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This research attempts to place the formal Sraffian model with linear production
sets into a general equilibrium framework and to derive a quantitative transformation
theorem about Marxian theory of labor value and production price. Marxian
reproduction solution established a dynamic general economic equilibrium which can
be characterized by input-output ratio, namely, the reduced Organic Composite of
Capital divided by the total productivity rate. The labor value thus the value rate of
profit (ROP) can be determined from the production price by the use of the
input-output matrix analysis. The increased value ROP and the decreased price ROP
of USA around 2006/2007 revealed that there was an OCC reduction. Under the
framework of the dynamic Marxian general equilibrium, it is possible to undergo an
optimal planning about an economic system by the regulation of the government input,
entrepreneur taxation, and minimal wage rate. In the first part of this paper, a
neoclassical framework is proposed which places the Marxian conceptions of both
Constant Capital and Variable Capital into a Cobb-Douglas production function like

model in order to obtain the mathematical formulations of   1
0 VCeBQ ft and

  1
0 VCebM pt as well as   1

0 VCeaY Ft , which leads to the Marxian 1st

theorem about technical progress:  /)1( pwnm   . In the second part, the
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general equilibrium properties of the quantitative Marxian productivity theories are
investigated by using variation method. The Marxian 2nd theorem about dynamic
equilibrium asserts, there is a input-output equilibrium existed in the reproduction

process between Two Departments ** CY   ; The Marxian 3rd theorem states that only

equilibrium growth leads to the positive value of the productivity parameter which is
defined as the product of the change rate of the organic composite of capital with the

labor output elasticity of Cobb-Douglas production function[ *)1( gF  ], as well

as the rising rate of profit. The present paper is also a generalization of the precise
conditions under which the profit rate rises or falls. Only when an economic system
achieves the Marxian equilibrium including its each production Department, there
would be no business cycle; otherwise there exists some potential crisis. At last, an
ecological Marxism model is proposed as a criterion for a regional optimal economic
growth.

I. Marx Productivity Economics1

Marx's labor theory of value2 pointed out that the value of each commodity (Q)
contained three sources: the first part is “constant capital (C)”, representing the value
transferred from raw materials and machinery used up, the second part is “variable
capital (V)” replacing the value of the labor power, and the third part is the surplus
value (M) including net profit (P) and taxation (T). Therefore, the total value Q is
expressed as a linear production function:
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Where
C = nK (K: capital, n: capital turnover rate), constant capital;
V = wL (L: labor, w: per-capita wages), variable capital

P': the productivity rate, 1')/('  pVCQP

M: the surplus value

p': the rate of profit, 1')1/(')/('  PgmVCMp

m': the rate of surplus value, m'= M/V

g: the organic composition of capital (OCC): wnkwLnKVCg /)/(/ 

Differentiating Q with respect to time t yields:

1 曾尔曼.《马克思生产力经济学导引》[M]，厦门大学出版社，2016.01.
2 马克思.《资本论》I [M]. 北京：人民出版社，1975.
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re-integration gives the Labor Value Function3 Q as:
  1

0 VCeBQ ft

f: the productivity growth rate,

)(*,)1()1( CQggCQf   

and the cost function is:   1
0 VCcVCCv .
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After integration, Marx surplus value function4 M is obtained as:
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As well as the function of the rate of surplus value m', p is the growth rate of profit.
Using the similar mathematical process, the Cobb-Douglas production function5

can be rewritten as:
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After integration, the production function became:

3 曾尔曼.《厦门科技》2014（3）31-35.
4 曾尔曼.《厦门科技》2015（2）27-29;第四届中国经济学年会会议论文.
5 Cobb C.W., Douglas P.H. “A Theory of Production”, Amer. Econ. Rev. 1928,8(1), Spp1.139-165.
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Therefore, it’s obvious that the rate of technical change (m) could be characterized as
the linear combination of the growth rate of profit (p’), the wage(w), and the capital
circulation (n) with respect to the labor output elasticity of C-D production
function(1-). Technological progress ought to improve the rate of profit, wage rates
and cash flow. Technical change stems from the division of labor, exacerbated by the
division of labor. The rate of technological progress (Solow residue6) is proportional
to the growth rate of profit p (thus productivity growth rate f).

Okishio Theorem7 asserts that if real wages remain unchanged, the rate of profit
necessarily rises in consequence of an cost-saving technology innovation. Then after
transformation, the relationship between the profit rate and the organic composition of
capital can be obtained:
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the growth rate of profit is determined by the growth rate of labor productivity (y)
positively only; it seems that Marx was right about that the rate of profit tends to fall
due to the rise of the OCC (g).

Differentiates p’ with t:

1

1

1
''

















g
w
y

wnk
wy

VC
VY

g
m

Cv
Mp

6 Solow RM. Technical Change and the Aggregate Production Function [J]. The Review of Economics and
Statistics, 1957, 39(3): 312-320.
7 Okishio, N. "Technical Change and the Rate of Profit", Kobe Univ. Econ. Review, 7, 1961, pp. 85–99.
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And the following relationships about the equilibrium state are obtained:
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Therefore, the Marx production function is obtained as:
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Since the above derivation is based on the equilibrium condition, the symbol “*” is
put as a label, and the productivity development parameter (F) is characterized as:

*)1( gF 

Thus ， the Solow residue combined with Okishio theorem could be rewritten as
Marxian 1st theorem about technical change, which depends upon the combination of
the growth rates of capital circulating, the wage, and the profit rate:
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Under C-D production function situation where only K and L are taken into
consideration, there is:
m=F.

The division of labor by Adam Smith8 can be characterized as the labor output

elasticity )1(  of the Cobb-Douglas production function:
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8 亚当·斯密著，郭大力 王亚南译. 国民财富的性质和原因的研究[M]. 北京：商务印书馆，1972.
9 Young AA. Increasing Returns and Economic Progress [J]. The Economic Journal, 1928, 38: 527-42.
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All the equations are:

10 Schumpeter, J.A. The theory of economic development: an inquiry into profits, capital, credit, interest, and the
business cycle translated from the German by Redvers Opie (1961) New York: OUP
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II. Transformation Problem11

If there is no currency inflation，and the values of commodities keep invariant,
then we have:
C+V=Cv=N=const.,
C’+V’=P1C+P2V,
dN=0=dCv=d(C’+V’)
dC=dV=0
Total value (C+V) equal total production price (C’+V’):
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Total profit equals total surplus values.
For a Marxian two production departments system:

11 Samuelson,PA.: Understanding the Marxian notion of exploitation: a summary of the so-called transformation
problem between Marxian values and competitive prices, Jour. Econ. Liter. 1971, 9, 399-431

)(')(')(''
;

;1,)()('

)()(''''

21321

21

3
1

21
1

213

1
21

1
21321

VPCPrVCpMMPVPCPQM
VCVPCP

PMPMPVPCPbMPM

QPQPVPCPBMPVPCPMVCQ

















9

1

1

2

2

2

2

1

1

2

2

1

1
21

2

1

2

1

2

1

2

2

2

2

1

1

1

1

2

1

2

1

2

1

22

11

222221

111211

21

21222222

2121111111

1,1

10
01

0
0

)Re:(,

Q
Y

Q
C

Q
Y

Q
C

Q
Y

Q
C

P
P

P
P

P
P

Q
Y

Q
C

Q
Y

Q
C

P
P

Q
Q

P
P

YC
YC

QPYPCP
QPYPCP

QQQ
YYYQYCMVC

productionSimpleCYCCCQYCMVC








































































































: Marx eigenvalue,
Pi: Marx price eigenvector
Or in a three production departments system described by J. Winternitz12:

3

3

3

3

3

3

2

2

2

2

2

2

1

1

1

1

1

1

32

3

3

2

2

1

1
32

1

3

2

1

3

2

1

3

3

3

3

3

3

2

2

2

2

2

2

1

1

1

1

1

1

3

2

1

3

2

1

3

2

1

333

222

111

3213333333231

3212222232221

3211111131211

det*

,1

,1

,

00
00
00

)(:)3(
)(:)2(

)(:)1(

Q
M

Q
V

Q
C

Q
M

Q
V

Q
C

Q
M

Q
V

Q
C

Q
M

Q
V

Q
C

P
P
P

P
P
P

Q
M

Q
V

Q
C

Q
M

Q
V

Q
C

Q
M

Q
V

Q
C

P
P
P

Q
Q

Q

P
P
P

MVC
MVC
MVC

MMMPMPQPMPVPCP
VVVPVPQPMPVPCP
CCCPCPQPMPVPCP















































































































































12 ‘Values and Prices: a solution to the so-called transformation problem’, Econ. Jour. 1948, 58, 276-280.



10

IorIPP
P
PIPIPP  

2 121
1

2
2

1
21 P)1(P:,)1(,lnlnln 

1. For I≠1, using WolframAlpha13:

P^=(1-+P*)*I

  0.6 0.7
I = 1.05 0.796±0.583i 0.757±0.606i

1.10 0.624±0.749i 0.561±0.758i
1.15 0.477±0.837i 0.400±0.826i

2. For I=1:

13 http://www.wolframalpha.com/
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Taking into consideration of the prices, the change rate of OCC would be:
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III. Economic crisis theory
In Das Kapital, Marx14 defined the reproduction schemes as abstract, two-sector

models of the production and circulation of capital. Department one produces means

of production, the value of its output(Q1) is made up of 1111 QMVC  ; where C1 is

the constant capital and V1 the variable capital used up in production, M1 is the
surplus value produced. Department two produces means of consumption and the

value of its output (Q2) is likewise made up of 2222 QMVC  . Simple

reproduction requires that capitalists in Department two acquire means of production
to the value C2 from Department one in order to be able to produce again, namely：

1112 YMVC  ， therefor---the Marxian 1st theorem: 12 YC   ; Then, Marx’s theory

about crisis is:
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Namely, if an economic system achieves the Marxian equilibrium including its each

production Department ( CCYCYY   2211 ), there would be no business cycle;

otherwise there exists some potential crisis:

14 马克思.《资本论》I [M]. 北京：人民出版社，1975.
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Moreover, under the situation of simple production:
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according to Leontief’s input-output theory15 and the steady state analysis of the CD
production function16, there should be a dynamic input-output equilibrium between
Department I (input: C) and Department II (output: Y=V+M)
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Marxian 2nd theorem about reproducibility states: there is a dynamic input-output
equilibrium inside an economic system. The regression analysis of the USA
manufacture industry data17 from 1958-1996 supported the above results：

Fig.1: Reg. Anal. of Y &Q vs.C

dlnQ/d = 0.9892

R2 = 0.9459

dlnY/d = 0.9795

R2 = 0.8002

-

0

5

1

1

2

-4 - 0 2 4 6 8 10 12 1 1

The Marxian 3rd theorem about productivity development asserts: only Marxian
equilibrium leads to productivity development and a rising profit rate.

15 Wassily Leontief.Conference on Research in Income and Wealth, 1955. "Input-Output Analysis: An
Appraisal," NBER Books, National Bureau of Economic Research, Inc, number 2864.
16 Solow R.M. A Contribution to the Theory of Economic Growth [J]. The Quarterly Journal of Economics, 1956,
(1), 65-94
17 NBER-CES Manufacturing Industry Database [EB/OL].(2011-02-02)[2012-10-11]. www.nber.org.

https://ideas.repec.org/b/nbr/nberbk/unkn55-2.html
https://ideas.repec.org/b/nbr/nberbk/unkn55-2.html
https://ideas.repec.org/s/nbr/nberbk.html
http://www.nber.org/
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IV. Marxian Equilibrium Growth
The tendency of the rate of profit depends on the OCC(g) and the output elasticity

of the constant capital(), similar to the conclusion obtained by D.H. Dickinson18:
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By means of variation, Marx was right about the falling rate of the profit only
under the competitive equilibrium situation with constant division of labour,
otherwise the rate of profit would not fall：
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Moreover，the rate of variable capital accumulation will increase under equilibrium
state：
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V. The ecological Marxism
The first-rate reaction of natural decomposition of some Persistent Organic

Pollutants is： tkieCC  0 ，k: reaction rate, C: concentration of certain POPs； the

economic growth could be related to the amount of the POPs19 as： CbaY lnln  ，
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a、b are both positive coefficients；therefore, the total change of the POPs is：
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The environment couldn’t be worse meaning the amount of POPs wouldn’t increase:

19 Private communication with Prof. QQ WANG (Chem. Coll., XiaMen Univ.)
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namely, the growth rate of GDP should not be over a critic value.

VI. Theory of productivity development20
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(b) steady state growth:

20 曾尔曼，《马克思生产力经济学导引》，厦门大学出版社,(Erman ZENG: Introducing Marxian Productivity
Economics, Xiamen Univ. Press), p.123, 2016
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Robinson21 argues that there is a contradiction between the first and second
volumes of Capital: in Capital, Volume I, Marx assumes that a rising labor

21 An Essay on Marxian Economics (1942), Second Edition (1966) (The Macmillan Press
Ltd, ISBN 0-333-05800-3)

https://en.wikipedia.org/wiki/Das_Kapital
https://en.wikipedia.org/wiki/Capital,_Volume_I
https://en.wikipedia.org/wiki/An_Essay_on_Marxian_Economics
https://en.wikipedia.org/wiki/Special:BookSources/0333058003
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productivity leads to a rising rate of exploitation, whereas in Capital, Volume III he
assumes that rising labor productivity could lead, through a stable rate of exploitation,
to a rising rate of real wages and a declining rate of profit.
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we see that the rate of profit (p’) in terms of value might not tend to fall as long as
either the rate of surplus value (m’) in terms of value or the degree of the roundabout
production (1-) increases, so does the productivity (P’) rate. So far, we are talking
about the value system all the time, however, it is the production price system existed
in reality; we cannot assure that the price ROP (r’) behave the same way as the value
ROP (p’):

https://en.wikipedia.org/wiki/Capital,_Volume_III
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VII. Characterization of Kaldor’s facts22

If there is no inflation, the total values of input commodities represented by the
production prices remain unchanged:
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therefore, total production prices equal to total values of labor and commodities; total
profits equal to total surplus values; the price rate of profit (r’) equals the value rate of
profit (p’). When there is some inflation:
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22 Kaldor, Nicholas (1957). "A Model of Economic Growth". The Economic Journal. 67 (268): 591–624.
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Marx is right about the falling tendency of the price rate of profit, but not the value
rate of profit.

At the same time, the labor value can be determined by the transformation model;
the companying eigenvectors of a 3x3 matrix are the coefficients of price-value ratio
of an economic system, which is divided into three production sectors, namely, first
the production of the means of production (Department I), second the production of
articles of consumption (Department II), and third the production of capital goods
(Department III):
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so, the mean labor value of the three production departments can be calculated as
following:
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In Marxian models, competition among firms may lead to an “equilibrium”
characterized by equal profit rates or exploitation/surplus rates in all sectors. But here
is no such guarantee that a dynamic economic process of price adjustment will
converge to a uniform rate of surplus value or equal-profit-rate23. However, the
Marxian general equilibrium state could be characterized by the input/(total) output
ratio with the reduced organic composite of capital  divided by the productivity P’:
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Here we see  is much more suitable than the surplus value rate m’ or the profit
rate p’ to characterize the economic equilibrium state since we can take advantage of
the intermediate input coefficient matrix to calculate the eigenvalue directly, besides
when approaching the Marxian general equilibrium state, the value of  changed little.

23 Nikaido，H：“Refutation of the dynamic equalization of profit rates in Marx’s scheme of reproduction”1978,
Univ. South. Cal.；
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By using the Matrix analysis technique upon the Input-Output Table, the
eigenvalue of the intermediate input coefficients matrix could be obtained, and the
reduced OCC  thus the degree of roundabout production(1-)24, as well as the value
rate of profit p’. Similarly,
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from the eigenvalue of the intermediate input coefficients matrix, the elasticity of the
capital production thus the degree of labor division25 could also be obtained, and so
on as well as OCC and ROP:
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24 Young AA. Increasing Returns and Economic Progress [J]. The Economic Journal, 1928, 38: 527-42.
25 Adam Smith : The Wealth of Nations (Bantam Classics),2003
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According to the Germany 2000 input-output matrix26 (7-sectoral aggregation,
Table 1), the eigenvalue  equals，the companying (value-price transformation)

eigenvector is： 

According to the UK 2000 input-output data27 (change from 123x123 to 3x3,
Table 2 ） , the eigenvalue of  equals tothe companying (value-price

transformation) eigenvector is： the value rate of profit (ROP)

p’=8.55%, the price ROP r’=20.7%，*p’)
p’=

According to the PRC 2000 input-output direct consumption coefficient
data29(6x6 to 3x3, Table 3):

Table 3 (PRC) Agr Ind Con T Bus Other
Agric 0.1525828 0.0577784 0.0038685 0.0011993 0.0537537 0.0073763

Indus 0.2047609 0.5685721 0.5426612 0.3459779 0.2759972 0.229536

Const 0.002155 0.0009704 0.0005986 0.0196918 0.0043322 0.0282213

T&T 0.0139507 0.0243611 0.0694626 0.0390754 0.0314647 0.0656174

Busi 0.0190034 0.0405975 0.0650467 0.019845 0.0863221 0.0394385

Other 0.0292091 0.0258501 0.0501379 0.0589961 0.1138938 0.1140228

the eigenvalue of  equals tochanged to a 3x3 table:

26 Flaschel,P: 《Topics in Classical Micro- and Macroeconomics: Elements of a Critique of Neoricardian
Theory》，p.64，Springer，2010

27 https://data.gov.uk/dataset/input-output_supply_and_use_tables
29 刘起运等编著，《投入产出分析》，人大版，2006，p.163
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the companying (value-price transformation) eigenvector is: (0.954, 0.261,
0.146)Tthe value rate of profit p’=2.20% ， the price rate of profit r’=12.9% ，

*p’)
According to the USA 1997-2014 input-output data30 (15x15 to 3x3, Table 4), in

the year 2000 the eigenvalue of  equals to0.489：

the value ROP p’=15.8% the price ROP r’=28.8% ， *p’)Detailed
analyses reveal that, around year 2007/2008, the price ROP and the value ROP
underwent a little different trajectory, theoretical derivation explains that USA was in
the transition of economic structure transformation:
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0.7696 0.5042 0.6025

0.1206 0.4024 0.2815

0.1098 0.0933 0.1160



26

Fig.1 Analysis of USA’s price ROP r’ vs. value ROP p'

In 2007/2008, there is a changing of the price OCC (organic composite of capital) in
the states, the price ROP fell while the value ROP rose, which coincides with the
results about the productivity analysis:
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m
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31 曾尔曼，《马克思生产力经济学导引》，p.169, 厦门大学出版社，2016
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VIII. Optimal Economic Planning
According to Marxian general equilibrium, which is indeed of macro dynamic,

the growth rates of both departments should equal:
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Therefore, there could be a policy regulation among the government input, namely
constant capital (C’=C-k), and the income (Y’=Y+k) distribution—the wage rate
(1/L=w), and the surplus value (2+ including government taxation  and
entrepreneur profit 2:



28

;
1

'''''''

,'''''',',

);
11

()1(

/),1(,

1

tt

k

t

k
k

tt

k

t

kt

kk

CQ
CY
QC

C
CC

Q
CYQY

Q
YC

Q
CQYCY

Q
YC

Q
CQ

TPVMVYYCCYYCCQQ

TPVY

TPTTPM
Y

TTPPV
Y
MY

Y
MMVVY
































































k

t

t

t

t

t

t

t

t tT
T

tP
P

tV
V

tY
YY




































 

21

1

2

1 ),
11

()1('

);0111,5.0:)](
)1(

1([

)111(
1

)111(*























ifpTYT

pTYgTY
T

t

t





)1(1)1(

)11(

')()1(

)()
11

())(1(

)
11

())(1(1'

1

11

2
1

1

1

2

1

tt

tt
k

t

k

t

k

t

tttt

t

t

t

t

t

MV

MC
YC

C
CC

MV
Y

M
TP

V
V

T
T

P
P

V
V

tY





















































































Analysis of PRChina’s input-output data (1997-2012)32 showed: α=0.636,
β=0.890, p=-0.00679<0, at year 2010: V2010=1.91^10(k ￥ ), M2010=1.573^10(k ￥ ),
T2010=5.99^8, L=7.61^9, 2010=1.626, 1=1854^8>0, w=244，2=1458^8，k=3657^8，

126.0,165.0,154.0,138.0137.0148.0152.0  VPMTYQC 
：

32 曾尔曼：《马克思生产力经济学导引》，2016,p158，厦门大学出版社.
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Fig.2 Analysis of PRChina’s input-output data (1997-2012)

1>0, 2>0，=k-(1+2)=344^8(RMB)>0:

Table 7 PRC 2  1 k w
2012 19983573 4226791 21739075 45949439 283.42

2010 14583165 3440343 18543975 36567483 243.66

2007 11710888 2211914 9937937 23860738 131.94

2005 8517318 1454998 5735870 15708186 76.84

2002 5034615 1002757 2460647 8498019 33.579

2000 2636323 770200 3862052 7268575 53.576

1997 2541417 588307 2303198 5432923 32.988

IX. Conclusion
Marxian reproduction solution established an economic equilibrium, which can

be characterized by input-(total) output ratio, namely, the reduced Organic Composite
of Capital divided by the total productivity. The labor value can be determined from
the production price by the use of the input-output matrix analysis. The value ROP
and the price ROP analyses of input-output data provide an accurate description on
the OCC change, which reflects the industry structure adjustment. Under the
framework of the dynamic Marxian general equilibrium, it is possible to undergo an
optimization about an economic system by the regulation of the input, taxation, and
minimal wage rate, so as to realize the development of the productivity of the society.

In short, this study is aimed to obtain a quantitative description of Marxian capital
theory including Marx labour value function and Marx surplus value function as well
as Marx production function. The labor output elasticity ( 1 ) of Cobb-Douglas
production function is defined as the parameter for the division of labor. The
productivity parameter in Marx production function is defined as the product of the
change rate of the organic composite of capital with the coefficient of the division of
labor. Furthermore, three Marxian theorems are proposed, which assert that there is a
dynamic equilibrium existed in reproduction between the Two Departments, only
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equilibrium growth leads to the positive value of the productivity parameter
(Productivity Development Theorem) and also the rate of profit, of which the change
rate combined that of the wage and capital circulating with respect to the capital
output elasticity of Cobb-Douglas production function characterizes the technological
progress rate or as called the Solow residue. By means of variation, the tendency of
the profit rate to fall is proved under the situation that the degree of the labor division
remains unchanged.

X. P.S.---Analyses of OECD countries
Using the input-output data of some OECD countries33，the productivity growth

rates are obtained34：
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DEU m' p' P/T g p'(n) F
1991 0.62 0.25 1.79 1.53 0.16
1992 0.60 0.24 1.66 1.47 0.15 -0.002
1993 0.61 0.25 1.54 1.43 0.15 0.010
1994 0.64 0.26 1.68 1.45 0.16 0.015
1995 0.65 0.26 1.71 1.47 0.17 0.002
1996 0.66 0.27 1.71 1.48 0.17 0.004
1997 0.69 0.27 1.73 1.53 0.17 0.009
1998 0.69 0.27 1.74 1.56 0.17 -0.002
1999 0.68 0.26 1.66 1.61 0.16 -0.018
2000 0.65 0.24 1.55 1.67 0.15 -0.023
2001 0.67 0.25 1.55 1.69 0.15 0.007
2002 0.68 0.26 1.56 1.63 0.16 0.019
2003 0.69 0.26 1.56 1.66 0.16 -0.003
2004 0.73 0.27 1.65 1.72 0.17 0.014

33 http://stats.oecd.org
34 曾尔曼：《厦门科技》2015(2)27.
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2005 0.76 0.27 1.72 1.83 0.17 0.002
2006 0.80 0.27 1.86 1.93 0.18 0.008
2007 0.83 0.28 1.88 2.01 0.18 0.005
2008 0.80 0.27 1.76 2.02 0.17 -0.018
2009 0.72 0.25 1.44 1.82 0.15 -0.021
2010 0.76 0.26 1.63 1.92 0.16 0.010
2011 0.75 0.25 1.60 2.03 0.15 -0.024

2000-11:  f=-0.0011  F=-0.0023 p

0',0,  mfFpVYQMC 



32

JPN m' p' g P/T p'(net) F

2000 0.93 0.37 1.53 0.84 0.17
2001 0.92 0.37 1.51 0.79 0.16 -0.002
2002 0.95 0.38 1.51 0.84 0.17 0.019
2003 0.98 0.39 1.53 0.84 0.18 0.008
2004 1.02 0.39 1.60 0.84 0.18 0.006
2005 1.02 0.39 1.65 0.87 0.18 -0.008
2006 0.99 0.37 1.70 0.81 0.16 -0.024
2007 1.02 0.37 1.79 0.84 0.17 0.000
2008 0.97 0.34 1.84 0.75 0.15 -0.036
2009 0.91 0.36 1.56 0.67 0.14 0.017

2000-09:  f=0.0066  F=0.012 p


0',0,0  mfFpVYMQC 
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0'm0,<f<F<p,   MYVQC

KOR m' g p' F
1970 1.711 3.497 0.380
1971 1.732 3.585 0.378 -0.004
1972 1.813 3.673 0.388 0.017
1973 1.789 3.846 0.369 -0.032
1974 1.914 4.436 0.352 -0.033
1975 1.857 4.347 0.347 -0.009
1976 1.753 4.074 0.345 -0.004
1977 1.614 3.708 0.343 -0.006
1978 1.464 3.498 0.325 -0.032
1979 1.368 3.493 0.305 -0.039
1980 1.284 3.825 0.266 -0.077
1981 1.324 3.877 0.272 0.011
1982 1.288 3.739 0.272 0.001
1983 1.212 3.564 0.266 -0.013
1984 1.230 3.542 0.271 0.010
1985 1.263 3.483 0.282 0.022
1986 1.284 3.442 0.289 0.014
1987 1.242 3.423 0.281 -0.016
1988 1.174 3.195 0.280 -0.003
1989 1.071 2.939 0.272 -0.016
1990 1.023 2.789 0.270 -0.004
1991 0.977 2.649 0.268 -0.005
1992 0.981 2.613 0.272 0.007
1993 0.981 2.555 0.276 0.008
1994 0.971 2.521 0.276 0.000
1995 0.940 2.526 0.267 -0.017
1996 0.890 2.496 0.255 -0.022
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1997 0.951 2.596 0.264 0.018
1998 1.050 2.887 0.270 0.009
1999 1.086 2.936 0.276 0.011
2000 1.080 2.986 0.271 -0.010
2001 1.038 2.873 0.268 -0.006
2002 1.042 2.839 0.271 0.006
2003 1.001 2.794 0.264 -0.014
2004 1.009 2.941 0.256 -0.015
2005 0.958 2.970 0.241 -0.030
2006 0.940 3.014 0.234 -0.014
2007 0.948 3.105 0.231 -0.007
2008 0.936 3.549 0.206 -0.057
2009 0.942 3.399 0.214 0.019
2010 1.003 3.652 0.216 0.002

2001-10:  f=-0.0045  F=-0.010 p

NOR P/T g m' p' p'(n) F
1970 1.731 1.745 0.815 0.297 0.188
1971 1.874 1.680 0.729 0.272 0.177 -0.039
1972 1.887 1.601 0.713 0.274 0.179 0.003
1973 2.046 1.607 0.730 0.280 0.188 0.009
1974 2.392 1.757 0.759 0.275 0.194 -0.008
1975 2.067 1.665 0.694 0.260 0.176 -0.024
1976 1.960 1.614 0.653 0.250 0.165 -0.017
1977 1.869 1.600 0.638 0.245 0.160 -0.007
1978 1.771 1.545 0.657 0.258 0.165 0.020
1979 1.856 1.682 0.753 0.281 0.182 0.034
1980 2.301 1.749 0.859 0.312 0.218 0.047
1981 2.328 1.771 0.870 0.314 0.219 0.002
1982 2.307 1.734 0.857 0.313 0.219 -0.001
1983 2.100 1.745 0.898 0.327 0.222 0.020
1984 2.158 1.768 0.958 0.346 0.237 0.027
1985 2.042 1.803 0.932 0.333 0.223 -0.020
1986 1.560 1.720 0.731 0.269 0.164 -0.097
1987 1.432 1.714 0.691 0.254 0.150 -0.023
1988 1.318 1.685 0.684 0.255 0.145 0.000
1989 1.470 1.711 0.794 0.293 0.174 0.059
1990 1.596 1.734 0.836 0.306 0.188 0.019
1991 1.690 1.707 0.844 0.312 0.196 0.009
1992 1.629 1.670 0.817 0.306 0.190 -0.009
1993 1.735 1.697 0.852 0.316 0.200 0.014
1994 1.739 1.734 0.833 0.305 0.193 -0.016
1995 1.854 1.731 0.844 0.309 0.201 0.007
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1996 2.030 1.753 0.885 0.321 0.215 0.018
1997 2.060 1.782 0.883 0.317 0.214 -0.006
1998 1.693 1.750 0.737 0.268 0.169 -0.075
1999 1.808 1.735 0.776 0.284 0.183 0.024
2000 2.729 1.753 1.040 0.378 0.276 0.135
2001 2.575 1.749 0.997 0.363 0.261 -0.020
2002 2.191 1.681 0.899 0.335 0.230 -0.039
2003 2.353 1.675 0.928 0.347 0.244 0.016
2004 2.817 1.720 1.028 0.378 0.279 0.042
2005 3.323 1.768 1.145 0.413 0.318 0.047
2006 3.551 1.841 1.185 0.417 0.325 0.005
2007 3.239 1.886 1.069 0.371 0.283 -0.063
2008 3.439 1.882 1.123 0.390 0.302 0.026
2009 2.254 1.729 0.882 0.323 0.224 -0.096
2010 2.350 1.745 0.939 0.342 0.240 0.028
2011 2.367 1.754 0.978 0.355 0.250 0.018

2000-11:  f=-0.0026  F=-0.0048 p

0'm0,<f<F<p,0   MYVQC

SWE m' p' g P/T p'(net) F
1993 0.56 0.21 1.67 1.79 0.13
1994 0.59 0.21 1.75 2.17 0.15 0.011



36

1995 0.66 0.23 1.81 2.27 0.16 0.034
1996 0.61 0.22 1.73 1.74 0.14 -0.022
1997 0.62 0.22 1.78 1.59 0.14 0.003
1998 0.63 0.22 1.80 1.37 0.13 0.000
1999 0.66 0.23 1.83 1.18 0.13 0.016
2000 0.60 0.21 1.83 1.17 0.12 -0.034
2001 0.55 0.20 1.79 0.98 0.10 -0.029
2002 0.56 0.21 1.74 1.00 0.10 0.014
2003 0.58 0.22 1.70 1.07 0.11 0.017
2004 0.61 0.22 1.76 1.17 0.12 0.008
2005 0.61 0.22 1.83 1.22 0.12 -0.007
2006 0.65 0.22 1.91 1.28 0.13 0.015
2007 0.63 0.22 1.91 1.23 0.12 -0.013
2008 0.63 0.21 1.96 0.98 0.11 -0.009
2009 0.59 0.21 1.81 0.76 0.09 -0.007
2010 0.64 0.22 1.87 1.01 0.11 0.024

2000-10:  f=0.00126  F=0.0027 p

0'm0,fFp,   VYQCM

SVN p' P/T m' p'(n) g F
1995 0.185 1.002 0.544 0.093 1.933
1996 0.198 0.921 0.595 0.095 2.001 0.024
1997 0.221 1.036 0.675 0.113 2.047 0.043
1998 0.228 1.017 0.698 0.115 2.067 0.011
1999 0.238 1.088 0.722 0.124 2.037 0.018
2000 0.222 0.975 0.696 0.110 2.137 -0.028
2001 0.223 0.974 0.689 0.110 2.087 0.002
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2002 0.229 1.082 0.710 0.119 2.099 0.011
2003 0.235 1.198 0.724 0.128 2.077 0.011
2004 0.232 1.195 0.721 0.126 2.112 -0.007
2005 0.230 1.201 0.723 0.125 2.148 -0.004
2006 0.227 1.380 0.740 0.132 2.255 -0.005
2007 0.226 1.517 0.763 0.136 2.379 -0.003
2008 0.219 1.480 0.726 0.130 2.321 -0.014
2009 0.211 1.237 0.638 0.117 2.022 -0.016
2010 0.201 1.179 0.623 0.109 2.096 -0.019

1995-2010:  f=-0.00034  F=-0.00076 p

0<f<F<p,VYQC  

USA m' P/T p' (p')net g F
1987 0.73 5.30 0.30 0.25 1.43
1988 0.73 5.22 0.30 0.25 1.44 -0.005
1989 0.75 5.33 0.31 0.26 1.43 0.015
1990 0.74 5.21 0.31 0.26 1.42 -0.001
1991 0.74 4.94 0.31 0.26 1.36 0.009
1992 0.75 4.97 0.32 0.26 1.35 0.005
1993 0.75 5.15 0.32 0.27 1.37 0.002
1994 0.77 5.01 0.32 0.27 1.39 0.005
1995 0.77 5.15 0.31 0.26 1.44 -0.011
1996 0.78 5.31 0.32 0.27 1.46 0.006
1997 0.78 5.34 0.32 0.27 1.46 0.000
1998 0.75 5.24 0.31 0.26 1.43 -0.014
1999 0.75 5.36 0.31 0.26 1.43 -0.002
2000 0.72 5.27 0.29 0.25 1.44 -0.018
2001 0.72 5.43 0.30 0.25 1.39 0.010
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2002 0.74 5.27 0.32 0.27 1.35 0.019
2003 0.74 5.27 0.32 0.27 1.36 0.000
2004 0.77 5.31 0.32 0.27 1.41 0.006
2005 0.79 5.39 0.32 0.27 1.47 -0.004
2006 0.79 5.30 0.32 0.27 1.48 0.000
2007 0.78 5.34 0.31 0.26 1.50 -0.005
2008 0.77 5.30 0.31 0.26 1.52 -0.012
2009 0.78 5.39 0.33 0.28 1.36 0.036
2010 0.82 5.57 0.34 0.29 1.41 0.010

2000-10:  f=0.0025  F=0.0045 p

0m0,fFp,   MYQCV
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FRA m' p' g P/T p'(n) F
2000 0.720 0.261 1.755 10.532 0.239
2001 0.714 0.259 1.757 11.344 0.238 -0.0034
2002 0.700 0.259 1.708 11.043 0.237 -0.0009
2003 0.701 0.263 1.670 11.110 0.241 0.0063
2004 0.710 0.264 1.693 10.440 0.241 0.0017
2005 0.710 0.260 1.726 10.020 0.237 -0.0051
2006 0.710 0.257 1.765 11.538 0.236 -0.0057
2007 0.730 0.261 1.791 11.447 0.240 0.0073
2008 0.723 0.258 1.796 11.272 0.237 -0.0048
2009 0.685 0.258 1.653 9.814 0.234 -0.0014
2010 0.686 0.254 1.703 11.711 0.234 -0.0066
2011 0.676 0.247 1.741 10.282 0.225 -0.0118

2000-11:  f=-0.00074  F=-0.0015 p
2001-08:  f=0.00029  F=0.00056 p

0'mfFp,0   MYQCV

FIN m' p' P/T g p'(n) F
2000 0.846 0.261 1.782 2.237 0.167
2001 0.835 0.270 1.750 2.091 0.172 0.0151
2002 0.833 0.272 1.772 2.063 0.174 0.0027
2003 0.793 0.260 1.668 2.053 0.162 -0.0208
2004 0.809 0.261 1.688 2.103 0.164 0.0020
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2005 0.773 0.245 1.577 2.155 0.150 -0.0275
2006 0.783 0.238 1.663 2.296 0.148 -0.0139
2007 0.838 0.252 1.792 2.324 0.162 0.0268
2008 0.776 0.236 1.591 2.295 0.145 -0.0306
2009 0.655 0.218 1.197 2.011 0.119 -0.0354
2010 0.690 0.221 1.379 2.116 0.128 0.0065
2011 0.696 0.218 1.410 2.199 0.127 -0.0073

2000-11:  f=-0.0049  F=-0.011 p

0m0,<f<F<p,   MYQVC

HUN m' g p'(n) P/T p' F
1995 0.831 2.491 0.122 1.045 0.238
1996 0.884 2.603 0.126 1.059 0.245 0.014
1997 0.928 2.655 0.140 1.223 0.254 0.016
1998 0.935 2.734 0.141 1.289 0.250 -0.006
1999 0.966 2.912 0.137 1.246 0.247 -0.007
2000 0.897 2.953 0.124 1.197 0.227 -0.041
2001 0.905 2.835 0.137 1.374 0.236 0.019
2002 0.902 2.605 0.154 1.611 0.250 0.028
2003 0.851 2.549 0.147 1.578 0.240 -0.020
2004 0.856 2.524 0.155 1.758 0.243 0.006
2005 0.845 2.592 0.151 1.788 0.235 -0.015
2006 0.875 2.755 0.151 1.825 0.233 -0.005
2007 0.830 2.673 0.142 1.689 0.226 -0.014
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2008 0.835 2.713 0.143 1.743 0.225 -0.002
2009 0.820 2.540 0.137 1.436 0.232 0.013
2010 0.934 2.835 0.149 1.582 0.244 0.021

1995-2010:  f=-0.00082  F=-0.0020 p

0'mfFp,   YQVC

DNK P/T p' m' g p'(n) F
2000 1.105 0.248 0.633 1.557 0.130
2001 0.979 0.232 0.599 1.578 0.115 -0.024
2002 0.929 0.229 0.583 1.548 0.110 -0.006
2003 0.882 0.229 0.575 1.512 0.107 0.000
2004 0.926 0.235 0.595 1.532 0.113 0.009
2005 0.996 0.223 0.589 1.638 0.111 -0.019
2006 0.990 0.215 0.583 1.718 0.107 -0.015
2007 0.866 0.199 0.545 1.741 0.092 -0.028
2008 0.730 0.193 0.530 1.744 0.082 -0.010
2009 0.535 0.182 0.465 1.556 0.063 -0.022
2010 0.803 0.211 0.549 1.602 0.094 0.050
2011 0.848 0.205 0.554 1.704 0.094 -0.011

2000-11:  f=-0.0031  F=-0.0062 p
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0m0,<f<F<p,   MYVQC

ITA P/T g m' p' p'(n) F
1990 2.381 2.086 1.031 0.334 0.235
1991 2.331 2.010 1.013 0.337 0.236 0.004
1992 2.278 2.023 1.015 0.336 0.233 -0.001
1993 2.045 2.062 1.043 0.341 0.229 0.007
1994 2.122 2.188 1.111 0.349 0.237 0.011
1995 2.243 2.446 1.181 0.343 0.237 -0.010
1996 2.282 2.369 1.181 0.350 0.244 0.012
1997 2.174 2.409 1.159 0.340 0.233 -0.016
1998 1.806 2.545 1.249 0.352 0.227 0.019
1999 1.852 2.599 1.246 0.346 0.225 -0.010
2000 1.875 2.760 1.279 0.340 0.222 -0.010
2001 1.882 2.743 1.283 0.343 0.224 0.004
2002 1.801 2.684 1.265 0.343 0.221 0.001
2003 1.794 2.642 1.250 0.343 0.220 0.000
2004 1.786 2.665 1.258 0.343 0.220 0.000
2005 1.671 2.669 1.216 0.331 0.207 -0.019
2006 1.603 2.732 1.185 0.318 0.196 -0.023
2007 1.603 2.783 1.199 0.317 0.195 -0.001
2008 1.558 2.724 1.154 0.310 0.189 -0.012
2009 1.437 2.384 1.104 0.326 0.192 0.026
2010 1.429 2.504 1.119 0.319 0.188 -0.011
2011 1.369 2.576 1.117 0.312 0.181 -0.012

2000-11:  f=-0.0032  F=-0.0072 p
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0<f<F<p,VYQC  

CZE p' P/T m' g p'(n) F
1993 0.271 1.529 1.230 3.538 0.164
1994 0.276 1.562 1.166 3.232 0.168 0.008
1995 0.278 1.591 1.246 3.481 0.171 0.004
1996 0.277 1.613 1.192 3.301 0.171 -0.002
1997 0.260 1.510 1.151 3.430 0.156 -0.035
1998 0.275 1.693 1.243 3.522 0.173 0.030
1999 0.279 1.624 1.261 3.516 0.173 0.009
2000 0.265 1.558 1.257 3.747 0.161 -0.030
2001 0.262 1.646 1.257 3.793 0.163 -0.005
2002 0.263 1.591 1.210 3.593 0.162 0.002
2003 0.256 1.601 1.194 3.659 0.158 -0.015
2004 0.250 1.646 1.183 3.729 0.156 -0.013
2005 0.247 1.737 1.162 3.700 0.157 -0.006
2006 0.239 1.859 1.179 3.925 0.156 -0.018
2007 0.236 1.923 1.184 4.015 0.155 -0.008
2008 0.236 1.880 1.153 3.874 0.154 0.001
2009 0.258 1.736 1.163 3.512 0.164 0.046
2010 0.247 1.690 1.158 3.690 0.155 -0.023
2011 0.234 1.628 1.129 3.825 0.145 -0.028

1993-2011:  f=-0.0012  F=-0.0033 p
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0<f<F<p,YVQC  

BEL m' p' P/T p'(n) g F
1995 0.761 0.243 1.497 0.146 2.126
1996 0.753 0.238 1.382 0.138 2.162 -0.009
1997 0.758 0.234 1.356 0.135 2.234 -0.007
1998 0.764 0.234 1.369 0.135 2.271 -0.002
1999 0.734 0.224 1.292 0.126 2.273 -0.017
2000 0.750 0.220 1.341 0.126 2.408 -0.008
2001 0.715 0.212 1.268 0.118 2.381 -0.017
2002 0.705 0.217 1.274 0.121 2.253 0.010
2003 0.725 0.226 1.264 0.126 2.210 0.017
2004 0.762 0.230 1.326 0.131 2.314 0.008
2005 0.775 0.230 1.368 0.133 2.368 0.000
2006 0.780 0.225 1.331 0.129 2.465 -0.010
2007 0.781 0.225 1.392 0.131 2.478 -0.001
2008 0.747 0.214 1.286 0.120 2.496 -0.022
2009 0.706 0.222 1.135 0.118 2.179 0.015
2010 0.743 0.222 1.242 0.123 2.352 -0.001
2011 0.735 0.214 1.233 0.118 2.440 -0.016

1995-2011:  f=-0.00058  F=-0.0013 p
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0'm0,<f<F<p,   YVQC

AUT p' P/T m' g p'(n) F
1999 0.289 1.296 0.729 1.521 0.163
2000 0.290 1.328 0.754 1.600 0.166 0.0011
2001 0.290 1.295 0.779 1.684 0.164 0.0001
2002 0.297 1.310 0.801 1.697 0.168 0.0098
2003 0.293 1.325 0.801 1.737 0.167 -0.0065
2004 0.296 1.432 0.836 1.827 0.174 0.0047
2005 0.291 1.501 0.850 1.915 0.175 -0.0072
2006 0.291 1.587 0.875 2.006 0.178 -0.0010
2007 0.290 1.624 0.886 2.057 0.179 -0.0017
2008 0.273 1.526 0.850 2.118 0.165 -0.0284
2009 0.267 1.297 0.787 1.947 0.151 -0.0104
2010 0.270 1.362 0.816 2.025 0.156 0.0046
2011 0.270 1.426 0.839 2.109 0.159 -0.0001

1999-2011:  f=-0.0039  F=-0.0081 p
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0',0,  mfFpVYMQC 

Table. Partial OECD countries’ Input-Output analysis
2000--2011 Y/C C/Y g 增长率

JPN（日本） 1.305 0.766 0.015

USA（美国） 1.233 0.811 0

NOR（挪威） 1.170 0.855 0.004

AUS（奥地利） 1.089 0.918 0.021

DNK（丹麦） 1.045 0.957 0.013

UK(英国） 1.031 0.97 0

DEU（德国） 1.026 0.975 0.013

FRA（法国） 0.993 1.007 0.001

SWE（瑞典） 0.895 1.117 0.003

FIN（芬兰） 0.873 1.146 0.01

ITA（意大利） 0.833 1.20 0

SVN（斯诺文尼亚） 0.816 1.226 0.006

BEL（比利时） 0.746 1.34 0.001

KOR（韩国） 0.746 1.341 0.029

HUN（匈牙利） 0.692 1.446 0

CZE（捷克） 0.601 1.663 0.005


