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1. INTRODUCTION

What were the economic effects of the Great Leap Forward Movement
in 1958—-1962 and the Cultural Revolution in 1966—1969 in China? In
other words, if these two events had not occurred, what would have been
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the time paths of the major economic variables such as consumption, real
output, and capital stock in the yearsfollowing 1958? Thisisan interesting
guestion in economic history. To answer this question one has to compare
the historical time paths of these variables with the paths that would have
prevail ed absent the above events. We first construct an econometric model
to explain the growth of the Chinese economy that incorporates the shocks
from these two political events. Then the shocks are removed and the
hypothetical time paths of the major economic variables are generated
from the model. Comparing the hypothetical time paths with the time paths
incorporating the shocks provides an answer to our question.

The econometric model has only one sector and includes aggregate
output, consumption, investment, physical capital stock and total labor
force as mgjor variables. Aggregate output is produced by physical capital
and labor according to a Cobb—Douglas production function. Output is
divided into consumption and net investment, the latter measured by accu-
mulation in Chinese official statistics. Capital stock increases by the flow
of investment. To determine investment, we assume that actual investment
equals planned investment plus an error. Planned investment is determined
by the assumption that a central planner maximizes a multiperiod objective
function with consumption per laborer as argument. The error may be
affected by political events. The logarithm of total factor productivity
follows a random walk with drift in normal years. In abnormal years such
as during the Great Leap and the Cultural Revolution, the residual of the
random walk process can also be affected. Thus the effects of political
events are modeled by changes in the error of the investment function and
in the residual of the random walk process for productivity. Having esti-
mated such a model, one can remove the changes in order to measure the
economic effects of the two political events. Section 2 specifies the model
and the data. Section 3 presents the method of estimation and the parameter
estimates. Section 4 reports on the time paths of major variables obtained
by simulating the model absent the shocks from the two political events
and provides measures of economic losses attributable to them. Section 5
concludes.

2. MODEL AND DATA

The econometric model consists of four equations. A Cobb—Douglas pro-
duction function determines aggregate real output Q by physical capital stock
K and labor L with constant return to scale. Denoting Q/L and K/L by g and k,
respectively, and net investment per laborer by i, we can write the production
function, the output identity, the capital accumulation equation, and the equa-
tion explaining total factor productivity A as
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o = Ak @)

G = C + it 2

kir = ke + g ()
INAci =7y +InA+ N, 4

where 7 is a random shock to the logarithm of total factor productivity A.
Note that the capital accumulation equation is obtained by dividing the origi-
nal identity in aggregate variables by labor L in two adjacent periods and is
therefore only an approximation.

The data for aggregate output Q are national income used (Statistical Year-
book of China 1994, abbreviated SYB, p. 40) divided by the implicit price
deflator of national income. The price deflator is the ratio of national income
in current prices (SYB, p. 33; measured in 100 million yuan) to national
income in 1952 prices; the latter equals 589 (national income in 1952 in 100
million yuan) times the index of real national income (SYB, p. 34; =100 in
1952) divided by 100. In Chinese official statistics, national income used
equals consumption plus accumulation (net investment) in current prices. In
our model this identity is assumed to hold in constant prices. We have esti-
mated real national income used Q, real consumption C, and real net invest-
ment | by dividing their current values (SYB, p. 40) by the above price
deflator. Labor L is total labor force (SYB, p. 88). Given K = 2213 (100
million yuan) in 1952 (an estimate from Chow (1993b, p. 821)), we estimate
k in 1952 by K/L and k in later years by Eq. (3).

We assume that the Chinese economy evolves as if there were a central
planner who, knowing the parameters of the model as we have specified, tries
to maximize the following objective function at the beginning of each period
t,

%

E Y B87log cui, (5

i=1

subject to the constraints in (1)—(4). This dynamic optimization problem
can be solved by defining the control variable as either consumption per
laborer c, or investment per laborer i, or even next-period capital stock,
asthey arerelated by the identities (2) and (3). This maximization assump-
tion might be questioned. A critic might argue that economic plannersin
China are not so rational as to have a specific objective function. She
would say, just look at what happened to rational economic planning during
the Great Leap and the Cultural Revolution. Our response is that during
these abnormal periods there were exogenous shocks to the production
and investment processes in China, caused to alarge extent by the behavior
of Chairman Mao, which the economic planners could not control. How-
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ever, given these shocks, the planners still attempted in each period to
maximize the above objective function from that period onward.

Among the possible shortcomings of this model are the treatment of tech-
nology, population, and labor force as exogenous and the failure to incorporate
possible effects of outcomes on human capital formation. Despite these possi-
ble shortcomings, we believe that the present study is an important step toward
measuring the economic effects of the two major political events and can
serve as a benchmark for incorporating other important effects in future
research.

3. STATISTICAL ESTIMATION

As discussed in the last section, the observed Chinese time series data
on output, consumption, and capital are interpreted as the outcome of a
dynamic optimization process. The solution to the dynamic optimization
problem will depend on the parameters («, 3, y) and the process governing
the evolution of productivity. When we estimate the parameters by the
method of maximum likelihood, we are in fact searching for a set of
parameters for which the solution to the dynamic optimization problem
and the observed series are as close as possible. A dynamic optimization
problem is thus embedded within each evaluation of the likelihood func-
tion. More precisely, calculating the likelihood value for a given parameter
setting proceeds in two stages. First, an optimal decision function for
investment is determined by assuming that the central planner in China
maximizes the objective function (5) subject to the constraints of the model
(1)—(4) at each period t. Second, the optimal decision function is combined
with the original model to form an econometric model for which the likeli-
hood value can be calculated.

The dynamic optimization problem as stated in (1)—(5) can be converted
into an equivalent version involving only stationary processes. The ideais to
detrend all variables along their balanced growth paths. After detrending, the
model is stationary and econometric problems associated with the unit root
in Eq. (4) will be avoided. Define

z=A" ka=kuz c=clz, z=1zlz. (6)

Replacing i by g — ¢ and q by the production function, we can write the
capital accumulation equation as
kt+1 = kt + Atkélia — G,
implying
ket/z = (kfz_1)Z oz + K°Z7" - clz,
or, in terms of the detrended variables defined in (6),
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ki =kzt + kK7 - G ()
Similarly the productivity Eq. (4) can be written as
Nz =pu + €, (8)

where
u = vyla, & = nda.

Since z is exogenous, we may replace the objective function (5) by

E Y 6"Inc.. )
i=1

Maximizing (9) subject to (7)—(8) is equivalent to the non-stationary version
in (1)—(5). We approach the dynamic optimization problem by first substitut-
ing (7) into (9) to eliminate the detrended consumption variable, and then
define the control variable to be In k..;, and two state variables In z and In
k.. With state and control so defined, we obtain numerically an approximate
solution in the form of alog-linear first-order difference equation:

Ink. =g+ Ginz_; + GinKk_,. (10)

The coefficients (g, G;, G,) may be regarded as reduced form parameters, as
they are implicit functions of the three structural parameters («, 3, y). The
solution procedure and numerical algorithm can be found in the Appendix.
It is well known that if the capital stock depreciates completely in one year,
i.e., if Ak replaces k. + Ak{™ in the equation determining k.., a closed
form solution for (10) exists. However, this assumption is a poor approxima-
tion to reality and a numerical solution serves our purpose just as well.

Having derived the planned capital stock as described by (10), we alow
actual capital stock to differ from planned capital by an error e due partly to
failure of the planner to execute the plan and partly to failure of our simple
model to capture the complicated economy completely. The econometric
model to be estimated consists of two equations, an equation for In z and an
equation for In k., which can be written as a system of two regression equa-
tions,

yt = Fxt + 5’[1 (11)
wherey, = (Inz, Ink)’, x = (4, InZz_4, Ink_,)" and
R 0 0 | &

b= [g G, Gz] s [a] ' 12

With n observations (11) can be stacked up as
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Y=XT+E (13)

with the transpose of (11) being the tth row of (13).

Assuming normal and serially uncorrelated residuals, and &; having covari-
ance matrix X, we can use the well-known concentrated log-likelihood func-
tion (see Chow (1983), pp. 170-171)

InL = const — (/2)In|n~*(Y — XT)'(Y — XI) | (14)
and the maximum likelihood estimate of X is given by
2 =n{(Y — XI)'(Y — XI). (15)

The observed variables are In g, and In k;, with In z defined as[In g, — (1 —
a)In k]/a. Substituting this definition for z = z/z_, in Egs. (8) and (10), we
have

Ing-AQ1-aink=vy+Ing.1— Q- a)nk_,+n (8"
Ink =g+ [In g-1—(1—a)In k_J/a+Gi[Aln g_1—(1—a)A In k_,]/a
+ GJllnk_; — (Ing_2 — (1 — &)In k_y)/la] + &. (10
The Jacobian of the transformation from n, = ae, and g to In g, and In k; is
1 —-1-o0a)
0 1

2= | ~1

which is implicit in the likelihood (14).

To caculate likelihood value for the parameters («, 3, u) we use these
parameters and the data on output and capital to compute z from the production
function, z and k, from Eq. (6), and the coefficientsin I" using Eq. (10). Thus
the likelihood function (14) can be computed from the parameters and the
data. We maximize the likelihood function in a sequential manner, i.e., max,-
maxg,In L(a, 8, 1). The maximization with respect to (8, p) is performed
by the MAXLIK package in GAUSS, and the linesearch in « is done by
Brent's method (see Press et a. (1992, pp. 402—405)). The point estimate
and standard error of y can be recovered from that of « and u via (8). To
make sure that we have indeed located the global maximum, we have also
used the simulated annealing algorithm as implemented by Goffe et al. (1991)
to maximize the likelihood function. The sample period is from 1954 to 1993.

The maximum likelihood estimates of («, 3, ), with standard errors given
in parentheses, are

(@, B, %) = [0.7495 (0.0108), 0.9999 (0.0001), 0.0218 (0.0025)]
mean log likelihood = 6.6120, sample size = 40. (16)
The estimate 0.7495 for labor elasticity of production is reasonable. It is
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TABLE 1

PARAMETER ESTIMATES FOR FIXED VALUES OF

Mean log
a B ¥ likelihood
0.4 0.9627 (0.0050) 0.0046 (0.0011) 5.9754
05 0.9715 (0.0037) 0.0083 (0.0017) 6.2012
0.6 0.9817 (0.0024) 0.0132 (0.0024) 6.3869
0.7 0.9940 (0.0015) 0.0194 (0.0033) 6.5456

somewhat higher than the estimate of about 0.4 reported in Chow (1993b,
especiadly Table VII), but the latter study uses a deterministic trend for log
total factor productivity and a sample period ending in 1980 whereas the
current estimate is based on a stochastic trend and a sample period extending
to 1993. The estimate 0.9999 for the annual discount factor is also reasonable
in view of the high value which Chinese planners are supposed to place on
future consumption or current investment at the expense of current consump-
tion. This parameter is considered difficult to estimate statistically and is often
imposed a priori in empirical studies of real business cycles in the United
States. The positive drift of log total factor productivity of 0.0218 is aso
reasonable as the sample includes the post-reform years 1978—-1993. It is
consistent with Chow (1993b), which found no positive deterministic trend
in total factor productivity during the sample period from 1952 to 1980 but
a positive trend from 1979 on. Unlike Chow (1993b), the present study not
only extends the sample period to 1993 but in estimating model parameters
does not exclude any observations that are considered abnormal. This exten-
sion ispossible partly because a stochastic trend is used for log total productiv-
ity rather than a linear deterministic trend as in Chow (1993b).

For sensitivity analysis we present in Table 1 estimates for the remaining
two parameters when the labor elasticity parameter is fixed a priori at other
values sometimes chosen in growth accounting exercises (see, e.g., Li et a.
(1995)).

4. MEASURING THE EFFECTS OF TWO POLITICAL EVENTS

To estimate the economic effects of the Great Leap Forward aone we
change the estimated residual s of the two reduced form equations in the years
1958-1962 to the mean values of the corresponding residualsin the remaining
years; see Figs. 1 and 2. Columns 2 and 3 of Table 2 present actual output
per laborer g, which can be generated by our model if the estimated residuals
are used in the two equations, and simulated output g¥, which is generated
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by our model if the estimated residuals in the years 1958—1962 are changed
to the mean values of the remaining years. The remaining columns of Table
2 are the corresponding actual and simulated series for consumption, capital
stock, and log productivity.

From Table 2 and Fig. 3 we observe that simulated output, which would
have obtained absent the Great Leap, is about 2 times actual output in 1993.
Thisresult is derived from two sources. First, simulated total factor productiv-
ity in 1993 is about 0.56 higher than the actual value in logarithm, or about
1.74 times the actual value. Second, simulated capital stock is higher (see
Fig. 5), and capital per laborer in 1993 is 1.72 times the actual value, as can
be readily computed from the relevant entries in Table 2. According to our
model and commonly used models of real business cycles for the United
States economy, shifts in productivity due to shocks are permanent. Observe
in Table 2 and Fig. 6 that ssimulated log productivity in 1962 is 0.9058, or
0.5587 higher than actual log productivity. The last figure equals 2.2874 —
1.7286, the difference between simulated and actual log productivity in 1993.
Such a parallel shift in log productivity due to the Great Leap is clearly
shown in Fig. 6. This is a characteristic of our model as Eq. (4) has a unit
root, which implies a permanent shift in total factor productivity when its
residual changes. The permanent shift in productivity in turn implies that log
output and log consumption (see Fig. 3 and 5) will also undergo a permanent
level shift. Thereis no effect on the steady state growth rate of each variable.
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To see the extent of the permanent level shift, we generated 500 residuals
of zero mean and covariance matrix given in (15) and appended them to the
observed residuals as well as our modified residuals. Output, consumption,
and capital were calculated according to these two extended residuals series.
Examining the last 100 entries reveal ed that the steady state had been attained,
as evident by the balanced growth of the three variables. Taking the ratio of
the two output series gives the permanent level effect which we report in
Table 3 in the row labeled as steady state.

To assess the effect of the Cultural Revolution and the combined effect of
the two movements, we have performed a similar simulation exercise as that

TABLE 3

SIMULATION/OBSERVED LEVEL IN 1992

Great leap Cultural revolution Both
Output 2.0031 1.2033 2.7130
Consumption 2.0047 1.2022 2.7261
Capital 1.7208 1.1537 2.1687
Steady state 2.1074 1.2204 2.9238

Note. (a, B, %) = (0.7495, 0.9999, 0.0218).
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TABLE 4

SIMULATION/OBSERVED LEVEL IN 1992

Great leap Cultural revolution Both
Output 2.5446 1.2355 3.6549
Consumption 2.5680 1.2349 3.7277
Capital 1.9708 1.1643 2.5461
Steady state 3.2856 1.3111 5.2465

Note. « fixed a 0.5, 3 = 0.9715, y = 0.0083.

described above by removing residuals of the turbulent years. Table 3 provides
a short summary for comparison with the Great Leap case; tables similar to
Table 2 are available on request. For example, the output level by 1992 would
have been 2.7 times higher than otherwise if both political movements had
never occurred. To show the degree of sensitivity of our results, Tables 4
and 5 give similar comparisons when other parameter values reported in
Section 3 are used.

Absent the Cultural Revolution, output in China in 1992 would have been
1.20 times as large as the actual figure. This estimate might be considered
too small. The possibility of under-estimation is mainly due to the omission
of the effect on human capital formation in our model. Given that human
capital is not considered within the confines of our model, the measured
effect appears reasonable. The disruption of the Cultural Revolution in the
production of physical output in Chinais recognized to be much smaller than
the disruption of the Great Leap. The relative magnitudes of 1.2 and 2.0
seem quite plausible. The Cultural Revolution is known for its effect on the
production of human capital when many schools and universities were closed
or ceased to function properly. The estimate of 1.2 can serve as a benchmark
for studying the effects of the Cultural Revolution through its effect on the
accumulation of human capital.

5. CONCLUSIONS

We have constructed a very simple econometric model to measure the
effects of two major political events in China. The model is based on a
dynamic optimization framework. It is assumed that an economic planner in
Chinatries to maximize a multiperiod object function in making consumption
and investment decisions. The values of the parameters of the optimization
model as estimated by maximum likelihood are reasonable. The dynamic
optimization framework is useful for studying economic behavior and the
effects of political events in China as in other countries.
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TABLE 5

SIMULATION/OBSERVED LEVEL IN 1992

Great leap Cultura revolution Both
Output 2.2907 1.2217 3.2082
Consumption 2.3008 1.2207 3.2459
Capital 1.8614 1.1597 2.3796
Steady state 2.6306 1.2648 3.9152

Note. « fixed a 0.6, 3 = 0.9817, = 0.0132.

Concerning the effects of the Great Leap and the Cultural Revolution, our
results indicate that absent the former output and consumption per laborer in
1990 would have been 2.0 times as large as the observed, that absent the
latter output and consumption would have been 1.2 times as large, and that
if neither had occurred output and consumption would have been 2.7 times
the actual amounts.

APPENDIX

A standard dynamic optimization problem is to choose a sequence of q by
1 control vectors{u, t =0, 1, 2, ...} to solve

max Eo i Br(%, W) (A1)

t=0

subject to

Xer1 = F(% W) + €, (A2)

where E, is the conditional expectation operator given information at time O,
X isap by 1 vector of state variables, and ¢, is an iid random vector with
mean zero and covariance matrix X. Our problem is to solve

max Ey Y AIn{ki“z¢ ™ — kea + kz 1} (A3)

subject to

Nz = p + €y (A4)

Our problem can be mapped into the standard form by defining the states
and control as
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% = (& %)’ = (INz Ink)’,  w=Ink.. (A5)
The objective function and the constraint are, respectively,
r(% W) = In{exp((1 — a)(xx — X)) — exp(U) + exp(Xx — Xu)} (A6)
and
f(x, w) = A% + Cu + b, (A7)

where Aisa 2 by 2 zero matrix, C = (0, 1)’, and b = (u, 0)'. The steady
state (o, x) can be found by solving a deterministic, time invariant version
of the first order conditions. For our choice of state and control as in (A5),
the steady state values are

o= — 1 In[B 'exp(u) — 1] + 1 INl—a) +pu, Xx=p X=0 (A8
(03 o

Only in exceptional cases would one be able to find an analytical solution
for the optimal control function. In most applications one has to rely on
numerical approximation. One convenient way to do so has been developed
in Chow (1992, 1993a). We now describe briefly the solution procedure.
Consider the first order conditions

ro(X, ) + Bf5(X, U)EN1 = 0, (A9)
ri(%, w) + Bf 1% U)EN:1 = Ny (A10)
Xerr = F(X W) + €nn, (Al1)

where the subscripts 1 and 2 of the functions r and f denote derivatives with
respect to the first and second arguments, respectively. A isavector of random
Lagrange multipliers. We proceed by linearizing the non-linear functions in
(A9)—(A11) around the steady state (x; O):

f=AX+CU+b, rl:K11X+K12u+k1;
r2 = K21X + K22U + k2. (A12)

Given the linear functions above, if A is assumed to be linear, say equal to
Hx + h, substituting these functions in the first order conditions will yield a
linear control function

u=Gx + g, (A13)
where

G = _(K22 + ,BC’HC)il(KZJ_ + ﬂC,HA) (Al4)
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g = —(Kx + BC'HC) '(k, + BC'(Hb + h)), (A15)
and the coefficient matrices of the Lagrangean function are, respectively,

H = K + KG + BA’H(A + CG) (A16)

h = (Ky + BA'HC)g + ky + SA'(Hb + h). (A17)

Iterating the matrix equation system (A14)—(A17) until convergence gives
the required matrices G, g, H, and h. We have accelerated such a direct
iteration scheme by incorporating a modified version of the doubling ago-
rithm described in Anderson and Moore (1979, p. 159). A detailed discussion
of the algorithm and numerical examples will be reported elsewhere.
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