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Appendix I: Estimating China’s productivity growth: data, methodology and results

While no one can deny the speed of China’s growth, there has been a wide spectrum of arguments regarding growth
accounting: what is really driving China’s growth? Is it the increase in physical capital, human capital (employment and
labor quality) or productivity?

I. Neoclassical model of growth accounting
Economists commonly use the so-called total factor productivity (TFP) to measure a country’s productivity performance.

TFP is the “residual part” of the economic growth that is not accounted for by the accumulation of physical capital or
increase in human capital. It is usually denoted as 4 in the following three-input Cobb-Douglas production function:

Y= AK“(LXE)(I_U{) (1
Where
Kt :(1_51)K(t—1)+[t (2)

Y: Total output

A: Total factor productivity (TFP)

K: Physical capital stock

a: Factor share of capital

(1- a): Factor share of labor

L: Labor inputs

E: Labor quality index based on average educational attainment
o0: Depreciation rate

I: New capital formation

By taking the difference in natural logarithms of Equation (1), we can derive the input contribution to output growth:

Y=A+oK +(1-a)L+(1-a)E (3)
or
A=Y-0K -(1-a)L-(1-a)E 4

As we can see from Equation (4), the value of TFP growth (A ) is affected by the growth of total output (Y), labor
inputs ( L ), educational attainment ( E ), capital stock (K ), as well as the factor share of capital (a).

There are well-know limitations of the neoclassical growth accounting framework and potential large measurement
errors associated with Chinese macro data. However, we believe such empirical estimation provides an insightful
starting point in looking at the Chinese economy, and is reasonably rigorous and well-developed. Measurement problems
are more serious for capital stock and investment data, which will be discussed in more details in section IV of this
appendix.

#1335 16 2005 4E 11 5 11 H



Goldman Sachs Economic Research Global Economics Paper

II. Literature Review

Young (2000) argues that China’s growth during 1978-1998 was overstated due to systematic underestimation of
inflation, and most of the real growth was driven by rising labor participation and education attainment. Total Factor
Productivity (TFP) grew only by an average 1.4% per annum, contributing to about 15% of the output growth. However,
if the official GDP data were used, he estimated the TFP growth would be 3% per annum.

According to Lau and Kim (1994) and Lau and Park (2000, 2003), physical capital accumulation explains roughly 86%-
95% of the output growth and labor increase accounts for the rest 5%-14%. Therefore, TFP growth in China has been
virtually nil, if not negative over the period of 1965-1995. However, we find their estimated capital share of 60% is too
high to be supported by either national income statistics or bottom-up analysis of enterprise financial data (see Box 1 for
more details).

To the contrary, a number of other economists have found significant TFP growth in China in the post-1978 period:

¢ Huand Khan (1997) estimated that TFP growth averaged about 3.9% per annum during 1979-1994,
contributing to 42% of the output growth, higher than the contribution from capital accumulation. They
argue that such impressive TFP gains have originated from the market-oriented reforms, namely the
expansion of the non-state sector, foreign trade, and foreign direct investment.

e World Bank (1997) study found average TPF growth of 3.7% per annum, and that it contributed to 43% of
the growth for the period of 1978-1995".

e  Separating labor quality improvement (educational attainment) from productivity growth, Lin and others
(2003) also found significant contribution to growth from productivity gains in the post-1978 period,
although increases in physical capital and human capital are also important sources of growth.

e OECD study in 2005 found TFP growth averaged at 3.7% per annum from 1983-2003, contributing to
above 30% of the growth of output.

III. Our estimation results

Under our baseline assumption of initial capital stock and capital share (see section IV for more discussions on these
assumptions), productivity growth averaged about 3.3% per annum during 1979-2004. Exhibit 4 presents the
contribution of capital, labor, educational attainment and productivity to aggregate output growth. Productivity growth
accounted for one-third of the output growth while capital accumulation contributed roughly the same amount.

! This estimate was based alternative average GDP growth of 8.2% over the period, compared with the official rate of 9.4% per annum. The estimated
TPF contribution would have been 46% using the official data.
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Exhibit A1: Sources of economic growth

Average Growth (1979-2004) Contribution Contribution
% chg yoy (Percentage Point) (Share)
GDP (% yoy) 9.4
Capital Stock (a=0.4) 8.3 3.4 35.7
Labor 2.0 1.2 13.0
Educational Attainment 2.3 1.4 15.1
TFP 3.3 3.4 36.2

Source: CEIC, Goldman Sachs Research estimates.

We checked the robustness of our results by using different sets of assumptions of the initial capital stock (Kj) and factor
share of capital (a). Mathematically, when holding other variables constant, larger K, and smaller a tend to result in
higher TFP. Likewise, smaller initial stock and higher capital factor share reduce the estimated TFP growth. It is worth
noting that even under a “small K, big o scenario, productivity still registered a decent average growth at 2.8% per year
in the post-1978 period, and contributed a considerable 30% to the output growth. In addition, there appears no evidence
of rising capital contribution to growth despite strong investment growth in recent years (see Exhibit A4).

Exhibit A2: TFP growth from 1978-2004 under different assumptions on capital share and initial

capital stock
Average 1979-2004:

a=0.4

a=0.31

K, = CNY 1007 bn

Ko = CNY 1411 bn

K, = CNY 1007 bn

Ky =CNY 1411 bn

TFP (% yoy) 2.8 3.3* 3.3 3.7
Contribution of K (%) 41.3 35.7 32.0 27.7
Contribution of TFP (%) 30.7 36.2 35.7 44.3

% chg yoy
12 4

10

Ko =CNY 1007 bn, a =0.4
——K =CNY 1141 bn, a =0.4*
—--- Ky =CNY 1007 bn, a = 0.3
__ Kp=CNY1141bn,a =03

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

*Baseline estimation

Source: CEIC, Goldman Sachs Research estimates.
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Exhibit A3: Literature comparison

Author World Bank OECD Young (2000) Hu & Khan (1997) Chow (2003) Lin (2003)
Time horizon 1978-1995 1983-2003 1978-1998 1979-1994 1978-1998 1979-2002
Official GDP Growth % yoy 9.4 9.8 9.1 9.3 9.7 9.4
Estimated alternative GDP

Growth % yoy 8.2 - 74 - - -
Growth of Capital Stock % yoy 8.8 - 7.7 9.4 9.7
Growth of Labor % yoy 2.4 - 2.8 2.7 2.8 2.2
Growth of Human Capital % yoy 2.7 - - - - 2.2
TFP growth % yoy 3.7 3.7+ 1.4 3.9 2.7 34
Factor Share of Capital 0.4~ 0.5 0.4 0.5 0.4 0.3
Notes on Variables

GDP

Original Capital Stock CNY bn 175 (1952, Chow 1993) | 221 (1952), 1411 (1978) 1007 (1978)
Change in Capital Stock GFCF (no inventory) GFCF(no inventory) | GCF, including inventory | GCF, Including Inventory
Depreciation Rate % 2.3 3.6 4 4.2
labor Input Employment Employment Employment Employment Employment labor Force

* In the model, the share of capital, labor and human capital ( educational attainment) are 0.4, 0.3 and 0.3, respectively.

** This includes the contribution of increase in human capital (educational attainment), which contributes about 1 percentage point.

*** According to Young, estimated TFP would have been 3.0% using official GDP growth series.
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Compared with other studies, our estimated TFP growth rates are in line with the results derived by a number of
international organizations. Exhibit A3 compares how the estimated TFP growth rates differ with using different data
sources and/or different assumptions of factor share for capital. The estimated growth rate of physical capital stock
ranges between 8% and 10%, while factor share for capital (&) around 0.3-0.5. Most of the studies find China’s TFP
growth averaged above 3% in the post-1978 period.

Exhibit A4: No evidence of rising capital contribution to growth

90%

80% -

70%

60% -

50% 1

40% ~

30% 1

20% ~

10% -

0%

— Contribution of Capital Stock
Accumulation to Total Output Growth

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02

03 04

Source: CEIC, Goldman Sachs Research estimates.

IV. Notes on data and our assumptions

1.

Physical Capital Stock Data
Capital stock series is calculated using formula (2) on page 18.

Without any nationwide capital stock survey in China, estimation of real physical capital stock is the most
controversial among the three input (K, L and E) statistics.

a. Initial Capital Stock (K))

Initial capital stock estimates have an impact on the estimated TFP, although its impact tends to diminish
over time. Holding other variables constant, the value of initial capital stock is inversely related to the growth

rate of total capital stock. Hence, overestimation of K will result in upward bias to the rate of productivity
growth, and vice versa.

Chow’s estimate (1993 & 2002) of initial capital stock for China in 1952 is the most widely used. According
to Chow, K (or K;¢55) equals CNY?220 bn (1978 price), 72 bn of which was land capital. This number grew
to CNY 1,141 bn (1978 price) in 1978, the starting year of our analysis.

Lin and others (2003) take Chow’s capital stock number at 1952, but deflate the annual new investment by
the implicit fixed asset investment (FAI) deflator compiled by Hsueh & Li (1995), and raise the depreciation
rate to 6% per annum for the “Great Leap Forward” and Cultural Revolution periods. As a result of these
adjustments, they arrive at a smaller capital stock value of CNY 1007 bn (1978 price) for 1978.
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In this study, we used Chow’s estimate for China’s initial capital stock at 1978 for our baseline estimation of
TFP growth. But we also compared our results with those derived using Lin’s lower estimated initial stock.

b. New Capital Formation (/)

For new capital formation statistics (/), we use the deflated annual gross capital formation (GCF) series — one
of the GDP components by expenditure from China Statistical Yearbook.

Please note that 1) the definition of GCF under the GDP expenditure component can be substantially different
from the monthly fixed asset investment reporting. Monthly fixed asset investment data are not on a value-
added basis, but GDP is a value-added concept'. 2) GCF includes both Gross Fixed Capital Formation
(GFCF) and change in inventory (or “circulating funds”). Change in inventory is usually not counted as part
of capital accumulation, nor was it included in many studies on China’s capital stock. However, as Chow
(1993 & 2002) and Lin et al (2003) point out, inventory had been taking up an unusually large share of gross
capital formation in China: inventory to GCF ratio was above 11% every year until 1997. Therefore, in
China’s special case, excluding inventory from capital formation will likely lead to under-estimation of the
physical capital stock.

c. Depreciation Rate (J)

Hu and Khan (1996) point out that the average depreciation rates of 3.6% per annum used by the Chinese
planners during 1953-1994 were too low, and underestimation of capital depreciation leads to upward bias in
estimated capital growth. In this study, we decided to employ the more commonly used annual depreciation
rate of 4%-5%, and chose 4% for our baseline estimation.

d. Additional Notes on the Capital Stock Statistics

There has been a series of fixed assets re-evaluation for the state-owned enterprises (SOE) in the early 1990s,
caused by 1) higher inflation and depreciation around 1990, and 2) SOE balance sheet restructuring before
their stock market listings®. Therefore, the aggregate stock of fixed asset may have been understated in the
early 1990s, especially between 1992 and 1995. The growth rate of capital stock, therefore, may be too low
and the estimated TFP too high.

2. Factor Share of Capital ()

As we have highlighted in Box I, the value of a has a large impact on the estimated TFP, and researchers in
the past have used a fairly wide range of estimates. We set o = 0.4 for our baseline estimation, but checked
the robustness of our results using a ranging between 0.3 -0.4. It is worth noting that even using higher a
estimates, many researchers still find respectable productivity growth in China since the 1978 reform. (see
Exhibit A4)

3. Data on Total Output, Labor Input and Educational Attainment

a. Total Output ()

For total output (¥), we used the real GDP series derived from the nominal GDP and real GDP index
(1978=100) series from the China Statistical Yearbook.

b. Labor Input (L)

! Liang, Hong, China: A Doomed Investment Bust Story? Asia-Pacific Economic Flash, July 9, 2004.

2 Holz, Carsten A, 2005, New Capital Estimates for China, Hong Kong University of Science and Technology Working Paper (March)
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Labor input statistics are taken from the annual employment survey and population census conducted by
the NBS. These statistics are less controversial. Young (2000) finds the NBS statistics on employment are
consistent with those on population and labor force.

Even so, we had to adjust total employment statistics for the sudden employment “increase” of 17% in
1990, resulted from a new population census in that year. We therefore replaced the 17% growth rate in
1990 with the trend growth to smooth out the kink.

We decided to leave out the “longer hour factor,” partly because of lack of data, but also partly because the
impact from this factor is likely to be quite small. Lau & Park (2003) try to proximate China’s average
growth rate of labor hour per day per person by using the average of per person labor hour in Malaysia,
Philippines and Thailand. They conclude that the growth of total labor hours is slightly higher than the
growth of employment alone”.

c. Educational Attainment (E)

Educational attainment series is used to capture the improvement in labor quality in China. We compiled a
labor quality index using the average years of schooling of the labor force.

For years after 1990, we used (1) the average years of schooling series from the population survey
conducted by the NBS, and (2) the percentage of population at different educational levels from the 1%
population survey for the missing data points®, since the above two series are broadly consistent.

For years prior to 1990, we used the human capital stock series compiled by Nehru and Dhareshwar (1993).
We find these data broadly in line with the NBS statistics as well.

3 According to Lau, average growth of total labor hour was 2.5% over the period of 1965-2002, this estimation is only modestly higher than the growth

of total employment of 2.2% over the same period.

* Data was attained from China Population Information and Research Center at http://www.cpirc.org.cn/
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Box 1: Estimating the capital share in production function

Different assumptions on capital share in China’s production function tend to lead to very divergent estimates on the
contribution of TFP to output growth. There are basically two approaches to estimate this share: (1) deriving it from
the ratio of compensation of employees to GDP from the national accounts and the input-output tables, or (2) taking

the coefficient of K from the regression analysis as implied a. We find a estimated via the first approach is
generally smaller than those calculated with the second methodology.

Young (2000) and Lin et al (2003) both use the first approach to determine a. According to Young’s calculation, the
share of capital () averaged around 0.4 over the period of 1978-1998. Lin and others (2003) find o equals to 0.31
based on GDP by income data from 1978 to 2002.

On the other hand, regression analysis tends to assign much higher values to a. For example, OECD (2005)
estimated a =0.53 for the period of 1978-2003, and the implied  in Lau & Kim (1993) and Lau & Park (2003) are
greater than 0.6.

We decided in favor of the first approach for the following reasons:

(1) It is difficult for regression analysis to return significant results given the small sample size

(2) Decomposition of the national income data suggests that the average value of a lies between 0.3 and

0.4
(3) Analysis of the marginal product of capital (MPK) using enterprise financial data does not support o
greater than 0.4:
According to Lucas (1990),
MPK = axL 5)
K

We used return on invested capital (ROIC)' as a proxy of MPK. Average ROIC of listed Chinese enterprises’ is
around 10% in 1990-2004, and analysis of the NBS enterprise microdata in China returns a similar result. With the

ratio of % averaging around 0.3 — 0.35° in 1978-2004, it is hard to derive an o greater than 0.4.

Therefore, we set a = 0.4 for our baseline estimation, but checked the robustness of our results using a ranging
between 0.3 -0.4.

! Return on Invested capital = net profits/ (shareholders’ equity+ long-term debt)
% Listed Chinese companies include all domestically listed A share companies, as well as Hong Kong listed
Chinese companies, a total of about 1,500 companies.

3 Under our baseline assumptions of K= CNY1,411 bn, a=0.4, average Y in 1978-2004 equals 0.32
K
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