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Abstract

We build China’s national production function based on national accounting data since
1997, when China primarily transformed from the Planned economy to Market. By
proxying and measuring stocks of human capital(HC), physical capital and the efficiency
units, as well as government expenditure reflecting total factor productivity(TFP), we
analyze CES production functions’ explanation effects by numerical simulation, and then
according to the findings, choose Cobb-Douglas form for further research. Our results
include, first, Cobb-Douglas production function in the form of capital coefficients - capital
relative density, appropriately reflects Chinaâs recent input-output relationship. Second,
taking factor-augmenting technical progress into consideration, the proxy settings for two
capitals are empirically plausible for future research on Chinaâs endogenous growth model.
Third, expansionary government expenditure negatively affects Chinaâs TFP and output.
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1 Introduction

1.1 Types of NPF: selection and comparisons

The national production function (henceforth NPF) is one of the keys to studies on

national expansion path of production, and furthermore, the endogenous growth model.

So far, a series of studies have focused on China’s NPF(Zhang, 2005; Gao, 2009). In

general they can be catogorized into three groups. The first category assumes NPF to be

Cobb-Douglas type, e.g. Guo (2006); Cao (2007); Xu and Lin (2011); Feng et al. (2012). In

a more general sense, the second category assumes CES type, e.g. Chen and Lian (2012).

The third category assumes NPF parameters to be time varying, e.g. Zhang and Xu

(2009); Zhang et al. (2011); Zhang (2011); Wang and Ge (2012). As to the third category,

input factor’s output elasticity is assumed to be composed of both a constant, and a

time varying variable. Based on the assumption, regression results usually show higher

goodness of fit, however the assumption implies that the production possibility frontier

fluctuates as well(Fernández-Villaverde, 2010; Koop et al., 2013). The implication is open

for duscission. In our opinion, it is the production circumstances, other than technical

shocks, that change stochastically. Changes of production circumstances do affect actual

output, but do not alter the potential production possibility frontier. Besides, even if

NPF is set to be time varying, the implicit technical characteristics are not revealed out

though. As to inquiries on the potentials of China’s long-run growth, overcomplicated

settings on production function types, tend to make the future work – the endogenous

growth modelling – difficult to be empirically tested.

As to the other two categories, a series of China’s growth studies priorly assume Cobb-

Douglas or CES as the production function type, respectively. While so far, no much
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1 Introduction

attentions focus on testing the prior assumption itself: whether we should use Cobb-

Douglas or its more general form, the CES type function, to explain China’s growth1?

The main aim of this article is, to formulate an NPF which accurately describes China’s

input-output relation since 1997. To achieve this aim, we divide our research into three

sub-goals. The first sub-goal, we need to empirically compare effects of different NPF

types including Cobb-Douglas and CES, and find out which one fits more in explaining

China’s past output.

1.2 Human capital stock: proxies and measurements

From the perspective of macroeconomics, NPF is a simplification of producing process,

describing how inputs turn into output, under specific production circumstances. Input

factors include labor, human capital, physical capital and so on. In order to empirically

analyze the process, we need to find appropriate proxy for each input factors, and propose

plausible means to measure it.

In the earlier studies on NPF and economic growth, pure labor is often considered as

a direct input factor(Solow, 1956, 1957). In the past 30 years, the endogenous growth

models based on neo-classical growth theories, also consider the mechanisms and effects

of human capital (henceforth HC) accumulation(Lucas, 1988; Mankiw et al., 1992; Funke

and Strulik, 2000; Ben-Gad, 2012).

Considering labor as an independent input, the argument is open for discussion. First

in real scenario, the HR manager responsible for recruiting in companies, interviews can-

didates who represent homogeneous HC stock, which reflects each individual’s education

backgrounds and working experiences. Such characteristics are crucial to whether or not

1 Take cross-country studies as example, Duffy and Papageorgiou (2000) run panel data based on 82
countries dataï 1

4 to compare the explaining effects of different production functions types, on input-
output relationship. While so far, few focus on China’s past decade as a case study, to test which type
fits more.
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1.2 Human capital stock: proxies and measurements

the candidate will be hired. In Macroeconomic analysis, the treatment of counting pure

labor input as direct, independent input factor, seems lack of microfoundation. Second, a

series of studies on China find that pure labor’s output elasticity is negative on national

level(Zhu, 2011), negative or insignificantly positive on industry level(Yang, 2013). It is

probably due to the labor surplus in production sectors(Knight et al., 2011; Golley and

Meng, 2011; Feng et al., 2012). Thus it might be inappropriate to explain China’s national

output by pure labor input2.

HC is difficult to be directly observed or measured. If we want to take HC as input factor

into NPF analysis, the problem is how to choose appropriate indices as proxy(Woessmann,

2003; Folloni and Vittadini, 2010). Generally speaking, now there are two methods to

proxy HC, learning-by-doing (LBD) and learning-by-education (LBE). The lack of persis-

tent, macro-level data support, makes it difficult to conduct HC measurement via LBD.

As to LBE, two approaches are conducted. First is to measure the efficiency unit of labor

input, by implementing Mincerian wage equation(Mincer, 1974; Carstensen et al., 2009;

Wang and Yue, 2009; Li et al., 2010). Second is to consider education as a HC production

sector, analyze the sectoral input-output, and find proper proxies.

In the previous studies Feng et al. (2012) on one hand calculate China’s “efficient” la-

bor units by Mincerian equation, and on the other hand, analyze HC sector’s production

process, and proxy HC stock by dispersion of employment with different education at-

tainment. The results confirm the plausibility of method, which proxies China’s HC stock

by employment’s average schooling years, as well as the dispersions3. However, if we use

dispersion index as HC proxy to construct endogenous growth model, then multiple HC

sectors have to be included, and the cross-sectoral relationships not only among different

2 Moreover, a cross-country study based on ASEAN countries including China, Lao PDR, Vietnam
and Thailand, analyzes the production effects of education/vocational education, and finds that the
output elasticities of pure labor in such countries are not always significantly positively, sometimes even
negative, see Feng et al. (2013).

3 Such plausibility is also confirmed by a series of cross-country studies, e.g. Park (2006); Feng et al.
(2013).

3



1 Introduction

educational levels, but also between HC and other sectors, will have to be taken into con-

sideration. This will inevitably raise the complexity and difficulty for model development.

Thus, the second sub-goal of this article is, to find appropriate proxy for measuring HC

stock’s proxy.

1.3 Physical capital stock and capital-augmenting technical progress

Physical capital is another important input factor. So far there is no officially released

data on China’s physical capital stock. The fact has been calling for approximations

among economists. Apparently for China’s NPF analysis we need to measure physical

capital stock based on previous studies(Zhang et al., 2004; Shan, 2008; Hui, 2009; Ye,

2010; Li, 2011; Fang, 2012).

Generally speaking, their measurements rely on perpetual inventory method with ho-

mogenous assumption, implying that investment share the same productivity, regardless

of the periods they are invested. While according to vintage capital theory, there exists

a mutual relationship between physical capital accumulation and (capital augmenting)

technical progress. On one side, emerging technological advances increase the productiv-

ity of fixed capital investment of current time period, in comparison to that of previous

periods. On the other side, along with capital accumulation, the productivity increase due

to technology advances, stimulate increasing investment too(Greenwood and Jovanovic,

2001; Jovanovic and Yatsenko, 2012). Physical capital accumulation in different periods,

might be heterogeneous in nature: newer investment is more productive due to technology

advances.

In the previous studies, Feng et al. (2012) measure physical capital stock by efficiency

units, which is adjusted via fixed capital price index and gross price index. However, if

we use Feng et al. (2012)’s approach of measurement, to proceed into further stage of

studies, the China’s endogenous growth model, then we need to on one hand distinguish
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1.3 Physical capital stock and capital-augmenting technical progress

investment production sector from the final good production sector, and on the other

hand, to also consider both domestic and international financial sectors, with central

bank included. The reason is that durable goods price depends ont only on demand

and supply side, but also on monetary policy, domestic financial sector, international

economic environment, etc(Nakamura et al., 2013). We try to figure out 1) whether there

are other methods to proxy capital augmenting technical progress, reflecting the mutual

relationship mentioned above? 2) Once we adjust physical capital stock by efficiency

units based on such proxies, can they reflect China’s recent input-output? 3) Could the

subsequent endogenous growth model be simplified then? In all, the third sub-goal of this

article is, to trying simpler (while endogenizable) method to measure capital augmenting

technical progress, embedded in heterogeneous physical capital, as well as the efficiency

units.

Besides the three sub-goals mentioned above, in this paper we also consider two more

practical questions. First question is the treatment of neutral technical progress. Among

the determinants of total factor production (TFP), factors such as institutions and culture

are relatively constant, while public expenditure is not(Aschauer, 1989). Guo and Jia

(2006) develop a dual sector growth model including government, they find physical capital

investment of government poses significant, positive effects on China’s long run growth,

while government’s human capital investment has blur growth effects, and in the short

run, the effect is even negative4. Zhang (2007); Zhang et al. (2007) find that regional(e.g.

provincial) government competition and governance pattern transformation act as key
4 On the contrary, Feng et al. (2012) find that China’s production effect of human capital investment is
higher than that of physical capital investment. The opposing conclusions might be due to following
reasons. First, taking education as a HC production sector, the function reflecting sector input (indi-
viduals and education expenditure) and output (HC) relationship needs to be further discussed: due
to facts such as longer period of production (e.g. it takes years to get college degree), heterogeneity
of input factors (for example, individuals’ different family background, intellect, hard-working spirit)
and so on, education expenditure doesnât simultaneously increase HC stock. Thus in short run, the
growth effect of HC investment is possibly not as obvious as that of physical capital investment. Second,
in Feng et al. (2012), expenditures of education come from not only government’s transfer payment,
but also social education investment, as well as individuals’ self-investment on education, and so on.
Broader definition on the concept of ’HC investment’ leads to different data utilized, and thus different
results generated.

5



2 Structure

determinant factors of China’s infrastructure investment. Infrastructure improvement

raises TFP, and produces growth effects (Wang et al., 2009). Besides, public service is

related to government consumption5, whose increase/decrease affects TFP too. In this

article, we use government expenditure as proxy of TFP’s changes, and analyze its product

effects on GDP.

The second question, during the research on China’s economic growth, we have to deal

with official data’s imperfections, such as adjustment of statistic caliber, missing data,

obvious fluctuations, and so on. We believe that in the field of Chinaâs growth studies,

such imperfections are common and thus need to be dealt with.

2 Structure

The whole paper is divided into four parts. Firstly, we construct analytical models of

China’s NPF. Set physical capital stock and HC stock as input, GDP as output, all

in per capita forms. Different types of technical progress are respectively embedded

into different input factors. Capital- (labor-) augmenting technical progress in physical

capital (HC) stock, and the neutral technical progress in increase of TFP. The production

function types are assumed to be CES, baseline Cobb-Douglas (reflecting the quantity

change among input-output), and adjusted Cobb-Douglas (reflecting the relative density

between input factors, and between input and output), respectively.

In the second part, we proxy for input factors. 1). Measure HC stock according to

employment’s averaging schooling years, as well as dispersions of education attainment,

2). Measure physical capital stock according to the perpetual inventory method, 3). Make

quality adjustment to the measured physical capital stock, establish efficiency units based

5 According to (Xu, 2011, p12), government consumption is âexpenditure of public service offered by
government, including public administration, national defense, education, science and technology, etc.â

6



on price index, industrial structure index and physical capital coefficient, respectively, 4).

Proxy TFP change by the relative change of government consumption to GDP.

Third, we construct econometrical models. 1). Based on CES, the general type produc-

tion functions, we choose different parameter combinations for numerical simulation, and

further compare how combinations fit to reality, respectively. 2). With the testified model,

we set the corresponding production function form, then choose different combinations

of proxies of input factors, and by explaining China’s actual intput-output, to test the

proxies’ validation and plausibility, respectively.

Fourth, we conclude major results, answer the questions posed in the beginning of the

article, and draw prospects for future research.

3 Models

With the help of previous kowledge gained from studies conducted on endogenous growth

model, we formulate our NPFs mainly in two types, three froms.

In Model I, we assume the following CES production function(Klump et al., 2012):

gdp(t) = Ã(t) ·
[
γ · k(t)

σ−1
σ + (1− γ) · h(t)

σ−1
σ

] σ
σ−1 (1)

in which gdp(t) = GDP (t)/L(t),k(t) = K(t)/L(t) and h(t) = H(t)/L(t) are GDP, phys-

ical capital and HC stock , all in per capita forms. L(t) is gross employment, Ã(t) is

TFP. As to the two parameters, σ ≥ 0 is the elasticity of substitution between k(t) and

7



3 Models

h(t), and 0 < γ < 1 reflects the direction of technical progress6. Set λ = 1−γ
γ
ï1
4ρ = σ−1

σ
,

A(t) = Ã(t) · γσ/(1−σ), then Eq.(1) is simplified as

gdp(t) = A(t) · [k(t)ρ + λ · h(t)ρ]
1
ρ (2)

λ describes the direction of biased technical progress(Acemoglu, 2002): When 0 < γ <

1/2, λ > 1, technical progree is biased toward HC; when γ = 1/2, λ = 1, technical

progress is neutral; when 1/2 < γ < 1, technical progree is biased toward physical capital.

ρ describes the substitution relationship between input factors: when 0 < σ < 1, −∞ <

ρ < 0, input factors are more complementary 7; when 1 < σ < ∞, 0 < ρ < 1, input

factors are more subsititute 8 .

When σ is constant as 1, CES production function turns into a special form, the Cobb-

Douglas form, we set it as Model IIï1
4

gdp(t) = A(t) ·
[
k(t)α · h(t)1−α

]
(3)

in which 0 < α < 1 and 1−α reflect the production elesticity of physical capital and HC.

Eq.(3) describes the relationship between input factors and output quantatively. On the

other side, along the expansion path of production, the relative density change between

the two capital stocks, tends to change capital coefficient, and to affect output. We assume

Model III to describe that, by dividing Eq.(3) with k(t) and h(t), get Eq.(4a)-(4b)


k(t)
gdp(t) = 1

A(t) ·
[
k(t)
h(t)

]1−α

, (4a)

gdp(t)
h(t) = A(t) ·

[
k(t)
h(t)

]α
. (4b)

6 Arrow et al. (1961) name it as the distribution parameter.
7 In the extreme case, σ = 0, ρ = −∞, it is Leontief production functiony(t) = A ·

min [γ · k(t), (1− γ) · h(t)], which means totoal complementarity between input factors.
8 In the extreme case, σ =∞, ρ = 1, it is linearity production function y(t) = A · [γ · k(t) + (1− γ) · h(t)],
which means totally substitution between intput factors.
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in which k(t)/gdp(t) and h(t)/gdp(t) are physical- and human- capital coefficients, k(t)/h(t)

is the physical-human capital density.

4 The Proxies

4.1 Physical Capital

According to the perpetual inventory method, physical capital stock K(t) satisfies

K(t) = K(t− 1) + I(t)−D(t) (5)

in which I(t) are D(t) physical capital’s investment and depreciation at time t. D(t)

satisfies

D(t) = δ(t) ·K(t) (6)

in which δ(t) is depreciation rate. Once depreciation rate is acquainted, we may measure

the initial capital stock K0 as well as K(t).

4.2 Physical Capital in Efficiency Units

In order to measure physical capital stock in efficiency units, we need to set three proxies

for capital-augmenting technical progress. The first one, price index AP (t) is derived

from previous studies (Feng et al., 2012, p565). We make two adjustments though. First,

divide current period index by last time period index, for both gross price index pY and

fixed capital price pI , to eliminate the potential biases casued by different measurement

units. Second, assume technical progress does not draw back under normal circumstances

(with extreme situations ruled out, such as large scale wars, natural diseases, etc.) , i.e.

AP (t) ≥ AP (t− 1) ∀t ≥ 1.

9



4 The Proxies

AP (t) = max
{[
pY (t)/pY (t− 1)
pI(t)/pI(t− 1)

]
, 1
}
· AP (t− 1) (7)

The second one, industrial structure index AS(t), treats the transformation/upgrade of

industrial structure as proxy of technical progress:

AS(t) = max
{[ ∑

Vi(t)
V2(t) + V3(t)

]
, 1
}
· AS(t− 1) (8)

in which Vi(t), i = (1, 2, 3) are added values of primary, secondary and tertiary industries,

whose sum corresponds to income approach GDP, the GDP inc(t)9.

The third one, the physical capital coefficient index, considers increase of capital coeffi-

cient ν(t) = K(t)/GDP inc(t) (industrial transformation from labor-intensity to capital-

intensity) as a proxy of technical progress:

Aν(t) = max
{[

ν(t)
ν(t− 1)

]
, 1
}
· Aν(t− 1) (9)

Qualitatively adjust K(t) by AP (t), AS(t) and Aν(t) respectively, we get efficient physical

capital stock, set as KP (t), KS(t) and Kν(t):

KP (t) = KP (t− 1) + AP (t) · [K(t)−K(t− 1)] , (10)

KS(t) = KS(t− 1) + AS(t) · [K(t)−K(t− 1)] , (11)

Kν(t) = Kν(t− 1) + Aν(t) · [K(t)−K(t− 1)] . (12)

9 It is worth noting that in China’s national accounting system, the value of
∑
Vi(t) acquainted based

on industrial level added values, is slightly different from GDP inc(t), see Table 1.
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4.3 Human Capital

4.3 Human Capital

Based on (Feng et al., 2012, p567), we take into consideration the HC accumulation

effect of LBE, then proxy HC stock by the employment average schooling years µ(t) and

dispersion σ2(t) (in this article, µ(t) is chosen):

µ(t) =
6∑
i=0

mai · pai(t) (13)

σ2(t) =
6∑
i=0

[mai − µ(t)]2 · pai(t) (14)

in which ai represents educational levels, i = (0, 1 . . . 6) respectively refers to uneducated,

preliminary school, junior high school, senior high school (including junior vocational

school), junior college (including senior vocational school), college and postgraduate.

mai = (0, 6, 9, 12, 15, 16, 19) are (average) schooling years needed to attain ai education

level’s degree, pai(t) are percentage proportions of employees with ai level education back-

ground, among all the employment.

4.4 Total Factor Productivity

Suppose that the relative increase or decrease of government consumption Gov(t) com-

pared to GDP (t) (see Table 1) might affect TFP. By utilization of Solow residuals for

calculation TFP, we extract the residual part of change of Gov(t) that cannot be explained

by change of GDP (t), and set as the proxy of TFP change.

11



5 Data Descriptions

5 Data Descriptions

5.1 Physical Capital Stock

In order to measure physical capital stock, we need to calculate depreciation rate, and

then accordingly set the depreciating years of fixed capital investment, as well as the

initial capital stock.

5.1.1 Approximating Depreciation Rate

From the perspective of accounting, depreciation is not supposed to fluctuate much away

from physical capital stock along time. Thus we approximately set δ(t) in Eq.(6) as a

constant δ. By taking Eq.(6) into Eq.(5), δ value can be approximated:

I(t)−D(t− 1) = (1 + δ) · [I(t)−D(t)] (15)

However, the practical use of the method mentioned above is limited by data issues.

First, D(t) is listed inside income approach GDP program, GDP inc(t), in the national

accounting system, but in China there is only the summed GDP inc(t), with no specific

data of D(t); besides, under the program of gross regional product (by province, income

approach) there is regional depreciation date, whose summation value ∑Di(t) might be

of our interest, see Table 1, while when we approximate D(t) based on ∑Di(t), we have

to also consider the differences between∑GRPi(t) and GDP inc(t), for example, duplicate

calculations might happen when provincial data are summed as national data. Second,

D(t) is calculated by income approach, while I(t) is calculated by expenditure approach,

there might be statistical caliberation difference between the two.

12



5.1 Physical Capital Stock

Table 1: GDP, GRP and price indices
GDP(exp. appro.)a GRP(inc. appro.)a

GDPexp I Gov
∑

GRPi

∑
Di

∑
TInd,i

∑
YL,i

∑
YK,i

1996 7528.77 2441.26 1011.46 6888.26 876.50 886.91 3532.10 1592.75
1997 8165.85 2596.50 1121.91 7633.92 995.81 1042.03 3895.45 1700.64
1998 8730.76 2882.52 1246.97 8329.89 1103.06 1187.45 4233.68 1805.71
1999 9312.79 3119.83 1401.80 9015.73 1211.03 1342.50 4505.11 1957.08
2000 9890.90 3389.92 1568.68 9866.37 1387.73 1510.30 4805.54 2162.80
2001 10700.82 3705.51 1717.38 10701.58 1483.39 1665.32 5138.15 2414.72
2002 11753.77 4256.81 1830.24 11763.29 1623.77 1833.61 5617.28 2688.63
2003 12991.98 5086.98 1905.40 13242.72 1842.71 2088.60 6112.24 3199.17
2004 14315.36 5791.52 1986.38 14905.07 2101.10 2096.17 6193.70 4514.10
2005 16040.45 6353.15 2259.31 16927.57 2526.61 2389.44 7008.30 5003.22
2006 18361.58 7251.39 2516.92 19049.23 2773.60 2698.16 7735.24 5842.23
2007 20420.24 7961.97 2749.80 21111.54 2988.66 3127.20 8389.65 6606.03
2008 22458.53 9103.86 2967.62 24075.92 3213.16 3659.81 10699.52 6503.43
2009 24941.10 11204.26 3267.33 26123.08 3530.45 3971.06 12178.23 6443.33
2010 27012.35 12313.00 3578.01 29305.13 3770.55 4466.70 13191.39 7876.49
2011 29398.82 13416.29 3928.49 32435.76 4189.10 5063.37 14575.05 8608.24

GDP(inc. appro.)a price indicesb employ.c

GDP inc
∑

Vi V1 V2 V3 PY P I L

1996 7225.54 7117.66 1401.54 3383.50 2332.62 0.99 0.98 689.50
1997 7897.30 7897.31 1444.19 3754.30 2698.82 1.00 1.00 698.19
1998 8515.92 8440.23 1481.76 3900.42 3058.05 0.99 1.00 706.37
1999 9164.82 8967.72 1477.01 4103.36 3387.35 0.98 0.99 713.94
2000 9937.53 9921.47 1494.47 4555.59 3871.41 1.00 1.01 720.85
2001 10762.38 10965.53 1578.13 4951.23 4436.17 1.02 1.01 727.97
2002 11739.83 12033.28 1653.70 5389.68 4989.90 1.02 1.01 732.80
2003 12916.79 13582.29 1738.18 6243.63 5600.48 1.05 1.03 737.36
2004 14219.45 15987.84 2141.27 7390.43 6456.14 1.12 1.09 742.64
2005 15827.68 18493.74 2242.00 8759.81 7491.93 1.17 1.11 746.47
2006 17834.08 21631.45 2404.00 10371.95 8855.50 1.21 1.13 749.78
2007 20359.81 26581.02 2862.70 12583.14 11135.18 1.31 1.17 753.21
2008 22321.41 31404.54 3370.20 14900.34 13134.00 1.41 1.27 755.64
2009 24378.15 34090.28 3522.60 15763.87 14803.81 1.40 1.24 758.28
2010 26924.93 40151.28 4053.36 18738.32 17359.60 1.49 1.29 761.05
2011 29428.99 47310.40 4748.62 22041.28 20520.50 1.61 1.37 764.20

a sources: Data of Gross Domestic Product of China, 1996-2002, China Statistical Yearbook. units: 100 million
CNY, adjusted by 1997 base year price.

b sources:China Statistical Yearbook, set 1997=1.
c sources:China Statistical Yearbook, China Labour Statistical Yearbook. units: 1 million persons.

Suppose Eq.(16) holds, then we would be able to calculate depreciation relative toGDP inc(t),

defined as D1(t), see Table 5 Column 1.

D1(t)
GDP inc(t) =

∑
Di(t)∑

GRPi(t)
(16)

Generally there is no reason to expect the ratio of depreciation relative to GDP flucu-

ate too much along time. However, if we explain lnGDP inc(t) by lnD1(t) using single

variable OLS regression10, the results in Table 2 Column 1 show that residuals are not

random normal distribution. There seems to exist systematic disturbance, as shown in

10In this article we run all the regressions with R(R Core Team, 2013).
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5 Data Descriptions

Figure 1 as solid line. In order to prove that, we set d(t) = ∑
Di(t)/

∑
GRPi(t) as the

percentage proportion of summed regional depreciation relative to regional GRP, Table

3 confirms the existence of disturbance. We think that is due to the change of income

distribution accounting mechanism: As to the total income, if the labor and capital share∑
YL,i(t),

∑
YK,i(t) were increased (or decreased), meanwhile the share of indirect tax∑

TInd,i(t) remained unchanged, then ∑Di(t) would have to be decreased (or increased)

accordingly. Set a dummy variable Dm(I, t), to represent the mechanism change, valued

at 1.0, 0.5, 0, -0.5 and -1.0, in accordance with d(t)’s value from low to high, see Table

3. The higher the share of capital and labor’s income, the lower d(t), and the higher

Dm(I, t); vice versa. With Dm(I, t) set as the second independent variable, bivariate

regression Eq.(17) results in Table 2 Column 2, and Eq.(18).

lnD1(t) = c+ β1 · lnGDP inc(t) + β2 ·Dm(I, t) + ε (17)

Again, extract the bivariate regressionâs residuals, depicted as dashed line in Figure 1,

we can see the residuals are close to normally distributed. Eq.(17) is thus rewritten as

lnD1(t) = −2.1091
(0.0529∗∗∗)

+ 1.0150
(0.0055∗∗∗)

· lnGDP inc(t)− 0.0932
(0.0053∗∗∗)

·Dm(I, t) + ε (18)

Based on Eq.(18), after eliminating the systematic disturbance Dm(I, t) out of D1(t), we

are able to calculate the “real” depreciation D2(t):

D2(t) = 0.1213 ·GDP inc(t)1.0150 (19)

We then construct econometrical equation based on Eq.(15):

I(t)−D(t− 1) = c+ β1 · [I(t)−D(t)] + β2 ·Dm(D, t) + ε (20)

14



5.1 Physical Capital Stock

Table 2: Determinants of Depreciation

Dependent variable:

lnD1

(1) (2)

lnGDP inc 1.007∗∗∗ 1.015∗∗∗

(0.027) (0.006)
Dm(I) −0.093∗∗∗

(0.005)
Constant −2.058∗∗∗ −2.109∗∗∗

(0.256) (0.053)

Observations 16 16
R2 0.990 1.000
Adjusted R2 0.990 1.000
Residual Std. Error 0.047 0.010
F Statistic 1,419.947∗∗∗ 16,798.840∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Figure 1: Determinants of Depreciation. Solid line and dashed lines refer to residuals of Table
2 Column 1 and 2, respectively.
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5 Data Descriptions

in which the coefficient β1 corresponds to 1 + δ. Depreciation D1(t) or D2(t) are calcu-

lated based on income approach regional accounting data; gross investment I(t) is taken

from expenditure approach gross fixed capital formation in China’s Statistical Yearbook

(henceforth CSY)11. The reason we enroll another dummy variable Dm(D, t) is that after

the second National Economic Census in 200812, Chinaâs National Bureau of Statistics

systematically adjusted the income approach GDP as well as its components, as shown

in Table 1. Before 2008 Dm(D, t) is valued as 0, after 2008 it’s valued as 1, see Table 3.

Table 3: Dummy variables for measuring physical capital stock
1996 1997 1998 1999 2000 2001 2002 2003

d(%) 12.72 13.04 13.24 13.43 14.07 13.86 13.80 13.91
Dm(I) 1.00 0.50 0.50 0.50 0.00 0.00 0.00 0.00
Dm(D) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2004 2005 2006 2007 2008 2009 2010 2011
d(%) 14.10 14.93 14.56 14.16 13.35 13.51 12.87 12.92

Dm(I) 0.00 -0.50 -0.50 0.00 0.50 0.50 1.00 1.00
Dm(D) 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00

sources: calculated by authors.

Table 4: Estimation of depreciation rate

Dependent variable:

I(t) − D1(t − 1) I(t) − D2(t − 1)

(1) (2)

I(t) − D1(t) 1.057∗∗∗

(0.013)
I(t) − D2(t) 1.053∗∗∗

(0.009)
Dm(D, t) −240.132∗∗∗ −100.688∗

(74.120) (50.670)
Constant 9.088 10.075

(42.064) (29.860)

Observations 15 15
R2 1.000 1.000
Adjusted R2 1.000 1.000
Residual Std. Error 59.865 42.828
F Statistic 14,469.960∗∗∗ 26,933.690∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Regression results of Eq.(20) are in Table 4. It is worth noting that the incercepts are

non zero with slighly large variance, due to the reason that there exists statistical caliber

difference between GRP and GDP.
11China’s national accounting is mainly based on expenditure approach(Wang, 2010).
12Since 1950s China government has conducted two national-level economic surveys, the first one in 2004
(http://www.stats.gov.cn/ztjc/zdtjgz/zgjjpc/) and the second one in 2008 (http://www.stats.gov.cn/
ztjc/zdtjgz/zgjjpc/decqgjjpc/).
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5.2 Physical Capital in Efficiency Units

With depreciation data D1 and D2 utilized, as in Table 4 Column (1)-(2), we get depreci-

ation rate δ = β1− 1 as 5.67% and 5.26%, corresponding to physical capital investment’s

depreciating years n = 1/δ as 19.0 and 17.6 respectively. By simple arithmetic mean, we

set δ ≈ 5.47%, n ≈ 18 years.

5.1.2 Measuring Physical Capital Stock

In this article, the time series sample data is chosen between 1997 to 2011. Thus the

initial year physical capital stock K0 = K(1996). As n = 18, K(1996) is accumulated due

to past n=18 years investment:

K(1996) = 1
n

1996∑
i=1980

I(i)·(i−1979) = 12509.28(100 mil. CNY, 1997 base year price) (21)

Take K(1996) into Eq.(5), along with D1(t) and D2(t), we calculate physical capital stock

K1(t) and K2(t), capital coefficient ν1(t) and ν2(t), as shown in Table5.

5.2 Physical Capital in Efficiency Units

The three indices of technical progress are calculated based on Eq.(7)-(9), we set the

initial values of period 1997 as 1. 1) pI(t) data comes from CSY, pY (t) data is calculated

based on GDP(current year price) and GDP(base year price) of CSY, see Table 1; 2)

V1,2,3(t) data come from CSY, see Table 1; 3) Set ν2(t) as physical capital coefficient13,

see Table 5.

Based on Eq.(10)-(12), we do quality adjustments to physical capital stock K(t), the

efficiency units are shown in Table 5.

13We replace ν2(t) by ν1(t) and redo the regressions, and find the results do not change substantially.
For the sake of simplification, in the following we only list results corresponding to ν2(t).
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5 Data Descriptions

Table 5: Gross depreciation, physical capital stock and the efficiency units
(D1-based calculations) (D2-based calculations)

D1 K1 ν1 D2 K2 ν2 AP KP AS KS Aν Kν

1996 919.42 12509.28 1.73 1044.37 12509.28 1.73
1997 1030.17 14075.61 1.78 1134.13 13971.65 1.77 1.00 13971.65 1.00 13971.65 1.00 13971.65
1998 1127.69 15830.44 1.86 1213.80 15640.37 1.84 1.00 15640.37 1.01 15655.30 1.04 15703.98
1999 1231.06 17719.21 1.93 1295.97 17464.23 1.91 1.00 17464.23 1.02 17519.71 1.08 17668.45
2000 1397.74 19711.39 1.98 1377.66 19476.49 1.96 1.01 19495.68 1.04 19611.37 1.11 19897.64
2001 1491.82 21925.08 2.04 1492.23 21689.76 2.02 1.03 21766.78 1.05 21930.15 1.14 22418.88
2002 1620.53 24561.36 2.09 1641.37 24305.20 2.07 1.03 24461.26 1.06 24691.04 1.17 25479.52
2003 1797.36 27850.98 2.16 1817.01 27575.17 2.13 1.03 27842.78 1.07 28180.70 1.21 29425.35
2004 2004.45 31638.05 2.22 2005.01 31361.68 2.21 1.05 31806.48 1.07 32221.60 1.25 34145.83
2005 2362.44 35628.76 2.25 2250.46 35464.37 2.24 1.07 36200.26 1.08 36664.13 1.27 39341.89
2006 2596.68 40283.47 2.26 2581.33 40134.42 2.25 1.10 41315.04 1.10 41779.12 1.27 45282.35
2007 2882.24 45363.20 2.23 2875.32 45221.07 2.22 1.13 47085.83 1.10 47371.93 1.27 51752.71
2008 2979.00 51488.06 2.31 3166.84 51158.09 2.29 1.13 53821.35 1.10 53902.52 1.31 59545.47
2009 3294.63 59397.69 2.44 3522.44 58839.91 2.41 1.16 62694.96 1.10 62390.08 1.38 70164.03
2010 3464.30 68246.39 2.53 3819.52 67333.39 2.50 1.19 72795.86 1.11 71799.32 1.43 82328.45
2011 3800.77 77861.91 2.65 4162.25 76587.43 2.60 1.20 83925.76 1.11 82057.76 1.49 96120.99
a sources: calculated by authors. Units: 100 million CNY. Adjusted by base year 1997 price.

By comparing among expansion paths of physical capital stock and three efficiency units, it

can be seen from Figure 2 that: 1) Augmented by technical progress indices, the efficiency

units are higher than the original, un-adjusted physical capital stock; 2) Though proxied

by different indices, the three efficiency units show similar expansion patterns. 3) Among

the three efficiency units, the capital-coefficient-augmenting one is higher, that might be

due to the mutual relationship between technical progress and capital accumulation, such

as learning by investing.

5.3 Human Capital Stock

The data of total employment L(t), dispersion of education attainment pai(t), are available

in the China Labour Statistical Yearbook, henceforth CLSY. Based on pai(t), we calculate

µ(t), shown in Table 6. From the scatterplot of pai(t) in Figure 3 we can see, around 2004

there is a obvious broken trend. The reason is after the first National Economic Census in

2004, China’s National Bureau of Statistics systematically adjusted the relevant calibers.

Thus it’s necessary to enroll a dummy variable Dm(HC, t): set its value before 2003 as 1,

and after as 0, see Table 6. Suppose pai(t) could be approximated by the following time

series:

pai(t) = c+ β1 · (t− 1996) + β2 ·Dm(HC, t) + ε (22)
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5.4 Government Consumption

Figure 2: Physical capital stock and the three efficiency units(1997-2011)
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Results are shown in Table 7. Set p̂ai(t) = pai(t)−β2 ·Dm(HC, t) as adjusted dispersion,

we re-calculate the average schooling years µ̂(t), shown in Table 6.

5.4 Government Consumption

In order to observe whether government consumption Gov(t) is expansionary relative to

GDP exp(t)14, we establish a econometrical equation

Gov(t) = c+ β ·GDP exp(t) + ε (23)

Extract the residuals from single variable regression results shown in Table 8, set as G(t)
15, we can see G(t) is neither normally nor randomly distributed (Figure 4), implying

14Gov(t) is part of expenditure approach GDP program, thus we analyze the relationship between Gov(t)
and GDP exp(t).

15In order to simplify the following regressions, we taken G(t) into logarithm form, set the base year value
G(1996)=1, the following years’ values indexed as well.
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5 Data Descriptions

Figure 3: Dispersion of education attainment levels, of total employment (1997-2011)
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Table 6: Average schooling years and dispersion of education attainment levels, of total em-
ployment

Before adjustment
La µ pa0 pa1 pa2 pa3 pa4 pa5 pa6

1997 698.19 7.50 11.60 34.80 37.90 12.10 2.53 1.03 0.04
1998 706.37 7.52 11.50 34.20 38.90 11.90 2.46 1.01 0.04
1999 713.94 7.61 11.00 33.30 39.90 11.90 2.74 1.12 0.04
2000b 720.85 7.87 9.40 32.10 41.10 12.70 3.30 1.35 0.05
2001 727.97 8.12 7.80 30.90 42.30 13.50 4.10 1.40 0.00
2002 732.80 8.16 7.80 30.00 43.20 13.10 4.30 1.60 0.00
2003 737.36 8.35 7.10 28.70 43.70 13.60 4.80 1.90 0.20
2004 742.64 8.48 6.20 27.40 45.80 13.40 5.00 2.10 0.10
2005 746.47 8.22 7.76 29.22 44.11 12.14 4.46 2.14 0.18
2006 749.78 8.28 6.73 29.94 44.86 11.85 4.25 2.14 0.23
2007 753.21 8.41 5.98 28.32 46.86 12.19 4.32 2.13 0.20
2008 755.64 8.53 5.29 27.41 47.73 12.72 4.38 2.27 0.21
2009 758.28 8.65 4.77 26.30 48.67 12.78 4.70 2.54 0.23
2010 761.05 9.05 3.41 23.86 48.80 13.87 5.96 3.71 0.39
2011 764.20 9.58 1.97 19.63 48.71 16.73 7.62 4.90 0.44

After adjustment
Dm(HC) µ̂ p̂a0 p̂a1 p̂a2 p̂a3 p̂a4 p̂a5 p̂a6

1997 1.00 6.95 14.18 39.20 36.04 8.15 1.70 0.70 0.03
1998 1.00 6.96 14.08 38.60 37.04 7.93 1.64 0.67 0.02
1999 1.00 7.05 13.58 37.70 38.04 8.04 1.85 0.76 0.03
2000 1.00 7.30 11.98 36.50 39.24 8.95 2.33 0.95 0.04
2001 1.00 7.55 10.38 35.30 40.44 9.85 2.99 1.02 0.00
2002 1.00 7.59 10.38 34.40 41.34 9.56 3.14 1.17 0.00
2003 1.00 7.77 9.68 33.10 41.84 10.20 3.60 1.42 0.15
2004 1.00 7.90 8.78 31.80 43.94 10.06 3.75 1.58 0.08
2005 0.00 8.22 7.76 29.22 44.11 12.14 4.46 2.14 0.18
2006 0.00 8.28 6.73 29.94 44.86 11.85 4.25 2.14 0.23
2007 0.00 8.41 5.98 28.32 46.86 12.19 4.32 2.13 0.20
2008 0.00 8.53 5.29 27.41 47.73 12.72 4.38 2.27 0.21
2009 0.00 8.65 4.77 26.30 48.67 12.78 4.70 2.54 0.23
2010 0.00 9.05 3.41 23.86 48.80 13.87 5.96 3.71 0.39
2011 0.00 9.58 1.97 19.63 48.71 16.73 7.62 4.90 0.44
a L, µ1, pai are measured in units of million persons, year, and %, sourced from CLSY.
b pai data in 2000 is unavailable. The authors approximate by linear interpolation

method.

government consumption does follow some behavioral pattern different from GDP, and

thus should not be ignored.

6 Regressions and Analyses

6.1 Model I

The regression equation of Eq.(2) is written as

ln gdp(t) = c+ β1 · ln κ(t) + β2 · lnG(t) + ε (24)
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6 Regressions and Analyses

Table 7: Smoothing of time series data, average schooling years and dispersion

Dependent variable:

µ pa0 pa1 pa2

(1) (2) (3) (4)

(t − 1996) 0.176∗∗∗ −0.867∗∗∗ −1.259∗∗∗ 0.981∗∗∗

(0.018) (0.050) (0.136) (0.070)
Dm(HC) 0.595∗∗∗ −2.585∗∗∗ −4.403∗∗∗ 1.857∗∗

(0.157) (0.434) (1.176) (0.610)
Constant 6.567∗∗∗ 15.537∗∗∗ 41.495∗∗∗ 35.327∗∗∗

(0.224) (0.621) (1.685) (0.874)

Observations 15 15 15 15
R2 0.937 0.981 0.930 0.977
Adjusted R2 0.927 0.978 0.918 0.974
Residual Std. Error 0.151 0.419 1.136 0.589
F Statistic 89.471∗∗∗ 313.425∗∗∗ 79.734∗∗∗ 259.810∗∗∗

Dependent variable:

pa3 pa4 pa5 pa6

(5) (6) (7) (8)

(t − 1996) 0.420∗∗∗ 0.436∗∗∗ 0.265∗∗∗ 0.024∗∗

(0.101) (0.065) (0.061) (0.008)
Dm(HC) 2.738∗∗∗ 1.826∗∗∗ 0.596 −0.029

(0.876) (0.567) (0.529) (0.069)
Constant 8.148∗∗∗ −0.136 −0.351 −0.020

(1.256) (0.813) (0.758) (0.098)

Observations 15 15 15 15
R2 0.601 0.854 0.795 0.793
Adjusted R2 0.534 0.830 0.761 0.759
Residual Std. Error 0.847 0.548 0.511 0.066
F Statistic 9.033∗∗∗ 35.170∗∗∗ 23.308∗∗∗ 23.027∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 8: Government consumption and GDP, expenditure approach

Dependent variable:

Gov

GDPexp 0.124∗∗∗

(0.003)
Constant 234.066∗∗∗

(56.004)

Observations 16
R2 0.990
Adjusted R2 0.990
Residual Std. Error 90.419
F Statistic 1,458.780∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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6.1 Model I

Figure 4: Residuals of regression explaining GDP by government consumption (1996-2011)
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in which the independent variable κ(t) refers to the combination of per capita physical

capital stock k(t) 16 and per capita HC stock h(t). κ(t)’s production effect depends not

only on input factors k(t) and h(t), but also on substitution parameter ρ and biased

technical progress parameter λ:

κ(t) = k(t)ρ + λ · h(t)ρ (25)

Besides, government consumption G(t) might also alter the change of TFP.

As shown in Eq.(25), it is of the nature of CES production function that estimations on λ

and ρ need to be jointly considered(Klump et al., 2012). Via numerical simulation meth-

ods e.g. Ben-Gad (2012); Leè´¸n-Ledesma et al. (2010), we first simulate the value of λ,

representing different biasedness levels of technical progress, that is 0.2 (high level expan-

sion on physical capital), 0.7 (medium level expansion on physical capital), 1.0 (neutral),

16During the empirics of Model I, we replace k(t) by kP (t), kS(t) and kν(t) respectively, and re-run the
regressions. Results do not differ substantially. Thus in section 6.1, we only take k(t) as instance for
detailed discussions.
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6 Regressions and Analyses

1.3 (medium level expansion on HC) and 1.8 (high level expansion on HC) respectively.

Second, we assume the value of ρ, representing different substitution levels between phys-

ical capital and HC, with the step length 0.001, inside the interval [−40, 0.999] (with 0

excluded). Third, according to simulated combinations of (λ, ρ), we calculate κ(t) by

Eq.(25), and run regressions based on Eq.(24). Results are shown in Figure 5.

In Figure 5, the five rows from top to bottom refer to five scenario settings of biased

technical progress, the two columns from left to right refer to goodness of fit R2, and the

t-value of β1. The higher the R2 and t-value of β1, the better Eq.(24) is in explaining

China’s actual input-output relationship. In case that different values of λ do not alter

Model I’s regression results substantially, hereby we mainly discuss the other parameter

ρâs simulations, separated into two scenarios ρ < 0 and ρ > 0.

1. Inside the interval −∞ < ρ < 0 (0 < σ < 1) where physical capital and HC

show complementarity, as ρ gradually approaches to 0, both R2 and |t| value of

β1 monotonically increase, until ρ → 0(σ → 1), the results are shown in Table

9 Column (1-5). It can be seen that when substitution parameter σ ≈ 1, Model I

explains the best, and the corresponding production function is Cobb-Douglas type.

2. Inside the interval 0 < ρ < 1 (1 < σ <∞) where physical capital and HC show sub-

stitution, as ρ approaches to 1, R2 and |t| value of β1 keep monotonically increasing,

until ρ→ 1 (σ →∞), the results are shown in Table 9 Column (6-10), and marked

as 5 point in Figure 5. In this circumstance, CES production function turns to

be a special case, the linearity one, which means input factors perfectly substitute

each other. However, in real economy the linearity production function doesnât

seem possible to come true. It might be reviewed from the perspective of statistics:

along with the expansion path, to some extent the accumulation of physical capital

accompanies the accumulation of HC, leading to multicolinearity problems during

regressions. In extreme case, when the two capitals accumulate at exactly the same
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6.2 Model II

rate, there will be complete multicolinearity, which means statistically, one capital

can fully substitute the other. However, such statistical result undoubtedly fails to

explain reality: in the real world, physical capital cannot be totally replaced by HC,

and vice versa.

To sum up: 1) If we consider the two capitals to be complement, numerical simulations

show that Cobb-Douglas, a special case of CES production function best fits in explaining

input output. 2) If we consider the two to be substitute, then Linearity, the other special

case of CES production function best fits, while the conclusion 2) is inclined to be a false

statement, from the perspective of reality.

Thus we find either Cobb-Douglas or general type CES may well represent China’s pro-

duction, results based on the two function types do not substantially differ. The latter

one enjoys higher goodness of fit, while the former one is easier to manipulate. By em-

ploying the Occam’s Razor, in the following sections we choose Cobb-Douglas type to

study China’s NPF.

Besides, regression results of Model I also show significantly negative product effect of

government consumption G(t). That will be discussed further in the following section.

6.2 Model II

Based on Eq.(3), Model II can be expressed econometrically as follows

ln gdp(t) = c+ β1 · ln k(t) + β2 · ln h(t) + β3 · lnG(t) + ε (26)

in which k(t) is calculated by k2(t) as well as kp(t), kS(t) and kν(t) respectively, shown in

Table 5; h(t) is proxied by µ̂(t)ã
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6 Regressions and Analyses

Table 9: Model I regressions

ln gdp

Simulated regressions of Cobb-Douglas type

(1) (2) (3) (4) (5)

(λ = 0.2, (λ = 0.7, (λ = 1.0, (λ = 1.3, (λ = 1.8,

ρ = −0.001) ρ = −0.001) ρ = −0.001) ρ = −0.001) ρ = −0.001)

lnκ −916.399∗∗∗ −1, 191.922∗∗∗ −1, 336.373∗∗∗ −1, 467.738∗∗∗ −1, 662.045∗∗∗

(10.542) (15.560) (18.813) (22.169) (27.844)
lnG −0.027∗∗∗ −0.030∗∗∗ −0.031∗∗∗ −0.033∗∗ −0.035∗∗

(0.008) (0.009) (0.010) (0.011) (0.012)
Constant 167.021∗∗∗ 631.959∗∗∗ 925.558∗∗∗ 1, 221.532∗∗∗ 1, 709.997∗∗∗

(1.891) (8.215) (12.992) (18.409) (28.602)

Observations 15 15 15 15 15
R2 0.998 0.998 0.998 0.997 0.997
Adjusted R2 0.998 0.998 0.997 0.997 0.996
Residual Std. Error 0.017 0.020 0.021 0.023 0.025
F Statistic 3,804.334∗∗∗ 2,954.308∗∗∗ 2,540.402∗∗∗ 2,206.983∗∗∗ 1,793.916∗∗∗

ln gdp

Simulated regressions of linearity type

(1) (2) (3) (4) (5)

(λ = 0.2, (λ = 0.7, (λ = 1.0, (λ = 1.3, (λ = 1.8,

ρ = 0.999) ρ = 0.999) ρ = 0.999) ρ = 0.999) ρ = 0.999)

lnκ 0.816∗∗∗ 0.874∗∗∗ 0.908∗∗∗ 0.940∗∗∗ 0.992∗∗∗

(0.009) (0.010) (0.011) (0.012) (0.014)
lnG −0.024∗∗ −0.020∗∗ −0.018∗ −0.016∗ −0.014

(0.008) (0.008) (0.009) (0.009) (0.010)
Constant 0.015 −0.303∗∗∗ −0.488∗∗∗ −0.668∗∗∗ −0.960∗∗∗

(0.049) (0.054) (0.058) (0.063) (0.071)

Observations 15 15 15 15 15
R2 0.999 0.998 0.998 0.998 0.998
Adjusted R2 0.998 0.998 0.998 0.998 0.997
Residual Std. Error 0.017 0.018 0.018 0.019 0.021
F Statistic 4,138.809∗∗∗ 3,744.177∗∗∗ 3,403.778∗∗∗ 3,068.342∗∗∗ 2,584.697∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

We first run single variable OLS to explain gdp(t) by per capita physical capital (effi-

ciency units) k(t) and per capita HC h(t), results in Table 10 Column (1-5) show positive

effects on both independent variables. Obviously, they are all growth determinants of

importance, during the process of China’s NPF analysis.

Then we explain gdp(t) by both k(t) and h(t), bivariate regression results are shown in

Table 11. Compared with single variable regressions, the production elasticity of k(t)

remains positive, while that of h(t) turns to be negative, see Column (1-4). Further,

when government consumption G(t) is also considered, multivariate regression results are

in Column (5-8), showing that h(t)’s production elasticity is still negative; the coefficients

of lnG(t) are significantly negative (except Column 6); and the intercepts are insignificant.
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6.2 Model II

Figure 5: Simulated regressions of CES type
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From the perspective of either theory or reality, it’s unreasonable to argue that Per capita

HC’s stockâs production elasticity turns to be negative in multivariate analysis, with per

capita physical capital and government consumption taken as extra independent variables.

The statistical result does not seem to be reasonable in real economy. Perhaps it is due to

the multicolinearity between two capitals (with correlation coefficient 96%). Inappropriate

model design leads to unrealistic regression results, which means Model II does not fit to

be Chinaâs NPF. Besides, as a byproduct it also confirms one of our arguments about

Model I, that “linearity function type’s best fit . . . is a false statement”(in section 6.1).
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6 Regressions and Analyses

Table 10: Model II regressions: single variable

Dependent variable:

ln gdp

(1) (2) (3) (4) (5)

ln k 0.788∗∗∗

(0.011)
ln kP 0.746∗∗∗

(0.010)
ln kS 0.754∗∗∗

(0.010)
ln kν 0.754∗∗∗

(0.010)
lnh 4.139∗∗∗

(0.200)
Constant 0.031 0.169∗∗∗ 0.139∗∗∗ 0.139∗∗∗ −5.583∗∗∗

(0.043) (0.038) (0.039) (0.039) (0.415)

Observations 15 15 15 15 15
R2 0.997 0.998 0.998 0.998 0.971
Adjusted R2 0.997 0.998 0.997 0.997 0.968
Residual Std. Error 0.022 0.020 0.021 0.021 0.073
F Statistic 4,753.045∗∗∗ 5,735.039∗∗∗ 5,367.946∗∗∗ 5,367.946∗∗∗ 428.976∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

6.3 Model III

Model III Eq.(4a)-(4b) also takes Cobb-Douglas type, but treats the relative density of

two capitals k(t)/h(t) as one independent variable, and capital coefficient k(t)/gdp(t)

or h(t)/gdp(t) as the other. The setting helps to avoid Multicolinearity problems. The

corresponding econometrics are:


ln
[
k(t)
gdp(t)

]
= c+ β1 · ln

[
k(t)
h(t)

]
+ β2 · lnG(t) + ε (27a)

ln
[
gdp(t)
h(t)

]
= c′ + β′1 · ln

[
k(t)
h(t)

]
+ β′2 · lnG(t) + ε′ (27b)

A triple-check mechanism is then designed: if Model III fits to be China’s NPF, then the

regression results of Eq.(27a)-(27b) must satisfy the following conditions:

• Check-1 and Check-2: Both regressions show satisfying goodness of fit R2, with sig-

nificant coefficients including (c, β1, β2), (c′, β′1, β′2), and normally distributed, zero-

means residuals ε and ε′.

• Cross-Check-3:
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6.3 Model III

Table 11: Model II regressions: multiple variables

bivariate

ln gdp

(1) (2) (3) (4)

ln k 0.914∗∗∗

(0.075)
ln kP 0.874∗∗∗

(0.062)
ln kS 0.872∗∗∗

(0.066)
ln kν 0.872∗∗∗

(0.066)
lnh −0.673 −0.723∗ −0.668∗ −0.668∗

(0.400) (0.347) (0.368) (0.368)
Constant 0.955 1.185∗∗ 1.073∗ 1.073∗

(0.550) (0.489) (0.516) (0.516)

Observations 15 15 15 15
R2 0.998 0.998 0.998 0.998
Adjusted R2 0.997 0.998 0.998 0.998
Residual Std. Error 0.021 0.018 0.019 0.019
F Statistic 2,712.896∗∗∗ 3,607.188∗∗∗ 3,158.740∗∗∗ 3,158.740∗∗∗

three variables

ln gdp

(5) (6) (7) (8)

ln k 0.855∗∗∗

(0.065)
ln kP 0.831∗∗∗

(0.062)
ln kS 0.821∗∗∗

(0.060)
ln kν 0.821∗∗∗

(0.060)
lnh −0.342 −0.470 −0.363 −0.363

(0.346) (0.352) (0.335) (0.335)
lnG −0.023∗∗ −0.015 −0.020∗∗ −0.020∗∗

(0.008) (0.009) (0.008) (0.008)
Constant 0.602 0.897∗ 0.736 0.736

(0.465) (0.482) (0.457) (0.457)

Observations 15 15 15 15
R2 0.999 0.999 0.999 0.999
Adjusted R2 0.998 0.998 0.998 0.998
Residual Std. Error 0.017 0.017 0.016 0.016
F Statistic 2,756.745∗∗∗ 2,810.533∗∗∗ 2,957.663∗∗∗ 2,957.663∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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6 Regressions and Analyses

– The production elasticity of physical capital (1 − α), and that of HC α in

Eq.(4a)-(4b), are respectively represented by β1 and β′1. Thus β1 + β′1 = 1

should stand.

– The TFP parameter A(t) in Eq.(4a)-(4b) is composed of two parts. The fixed

part is represented by intercept c and c′, the changing part is by β2 and β′2.

Thus β2 + β′2 = 0, c+ c′ = 0 should stand as well.

Regression results of Model III are shown in Table 12. From top to bottom, row (a-d) lists

results with per capita physical capital valued at k(t), kP (t), kS(t) and kν(t) respectively.

From left to right, column (1-2) lists single and bivariate regression results of Eq.(27a),

column (1’-2’) lists those of Eq.(27b).

Results of single variable regressions show that the conditions of triple check mechanism

are satisfied. Moreover, consider lnG(t) as the second independent variable, bivariate

regression results still satisfies, with significant coefficient of lnG(t). Take k(t) as proxy

of physical capital, China’s NPF can be expressed as

gdp(t) = 0.822 · k(t)0.745 · h(t)0.255 ·G(t)−0.028 (28)

If physical capital stock is proxied as kP (t), kS(t) or kS(t), NPFs are



gdp(t) = 0.854 · kP (t)0.696 · h(t)0.304 ·G(t)−0.023 (29a)

gdp(t) = 0.853 · kS(t)0.705 · h(t)0.295 ·G(t)−0.026 (29b)

gdp(t) = 0.917 · kν(t)0.633 · h(t)0.367 ·G(t)−0.023 (29c)

The coefficients’ value differ from each other in Eq.(29), for example, physical capital’s

product elasticity vary from 0.63 to 0.71. That is due to different efficiency units utilized,

measured by different methods of proxying capital-augmented technical progress. Once

the measurement of technical progress is enlarged, then in the regression results, the
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6.3 Model III

Table 12: Model III regressions

Dependent variable: ln (k/gdp) Dependent variable: ln (gdp/h)

(a1) (a2) (a1’) (a2’)

ln (k/h) 0.259∗∗∗ 0.255∗∗∗ 0.741∗∗∗ 0.745∗∗∗

(0.015) (0.012) (0.015) (0.012)
lnG 0.028∗∗∗ −0.028∗∗∗

(0.008) (0.008)
Constant 0.327∗∗∗ 0.196∗∗∗ −0.327∗∗∗ −0.196∗∗∗

(0.026) (0.045) (0.026) (0.045)

Observations 15 15 15 15
R2 0.957 0.977 0.995 0.997
Adjusted R2 0.954 0.974 0.994 0.997
Res. Std. Error 0.024 0.018 0.024 0.018
F Statistic 289.261∗∗∗ 259.213∗∗∗ 2,369.201∗∗∗ 2,084.218∗∗∗

Dependent variable: ln
(
kP /gdp

)
Dependent variable: ln (gdp/h)

(b1) (b2) (b1’) (b2’)

ln
(
kP /h

)
0.307∗∗∗ 0.304∗∗∗ 0.693∗∗∗ 0.696∗∗∗

(0.013) (0.010) (0.013) (0.011)
lnG 0.023∗∗∗ −0.023∗∗

(0.009) (0.009)
Constant 0.266∗∗∗ 0.158∗∗∗ −0.266∗∗∗ −0.158∗∗∗

(0.024) (0.047) (0.024) (0.047)

Observations 15 15 15 15
R2 0.975 0.984 0.995 0.997
Adjusted R2 0.974 0.981 0.995 0.996
Res. Std. Error 0.023 0.019 0.023 0.019
F Statistic 516.489∗∗∗ 369.509∗∗∗ 2,638.623∗∗∗ 1,874.508∗∗∗

Dependent variable: ln
(
kS/gdp

)
Dependent variable: ln (gdp/h)

(c1) (c2) (c1’) (c2’)

ln
(
kS/h

)
0.299∗∗∗ 0.295∗∗∗ 0.701∗∗∗ 0.705∗∗∗

(0.014) (0.011) (0.014) (0.011)
lnG 0.026∗∗∗ −0.026∗∗∗

(0.008) (0.008)
Constant 0.282∗∗∗ 0.159∗∗∗ −0.282∗∗∗ −0.159∗∗∗

(0.025) (0.044) (0.025) (0.044)

Observations 15 15 15 15
R2 0.973 0.985 0.995 0.997
Adjusted R2 0.970 0.982 0.995 0.997
Res. Std. Error 0.023 0.018 0.023 0.018
F Statistic 461.124∗∗∗ 384.696∗∗∗ 2,545.419∗∗∗ 2,102.232∗∗∗

Dependent variable: ln (kν/gdp) Dependent variable: ln (gdp/h)

(d1) (d2) (d1’) (d2’)

ln (kν/h) 0.370∗∗∗ 0.367∗∗∗ 0.630∗∗∗ 0.633∗∗∗

(0.013) (0.011) (0.013) (0.011)
lnG 0.023∗∗∗ −0.023∗∗

(0.010) (0.010)
Constant 0.198∗∗∗ 0.087∗∗ −0.198∗∗∗ −0.087

(0.024) (0.050) (0.024) (0.050)

Observations 15 15 15 15
R2 0.984 0.989 0.994 0.996
Adjusted R2 0.983 0.987 0.994 0.996
Residual Std. Error 0.024 0.021 0.024 0.021
F Statistic 800.756∗∗∗ 553.848∗∗∗ 2,327.263∗∗∗ 1,604.055∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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7 Conclusions and Prospects

production elasticity of efficient physical capital stock is diminished, vice versa. Also, the

larger the measurement of labor augmenting technical progress, the less the production

elasticity of HC stock. Thus it’s empirically difficult to absolutely distinguish between

capital-augmenting and labor-augmenting technical progress. In real economy they two

might stick together and produce mixed affects on economic growth.

To sum up: from the perspective of growth expansion path, we empirically study the

effects of relative density of two capitals (input), on capital coefficient (output), based

on Model III. We find that Model III is effective in explaining the actual production

process. Besides, government consumption negatively affects TFP change, which means

over-expansionary government expenditure lowers down technical progress, and further-

more growth rate.

7 Conclusions and Prospects

1.model selection.

In this article, we first numerically simulate CES production functions with possible pa-

rameter combinations (Model I), to compare their fits. After comparisions, we choose

Cobb-Douglas type to further analyze China’s production, in which input/output is ex-

pressed in per capita quantity form (Model II), or relative capital density/capital coeffi-

cient form (Model III). The results show that Model II is defected due to multicolinearity

problems, while Model III appropriately realizes China’s past decades production. In

the future research, we will employ the Cobb-Douglas type production function based

on Model III, to further derive China’s national economy expansion, and eventually to

develop endogenous growth model.

2.proxy selection on HC.
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In this article as well as the preceding one (Feng et al., 2012), we proxy HC stock by

employment’s average schooling years (mean index) and/or dispersion of education at-

tainment (dispersion index). Empirical results once again confirm the argument that HC

accumulation is important driving force of growth; and moreover, they are both appro-

priate indices to proxy Chinaâs HC stock. In the future research endeavors of China’s

endogenous growth model, if mean index is taken as endogenous state variable, then an

extra HC sector (or education sector) need to be taken inside the model. If the model

aims at some specific level’s (eg. college) HC accumulation and its growth effects, then

dispersion index is preferred to proxying labor augmenting technical progress, and corre-

spondingly, in the growth model HC sectors of multiple levels are to be taken inside.

3.proxy selection on physical capital.

The difficulties in measuring China’s physical capital stock are first, different calibers lead

to data mismatch between investment (in expenditure approach) and depreciation (in

income approach); second, when income approach GRP data are utilized to approximate

national-level accounting data, we find the approximated depreciation in recent years is

obviously low, which does not seem possible. Thus we deliberate an adjustment plan by

empirical test, to prove the planâs plausibility.

Besides, based on vintage capital theory, in this paper we try to proxy capital augmenting

technical progress by three indices, the price index, the industrial structure index, and

capital coefficient index. Empirical analyses show they three are all valid proxies, when

augmenting physical capital to efficiency units. In the future research, which index is to

be chosen to endogenously represent capital augmenting technical progress, depends on

sectoral structure settings of the growth model. 1) If the model includes the following

sectors, i.e. the domestic/international financial sector (central bank included), and in-

vestment goods/ consumption goods production sector, then price index is preferred to

proxying technical progress. 2) If the model includes preliminary, secondary and tertiary
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production sectors, then structure index is preferred. 3) If neither industrial sectors nor

financial sectors are distinguished, then the preferred endogenous proxy is capital coeffi-

cient. Apparently, among the three, the last one brings the least complexity to modeling

work.

4.effects of government consumption on TFP.

In TFP there embeds neutral technical progress that affects both physical capital, and HC.

TFP change might be due to changes of government behavior. We build a proxy to rep-

resent the neutral technical progress, by comparing the relative expansion of government

consumption to GDP. Empirical result is, as government consumption is expansionary,

TFP diminishes downwardly, producing significantly negative output effect17.

While it is worth noting, that the method of proxying government behavior by the only

index, government consumption, might be insufficient, due to the reason that government

behaviors do affect huge aspects of China economy. In the future research, it is also

of interest to split government expenditures into detailed sub items, to further analyze

their growth effects, in order to provide more policy suggestions to public policy decision

making.
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