce group
penalties or to finance bonuses. Under the present income distribution structure, the penalties
impcsed on shirkers can be enforced by non-shirking workers; there is no need for the
presence of a "third party”. However, to gain clarity and simplicity in the following
mathematical proofs, we assume that prevailing legal institutions prevent non-shirking team
members from appropriating the income withheld from shirkers ex post; e.g. penalties are
paid to the state. This assumption will not alter the qualitative results of the study, because
distributing the income withheld from shirkers back to the other team members could provide
additional incentive for mutual monitoring, and therefore, strengthen rather than weaken the
general results of the model.

The size of the penalties is limited by the proportion y of income distributed
according to performance. In other words, the team cannot penalize a shirker by cutting

his/her income for subsistence. This imposes a credibility constraint on the penalties, i.e.

© Tz, w)f-D12CHcz0,  alieN.

1A similar assumption is also made by falvo and Wellisz (1978).
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The constraint on penaliies requires that it must be possible to apply both penaltics
simultaneously if worker i shirks both in production and in monitoring, while all others
provide the levels of productive effort wj. j % i required by the team. The team must define
the penalties according to an ex ante credibility constraint, because C, and C, have to be
announced before production takes place. If the penalties C, and C, satisfy equation(6), and
each worker i believes that all other workers will contribute the required labour inputs w..
then each worker will believe that the penalties C, and C; can be enforced. This conjecture
about the behavier of all other workers will be correct whenever the effort levels w =
(Wiyeoon,W n ) form a Nash equilibrium. On the other hand, it will be assumed that if (6) fails
10 hold, the team members disregard the penalties, and the effective penalties are C, = G, =

0 2.

4.2.4 The Team 's Labour Contract

The team's internal incentive system can now be summarized by defining a two-part
labour contract. The first part of the contract specifies the time dimensions of labour input.
The second part of the contract specifies the levels of effort expected from a worker, and the
penalties on a ‘worker who is declared to have cheated on the effort contract. 1 limit
alternatives to symmetric contracts where equal effort is expected of all workers. Thus, a

contract between the team and an individual worker is given by
(7) w = {a; w- x' Cls Cl]

where w = Wi all i € N, is the common level of required work effort and x = X; alli € N,

is the common level of monitoring effort. In the contract W, a worker is entitled to an cqual

SMacLeod (1987) argues that the Nash equilibrium concept is most appropriate
when modeling the incentive system of a cooperative firm, while the notion of
dominant strategy equilibrium better models a non-cooperative firm. According o
MacLeod, a labour contract ensuring that no individual worker prefers to shirk given
that all other workers are expected to abide by the contract, is a self -enforcing
contract for a production team.
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share of the net revenue, contingent on the provision of iabour measured by time to the team.
Since working time can be counted easily by its natural unit, no resources need to be spent on
enforcing workers' work time fractions. However, a worker's effort cannot be verif’ jed at zero
cost. It is therefore necessary for the team (o S€L up an enforcement mechanism involving the
penalties C, and C, , so that individual workers are not tempted to rensge on the agreed effort
levels (w,x).

The nature of the two-part labour contract introduces a Stackelberg type of relation
between the team as a group and individual workers. Individual workers make their own
effort decisions, taking a, C, and C; as given, after the team has collectively chosen efficient
values for these parameters. In order to determine the optimal labour contract, however, it is
essential to know how workers' effort decisions vary with the contractual parameters

(¢,Ci.Co).

4.3 Characterization of Nash Equilibria
Assume that all workers dislike putting forth effort but enjoy consuming goods, and

consumption equals income. A worker's expected utility can be written as

(8) U (%) = Q- D) - Cixgy 1 (1-w)i(a)

- C))‘i+1(1'xi)d’z(a) - V)awi - Vg(l'a)xi

where w = (w,...,wn), and x = (X5,...X n). Additive separability in income and effort is
standard in models of moral hazard applied to team production. For tractability, we assume
that workers are risk neutral with respect to income and that the disutility of effort is linear.
The parameters v, > 0 and v, > 0 are the per unit disutility of work and monitoring,

respectively. **

3sWhile the disutility of labour is usually assumed to be nonlinear in the
principal-agent literature, a simple linear form of the disutility of effort is standard
in models of efficiency wages (Shapiro and Stiglitz, 1984). A constant marginal
disutility of effort seems not a particularly unreasonable assumption for the peasants

in a low income country. With such a simple specification, we are able 10 obtain a
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In a one-shot game, each worker selects effort levels to maximize his/her expected

utility, given his conjecture concerning the behavior of other workers. The derivatives of

worker i's expected utility with respect 10 w, and x; are

©® Uy = Lefaaw )Pl ey, piec - an

The notation U, W indicates the derivative of Ui with respect to w;, and similarly for Uix'

$,(a) - (1-a)v,

* @
_1-¢ pair (w ,x ) represent a symmetric Nash equilibrium where

L

K3 [ [ ]
o arldxi =x ,allieN.

»

. L] »
The corresponding effort vectors are w = (W ,...,W Yand x = (X ,....x ).

Then the following equilibrium conditions must hold foralli e N:

» * 2 . »
in(w x )20 ifw =1
& * o
in(w,x)=0 ifo<w <1
* ¥ < . L
in(w,x)—-O ifw =0
* ¥ ®
Uix(w x )20 ifx =1
* * [ J
Uix(w,x)=0 ifo<x <1
* ® < ]
Uix(w x)s0 ifx =0;
(11) %[e(a(n-l)w')ﬁ - D]2 C,+C, 2 0.

(11) is not a requirement for Nash equilibrium, yet it must hold if C, > 0 and/or C, > () are

%(cont'd) corner solution for the optimal level of effort in this chapter, and thus
simplify the empirical estimation in chapter 3.
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1o be enforceable when some worker unilaterally shirks in both production and monitoring.

We assume throughout that
A3: v,z%el’ﬁr)l'l/ﬂ.

& #
Given the assumption in A3, if « > 0, and C, = 0, then it can be shown that in(w x ) <
0 for all Woin < w. <l.w min > 0 is defined as the level of productive effort such that

(12) 9[(n-l)wmin]B =D > 0.

We assume that some W . < 1 exists, so that it is possible for the team to impose a positive
v:nalty when a shirker of fers zero effort, and all the other workers exert maximum effort w
= 1 and a = 1. Note that any common effort level w such that 0 < w Sw min must make
C, > 0and/or C; > 0 infeasible. Assumption 3 guarantees that there is 2 free-riding problem
in tcam production whenever w Z w min’ because an effort level w 2 w min cannot be
sustained as a Nash equilibrium in the absence of monitoring and penaities. Without A3, all
workers could voluntarily contribute enough productive effort to cover the fixed cost D even
in the absence of monitoring. This would occur because the direct incentive provided by a
worker's shared residual claim suffices to overcome the disutility of work. Assumption A3
rules out this possibility and will hold whenever the team is sufficiently large. Note that

whenever C, > 0 and/or C, > 0 are feasible fora € (0,1) and w e [w min‘ll' the relationship

among the parameters ©, D, n, and B,
Ad: e(n-1)f > D
is assumed.

All equilibria are taken to bt symmetric in what follows. We can therefore denote a

particular equilibrium by (w.,x), where w is the common effort level in production, and x is
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the common effort devoted to monitoring. The associated utility of worker i will be written as

I'Ji(;v,;c). Team effort equilibria are described by the following sequence of propositions.

Theorem 1: Given A3 and @ > 0, % = 0 if and only if w = W, where U, (w,0) = 0and 0 <
w < W in® Shirking in production and monitoring ( w=w, x=0) is always an equilibrium. A

typical worker in this equilibrium obtains the payoff
Tl _ 1 ~.B -
(13) Li(w, 0) = —n—[e(anw) - D] - wav,.

Proof If x = 0, then in(;v, 0) < 0 forall w e (w_. . 1], given A3. Since Uy, is stricth
decreasing in w, equilibrium requires w = w where in(ﬁv,O) £0,and D < w < Woin On
the other hand, if w=w< Woin® credible penalties cannot be imposed, and we must have
C, = C; = 0. Therefore, U, (w, %) = - (1-a)v; < 0. This implies x = 0. Hence, (w=w,
x=0) is an equilibrium. The payoff expression L-Ji(fv,o) is derived by substituting w, = w and

X, = 0 in the expected utility function for all i. Q. E.D.

Theorem 2: W_.. <w<l,and 0 < x £ 1 form an equilibrium with credible penalties if and

only if the following conditions hold for alli e N

(a) ﬁ%o:’g(m?/)f"'1 + x8,(a)C, - av, 20 w = 1;

=0ifw. . <w<l,
min

(b) xCi®:(a) - (1-a)v, 20 ifx =1

=0 if~<x<1,
©  Yetan-nw)P -DI-C - 26

A representative worker in such an equilibrium obtains the payoff
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14)  Uywx) = %[G(an\;')ﬁ - D] - Cx(1-%)%,(a)

- Ca(1-x)%;(a) - viaw - v,(1-a)x.

Proof: Follows from the def inition of an equilibrium and the credibility constraint for the
penalties. A direct computation gives the utility of worker i. Q.E.D.

We will assume throughout that there exist credible equilibria with positive eifort in
production and monitoring which Pareto dominate the shirking equilibrium. 27 Hence, the

shirking equilibrium (@:Cv, x=0) can be ignored in searching for an optimal labour contract.
4.4 Team Optimization Program

4.4.1 Implications of An Optimal Labour Contract

The team collectively chooses the parameters of the labour contract {a,C,,Cz,\-v,i] 1o
maximize the expected utility of a representative worker subject 10 the constraint that the
effort levels (\-v,;;) form a Nash equilibrium with credible venalties. Formally, the team

optimization problem is defined as

max —rll-[@(an\;/)ﬁ D] - CA(L-W)8,(a) - Cx(1-%)&:(a) - wav; - x(1-a)vs
a.w.x,C.C
Suvject 10: (IC,) 38,(a)C, 2 av, - BoaP(ni)f !

(IC,) x8,(a)C; 2 v3(1-a)

(Cred.) [%—[e(a(n-l)v.v)ﬁ .D]-C, - G, 20.

The first two conditions are the incentive compatibility constraints (ICs) for production and
monitoring, which ensure w > 0 and x > 0 are incentive compatible. ** The third constraint

that guarantees C, > 0 and C, > 0 are credible penalties. In the remainder of this section, I

UIn chapter 6, we prove this result with an assumption of w = x.
"Technically, equality must hold in IC, (IC,) if w (x) < 1. However, see Lemma
3 below.
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assume that a feasible solution exists, and characterize its paramelers. In section 4.3.2 below, |

describe conditions under which some solution must exist.
Lemma 1: At a team optimum, e must have an interior solution such that 0 < a < 1.

Proof: If « = 0, then the credibility constraint on the penalties is violated because D > 0. On
the other hand, if @ = 1, then &,(1) = ,(1) = 0: we have U, (w, x) <0, given w2w o

and A3. Q.E.D.
Lemma 2: At a team optimum, C, > 0and C;, > 0.

Proof If C, = 0, Oiw(;v’ x) < 0, given w > W hin and A3. Likewise, with C, = 0,

ﬁix(fv, X) < 0, given @ < 1 by Lemma 1. Q. E.D.

Lemma 3: The incentive compatibility constraints can be assumed to hold with equality at a

team optimum.

Proof- Suppose the inequality holds in IC,. Since the objective function is non-increasing i
C,, a small reduction in C, does not reduce the objective function and is feasible, holding all
other variables constant. So there is no ioss of generality in assuming the first IC holds with
equality if C, > 0 at an equilibrium. Similarly, we can assume the second IC holds with
equality if C, > 0 at an equilibrium. Q. E. I

Substituting the ICs into the objective function and using the credibility constraint,

the team's optimization problem can therefore be written as

max -g-(am;/)ﬁ + (1-\;/)—"-?43(11&)&1 - avy - (1-a@)v, - D/n

a,wW.X

Subject 10: %[G(a(n-l)\;l)ﬁ - D] - (x&:(e)) [, - %aaﬂ(n&)ﬂ’l]
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- (x8;(a)) 1)V, 20
Lemma 4: x = 1 can be assumed at a team optimum.

Proof The new objeciive f unction is independent of x, and the credibility constiaint is least
binding when x = 1. Q. E.D.
Now the choice variables of the team optimization problem can be reduced to a and

w. The team's optimization preblem is then rewritten as

max -g-(am’v)ﬁ + (1-v'v)ﬁ:’—aﬁ(n&)3'1 - av, - (1-a)v; - D/n

oW
Subject to: —};—[(-)(a(n-l)\l')B - D] - &, () av; - %Gaﬁ(n\;v)‘e'l] - &, (a)(1-a)v, 20
It will be assumed that the team's fixed cost D cannot be covered by the output of a

single worker, even with maximum labour time and productive effort; that is,

AS: Dze.

Lemma 5: For given a with 0 < a <1, the team always chooses the largest feasible w.
Proof: The derivative of the objective function with respect to wis —é:,?—aﬁ nP 158 '2[\;/(n- 8)

- (1-8)]). It is greater than zero ifw > 3]—% But w > W in must hold at a team optimum

with credible penalties. Given 0 < & <land Dz 9,

_1DJVA L
“min ~ 7 (8) >?F%'

Hence, the objective function is increasing inwe [wmin'n for0 <a<l. Q.E.D.

1t is assumed that
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Ab: ﬁ@nB'1 -v, + vy >0,

This assumption ensures that utility is increasing as a function of productive working time

given w = land x = 1 and all else equal.

Lemma 6: The wrcdibility constraint on the penalties is binding at a team optimum, given AS

and A6.

Proof: Suppuse the cre i 'ty coastraint holds with strict inequality, and either w < 1orw
= 1 at a team optimum. If w < 1, then by Lemma 5 the objective function can be increased
by increasing w until the credibility constraint holds with equality. This contradicts optimality .
If w = 1 at the optimum, then the team can always increase its utility by increasing a and

keeping w = 1, due 10 A6. Again, this contradicts optimality. Q. E.D.

[ [ ]
Lemma 7: There is no feasible contract with & > o« , where a is the largest value of a such

that w = 1 is feasible.

- [ ]
Proof: Write the credibility constraint 2> Z(w,a) 2 0. By definition Z(l.a ) = Oand Z(1.a)

<Oforala > a‘. We have

3Z(w.a)
ow

- £ Bl Yym-1)P5 - () (1-p0P 1 > 0.

The expression in brackets is strictly increasing in w. Therefore, the maximum of Z(\;/,a) with
respect to w on the interval [wmin'll must occur at one of the endpoints. However, from the
definition of W in and the fact that C, > 0, C, > 0, it is easy to show that Z(wmin'“) <90
for all & € [0,1]. Hence Z(1,) < O implies Z(w.a) < 0 for all woe [wmin,l]. Thus there is

- L ]
no feasible w ¢ [wmm,l] whena > o . Q. k. D.



76

Theorem 3: Al a team optimum, w=1x=10<a<1,C >0 and C, > 0 must hold,
and the ICs and the credibility constraint hold with equality. A typical worker in the

equilibrium obtains the payoff
- _ 1 B
(15) Ui(l,l) = -H[e(an) - D] - av, - (1-a)v..
Proof: Follows from Lemma 1 to 7. Q.E.D.

4.4.2 Existence of a Feasible Solution

From Theorem 3, we can summarize the team optimization problem as

6
max —H(an)ﬁ - —E— -av, - (1-a)v,
a

Subject 10: Jn-[e(a(n-l))ﬁ - D] - (a)fav, - -gaaﬁnﬁ'l] - &,(a)(1-a)v; = 0.

Now the only choice variable of the team optimization program is a. Write the
objective function as T(a), and the left-hand side of the credibility constraint as Q(a). Qe

> 0 defines the feasible set which has the following properties.

Fact A- Assurac A3, A4, AS, and A6 hold. If ©, y and n are large, and v.. v, and D are small

but positive, then the feasible set C = {a: 0 < a <1, Q(a) 20} is non-empty and com pact.

Proof: 1.Nonemptiness: Choose some arbitrary fixed «, such that 0 < a; < 1, implying
4>r(a°) > 0.t = 1,2. Take the largest values of ©, v and n and the smallest values of v, v
and D which are permitted by A3-A6. We then have D = © by AS, v, = ne by A3 and AS,
n is large but finite because A4 and v, > 0, B> 0and © > 0, and v, is small but positive,

because A6 holds for any v, 2 0 when A3 and A5 hold. It is easy to show that
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Qa) = vol(aa(r- 1) - 11 - &y auBBll - o P - () *(Lradvin 2 0.
2.Closedness: Q(a) is continuous on the open interval a € (0,1). Now consider the

limiting cases when & approaches its boundary:

(a) lima_’OQ(a) = -yD/n - k''v, <0,
and
(b) tim__ Q@) = &,(1)[-penf 7] = -= <0,

in (b) v, > BrB~2 follows A3 and AS and (1) = 0. All points near the endpoints of the
interval [0,1] have Q(a) < 0. The boundary of the feasible set must therefore lie entirely n
the interior ‘of [0.1]. Since Q(a) is continuous, the feasible set C is a closed set.

3. Tound-Aness: Because the interval [0.1] is bounded, C is also bounded, and hence is

compact. Q.E.D.

Theorem 4: There exists some feasible solution for the team's optimum if the conditicns in

Fact A hold.

Proof The objective function T(a) is continuous on the interval [0,1]. Also, according 10
Fact A, given the condition of Theorem 4, the feasible set CE {a: 0 < a < 1, Qa) 2 O} is
non-empty and compact. From the Weierstrass theorem, there exists a solution for the
present team optimization problem. Q. k. D.

The intuitive interpretation of Theorem 4 is that to implement an effective monitoring
scheme, the team must possess sufficient economic rent. If the profitability of team
production is restricted by the external policies of the state, an effective monitoring system
may be infeasible. This could occur, for example, if taxation results in a large value of D; if
agricultural pricing policies limit the value of ©; or if y, the proportion of income based on

performance, is too low for ideological reasons.?’

2%The concept of economic rent adopted here is defined as the income available for
discriminating with respect to labour input performance. In the context of Chinesc
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4.4.3 Comparative Statics

Since the credibility constraint must hold with equality at the optimum by Theorem 3,

we can set up the Lagrangean as,

(16) L = T(a) + uGia).

We then obtain the first order conditions

' 0 r
T e
)
(18) 5= = Q@) =0
At the team equilibrium, we La.1:0l have —%%— 2 0. Since 9—%%‘51 > 0 by A6, and p >
0 as a result of no inequality in the constraint by Theorem 3, —%lé- = 0 holds only if d%(:)

< 0. If not, the team could increase «, and then raise the objective f unction without violating
the credibility constraint. The optimal solution of & is given by equation (18), along with the
fact that %% < 0 at the optimum. Equation (18) will be estimated with some modification

in chapter 5.

Theorem 5: 1f the conditions of Theorem 4 are met, the team optimization problem has a

unique solution of the form

19) a‘ = a.(e.n,D.Y. ViVa)
(20) C = [V - -éeaBnB'l]fb,(a‘)"
(21) c, = [va(1-0)Jexa ).

Proof: First, (18) has continuous partial derivatives with respect to a and all the parameters

if a feasible solution exists. Second, the derivative of Q(a) with respect 10 a is less than zero

»(cont'd) agricultural tcams, economic rent" is referred to as the distributzble
income net of the basic food consumptior.
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at the optimum. We krow thai there is some unique maximum valy: . a such that Q(a) =
0 holds. From the implicit-functiou theorem, (18) defines the solution for a as a function of
the parameters in some neighbourhood of this optimal a, and the solution has continuous
partial derivativzs with respect 10 all parameters.

The optimal penalties are obtained by substituting a. into the no-shirking conditions
which hold with equality. Since the optimal solution for a is unique, the optirﬁal penalties are
also unique. Any deviation from the penalties defined by (20) and (21) will violate either the
credibility constraint or the incentive compatibility constraints. Q.E.D.

Now we turn to the relationships between the optimal time allocation and the

parameters of the model. The results of a simpie comparative static study are given below.

O 2 =L P e BT E > 0

@ 2 - 326 <o

@ 2= (26 Gean ) - Dl >0

@ 2o 89l aenf - Ep - #,(a) B(B-2nP D)) <0,
iro<pg<l

5 2= (@) <0

© = (e @) <0

M - Lo e @ 3R ¢ (s @ BRI ) > 0

. . . . . o 3
where in (7) o is a shift parameter that increases the effectiveness of monitoring, so that _E?C)L

3%, .
>0, and—az;- > 0.
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The impact of changing each of the parameters on the team's time allocation can be
easily interpreted. A rise in © implies either an increase in the price of the product or an
improvement in the technical efficiency of production, or both. By increasing the team's
distributable income, a rise in © aggravates the direct cost 10 individua! workers of shirking in
production, and thus reduces the motive for shirking. It also allows the team 10 discipline the
shirkers with higher enforceable penaities. As a result, the team is able to reallocate some of
the time spent on monitoring to production without violating the non-shirking conditions. A
fall in © forces the team to increase its monitoring time in order to avoid shirking. A poor
team therefore has to invest more labour input in monitoring than a rich team, ceteris
paribus.

A change in production cost, D, has a negative impact on the time allocated to
production. This happens because a higher production cost implies a lower net income
available for distribution. The penalties must therefore be smaller to remain credible. This will
force the team to invest more resources in monitoring in order to prevent workers from
shirking.

An increase in the proportion of income distributed according to labour performance
has a positive impact on the team's productive time and a negative effect on the time spent
on monitoring. A large ratio of distribution according to need limits the magnitude of the
penalties that the team is able to impose on a shirker. To compensate for this decline in the
credible penalties for shirking, the team must monitor more intensively.

An increase in the size of .he ream tends to dilute the negative effect of shirking in
production by relaxing the credibility constraint and allowing larger penalties on individual
shirkers, but also reduces the direct cost to a worker from shirking in production through
worker's residual claim. However, the impact of the latter dominates that of the former under
fairly general conditions. Hence, as n rises, the team nas to raise the share of time allocated

to monitoring, and thus reduce productive work time.*

WPutterman comments that many authors assume the same effect for reasons of
greater difficulty of monitoring, but this model rules that out by the assumption of
Figure 1 structure.



81

An increase in the disutility of productive work or monitoring has a negative effect on
the fraction of time allocated to production. The shirking motives in both production and
monitoring are strengthened as productive work or monitoring becomes more unpleasant. To
prevent workers from shirking, the team must reduce its productive labour input in order to
monitor more intensively. An improvement in the efficiency of the monitoring technology

allows the team to reduce the required monitoring input, and therefore increases productivity.

4.5 Conclusion

In this chapter, we have constructed a static mutual monitoring model in which
workers engage in both production and monitoring. The workers' performance in each activity
is controlled by formal labour supervision which is conducted by workers themselves. We also
examined the nature of the workers' behavior in a non-cooperative Nash equilibrium. It is
found that workers will contribute the optimal level of effort if and only if other workers arc¢
also expected to adhere to the team's labour contract.

The major contribution made in this chapter to the iiterature is that we integrate the
selection of a payment scheme with the choice of monitoring intensity in a team's
optimization program. With this general approach, we are able to highlight the economic,
technological and political constraints facing Chinese production teams in the field of labour
supervision. It is demonstrated that the possibility of rent is a necessary condition for an
effective monitoring system, because otherwise it is not possible to impose substantial
penalties on shirkers. If the government's policies toward pricing, marketing, or production
planning diminish the technical efficiency of a team's production, or an egalitarian ideology
severely restricts the magnitude of penalties a team can impose, the operation of a monitoring
system will become rather costly or even impossible. The team's managerial ability, the
technological characteristics of the production process, the size of the team, the disutility of
work, and tastes for engaging in mutual monitoring also play important parts in an effective
mutual monitoring system. However, the impact of these factors on the efficacy of a mutual

monitoring system can be offset by larger penalties for shirking, if the economic environment
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and government policies enable a team 10 generate large rents through its production

activities.



Chapter 5

Labour Supervision in a Chinese Commune (1)

5.1 Introduction

In this chapter, the static incentive model is examined using the detailed micro-level
data from Dahe People's Commune in Hebei Province in North China. The data were
collected by Steven Butler in 1979-80 and by Louis Putterman in 1986. Dahe commune is
located 12 miles west of Shijazhuang, the capital of Hebei province. Daht's prinéipal products
before the 1980's rural reform were wheat, corn, and cotton. Owing to its advantage in
location, the standard of living in Dahe commune was above the average for rural China as a
whole. Butler (1985) describes it as "broadly representative of moderately prosperous
grain-producing regions of North China.”

The data set covers the years 1970 to 1985. During the 1970's Dahe communc
consisted of 16 production brigades, which were further subdivided into an average ol about
100 production teams. The production teams, each coutaining i households and about 80
able-bodied adult workers, had been the basic units of farm production, distribution and
accounting until the early 1980's. To examine the economic and political constraints on
Chinese collective farms' incentives, we will in the following study focus on the period
1970-76, when China was undergoing the Cultural Revolution.

Beginning in the mid-1960's, the production teams in Dahe adopted a form of the
Dazhai work point system. ** The Dazhai work point system was a form of ume-bascd
renumeration associated with close labour supervision. The team assigned workers a definite
number of working days and specified the job tasks to be fulf illed during a length of time
according to the needs of preduction and the approval of the general meeting of the tcam
members. The team members earned work points according to the number of days worked and
a retrospective evaluation of task fulfilment by their teammates. The income distribution

structure under this type of renumeration appeared to be egalitarian. If no worker was

IThe Dahe work point system was introduced in detail in chapter 2.

83
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accused of having done a substandard job, the observed income variation across workers
reflected merely differences in age, sex and perceived strength and skills. Nonetheless, how
effective such a supervisory system could be in preventing workers from shirking depended
upon the team's ability to detect and punish the workers for substandard work. According to
Butler's field study (1983), many local cadres reported that the Dazhai work point system
worked reasonably well at first, yet labour supervision became more and more difficult due to
the policy distortions during the Cultural Revolution era.

The production teams had little control over their produsiion process during the
period. Under the national guideline of "taking grain as a key lin "y production teams
were directed to promote cereal production through the use of increasing amounts of
expensive modern inputs. The droduction cost then grew at an annual rate of 14.4 % from
1970 to 1976, while the state purchasing prices for farm products remained frozen. As a
result, the ratio of team current non-labour production expenses to gross income rose from
0.35 in 1970 to 0.52 in 1976. During 1969 to 1976, yields more than doubled at Dahe; yet the
value of a labour day fell from 0.51 yuan in 1970 to 0.41 yuan in 1976, a reduction of 20%. *
The production teams thus could not improve their members' standard of living through farm
preduction.

Apart from the state's irrational production strategy and unfavorable terms of trade,
the heavy financial obligation of the teams to local development and public welfare further
reduced the material incentives the teans could provide for their members. At Dahe commune
from 1970 to 1976, the average accumulation, welfare and reserve funds of the production
teams accounted for 21.3 % of net, after-tax income. The average percentage of net income
actuzly distributed to team members was only 78.7 %. The annual distributed income per
worker was around 200 yuan.

in principle, the entire revenue of each team net of non-labour costs, collective
savings, and welfare funds was distributed according to work points earned, yet a significant

proportion of the income distributed was actually invariant with respect to labour contribution

33yyan is one unit of the Chinese currency reminbi (RMB). The official exchange
rate was roughly 14 RMB to 1 U. S. dollar in 1980.
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1o the teams. To guarantee basic food needs, some portion of the income in the form of
staple food-stuff produced was rationed out according to household demographics. Although
grain rationed was offset against each household's work point earnings, the households whost
work points were insufficient to cover their basic grain disiribution were allowed to go into
debt for the amount of the short-fall at zero interest and over indefinite pericds of time. The
ration portion of distributed income represented ari income floor which limited the penalty
that the team could impose. During 1970-1976, the annual average grain ration per capita at
Dahe was about 212 kgs in volume and 59.4 yuan in value. The needs distribution .vas further
enlarged by the fact that some portion of the team population such as the old, weak, sick and
disabled and children did not actually participate in team production, but their basic food
needs were also guaranteed by the teams. In Dahe commune, an able-bodied adult worker
supported an average of 2.5 persons. As a result, grain rations accounted for 60% to 80% of
the distributed grain, and an average of 58.5% of the total distributable income. The incomie
actually distributed according to workers' performance accounted for only 41.5% of the
distributable income. The high proportion of needs distribution exacerbated the difficulties of
labour supervision in the production tearss.

The remainder of the chapter is organized as follows. The next section presents the
derivation of the estimating equation and hypotheses regarding static mutual monitoring in
Chinese production teams. The third section discusses the estimation results. The final section

summarizes the findings of the chapter.

5.2 The Estimated Model

In section 4.4.3, we developed a team's optimal time allocation equation,
M Le(aa-1)P - D] - ¢, lav - Beefaf - a1 = 0.

To estimate this equation, some modifications have 1o be made. Assuming that the monitoring

technologies adopted are the same whether a worker is monitoring his/her co-worker's
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productive effort or the co-worker's monitoring activities, i.e. $,(a) = ®,(a) = ¥(a), and
that the disutilities of production and monitoring are identical, i.e. v, = v, =: v, equation ()

can then be written as
@  Yela-1)® - D] - #(@) Ly - Beafnf ) = 0.

The production function is specified as

(3) Q= ALMNKMTMEM

where Q is gross output in value terms. L = ai?___ le is iabour input; given the optimal level
of productive effort, w =1L = an. %, T and F are capital stock, sown arca and current
farm expenditures, respectively. A, is the product of the price of the output and the technical
efficiency of production, and )‘i' i = 1,2,3.4 define output elasticities. Thus the parameter ©
from Chapter 4 is given by © = koK)"T)\’F)“, and B = \,. Assuming that the production
function displays constant returns to scale, i.e. Z;.‘___lkj = 1, the production function ai the

optimal work effort w = 1 can be written as
(4) qQ= koal'}:lk)"tk’f 7\‘.

Here q, k, t, and f represent gross value of output, capital stock, sown area and current farm
expenditures per worker, respectively, and ZA = A; + Ay + AL
It is assumed that the monitoring technology is described bv an exponential function

which has all the properties assumed in section 4.1.2, that is,

BBy Theorem 3 in chapter 4, an optimal labour contract must have w = I.
3#The assumption of constant returns to scale will be tested by estimating the
following equation,
Ya(a-D/m™ - ) - 11 - espo((@xn/(nMKMTUEM) M L 1))
v - gx\/n} = u.

This is the unrestricted version of equation (6) below.
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(%) d(aw) = 1 - exp[-w(1-a)]}.

w is the technical coefficient of monitoring. Replacing B byl - IA, the team's optimal time

allocation equation developed in Section 4.4.3 is now written as

(6) ¥, [Moley (g -1)/n, )1 z"k"‘x"’f -d]- [1-exp(-w(1-a;)]"
[v-(Q- m)/n )\oal D\1;7\%)"(‘ ‘1= u,.

Here i is the team index, u, is a stochastic term, v; is the proportion of the income distributed
according to performance, and dizD/n, represents cost and saving deduction per worker.
Equation (6) cannot be directly estimated because data on the time fraction spent in
production, «, are unavailable to us. To proceed with the estimation, substitute gross income
per worker q for the time fraction on production a, using the identity under the assumption

of constant returns 1o scale,

N Nghey 1/(1-2A).

) a = {g/(Ak M)

This gives us

1/(1-Z2)

® et mt I - a1 explal(a/ Ok T ()] ST

v - qi(l-ZX)/ni} = U

In this equation, the )‘k v, and w are the parameters to be estimated. q; is the endogenous
variable, and Y;e di' ki' L. f i and n, are exogenous variables. The exogeneity assumptions are
justified as follows. Labour in rural China is not mobile among different accounting units
owing to the collective ownership of land and capitai. Team size n, was thus essentially
determined by demographic factors. Capiial, Ki' and land, Ti' are fixed in the short run.

Current variable expenditure Fi is also treated as predetermined, because the teams'
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employment of modcrn variable inputs was enforced primarily through heavy top-down
administrative pressurc. The exogeneity of the variables cii and Y; reflects the fact that the
members of Chinese coliective farms had little or no control over this aspect of their income
schemes.

The theoretical model of Chapter 4 provides several testable hypotheses. First, it is a
conventional belief that individual workers have incentives to free ride on their co-workers'
labour contribution in a one-shot game due to their shared residual ciaimancy. in other
words, a shirker in production bears only 1/n of the income loss and saves a full unat of
disutility. Since direct income sharing incentives are not iarge encugh {0 outweigh the gain in
leisure from shirking, workers will slack off in team production. This belief was formalized in
chapter 4 through the assumption A3; nonetheless, A3 is a sufficient but not necessary
condition for the existence of free-riding problems in team produ-tion. So the hypothesis is
formulated based on the derivatives of worker i's expected utility with respect to w, at w=1,

|
a = a and C, = 0 instead of A3. That is,

H 1-ZA kkz‘k, f)“ =0

01’ av - {(1-ZX }/nika

1-Zx A
Ha

L av - (28 ol Pk AR

‘>0

where H al is consistent with free-riding and HOI is the null of no free-riding.

Second, in contrast to the conjecture that labour supervision in Chinese production
teams was prohibitively costly and therefore almost zero (Lin, 1988),% it is hypothesized that
an effective labour supervision system was actually implemented in Chinese collective farms.
In other words, both the resources invested in labour supervision and the probability of
catching and penalizing a shirker in the team were greater than zero. That is,

H.:l-a=0

02
Hazzl-a>0

3%See the discussion in chapter 3.
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where Ha2 implies non-zero moritoring investment and HOZ is the null of no labour
supervision. These hypotheses imply, respectively,

H..:1-exp(-w{l-a)) =0

03"
3 1 - exp(-w(l-a)) > 0.

Third, the Chinese production teams made the optimal decision on resource allocation
in labour supervision under the economic and political constraints they faced. The team's
optimum is characierized by a binding credibility constraint and the negativity of the
derivative of the credibility expression Q(a) with respect to a, as shown in Section 4.3.2.

Since the credibility constraint is assumed binding in the estimation, we will test

d (a) -
H04 da ia 0
. 4Q(a)
Ho4t —ia le" <o.

Fourth, the so called "internal incentive problems” of Chinese production teams are
not the simple outcome of team farming per se, but the consequences of the dysfunctional
economic and political policies adopted during the Cultural Revolution era. Following the
comparative siatic study conducted in Section 4.4.3, we conjecture that the team’s monitoring
input (1-a) is negatively related to the price of output and/ or production efficiency, the
proportion of the income distributed based on work, and the efficiency of monitoring
technology, and positively related to the cost and saving deduction of ‘"¢ team's gross
revenue, the team size, and the disutility of production and monitoring, i.e : >0, gg <
0, —?r- >0, a“ <0, —%—— < 0, and —3— > 0. The empirical expressions of the derivative
of Q(a) with respect to a and the derivatives of a with respect to X, d, ¥, n, v and w are
presented in Appendix 5.1.

Fifth, it is hypothesized that the distribution of income by needs was determined by

ethical and ideological factors, rather than the ¢fficiency -improving cc . “erations suggested

by Sen (1966). * In other words, the proportion of the income distributed according to work,

3¢See chapter 3 for details.



Yi. is an exogenous variable and a test for exogeneity is executed.

The variables involved in the estimation are defined as follows. The team's total gross
income Q is defined as the sum of crop. orchard, animal husbandry, transportation, fishery,
and sideline incomes plus income earned by the team for labour services supplied to commune
and brigade enterprises and to other outside units. The teams' production is specified in such
broad terms because it was the aggregate revenue rather than the reveanue from crop
production alone that determined team members' shared income, and also because somc
inputs cannot be disaggregated.

Team size, n, is measured by the number of able-bodied adult workers in the team.
Land, T, is represented by sown area in mu. One mu equals 0.1647 acres. The proxy for
capital, K, is gross value of capital assets in yuan. Capital assets consist of tractors, diescl
engines, electric motors for pumping water, sowing, harvesting, and threshing machines,
winnowers, grinders, sprayers, blowers, pumps, buildings, wells, pig sties, mules, horses,
donkeys, oxens, trucks, human-drawn carts, and other vehicles and carts. Both land and
capital are stock rather than flow measures. Because land and capital markets did not exist in
China, adequate measures for the service flows from these inputs are not available.

Current variable expenditures, F, include such items as seed expenditures, fertilizer
expenditures, agricultural chemical expenditures, repair expenses, draft animal expenscs,
machine plowing expenses, irrigation expenses, other agricultural expenditures, forestry and
orchard, animal husbandry, fisheries, and "sideline” expenses, and management expenses. Fis
also measured in yuan.

Variable D is taken as the sum of current farm expenditures, taxes, accumulation,
welfare and reserve funds. It is also measured in yuan. Subtracting D from the gross total
income gives us the team's total distributable income. The income distributed according to
needs is represented by grain valued at the state purchase prices and rationed cut according to
household population. One minus the ratio of the income distributed based on household

demographics to the total distributable income is the proportion of the income distributed
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according to labour contribution, y.' Dividing Q, K, T, F, and D by n respectively generates

variables g, k, t, f, and d.

5.3 Estimation and Resuits

The estimation was performed for each of seven cross-sectional data sets. Due to
missing-data problems, the number of production teams for which all required variables were
available varies over the periods. More precisely, there were 38 teams for 1970, 37 for 1971,
38 for 1972, 47 for 1973, 58 for 1974, 78 for 1975, and 75 for 1976. The data were treated as
separate cross-sectional studies for two reasons. First, only a small number of production
teams nad all required variables for a continuous set of 7 years. To conduct a time-series and
cross-sectional study, too many cross-sectional observations had to be excluded. Second, some
variables such as g, k, f, and d were evaluated at current prices, but an ideal price deflator
for these variables was not available to handle nominal variation across time periods.

Equation (8) was estimated by the nonlinear two-stage least squares (NL2S) method
using the Gauss-Newton algorithm in TSP version 4.1. The estimation procedure is outlined in
Appendix S$.2. The NL2§ estimator is consistent and is asymptotically normally distributed
under certain assumptions. '

Heteroskedasticity is a potential problem in cross-sectional studies. In the presence of
heteroskedasticity, the NL2S estimators will be inefficient and their estimated standard errors

will be biased. The heteroskedasticity test suggested by Koenker (1981) was used. The test is

“"The definitions of the variables involved in terms of the series numbers in the
published Dahe commune data set are listed as follows: Q = vig, n = v55 +
0.5 x v56, K = v128, T=v60 + v69 + v72 + vI8 + v8l + v84, F = v35, D
= v35 + v37 + v44, and Y = 1 - {(v45-va6) x v154 x 0.01/v45}. The notation
vl18 stands for variable 18, and similarly for other variables. (See Putterman
(1987).) ldeally, we should use the number of standardized able-bodied adult workers
as a proxy for the size of the team, n, for the reason discussed in footnote 18 in
chapter 4. However, data on the age, sex and physical strength composition of the
workers were not available. The variable n used in this estimation presents a partial
adjustment of labour standardization assumed in chapter 4 due 10 the data
constraint.

uSince the asymptotic efficiency of the NL2S estimator depends upon the choice of
the instruments rather than the normality of disturbances, the test for normality is
omitted (Amemiya A, 1974).
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defined as the number of observations times the R? from the regiession of the standardized
residual squares on all explanatory variables. The test results are rcported in Table 5.1. The
hypothesis of homoskedastic variances of disturbances cannot be rejected at the 5% level of
significance in any of the regressions excep. that for 1973. To correct the inconsistency of the
NL2S estimates of standard errors cause¢ by the hetetoskedasticity problem, the
heteroskedasticity consistent variance-covariance matrix estimates of the NL2S are reported
for the year 1973, while those reportad for the rest of the regressions are the NL2S estimates.

The Hausman test was conducted to examine the exogeneity of the proportion of t -
income distributed on performance, y. The test procedure is outlined i Appendix 5.2, and the
test results are reported in Table 5.6. The hypothesis that y is an exogenous variable cannot
be rejected at the 5% level of significance in any of the cases except 1970. The test statistic for
1970 is negative, because the variance-covariance matrix of the vector of contrast is negative
definite. In this case, the Hausman test fails. * Comparing the estimated results for 1970 in
Table 5.1 and 5.¢, we note that the results are very close. These results provide support for
the hypothesis that the production teams have little control over this aspect of their income
distribution schemes.

Nuw we turn to the main results. To assess the performance of the present model
specification, we estimated the production function in a conventional log-linear form using
the OLS technique. The assumption of constant returns to scale is imposed, becausc this
assumption cannot be rejected at the 5% level of significance in each of the years. The results
are reported in Table 5.3. The outcome of the OLS estimates is not particularly impressive in
terms of the adjusted R? especially for the early periods. The estimated output elasticity of
capital in two cases and land in one instance has the "wrong" sign. Eight of the 14 esumates
on capital and land, including those with the "wrong" sign, and one of the 7 estimates on
current farm expenditures are statistically insignificant. Of those with significant test
statistics, the average output elasticity with respect to labour, capital, land, and current farm

expenditures is 0.35, 0.13, 0.25, and 0.53, respectively. By comparison, the factor shares for

“The failure of the Hausman test may be explained by the poor performance of a
large sample test in a finite sample excercise.
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Chinese agriculture in the 1950s suggested by Anthony M. Tang (1980) are 0.50 for lzbour,
0.10 for capital, 0.25 for land, and 0.15 for current inputs. It is argued that this sct of
weights is consistent with those for Southeast Asian countries during the compatible sizge of
economic development. Using Tang's result as 2 benchmark, the estimates of the corventiunal
log -linear production function appear to be low for iabour and high for current inputs.

The estimation bias for the conventional production function is further evident by the
calculated average values of the marginal product of current expenditures reported at the
bottom of Table 5.3. The marginal product of expenditures is defined as the gross revenue per
1 yuan increase in expenditure on current farm inputs. The competitive allocational rule for
the factor implies the value of this marginal product should equal unity. However, it was
observed that during 1969 to 76, yields more than doubled at Dahe; yet the peasants’ cash
income declined because the ratio of current non-labour production expenses 10 gross income
rose by 49 percent. A decline in the team’s income net of current non-labour farm cost
implies that the marginal return to expenditures o1 current inputs was unable to cover the
marginal factor cost, i.e. the marginal product of current farm expenditures was less than
one. However, the estimated average values of the marginal product of current expenditures
from the conventional production functions regression shown in Table 5.3 ranges from a low
of 0.77 to a high cf 1.53, with an average valae over the 6 estimates of 1.27 yuan. This result
fails to truly reveal the resource mis-allocation existing in Dahe.

The unsatisfactory estimates for factor inputs may be explained by the inadequate
data on capital and land stock and the potential measurement €rror in labour input. In the
conventional production function estimation, number of workers was used as a proxy for
tabour inputs, implicitly assuming that e = 1 and w = 1. However, a proportion of labour
input was in fact taken away from direct production as an agency cost paid for team
production. When the variables are subject to the measurement error, the estimates wili be
biased and inconsistent. The empirical results could be improved by estimating the production
function in an incentive context, since the mutual monitoring model introduced a mechanism

to correct the potential measurement error in labour input.
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The estimated result< of the time allocation equation are presented in Table 5.1 ¢°
Comparing the estimates of the production function in Table 5.1 with those in Table 5.3, we
note that the non-conventional approach has brought about some mild improvement in the
testing significance. All the 7 estimated output elasticities of current farm expenditures are
significant at the 5 % level or better. The estimates of land and capital in Table ] arc not
worse than the OLS results. The average output elasticities of those with significant test
statistics are 0.76 for labour, 0.09 for capital, 0.19 for land, and 0.14 for current farm
expenditures. While the labour coef: ficients are high, the estimates of the other inpuls appear
to be compatible with Tang's result. The high values of labour coefficients in most casts are
caused by the poor estimates for land and capital. With the assumption of CRS, the labour
coefficients were calculated residually. Therefore, we note that the output elasticities for
labour are high when the corresponding evtimates for land and capital are not significantly
different from zero or have a negative sign. Nevertheless, in the cases of 1970 and 1975 where
all the estimated coefficients of the production function are positive and statistically
significant, the labour coefficient has a reasonable vatue of 0.64 and 0.62, respectively.

The consistency of the estimates of the non-conventional approach can also be
checked by computing the average values of the marginal products of factor inputs. The
results are shown at the bottom of Table 5.1. The calculated average of the marginal products
of current farm expenditures show a low of 0.17to a high of 0.79, with an average value over
the 7 estimates of 0.40 yuan, indicating that the average value of the marginal product of
current inputs covered less than half of the marginal factor cost. This result is consistent with
the observed excessive use of current farm inputs in Dahe during the period.

The marginal product of capital is the productive value per 1 yuan increasc in the

gross value of capital stock. The estimated average values range from a low of 0.04 to a high

“The model was also estimated without the restriction of constant returns to scale.
The results are reported in Table 5.2. The estimated scale parameters range from
097 to 1.06, except for 0.87 in 1971. The hypothesis of constant returns to scale
cannot be rejected at the 5% level of significance in any run. The rest of the
discussion will be focused on the restricted model (8). because the estimation
efficiency can be improved by imposing legitimate restrictions on the parameters.
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of 0.28, with an average over the 3 ostimates of 0.14. These raies are not much different from
the rates of return to capital coramonly found in the other less developed countries. The
margina! product of land is the value of output attributzble to an additional 1 mu of sown
area. Its average values range {rom a low of 11.38 to a high of 16.07 yuan, with an average
over the 3 estimates of 13.76 yuan. For comparison, the estimated marginal product of land
for all of China from data at the provincial level ‘n the period 1980-83 was 15.5 yuan
(Putterman, 1987). Since caphdl and land markets did not exist in China, it is not clear
whether the teams allocated their capital and land resources efficiently. The marginal product
of labour is the productive value in yuan of an additional man-year at the full working
intensity w = 1. The estimated marginal product of labour is 236.9 yuan in 1970 and 317.6
yuan in 1975. The estimated marginal product of labour in the other cross-sectional
regressions might be biased upwards due to the poor estimates for capital and land, and hence
should be read with caution.

The estimates of disutility and the technical coefficient of monitoring appear quite
satisTactory. Summarizing over all runs, these coefficents have the predicted signs and are
significant at the 1% level. The results also look fairly stable across the periods. The estimated
v lies between 3.88 and 7.86, and w varies from 0.11 to 0.28. This suggests that the workers'
1astes for working and monitoring their co-workers, as well as the monitoring technology, are
rather invariant across production teams and over time, despite the variation displayed by the
coefficients for production technology. The positive value of disutility supports the view that
workers dislike working and monitoring their co-workers. However, compared with the
average utility from annual consumption of 202.7, the disutility from work and monitoring
appears fairly low. This may reflect the minor weight given by the peasants to leisure in
relation to income in a poor nation.

We now tarn to the tests of hypotheses. The first four hypotheses in Section 5.2 ate
formulated as nonlinear functions of the estimated parameters. The test statistics for these
hypotheses are calculated at the mean values of the variables involved. The test statistic in

each case has an asymptotic chi-squared distribution with 1 degree of freedom. The test
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statistics Teported in Table 5.4 and Table 5.5 are the values of the standard normal variables.
(See appendix 5.2 for details.) *

Let us first discuss the results reported in Table 5.4. The workers' motive 10 shirk in
production is confirmed by the positive value of ali the test statistics for the free-riding
problem except the one for 1975; 5 of the tests are significant at the 5% level or better. The
free-rider test for 1975 is statistically insignificant. The hypothesis that labour supervision is
zero in the team is rejected at the 5% level of significance in all but one case. 81 Except for
1975, the estimated time fraction spent on production, a, is 2lways less than unity, lying
between 80 and 98 percent of the team’s total working time. This resuit indicates that the
production teams alloca2'sd 2 1o 20 percent of their working time to labour supervision in

order to prevent workers from shirking. ** ** With the exception of 1975, the estimated

The calculation of the test statistics for most of these hypotheses involves the
mean value of the dependent variable, q. The distribution of the test statistic is
derived based on the assumption that the mean value of per capita income is a
constant number. This is admittedly not a plausible assumption. Nonetheless, it is
worth noting that in consumer demand analysis the estimates of elasticities are often
presented as functions of the dependent variables such as budget shares. It is rather
common to obtain the approximate test statistics of elasticities under the assumption
that the budget shares are constant and equal to their sample means (Binswanger,
1974 and Pindyck, 1979).

“The null hypothesis of @ = 1 places the test on a boundary of the parameter
space. Generally speaking, the test statistic formulated from the estimation of the
unrestricted model in this case has a mixture of chi-squared distribution, which is
different from the x2(1) distribution under the nuil hypothesis (Godfrey, 1987). The
test of the hypothesis that « = 1, however, used the conventional x*(1) distribution
as a rough approximation to the unknown distribution of the test statistic.
Specifying the exact distribution of the test statistic on a boundary of the parameter
space is beycnd the scope of this thesis.

“The test of the hypothesis that a = 1 is also carried out for each individual
estimated a., (see Table 5.4). The rejection rate of the hypothesis that a = 1
against a & 1 varies from 53% to 79% of the total as for each cross-section,
with an average of 64.1%. It confirms the reliability of the test results for a = 1]
based on the mean values of the variables involved. Nevertheless, we are not able
to ensure that every individual e, falls in the range from zero to one. About 8%
to 36% of the calculated a., exceed one, with an average of 23.8%. This problem
can be handled by a nonlinear programming approach which would constrain the
estimate to be less than one. The lack of knowledge of the statistical properties of
the rtesultant estimates makes this approach problematic.

“}; has been found in consumer demand analysis that regularity conditiona are often
satisfied at a rather low proportion of the sample points (Howe, Pollak and Wales,
1979). The high failure rate of regularity condition tests opens an avenuc to the
improvement of mode! specification and the refinement of the data in demand
analysis.
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probability of catching and penalizing a shirker who provides zero effort consistently has the
correct sign and is significant at the 10% level or better. The estimated chance of a shirker
being caught and penalized in a team is 1 10 4 percent. These results suggest that labour
monitoring in team farming is not technically impossible, but is nonetheless imperfect and
costly.

Concerning the negativity of the first derivative of the credibility expression Q(a)
with respect to a, the estimated test values ia all runs except for 1975 have the expected signs;
in five years, the test statistic is significant at the 10% level or better. The test with a "wrong”
sign is insignificant. This result provides some empirical evidence for the economic rationality
of production teams in China.

The test for the comparative static results are reported in Table 5.5. Except for the

estimates of — and ——‘;- in 1975, all the estimates of the partial derivatives have the correct

da da Sa
37 v and seven of —o are

significant at the 10% level or better. The two cases of 'wrong' signs are not statistically

ad

signs. Four of -—r— and —— %a

“n and

, and five of — ad ,
significant.

With respect to magnitudes, the average elasticities of the time fraction spent on
production a with respect to various variables are calculated and shown in Table 4. ** The
results are interpreted as follows. Other things being equal, a 1% increase in the price of
output or production efficiency leads to a 0.57% to 3.52% of increase in working time spent
on production (an average of 2.02%); a 1% rise in fixed cost per worker forces the team to
increase monitoring time by 0.13% to 2.04% (an average of 0.86%); and a 1% increase in
proportion of income distribution based on work contribution reduces monitoring time by
0.10% to 1.18% (an average of 0.59%). The strong negative effects on labour productivity of
the extractive price policy, excessive state-imposed fixed costs, and anti-incentive ideology in
China's production teams is broadly evident in these results. Moreover, a 1% increase in the
disutility of production and monitoring requires the team to raise monitoring time by 0.55% to

2.41% (an average of 1.29%); a 1% rise in the technical efficiency of monitoring, @, allows the

*QOnly those with significant test statistics are reported.
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team to reduce monitoring time by 1.00% to 3.52% (an average of 2.12%); and a 1% increase
in team size reduces time spent on production by 0.58% to 2.98% (an average of 1.36%).
Clearly, the disutility of work, tastes for engaging in mutual monitoring, the team's
managerial ability, the technological characteristics of the production vprocess and the size of

the team also play important roles in an effective mutual monitoring & - ..

5.4 Conclusion

In this chapter, a rich panel data set from a commune in China during the Cultural
Revolution period was used to examine the static mutual monitoring model. An implicit
function determining the team's optimal allocation of labour time between production and
monitoring was estimated by the nonlinear two-stage least squares method. The estimated
results appear quite satisfactory, providing empirical support for the highly abstract
theoretical model of static monitoring in Chinese rural teams developed in chapter 4.

By estimating a production function in an incentive context, we calculated the labour
cost that the teams spent on labour supervision. It was found that 2 to 20 percent of potential
production time was taxed away by monitoring requirements. By accounting for such
monitoring costs, we ~orrected a common measurement error where number of workers is
used as a proxy for labour input in the estimation of a production function. Allocative
eficiency and its implications for team management were also examined. The results show
that due to the state's irrational production strategy and price distortions, the financial return
to land was fairly low, and the return to current farm inputs covered less than half of their
cost. This resource misallocation itself could create incentive problems for the team even in a
world of perfect information. It surely aggravated the difficulties facing teams in the area of
labour supervision.

Several hypotheses concerning work incentives were tested. The results support the
conventional belief that Chinese collective farmers faced a free-rider peoblem. It was also
shown that labour supervision in group farming is not technically impossible, but is

nonetheless imperfect and costly. It was further demonstrated that Chinese peasants in the
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various teams were rational economic agents. Their practices were sensible responses 10
prevailing internal incentive problems, given the constraints they faced. However, under the
extractive policy regime, state bureaucratic controls and anti-incentive ideology, labour
monitoring requirements taxed away a significant proportion of the team's productive
Tesources.

Based on the findings of this chapter, it is plausible to argue that much of the
difficulty of labour supervision in group farming did not primarily stem from the intrinsic
technological characteristics of farm production. There were indeed agency costs associated
with tearn farming. Yet the agency Costs incurred by Chinese teams would have been smaller
if the Chinese government had consistently adopted sound agricultural policies, provided
correct price signals to the teams and encouraged material incentives for individual peasants.
If the dvnamic benefits of cooperative production for China's rural development discussed in
chapter 2 could offset its monitoring cost, then collective farms need not to be inferior to
private household farms.

Apart from the contribution made to the incentive literature, this model raises a
number of important issues in the field of applied econometrics. These issues are: (1) how 10
specify the exact distribution of the test statistics on a boundary of the parameter space? (2)
how to test the accuracy of functional form in a highly nonlinear estimating equation? (3)
what will happen to the empirical results if we switch from the current econometric approach
to a nonlinear programming approach? All these issues deserve to be investigated in future
research. Nonetheless, most of the results reported here are plausible in sign and magnitude,
and seem unlikely to change substantially even with such refinements in the estimation

procedure used.



Table 5.1

THE NL2S ESTIMATION RESULTS

(Constant Returns to Scale)

100

1970 1971 1972 1973 1974 1975 1976

No 149.6 344.7 201.6 159.6 2479 122.4 177.2
(6.49)a (3.87)a (1.41)c (2.33)a (5.45)a (5.96)a (2.82)a

A 0.64 0.82 0.84 0.74 0.83 0.62 0.80
(22.83)a (18.64)a  (14.00)a (6.1Ma  (17.57)a (1590)a (12.12)a

A, 0.04 -0.14 -0.01 0.02 -0.01 0.14 0.02
(1.96)b  (-1.66)c (-0.14) (0.35) (-0.30) (4.97)a (1.79)b

A, 0.24 0.18 -0.04 0.06 0.04 0.16 0.01
(7.14)a (3.35)a (-0.64) {0.75) (0.91) (6.33)a (0.68)

s 0.08 0.14 0.21 0.18 0.14 0.08 0.17
(1.71)b (2.39)a (2.53)a (4.57)a (2.85)a (2.59)a (2.43)a

v 3.87 7.86 7.60 6.12 5.71 3.77 5.64
(6.37)a (6.20)a (4.84)a (4.96)a (11.05)a (10.54)a (9.51)a

w 0.13 0.21 0.25 0.28 0.22 0.11 0.19
(2.33)a (3.27)a (3.98)a (3.60)a (2.92)a (4.30)a (4.46)a
KH (2.67) (11.47) (3.92) (17.9Mb (5.22) (6.62) (9.01)
MPK 0.10 0.28 0.04
MPT 13.84 11.38 16.07 --
MPF 0.26 0.45 0.79 0.45 0.36 0.17 0.34
MPL 236.9 314.8 380.6 326.7 419.3 317.6 393.4
APL 256.4 263.8 286.8 266.0 306.3 277.1 248 .8

Notes: (1) This set of the NL2S estimation results is obtained with the

use of y, n, k, t, f, aind d as the instrumental variables.
(2) T statistics are reported ‘in paretheses below the coefficient estimates.

(3) c denotes that the test is significant at the 10% level.

(4) b denotes that ............. at the 5% level.
(5) a denotes that ..............
(6) KH is the Koenker hetezoskedasticity test value.
stands for marginal and average product, respectively.
(8) A, is calculated as 1 - Zkr, 1=234.

(7) MP and AP

at the 1% level.



Table 5.2
THE NL2S ESTIMATION RESULTS
(Unrestricted Model)
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1970 1971 1972 1973 1974 1975 1976

Ao 157.8 602.4 111.7 207.5 295.9 1.3 193.2
(6.37)a (1.04) (1.73)b (1.68)b (5.40)a (1.65)b (1.90)b

A 0.55 0.1 0.83 0.77 0.84 0.70 0.70
(6.75)a (4.70)a (9.70)a (5.72)a (4.57)a (11.26)a  (12.49)a

A 0.06 -0.17 -0.04 -0.01 -0.02 0.18 0.05
(2.24)b (-1.97)b (-0.86) (-0.16) (-0.38) (5.82)a (3.60)=

A, 0.29 0.14 -0.03 0.02 0.04 0.07 0.07
(8.81)a (2.88)a (-0.56) (0.23) (0.44) (1.49)c (2.62)a

A 0.07 0.19 0.21 0.20 0.13 0.11 0.14
(1.70)b (2.92)a (2.89)a (7.56)a (3.40)a (1.34)c (2.25)b

v 3.45 7.93 7.42 6.66 5.86 4.49 4.53
(7.2)a  {10.85)a (6.96)a (3.90)a (3.27Na (5.49)a (6.41)a

w 0.24 0.27 0.25 0.37 0.24 0.15 0.19
(2.05)b (2.41)a (2.73)a (1.82)b (2.51)a (3.10)a (2.81)a

RTS 0.97 0.87 1.06 0.97 0.99 1.05 0.96
x¥(1) (0.62) (0.59) (0.64) (0.17) (0.07) (0.64) (0.40)
a(mean) 0.88 0.81 0.89 0.87 0.98 1.04 0.93

Notes: (1) ¢ denotes that the test is significant at the 10% level.

(2) b denotes that
(3) a denotes that

............ at the 5% level.
............ at the 1% level.

(4) RTS is the estimated scale parameter and the X* test is given under each

estimated value.



Table 5.3

THE OLS ESTIMATION RESULTS

(Constant Returns to Scale)
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1970 1971 1972 1973 1974 1975 1976

Logh, 4.44 3.96 2.36 3.44 3.20 1.98 2.11
(9.33)a  (10.98)a (3.41)a (9.99)a (8.13)a (6.76)a (8.24)a

A 0.59 0.38 0.28 0.32 0.40 0.20 0.27
(22.69)a (17.27)a  (10.7Na  (21.33)a {22.22)a (16.67)a  (30.00)a

X, 0.11 0.05 0.24 -0.03 -0.01 0.06 0.05
(1.51)c  (0.84) (2.95)a {-0.48) (-0.23) (1.33) (147)c

Ay 0.16 0.33 0.002 0.25 0.04 0.04 -0.02

(1.92)b (3.63)2 (8.02) (3.62)a (0.52) (0.58) {(-0.32)

A, 0.14 0.24 0.48 0.46 0.57 0.70 0.7J
(1.12) (2.98)a (4.19)a (7.60)a (6.05)a (10.26)a  (12.73)a
KH (3.81) (6.59) (13.00) (3.97) (1.60) (6.80) (1.76)
R? 0.23 0.52 0.44 0.72 0.59 0.30 0.80
MPK 0.27 0.49 --- 0.09
MPT 9.26 20.90 19.30 -
MPF 0.77 1.3% 1.16 1.45 1.53 1.42
MPL 218.4 145.9 126.8 141.3 202.1 102.4 132.8

Notes: (1) This table presents the OLS estimation results of the production

function in a conventional log-linear form.
(2) T statistics are reported in parentheses below the coefficient estimates.
(3) c denotes that the test is significant at the 10% level.
............. at the 5% level.

(4) b denotes that
(5) a denotes that

(6) KH is the Koenker heteroskedasticity test value.

(7) MP stands for marginal product. Only those with significant test statistics are

calculated.
(8) M, is calculated as 1 - Z)\r. r=2,34.

--------------

at the 1% level.
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Table 5.4
RESULTS OF THE HYPOTHESIS-TESTING
1970 1971 1972 1973 1974 1975 1976
H, 0.45 2.56 1.44 1.19 0.38 -0.09 0.88
(z) (2.84)a (3.45)a (2.50)a (1.83%)bv (1.21) (-0.31) (3.29)a
a(mean) 0.85 0.80 0.89 0.86 0.98 1.c0 0.93
H, 0.15 0.20 0.11 0.14 0.02 -0.0004 0.07
(z) (9.76)a (7.01)a (11.1Ma (11.34)a (1.84)b  (-0.03} (10.10)a
No.l 20 29 27 33 33 44 49
% 53 78 70 70 57 56 65
No.2 8 5 3 5 8 6 5
% 21 14 2 1 14 8 7
No.3 10 3 8 9 17 28 21
% 26 8 2 19 29 36 28
H, 0.02 0.04 0.03 0.04 0.01 -0.0001 0.01
(z) (5.85)a (3.49)a {4.68)a (3.23)a (1.45) (-0.03) (4.29)a
H, -92.4 -216.4 -338.4 -121.9 -4361.2 4028300 -816.52
(z) (-1.40)c  (-3.68)a (-3.78)a (-1.32)c  (-0.64) (0.02) (-5.04)a
Notes: (1) H, stands for the test of free-riding in prbduction.

(2) H, is the test
the mean values of the variables involved.

for the hypothesis that 1-a is equal to zero with the use of

(3) No.l is the number of teams having @ < 1 at the 5% level of significance.
(4) No.2 is the number of teams having @ = 1 at the 5% level of significance.
(5) No.3 is the number of teams having @ > 1 at the 5% level of significance.
(6) H, is the estimated value of the probability that a shirker is caught shirking

and penalized in the team.
(7) H, is the test for the negativity of the first derivative of the credibility
expression Q(a) with respect to a.
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Table 5.5
COMPARATIVE STATIC TESTS AND ELASTICITIES
1970 1971 1972 1973 1974 1975 1976
PM 0.02 0.004 0.01 0.02 0.001 0.0002 0.003
(z) (1.43)c (6.11)a (1.60)c (1.00) (0.81) (0.03) (2.16)b
Pd -0.01 -0.002 -0.002 -0.004 -0.0001 0.00 -0.0004
(z) (-1.40)c (-3.68)a (-3.718)a  (-1.32)¢ (-0.64)a (0.02) (-5.04)b
PY 2.09 0.87 0.64 1.60 0.64 -0.0001 0.23
(z2) (1.40) (3.68)a (3.77)a (1.31)c  (0.64) (-0.02) (5.05)a
Pn -0.03 -0.01 -0.01 -0.02 -0.004 -0.0003 -0.006
(z2) (-1.52)c  (-7.60)a (-2.63)a (-1.28) (-0.93) (-0.03) (-5.48)a
Pv -0.53 -G6.11 -0.10 -0.22 -0.05 -0.005 -0.08
(z2) (-1.55)c  (-6.30)a (-2.63)a (-1.32)c (-0.93) (-0.03) (-5.23)a
Pw 22.99 8.86 7.27 9.80 5.67 9.08 7.46
(z2) (2.23)b (5.35)a (3.7Ma (1.91)b (2.62)a (2.10)b (7.28)a
Ek 3.52 1.72 2.27 0.57
0
Ed -2.04 -0.48 -0.52 -1.12 -0.13
‘f.7 1.18 0.51 0.32 0.82 0.10
En -2.98 -1.06 -0.81 -0.58
Ev -2.41 -1.08 -0.85 -1.57 -0.55
E © 3.52 2.33 2.04 3.19 1.27 1.00 1.52
sample
size 38 37 38 47 58 78 75
Notes: (1)P P_ P P are the estimates of the partial derivatives of « with

Tespect to thé’ coﬂ'espandmré paramé'fers

(2)E

E E. E., and E_ are the elasticities of the time fraction spent on

production W 7~f’m rgspec‘f to nh.,. Yi v, n, v, and @ respectiveiy.
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Table 5.6
THE NL2S ESTIMATES AND HAUSMAN TESTS
1970 1971 1972 1973 1974 1975 1976
A 145.1 334.7 316.9 145.5 252.2 113.2 161.2
(9.00)a (2.97)a (0.84) (4.06)a (3.92)a (5.87)a (3.36)a
A, 0.04 -0.13 -0.07 0.03 -0.01 0.14 0.02
(1.75)b  (-2.18)b (-0.46) (0.75) (-0.32) (5.27)a (2.22)b
A, 0.24 0.16 -0.02 0.06 0.04 0.16 0.01
(7.61)a (2.45)a (-0.26) (1.13) (0.69) (6.95)a (0.45)
A, 0.08 0.14 0.17 0.19 0.14 0.08 0.19

(2.19)b (1.37)c (1.54)c (8.92)a (1.61) (3.36)a (3.25)a

v 4.26 7.49 8.42 5.50 6.40 3.72 5.57
(6.93)a (8.44)a (3.79)a (4.20)a (11.22)a (8.37)a (9.93)a

© 0.20 0.18 0.26 0.25 0.28 0.12 0.18
(1.96)b (3.58)a (3.43)a (2.86)a (2.75)a (4.18)a (4.76)a

H (-0.50) (0.03) (0.30) (0.09) (7.15) (0.80) (3.67)

Notes: (1) This set of the NL2S estimation results is obtained with
the use of g n, k, t, f, d as the instrumental variables.
(2) H is the Hausman test.



Chapter 6

A Dynamic Mutual Monitoring Model

6.1 Introduction

In this chapter we will extend the static mutual monitoring system developed in
chapter 4 to a production team with a long time horizon. The dynamic mutual monitoring
system is based on the conjecmre that labour effort in a production team has two attributes:
it is perfectly observable by every team member, but not verifiable at zero cost.

It is assurned that the workers engage in formal mutual monitoring as we described in
Chapter 4. Meanwhile, the workers conduct informal mutual monitoring, meaning that the
workers accumulate information about the other workers' labour performance through the
production process. Informal mutual monitoring is a joint activity with production. Through
team production, every worker knows how all the others have performed in production and
monitoring. Information gathered informally cannot be used to impose formal penalties,
because the imposition of formal punishments must be based on verifiable evidence.
Nevertheless, due to the existence of long-term relationships, the workers are able to punish
shirkers usipg ihcir non-verified information. With the use of additional information at zcro
cost, the dynamic incentive system will supplement the staiic monitoring system and improve
the efficacy of labour supervision in team production.

The agenda of chapter 6 is outlined as follows. Section 2 describes the characleristics
of individual workers' effort decisions in a single < riod game. For easy reference, we provide
a brief introduction of the static monitoring system constructed in chapter 4. Somc
modifications in the basic assumptions =@ tnade in order 1o keep the model tractable. A
description of subgame perfect equitiz 1tz 7. contained in section 3. The nature of an optimal
labour contract in a dynamic setting is <:zcussed in section 4. Among the key issues addressed
in this section are the implications, existence and uniqueness of an optimal contract and the

comparative static results. The f. inal section of the chapter summarizes the results.

106
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6.2 The Single-Period Game

Define the single period game to be ' = (N, W, U). N={1,....n] is the set of n
identical workers, which is finite, and n Z 2. Denote the strategy of the ith worker by W W
¢ [0,1] is the effort level of worker i. To keep the model tractable, 1 simplify the framework
used in chapter 4 by assuming that a worker provides the same level of effort in both
production and monitoring. A vector of strategies, one for each worker, is denoted w =
(w,.....,wn) ¢ W. Defining W, E (w,,...,wi_l.wi+1.;...,wn). where W consists of the
strategy choice of all workers except the ith, one can write w = (wi,w.i).

Focusing on symmetric situations, we write w as the common level of effort and z as

the effort level of a worker who deviates from w. The production function of a team when

n-1 workers supply w, and one worker deviates 10 Z is then defined as
1) Q = 8cfpw(n-1)+2

where Q is gross output in value terms. @ is the technical coefficient of labour input. a € f0.1}
is the time fraction spenl on production, and (1-@) is the time fraction spent on formal
monitoring. a{w(n-1)+z] stands for total input of productive labour. The parameter B,
where 0 < B8 < 1, is the elasticity of output with respect to labour input. For a given a, the

team's net revenue available for distribution is
(2) Y(a,w,z) =Q-D20,

where D is the team's fixed cost. It is assumed that when Q < D, the team will receive
transfer payments from the government to cover its fixed cost. Hence, the distributable
income is non-negative. ** A worker is assumed to hold an equal share of the net revenue if

he/she has not been formally accused of shirking. Worker i's income is thus defined as

*In reality, Chinese teams received the state's poverty-relief funds when they were
uigble to provide a subsistence level of food consumption for peasants.
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_ 1y _
(3) y, = =Y(aw.z2) - TC.
Ti is a binary variable; Ti = 1 if worker i is caught shirking and Ti = 0 otherwise. The

probability that worker i is punished for shirking in production and monitoring is
(4) P.(w.2) = w(1-2)%(a),

where &(a) is the technical efficiency of monitoring. Equation (4) assumes that all other
workers maintain the effort w, while worker i offers z. C is the penalty imposed on a shirker.
The size of C is limited by some ethical and ideological factors; the team has to allocate the
proportion (1-y) of the distributable income to ensure workers' basic needs as explained in

chapter 4 and 5. This imposes a credibility constraint on the penalty C, i.e.

(5) CRED: (a) if Y(a,w,0) <0, thenC = 0
(b) otherwise, %Y(a,w.O) 2C20,

where y is the proportion of the income distributed according to performance. Y(a,w.0) is
the team net income when a single worker deviates from w to z = 0, while all others maintain
w. CRED states that a penalty cannot be imposed if it is possible for a worker to make team
income negative through deviation. In general, a penalty is feasible only when team income is
positive for all possible deviations. Since Y(a,w,z) is increasing in z, if a penalty is feasible at
z = 0, while all the other workers provide the level of effort w, then it will be feasible for all
z € [0,1].

Given the income distribution structure defined above, the expected utility for worker

i when choosing effort z is

(6) U W) = Ly(aw.a) - leyw(1-2)C - v if Y(aw.2) 20

= -7V otherwise.
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The disutility of production and monitoring are assumed to be identical, i.e v, = v, = V.

Denoting the optimal deviation from w at given « and Cas
(7N 7 = 2(a,w,C) = argmax Ui(z,w).

we then define the optimal payoff for the worker who deviates from w as

(8) fJi(w) = Ui(i,w) = max ,w).
2¢[0,1]

Note that

9) fJi(w) = U(ww),

where ﬁi(w) is the expected utility achieved through compliance with the team effort
contract, i.e.whenz =w. U = (U"“"‘Un) is the payoff vector.

It is well known that production teams generally face free- iding problems in a
single-period game. The following assumptions are made to specify this problem. First, define

the minimum time fraction spent on production as & min’ using the identity
anBe
(10) Oa,in (0 1))" =D,

where 0 < a min < 1. The first inequality follows from € > 0 and D > 0. The second holds
if the team is capable of imposing a positive penalty when a shirker offers zero effort, and all
the other workers exert maximum effort w = 1. Corresponding t0 « ¢ [a min,1]. the effort

level w"‘mi n is defined by

(11) e(a(n-1)w;’nin)5 =D.
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Again v‘:n in € (0.1 forae [e, ;1] whenever & > 0, D >0 and C > 0. Note that part (b)

of CRED in (5) holds only if a ¢ [umi n,l] and w e [wffnin,l]. Moreover, whenever C > 0 is
. o . .

feasible for a € (a min'u and w € (W mi n.1]. the relationship among the parameters 6, D, n,

and 8.
Al: G(n-l)B >D

is assumed.
It is assumed throughout that the leisure cost of a worker does not exceed the fixed

cost per worker, d = D/n, weighted by the output elasticity of labour, that is
A2: BD/n 2 v.

A2 indicates that increased effort is always socially desirable. A2 can be justified by the fact
that peasants with a low income may put a minor weight on leisure in relation to cash income.
Given A2, f]iw{w) 20 forall a ¢ [amin'u‘ W€ [wgﬁn.ll, and C = 0, where (Jiw is the
derivative of fJi with respect to a common effort level w. Since the marginal product of effort
exceeds its disutility for the team as a whole, a team which could contract directly on cffort
would always set w = 1.

Nonetheless, the socially desirzble effort level usuaily cannot be sustained in the

absence of monitoring and penaltics in a one-shot game. It is assumed that
A3: v2 -g-BI/BDl'l/B.

Given A3, it can be shown that a = 1, and/or C = 0 implies U, (z,w) < 0 for all w:min Sw
< 1, where Uiz is the derivative of Ui with respect to z when the other workers' effort level is
taken as given. Uiz(z,w) < 0 indicates that increased effort is perceived by individual workers

to be undesirable when they make their own effort decisions in isolation. Note that A2 and A3
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together imply that D 2 ©.
The Nash equilibria in a single-period game are summarized in the following

theorems.

Theorem 1: Given A3, shirking in production and monitoring w = 0 is a Nash equilibrium of
I'. A typical worker in this equilibrium obtains the payoff

1) G =0

Proof: If all the other workers provide an effort level w € [O,w;"ni n), then C = 0 due to part
(a) of CRED in (5). Worker i cannot do better by offering w e [w‘:nin,l] given A3.
Moreover, an effort level w ¢ [O’W?ni rl] always generates zero met income due to the state
transfer payments, while the effort cost is minimized at w = 0 over the range [O,uﬁli n).
Hence, when w . € [O,w‘:nin) is anticipated, the best reply of worker i is to provide zero
effort, i.e. W, = 0, and so does every worker. The payoff follows a direct calculation.

Q.E.D.

Theorem 2: W € [w;"ni . 1] forms an equilibrium of T if and only if the following conditions
hold for alli € N:
13) (iCy: BB P! +wd(e)C - v20 ifw =1

= ie Wl o

=0 1fwmm<w<1,

and

(14) (CRED): 1¥(e,w,0) 2C20.
A rtepresentative worker in such an equilibrium obtains the payoff

s 0w = %(am'v)ﬁ - d - w(1-W)#(a)C - Wv.
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Proof: Follows from the definition of Nash equilibrium. (14), i.e. part (b) of CRED, is not
a requirement for Nash equilibrium, yet it must hold if the penalty is to be enforceable when

some worker unilaterally shirks. A direct computation gives the utility of workeri. Q. E.D.

Theorem 3: An equilibrium with a credible penalty Cand 0 < a < 1 which has w e [wgli n.l]

Pareto dominates the shirking equilibrium w = 0.

Proof’: I-Ji(fv) > I-Ji(\;/) if and only if I-Ji(\;v) is greater than zero. It is easy to show that
fJi(s:v) is always positive when the static incentive compatibility condition in (13) and the

credibility constraint in (14) hold. Assuming & < 1, (13) and (14) imply
a6 2w - - R - BaPain 20
Denoting (16) by G(\;v) 2 0, we can write

an O - 66 = 2enfif - )P - pP 4
WG - 11 - LaPinf ] + S awin-1)f - gl

Note that (17) holds for both w < 1 and w = 1. When w < 1, IC in (13) holds with
equality, so that substituting (13) into the objective function and CRED (14) gives us (17).

When w = 1, uQ) = %aﬁ n’9 - d - v. (17) is obtained by substituting the identity
W gyl Bt £ gy - e

into G(1). We can show that the expression in (17) is strictly positive. The first term of (17)
is positive, because [nB . (n-l)B - BnB '1] > 0 due to strict concavity of nﬂ (see the proof
below). The second and third terms are both nonnegative, using A3 and CRED. Hence,

ﬁi(&) > ﬁi(&). Q.E.D.



113

The proof of n® -(n-l)B - Bnp'] > 0 is given below:
Proof: Draw a tangent line to nB at n,. Due to strict concavity, the tangent line at n, is
strictly above the curve nB for all n % n, . The tangent line at n, can be defined as y =
Bn.,B 'ln + (l-B)noB _Now set n = n, - 1. Since the tangent line is strictly above the curve
for all n * n,, this must be true for n = n, - 1. Therefore,

B lao1) + (1-pnf > (o - DA,
Rearranging this, we have

nf - BBl - DB >0
But since n, was arbitrary, we conclude

P - BnB'l -(n - l)B > 0 for all n. Q.E.D.

Theorem 3 shows that it pays for the team to implement a formal mutual monitoring system
when such a system is feasible, and no institutional alternatives are available to the workers.
Individual workers are always tempted to deviate from the optimal level of effort
when the static incentive compatibility condition or the credibility constraint is violated. It is
obvious that the outcome for an individual worker who chooses an optimal deviation from the
level of effort w is always at least as good as the one with w, i.e. ﬁi(\;l) 2 I-Ji(\‘-l). This
follows from the maximization of Ui(z.v?) with respect to z. Since 7 = w is feasible when

(13) and (14) hold, I:Ji(\;v) always doiminates l-Ji(v-v).

6.3 Characterization of Subgame Perfect Equilibria

Define a repeated game of team production to be T=(N, Z, G). N is the set of
workers in the team. Denote the action of the ith worker in period t by W, i W, € [0,1] is the
effort level of worker i at period t. A vector of actions, one for each player at period t is
denoted W, = (wh. ..... .wm). A history is defined as ht = (Wo, Wi, ceees Wy, I) € Ht specifying
all actions prior to period t. A strategy for i in period t is a map from his/her information set

to a chosen action i.e.
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% Ht - [0,1] for each worker,
where oit(ht)z Wi A strategy sequence for worker i is a collection of functions,

°i=(aiO'ail"""oit"") € Zio X zil x......xZitx.... = Zi.

and a strategy combination is a vector of strategies
= (a;.....,o ) € Z; X.oooo xZ =L,

o can be written as ¢ = (oi,o_i), where o= (o"""oi-l'°i+1""'°n) are the strategies of
the other players. The expected lifetime utility for worker i at time t as a function of all
workers' strategies will be

== & luw
(19) G (olh) = Z_, 8" Uylw).

t
where & is the discount factor, which reflects the probability that a worker will remain in the
team in future and his/her intertemporal preference. Let G = (G,,.....G n) be the lifetime
payoff vector at time t = 0.

A set of strategies is called a subgame perfect Nash equilibrium if the strategies of the

players are best replies to one another at all times and for all possible histories.

[ L4 ]
Definition 1: A sirategy combination o =(o1 yeears ,an) is a subgame perfect Nash

equilibrium (SPE) if and only if
L] ]
. .
Git(a |ht) 2 Git(ai'o-ilht) forall o, ¢ Zi, and all hI € Ht' allt20,andallieN.

Theorem 4: ait(ht) = w for all i, ht' and t, is a subgame perfect Nash equilibrium in
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T=(N,Z,G) if (13) and (14) hold.

Proof: Given the conditions in (13) and (14), w is a Nash equilibrium in a one-shot game. It
is well known that a strategy combination which plays one-shot Nash actions in every period

for any history is a subgame perfect equilibrium of the supergame (Friedman, 1986).Q. E. D.

Theorem 5: Shirking in production and monitoring ait(ht)= w = 0 for all i, hl and t, is a

subgame perfect Nash equilibrium in T.

Proof: Follows the same argument in Theorem 4. Q.E.D.

In the repeated game these need not be the sole subgame perfect Nash equilibria. It is
well known that with the use of trigger strategies workers can achieve efficient cooperative
outcomes that they are unable to obtain in the one-period game. *’

Consider symmetric trigger strategies of the following form: for each i,

0, (h)

W ifzzo,orifwjr=&forauj eNandr <tift21;

I

w=0 ifwjrﬁ:v-vl'orsomejeNandr<t.

Under o, workers will switch to the inefficient Nash equilibrium with zero effort to punish
the shirker after any deviation from the efficient cooperative agreement. The threat to move
to the inefficient Nash equilibrium is always credible because the repetition of w is also a SPE
of T.

Consider the lifetime expected utility functions in the repeated game when other
workers follow the trigger strategies defined above. If worker i follows the trigger strategy,

then according to (15) the lifetime utility for worker i at time t=0is

“This chapter considers only trigger strategies rather than more complex supergame
strategies. The results can be interpreted as a lower bound on the utility a team

can generate for its members. If some more complex strategies WeEre allowed, it is
possible that the team might do better.
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@) G = Er U8 = 1y Ui
= 2512w - - Wy - QW)

If worker i decides to deviate from o in period t, given that the other workers use the trigger

strategies, his/her largest possible payoff from period t on will be

~ ~ N - 5 - -~
(21 Gi(oi'o-i) = Ul(W) + —176_U1(w)
= %[(n-l)\;/ +318af - d - v - w(1-2)8(a)C

where z is the optimal one-shot deviation. Note that from the discussion of a single-period

game, the payoffs are ranked as
U,(w) 2 Ty(w) > Ty(w) = 0.

Theorem 6: The trigger strategy o is a subgame perfect Nash equilibrium point of Tif and

only if
(22) I'Ji(v'v) 2 (1-8) ﬁi({v)

Proof. Let us first show that o is an equilibrium point. The incentive compatibility condition
(IC) in (22) implies that G, (5 |h,) 2 G, (9;,9_;|1,) for all o; and all i. The trigger stratcgy
of worker i is the best reply to the trigger strategies of others; therefore, the trigger strategy
combination ¢ is an Nash equilibrium point. On the other hand, it can be shown that if oisa
SPE, then (22) must hold. If it did not, there would be subgames where it is optimal to
deviate, i.e. Git(alht) < Git(ai‘a-iht)‘ Hence, (22) is also necessary for o to be a SPE.
Now it is shown that the equilibrium point is subgame perfect. By Definition (1), an

equilibrium point is subgame perfect if it is a Nash equilibrium strategy combination for any



117

possible subgame of the original game. Let us define an arbitary subgame by selecting a value
for time t and some history ht' and partition all subgames into two sets. The first consists of
those subgames in which ht= (\-v....._,‘;z) for all t 2 0. The second set is the complement of the
first. For a subgame in the first set, by using the trigger strategy, worker i will have utility
ﬁi(‘;’) in each period; that is, o = (w, w) induces an equilibrium point on the subgame. For
a subgame in the second set, all worker j will choose w in all periods. This is also an
equilibrium point for the subgame; therefore, 6 = (w, w) is subgame perfect (Friedman,

1986). ‘ Q.E.D.
6.4 Team Optimization Program

6.4.1 Implications of An Optimal Labour Contract

The team collectively chooses the parameters of an optimal labour contract { a, W, Ci
given individual workers' effort decisions in a repeated game. Dropping the subscript i in the
discussion of the team optimization program, Wwe rewrite the expected utility of a
representative worker who chooses effort z when others supply w as U(e,w,C,z), and define
ﬁ(a.w.C) g max U(a,w,C,z). We also write I-J(a.w,C) e U(a,w,C,w), where U(a,w,C) is
the expected 711et[1§)1t1y] achieved through compliance with the contract, ie.z=w.

From the discussion of SPEs discussed in Section 6.3, we note that a feasible contract

must satisfy the following conditions:

IC: U(a.w.C) 2 (1-8) U(a,w,C)
CRED: (a) if Y(a,w,0) S0,thenC =0;
(b) otherwise, -;{-Y(a,w.O) 2Cz20.

Requiring that a worker cannot be better off through deviation from an equilibrium, 1C must
hold for any SPE. Note that if § = 0, then we are back to the static model of chapter 4

because the IC implies that no deviation from the contractual effort can make an individual
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worker better off, even in a one-shot situation. Part (a) of CRED applies when any of the

cases: o < & w < "‘rxnin or e(n-l)B < D is true. Part (b) of CRED applies only if o €

min’
[amin'l]' W e [w;'nin.l] and e(n-l)B > D. Now let us consider the characteristics of feasible
labour contracts.

Theorem 7 Every contract {(a,w,C) satisfying IC and part (a) of CRED has w = w = 0 and

fJ(a,w,O) = 0. For any a ¢ [0,1], the contract («,0.0) is feasible.

Proof: Set z = 0, part (a) of CRED implies U(a,w,0,0) = O for any a, w € [0,1]. For any z
> 0 such that Y(a,w,z) £ 0, we have U(a,w,0,z) = -zv < 0. For any z > 0 such that
Y(a,w,z) > 0, we have U(a,w,0,2) = %Y(a,w,z) - zv. But we now show that this is

nonincreasing in z:
(23) Uz(’-a,w,.ﬂ.z) = -Bﬁ.iaﬁ[w(n-l)_*_zlﬁ'l -V,

but Y(a,w,z) 2 0 implies eaB[w(n-l)+z]B 2D, or [w(n-l)+z]B°1 < [D/G)aB]l-l/B. Hence,
(24) U (aw0.2) S B2 oPip/eaP VB . y < Bel/Bpl V(1) <o,

where the middle inequality follows from A3. Since U(a,w,0,z) is nonincreasing in z for
Y(a,w,z) 2 0, and equals -zv < 0 when z > 0 and Y(a,w,z) < 0, we have shown that
U(a,w,0,2) obtains a unique maximum of zero at z = 0. However, the IC condition requires
I-J(a,w,C) 2 (1-3) U(a,w,0) = 0. Since U(a,w,C,w) < 0 for any w > 0, we conclude that
w = w = 0. In this case, fJ(a,w.O) = (), establishing the first part of Theorem 7. The second
part follows by observing that for any a« ¢ [0, 1], w =2 = 0 implies Y(a,w,z) < 0, so part
(a) of CRED is satisfied; and IC holds because U(e,0,0) = (1-8) 0(,0,0) = 0 by the

preceding argument. Q.E.D.
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Corollary: Any feasible contract ( a,w,C) vielding U(a,w,Cy ¥ 3 s satisy 1C and part (b)

[+
min

! 1
R B
omintTd

of CRED. Any such a contract requirss W = w e [w. . ,ifo1:

From Theorem 7 and its corollary, we observe iuai . feasinis , sriract always exists
because (a.0,0) is always feasible. A feasible contract with U.a.w,C) > {i may or may not
exist; but if it exists, then the team optimum must satisfy IC and part (b} ¢ CRED. “ If
there is a feasible contract with U(a,w,CY > 0, the team does not choosc a conti.ct of type
(a).

In what follows, we assume i.it fhere exists a feasible contract (a.w,C) with

U(a,w.C) > 0. The team optimum then solves ihe probiem

max U(a.w.C)

a,w,C

Subject to: IC:  U(a.w,C) 2 (1-6)U(a.w.C)
CRED: LY(a,w.0) 2C20.

In CRED, we use the fact that an optimal contract wil! satisfy part (b) of the original CRED
crnstraint. It follows that a ¢ [« min'll' W€ [w;!nin’ 1Jand C 2 0.

We first consider the choice of optimal work effort w, and then discuss the features
of optimal « and C. By A2, we know that increased effort is always socially desirable:
therefore, w = 1 is preferred to w < 1 whenever w = 1 is feasible. But under what
conditions is the team able to choose w = 1 when w < 1 appears to be feasible? This
question will be answered by Theorem §-10. Theorem 8 identifies the feasibility conditions of
w = 1 when a < 1 and 5§ < w. Theorem 9 considers the same issue in the case where & = 1

and & < w. Theorem 10 handles the case where §2w.

an Section 6.2, we showed that a labour contract which satisfies the static
incentive compatibility condition and part (b) of CRED must yield positive utility.
At the end of this section, we will show that this is also true in the presence of
a dynamic monitoring mechanism.
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Theorem 8: Assume Al-A3 hold. Arbitrarily fix & such that a min <a <1l Alsofix § ¢
(0,1 and A = D/@(n-l)B € (0,1), and n = %_nﬁ_ € [l/[(n-l)kl/B.l]. There exists some -
such that whenever n > n. if there is some feasible contract (a.w.C) with § < w < 1, then
(a,w',C") with w' = 1 is also feasible for some C' 2 0. The value of n depends on §, B, ©,

v and D, but not (a,w,C).

Note that the restriction on the values of X is given by Al, and the restriction on possible
values of n follows from A2 and A3. By keeping A and n fixed, we assume that Al-A3}
continue to hold as n becomes large. This is certainly true for A2 and A3, and therefore a
fixed n. A fixed A can be justified by the fact that both total revenue and total cost arc
increasing as the size of a team grows. What is important in Al is that a team musl possess
positive economic rent before any efficient contract can be implemented.

To prove theorem 8, we introduce the following notations and lemmas.

(25) c_(w) = v[Xatn-nw)P - 2
(26) Cl(W) = [d’(d)W(w-a)],l[(l_5)(%(0(11_1)“,)3 . _lr%) . (—g—(anw)B . % - Wy )]
and

@ Cow = [e@wlly - BePwn-1)P

where C m(w) is the maximum penalty a team is able to impose, Ci(w) is the minimum
penalty which satisfies dynamic 1C when z = 0, and Co(w) is the minimum penalty with

which the static IC condition holds.

Lemma I: Co(w) 20 forall w e [w':n land e e fa . 1), and C.(1) > 0.

Proof: Follows the fact that (a) > 0 with & > 0, w > 0 and v - -%@—aﬁ(w(n-l))ﬁ'l 2
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for all w € [wS.

mm.l] and a ¢ [amm,lj given A3. Q.E. D.

Lemma 2: For fixed v, B, A and n, there exists some 0, such that n > n, implies C,'(w) =0

a
for all w e [wmin'll anda < 1.
Proof: Rewrite Co(w) in terms of A and 7, i.e.
-1
(28)  Co(w) = [1/¢(a)w]-1v[1-}-ﬂ%fﬂaﬁwﬂ ).
The derivative of C,(w) with respect 10 w is
) Cow) = De@will - 8PPl

Co'(w) S Oif [ - Sf({) ByB-Y > 0, because #(a) > Oat @ < 1, w > 0and v > 0.

But if this inequality holds for @ = 1 and wlmin = (D/G)I/B (n-1)-*, it must hold for all @

a . . .. - Vo el
<landwe [wmin,l]. Evaluating the inequality at & = land w = w' ., we note that the

inequality holds if 1 > (2-[3)/[117\1/3 (n-1)). I therefore suffices to choose

(30) n 21+ -8B

Note that n, is independent of § as well as (a,w,C). Q.E.D.
Lemma 3:7 > 0 if and only if C > Co(W).

Proof : The derivative of U(a,w,C,z) wiih respect to z is

(31) U, (aw.C2) = -ﬁn‘?’—aﬁ[(n-l)-.%+z]ﬁ‘1 v + wd(a)C.
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Note that U Z(a,w.C.z) is strictlv decreasing in z. We can show that if C > C.{w), then
Uz(a,w,C.O) > 0. It pays for a worke: 1o increasc effort; an optimal is reached with 7 e
(0,1), where Uz(a,w.c,i) = 0, or z = 1, where Uz(a.w.c,i) 2 0. If C € Cw). then

Uz(a,w.C,O) < 0, and an optimum implies 7 =0. Q. k. D.
Define R(a,w.C) = U(a.w,C) - (1-6)U(a,w,C). IC holds if and only if R(a.w.C) 2 0.

Lemma 4: For fixed 0 < 8 < 1,0 < § < 1, and feasible («,w,C), there exists n, such that n

> n; implies -EB(LB“‘E—Q)— > 0 whenever E(a.w,C) > D and ik—(‘;'Tw'—C—)— 2 0.

Proof: The derivative of R{a,w,C) with respect tc w is

)  RlaxC B Bumbl. e@yi-amc - v
- (-6 Plun-1)+28 o) - (e 1-0)C
= L2 BB B - (o) win) + P (1))
+ d(a)WC - v - #(a)C(1-w) + (1-8)(a)C(1-2).
Note that the term aR(gZL\&Q aav% is ignored by using the envelope thcorem. But
BW(ew.Ca) - gifs e 0,1), or 2L@WLD > g ir 7 = 1, thatis

(33) B B+ 4 waerC - v 20,
Using this result, we have

o) RE@2O) 5> B BALE . () + P8 + 1)
- #(a)C[(1-w)-(1-8)(1-2)].

But 55 = - $(@)w[(1-w)-(1-6)(1-1)). If S8-2.0, then (1-w) - (1-8)(1-2)< 0, because
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d(a) > M with @ < 1, and w > 0. Hence, the last term of the right hand side of (35) is

equal or greater than zero for C 2 0 and $(a) < 1. It thus suffices to show that

wB 1B s twin-1) + 2P 1-8)(n-1) + 1]

or
)P > (w(n-1) + 28 w(1-8)(n-1) + w] = RHS.
But
RHS < (w(n-1)E [ w(1-8)(n-1) + w] = wP(a-1P-8)(0-1) + 1.
So it is sufficient to show that nB > (n-l)B'l[(l-a)(n-l) + 1} or (—HI}-I—)B >1-8+ _n—lT

but this holds for a sufficiently large n when & > 0. Choose n, such that n > n, implies this

inequality holds; note that n, depends on B. &, but not (a, w,C). Q.E.D.
Lemma 5: Fora < land w > §, if 7 = 0, then IC holds if and only if C 2 Ci(w).

Proof : Follows from the definition of IC when 1=0,a<landw>§. Q. E.D.
Lemma 6: CRED holds if and only if C m(w) 2 C.

Proof : Follows from the definition of CRED. Q.E.D.

Lemma 7: Giveny > 0, 8> 0,8>0and n > 1, C'm(w) >0forall @ e (0,1} and w ¢
(0.1].

Proof : Follows from C'_(w) = Jn-ﬁeaﬁwﬁ'l(n-nﬁ > 0. Q.E.D.
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Lemma 8: For fixed 8. 8, A and n. there exists some n, such that n 2 n, implics if Co(w) 2

ci(&-), then Cy(w) 2 C,(w) for all w > w.

Proof: Write Co(w) and Ci(w) in terms of n and A, we have

By

(35) Co(w) = 6(;)\'1{1 - ny\(;-l)“ﬁw

and

(36 W) EW[X"(aW)B(l-ﬁ-(%)B) + & + npw).

Colw) 2 Ci(w) holds if and only if

G el L2 anviewPa-s-GEpf) < 5+ s
or
(w-8)Blr-sryeP P 1 2 i (aw) B8 (GEDP) + 6 + npw.

or

A gw)B nB.,. B 88 1>
Aaw)T 6 + (n-l) 1 a1t win-T1) 12 8(1+Bn).
Suppose the inequa.ity holds for some w. Then it suffices if the LHS is a strictly increasing

function of w. The derivative of the LHS with respect to w is

SRS NP I L

It suffices if &(n-1) > B + (1'3)"%- But a feasible w must be greater than “'lrxnin =
(—192)1/'3[(n-1)a]" = kl/Ba" 2 kl/B. Hence, it is sufficient to set n, > 1 + g— +

(l-B)k'l’lﬁ. Notc that n, depends on B, & and A, but is independent of 7 as well as
(a,w,C). Q.E.D.
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We now show the proof of Theorem 8.

Proof: Let n. = max(n,,n,,n,;) where n,, i = 1,2,3 are defined by Lemma 2, Lemma 4 and
Lemma &. Assume n > n‘. Suppose (a,w.C) is teasible where w < 1. By Lemma 6, (oS
Cm( w). With regard to C and C,(w), there are two possibilities: either {a): ¢ > Co(w) or
(b): € < Co(w).

Consider case (a): c> Co(\?v) and i(a,\;«'.é) > 0 by Lemma 3. Since C,'(w) = 0 for

all w e [w 1] by Lemma 2, all contracts of the form (a, w',C) with w' > w hav. z > 0.

With regard to 1C, we note that _Q&(_%(%_C_)_ = -®(a)w[l-w-(1-8)(1- z)], which depends on

C only through 2. For fired @ and w, oz = B(o)w(1-8) g < 0. 1f (a.W,C) is chosen

such that T 20, and 2> 0, ther (a1 C) is feasible because —B— > 0 whenever z > 0 and

az 2 0 by Lemma 4, and C' (w) 2 (0 by Lemma 7. If (a, w,C) is such that aIé < 0andz

> 0, then one can always hold w fixed and reduce z through curtailing C until ‘aﬁ 2 0. Note
that z = 0 when C = 0 for any a, w, and 'B_C_ > 0.Sothereisa C' > 0 and a 2 > 0such

that —g—}é— = 0 by continuity. Because initially —g-}é— < 0 at (a.\?f‘é), we can reduce C until

oR
aC

is reduced from C to C'. The remainder of the proof is as above.

= 0 without violating IC, because R(a,v‘v,é) 2 0 by assumption and R is increasing as C

Now consider case (b): ¢ <€ Cy(w) and 2 = 0. Feasibility implies ¢z C(w) by
Lemma 5. Allowing the penalty to vary with w, we define C(w) = max [O.Cl.(w ]
{a, C(w) w) where C(w) C is also feasible and also has z = 0. Since C'o(w) £ 0 by
Lemma 2, and Co(w) 2 Ci (w) implies Co(w) 2 C',.‘(w) for all w 2 w by Lemma 8, we have
C(w) £ Cy(w) € Cm(w) for all w 2 w. Moreover, C,(1) > 0 by Lemma 1. Now consider the
contract [a,l,é(l)] where C(1) = max[0, C{(l)]. This contract has z = 0 since C(1) £ Ci(1).
IC holds because C(1) 2 Ci(l) and z = 0. ince Cm(l) 2 C(l), CRED also holds, and so the

contract is feasible. Q. E.D.

Tkeorem 9: Assume Al-A3 hold. Fix » € (0,1). If the contract (1,(\'.(‘2) is feasible, then so is

(1,1.0), except possibly for a region in the parameter space whose measure is zero.
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Proof: If € > 0, then the contract (1,w.0) is also feasible since C does not enter into IC
when & = 1, and C = 0 is permitted by CRED. Hence, in what follows we assume ¢ =o.
. . e, B B\ © B I . ¢

Define &8 = [V-E-(n -(n-1) )]['xT(n'l) - d]*. For a fixed § 2 § , IC holds for w = 1, «a
= 1and C = 0, i.e. R(1,1,0) 2 0, and CRED is also satisfied. Hence, if (1.w.0) is feasiblc,
then (1,1,0) is also feasible.

Now consider the case where 6 < 6.. In this case, R(1,1,0) < 0 and a contract with
o« = 1 and w = 1 is not feasible, What could happen in this case depends upon the nature of

R(1,w,0) = R(w), where
(39) R(w) = %—(nw)B d-wy -(l-6)[—2—((n-1)w)3 -d].

The derivative of R(w) with respect to w is

“0) 3R(W) _ wﬁ'l—%@—[nﬁ - (1-8)(n-1)P] - v.

ow

Denote w‘ as a w that maximizes R(w), §=an + 1 - 'ﬁl}f')ﬁ' and § = nk]/ﬁ + 1 -
(%)B . We note that if 5. >§2 3, then w. = 1. Because of the concavity of R(w), R{w)
is strictly increasing in w e [w‘mm.l]. Hence, R(1) < 0 implies R(w) < 0 for all w ¢
[w!

min,1]. This case contradicts the assumption that some contral (1,\3/,0) is feasible, and

hence this case can be ignored. If § < 5, R'(w‘min) < Q, and then w. = w)min' where w’min
= 7\1/5. So R(w) is strictly decreasing in w for all w 2 wlmin‘ But R(w’mm) =
0w . 0) - (1-9)01w ,,.0.0) < 0, since 0w, .00) = 0 by the definition of
wlmin’ and ﬁ(l,w‘min,O) < ﬁ(a,w‘min,0,0) = ( given Uz(a.w,O) < Qforalw?2 Wlmin
by A3. Hence, R(w) < Oforallwe [w‘min.l]. Again, no contract with a = 1 is feasiblc.
The remaining possibility is min [6,8] > 8 > 5. In this situation, w = {B@[(nﬁ
-(1-6)(n-1)B]/vn}1/(l'B) € (w‘min,l). There are three possible cases: (a) R(w‘) < 0, then

R(w) < 0for all w e (w! mi n,1]. In this case there is also no feasible contract with @ = 1.
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(b) R(w') > 0, and R(w) 2 0 holds for all w € [w,w], where w > w' . and w <1
and R(w) = R( \;/) = 0. All contracts w ¢ [vg.\;v] are feasible when a = 1. It is easy to show
that this case can be reduced to the situation described in Theorem 8 where <land é <w.
Consider w. *° Let w' = W > w., where €, > 0 is chosen so that R(1,w',0) > 0. Then
choose some €, > 0 such that ' =1 - ¢; <1 and R(a',w',0) > 0. This is possible by
continuity. Thus, the contract ¢ ' = l-¢,, w' = l-¢,, C = 0 is feasible and a’ < 1.
Moreover, it can be shown that R(w') > 0 implies w' > §. Substituting w. into R(w) gives

us
(41)  RwW) = [—%S—(nﬁ-(l-é)(n-l)B)]U(l'ﬂ)—g-(l-ﬁ) - 6D/n.

R(w') > 0 implies w.%nD—(l-B) > §; therefore, w > & since S <1y A2and (1-B) <
1. Hence, as long as R(w‘) >0, w > w. > &5. Now applying Theorem 8, we can show that
if w' < 1is feasible when @' < 1, C' 2 0and w' > §, then w = 1 is also feasible for a' <
land C' 2 0.%°

(c) R(w.) = 0;and R(w) <Oforallw = w.. In this case the only feasible contract
with @ = 1 has w‘ < 1. But this can only occur when the parameters 8, ©, v, n,  and D
strictly define a relationship such that [-£%-(nf-(1-8)(a-1)y1 Pl 1-p) - sD/m = 0.
This equality holds only for a region of measure zero in the parameter space. Assuming that

this relation does not hold, we can ignore case (c) in the following discussion. Q.E.D.

“By A2, w is always preferred to w when both w and w are feasible.

sCase (b) presents a situation where the team must make a choice between (i)
saving monitoring cost by tolerating some degree of shirking and (ii) enforcing
maximum effort by investing on labour supervision. The optimal choice depends
upon the relative strength of dynamic monitoring and static monitoring. If a high
level of effort, although not the possibile maximum, can be ensured merely by
informal monitoring, the team may prefer (i) to (i), otherwise (ii) to (i). In the
discussion of case (b), for simplicity we rule out a might-be optimal labour

contract @ = 1, w',< land C 2 0 at ' < &, where w' is fairly close to 1
and &' is close to & . It is argued that this type of contract can be well
approximated by an optimal contract @ = 1, w = land C2 0 at é 2 6,

because to some extent that effort is a relative matter.
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Theorem 10: Any optimal contract with 0 < w <8 <1 must have a = 1.

Proof : Suppose (&,\;/,C) is an optimal contract with w<§and a <1 .We have

)

(42) R = ewl1-w-(1-8)(1-D)]
=0ifz=0and 8 = w
<0if2>00r8> w.

oR

If 3 < 0, reduction in C will increase R(a,w,C) without decreasing the objective func.ion,

It is then possible to increase a, raising utility. This contradicts the optimality of the orig™al

contract.
If —g%— = 0,z = 0 must hold. R(a,w,C) then remains unchanged when C is reduced
from Co(fv) > C to zero. Therefore, we can assume C = 0 holds whenever —g—}é— < 0, since the

objective function is nondecreasing for small reductions in C. Such reductions are always

ermitted by CRED. But if C = 0, then
@ R@wo) = 2>aw)f a - w - @8 2atn-1w? - )

and

@ Rewd O BLAE. (151 >0

da

If « < 1is feasible at C = 0, then &« = 1 must also be feasible because R is strictly
increasing in a. The team will then increase a, since the objective function is strictly
increasing in a. Such increases are permitted bty IC and CRED. This contradicts optimality.
Q.E. D.

Having discussed the feasible effort contract, we ar¢ now able to characterize all the

parameters of an optimal labour contract.
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Theorem 11: Assume the conditions of Theorem §, 9 and 10 are met, n > n.. and there is a
feasible contract with U(a,w,C) > 0. Define 8 = [v-%(nﬁ-(n-1)ﬁ)][%<n-1)3 - ).
(a)If 62 6'. any optimal contract (a., w‘, C‘) has oz. =w =1and C. =0.In
this case, U(1,1,0) 2 (1-8)0(1.1,0), 1¥(1.1,0) > 0 and 2(1,1,0) = 0.
bIfo<K<s< 6., then there is n such that whenever n > n, any optimal contract
has
(v =loa <landC >0;
(i O 1.C7) = (1-5)0(a” 1.C )
(iii) L¥(a .10) = ol
(iv) a" is the largest a ¢ (a__. 1] such that (ii) 2nd (iii) hold for some c >o
(v) 3(a’1.CT) = 0,and C = C(1).
(c) If § = 0, any feasible contract has
(w =1 <1,andC >0;
(i) 2(e1.C) = L
(iil) LY(a'1.0) = c:

(iv) a. is the largest a € (ami n.1] such that (ii) and (iii) hold for some C° > 0.

Proof: (a) Since U(a,w,C) > 0 for some feasible (a,w,C), an optimal contract must yield
positive utility. By Theorem 7, it follows that an optimal contract satisfies the IC condition
and part (b) of the origina! credibility constraint, since otherwise the team has zero utility.
Hence, w > wgﬁn and ¢ > & in: Because ‘-Jiw > 0 given A2, fJa > 0, and fJC < 0, we
have, U(1,1,0) > U(a.1,C) > U(a,w,C) for any « < 1 and w < land C > 0. Also
U(a.1,C) is independent of C for all & € [0,1]. Hence, whenever a contract (a. ,w.,C.) with
W = w' = 1and C = 0is feasible, it is optimal. But C = 0 implies 2(1,1,0) = 0. When
¢" = 0and i =0 LY(1,10) > 0 because y > 0 and Llyai0 = var00) >
U(aw00) 2 0 forany a < land w < 1 a = w = land C = 0 satisfy the IC
condition if and only if R(1,10) = 2nf - d - v - (1-6)(2(n-1) - d) 2 0. But this holds

L
whenever § 2 6 .
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(b) If & ¢ (0.5 ), then R(1,1,0) < 0 so that the contract (1,1,0) is infeasil'e. From
Theorem 9, we know that a contract with @ = 1 is not optimal because this would contradict
the infeasibility of (1,1.0). Hence, an optimal contract must have a. < 1. But il a'. <1,
then C‘ > 0 must hold. If C. = 0, the team could increase a to raise the objective function
without violating IC or CRED. This contradicts optimality. From Theorem 8, there exists
some n. such that whenever n > n‘ if some (a,w.C) is feasible witha < 1,w <1l,andC2
0, then (a,1,C') is also feasible for some C'. Since we already showed in the proof of part
(a) that U(a,1,C") > U(a,w,C') for any w < 1 and any C, any optimal contract must have
w' = 1. This proves (i).

To prove (ii), assume an optimal contract (a..w"C.) with a. <1, w‘ = 1 and C.‘
> 0 has stricily inequality in the IC condition. Then we can choose some e > 0 such that the
IC condition holds at (a.+ e,l.C.) and o does the credibility constraint. But utility is higher
at (a‘+ e,l,C‘), contradicting the opumality of (a.,w.,C.). So IC holds with equality.

To prove (iii), consider an optimal contract with a. <1, w‘ = 1 and R(a..l,C.) =
0, which must hold by (ii) above, then —g—}é- = (1-5)<I>(¢x')(1-2) 20 with=0if7 = 1and
> 0 otherwise. But if 7 = 1, then R(a",1.C ) = &{(na)? - d - ¥] > 0, since an optimal
contract must yield positive utility. This contradicts R(a..l,C.) = 0, so we conclude that 7
< 1 and —g—%— > 0. Now suppose the optimal contract (a‘,l,C.) has C‘ < Cmax(“.'l)‘ We
can then choose some €, > 0 such that C‘ + 6 <C max(oz‘,l), so that CRED continucs 10
hold. but R(a® 1.C" + &) > 0. It is now possible to choose ¢, such that (& +¢€;,1.C +¢,)
satisfies both IC and CRED with u. + ¢, < 1. But utility from the latter contract exceeds
f](a.,l.C‘). contradicting optimality. Hence, CRED holds with equality at an optimum.

To prove {iv), observe that U(a,1,C) is stricly increasing in « and independent of C.
Hence, if (a.,l,(‘..) is optimal, there cannot be any contract (' 1,C') withl1 2 a' > a’ such
that IC and CRED hold with equality; otherwise the latter contract would be feasible and
would dominate (a‘,l,C.). contradicting optimality.

To prove (v), denote C, such that R(a., 1,C,) = 0 for 2z > 0 and C, such that
R(a".1.C,) = 0 for i = 0. Recall that 2 > 0 if and only #(a)C, > v - £2a"B(n-1)f!
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and 3 = 0if and only if ®(e )C; S v -%’-a'f‘(n-l)ﬁ‘l. Therefore, C, > C,. The objective
function is independent of C when w = 1, but C, is feasible whenever C, is feasible, while the
converse is not true. It is plausible to argue that the team prefers C, to C,, because intuitively
il is easier to enforce a small penalty than a big one, while toth C, and C, generate the same
level of wtilits. Hence, ' = C, and 3(a",1.C) = 0. From R(a 1.C') = 0 and 2a 1.C)
= 0, we have Cofa 1) 2C. = Cy(a’ 1),

(c) When § = 0, the IC condition requires that the utility from z must be identical to
that from w, ie. w = 7. This follows from the uniqueness of the maximizing 2, which
follows from the strict concavity of U(e,w,C.2) in z. The remaining assertions follow from
the analysis of the static model. This completes the proof of Theorem 11. Q.E.D.

Theorem 11 specifies three types of optimal labour contracts. Part(a) of Theorem 11
defines the optimal labour contract in a pure dynamic monitoring system. It is shown that
with a high discounting factor, the team can achieve an efficient effort level without
conducting costly labour supervision. Part(b) of Theorem 11 characterizes the labour contract
where the discounting factor is strictly positive but not very high. In this case, informal
mutual monitoring supplements rather than entirely replaces formal labour supervision.
Part(c) of Theorem 11 describes the optimal labour contract in a pure static monitoring
system. By summarizing those different contracts, Theorem 11 presents us a broad picture of
labour supervision in a worker team.

We are now in the position to show that a feasible contract with w = 1 always

dominates a feasible contract with w = 0 in this general mutual monitoring model.

Theorem 12: An optimal contract which satisfies the IC condition and the CRED constraint

must yield positive utility.

* 8
Proof : Consider an optimal contract (& , 1,C ) derived from part (b) of Theorem 11. When

® L ] [ ] ~ L ] ®
« <l,w =1,C >o.z=o.and%Y(a 1,0) = C , we have



132

4s)  Ule €)= San-1)P - d - #(a)C
= [2a(n-1)? - a1 - @)yt 3an-1)P - d]
= (1)) tan-1)P - 4] > 0,

[ ] -
since (1-®(a)y) > 0 and C = -g—(az(n-l))/g -d > 0. But from IC, U(a,1.C) 2
(1-8)0(.1,C); therefore, U(a,1,C) > 0. It follows that U(1,1,0) > 0, because U(1,1,0) >
fJ(a,l,C) fora <1 and C > 0 by Theorem 11. Q.E.D.

6.4.2 Existence of a Feasible Contract

In the following discussior., we will focus on the optimal contract specified by part(b)
of Theorem 11. The optimal contract in a pure dynamic monitoring system defined by part(a)
of Theorem 11 is ignored because it is more common in reality that informal mutual
monitoring supplements rather than entirely replaces formal labour monitoring. The static
labour contract defined by part(c) of Theorem 11 was already examined in chapter 4 and 5.

According 1o part(b) of Theorem 11, when 6. > § > 0, an optimal labour contract
implies thatw = 1, e < 1, C = Ci(l) > 0 and z = 0, and that IC and CRED hold with
equality. Substitute the IC condition into the CRED cunstraint. The team optimizatio

problem can be written as

max %—(an)ﬁ -d-v
« )

Subject to: y[—n-(a(n-l))B - d] - #(@) [ 2(am1)P - a- —l%g(%(an)ﬂ -d-v)]=o0.
The issue of existence of an optimal labour contract then boils down to whether there

is an optimal «. Denote the objective function as fJ(a). and multiply the credibility constraint

by #(«) and then denote the expression as F(a) 2 0. F(a) 2 0 specifies the feasible set M = |

CH S <a<l Fla)20}.

Fact A: Assume Al-A3 hold. If ©, y and n are large, v and D are small but positive,

and 0 £ 6 < 5‘. the feasible set M = {a: i < a <1, F(a) 2 0} is non-empty and
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compact.

Proof: 1.Nonemptiness: Choose some arbitrary fixed ao such that & min < a, <1, and then
d(a,) > 0. Take the largest values of ©, v, and n and the smallest values of v and D which
are permitted by Al-A3. We have that D = 6, v = —;& by A2 and A3, n is large but finite
because Aland v > 0,8>0and©® > 0,and 6 < 5° < 1. Hence,

@) Fla = [y + e Tam-1)P - 11 - #a 1518 - a0 -nfy 2 0.
2. Closedness: F(«) is continuous on the interval a e (a min.1). Now consider the

limiting cases when a approaches its boundary:

; i _ . 1@ B B. 4-

(i) llmo:-»uzmin}:(m) - 6[ min" d-v]<0

and

.. . ©

i)  lim Fla) = b -a- Tel2nf - a - <o

The first inequality holds because 6 < 1 and _'“gun B d-v= U(a 1 ,0,1) <0, since
1 , ,

U(am n.1.0.0) 0 and Uz(amm 1,0,2) < 0 by Theorem 7. The second inequality holds

given 0 £ 6 < 6 . Hence, all points in some neighbourhood of the boundary [a min,1] have
F(a) < C. The boundary of the feasible set must lie entirely in the interior of [a 1] Since
F(a) is continuous, the feasible set M is a closed set.
3.Boundedness: Because a € [a mi n,l] is bounded, its interior is also bounded.

Q. E.D.

Theorem 13: There exists some feasible solution for the team's optimum if the conditions in

Fact A hold.

Proof: The objective function U(a) is continuous throughout [amin,ll. Also, according t0

Fact A, given the conditions, the feasible sets M are non-empty and compact. From the



134

Weierstrass theorem. there exists a solution for the present team optimization probler:.
Q.E.D.
Introducing a dynamic monitoring mechanism does not alter the f undamental fact that
the team must possess sufficient rents in order to conduct effective labour supervision, It is
straightforward that without rents, the team canno* punish a shirker, and workers are also

unable to retaliate the defector in a repeated game.

6.4.3 The Optimal Solution and Comparative Statics
-
By part (b) of Theorem 11, when 0 S § < & , the credibility constraint must be

binding in an equilibrium. So, we can set up the Lagrangean as,
(47) L = U(e) + uQla)

Where y is the Lagrangean multiplier, and Q(a) = $(«)F(e) is the credibility constraint.

Maximizing L with respect to a and u respectively, we get the first order conditions as follow.

) -
w -
0
) 5= =Q@=0
At the team equilibrium, we cannot have Q%L—“l 2 0. Because y > 0 when the
contraint is binding and —d%éi)— > 0, —g% = 0 holds only if %8— < 0. The optimal «a is

thus given by the binding credibility constraint, along with the fact that Q%-(f—) < 0 at the

optimum.

Theorem 14: If the conditions of Fact A hold, the team optimization problem has a uniquc

solution of the form

L L
(50) a =« (0,v,y,nd8)
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Proof: First, the credibility constraint Q(a) has continuous partial derivatives with Tespect to
« and all the parameters if Theorem 13 holds. Second, the derivative of Q(a) with respect to
« is less than zero at the equilibrium. Frem the implicit-function theorem, Q(a) defines the
unique optimal solution of a which is an implicit function of the parameters, and has
continuous partial derivatives with respect 10 all the parameters.

The optimal penalty is obtained by substituting a. into the IC conditions with
equality. Since the optimal solution of « is unique, the optimal penalty is also unique. Any
deviation from the penalty defined by (51) will violate either the credibility constraint or the
no-shirking conditions.

Q.E.D.

Now we turn to discussing the relationships between the monitoring cost, 1 - a, and
the parameters such as ©, vy, d, n, v, &, and the technical efficiency of monitoring. The
results of a simple comparative static study are given below.

O 2o LeBymn® - o f g + Lprfirgier > 0

@ 2= 2w - agReOr >0
@ 2=y O] <O

@ 2= &fpyenfd - £

]

+ a(@)0nP 2eB(2-ppm + L -PIGE () <0,

ifo<3<llr'll

5 2= e@ e <o
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where w is a shift parameter that increases the effectiveness of monitoring, so that —%‘—J— > 0.

The impact of changing the parameters on the team's monitoring cost in the dvnamic
model can be easily interpreted. While -g% has the same pesitive sign as in the static case, its
value is bigger due to the additional term of -T'?-gnﬂ . A rise in @, i.e. increasing the price of
the team product, or/and improving production efficiency, allows the team to increase both
its static enforceable penalties and the dynamic informal punishment. As a result, the team is
able to allocate 1ore resources from monitoring to production without violating the
no-shirking conditions.

—(g-‘;— is the same as in the static case. Because a change in y affects a through
changing the size of the penalty, it has no impact on the dynamic informal punishment. Agzia
a change in the proportion of the income distributed based on labour performance, y, has a
positive impact on the team's productive time and a negative effect on the ratio of time spen’
on monitoring. The high proportion of the need distribution limits the team's ability of
penalizing free-riders. As the proportion (1-v) is raised, the magnitude of the penalties on &
shirker is curtailed. Consequently, the team has to reallocate the productive labour input to
monitoring in order to reduce the effect of deline in the feasible penalties through improving
information accuracy. A Tise in the proportion of the needs distribution (1-y) will thus
increases the monitoring cost of the team.

A change in production cost has a larger negative impact on a in the dynamic modcl
than in the static case. This happens because a rise in d, i.e. increasing production cost,

iraplies a lower net income available for distribution, permitting .0t only a smaller static

penalty but also a lower dynamic punichmient. As a result, the team has to invest morc
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resources in formal labour monitoring to increase the chance of penalizing shirkers.

A change in the size of the tcam also has a larger positive effect on monitoring cost,
l-a, and a negative effect on the allocation of productive labour input in the dynamic
situation. This occurs because an increase in the team size not only dilutes ti.e negative impact
of shirking on the shirker himself, but also reduces the average product of labour. This will
curtail both the feasible static penalty and the dynamic informal punishment. In consequence,
the team has to increase its monitoring input to control the internal incentive problems.

A change in the disutility of effort, v, has a larger negative impact on « in the
dynamic case. An increase in the opportunity cost of productive work and monitoring, v,
enhances the workers' motives for shirking both in the current period ard i the future. To
prevent workers from shirking, the team must reduce its productive labour input, and then
raise monitoring cost.

A change in the efficiency of monitoring has a smaller impact on « in the dynamic
case than in the static situation. This is consistent with the fact that in a team with a long
time horizon, formal labour supervision is suplemented by informal mutual monitoring, and
therefore it plays a less significant role in labour control than in a ons-shot game. An
improvement on the efficiency of monitoring technology allows the team to reduce the
required monitoring input, and then increases productive input for any given intensity of
monitoring and amount of the feasible penalties.

An increase in the discounting factor & implies that workers appreciate their future
welfare more than before, or/and that the chances the workers react to a defector rise. This in
turn aggravates the severity of the penalties in the repeated game. As the dyvnamic
self -enforcing mechanism becomes more effective, the first best team production can be

retained with the utilization of less monitoring input.



6.5 Conclusion

In this chapter a model of dynamic mutual moenitoring in a worker team has been
deveioped. By integrating informal mutual monitoring with formal mutual mcnitoring, the
model provides a comprehensive approach to the issues of labour supervision in a worker
team. The pure dynamic monitoring system and the pure static monitoring system that have
been discussed in the literature are special cases of this general monitoring model. Compared
with established monitoring models in the literature, the present approach is argued to be
more realistic, because it is observed that formal labour supervision is conducied in most
production teams, while peer group pressure plays a part in disciplining workers in
cooperative production.

The main results of this chapter are summarized as follows. It is demonstrated that in
a single-period noncooperative game, the equilibrium is often inefficient , and obtaining the
efficient level of effort can be quite costly. However, if the single-period game is repeated
infinitely, the optimal level of effort can be attained by a production team witk a low
monitoring cost or even in the absence formal labour monitoring. An effective dynamic
mutual monitoring system depends upon three factors. The first of these is the interest
interdependence among workers which results from a residual sharing payment scheme. Oniy
with joint interest, would the workers have a motive 10 keep an eye on their co-workers and
care about peer group pressure from other workers. In this regard, residual-sharing teams
have an institutional advantage over capitalist firms in the arca of labour supervision.
Another factor is institutional stability. High confidence in the survival of the team and low
turnover, characterized by & > 0, is a necessary condition for the existence of dynamic
mutual monitorisg. The third factor is the possibility of economi: rent. Unless the worker can
be better off by following a cooperative rule than deviating from it, the workers are unable 1o
penalize a defector by a future return to a noncooperative equilibrium. These characteristics
of a dynamic m '3l monitoring system provide additional insight into the reasons why labour

supervision we = cifficult task for Chinese production teams.



Chapter 7

Labour Supervision in a Chinese Commune (I1)

7.1 Introduction

In this chapter the dynamic incentive system is examined with the same communal
data that were used in chapter 5. The Chinese recognition of mutual interdependence among
the individual members of a collective unit can be traced back to the early 1950s. In the
collectivization movement, "caly if I serve for other people, would others serve for me" was
one of the popular slogans which the government proposed to inspire the Chinese peasants’
collective consciousness. In the early 1960s, the Chinese government decided that the
production teams, with 20-30 households, were the basic units of collective ownership and
accounting, providing an institutional setting for group incentives. The Dazhai work point
system was introduced to Chinese production teams in the midcle of the 1960s. As discussed
in chapter 2, one general aspect of the Dazhai renumeration system was that individual
workers' performance was subject to workers' mutual assessment at public meetings. This
practice minimized potential information asymmetry among workers and made individual
workers' performance a matter of public knowledge for all the team members.

Although having attempted to reduce the difficulty of labour monitoring in the
production teams tnrough the exploitation of group-individual interaction, the Chinese
government seemed to have not realized that voluntary cooperation among individual peasants
resulting from their mutual interdependence was vulnerable to institutional instability. Its
frequent switch of policy regimes and endless rural institutional adjustments had serious
consequences for the incentive system of the Chinese production teams. To examine the
economic and political constraints on Chinese collective farms' incentives, we will in the
following study focus on the period 1970-76, when China was undergoing the Cultural
Revolution. The empirical investigation of this chapter thus parallels that of chapter 5.

The remainder of the chapter is organized as follows. The next section presents the

derivation of the estimating equation and the hypotheses regarding dynamic mutual
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monitoring in Chinese production teams. The third section discusses the results of estimating

the model. The final section surnmarizes the findings of the chapter.

7.2 Estimating Equation

In section 6.4.3, we develop a team's optimal time allocation equation,
e
@ e - q - s@ 2P o fyGefef a1 =0

To compare the present dynamic model with the static model developed in chapter 4 and

estimated in chapter 5, we write (1) as
2 Y[—i)—(a(n-l))ﬁ - d] - () v - geaﬁnﬁnl - T%(%aﬁnﬁ -d-v)] =0.

(2) is derived by rearranging the terms in (1) and using the fact that nB - (n-l)B = Bn'3 1
when n is large. ** Compering (2) with equation (1) in chapter 5, they differ only through
the term involving —1-6—6- due to the different specification of IC in a dynamic model. When 6
= 0, we are back to the original static model estimated in chapter 5. The following discussion
parallels that in chapter 5, but is repeated here for easy reference.

To estimate this equation, the functional forms of production function and
monitoring technology must be specified. As in chapter 5, a Cobb-Douglas agricultural

production function is assumed,
3) Q= ALMKMTVEN

Here Q is gross output in value terms. L = anw is labour input. By part (b) of Theorem 11

in chapter 6, the optimal level of productive effort is w = *. so L = an. K, T and }F arc

sipccording to the data and the estimated 8 n = 83 and beta = 0.70. The
difference between the two sides of the equality lies only after the third decimal
point.
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capital stock, sown area and current farm expenditures, respectively. A, is the product of the
price of the output and the technical efficiency of production, and )‘i‘ i = 1,2,3,4 define
output elasticities. Thus we have, & = )\DK)"TK’FR‘, and B = 7,. Assuming that the
production function displays constant returns to scale, i.e. Z?__: 17\3' = 1, the production
function at the optimal work effort w = 1 can be written as

oa]fZ?\k)\,t)\,fM.

(4) qg=2A
Here q. k, t, and  represent gross value of output, capital stock, sown area and current farm
expenditures per worker, respectively, and IN = N\, + A, + A, From equation (4), we
obtain the identity,

Deline the monitoring technology as
(&) d(aw) = 1 -expl-w(l-a)l,

where @ > 0 is the technical coefficient of monitoring. Substituting (3), (4), (5) and (6) into

(2) gives us an estimating equation

(7 yi(qi{(ni-l)/ni}l'm - di) -11 - exp(w((qi/(koki)‘zt?\’fi)“))l/(1'2)‘) - 1IN
fv- qi(l'zx)/ni - R(ql - dl -v)} = Ui,

where & = —1% i is the team index, u is a stochastic term, Y is the proportion of the income
distributed according to performance, and di represents cost and saving deduction per worker.
In equation (7), the )\k’ v, @ and R are the parameters to be estimated. q; is the endogenous

variable, and Y di' ki' L fi and n, are exogenous variables. The justification of the



142

exogeneity of n, ki' L. f o di' and Y, is given in Chapter 5. The variables involved in the
estimation are defined in Chapter 5 as well. The only new parameter to be estimated is R,
whi: i indirectly gives an estimate of the discounting rate §. When § = 0and hence & = 0,
equation (7) is identical to the estimating equation (8) in chapter S5.

By estimating equation (7), we are able to examine the hypotheses concerning labour
supervision in Chinese production teums. The central issue concerning the dynamic monitoring
model is whetker informal mutual monitoring among workers plays an ef fective role in
disciplining workers in team production. It is conjectured that the future reaction of the other
workers had a positive impact on the individual workers' effort decisions. In other words, the
discounting factor 6 is statistically significant and greater than zero.

The hypotheses tested in chapter 5 will be re-examined in the dynamic setting. For
easy reference, those hypothese are briefly re-stated as follows. First, it is asserted that a
team faces free-riding problems. This hypothesis is constructed as

Hm: v - {(l-ZK)/n}xoal'D‘ k)\’tk’ f)“ =0

1-EN Ay

Hal: v - {(1-ZX)/n}Ax k 5 fx‘ >0
where Hal is consistent with free-riding and HOI is the null of no free-riding. Note the
difference between Hal and A3 in Chapter 6. H al presents a necessary and sufficient
condition for free-riding, while A3 is sufficient but not necessary for the existence of
free-riders in team production. The test for free-riding specified by HO] and Hal is morc
powerful in discriminating the competing hypotheses than that given by A3.

Second, when 60 > § 2 0,57 the team must conduct formal labour supervision;

therefore, both the resources invested in labour supervision and the probability of catching

and penalizing a shirker in the team were greater than zero. That is,

7 Recall that & is the critical value of the discounting factor below which the
optimal level of effort cannot be sustained without conducting formal labour
monitoring.
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where HaZ implies non-zero monitoring effort and H02 is the null of no labour supervision.
These hypotheses imply, respectively,
H03: 1-exp(-0(l-a)) =0
H,5: 1 - exp(-w(1-a)) > O.
Third, the Chinese production teams were economically rational. Denote equation (2)

as Q(a) = 0. It is asserted that the derivative of the credibility expression Q(a) with respect

10 a at the team optimum is negative. That is,

L dQ(a) .t =
H04"Qd?"“ =0
L dQ(a) .t
Ho “5a- la <0

Fourth, following the comparative static study conducted in section 6.4.3., we
conjecture that the team's monitoring input (1-a) is negatively related to the price of output
and/ or production efficiency, the proportion of the income distributed based on work, the
efficiency of monitoring technology, and the discounting factor, and positively related to the
cost and saving deduction of the team's gross revenue, the team size, and the disutility of
producuon and monitoring, i.e. —'A_ > 0, aa < 0, aa >0 =<0, g‘f <0,—=—>
0, and 86 > 0. The empirical specnﬁcauon of the denvauve of the expression Q\a) with

respect to a and the partial derivatives of & with respect to the parameters are given in

Appendix 7.1.

7.3 Estimation and Results
The estimation was performed for each of seven cross-sectional data sets just as in
Chapter 5. Equation (7) was estimated by the nonlinear two-stage least squares (NL2S)

method using the Gauss-Newton algorithm in TSP version 4.1. The estimation procedure was
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outlined in Appendix 5.1. The NL2S estimator is consistent and is asymptotically normally
distributed under certain assumptions.

The Koenker heteroskedasticity test was conducted for each regression. The test results
are reported in Table 7.1. The hypothesis of homoskedastic variances of disturbances “.annot
be rejec -1 at the 5% level of significance by in any of the regressions except 1976. To correct
the inconsistency of the NL2S estimates of standard errors caused by the heteroskedasticity
problem, the heteroskedasticity consistent variance-covariance matrix estimates of the NL.2S
are reported for the year 1976, while those reported for the rest of the regressions are the
NL2S estimates.

The estumation results are presented in Table 7.1.%* The estimated discounting factor &
is the focus of our attention in this chapter. The estimates of the discounting factor & have
the predicted sign. The estimated value of § lies between 0.02 and 0.09. The estimates of & arc
statistically insignificant for 1970,1971, and 1972, but significant at the 5% level for 1973 1o
1976. It shows that the future reaction of the other workers hau a significant impact on cach
worker's own effort decisions during 1973-76, while the workers cared little about the
consequences of their behaviors in future periods during 1970-72. This variation i the
workers' intertemporal perceptions can be explained by the change in the political climalte
facing the Chinese production teams during the Cultural Revolution period. In 1970, the
l-f<ist leadership of the CCP, represented by the Minister of Defencs, Lin Piao, and the
"Cuitural Revolution left" launched a program of transferring the basic accounting units from
production teams to brigades in order to establish advanced socialist production relations in
China's tural area. Despite confronting the strong resistance of the Chinese peasants and local
leaders, this policy imposed institutional uncertainty on Chinese collective farming units, and
encouraged Chinese peasants to engage in short-run behavior. The leftist rural institutional

experiments stopped at the end of 1971 with the fall of Lin Piao and the purge of his

% A test of constant returns to scale was atiempted through the estimation of an
unrestricted model. Unfortunately, the estimation of an unrestricied dynamic
monitoring model was not able to reach its convergency. As a result, constant
returns to scale was treated as a maintained hypothesis, and only the results from
the restricted model are reported.
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followers. The CCP leadership reassured peasants that the production teams were the basic
accounting units, and emphasized that the principle of "distzibution according 10 work " must
be complied with by the tcams. The new agricultural policies were enhanced by the rise of
Deng Xiao-ping, who was rehabilitzt2d in early 1973 as the acting Prime Minister until the
winter of 1975. The resulting moderate agricultural policies gradually stabilized the rural
situation. As a result, we observe an increase in the weight placed by workers on future
outcomes during the period 1973-76.

To discuss the size of the repeated game effect, we calculated the critical value of &
for each regression using the estimated parameters and the sample mean of the variables
involved. The empirical expression of 6. is given in appendix 2 following this chapter. By part
(a) of Theorem 11 in chapter 6, when & 2 6‘. formal labour supervision becomes redundant.
The calculated 5' is reported in Table 7.1. It ranges from a low of 0.033 to a high of 0.096,
indicating that the required discounting factor needs not to be very high when sustaining the
efficient level of effort in the absence of formal lapour supervision. This peculiar outcome
can be explained by a number of factors. First of all, the length of one period assumed in this
model is not a week or a month, but a year. Obviouly, the longer the time interval is, the
lower the discounting rate. The choice of a relatively long length of time interval such as a
year ensures the accuracy of the assumption of perfect observability for the teams with more
than eighty workers. It takes time to spread information to every worker in the team.
Secondly, it has been argued in the literature that in a peasant society the need to secure
subsistence is always the prodominant concern to most peasant families (Scott, 1976 and
Popkin, 1979). If unilateral cheating on collective effort agreement could trigger universal
laziness in the team and threaten the security of subsistence in future, the peaze; % would
behave themselves to avoid this grave consequence, even if the likelihood of such an outcome

was perceived not to be very high or/and the peasants put a low weight on future action.*

%Recall the discounting factor & is defined as the product of the probability that
the game is believed to be repeated in future and the worker's intertemporal
preference.
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Comparing § with the calulated 6., we note that except for 1975, the estimated
discounting factors are lower than the corresponding 8.. These results suggest that although
the repeated game effect is statistically significant and the required discounting rate is not 100
high, the size of the effect is still not big enough to sustain the efficient level of effort
without conducting formal monitoring. A low value of & could be explained in part by a low
weight of individual workers on the future and in part by a high probability perceived by th<
peasants that their teams would be absorbed into brigade level accounting units. However, it
could also be regarded as empirical evidence for the limitar . of the dynamic modcl
specification or of the empirical estimation permitted by the data available. Thereforc, the
quantitative aspect of the stimate should be interp.eted with more caution.

Now we look at the estimated parameters of the production function. In the seven
estimated cross-sectional regressivns, all but three of the 35 parameters of the production
function have the correct signs.** Among those, 22 are significant at the 1% level and 5 at the
5% level. The estimated output elasticity of capital in two instances and land in one has the
"wrong” sign, but one of them is statistically insignificant. The unsatisfactory estimates for
capital and land inputs may again be explained by the inadequate data using a stock measurc
of capital and land, while the theoretically correct measure is the service flow from the capital
and land stock. Comparing these results with those in chapter 5, we note that the two scis of
the estimates of parameters on production function are very close for the year 1970, 71 and 72
when the estimated & is not significant. Nonetheless, thers are apparent variations between the
two sets of estimates for the year 1973, 74, 75 and 76 when the estimated & is statistically
significant. As in the static model, the estimated parameters on the production function vary
over the cross-sections, indicating that some structural change in production technology may
have taken place during the period 1970-76.

For the purpose of comparison, the marginal products of inputs are calculated and
reported at the bottom of Table 7.1. The marginal product of each input was defined in

Chapter 5. Only those with significant test statistics are caiculated. As in chapter 5, those

55 %, is calculated from )‘r‘ r = 2,34.
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estimates are computed at the sample means for output and input levels. The estimated
marginal product of capital ranges from a low of 0.05 to a high of 0.10, with an avarage over
the 3 estimater -~ 0.08. The estimated marginal product of land lies between 6.03 and 17.16
yuan, with an averes ¢ over the 3 estimates of 12..  :uan. These estimates are slightly lower
than those in chaper 5. The estimar:y * sreizal product of expenditures on current inputs
shows a low value of 0.16 to a high of 0.60, and an averss : 2lue over the 6 estiiates of 0.42
yuan. As in chapter 5, the value of the marginal product ¢ the current inputs fell far below
the marginal factor cost, showing an excessive use of current farm inputs in China's farming
teams.

From the coefficients of capital, land and current farm inputs, the output elasticity of
labour can be calculated. It lies between 0.68 and 0.82 except for the outlier of 0.96. The
estimated marginal product of labour shows a low value of 251.7, a high of 423.8, and an
average of 353.5 yuan across seven regressions. The estimated marginal products of labour are
in general higher than those in chapter 5. They are, therefore, higher than the average revenue
net of non-labour cost per unit of labour which ranges from 256.4 to 306.3 yuan with an
average of 272.2 yuan over the 7-year period, except for 1970 and 1971. It is again evident
that Chinesc peasants were not able to receive a full compensation for their marginal
contribution due to resource misallocation.

Like those in chapter 5, the estimates of disutility and the technical coefficient of
monitoring are quite satisfactory. Summarizing over all runs, these coefficents have the
predicted signs. Six of the estimates of disutility v, and all the estimates of w are significant at
the 10% level or better. The estimated v lies between 11.07 and 24.46, and © varies from 0.21
{0 0.44. As in chapter 5, the results are fairly stable over the period. The size of the estimated
v and w are generally larger than those in chapter 5. However, the standard errors of the
estimated v and w appear to be larger than those in chapter 5 as well. By introducing § into
the model, we have to estimate more parameters with the same number of variables. This

inevitably increases the burden of the estimation and reduces the efficiency of the estimates.
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With the estimates of the parameters of the model, we can check the legitimacy of the
assumptions made in A1-A3, Lemma 2, 4, and 8 in chapter 6. The empirical specification: of
these assumptions are given in appendix 7.2. The calculated results are presented in Table 7.4.
The results show that the assumptions about the relationship between the size of a tcam and
the other parameters made in the derivation of the dynamic monitoring model are valid for al!
the regressions.

We now re-examine the hypotheses that were tested in chapter 5. Those hypotheses
specified in Section 7.2 are formulated as nonlinear functions of the estimated parameters.
The test statistics for these hypotheses are calculated at the mean values of the variables
involved. The test statistic in each case has an asymptotic chi-squared distribution with 1
degree of freedom. The test statistics reported in Tabie 7.2 and Table 7.3 are the values of the
standard normal variables. (See appendix 5.1 for details.) *

Let us first discuss the resulis reported in Table 7.2. The workers' motive 10 shirk in
production is coniirmed by the positive value of all the test statistics for the free-riding
problem; 5 of the tests are significant at the 5% level or better. The hypothesis that labour
supervision is zero in the team is rejected at the 5% level of significance in all cases. The
estimated time fraction spent on production, «, is always less than unity, lving between €0
and 97 percent of the team's total working time. This result indicates that the production
teams allocated 3 to 20 percent of their working time to labour supervision in order to prevent
workers from shirking. 3 The estimated time fraction spent on monitoring appears 10 be

higher for 1970 to 1972 than that for 1973 to 1976. Recall that the estimated & arc

%6The statistical problems associated with the use of the mean value of the
dependent variable q in the calculation of the test statistics and the test on a
boundary of the parameter space were discussed in the footnotes of chapter 5.

$'As in chapter 5, the test of the hypothesis that « = 1 is also carried out for
each individual estimated a&., (see Table 7.2). The rejection rate of the hypotk:us
that @« = 1 against @ < 'l varies from 57% to 81% of the total a;s for each
cross-section, with an average of 65.1%, in contrast to 53% to 79% and an aneragc
of 64.1% in chapter 5. It again confirms the reliability of the test results for » =
1 based on the mean values of the variables involved. Nevertheless, we are noi Aol
to ensure that every individual a. falls in the range from zero to one. About 8%
1o 34% of the calculated a. exceed one, with an average of 24.9%. A proportion of
the cample points fails to satisfy the economic constraint « < 1 indicating thc
limitations of the present model specification and empirical estimation.
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insignificant ©r the period of 1970-72, but significant for the period of 1973-76. The pattern
of the change in the time allocation indicates that an effective informal mutual monitoring
system helped the teams reduce the cost of labour monitoring. More precisely, when workers
cared little about others' future actions, the team had to spend 11 to 20 percent of labour
resources on labour supervision. However, formal monitoring consumed only 3 to 7 percent of
the working time when informal mutual monitoring became effective.

The estimated probability of catchin, and penalizing a shirker consistently has the
correct sign; 6 of the estimates are significant at the 5% level or better. The estimated chance
of catching and punishing a shirker who provides zero effort while the other workers work at
w = 1in a team is 1 10 5 percent. These results are consistent with the findings in chapter 5
that labour monitoring in team farming is not technically impossible, but is nonetheless
imperfect and costly. There is a mild improvement on the estimated e which theoretically
should be less than one. The estimated a for 1975 was equal to unity in chapter 3, while it is
significantly less than one in the present model. As a result, the estimated monitoring
probability for 1975, which was negative in chapter 5, has the correct sign now, although the
estimate is not statistically significant in either case.

The test for the rationality of the teams and the comparative static results are
reported in Table 7.3. Concerning the negativity of the derivative of the credibility expression
Q(a) with respect to a, three of the estimated test values have the expected signs. All the
tests are, however, statistically insignificant. This result provides only mild support for the
economic Tationality of the Chinese production teams in a dynamic setting. Since the
negativity of the expression Q(a) with respect 10 a i§ a necessary and sufficient condition for
the comparative static results to be valid, the controversial result of the test for g%%ﬁ <0
implies an ambiguous outcome in the test of the comparative static predictions. Three sets of
the estimated partial derivatives have the correct sign. All the estimates are statistically
insignificant. The elasticity of the time fraction spent on production with respect to the
discounting factor was calculated for those cases where the estimated § had the correct sign. It

is found that if the change in & had a significant effect on o, a 1% increase in & would have
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resulted in 2.28% to 4.77% of reduction in working time spent on monitoring (an average of
3.12%).

In sum, the estimated results in this chapter are in general closc to those found in
chapter 5, showing the stability and robustness of the estimates. Allowing & > 0 leads to
some mild improvements in the estimates of v, @ and a. Introducing an additional parameter
into the model, however, apparently increases the burden of estimation and results in a
reduction in efficiency. In consequence, the standard errors of the estimates of the dynamic
model are generally larger than those found in the static model, and the tests for the tcam

rationalitv and the comparative static results are not statisticaily significant.

7.4 Conclusion

A 1970's panel data set from a commune in Hebei province, China is used to test
hypotheses regarding the impact of dynamic mutual monitoring upon the incentives of
Chinese production teams. It is found that the recognition of mutual interdependence among
individuai workers had a statistically significant impact on the workers' effort decisions. The
fear of retaliation could dampen the workers' motive for shirking in team production and thus
reduce the difficulty facing a team in obtaining the optimal work incentives. However, an
effective dynamic monitoring system requires that workers have a stable long-tcrm
relationship with one another; therefore, institutional instability could undermine the
incentives of a production team. There is some evidence that this actually occurred during the
period 1970-76. As a result, the repeated game effect found is not large enough to sustain the
proper work effort without conducting formal labour supervision in Chinese production
teams.

The hypotheses that were tested in chapter 5 are re-examined under the dynamic
specification. Once again we find that (1) the teams faced free-rider problems; (2) the teams
invested resources on monitoring to cope with the problem; (3) monitoring in group farming
is not technically impossible, but is imperfect and costly. However, the test results of the

team rationality and the comparative static predictions are inconclusive.



(Constant Returns to Scale)

Table 7.1
THE NL2S ESTIMATION RESULTS

1670 1971 1972 1973 1974 1975 1976
Ao 180.9 352.6 152.1 795.9 250.8 184.6 119.1
(7.00)a (3.94)a (1.88)b (1.81)b (3.32)a (4.74)a (3.87)a
A 0.68 0.82 0.81 0.96 0.75 0.76 0.71
(12.50)a (18.34)a  (11.46)a (11.47)a  (16.44)a  (24.03)a (16.37)a
A, 0.04 -0.15 0.03 -0.24 0.04 0.01 0.03
(1.98)b  (-2.06) (0.45) (-4.68) (2.63)a  (0.26) (1.74)b
X, 0.23 0.18 -0.06 0.22 0.16 0.06 0.02
(5.99)a (3.52)a (-1.22) (2.97a (3.06)a (1.69)b  (0.74)
I 0.05 0.15 0.22 0.06 0.05 0.17 0.24
(6.25)a (2.42)a (3.74)a  (0.78) (0.64) (2.94)a (4.56)a
v 11.07 13.74 14.89 24.46 13.38 22.68 12,91
(1.09) (2.30)b (1.46)c (2.61)a (3.03)a (2.15)b (2.81)a
w 0.22 0.27 0.35 0.44 0.21 0.33 0.28
(1.55)c (3.65)a (2.47)a (3.20)a (3.66)a (2.23)b (3.54)a
) 0.031 0.025 0.032 2.091 0.037 0.089 0.041
(0.67) (0.96) (0.68) (1.77)b (1.92)b (1.65)o (1.79)H
50 0.033 0.035 0.034 0.096 0.039 0.088 0.042
KH (1.84) (12.34) (4.77) (6.76) (4.80) (2.94) (18.33)b
MPK 0.10 0.09 0.05
MPT 13.30 11.38 17.16 14.70 6.03
MPF 0.16 0.48 0.60 0.37 0.49
MPL 251.7 314.8 366.9 423.8 378.9 389.3 349.2
APL 256.4 263.8 286.8 266.0 306.3 277.1 248.8
Notes: (1) This set of NL2S estimation results is obtained with the use of

I3

Y: n' kn lv ﬁi

and d as the instrumental variables.

(2) T statistics are reported in parentheses below the coefficient estimates.

(3) ¢ denotes that the test is signi

(4) b denotes that ............. at the 5% level.
(5) acdenotes that .............. at the 1% level.
(6) & is the critical value of & below which the efficient level of effort

cannot be sustained without conducting formal monitoring.
edasticity test value.

(7) KH is the Koenker heterosk
(8) MP and AP stands for mar

21

(%) \, is calculated from >‘r' r=2,34.

ficant at the 10% level.

inal and average product, respectively.



Table 7.2
RESULTS OF THE HYPOTHESES-TESTING (I)
1970 1971 1972 1973 1974 1975 1975
H, 8.05 10.03 9.81 19.24 8.62 17.96 8.97
(z2) (0.81) (1.68)b  (0.93) (2.00)b (1.94)b (1.69)b (1.95)b
a(mean) 0.85 0.80 0.89 0.94 0.97 0.97 0.93
H, 0.15 0.20 0.11 0.06 0.03 0.03 0.07
(z) (7.33)a (8.76)a (9.32)a (3.92)a (4.52)a (2.04)b (6.34)a
No.l 22 30 24 33 33 49 4%
% 58 81 63 70 57 63 64
No.2 7 4 5 2 5 6 5
% 18 11 13 4 9 8 7
No.3 9 3 9 12 20 23 22
% 24 8 24 26 34 29 29
H, 0.03 0.05 0.04 0.03 0.01 0.01 0.02
(z2) (1.97)b (3.25)a (2.93)a (2.75)a (2.63)c  (1.16) (2.51)a

Notes: (1) The value of standard normal variables are reported in parentheses below

the coefficient estimates.

(2) H. stands for the test of free-riding in production.

(3) H, is the test for the hypothesis that 1-a is equal to zero with the use of
the mean values of the variables involved.

(4) No.l is the number of teams having @ < 1 at the 5% level of significance.

(5) No.2 is the number of teams having @ = 1 at the 5% level of significance.

(6) No.3 is the number of teams having @ > 1 at the 5% level of significance.

(7) H, is the estimated value of the probability of catching and penalizing a
shirker who provides zero effort while the other workers work at w = 1.
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Table 7.3
RESULTS OF THE HYPOTHESIS-TESTING (1)
1970 1971 1972 1973 1974 1975 1976

H. 115.3 -37.87 -41.78 991.10 -490.08 1558.04 194.05
(2) (0.43) (-0.24) (-0.10) (0.95) (-0.35) (0.40) (0.59)

Pk. -0.03 0.03 0.11 - -0.003 0.03 -0.02 -0.06
(z2) (-0.52) (0.22) (0.09) (-1.63) (0.36) (-0.43) (-0.60)

P d 0.01 -0.02 -0.03 0.004 -0.01 0.01 0.01
(z2) (0.60) (-0.22) (-0.09) (1.64) (-0.33) (0.43) (0.67)

PY -1.67 4.98 5.20 -0.20 0.42 -0.13 -0.96
(z) (-0.43) (G.24) (0.10) (-0.95) (0.35) (-0.40) (-0.59)

Pn 0.03 -0.05 -0.09 0.004 -0.04 0.02 0.03
(z) (0.45) (-0.24) (-0.09) (1.18) (-0.33) (0.41) (0.58)

Pv 0.28 -0.50 -0.66 0.04 -0.29 0.08 0.26
(z2) (0.36) (-0.25) (-0.10) (0.93) (-0.32) (0.36) (0.50)

Pw -2.34 9.8 5.30 -0.16 1.09 -0.18 -1.26
(z) (-0.33) (0.25) (0.11) (-0.60) (0.41) (-0.28) (-0.49)

Pé -53.16 92.73 141.4 -8.42 59.67 -16.15 -48.19
(z2) (-0.36) (0.25) (0.10) (-0.93) (0.32) (-0.36) (-0.50)
size 37 38 47 58 78 75

Notes: (1) H, is the test for the negativity of the first derivative of the credibility

expression Q(a) thh Tespect 1o o.

(2)p P P

P,

and P
of “the Yparthl dgnvaanes of @ w

are the estimates
ﬂh respect to the corresponding parameters.
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THE ASSUMPTIONS OF Tﬂ?bg\';’f\Mlc MONITORING MODEL

1970 1971 1972 197 1974 1975 1976
Al 235.6 267.9 261.7 220.1 221.5 208.3 213.7
A2 108.4 142.1 171.6 205.3 207.6 213.6 204.8
A3 6.07 8.27 8.21 18.75 7.49 17.01 1.76
L2 4.47 7.29 6.94 18.52 6.02 15.65 6.27
L4 0.01 0.001 0.01 0.07 0.01 0.06 0.02
L8 1.92 1.23 1.45 6.25 2.19 6.31 2.90

Notes: Al, A2 , A3, L2, L4 and L8 are defined in appendix 2. They are calculated

at the sample means of the variables involved in each y
Assumption Al-A3 and Lemma 2, 4, 8 in chapter 6, Al 2 0, A2

A3 20, L2 20, L4 20, and L8 2 0.

ear. According to
2 0,



Chapter 8
Conclusion:. 7.4 ~/icy Recommendations

The monitoring capability of a '~ ;al-sharing team is one of the major issues which
divides economists interested in labour-managed firms. It has been argued that an
income-sharing team faces potential free-rider problems because this type of firm cannot
offer adequate incentives 10 monitors (Alchian and Demsetz, 1972) and/or subject agents to
effective disciplinary power (Holmstrom, 1982). These internal incentive problems are
considered to be multiplied in farming teams, because labour supervision is thought to be
especially difficult in agricultural production (Bradley and Clark, 1972). This view is justified
by pointing to the marginal status of producers' cooperatives in the frec-market economy, 2$
well as China's rural institutional reform and improved agricultural performance after 1978.

However, there is a growing body of econometric evidence showing that successful
cooperatives enjoy higher productivity than similar capitalist firms in the West (Jones, 1982
and Svejnar, 1982). It has also been f ound that the incentive problems facing Chinese rural
teams are frequently exaggerated in the literature, and the explanation of internal incentive
problems merely by the technical characteristices of team farming is overly simplistic, when
the issue of incentives is placed into an historical perspective (Lardy, 1983, Blecher, 19¢3,
Putterman. 1985 and 1987, and Chapter 2 of this thesis). To obtain an appropriate assessment
of the economic potential of residual-sharing teams in general and Chinese agricultural teams
in particular, those sympathetic to workers' self-management have approached the issues of
internal incentives from new angles.

Bradley and Gelb (1981) identify the existence of horizontal monitoring among
workers as one central characteristic of producers’ cooperatives. By formulating a model of
informal mutual monitoring in a worker team, they depict the informational advantages of
worker teams over capitalist firms in the area of labour supervision.*® Bonin and Putterman
(1987) and Putterman and Skiliman (1988) point out the impact of the income distribution

scheme on the efficacy of a team's labour supervision system, while assuming an ad hoc

SMirrlees (1976). Cable and FitzRoy (1980a), Putterman (1984) and Ben-Ner
(1988b) also discuss the possibility of mutual monitoring in a worker team.
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approach to the payment rule in their analysis. Sen (1967) and Riskin (1974) stress the
importance of group incentives in a residual-sharing team. Tyson (1979) and Macl.cod (1984)
discuss the implications of interest interdependence and long-term relationships among
workers in the framework of a dynamic repeated game. Specialists in the study of the Chinese
economy, such as Lardy (1983), Nolan (1983), Putterman (1985,1987) and Blecher (1985)
address the economic, political and ideological constraints imposed on the incentive system of
Chinese collective farms.

Drawing upon this progress in the literature, this thesis develops a comprchensive
mode! to address the incentive problem of China's rural teams. The major innovation of the
thesis is as follows. On the theoreucal side, a static model of formal mutual monitoring has
been developed in chapter 4. With this approach, we can go beyond the concept of "peer
group pressure” to trace the consequences of mutual monitoring for workers’ matcrial
incentives. The model endogenizes the determination of the size of penaltics as well as the
choice of monitoring intensity in the context of team optimization. This approach provides us
with an analytical framework which can be used to evaluate the influence of the policy regimc
on internal incentives, and to highlight the incentive problems of China’ rural 1cams from an
historical and developmentai perspective. Furthermore, in chapter 6, we integrate the
processes of formal and informal mutual monitoring, and individual and group incentives, by
extending the static mutual monitoring model to a production tcam with an infinite time
horizon. This set-up is more realistic than established dynamic monitoring models in the
literature, stressing how group incentives and long-term relationships among workers
supplement rather than replace the static formal monitoring system.

Empirically, the static and dynamic versions of an implicit function determining the
team's optimal allocation of labour time between production and monitoring were estimated in
chapters 5 and 7. The estimated results appear quite satisfactory, providing empirical support
for the highly abstract theoretical model of mutual monitoring. These chapters represent the
first attempt in the labour supervision literature 10 estimate monitoring cost directly. Having

accounted for the fraction of working time spent on labour monitoring, we correct 2 common
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measurement error where number of workers is used as a proxy for labour input in the
estimation of a production function. It was also shown in chapter 7 that the long-term
relationships among workers had a statistically significant impact on individual workears' effort
decision-making.

To keep the model theoretically tractable and empirically manageable, the analysis
employed a number of restrictive assumptions. First, the cost of labour contract negotiation
wa. noL add essed here. This cost is treated as a lump sum cost. It is assumed that once an
agreement about job assignments and payment schemes has been reached among workers, it
will be routinized every year. With a long time horizon, the set-up costs associated with
annual contract negotiations are negligible.

Seconc. it is assumed that workers are identical. This assumption is justified by the
fact that the team must standardize the contribution and rewards of potentially heterogenous
workers, because the direct measurement of individual workers' marginal contribution to the
team is almost impossible. (For details, see footnote 18 of chapter 4.) However, analytically,
this means that the model cannot accommodate the effects of diverse worker preferences.
Third, it is assumed that workers are risk neutral with respect to income and that the disutility
of effort is inear. We ignore the possibility of risk averse preferences. Putterman and
Skiliman (3*3) illustrate the possibility that if effort can only be measured with a large
variance, risk-averse workers are likely to work harder, the poorer is the quality of
monitoring and/or the lower is the monitoring investment. Thus, introducing a strictly
concave utility and risk averse preferences could well strengthen rather than weaken the main
theoretical results of the thesis, which rely on the finding that workers exert maximum
productive effort under an optimal team contract.

On the empirical side, one of the major difficulties was the unavailability of data on
effort and monitoring cost. It is extremely difficult, if not impossible, to estimate the two
unknown vartiables simultaneously. One practical approach to this problem is to focus on one
variable and keep the other from directly entering the estimation by making some

assumptions. For instance, Putterman (1987, 1989) estimates Chinese peasants’ response o



158

material incentives through a production function approach. The concept of monitoring was
not brought into the regression because the egalitarian distribution of income rather than the
lack of monitoring was argued 1o be the major factor responsible for the incentive failure in
Chinese rural teams. McMillan et al.(1989) directly measure the effort slack under the
Chinese communal svstem by comparison with the effort made under the household
responsibility system. The issue of monitering in the communal system was not dealt with
explicitly, since the focus of this study is the post-1978 rural reform era.

I have taken a different tack in this thesis by directly estimating the monitoring cost
that is incurred when a team enforces an optimal labour contract with the maximum effort
level w = 1. This approach is jusiified by the fact that the so-called incentive problem is
essentially a matter of contract enforcement. It was shown in chapters 4 and 6 under fairly
general conditions that an optimal labour contract will in fact have w = 1. As noted above,
the results of Putterman and Skillman (1988) show that this conclusion is likely to be
reinforced rather than weakened, if worker risk aversion is added to the model.

According to the theory develo-ed in chapters 4 and 6, Chinese production teams can
be classified into two categories: (1) prosperous teams which were able to conduct effective
labour monitoring, and (2) poor teams where peasants struggled for subsistence and no
feasible monitoring system could be implemented. The production teams in Dahe communc
that we investigated in chapters S and 7 belong to the first category. However, the results
obtained for such a "moderately prosperous” commune provide insight into the reason why
many Chinese teams in backward areas suffered severe incentive problems. Without mcasuring
effort directlv, we were able 1o show in chapters 5 and 7 that monitoring was indeed costly in
terms of foregone output. Poorer communes would necessarily be obliged to put more wcight
on monitoring activities relative to penalties for shirkers, and would therefore suffer a greater

output loss due to imperfect work incentives. **

%The assumption that the labour contract with the maximum level of cffort w = |
was enforceable in relatively rich teams may be chalienged by the fact that the
peasants appeared to work more energetically in the post-1978 rural reform era.
However, it is necessary to distinguish the labour slack caused by the lack of
willingness and by the lack of opportunities. The first type of slack is called the
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We also confronted a number of problems iu the estimating and testing procedures.
First, to test the null hypothesis that the team's monitoring investment was negligible,i.e. the
time fraciion spent on production a = 1, we had to use the conventional x?(1) distribution as
a rough approximation to the unknown distribution of the test statistics on a boundary of the
parammeter space. Secondly, having used a highly nonlinear estimating equation, we were
unable to test for the accuracy of our assumed functional forms: & Cobb-Douglas production
function, an exponential monitoring technology, and a linear utiiity of ieisure. Thirdly, there
is no guarantee that every individual &i falls in the economically meaningful range from ze¢ro
1o one. Solutions of these problems would be useful in a number of econometric applications,
and should therefore be investigated in future research. Nonetheless, most of the results
reported in chapters 5 and 7 are plausible in sign and magnitude, and seem unlikely 10 change
substantially even with such refinements in the estimation procedures used.

The major results of the thesis and their policy implications can be briefly stated as
follows. It was shown that Chinese production teams faced free-rider proiems which
necessitated labour supervision. The institutional design of cooperative production provides
worker teams with a fairly flexible monitoring structure. In principle, there is no institutional
barrier that prevents a residual-sharing team from selecting the most efficiert monitoring

structure (central, mutual or a mix) according to the informational characteristics of the

(cont'd) incentive problem which is the subject of this study. The second type of
slack is related to the problem of involuntary unemployment of underempioyment.
For the sake of iractability, the issue of unemployment was not addressed here. The
post-1978 rura! reform offered new economic opportunities to Chinese peasants with
such policies as crop diversification, market liberalization and development of rural
enterprises. These activities were something that Chinese peasants would be definitely
eager to parlicipate in, but were unable to engage in under the old policy regime.
A good deal of the "increased work effort” observed after 1978 appears to be
related to this expansion in economic opportunity through the relaxation of policy
constraints, rather than a higher level of work intensity in previous cereal
production, especially in such teams as those in Dahe commune.(For details, see
Putterman 1988.)

The conjecture that peasants made reasonable effort in team production can
be further justified by the economic achievement of Chinese agricultural collectives
under a harsh external environment. Observing the experiences of Dahe commune,
Butler (1985) raises a question, "Is there any other country in the world that could
achieve. as it did in Dahe, a doubling of yields in six years, while rural producers
actually earned less monecy?"
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production process.*® The shared residual claimancy also creates interest interdependence
among workers and introduces the possibility of informa! mutual monitoring. Informal
mutual monitoring based on group incentives enables the teams to eff iciently usc intra-firm
observable but non-verifiable information in the area of labour discipline.

In such an institutional setting, the technological characteristics of team farming play
an important role in shaping the monitoring structure. But it is not the only factor that
determines the failure or success of labour supervision in a farming team. This is in par
because, at least theoretically, formal labour supervision is not always mecessary. When
workers have strong commitment to the team, an optimal level of effort can be enforced
through workers' self-discipline. In any case, the empirical evidence suggests that verification
of work performance in team farming may be costly, but it is not technically impossiblec.

An effective monitoring system is premised on the existence of rents. Without
economic rents, the team cannot impose penalties on shirkers, and workers are also unable to
retaliate against a defector in future periods. If shirkers were not punished, few people would
care about monitoring. There is also a trade-off between required monitoring cost and the size
of feasible penalties. The operation of a monitoring system can be very costly, when the
economic environmen: and government policies depress the financial returns to the team and
restrict the size of the penalties which can be imposed on shirkers.

The empirical results suggest that Chinese peasants in the rura! teams were rational
economic agents. Their practices were sensible responses 10 prevailing internal incentive
problems, given the constraints they faced. However, under the extractive policy regime, stale
intervention, anti-incentive ideology and acute economic reality, labour supervision taxed
away 2 to 20 percent of the team's working time.

Based on the findings of this thesis, it is plausible 1o argue that the observed problem
of labour supervison and incentives in Chinese rural teams is not an intrinsic characteristic of

cooperative production. There are indeed agency costs associated with team farming. Yet the

©The potential advantages of mutual monitoring in a farming team were discussed in
chapter 3, although this thesis does not address the issuc of choicc of an optima!
monitoring structure among the set of all feasible monitoring schemecs.
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agency costs incurred by Chinese teams would have been much smaller il th: Chinese
go\.rnment had consistently adopted sound agricultural policies, provided correct price signals
1o the teams and encouraged material incertives for individual peasants. In this regard, this
thesis supports the view advanced by Lardy (1983), Blecher (1985) and Putterman
(1986,1987) that the key obstacles to China's agricultural development lie primarily not in the
realm of rural institutions, but in the Chinese government's inappropriate development
strategies and policies in the areas of pricing, crop planning and marketing, and anti-incentive
ideology .

Although 1 have focused the analysis on China's agricultural sector, the approach
developed above could be used 1o address the issue of incentives from a broader perspective.
The central theme of this thesis is that the presence of rents is a precondition for the
implementation of an effective incentive system. This is not only true for capitalist
institutions (Shapiro and Stiglitz 1964 and Bowles 1985), but also for socialist institutions as
well. In a more general sense, sufficient economic surplus is a necessary condition for
ecoromic reforms which aim at stimulating individual enthusiasm by raising the level of
inequality (or potential inequality).

However. in an underdeveloped socialist country such as China, the size of the
economic surplus available for implementing individual material incentives is limited by three
crucial economic factors. First, China is a low income country; the size of the pie is small.
Second, the basic human needs of China's mass population have somehow to be satisfied. The
anti-incentive ideology should be condemned. But it would be inappropriate to press this
argument too far. Penalizing shirkers, who often can hardly be discriminated from the
incapable, by letting them starve lacks a moral basis and is bound to cause severe social
unrest. However, welfare programs as simple as merely guaranteeing subsistence food
consumption could consume a significant proportion of the income distributable to individuals
in a poor nation. Third, China's economic development requires a huge amount of capital
investment. The industriz! sector must expand at a reasonable speed to provide employment

outside of agriculture, so that the population pressure on farmland can gradually be relieved.
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The -ural infrastructure must also be developed to support farming modernization. Under
China's current resource allocation system, the required investment funds cannot be raised
without squeezi~g income distributable 10 individual workers. All these factors create an
egalitari~ 1sndency in China's income distribution practice.

The demise of teams may help circumvent the difficulty of monitoring effort in
China's agr..ullural sector, but it does not change the fundamental nature of the incentive
problem in China. This is because individual households' enthusiasm about farming is dictated
by the profitability of crop production which is determined by the government's policies of
pricing and crop planning. All these policies derive from government decisions about how to
handle the relationships between capit.l irvestment and current consumption, and between
industry and agriculture. Without proper attention to the macro-policy regimec, household
farming alone is unlikely to provide sustained growth in agriculture. This point is clearly
evident from the stagnation of China's agricultural production after 1985.

Switching to household operations is obviously not a feasible option for modern
industry. Could a -apitalist solution ease the difficulty of providing adequate individual
material incentives in China? The answer to this question indicated by the exisung literature
seems not particularly promising. It has been recognized that under capitalist institutions, the
internal incentive problem induced dramatic labour-saving technological change in the western
industrialized countries (Bradley and Clark, 1972). According to the efficiency-wage
literature, supervision problems have also forced the employers of capitalist firms to pay high
wages, so they can rely on the threat of involuntary unemployment to achieve a no-shirking
equilibrium (Shapiro and Stiglitz 1984, and Bowles 1985). The price paid for a capitalist
approach to the incentive problem is thus persistently high rates of involuniary
unemployment. It is clear that such a solution would be very costly and painful for a country
like China which is unfortunately endowed with exceedingly abundant labour and scarce
capital and land.

All these factors make economic reforms which are designed to improve individual

material incentives a difficult task for China. It is not surprising that China takes a morc
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cautious approach to free-market-oriented economic reforms than the richer east European
countries. Economists and politicians in the West excel in criticism of the conservative
approach of the Chinese "hardliner" government to radical economic institutional changes.
But insufficient attention has been paid to the economic nstraints imposed on the economic
reform process in China. It would be more constructive nd helpful to provide the Chinese
with an accurate estimate of how far and ..st China cor 20 if the Chinese government had
a full commitment to a free-market-oriented reform, iven these ecoromic and social
constraints.

With the approach developed by this thesis, we could draw some lessons from the
experiences of China's rural teams. First of all, China must pursue a development strategy
which properly balances not only industrialization and rural development, but also dynamic
growth and static incentives. The issue of incentives is an important economic constraint on
overall economic growth; however, it can only be dealt with properly when the economy has a
sound development strategy. To have a balanced development strategy, Chinese policy-makers
must have a realistic estimate of the nation's economic capability. China is a country which
has a glorious past, but fell far behind the western countries in modern times. As a result,
from its leadership to its people there is a strong aspiration for rapid development to catch up
with the rest of the worid. However, an unduly high rate of economic growth can only be
sustained by a correspondingly high rate of capital accumulation. This inevitably squeezes the
income distributable to individual workers, and thus undermines work incentives. A high
target growth rate for industrialization will also put great pressure on agriculture and lead to
stagnation of agricultural production. This is what happened in China during the Great Leap
Forward, the Cultural Revolution and the post-1985 era. Thus, it is very important to choose
an optimal rate of growth on the basis of realistic expectations about the various economic
constraints the economy faces.

Secondly, China must continue to reform its economic system. The reform should be
designed to establish product, factor and financial markets. This will provide correct price

signals for firms and allow them to maximize the economic returns generated by their scarce
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resources. Within the firms, measures must be taken to encourage maximization of individual
material incentives within the limits permitted by the ecoaomic and social constraints. It is
plausible for rural cooperatives to have flexible forms of labour management according to
their managerial ability, peasants' commitment to the cooperatives and the nature ol
production. In the areas where no feasible monitoring system can be devised, individual
household farming makes sense and should be encouraged.®

However, it is necessary to help individual households in poorer areas establish some
collective decision-making mechanisms in order to improve rural infrastructure, establish rural
enterprises and provide basic social services such as primary education, health care and family
planning. In those areas, collective decision-making can be more efficient than individuai
decision-making in terms of mobilizing abundant labour and pooling scarce financial resources
for local development. The local self-reliance program invented by Chinese collective farms
has not lost its significance for third world countries. Many developing country governments
are struggling to cut budget deficits and to service heavy foreign debts; they are unable to
provide the poor with adequate financial aid. The local self-reliance development programs,
together with possible financial assists from the government and international donors, may bc
a promising approach to breaking the vicious cycle of poverty in rural arcas.

As far as the restructuring of economic institutions is concerned, China should
encourage experiments involving various types of firms such as those run by the statc,
workers as a group, capitalists and private individuals. Any typc of economic institution has
its own advantages and disadvantages. The choice of the institutional design for firms should
be based on the technological characteristics of the industry, the local factor endowments, and
the stage of economic development, rather than ideological faith in uniquely "best” solutions.

It is hoped that this thesis can help correct the bias against residual sharing teams in the

“"China's rural institutional reform introduced a fairly diversified patiern of farm
management. It is reported that of Chinese production teams, 5% (probably
containing nearly 10 million peasant households) continue to act as basic production
units with unified production plans, accounting and distribution, while roughly 60%
adopted a system of two-tier management with both household and cooperative
dimensions, and the remaining 35% let peasant households be the basic units of
production and accounting (Lu, 1987).
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existing litcrature.

China needs a plausible, workable and socially responsible blueprint for its economic
reform. The reform program should also be coordinated with a sound economic development
strategy. It is impractical -indeed suicidal- to attempt a transition from the old system to a
new one "overnight” in a poor and vast country like China which has nearly a quarter of the
world population, 80% of whom live in rural areas, and a territory as large as Europe.

The third suggestion is that China should pay more attention to group incentives
which can be used to supplement potentially inadequate individual material incentives. The
promotion of cooperative behavior and group norms can reduce the likelihood of conflict and
case the implementation of individual material incentives. In terms of internal labour
management, China can learn from Japanese firms. China has the cultural heritage of
Confucius which advocates individual commitment to the family, local community and the
state. Thus, it is easier to promote collectivism in China than in the West. China is also a less
developed country; there are many natural barriers to labour mobility which could reduce
labour turnover for firms. Low labour turnover helps establish a long term relationship
among individual workers which has proven to be a necessary condition for an effective group
incentive system.

In the 1950s, the Chinese leadership did correctly initiate an experiment with the
implementation of group incentives. Unfortunately, this experiment was eventually used by
leflists as a tool to attack individual material incentives, and therefore it was not very
fruitful. Learning from these past mistakes, the implementation of group incentives must be
bascd on full recognition of individual interests. Group incentive schemes should be used to
supplement rather than replace individual material incentives.

The last conclusion is that China must uphold the policy of opering to the outside
world to encourage foreign investment and to participate in international trade. International
assistance can help China break the acute domestic economic constraints to speed up its
economic reform and growth. Entering the world market and developing labour-intensive

manufacturing industry may be the only hope for China's mass surplus labour in the rural
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sector. For China to gain the full acceptance of the international community, it has a lot of
catching-up to do in the area of economic and political reforms. Nevertheless, since the
program of economic reform and opening to the outside world is a very difficult task, China
needs international encouragement and support. One of the major obstacles to China's joining
the world is the lack of understanding of the complexity of Chinese economic problems in the
West. The misunderstanding introduces the danger that China might be penalized for its
aliernative approach to domestic problems by the western powers, even if this might be the
only feasible option for the nation. Economic sanctions are unlikely to change China's course,
vet they definitely slow down the process of modernization and democratization in China.

The lack of understanding of China is not the fault of economists. China has becn
isolated from the rest of the world for so long. It is governed by a different political system

and remains at a different stage of economic development from the western industrialized

nations. Me_cu acse problems have often been presented by the Chinesc using the
terminology of 4ziws . - & an inevitable but unfortunate consequence, those problems have
sometime bee. - -ted by the West in the context of ideological confrontation. This thesis

documents the story of Chinese rural teams using neoclassical analytical tools. It is hoped that

this approach can be interpreted as a sincere attempt L0 promotc mutual undersianding

between the two sides of the world.
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Appendix 5.1

The empirical expressions of the comparative static results arc given as follows.,
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Appendix 5.2

We write the estimating equation in matrix algebra notation,
(l) f(yv Zv BO) =u

where y is a T-vector of endogenous variables, Z isa T x K matrix of exogencus variabies, B,
is a G-vector of unknown parameters, and u is a T-vector of disturbances. We shall
scmetimes write £y, Z. B,) simply as f(B,) or {. The nonlinear least squares {NLS) estimate

of the vector B is that vaiue of B, which minirnizes the residual sum of squares,

(2) S(B) = [f(B)'(B)).

According to Amemiya (1985), an estimator B which is obtained by minimizing a
random function S(B) over the parameter space is consistent if plim T-'S(B) is minimiz:c at
the true value B,. This condition, however, does not hold for the NLS estimator B. Taking a

Taylor expansion of f(ﬁ) at By, we have
(3) f(B) = f(B.) + Fo(B - By),

[ * A
where F, is the T x G matrix the ith row of which is (3/2B )f i(B) evaluated at B between B

and B,. From (1), (2) and (3) we get

(@) TS(B) = T'u'u - -% (B-Bo)'F.'u + T(B-By)'Fa'Fu(B-B,)

= A, + A; + A,
Now look at plim T-1S(B). First, plim A; = 0%, by a law of large numbers. Second, if plim

T'F,'F, exists and is nonsingular, then plim A; is uniquely minimized at B = B,. Clearly,

the consistency of B crucially depends upon the behavior of plim A,. Since F, is a function of
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the endogenous variable v. »lim T'Fq'u % 0. In this case, one may find a B % B, which
mir‘mizes plim T-S(B). Hence, the NLS estimator B for equation (1) is gencrally
inconsistent.

To obtain a consistent estimator, we apply the nonlinear two-stage lcast squares

(NL2S) method to the model (1). The minimand of the NL2S estimator, B is defined as
(5) S(B|W) = f'W(W'W)'W'f

where W is a2 T x M matrix of instruments with rank at least equal 1o G (M 2 G).
According to Amemiva (1985), il
(i) f(v.Z.B,) is continuous in y, Z and B, and at least twice continuously
differentiable with respect to B;
(ii) the parameter space is compact;
(iii) u is i.i.d with zero mean and variance o’l.
(iv) plim T-}(W'W) is nonsingular;
(v) plim T-*W'F exists and is of full rank;
then,
(a) B converges in probability to the true value By,
and
(b) v/T(fB»B,,) converges in distribution to N[0, 0?Q"}],
where F is the T x G matrix the ith rocw of which is (9/ aB)fi(B), Q! =[plim T"'I-"PWF] !

and Pw = W(W'W) W', o? and Q! can be estimated by

(6) o? = [u(B)'u(B)I/(T-G),

and

(7 Q = [TF(B)'P_F(B)]".
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The efficiency of the NL2S estimator depends upon the choice of instruments. The
variance-covatiance matrix of the NL2S can be minimized by choosing W = EF(B,), where
EF(B,) is the conditional mathematical expectation of F(B,) (Amemiya, 1985). Since il is
very difficult to derive the explicit expression for EF(B,), we approximate EF(B,) by the
third order polynomials of all the exogenous variables of the model, i.e W = (1,2,2*.Z%)
(Kelejian, 1971).

Write the hypotheses proposed in Section 5.2 in a generai f::a (Gallant and

Jorgenson, 1979),

HO: h(Bu) = 0
H,: h(B,) % 0.

Here h(B,) is a nonlinear function of the elements in B,.
Assume that
(a) /T(ﬁ . B,) is distributed asymptotically as the normal with zero mean and a
variance 0°Q"?,
and
(b) h(B,) is a function with at least two continuous derivatives with respect to B,

then asymprotically, the Wald test statistic under the null hypothesis is

= o 00 v i Taav o 0 (R
{8} h(B)'{(3g;) (0’Q)" (5] 'h(B) ~ x*(1).
The presence of heteroskedasticity does not affect the consistency of the NL2S
estimator B but changes its limiting distribution. Denote E[uu'] = Q. Given the conditions
stated before, vT(B-B,) converges in distribution to N[0, C], where C is the asymptotic

variance-covariance of B. C can be estimated by

(9) C= T(F'PWF)"(F'PWQPWF)(F'PWF)",
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where & is the NL2S estimates of &, and F = F(ﬁ). C is called the heteroskedasticity
consistent variance-covariance matrix. C is used 1o calculated the standard errors of the
estimates and construct the hypotheses-testing  for 1973, when the hypothesis of
homoskedastic variances of disturbances is rejected by the KH test.

When the proportion of the income distributed according to performance, y, is

endogenously determined, the estimating equation will be written as
(10) f(y, Y, X,By) = u

where Y is a T-vector of endogenous variables, X is a T x (K-1) matrix of exogenous
variables, and (Y, X) = Z in equation (1). The NL2S estimator, B defined by (5) is generally
inconsistent because of the possible dependence of Z on u. A consistent estimator of B, can be
obtained by redefining the instrument matrix. Denote Z= (g, X), where g is per capita grain

ration and replaces y. The minimand of the NL2S estimator B is defined as
(11) S(B|W) = ["W(W'W) W',

Here W = (1,2.2’,?.’). We write P& = W(W'W)"W'. Define the null hypothesis that vy is

exogenously determined and its alternative as

H,: plim T'Y'u = 0
H,: plim T'Y'u = 0.

Under H, B and B are both consistent, but B is more efficient than B because the instrument
matrix W contains more accurate information than W does, judged by the model
specification. Under H, B is a consistent estimator while B is not. Denote the vector of

contrasts 8 = B-f3. then the Hausman test is writien as
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(12) H = T&'V(8)8.
Since under H,, B and B are both consistent and asymptotically norni. = distributed, VTO is

asymptotically distributed as N[O, V(é)]. where V(8) is the asymptotic variance of v'T 8.

Because the consistent NL2S estimates B and B can be written as

(13) B=B, + (F'PWF)“F'PWu

and
(14) B=3, + (F P‘;,F -lF'P\-Vu'
V(8) can be estimated by

(15) ¥ = TV(B) + TV(B) - o*T(F'P,F)*(F'P P-F)(F'P.F)"
- o'T(F'P; F)'(F'P.P F)(F'P, F)"

where V(B) and V(B) are the estimated asymptotic variance-covariance matrix of B and B,
respectively. 0! = [u(ﬁ)'u(fi)]/(T-G) is the estimated variance of disturbances under H,
and F = F(ﬁ) is the estimated first order derivatives under H,. Under H, the Hausman test

has an asymptotic x? distribution with G degrees of freedom (Holly, A., 1985).



(1)

(2)

(3)

(4)

(5)

(6)

(N

(8)

Appendix 7.1

dQ(a) O%a da 3« da¢ Oa Oda o

are specified as follows:

da ' O\, od' 9y’ on’ ov’ aw'a"d cd

dgdsxaz = [y((n-l)/n)l-Zk+<b(a)-x((1-z)\)/n + R))g(1-IN)a? - [V - 1-:.)\
- R(g-d-v)Jwexp(e(a-1))®(@) 2 < 0

_:%; = - ['Y((rl'l)/n_)l‘27\+¢(a)-1((1_2)\)/n + a)]%[d%fxa)]_l >0

e - [y + ARG <0

2 o g-nm)! R >0
32 1+ qe(e) 3R <o

3 - fyq(n-/m)} et (B @) ] + [N+ I

aypdQed,
+ (zx)a-‘nl]«b(a) =1 <0

da _ -(1-a)exp(w(a-1))[v - _1_;]72.q -R(q - d - v)]q,(a)-z[d%sxa)]_; >0

ow

- ad-nee 3 > 0
where $(a) = 1 - exp(w(a-1)) and & = -i%-
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Appendix 7.2

The assumptions made in Al-A3 and Lernma 2, 4, and 8 are respecified as

A

Al = AN M) Er - a2 0

A2

(1-ZA)d -v=20

A= v - 1-;:7\ (x.,k"n"’r“)l/(l'Z‘)(l/d)(m)’(l'z” 50

1-ZA

v - (1+27\)(-——n——)()\0k7\’t)"f>‘

L2

.)1/(1~Z7\)(1/d)(27\)/(1-27\) >0

1-Zx

L4 = ((n-1ym) "M - (1-6) - -nl—l— >0

N, 1/(1-IX)

18 = §(n-1)[1 - (TR M) bp] - (1-20) 20

[ ]
The critical value of the discounting factor & is defined as

[ ] 1-

5 = [v- 1-2A

ZN 5 g tdrM gk e (n-1)/m)

o d]'.
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