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Abstract

This paper studies the formation of market economy in China from 1978
to 1992, a period in which market economy was introduced and developed
alongside planned government procurements for agricultural goods. Under
the “dual track system” (DTS), rural farmers were obligated to fulfill govern-
ment procurements before selling to the market, whereas urban consumers
enjoyed de facto subsidies to agricultural products. Using a neoclassical gen-
eral equilibrium model with heterogeneous firms and workers and input-
output linkage, this paper exploits historical data and analyzes allocation,
prices, and the formation of markets in China during this DTS period. Theo-
retically, while DTS will distort the resources allocation between rural and ur-
ban (misallocation effect), it selects workers and farmers in the rural (selection
effect). What is more, comparing to the economy under Soviet-style big bang
reform, DTS activates industrialization by providing intermediate goods with
lower-than-market price (activation effect). Quantitatively, directly switching
to market economy in 1978 would decrease total output by 4.5% as the activa-
tion effect dominates. On the intensive margin, reform on DTS ( procurement
price was getting closer to market price ) had contributed to total output by
4.4% from 1978 to 1992.
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1 Introduction

This paper studies the formation of market economy in China from 1978 to 1992,
a period in which market economy was introduced and developed alongside
planned government procurements for agricultural goods. Unlike big bang re-
form in Soviet Union, DTS built a bridge between the planned and market sys-
tems in China. How and how much did it activate Chinese economy at very be-
ginning? How much has the price distortion affected different sectors? Using
a neoclassical general equilibrium model with heterogeneous firms and workers
and input-output linkage, we exploit historical data and analyze allocation, prices,
and the formation of markets in China during this DTS period. As it is believed
that the agricultural reform in the 1980s mainly contributed to China’s growth,
understanding DTS will help understand the rise of the Chinese economy as well
as the effect of opening the internal market and gradual reform.

Under DTS, farmers were obligated to sell agricultural products to the govern-
ment at a given price before selling the remaining products in the market. Urban
workers and enterprises enjoyed quota benefits that allowed them to buy agri-
cultural products at a lower price from the government.! Before DTS, there was
no market, these products could only be sold to the government. As agricultural
productivity was low, a minuscule quantity of agricultural products was left over
after procurement. Hence the whole economy was under the plan: firms pro-
duced a certain quantity of products, and there was not much agricultural prod-
uct surplus for the market. However, as agricultural productivity increased, the
economy deviated from the plan. There was an increasing amount of agricultural
products, as well as a labor surplus in rural areas, and firms also expanded. This
unplanned economic situation forced the government to relax market regulations,
and to make a smooth transition, the government introduced DTS (one good with
two prices) to partially open the market. Furthermore, to have sustainable growth
and be afraid of market fluctuation, in the early stage of development, the gov-
ernment implemented the policy to “help some people get rich first and then help the
others”. In the context of DTS, government subsidized urban firms and consumers
via quota benefit and taxed the rural people through the procurement. By the end
of 1992, this policy was totally abolished, and all agricultural products were free
to be traded in.

1 Although, in the real economy, the selling price from the government was usually higher than
the purchasing price to cover transportation and other costs, we ignore these costs in the model
for simplicity.



The internal market openness was an important policy, and the market struc-
ture changed dramatically from the late 1970s. Historical data shows that the
price-adjusted market trade share of agricultural products increased from 5% in
1975 to 45% in 1992. It is believed that the change was mainly due to the relaxation
of the procurement requirement. In addition, the procurement price for compos-
ite agricultural products has been increasing since 1978. In particular, the ratio of
market price to procurement price was 1.8 in 1978, dropped to 1.1 in 1989, and in
1992 it was almost 1.2

We will focus on the impact of this procurement policy. First, it distorts the
allocation of agricultural goods as urban firms enjoy the quota benefit, which in
turn will affect the firm entries. Second, procurement placed burden on rural peo-
ple, which will select them in farming and manufacturing production, shaping
the labor allocations. In order to consider them all, we build a neoclassical gen-
eral equilibrium model with heterogeneous firms and workers and input-output
linkage.

In the model, there are two separate labor markets: rural and urban. Rural has
farmland and enterprises (Township and Village Enterprises, TVEs), while urban
only has enterprises. There are two goods in the economy: agricultural goods and
manufacturing goods. Agricultural goods can only be produced on farmland; and
manufacturing goods can be produced in enterprises in both rural and urban. In
addition, both goods can be used as consumption goods and intermediate goods.
There is no migration between rural and urban,® but rural people could choose
to be a farmer or a worker in rural enterprises. While farmers can plant on the
land for free, workers don’t have this right. However, farmers have an obligation
regarding procurement, but workers can waive it.

In addition, there are two types of ability: farming and manufacturing, which
can be used only in agricultural goods and manufacturing goods production re-
spectively. Enterprises are different in terms of productivity and the manufactur-
ing of agricultural products. While urban enterprises enjoy the quota benefit with
respect to purchasing a certain amount of agricultural products below the market
price, rural enterprises can only purchase the products at the market price.

Furthermore, although both enterprises and workers take the procurement
and quota as given, essentially DTS was implemented to accelerate urban econ-

omy first and then to help rural people get rich. More generally, the quantity on

2More details on DTS are documented in Section 2.

3We ignore the migration because, in the data, the migration rate was only 0.19% in both 1978
and 1992. There is more discussion in Section 7.



procurement and quota reflect the magnitude the government values the urban
and rural. In the model, the procurement and quota quantity are determined by
the government to maximize the total weighted social welfare. As the weight on
urban varies across years, the procurement level will change. Hence our analysis
could only focus on the procurement directly instead of the weighted on rural or
urban.

Theoretically, there are three main mechanisms on DTS: activation effect, se-
lection effect, misallocation effect. Activation effect captures the effect that, com-
paring with economy under Soviet-style big bang reform, as urban enterprises
enjoy the quota benefit, the gross manufacturing output could be larger, which in
turn will increase the agricultural goods output as the intermediate goods sup-
ply increases. Selection effect represents that procurement requirement will play
a role as screening machine—only rural people with relative high farming ability
will stay as farmers. Misallocation effect means that some low productive firms in
urban can survive due to quota benefit, whereas firms with higher productivity in
rural may not survive. While the first one is on the extensive margin, the latter two
are effects on the intensive margin. When the procurement price decreases, people
in rural areas are more likely to work in rural enterprises, then the total output of
agricultural products decreases which also shrinks its supply as intermediate in-
put. However, since the labor force in the rural enterprise gets less, the net impact
on rural enterprise output is ambiguous. In addition, as the intermediate input
price for urban enterprise becomes lower, enterprises with low productivity enter
the market and the total output increases, which increases agricultural goods pro-
duction. The results are similar when the procurement quantity decreases, except
that urban output will decrease because of less quota benefit. Therefore, in the
intensive margin effect, the impact of DTS is ambiguous.

For the quantitative analysis, we calibrate the model to the Chinese econ-
omy each year from 1978 to 1992 and conduct several counterfactual experiments.
Firstly, we take 1978 as benchmark and compare with the market economy, and
we also study the intensive margin effect as the the weight on urban changes. Sec-
ondly, we take each year of 1979-1992 as benchmark and replace parameters with
1978’s value. Thirdly, we decompose the impact of different factors on economic
growth and welfare. Finally, we study the economy with second-hand market and
frictionless economy as two extensions.

The quantitative results show that directly switching to market economy in
1978 would decrease total output by 4.5% but increase rural welfare by 43.9% in
equivalent consumption. That is to say, DTS has activated economy with sacrific-
ing rural’s welfare. On the other hand, from 1978 to 1992, the procurement price is



getting closer to market price, which had contributed positively to total output by
4.4% and rural welfare by 14.1%, and it contributed negatively to agricultural out-
put by 18.1% and total welfare by 11.3%. The quantitative results also confirmed
that productivity improvement contributed mostly to Chinese economic growth.
Furthermore, in the economy with second-hand market, there is not much change
in output of different sectors, but the welfare changed significantly. For example,
comparing to benchmark in 1978, the total output would decrease by 6%, the rural
welfare would decrease by 36%. However, in frictionless economy, the impact is
much larger. The total output in 1978 would be tripled comparing to benchmark,
and the rural welfare would increase by more than 23 times.

Before delving into the details of the paper, we highlight one of contributions.
In a recent debate between gradual and sudden transition, we take the stand that
the gradual reform could activate the economy, pushing it out of low-equilibrium
trap. The main mechanism is that industrialization requires agricultural goods
as intermediate inputs, then, given the agricultural productivity is low, there is a
shortage in the supply. While when there is quota benefit, manufacturing goods
output will be higher which in turn will increase agricultural goods production
as it also use manufacturing goods as intermediate inputs. We call this virtuous
circle as “activation effect” or “extensive margin effect” in contrary to detrimental
effect the distortion usually cause, while we refer the latter as “intensive margin
effect”, including “misallocation effect” and “selection effect” as discussed above.

This study provides a framework to understand market formation, particu-
larly when the market is partially open. The current Chinese economy is still
under transition to internal market openness. This dual track economy exists in
different scenarios. For example, there are different interest rates for State Owned
Enterprises (SOEs) and Private Owned Enterprises (POEs). While SOEs, taking
advantage of low interest rate, can survive with lower productivity, POEs can bor-
row from bank or SOEs, which is similar to the second-hand market discussed in
the extension. The current model is easy to extend to incorporate these scenarios
and have policy implications.

Related literature

We emphasize both the extensive and intensive margin effects of DTS in this pa-
per. The analysis on extensive margin relates to studies on the economic transition
from planned economy to market economy, and the analysis on intensive margin

effect relates to the studies on misallocation and selection in agricultural produc-



tivity. We summarize them as follows.

On one hand, research on the Chinese economic transition from a planned to
a market economy usually covers property rights and firm ownership ( Jin and
Qian (1998), Li (1997), Naughton (1994), Qian and Xu (1993)). Among them,
Jin and Qian (1998) study the role of Township and Village Enterprises (TVEs),
and Li (1997) studies the impact of economic reform on state-owned enterprises
(SOEs). Different from these studies, our paper studies the procurement policy
on goods markets. While Byrd (1991) analyzes the static and dynamic impacts
of DTS on Chinese industry, Sicular (1988) builds a theoretical model to analyze
DTS in China’s agricultural sector. Our paper closely relate to Sicular (1988) as we
both study the procurement on agricultural goods. While she focuses on interac-
tion of procurement and market price, we mainly study the impact on aggregate
outcome and allocative efficiency.

Some studies also analyze the effect of DTS on efficiency; however, there is no
common agreement. While Lau et al. (2000) show that under some standard con-
ditions, the dual track approach to market liberalization was a Pareto improve-
ment, Young (2000) argues that the incremental reform would lead to the frag-
mentation of the domestic market and the distortion of regional production when
considering rent-seeking incumbents. Similar to McMillan et al. (1989) who pro-
pose that the incentive will change under the market price, we also take the stand
on former one but emphasize that DTS will activate the economy through the vir-
tuous circle of input-output linkage.

In addition, a section of the literature compares Chinese economy with East-
ern European economies ( McMillan and Naughton (1992), Murphy et al. (1992),
Sachs and Woo (1994), Li (1999), Roland and Verdier (2003)). Murphy et al. (1992)
present a theory of partial economic reform and explain the reasons for the fail-
ure of reforms in Russia in contrast to the successful Chinese reforms. [i (1999)
also compares the Soviet-style big bang reform and the Chinese dual track reform
and concludes that a transition policy is necessary to have a smooth transition.
Guriev (2019) discusses several alternative explanations on the question of why
Soviet Union did not follow China to reform the economy. Our study also relates
to Cheremulkhin et al. (2017) who identify and study the impact of frictions on
structural transformation of Russia in 1885-1913 and 1928-1940 from an agrarian
to an industrial economy.

On the other hand, our intensive margin analysis is related to research on mis-
allocation and selection in agricultural productivity. The literature on misallo-
cation covers the measurement, causes, and consequences (Hsich and Klenow
(2009), Buera et al. (2011),Song et al. (2011), Midrigan and Xu (2014), Restuccia



and Rogerson (2017) among others). We contribute to the literature by interpret-
ing DTS as a specific cause of misallocation, which distorts the market price of
agricultural goods. As we focus on DTS of agricultural goods, it also relates to
literature on agricultural productivity (Restuccia et al. (2008), Adamopoulos and
Restuccia (2014), Chen (2017)). Adamopoulos et al. (2017) emphasizes the role of
selection across sectors, considering the constraint on productive farmers. While
they claim that productive farmers choose an occupation in a nonagricultural sec-
tor, Lagakos and Waugh (2013) predict the opposite. Our model is in line with the
former because their model is calibrated with Chinese data.

As the agricultural and manufacturing goods production are connected through
input-output linkage, our study also relates to Jones (2011) and Liu (2019) among
others. Liu (2019) argues that there may be an economic rationale behind certain
industrial policies favoring selected sectors, and these policies might have gener-
ated positive network effects in China. In our study, we only focus on agricultural
and manufacturing sector but specify the DTS as the mechanism of selection and

misallocation.

Organization of the paper This paper is organized as follows: section 2 docu-
ments the main facts, section 3 describes a quantitative model, section 4 illustrates
the main mechanisms, section 5 calibrates the model, section 6 presents the quan-
titative results, section 7 discuss issues on migration and capital, and section 8
concludes.

2 Facts

This section describes the main statistic characteristics of DTS. The data is mainly
collected from the National Bureau of Statistics (NBS) of China. The left panel
of Figure C.1 presents the ratio between procurement price and market price for
composite materials from agricultural products. As shown in the figure, this ratio
was increasing from the middle of the 1970s. This means that the procurement
price was getting closer to the market price. The fact that all the values were less
than 1 implies that the procurement price was lower than the market price.

NBS also provides information on the trade value in the market and under
procurement. Market openness is calculated as the ratio of the value of agricul-
tural products traded in the market to the aggregate value of that from both the
market and procurement. In addition, a price-adjusted ratio value is also calcu-



lated by dividing price ratio on trade value from procurement.* Figure C.1 shows
the trends of market share under both cases from 1953 to 1992. Starting from the
middle 1970s, the market trade share increased from around 10% to 45%, which
confirms that the agricultural products market in China became more open.

In addition, Figure C.2 shows the quantity and the price of procurement obli-
gation for grain and cotton between 1950 and 1992, and the procurement quantity
is under the category of government purchasing.” The left panel of this figure
shows the ratio of procurement quantity to the total output of grain and cotton.
Cotton had a higher procurement ratio than did grain; while the ratio for grain
was stable at 20%, the ratio for cotton decreased beginning in the late 1960s. There
is no data after 1992 as DTS was abolished. The right panel of Figure C.2 presents
the ratio of procurement price to the market price for rice and wheat, and the data
is from Sicular (1995). It shows that although there is a large volatility, this ratio is
general higher in 1992 than 1980.

One may think that the reduced difference between procurement price and
market price may be due to the composition effect. As the economy grows, grain
accounts for a small portion of the agricultural output, whereas cash crops such
as cotton are more important. Furthermore, if the price between the two tracks
is smaller for cash crops than it is for grains, then even if the price difference of
individual crops does not change, the composition effect implies that the aggre-
gated price difference is smaller. To address this issue, we compare the output
data on grains and cash crops as shown in left panel of Figure C.3. It shows that
although, starting from 1978, the ratio of grain to the total of agricultural products
decreased, by 1992, this ratio was still higher than 75%. Therefore, the potential
composition effect cannot be substantial, and the fact that, in 1992, the procure-
ment price was close to the market price is probably mainly due to the change of
policy on procurement.®

In addition, while agricultural productivity increased rapidly from 1978, the
labor market in China was segmented through the “Hukou” system. To absorb
the surplus rural labor force, more township and village enterprises (TVEs) were
established, particularly after 1984. Data on TVEs were collected from CSY or
from the China TVEs Yearbook; however, there is some inconsistency between

4The price-adjusted market share is calculated as : V"‘V“’l’;“j y——, as price ratio is always
Vinarket+ aprice rr'izatgnﬂ

less than 1, this adjusted share is smaller than the unadjusted share.
SThis category is similar to that used in Sicular (1995).

®Due to lack of procurement price information on this two types of crops, we couldn’t have
more precise calculation.



these two sources. The value in the TVEs Yearbook is generally higher than that
in CSY. In our study, we use the data from CSY because it is more promising and
popular in the literature. The data have four components in the rural enterprises
based on ownership: township, villages, private, and mixed. Because the data
on TVEs includes only the township enterprises before 1984, two versions of the
statistic characteristics are calculated. In the first version (v1), only township en-
terprise data is used, and in the second version (v2), all the four components are
included. As shown in Figure C.4, both the number of TVEs and its employment
share in rural areas had increased. In 1984, there was a large increase in the num-
ber of private TVEs, the output value share of which increased from 15% to 30%.
Therefore, the jump in 1984 was mainly due to the addition of private TVEs in the
data.

The right panel of Figure C.3 presents the log value of the number of urban
enterprises from NBS. The number of urban enterprises increased from the early
1970s. In what is similar to the case of TVEs, it also includes four components:
SOEs and private, mixed, and others, including foreign enterprises. As only SOE
data are available for the period before 1984, two versions are presented. The first
version includes only SOEs, and the second version includes all of them; the jump
in the figure is due to the inclusion of private enterprises after 1984.

In sum, the data shows that between 1978 and 1992, the market share of agri-
cultural products increased a great deal; the ratio of procurement price to market
price increased; the mass of TVEs and employment share in TVEs increased; and

the mass of urban enterprises increased.

3 A model on DTS

3.1 Environment

In the model, there are two separate labor markets: rural and urban. Rural has
farmland and enterprises, but urban only has enterprises. There are two goods in
the economy: agricultural and manufacturing. While agricultural goods can only
be produced on farmland, manufacturing goods can be produced in enterprises
in both rural and urban. In addition, both of them can be used for consumption
and intermediate input. Furthermore, there is no migration between rural and ur-
ban, but rural people could choose to be a farmer or a worker in rural enterprises.

While farmers can plant on the land for free, workers don’t have this right. How-



ever, farmers have an obligation regarding procurement, but workers can waive it.
On the other hand, urban people can only work in urban enterprises. Enterprises
are heterogeneous in productivity z, workers are heterogeneous in two-dimension
ability h = (hp, hg) where hp is the ability of farming to yield agricultural product
and hE is the ability to produce manufacturing goods.

The procurement and quota are modeled as follows. On the procurement side,
for each unit of land, workers on farmland have an obligation to sell at least Q
units of agricultural products at price P, to the government, and after fulfilling
this obligation, they are free to trade in the market. On the quota side, urban en-
terprises are eligible to buy agricultural products at price P, from the government;
however, the total amount is limited by 4. There is no second-hand market, that
is, firms are not allowed to sell agricultural goods brought from government as
quota benefit in the market.

Furthermore, although both enterprises and workers take the procurement
and quota as given, essentially DTS was implemented to accelerate urban econ-
omy first and then to help rural people get rich. More generally, the quantity on
procurement and quota reflect the magnitude the government values the urban
and rural. In the model, the procurement and quota quantity are determined by
the government to maximize the total weighted social welfare. As the weight on
urban varies across years, the procurement level will change. Hence our analysis
could only focus on the procurement directly instead of the weighted on rural or
urban.

3.2 Agricultural goods production

Agricultural goods are produced on rural farmland, and land is equally distributed

among farmers. Denote Z the total amount of farmland and LgF the total number
Z

Lre*

ate goods x, and agricultural productivity A, the production function for a farmer

his

of farmers, then the land size for each farmer is Zgr = 7 Given the intermedi-

Ya (h) = A, (Z%thlfn)lf”‘”xga,

where «, is the share of intermediate goods, 1 — a; is the share of factor inputs,
1 is the land share of factor inputs. Given the ability distribution G(h) and the

7In the real economy, land is equally distributed across households weighted by member num-
ber; however, for split households or moved workers, the policy is not clear at the national level.
Some may still have land, while others may not. To avoid this confusion, we assume that the land
is distributed only among people who are still working on farmland.



total labor force L in rural area, aggregate production of agricultural goods is the
aggregation of output from workers on farmland denoted as RF

Y, = Lg /RFya(h)dG(h). (1)

Given the procurement requirement Q for each piece of land, farmers choose in-
termediate input x, and quantity selling to government Q, to maximize the net

value of agricultural goods production

; >Ogla§QZ PgAa(ZZFhFl_ﬂ)l_“”xga - PmXu - (Pa - pﬂ)Qﬂ' (2)
a-V, a2 RF

3.3 Manufacturing goods production

Manufacturing goods could be produced in rural (R) and urban (U) areas. In
sector j = R, U, denote A; is the location specific productivity, H; is the human
capital level, x; is the input of agricultural goods, the production function for a
firm z is

yi(z) = AzV(H; x)1 7,5 = R,U

where 1 — 1; is the span of control and &, 1 — &; denote the share of agricultural
goods and human capital respectively. The assumption that both agricultural
goods and manufacturing goods are used as intermediate goods follows Jones
(2011) but differs from Restuccia et al. (2008) where only manufacturing goods are
used as intermediate goods. This is based on the fact that, in the context of China,
the Input-Output table shows the share of agricultural goods used in producing
nonagricultural goods is significant.?

Following Brandt et al. (2018), we assume productivity z follows Pareto distri-
bution F(z), and there are potential mass M; enterprises. The total output is the
aggregation over active firms denoted by Dj, in particular,

Y, = M /Dj y;(z)dF(z), j = R,U. 3)

As there is no labor mobility across rural and urban areas, the wage rate will be

8Data of Input-Output table from 1981 to 1992 shows that while the share of non-agricultural
goods used in producing agricultural goods is 0.157, the share of agricultural goods used in pro-
ducing nonagricultural goods is 0.066. It is a bit lower because the price of agricultural goods is
generally much lower; however, it is persistent and high in some industries (e.g., the food industry,
the textile industry, etc.). More details are documented in Table C.1 and Table C.2.
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different, denoted by wgr and wy;. The profit for firm z in rural is

nr(z) = g}{ag{ Puyr(z) — wrHR — Paxg. 4)

The profit for firm z in urban is

max Ppuyy(z) — wyHy — Paxy ifxy <g
mu(z) = 4 u ] 5)
Jnax Puyu(z) —wyHy — Paxy + (Pa — Pa)§  if xy > 4.
u,xXu

In the case of xy; > g, the profit function can be written as

P,—P, g
mu(z) = Puyu(z) —wyHy — (1 — %%)Paxu.
a

As0 < P”P;EP“% < 1, the quota benefit and the procurement price imply a lower-
9

xu
mediate goods allocation due to quota benefit. Hence, in this model, the distor-

than-market input price in general, and P”p;ﬂp” is an implicit distortion on inter-
tion is caused by quota benefit. As the amount of input x; increases, the ex-post
price (1 — P”P;ap"%)Pa gets closer to the market price P;; and the price distortion

decreases as xi; increases.

3.4 Workers

A worker’s utility depends on consumption of agricultural goods (4) and manu-
facturing goods (m)

u(a,m) = 6log(a —a) + (1 —0)log(m),

subject to budget constraint P,a + P,m < I, where 0 is the weight on agricultural
goods; a is the subsistence level of agricultural goods; P,, P, are the market prices
of agricultural and manufacturing goods, respectively, and I is worker’s income.
Then the indirect utility function is
0 1-0
V(1) = [Blog(5-) + (1~ 6)log(

a m

)] + log(I — Pya).

Rural workers could choose working in rural enterprises (RE) or on the farm-

land (RF). The income in RE is from the wage and share of profit from rural

11



enterprises, that is,

1
Ie(h) = wrhe + L—R (6)
R

where ITg = Mg |, Dy nir(z)dF(z) is the total profit from rural enterprises, and
people in rural share the profit equally. On the other hand, the net income for
farmer with ability £ is given by

I (h) = (1 — ) Payia () — (Po — P) Qu + IZ—;: @)

It can be rewritten as Igp(h) = [(1 —a,) — P“IZQP“ %]Pa]/a(h) + f—jj, then p";ﬂp" y?(Z)
is the price distortion faced by farmers which is caused by procurement. In partic-
ular, as Q, < y,(h) and P, < P,, this distortion is increasing in procurement level
Qa.

Workers in urban areas will only work in urban enterprises UE whose income
come from urban wage and profit share. The total profit from urban enterprises is
ITy = My | p, Tu(z)dF(z), which is equally distributed among the urban people,

then the income for urban household is Ij;(h) = wyhg + Ig—g

3.5 Government

In the above setting, both enterprises and workers take the procurement (Q) and
quota (7) as given. Essentially DTS was implemented to accelerate urban econ-
omy first and then to help rural people. More generally, the quantity on procure-
ment and quota reflect the magnitude the government values the urban and rural.
Hence, in the model, the procurement and quota quantity are determined by the

government to maximize the total weighted social welfare.

As a direct effect, high procurement will hurt farmers” welfare but will make
urban people better off. However, as manufacturing goods output increases, the
intermediate goods in agricultural production will be cheaper, which will improve
farmer’s welfare. The total welfare in urban is the aggregate of all the urban work-
ers, Ly [;; V(Iu(h))dG(h), and the welfare in rural is sum of enterprises work-
ers and farmers, Lg[ [z V(Ire(h))dG(h) + [xr V(Irp(h))dG(h)]. Denote xy the
weight on welfare for urban household, the government’s problem is to set the
procurement and quota level to maximize the total welfare, that is,

max xulu [ V(Iu(0)AGH) + (1= xu)Lel [ VUre()AGH) + [ V(Ire(w)AGH)] (®)
7Q=0 Dy RF RE
st My /D min{xu(2), 1}F(z) = Q7 )

where the budget constraint says the government will sell all the agricultural

12



goods brought from farmers to urban firms as the quota benefit. Therefore, in
this model, procurement and quota are endogenously determined, as the weight
on urban varies across year, the procurement level will change, and the impact on

economy will be also different.

3.6 Equilibrium

In order to characterize the equilibrium, we define the following aggregate vari-

ables. The total demand for manufacturing goods as intermediate input is
xo =L [ x(mdG(h) (10)
RF
The total demand for agricultural goods as intermediate input is
x; = Mj/D'x]-(z)dP(z),j —RU (11)
]
The total demand for agricultural goods for consumption in rural area is

ar = LR /RE aRE(h)dG(h) + LR /RF ElRF(h)dG(h) (12)

The total demand for agricultural goods for consumption in urban area is

ay = Ly /u _ou(h)dG(h) (13)

The total demand for manufacturing goods for consumption in rural area is

mgr = LR /RE mRE(h)dG(h) + LR /RF mRF(h)dG(h) (14)

The total demand for manufacturing goods for consumption in urban area is

mu =Ly [ mu(h)dG(h) (15)
UE
The total human capital demand in sector j = R, U is

HP = M, /D]- Hi(z)dE(z),j = R, U (16)
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The total human capital supply in rural area is

HS = Lg /R edG () (17)

The total human capital supply in urban area is
u u E E ( ) ( )

Equilibrium The equilibrium is characterized by agricultural goods selling to
government { Q, } and intermediate goods {x, (1)}, labor allocation in rural { Lrr, Lrg},
enterprises factor input {H;(z), xj(z)},j = R, U, and procurement and quota level

{Q, 7}, wage rate {wg, wy }, and goods prices {P,, Py, } such that
1. {Qu, x4(h)} maximizes rural worker income as in (2).

2. {Lgp, Lrg} is the result of the occupation choice for rural people, as in equa-
tion (7) and (6).

3. {H;(z),xj(z)},j = R, U maximizes enterprise profit in equation (4) and (5).

4. {Q,} solves government’s problem to maximize total welfare as in equa-
tion (8) and (9).

5. wg,wy, Pa, Py, clear labor markets and goods markets.
(a) Rural labor market clear, H Ilg =H 1%, as in equation (16) and (17).

(b) Urban labor market clear, HE = Hf[ as in equation (16) and (18).

(c) Agricultural goods market clear, Y; = xg + xy; + ar + ay as in equation
(1), (11), (12), and(13).

(d) Manufacturing goods market clear, Yr + Yy = x; + mg + my as in
equation (3), (10), (14), and (15).

4 Theoretical results

In this section, we illustrate three main mechanisms of DTS: activation effect, se-
lection effect, misallocation effect. Activation effect captures the idea that as ur-

ban enterprises enjoy the quota benefit, the gross manufacturing output could be
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larger, which in turn will increase the agricultural goods output as the intermedi-
ate goods supply increases. Selection effect represents that procurement require-
ment will play a role as screening machine—only rural people with relative high
farming ability will stay as farmers. Misallocation effect means that some low
productive firms in urban can survive due to quota benefit, whereas firms with
higher productivity in rural may not survive. To illustrate these mechanisms, we
simplify the benchmark model and only focus on one channel in each subsection

in below.

4.1 Activation effect

To illustrate the activation effect, we simplify the model in the following way. Both
worker’s ability and firm’s productivity are homogeneous, agricultural goods are
produced in rural, enterprises are located only in urban, and there is no migration.
Procurement is determined by the government to maximize the total welfare.

We compare the general equilibrium results of market economy with that in
the DTS in the case of x;; < §. Given procurement requirement Q, denote % = Kp,

and normalize P, = 1, market clear condition under DTS requires

[1—0(1 — ag)] A[aaPaAs] Ta Z + 6(1 — kp) QZ — [(1 — 0)a]Lrr

) (19)

1—0611

o kPP \ by
=[(1 = O)a)Lu + () Ly(1+0—

1 - =
such that (%) 1Ly < QZ. On the other hand, the equilibrium condition in
market economy implies

Xq

1—0(1 — aa)]AlwaPaAs] "5 Z — [(1 — 0)a]Lgr

(1= Ly + (o) Ly 1+ 082 0)

Figure 1 compares the equilibrium price and outputs under DTS (PP) and mar-
ket economy (PM), which is also summarized in Proposition 1. It shows that if xp
and A, are small enough, under DTS the outputs in both agricultural and manu-
facturing sector are higher. That is to say, DTS activates the economy when agri-
cultural productivity is low enough. Note we take x, as exogenous, and P, is
general equilibrium price, by this setting, procurement price is also general equi-
librium result but subject to the price distortion.
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Proposition 1. In the homogeneous model, 1) there always exists P > xpPP; 2) the
manufacturing goods gross output under DTS is always higher than market economy; 3)
when kp and A, are small enough, the agricultural goods gross output under DTS is also

higher than that in market economy.
Proof: see Appendix A.1.2.

Figure 1: Activation effect

Note: This figure compares the equilibrium in homogeneous model under DTS and market econ-
omy. Left panel illustrates the equilibrium prices, SS-DTS and SS-MKT is the agricultural goods
supply in urban (Y, — xg) under DTS and market economy respectively; DD-DTS and DD-MKT is
the agricultural goods demand in urban (a;; + x17) under DTS and market economy respectively.
Right and middle panel illustrate the equilibrium outputs. The middle panel is agricultural goods
gross output, and the function forms are the same under DTS and market economy. The right
panel is manufacturing goods gross output under DTS (Y[ (P,)) and market economy (Y}!(P,)).

4.2 Selection effect

To illustrate the selection effect, we study the occupational choice in rural. For
simplicity, we assume enterprises are only located in urban and migration be-
tween rural and urban is allowed. Given P, > P,, the constraint is always binding,
that is, Q, = QZgr. Then there is a cutoff of ability profile regarding occupational

choice in rural area

hg = L(hp) = wiu{(l — Déu)Pa(a;Pa)ﬁ

m

a 1 _ _
i [Ag(ZRphe!T)Pa)m — (P, — Py)QZgr},

and the ability profile of workers in enterprises is UE = {h : hg > L(hg)}, and for
farmers, itis RF = {h : hg < L(hF)}. Then, the direct effect of high procurement
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is that, as Q increases or P, decreases, more workers tend to work in enterprises
as shown in Figure 2.

However, there is an indirect or feedback effect. Since Zgr = LLI;F, the average
land size Zgr is getting larger, then it will discourage the migration. Hence the
magnitude of effect is unclear even in partial equilibrium, and it will be further

examined in section 6.

occupational choice
T T

0.2 il

01 — Qbar=0.9 | |
= = Qbar=1.1

0 L L L L L L L L

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

he

Figure 2: Selection effect
Note: This figure illustrates the response of occupational choice as procurement level changes,
with abilities below the line people will choose to work on farmland, while for those of abilities
above the line will choose to work in enterprises.

4.3 Misallocation effect

To illustrate the misallocation effect, we focus on urban enterprises’ behavior. For
simplicity, we assume enterprises are only located in urban and migration be-
tween rural and urban is not allowed. As shown in Appendix A.3, given a fixed
entry cost Cy, there exists productivity cutoff zj}, z;, zy such that the intermediate

goods demand function and profit function are

( (

0 z < zj; 0 z < zj;

x(z) zf<z<z m(z) z5,<z<z
xu(z) = 1z Z<zs b and my(z) = wz) y<zsa

q zp < z<zy m(z) zp <z<zg

\xH(z) zZ>zy K7rH(z) zZ>zy

The interpretation is that the unproductive firm (z < zj;) will not enter the

17



market. Low productive firm (z;; < z < zp) will have intermediate input under

the quota benefit (x;(z) < 7).

There is a positive mass of firm that will have
intermediate input 4. If the firm wants to buy agricultural goods above the quota
level, the marginal cost (price) of agricultural goods will jump from P, to P,; hence,
firms with productivity slightly higher than z; may not be able to cover this cost
and stick to the quota level. Then the very productive firm will have a higher
intermediate input (xg(z) > §).

Figure 3 illustrates the demand and profit function. The left panel shows that
less firm will enter the market if there is no procurement (z* < z?), and the right
panel shows that firm will invest less in intermediate goods if there is no pro-
curement as the dash line is below the solid line in the figure. The following

proposition summarizes results of comparative statics in partial equilibrium.

Proposition 2. With DTS, the entry level productivity zi; is increasing in Cy, B, wy;

and decreasing in Ay, and the cutoff z| is increasing in P,, 4, wy; and decreasing in Ay;.

In addition, the welfare for rural (urban) people is decreasing (increasing) in procurement.
Proof: Lemma 4- Lemma 7 in Section A.3 will prove this proposition.
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Figure 3: Misallocation effect
Note: This figure illustrates the firm’s decision. The solid line represents the profit function in left
panel and intermediate goods demand function in the right panel, while the dash line represent
the result of removing the quota benefit and the intermediate goods is under the market price.

9The existence of x1(z) < { is due to no second-hand market, otherwise firms can sell quota
benefit under the market price and hence they will buy intermediate goods at least at quota level
regardless productivity. We will further quantify the impact with second-hand market in section
6.4.
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5 Calibration

As in Brandt et al. (2018), firm productivity z follows Pareto distribution with
minimal productivity zg min = Zumin = 1, thatis, F(z) = 1 — (%)Gf,z > 1,j =
U, R, with g = 0y = 1.05, and we also set yg = vy = 0.15. In addition, as
in Adamopoulos et al. (2017), the abilities jointly follow log normal distribution

2
G(hg,hg) ~ LN(u,X) where = (up, pg) and & = (UF OFZE . The parameters
UFE U0

are ur = 0.16, yp = 0.88, o = 148, o = 0.95, and orr = —0.35, that is to
say, ability hr and hr are negatively correlated. On the contrary, Lagakos and
Waugh (2013) use US data and assume the abilities following Fréchet distribution
Gi(hp) = e‘hgeF, Gy(hg) = e‘hgeEand the parameters are fr = 5.3, 0 = 2.7,
p = 3.5.10 As the result in Adamopoulos et al. (2017) is based on Chinese data, we
assume that it also follows joint log normal distribution in our study.

The potential mass of enterprises Mg, My; are assumed to proportional to la-
bor force in rural enterprises and urban enterprises respectively, without losing
generality, we assume that Mg = Lgrg, My = Ly. In addition, Ly, L7 are from
employment ratio in rural and urban, respectively; % is the procurement to mar-
ket price ratio; from the Input-Output table, the share of intermediate goods in
nonagricultural goods in agricultural production is «, = 0.157, which is lower
than 0.4 in the US as in Restuccia et al. (2008). The share of agricultural goods
used as intermediate goods is ag(1 — yr) = 0.066, which is much lower than the
average share of the intermediate goods 0.68 in Jones (2011). This share gives
ag = 0.078 as in Adamopoulos et al. (2017); the land share to labor share ratio is
% = 33¢ which implies 7 = 0.439. Then the land share is (1 — a,)y = 0.370
and labor share is a;# = 0.473, which are close to those in Adamopoulos et al.
(2017). We set 6 = 0.005 as in literature (e.g. Chen (2017) ). Table 1 summarizes
the results.

We calibrate the rest of parameters in two steps. First, we target the average
value between 1978 and 1992 in the data. Urban productivity Ay is normalized as

1. Agricultural productivity A, is calibrated to match the output ratio between ru-

10Tn Lagakos and Waugh (2013), joint distribution takes the following function form:
G(hp, hE) = Cp[Gl (hp), Gz(hE)],hp > 0,hg >0,
where

(e Pt —1)(eP"—1)
e P —1 )

Cp(u,v) = —;log[l +
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ral enterprise and agriculture Yg /Y, where Yy is the real value of output in TVE,
Y, is the total real value of agricultural output selling in market and under pro-
curement. Rural productivity Ay is calibrated to match the output ratio between
urban and rural enterprises Y7/ Yr where Y is the real value of output in urban.
The entry costs are calibrated as in Brandt et al. (2018) that assuming that the hu-
man capital of a margin firm is 1, that is, Hr(zz) = l,and Hy(z{;) = 1, hence
the entry cost can be written as C; = %, j = R, U. The welfare weight
Xu is calibrated to match market share (ms) which is defined as the proportion
of agricultural goods value selling in market to the total value. Subsistence level
a is calibrated to match the employment share in rural enterprises Lrg/Lg; and
total land size Z is calibrated to match the average earning ratio between urban
and rural Ey;/Eg, where Eyj, Eg are the average household disposable income in
urban and rural respectively.

Table 2 lists the parameters in this step. Generally the model matches the av-
erage value well except for it overestimates the employment ratio in rural enter-
prises. Note that x;; = 0.9178 implies the government value urban much higher
than rural. This is consistent with the real economy that, at the beginning of re-
form the urban is favored by the policy.!! In addition, Cg < Cy; implies the entry
cost in rural is much lower than that in urban. It is consistent with facts in Figure
C.4 that, in the early stage, there is a large number of TVEs entering the market.

Second, we assume total land size Z is constant across year and calibrate other
parameters year by year. In particular, Cg, Cyy, Mg, My and a, xy; are calibrated
in the same way as the first step. The productivities A,, Ar, Ay are calibrated to
match the real outputs Y,, Y, Yi; year by year by normalizing the average val-
ues to be 1. Table 3 summarizes the parameters. In the calibration, we simulate
the model and minimize the error between the simulated moment and the data
moment as in Lagakos and Waugh (2013), and the detail of this algorithm is in
Appendix B.

Figure 4 presents the model and data for targeted moments in each year where
the dash line represents the data and the solid line represents the model for tar-
geted variables where the output Y;, Yg, Yi; are normalized as 1 in average for
both the data and the model. It shows the model matches data well. Moreover,
Figure 5 shows it also match the following un-targeted moments well: agricul-
tural goods price (P;), average earning in rural and urban (Eg, E;), procurement
level (Q). The dash line is data and the solid line is model. All the variables are

' This is said in the early stage of development that “help some people get rich first and then
help the others”.
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normalized as 1 in average value for both the data and the model. Finally, Figure
6 presents the parameters across years, including agricultural productivity (A,),
rural productivity (Agr), urban productivity (Ay;), weight on urban in social wel-
fare (x17), number of potential entrant in urban and rural (My;, Mg), entry costs in
urban and rural (Cyy, Cr). It shows that there is a clear trend of all the parameters
which is important for counterfactual analysis.

Table 1: Parameters without solving model

parameters value target or source
; ag = ay = 0.078,a, = 0.157 Input-Output table
7 0.439 Adamopoulos et al. (2017)
YR, YU 0.15 Brandt et al. (2018)
UF, ME,OF, 0Fg, 0 Mp = 0.16, ug = 0.88,0r = 1.48,0rg = —0.35,0p = 0.95 Adamopoulos et al. (2017)
Or, Ou 1.05 Brandt et al. (2018)
0 0.005 Chen (2017)

Note: This table lists the parameters calibrated without solving the model. aj,j=a,R,U,
#, YR, Yu are the share in production function calculated from the Input-Output table and
the literature (Adamopoulos et al. (2017), Brandt et al. (2018)), ug, g, 0r, 0rg, 0 are the
parameters of productivity distribution adopted from Adamopoulos et al. (2017), 8g, 0y
are the parameters of ability distribution from Brandt et al. (2018), 0 is the preference
parameter ( Chen (2017).)

Table 2: Parameters in average

parameters description value target model data

Ay agricultural productivity 0.0418 Yr/Y, 12243 1.4653

AR TVE productivity 02184 Yy/Yr 39809 4.1039

Xu welfare weight 0.9178 ms 0.3139 0.2674
a subsistence level 0.0106 Lgg/Lg 0.3595 0.1651
Cr entry cost in rural 0.0166 Hr(zy) =1

Cu entry cost in urban 0.1041 Hu(z) =1

Mg potential entrant 0.1226 LRre 0.1226 0.1226

My potential entrant 0.2550 Ly 0.2550 0.2550
Z total land size 3.1810 Ey/Er 29317 22174

Note: This table lists the parameters calibrating targets in average value from 1978 to
1992. A,, AR are productivities, x; is welfare weight on urban household, 7 is subsis-
tence level in utility function, Cg, Cy; are the entry cost in rural and urban, Mg, M,; are
the potential entrant in rural and urban, 7 is the total land size.
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Table 3: Parameters across years

parameters description target

Ag agriculture productivity Y,

AR TVE productivity Yr

Ay urban productivity Yu

Mg potential entrant in rural Lre

My potential entrant in urban Ly

Xu welfare weight in urban ms

a subsistence level of agricultural goods Lre/Lgr

Cr entry cost in rural Hgr(zg) =1
Cu entry cost in urban Hy(zf) =1

Note: This table lists the parameters calibrating targets year by year. A;, Ar, Ay are
productivity, Mg, My are the potential entrants in rural and urban, x; is welfare weight
on urban household, a is subsistence level in utility function, Cg, Cy; are the entry costs.
All the parameters are calibrated year by year.
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Figure 4: Model fit: targeted moments
Note: This figure compares the model with data for targeted moments. The dash line is data and
the solid line is model. The output Y, Yg, Y7 are normalized as 1 in average for both the data and
the model.
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Figure 5: Model fit: untargeted moments
Note: This figure compares the model with data for untargeted moments: agricultural goods price

(P,), average earning in rural and urban (Eg, E;), procurement level (Q). The dash line is data and
the solid line is model. All the variables are normalized as 1 in average value for both the data and
the model.
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Figure 6: Parameters
Note: This figure presents parameters across years: agricultural productivity (A,), rural produc-
tivity (Ar), urban productivity (Ay;), weight on urban in social welfare (), number of potential
entrant in urban and rural (My;, M), entry costs in urban and rural (Cyj, Cg).
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6 Quantitative analysis

With the parameters calibrated, we quantitatively analyze the impact of DTS in
several experiments. Firstly, we take 1978 as benchmark and do counterfactual
analysis on different factors, and we also study the scenario when switching to
market economy in 1978. Secondly, we take each year of 1979-1992 as bench-
mark and study the effect when parameters are set with 1978’s values. Thirdly,
we decompose the impact of different channels on economic growth and welfare.
Fourthly, we study the economy with second-hand market and frictionless econ-

omy as two extensions.

6.1 Counterfactual analysis

To understand the mechanism and importance of each factor, we take 1978 as
benchmark and set parameters with 1992’s value. In Table 4, the column of “bench-
mark” is the results in 1978, and each column under “counterfactual case” lists the
results when setting this parameter in 1992’s value while keeping others the same
as in 1978; and in the column of “market”, we set II;—Z = land Q = 0, that is,

the government doesn’t set procurement requirement. The results show that if

Table 4: Counterfactual analysis in 1978

counterfactual result (value)

variable benchmark A, Ar Ay P./P,  xy  market

Y, 0.073 0227 0.085 0.087 0073 0.072 0.071
Yr 0.01 0.004 0.166 0.004 0.02 0.003 0.002
Yy 2.264 2374 2228 4788 2126 2211 2.159
Lrr/Lg 0.743 0793 0392 0.704 0.955 0.898 0.971
ms 0.112 0464 0.809 0.188 0.156 0529 1

Y 2.408 2528 251 5084 2251 2415 2.299
X 0.04 0.038 0.024 0085 0.023 005 0.026
M 0.306 0.147 0763 0.151 0.082 0.093 0.069
M, 0.116 0.128 0.129 0237 0101 0.114 0.102
Vi 193  -1.806 -0981 -1.689 -1.681 -1.458 -1.566
Vu 0.448 0467 0455 0.636 0449 0444 0.447
Viotal 0.423 0443 0439 0611 0426 039 0.425

Note: The column of “benchmark” lists results in 1978, and each column under “counter-
factual case (value)” list the results setting the parameter with 1992s value while keeping

others the same as in 1978; in the column of “market”, we set 1% =land Q =0.

the economy was set to market economy, the total output (Y) would decrease by
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4.5%. This could be explained by two effects in the model. First, the selection ef-
fect was weakened as the employment ratio on farmers (Lgrr/Lg) increased from
0.743 to 0.971, and there were less active firms in rural (M%) and lower output
(Yr). Second, the misallocation was also alleviated as the procurement price was
as high as market price, and there were less active firms in urban (M;;) and lower
output (Y{7). Furthermore, as the total output of manufacturing goods was lower,
the intermediate goods in agricultural goods production (x;) was less. Combining
it with the result that the number of farmers were more could explain the result
of slight change of agricultural goods output (Y;). In contrast to output, the im-
pact on welfare is more significant. Although there is not much change on urban
welfare (Vy;), the rural welfare (V) has increased from —1.93 to —1.566. Given
the logarithm utility function, we compute the the equivalent consumption (EC)
as the value generating the utility, hence EC of Vx has increased by 43.9%.

In addition, the procurement price ratio (%) has similar impact as the market
economy. The total output would decrease by 6.5%, and the EC for rural would in-
crease by 28.3%. While the weight on urban (x;) would increase the rural welfare
by 60.3%, it slightly increase the total output by 0.3%. Finally, the counterfactual
analysis on productivities (A;, Ar, Ay) shows that they would have higher im-
pact on output. For example, if A, was set with the value in 1992, the agricultural
output would increase from 0.073 to 0.227, and the total output would increase
from 2.408 to 2.528. And it could benefit both rural and urban people, in particu-
lar, the EC for rural, urban and all people would increase by 13.2%, 1.9%, and 2%

respectively. The results for Agr and Ayjare similar and presented in Table 4.

6.2 Results across years

In this counterfactual analysis, we take each year of 1979-1992 as benchmark and
set the parameters with 1978’s values. The results are presented in Figure 7. It
shows the counterfactual result of market economy in each year is similar to that
in 1978, that is, if the economy were switched to market economy directly, Vx
would be higher and Yz would be lower. It means that rural people would be
better off in market economy, but the rural enterprises would be worse off.

In addition, Figure 8 presents the counterfactual analysis results on II;_Z and xy.
In the counterfactual case, the welfare for rural people (Vr) would be lower and
rural enterprise output (Yg) would be higher. This result is intuitive given the
procurement price is lower and )x; is relative higher (government favored urban

people more) in 1978.
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Figure 7: Counterfactual result: market economy

Note: The dash line represents the results in benchmark economy, and the solid line represents
the counterfactual results in market economy. Y, Yr, Yy, Y are output of agriculture, rural enter-
prises, urban enterprises and total output respectively, Lrr/ L, ms are employment ratio of farmer
in rural and market share respectively, Vi, Vi, V are welfare of rural, urban and total welfare re-

spectively.
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6.3 Decomposition

In this subsection, we compare DTS with other factors in a decomposition ex-
ercise. First, we group the parameters into following channels: productivities
(Agq, Ar, Au), DTS (xu, %), firm mass (M, Mr), employment ratio (Ly;, Lr) and
entry cost (Cy7, Cr). Then we set the year of 1992 as baseline economy, and each
time we compute the counterfactual result by setting the parameter with 1978's

value. Denote the counterfactual result of variable X on channel i as X;, we com-
X199 —X;

X1992—X1978

counterfactual case relative to the change in benchmark, where X;973 and Xj99pare

pute the ratio s; = to measure how much the result will change under
the benchmark result in 1978 and 1992 respectively. The contribution of each chan-
nel is computed as ct; = % presenting the importance of channel i relative to
other channels. We also compute the residue as 1 — )_s; to capture the impact
from all the other factors in the model (e.g. subsistence level @) and out of the
model. The results of this exercise is summarized in Table 5. While }_s; is always

Table 5: Decomposition

variable model(1978) model(1992) (A, Ar, Au) ()(u,%) (My, Mg) (Lu,Lr) (Cy,Cgr) residue

Y, 0.073 0.24 1.021 -0.181 -0.043 -0.038 -0.043 0.285
Yr 0.01 0.137 1.065 -0.026 0.129 0.083 0.117 -0.367
Yu 2.264 5.617 0.944 0.036 0.034 0.146 -0.002 -0.159
Y 2.408 6.079 0.936 0.044 0.026 0.133 -0.007 -0.133
ZRF 4.459 6.024 1.04 -0.858 0.104 0.184 0.082 0.448
Vr -1.93 -0.571 0.712 0.141 -0.054 0.024 -0.066 0.242
Vu 0.448 0.721 0.873 -0.019 0.022 0.275 -0.009 -0.143
Viotal 0.423 0.685 0.955 0113 0.018 028  -0015 -0.124
Note: In this table, column “model(1978)” and “model(1992)” are the bench-

mark values in these two years, and the column “(A,, Agr, Au)”, ”(Xu,%’ 7

“(My, MRr)”, “(Ly,Lr)” and “(Cyy, Cr)” report the contribution of each channel, ct; =
Xioon X > XX””*X" ,where X; is the counterfactual result, and Xj978 and Xjggr

X1992 = X1978 1992~ X1978 i ] ) ’
are the benchmark results in 1978 and 1992 respectively, and column “residue” is

1-Y w2 X which captures the impact from all the other factors in the model and
X1992—X1978

out of the model.

positive, ct; could be negative, in which case, counterfactual result X; is higher
than Xj99p. For example, the impact of DTS on (Y, Yr, Vi1, Viotar) are negative,
which means that DTS was successful on improving the agricultural output, TVE
output, urban welfare and total welfare. This is consistent with the change of
selection effect: in the counterfactual case, the average land size (Zrr) would be
higher than baseline economy. On the other hand, the impact on (Y, Y, VR) are
positive, meaning that adjustment of DTS from 1978 to 1992 has accelerated the
growth of urban enterprise and the total output and rural welfare.

On the magnitude, productivities are the main contributor to both output and
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welfare which is consistent with Zhu (2012). DTS plays a negative role on (Y, Vi),
and the contribution (absolute value) is 18.1% and 11.3%; on the other hand, it

contributes positively to (Y, Vr) with contribution of 4.4% and 14.1%.

6.4 Second-hand market

In the baseline model, we assume there is no second-hand market, so that urban
enterprise can use the quota benefit only for production. In this subsection, we
add second-hand market in the baseline economy. Firms can sell quota benefit
under the market price and hence they will buy intermediate goods at least at
quota level regardless productivity. In this case, quota is essentially a subsidy of
(P, — P;)g, and firm’s problem is

max  Puyy(z) —wyHy — Paxy + (Pa — Pa)g

Hy>0,x;>0
- ivity is z#, = Su—(Pa—La)g
then the entry-level productivity is z{; — where
_ 7 (=) (1= Yu)  (1—ay) 12U (L = YU) 0y 528
u = Agf ([P T (e

Therefore, in this case, more firms will enter the market. In addition, we assume
the procurement level is the same as that in the baseline model, which means
government takes as granted that there is a full commitment of no second hand
market when marking decision, and the quota benefit is determined by budget
balance QZ = My, fz,& gdF(z).

Table 6: Counterfactual analysis in 1978: second-hand and frictionless economy

variable benchmark second-hand frictionless

Y, 0.073 0.075 0.066
Yz 0.01 0.006 6.646
Yy, 2.264 2.173 6.646
Lrr/Lg 0743 0.59 0.102
ms 0.112 0.162 1
Y 2.408 2.268 7.073
Vi 193 2.376 1.242
Vi 0.448 0.46 0.374
Viotal 0.423 0.43 0.383

Note: In this table, the column “benchmark” presents benchmark results in 1978,
“second-hand” presents counterfactual results in economy with second-hand market,
“frictionless” presents counterfactual results in frictionless economy:.
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Figure 9: Counterfactual result: second-hand market
Note: This figure compares output in benchmark economy and second-hand economy, the dash

line is the value for benchmark model, and the solid line is for second-hand economy. Y;, Yg, Y1, Y
are output of agriculture, rural enterprises, urban enterprises and total output respectively,
Lrr/LR, ZRrF, x4, ms are employment ratio of farmer in rural, average land size, intermediate good
in agricultural goods production and market share respectively.

R u \
0.7 0.65
! -7 06 06
151 e . 0.55
v 0.5
-2
CS 0.45
1980 1985 1990 1980 1985 1990 1980 1985 1990
Mg x10%  *m Wr
0.3 0.06
3 4
\
0.25 4 0.04
02 MY A 4 2 0.02
\/\w
1980 1985 1990 1980 1985 1990 1980 1985 1990
My Xy e
0.22 0.25
0.2 4 — counter
0.18 02 == == bench
0.16 0.15 3
0.14 o1l S S ==~
0.12/\,‘____.._ 5

1980 1985 1990 1980 1985 1990 1980 1985 1990

Figure 10: Counterfactual result: second-hand market
Note: This figure compares welfare in benchmark economy and second-hand economy, the dash

line is the value for benchmark model, and the solid line is for second-hand economy. Vg, V;, V
are welfare of rural, urban and total welfare respectively, My, xg, wr, M}, xy, wy are number of
active firms in rural, intermediate goods in TVE, wage rate in rural, number of active firms in
urban, intermediate goods in urban enterprises and wage rate in urban respectively.
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6.4.1 Comparison with benchmark economy

We compare the results in Figure 9 and Figure 10. The dash line represents the
benchmark value and solid line is the counterfactual economy. There is not much
change in output of different sectors, but the welfare changed significantly. As
shown in Figure 9, the lower welfare in rural is mainly due to the lower labor
force and intermediate input and less active firms in rural although the wage rate
and land size is higher. The higher welfare in urban is due to higher wage rate
and more active firms in the urban as shown in Figure 10. To compare the results
precisely, Table 6 presents the results in 1978, and it shows that comparing to
benchmark, the total output will decrease by 6%, the rural welfare will decrease
from —1.93 to —2.376, in terms of CE, it decreases by 36%.

6.5 Frictionless economy

In this subsection, we will compare the benchmark economy with a fully fric-
tionless economy by removing procurement, labor mobility barrier and land rent
restriction. For simplicity, we assume that urban people in urban will only work
in enterprises (rural or urban), and people in rural can work in enterprises (rural
or urban) or work as a farmer. Given the land rent market, farmers choose inter-
mediate input x,, and land size Zrr to maximize the net value of the production

of agricultural goods,

max  PyAy(Z}hpt ™M)y — P, — R(Zgrp — Z/Lg).

x,>0,Zrp>0

When choosing to work in RF, the net income for farmer with ability / is given by
Z II
Irp(h) = Pa[l — &g — (1 — aa)y]ya(h) + R— + —,
Lg L
where IT = Ilg + Iy is the total profit by both rural and urban enterprises and

L = Lg + Ly is the total labor force. When allowing migration, the indifference
condition V(Igyy) = V(Igr) implies the cutoff curve

zZ
Pa(1 —ap— (1 —wag)n)ya(h) + RL_ = wyhe.
R
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As there is full mobility on migration, the wage rate in rural enterprise and urban
enterprise should be the same, wr = wy; = w. Then the objective for firm is

max Pmy]'(z) —wH; — Ppxj, j=R,U
it
Equilibrium The equilibrium in frictionless economy is characterized by agri-
cultural input quantity {Zgrp(h),x,(h)}, enterprises input {H]D (z),xj(z)}, labor
supply {H ]S }, land rent R, wage rate w, and goods price P, Py, such that

1. {Zgrp(h),x,(h)} maximizes rural farmer’s income

2. {H]D (z), xj(z) } maximizes enterprise profit

3. {H ]5} is the result of occupational choice

4. R,w, P;, Py, clear land market, labor markets and goods markets

(a) Land market clear, Z = Ly [y Zrr(h)dG(h)

(b) Labor market clear, HI% + HY = HB + HE

(c) Agricultural goods market clear, Y, = x; +agr + ay
)

(d) Manufacturing goods market clear, Yg + Yy = x, + mg + my

6.5.1 Comparison with benchmark economy

Figure 11 and Figure 12 compare the output and welfare in two economies. The
dash line represents the benchmark value and solid line is the result in frictionless
economy. The agricultural output would be lower if there were no friction, while
output in rural and urban enterprises, total output would be higher than baseline
model. While the welfare in rural would be higher, it would be lower in urban
and the total welfare would be also lower.

As shown in Figure 11, the lower output of agricultural goods is mainly due
to the less labor force although the land size and intermediate goods is higher.
The higher level output in rural enterprise is due to more labor force, and higher
output in urban is due to more active firms as shown in Figure 12. In addition, the
higher welfare in rural is due to the land rent in frictionless economy; the lower
welfare in urban is due to the lower wage rate in urban. More precisely, Table 6
presents the results in 1978, and it shows that comparing to benchmark, the total
output would be tripled, and the rural welfare would increase from —1.93 to 1.242,

in terms of CE, it will increase by more than 23 times.
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Figure 11: Counterfactual result: frictionless economy
Note: This figure compares results in benchmark economy and frictionless economy, the dash line

is the value for benchmark model, and the solid line is for frictionless economy. Yg, YR, Yy, Y
are output of agriculture, rural enterprises, urban enterprises and total output respectively,
Lrr/LR, ZRrF, x4, ms are employment ratio of farmer in rural, average land size, intermediate good
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Figure 12: Counterfactual result: frictionless economy
Note: This figure compares the welfare in benchmark economy and frictionless economy, the dash

line is the value for benchmark model, and the solid line is for frictionless economy. Vg, Vi, V are
welfare of rural, urban and total welfare respectively, My, xg, R, M}, xy, w are number of active
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7 Discussion

The model abstracts from both migration and capital for simplicity as it already
had heterogeneity on both firms and workers. How would it affect our results?
While it is believed that both capital and migration might have contributed to
Chinese economic growth significantly for the past over 40 years, results from
data and literature show that might not be the case from 1978 to 1992.

Migration In reality, there is migration from rural to urban areas from 1978 to
1992; however, it is highly restricted under the “Hukou” system. In particular,
the total number of migrants in 1978 and 1992 was 1.484 million and 1.6 million
respectively, and rural population was 790 million and 848 million respectively,
hence the migration rate was 0.19% in both years. This is pretty low given this
ratio is 41.5% in 2016 (245 out of 589.73). In addition, no migration doesn’t mean
rural people can only work on farmland, instead, we emphasize the role of TVEs
in the rural. To absorb the surplus rural labor force, more TVEs were established,
particularly after 1984. As shown in Figure C.4, both the number of TVEs and its
employment share in rural areas had increased. In particular, as there was a large
increase in the number of private TVEs in 1984, the output value share of which
increased from 15% to 30%.

Capital In the model, neither agricultural nor manufacturing goods produc-
tion requires capital, which might contradict to the belief that the investment has
played an important role in China’s development. However, there are some ev-
idence showing that may not be the case from 1978 to 1992 and this assumption
might not hurt our main result. First, the data shows that capital to labor ratio
keep relatively constant from 1978 to 1992, and it surged only after 1997 (Brandt
and Zhu (2010)). Second, the accounting exercise shows that the contribution of
capital to output ratio to per capita GDP growth is only 0.51% from 1978 to 2007,
whereas TFP contributes to 77.9% (Zhu (2012)). Therefore, as we focus on labor
and agricultural goods allocation, we put everything else into the TFP, including
the capital.
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8 Conclusion

This paper studied the formation of market economy in China from 1978 to 1992.
We built a model and analyzed allocation, prices, and welfare in China during
this DTS period by emphasizing three main mechanisms. Firstly, as urban enter-
prises enjoy the quota benefit, the gross manufacturing output could be larger,
which in turn increased the agricultural goods output as the intermediate goods
supply increased. Secondly, procurement requirement played a role as screening
machine-only rural people with relative high farming ability stayed as farmers.
Thirdly, some low productive firms in urban can survive due to quota benefit,
whereas firms with higher productivity in rural may not survive.

The quantitative analysis showed that directly switching to market economy
in 1978 would decrease total output by 4.5% but increase rural welfare by 43.9%
in equivalent consumption. That is to say, on the extensive margin, DTS has ac-
tivated Chinese economy with scarifying rural’s welfare. On the other hand, on
the intensive margin, from 1978 to 1992, the DTS has improved as procurement
price is getting closer to market price. This change had contributed positively to
total output by 4.4% and rural welfare by 14.1%, and it contributed negatively to
agricultural output by 18.1% and total welfare by 11.3%. The quantitative results
also confirmed that productivity improvement contributed mostly to Chinese eco-
nomic growth.

Furthermore, in the economy with second-hand market, there is not much
change in output of different sectors, but the welfare changed significantly. For
example, comparing to benchmark in 1978, the total output would decrease by
6%, the rural welfare will decrease by 36%. However, in frictionless economy, the
impact is much larger. The total output in 1978 would be tripled comparing to
benchmark, and the rural welfare would increase by more than 23 times.

The current Chinese economy is still under transition, and internal markets
are still partially open; some markets, such as the credit market, are still under
DTS. Therefore, this framework can be easily applied to other scenarios, and the
quantitative analysis could provide policy recommendations regarding market

structure formation.
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Appendix

A Mathematical details

A1 Homogeneous model

To illustrate the activation effect, we simplify the model in the following way. Both
worker’s ability and firm’s productivity are homogeneous, agricultural goods are
produced in rural, enterprises are located only in urban, and there is no migration.

Procurement is determined by the government to maximize the total welfare.

A.1.1 Partial equilibrium

Given agricultural goods price P,;, manufacturing goods price P, and labor sup-

ply in urban Ly;, denote Bi=1—wjj=4a,RU, solving the model we have

_ 1 _
(pi ) T BUP, ifxy <g

wy = &Py Ay
- 1 7
P, 1B : =
(%P"?Au) u 1%& if xy > g
&y wu
o ﬁupuLu lfo<q,
a—gwp—gLu if x> q
and
0 1fo <
Il = 1

(P, —P)QZ ifxy>q

Since there is no migration, Zgr = %, the gross output of agricultural goods is

Y, = Aq [%] 4 Z, and gross output of manufacturing goods is

Yy = AU(%%)QULU ifxy<q
Au(ghph)WLy ifxy > g
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D‘apuAa] T-ag

The labor productivity in rural is LP, = (1 — a;)A4] 1 The labor pro-

ductivity in urban is

Lp, — (1 —ay) Ay (gL F)" e if xy < 7
(1- “u)Au(%%)“” ifxy >¢q

hence Yy; and LPy, is weakly decreasing in P,. Welfare in rural is

“anAa

m

Vi = [6log () + (1= 0)log (-] + Iog [ Pa(1 — a0) As 025 Zee — QZwr (P — Py) — P,

then Vy is decreasing in Q and increasing in P,. Welfare in urban is

29)] + log]( Ly )“ul*1 5”13 — P if xy <g

aaPnAy

=2

Vu=

Blog(£) + (1-6)
[wmgwwrwﬂaﬁm+wmup%w~mm+@%%¥—mﬂimu>f

2

then V| is increasing in Q and decreasing in P,.

Lastly, the government is to maximize weighted total welfare, that is,

%aﬁ)XuLuVu(Iu) + (1 — xu)Lre VR (IRE)
q,=

s.t.min{xy,q} = QZ.
In the case of x; > g, the objective function is

(Pa — Pa)QZ

Ly _Paa]+(1 XU)LRFZOg[(l_‘xa)Paya ( Pa)QZRF_Pa]

max xyLylogwy +
Q>0

Solving the problem implies

0= (1 —wy)Pays — Paa (wu P,a)
<§y%+n®—m> ’

then Q is increasing in ;. The following proposition summarizes the partial equi-
librium results in the case of xi; > 4.

Proposition 3. In the homogeneous model, the procurement quantity Q is increasing
in xu, the gross output of manufacturing goods and labor productivity in urban are
weakly decreasing in procurement price P,; the welfare of rural (urban) people is decreas-
ing(increasing) in procurement level and increasing (decreasing) in procurement price.
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A.1.2 General equilibrium

Given Q, the consumption for agricultural goods in urban is

= 1
ot o 0 <1
u= 1 P - - . =
9[(%1?%)“”_15—5LU+(FQP—FQZ]+(1_6)ﬁLu if xip > g

in rural it is

%PHAH] o (Pa—Pa)
Py Py

ar = 9{(1 — Déa)Aa[ Q_Z} + (1 — Q)L?LRF,

and intermediate goods used in manufacturing goods production is

5 _1 . _
(auPIZAu)IXU?l Ly if xu < q

Xu = P 1
a apr— ] q
(mquAu) ulLy ifxy>4g
Denote E—Z = kp, and normalize P,, = 1, in the case of x; < j, market clear

condition requires Y, — ar = ay + xyz, then the following equation will pin down
equilibrium price PP
[1—0(1 — )] Aa[aPaAd] T4 Z 4+ 0(1 — kp)QZ — [(1 — 0)a]Lrr

(1= Ly + ()T Ly (1+ 0EY) @

1 _ J—
such that (%)“U‘1 Ly < QZ, then P, > (%—5)““_1%. Given the equilibrium

price PLP , the gross outputs are

PDA Xg  —
YLP :Aa[“a a ‘Z]hmZ
m
and 5
KkpP, U
YR = AyLy(——4—)au-T
u u U(“aPmAU)

On the other hand, the equilibrium condition in market economy implies

[1—0(1 — )] Aa[xaPaAs] 7% Z — [(1 — 6)a] Lgr

(1= Ly + ()T Ly (1+ 0L @)
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which will solve equilibrium price PM, and gross outputs are

PMA, w0
YM = AQ[M]l—tva
Py,
and M
P a
YM = AyLy(—2—)&@uT,
u u U(“aPmAu) u

A.1.3 Proof of Proposition 1

First, we can show that PM > xpPP. Suppose not, the RHS of equation (21) is
smaller than (22), however, in this case, LHS of equation (21) is larger than (22),
this contradiction implies the only case is PM > xpPP. Then we should have
Y < YR

Second, suppose PP = PM = P* then equation (21) and (22) will pin down
productivity A;. In particular, and

[(1—6)a](Ly + Lrg) + 20=29% _9(1 —xp)QZ
AF — { [(’W)_wU*1 —1] - }1—%
[1—0(1—ay)]|Z[a;P}]Tw

where - -
Pa* _ { 19(1 —KP)QZ }txu 1[XaAU
(ep) T — 1L +05)
and the compatibility condition implies ? (1-xp) < 1, this condition can

[(cp) " T ~1)(1+65L)
be satisfied when xp is small enough. If A, < (>)A%, as the RHS of (21) is steeper
than (22), then PM < (>)PP, then YM < (>)YP.

In sum, we conclude: 1) In the equilibrium, there always exists PM > xpPP; 2)
the manufacturing goods under DTS is always higher than that in market econ-
omy; 3) when xp and A, are small enough, the agricultural goods under DTS is
higher than that in market economy. Q.E.D

A.2 Heterogenous ability

In this setting, we assume enterprises are only located in urban, and migration

between rural and urban is allowed. Farmers choose intermediate input to maxi-
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mize the net value of agricultural goods production, that is,

maxPuAa(Zthpl_”)ﬁaxZ‘” — Puxg,

Xq
then the demand function is

o, P,
Py,

1 1
xa(h) — ( )1faa [Au(Zthpl_ﬂ)ﬁﬂ]lfaa,

and output can be rewritten as

P ag _ 1
ya(h) = (;—nla)l—ﬂéu [Aa(zthFl ’Y)ﬁa]l—zxgl

hence y,(h) is increasing in 5—; In the rural, land is equally distributed among

farmers, that is, Zgr = LLRF’ and as long as P, > P,, farmers will only satisfy
the procurement requirement, Q, = QZgr. For the worker choosing to work on

farmland, the net income is

Irp(h) = Po((1 — aa)ya(h) — QZrr) + PaQZgE,

the income for workers in urban is Ij;(h) = wyhg. Given the indirect utility func-
tion is 0 1o
V(I) = [0log(5-) + (1 = 0)log(—5—)] + log(I — Pa),
P, Py

maximizing utility is equivalent to maximize the total income. The margin profile
for occupational choice is
1 aa Pa 1%

hg = L(hF) = w_u[(l - “a)Pa( P, )17“” [Aa(ZKthl—W)ﬁu]ﬁ - (Pa - pa)Q_ZRF]-

Then, the ability profile of a worker in urban is UE = {h : hg > L(hr)} and that
of a farmeris RF = {h : hg < L(hfr)}.
In addition, given Hy = Lg [z hedG(h) + Ly [ hgdG(h), the total human

capital in urban can be solved as

Or0E 1 h95+(1*77)(1*915)[ Lr — ZRr h*779E 9%7_1

Hu =Ry gy — = )1 — B min min | %

hence Hy; is increasing in Q and decreasing in P,. Since Y{; is increasing in Hy,
the gross output of manufacturing goods Yy, is increasing in procurement level Q

and decreasing in P,.
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Finally, the regional welfare are

)]
b,
+ LiR{/RF 10g[Pa(1 — ta)ya(lt) — (Pa — Pa)QZrr () — PaldG()

Vi = [6log(5-) + (1~ 6)log(

+ [ log[(1 — T)wyhg — P,aldG(h)}
RE

1 —
Py

0 0 1 IT
Vu = [GZog(E) + (1 —0)log( )]+ I /u log[wyhg + L_LLII — P,aldG(h)

A.3 Heterogenous productivity

In this setting, we assume enterprises are only located in urban, and migration

between rural and urban is not allowed.

A.3.1 Enterprises in urban areas

Intermediate goods producers maximize the profit, and at x;; = g, there is a jump
of the marginal cost of x{; from P, to P,. Then, given P,, = 1, the profit is

u(z) = max yy(z) — wyHy — Paxy — Cy ifxy<g
ulz) = B )
max yu(z) —wyHy — Pa(xu —§) — Pag — Cu ifxu >4

au(1-70)vh (2)

If x(;(z) < g, the margin price is P, denote x(;(z) = x1(z), then x1(z) = 5 ,

1— L _
Hf(z) = PUUZIE) 0l () = qyyh (2) and gl (2) = 27} where

gl = ag ((Bu = 1w 2l = M) oy

then the entry-level productivity is z{; = 75#, and the mass of active firms is
u

M, = Mu(z”;—g”’)eu. In this case, the procurement has a direct impact on this

cutoff, which is summarized in the following Lemma

Lemma 4. In urban area, the entry level productivity zj; is increasing in Cyy, Pa, wy
and decreasing in Ay. In addition, if procurement price is lower, more urban enterprises,
particularly those with low productivity will enter the market.

Dag

——4— such that the interior
ay(T=yu)iy

If x; (z1; P;) = g, it will pin down a cutoff z; =
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solution satisfies x(;(z) < g, substituting 75, we rewrite it as

P

- T ¢ (Bull—7u) (=70 1y
(Xu(l . ,),U)AZIU{[ﬁu wu?u ]/su[txu - YU ]au} T

a

and the following proposition states features of this cutoff
Lemma 5. [n urban area, the cutoff z| is increasing in P,, §, wyy and decreasing in Ay.

If firms tend to purchase agricultural goods above the quota level, the marginal
cost (price) of agricultural goods will jump from P, to P,; hence, firms with pro-
ductivity slightly higher than z; may not be able to cover this cost and then stick
to the quota level. In other words, there is another cutoff productivity zy such
that, if firm productivity is lower than zg, then it is profitable to purchase agricul-
tural goods at quota level. Denoted 7t{}(z) (7t} (z)) the profit functions when firm
purchases intermediate goods more than (same as) quota level.

If xy = 7 (binding), then HM (z) = Ml*;—f{)yﬁ’d(z), and

it (z) = [1= Bu(l — yu)lyif (2) — Pud,

1
and yM(z) = z"Pul-1) M where

gM = {Aygu-m) [M]ﬁu(l—’m) }m.
wu

If xy(z) > g, then the margin price is P,, and xy(z) = xp(z), then xy(z) =

au(l—g)y’&(Z)’ HH(z) = ﬁu(l—zﬁ)y’&(Z)’

i1 (z) = yuyii (2) + (P — Pa)g,

AZ;U{[ﬁU(lw; ’Yu)]ﬁu[txuﬂP: ')’U)]au}%.

Then the condition 7tff(z) = 7 (z) implies
. ) T S
yuziy + Pef = [1 = Bu(l —yu)z-Put=ulyg, (23)

and it will pin down another cutoff zg (> z;) such that if z > zpy then x(z) > g,
the following Lemma shows there is an unique solution to equation (23).
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Lemma 6. In the domain {z : z > z }, there is an unique solution to equation (23).
Prof: Define function f(z) = nM(z) — nfl(z) in the domain of {z : z > 0}, note
that 7t (z) is concave in z, f(z) is concave, f(0) < 0, f(+o00) < 0, since at z = zp,
those staying with quota level enjoy lower agricultural prices, then f(zp) > 0; thus, there
are two solutions to equation (23), one is larger than zj, and the other is smaller than z; .

Since both sides of the equation (23) increase in quota level g, its impact on
zpy is ambiguous. As the price of agricultural goods input jumps from P, to P, at
point x = g, it will motivate a positive measure of the mass of firms that purchase
agricultural goods at the level x = 4.

In sum, there are three cutoffs of firm productivity in urban areas, z}},z1, zH,
such that

( (
0 z < zj; 0 z < zj;
xr(z) zi;<z<z mi(z) z57,<z<z
xu(z) = 1z) =y =k , and 7y (z) = 1(2) u =k
q zp <z<zy tv(z) zp <z <zy
\xH(z) z>zg \nH(z) z>zy
the total profit is

My =Ml [ m(2)dFG) + [ jH ma()dF() + [ : m(2)dF(2)),

u
the aggregate output in urban area is
ZL ZH U oo
Yu =Myl [ 2ghdF(z)+ [ 2R ) + [ zplidF(2)
z’& zZr, ZH

Let Yy = 1 — Bu(1 — yu) > u, then given Pareto distribution,

_ ougr Bu *—(0u—-1) _—(Ou—-1)7 , -M fu *(Gu*%) . 7(%7%) g Ou _—(6y-1)
Yu = Muzy {]/ueu_l[zu Zp ]‘f'yuieu_%[zm Zy ] ]/ueu_le
The demand for human capital in urban enterprises is HD = WYM
u

A.3.2 Labor productivity

The labor productivity in rural is

aaPaAa]liit‘lxa Z
pm LR’

LPy = (1 — ) Ad
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and labor productivity in urban is
LPm = (1 — Déu)Yu/Lu.

A.3.3 Welfare

The regional welfare are

OCaPaAa Aq
P

Vi = [6log () + (1~ 0)log (2] +Log Py (1 — aa) Aq [ 2120 5 Zig — Qe (P — Py) — P}

m

and

0 1-0 11
Vu = [9108(Fa) + (1 - 9)1057(?)] + log[wyr + L_ZI — Paal,

where the total profit is

My =Mul [ @) + [ ma@dFE) + [ audrE),

u

then we have following Lemma

Lemma 7. Welfare Vg(Vy;) is decreasing(increasing) in Q.

A.4 Quantitative model

This section solves the benchmark model in 3. The behavior for urban enterprises
is the same as the model in section A.3, then we only discuss others in the follow-

ing.

A.4.1 Enterprises in rural

As the rural enterprises do not have the benefit of quotas, the price of agricultural
goods is P, the profit is

nir(z) = max yr(z) — wrHR — Paxgr — Cg,

then solving the problem implies xg(z) = ml_;ﬁ—f)w(z), Hg(z) = Br-7R)yr(z),

WR
nr(z) = vryr(2z), and yr(z) = zijjg where

AELR{[:BR(l - r)’R)]IBR[D‘R(l - ’YR)]aR}%.
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Cr
ZR,min \6 . TRYR . 0o _
MR(T) R, The aggregate output in rural is Yg = Mg sz2 zijrdF(z) or

The entry-level productivity is z; =

and the mass of active firms is My =

(91{—1).

Or - *—
Yr = MRrzg'Wr Zg

Or
g — 1
The aggregate profit in rural enterprises is IIgx = Mg |. ZZ}: nr(z)dF(z), and it will

be redistributed across all people in rural. The demand for human capital in rural

enterprises is HY = WYR or

Br(1 — ')’R)ZGR _ Or

Or—1

.
ZR

The following proposition describes features related to zj

Proposition 8. In the rural areas, the entry-level productivity z} is increasing in Cg,P;,
wg and decreasing in Ag; however, neither procurement price nor quantity affect this
cutoff directly.

A.4.2 Workers in rural

Farmers face the same problem as in heterogenous ability model. For the worker
choosing to work on farmland, the net income is
_ o TIx
Irp(h) = Pal(1 — aq)ya(h) — QZgrr| + PaQZgr + e’

the income for workers in rural enterprises is Igp(h) = wrhg + Ig—lf Given the
indirect utility function is

0 1-0
V(I) = [0log(—)+ (1 —6)log(
P, P

m

)] + log(I — P,a),

maximizing utility is equivalent to maximize the total income. The margin profile

for occupational choice is
1 lXa Pﬂ Xq 1 1_77 ﬁ 1 — _

hg = L(hr) = w_R{(l - “a)Pﬂ(p_) i [Ag(Zgphp 1P| 1= — (P — Pa)QZRr}-

m

Then, the ability profile of a worker in rural enterprises is RE = {h : hg > L(hf)}
and that of a farmer is RF = {h : hg < L(hr)}. The total number of farmers is
Lrr = Lg [zp 4G (h), and total supply of human capital is Hy = Lg [ hgdG(h).
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A.4.3 Government

Government is to maximize weighted total welfare, that is,

maxV(3.Q) =xulu [ Va(lu()AG0) + (1= x)Lel [ Vallus (0)dG(H) + [ Villre(9)dG )
s.t.Mu/umin{xu(z),q}dF(z) = QZ.

Given urban income level I;;(h) = wyhg + ILT—LLII where

My = M [ m(@)aFG) + [yl (@)aF ()

a(1-1y) _
B [ pu(t - ) et (A (P Ty T ap )
Z1, u
+alp [ aFe) - P [ dFG)])
ZH Z1,
we have algéh) = %a?—q“ where
Oy _ yp qfu(l—yu) ==
g 1—Bu(l—u)
[ = ult — qu))zl o {4 P00y St g )
Z1, u

+ [P, /j dE(z) — P, /Zo dF(2)]}.

In addition,

IRF(h) = (1 - “a)pa]/a(h) + & - (Pa - pa)QZRF/

Lr
then % = — (P, — P;)Zgr, and Igg(h) = wrhe + ILY—I’; is independent on pro-
curement level Q, then % = 0. From the procurement budget
. ZL o0
07 = Muf [ x()dE) + [ aarz),
1 ZL
97 __ V4 v _ = . . ’ .
we have 0 = Wy [ Then 30 = 0 solves Q. In particular, given V (I) =

—1_1pg - the following equations will solve {7, Q}

Q2 = Mu{ [ " x1@)aF() + [~ aaF ()
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oIl z

0— [/ LRZ
MT3q My [T dF(z) u Tu(h,q) = P

1
Lgr [/RF Irp(h, Q) — P

dG ()] = (1= xu) (P — Pa) dG(h)]

A.4.4 Markets clear

7

Agricultural goods Intermediate goods in rural enterprises is xg = WYR

intermediate goods in urban enterprises are

“U(l __')’U)gLLI fu ZQU (6u—1) Z—(Gu—l)]

*—
X1, = Mu Pa Qu — 1—U [Zu —Zr

xy = Mygzi [z -z,
and ay(1—yu)yd 6
xy = My Y P;YU Yu 0 L_I 1—21” I—{(9u—1),
and agricultural goods consumption is a;(h) = %{W,i = RF,RE,UE.

Denote a;; and agr = agrr + arg the aggregate consumption of agricultural goods

in urban and rural respectively, then

Owy Ly fU hEdG(I’I) + 011y + (1 — G)PaﬁLu
au = /
Py

OWRLR [rp hedG(h) + QHR% + (1 — 0)PyaLge
ARE = P ’
a

OLR [rp(1 — aq)Paya(h)dG(h) — 6(Py — P,)QZ + QHRL—I;F + (1 —0)P,aLgr
ARF = .
P,

The total supply for agricultural goods is Y; = Lg [y ¥a(h)dG(h), and the total
demand for agricultural goods is

YaD = XR + X[ +Xpm+ Xy +agr +ay.
Then market clear implies YP = Y?

Manufacturing goods Manufacturing goods consumption is

(1—0)L(h) — (1—6)Pua

m;(h) = 5 “=,i = RF,RE,UE,
m
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then the aggregate demand for manufacturing goods in consumption is

(1 — Q)ZUuLu fU hEdG(h) + (1 - Q)Hu — (1 - O)PuﬁLu

mu: P 7
m

(1—60)wrLr [gg hedG(h) + (1 — O)TTRE — (1 — 6) PaaLgp
Pm !

MRE =

(1-0)Lg fgp(1 — a) Paya(h)AG () — (1 — 8)(Py — P)QZ + (1 — 6)ITx E — (1 0) PaiLrr

MRf = P
m

In addition, the demand for manufacturing goods as intermediate goods is x; =

LR [zp Xa(h)dG(h), and the total demand for manufacturing goods is
Y, = xq + mRg + mge + my.

The total supply of manufacturing goods is Y = Yi; + Yr. Market clear implies
Ynﬁ = Yn]? . Human capital market clear requires H].S = H].D ,j = R, U. Finally, quota

and procurement budget balance requires

My /u min{xu(z),§}dF(z) = OZ.
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B Simulation

In calibration, we simulate the model to minimize the error between simulated
moment and data moment as in Lagakos and Waugh (2013) and solve the equilib-
rium by following the path described in Chen (2017).

1. Let © = {6; : 0; > 6, in,0i < 0;max} the set of parameters needs to be
calibrated.

2. Guess a group of 6 from ©, simulate the model, and solve equilibrium.

(a) Draw workers in both rural and urban i = (hr, hg), and the two types
of abilities follow log normal distribution as in Adamopoulos et al.
(2017)

(b) Draw firms in rural (zg) and urban (z;) areas that follow Pareto distri-
bution as in Brandt et al. (2018)

(c) In a simulated economy, all the agents make an occupational choice,

and the equilibrium is solved by clearing all the markets.

(d) Compute the moments in the simulated economy, and then, compute
the distance to the data moments.

3. Repeat step 2 with different guesses in step 1, and pick up the parameters 6
that give the lowest error.

51



C

price ratio

Table and Figures
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—=e@—— price adjusted

market trade to total trade ratio: NBS 1950-1992

—+—— unadjusted

Figure C.1: Procurement price and market share
Note: The left panel presents the ratio of procurement price to market price for compos-
ite agricultural products between 1962 and 1992, and the right panel shows the trend of
market share from 1953 to 1992 under adjusted and unadjusted price.
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Figure C.2: Procurement quantity and price for some products
Note: This left panel presents the quantity of the procurement obligation on grain and
cotton between 1950 and 1992, and the right panel presents the ratio of procurement
price to market price for rice and wheat between 1980 and 1992.
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Figure C.3: Ratio of grain and number of urban enterprises
Note: The left panel presents the share of grain crop to the total amount of grain and cash
crop representing the total amount of agricultural production. The Right panel presents
the number of urban enterprises. The dot line includes data only from SOEs, and the
solid line includes four components: SOE, private, mixed, and others, including foreign
enterprises. As only SOE data is available for the period before 1984, the jump in the
figure is attributable to the inclusion of private enterprises after 1984.
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Figure C.4: Number and employment share of TVEs
Note: This figure presents the number of TVEs (left) and the employment share of TVEs
(right). The dot line only has township enterprises, and the solid line (v2) has township,
villages, private, and mixed enterprises. In 1984, there was a large increase in the number
of private TVEs; therefore, the jump in 1984 was mainly the result of adding private TVEs

to the data.

53



Table C.1: Intermediate goods share

year Y,inY, Y,inY,
1981 0.132 0.07
1982 0.124 0.076
1983 0.132 0.078
1984 0.137 0.078
1985 0.155 0.067
1986 0.165 0.066
1987 0.173 0.068
1988 0.188 0.06
1989 0.198 0.056
1990 0.183 0.066
1991 0.202 0.057
1992 0.219 0.049
average  0.157 0.066

Source: China Industrial Productivity (CIP) and author’s calculation. The column “Y}, in
Y,” is the share of nonagricultural goods as intermediate goods to the total agricultural
output. The column “Y; in Y,,” is the share of agricultural goods as intermediate goods
to the total output of non-agricultural goods. The row “average” is the average share
weighted by output across years.

Table C.2: Agricultural goods share as intermediate inputs

EAR AGR LM PTM MEM NMM FB TB TEX WEA LEA WF PP PET CHE RP BUI MET MEP

1981 0.53 0.0I 001 0.01 0.01 0.84 065 022 009 027 007 030 00T 0.09 022 005 0.00 0.01
1982 056 002 0.01 0.01 0.01 0.80 060 025 010 030 018 029 0.01 011 0.20 0.04 0.00 0.01
1983 0,55 003 0.01 0.02 0.01 0.77 056 027 012 030 022 025 0.01 011 0.9 0.03 0.00 0.01
1984 055 0.04 0.01 0.02 0.01 0.75 052 027 012 030 023 022 0.00 011 0.17 0.03 0.00 0.01
1985  0.51 0.04 0.00 0.02 0.01 0.68 045 024 010 024 022 017 0.00 0.09 0.15 0.02 0.00  0.00
1986  0.49 0.04 0.00 0.02 0.01 0.65 042 023 010 022 022 015 0.00 0.09 0.13 0.02 0.00  0.00
1987 048 005 0.00 0.02 0.01 062 039 022 010 021 022 014 0.00 0.09 0.13 0.02 0.00 0.00
1988 044 005 0.00 0.02 0.01 0.62 037 020 008 017 021 0.12 0.00 0.07 0.12 0.02 0.00 0.00
1989 043 0.05 0.00 0.02 0.01 062 037 018 008 014 021 012 0.00 0.06 0.12 0.02 0.00  0.00
1990 047 005 0.00 0.02 0.01 0.67 040 023 010 016 023 0.14 0.00 006 0.13 0.02 0.00 0.00
1991 0.43 0.05 0.00 0.02 0.01 064 037 020 008 013 021 013 0.00 0.05 0.2 0.02 0.00 0.00
1992 040 004 0.00 0.01 0.01 062 035 018 008 010 018 0.12 0.00 0.05 0.0 0.02 0.00 0.00

EAR MCH ELE ICT 1IN TR TH UTL N L HOT T PT  FIN RE BU DM EDU HEA
1981 0.01 0.01  0.00 0.00 0.00 019 000 o010 003 014 0.00 0.00 0.00 000 013 0.00 0.01 0.02
1982 0.01 0.01 0.00 0.00 0.00 019 000 010 004 023 0.00 0.00 0.00 001 013 0.01 0.01  0.02
1983  0.01 0.01 0.00 0.00 0.00 018 000 0.09 005 030 0.00 000 0.00 001 012 0.01 0.01 0.02
1984 0.00 0.01 0.00 0.00 0.00 016 000 0.8 005 035 0.00 0.00 0.00 001 011 0.01 0.01 0.02
1985 0.00 0.01 0.00 0.00 0.00 013 000 0.06 005 034 000 000 0.00 001 0.08 0.01 0.01  0.02
1986  0.00 0.01 0.00 0.00 0.00 011 000 0.06 005 036 000 000 0.00 001 0.08 0.01 0.01  0.02
1987 0.00 0.01 0.00 0.00 0.00 010 000 0.05 005 035 000 0.00 0.00 001 0.07 0.01 0.01 0.02
1988  0.00 0.00 0.00 0.0 0.00 0.09 0.00 005 003 036 000 000 0.00 002 0.06 000 0.01 001
1989  0.00 0.00 0.00 0.00 0.00 0.09 000 0.05 002 036 0.00 000 0.00 002 0.06 000 001 0.01
1990 0.00 0.00 0.00 0.0 0.00 011 000 005 002 041 000 0.00 000 002 0.6 0.00 001 0.02
1991 0.00 0.00 0.00 0.00 0.00 010 0.00 0.4 002 037 000 0.00 000 002 0.6 0.00 001 002
1992 0.00 0.00 0.00 0.00 0.00 0.09 0.00 003 001 035 000 000 0.00 002 0.5 000 0.01 001

Source: China Industrial Productivity (CIP). Each column represents an industry, the
value is the ratio of the share of agricultural goods to the total intermediate goods in this
industry.
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Table C.3: Intermediate goods to output ratio
Industry 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

AGR 028 028 030 031 031 032 033 034 034 034 036 037
BUI 055 055 056 057 057 058 05 060 062 064 065 0.65
BUS 055 055 056 057 058 058 059 058 056 057 054 0.51
CHE 065 065 065 066 066 066 067 067 068 069 070 0.71

CLM 042 042 041 041 041 040 040 044 048 054 055 056

CON 074 074 073 073 072 072 071 071 071 071 071 0.70
EDU 051 051 049 047 046 044 043 041 038 040 034 0.28
ELE 066 066 067 068 069 070 070 071 072 073 074 0.75
F&B 078 078 079 080 080 081 081 081 081 080 0.80 0.80
FIN 033 033 026 020 016 0.11 006 011 017 007 027 048

HEA 069 069 067 065 065 063 062 061 061 061 059 057

HOT 071 o071 072 072 072 072 072 071 069 070 065 0.60
ICT 067 067 068 069 070 071 072 072 073 074 074 075
INS 052 052 054 055 055 056 057 060 062 066 0.66 0.66
LEA 00 00 071 071 072 072 073 074 075 075 077 0.80

MCH 061 061 062 063 063 064 064 066 067 069 070 0.72

MEM 043 043 044 046 046 047 048 051 053 057 059 0.61
MEP 065 065 066 066 067 067 068 069 071 071 074 0.76
MET 067 067 067 067 067 068 068 069 070 074 073 0.72

NMM 035 035 037 038 039 040 041 044 048 052 056 0.61

OTH 062 062 063 063 064 064 065 067 070 074 075 075
P&P 064 064 065 066 066 067 068 069 070 070 072 0.73
P&T 046 046 040 035 032 028 024 026 028 032 032 031
PET 056 056 057 057 057 057 058 060 063 065 069 0.72
PTM 029 029 028 026 026 025 024 027 030 035 036 0.38
R&P 067 067 068 069 069 070 071 072 072 073 074 075
REA 050 050 046 041 039 036 032 031 030 031 028 0.25
SAL 055 055 051 047 045 042 039 042 046 055 054 053
SER 031 031 032 033 033 034 035 038 041 045 048 0.51
T&S 043 043 042 040 040 039 038 039 040 041 043 044
TBC 023 023 026 028 029 031 033 034 036 034 039 044
TEX 072 072 072 073 073 074 074 075 076 077 078 0.79
TRS 067 067 068 069 069 070 070 071 071 072 073 0.73
UTL 066 066 067 067 068 068 069 070 070 072 072 073

W&F 065 065 066 067 067 068 068 069 070 071 073 0.75

WEA 069 069 069 070 070 070 071 072 073 074 076 0.78

Source: China Industrial Productivity (CIP). Each row represents an industry, and the
value is the ratio of intermediate goods to output in this industry.
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Table C.4: Industry code description

Description Industry
Agriculture, forestry, animal husbandry & fishery AGR
Coal mining CLM
Oil & gas excavation PTM
Metal mining MEM
Non-metallic minerals mining NMM
Food and kindred products F&B
Tobacco products TBC
Textile mill products TEX
Apparel and other textile products WEA
Leather and leather products LEA
Sawmill products, furniture, fixtures W&F
Paper products, printing & publishing P&P
Petroleum and coal products PET
Chemicals and allied products CHE
Rubber and plastics products R&P
Stone, clay, and glass products BUI
Primary & fabricated metal industries MET
Metal products (excluding rolling products) MEP
Industrial machinery and equipment MCH
Electric equipment ELE
Electronic and telecommunication equipment ICT
Instruments and office equipment INS
Motor vehicles & other transportation equipment TRS
Miscellaneous manufacturing industries OTH
Power, steam, gas, and tap water supply UTL
Construction CON
Wholesale and retail trades SAL
Hotels and restaurants HOT
Transport, storage & post services T&S
Information & computer services P&T
Financial Intermediations FIN
Real estate services REA
Leasing, technical, science & business services BUS
Government, public administration, and political and social organizations, etc. =ADM
Education EDU
Healthcare and social security services HEA
Cultural, sports, and entertainment services; residential and other services SER

Source: China Industrial Productivity (CIP).
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