model

2.1

(1]

10

F240

80
[4]

[5]

20

[2]

TFP

GDP

100872

[3]

panel-data



[6]

30
[7]
2.2
y = Ak”(uh)"*(h,)"
y k u h
y>0
dlog(h)/dt=5(1-u)
1-u o
o u
2.3
(8]
Qi=F K¢ Hot Eixx En...Eir...Ene t
K, t H,
i i < /
Et =2Eit zzHitli = HOtzli(Hit/HOt) = HOtIt
i=1 i=1 i=1
H, i=1 2 n i L
II
1 Qt ‘
A . A K
Q/Q‘—+a— ( H° )— D fu(= ')——+a +Zf.t( ')
A, H < “E’ A
il GDP ) at(K/K)
b(F/H) A 3 f.(E /E)
« i=1 "

a, Dut



a = Kt t/Qt bOt :FHOtHOt/Qt f _FEnEn/Qt

- 0Q/ K F. = 0Q/oH,
F., aQ/aE i e @
FE|t aQ Hit Hot — Hit 3
OF, ] ]
dFHn I:Ei’( FEit
2
1
L
M f = +f f Eit \A | 4
utﬁ ;Elt uH tH Z(FEt)( )
t: E|t — _Et—t 11
i=1 Qt Qt
I:E|t Elt HI FHOI )Hit I;Ii
—= —_—|(— 5
Hi Z( )( i) IZ[ ) ](Hi)
i
4 foor
| n
T—fZ(—)A(—) 6
i=1
(1. /1)>1 A(H, /H) >0
4 fZ( En)A( |)
il
(Fa/FRy) >1
A(E, /E) >0
2
fitEthE:ftﬂ""ftl [°]
Qt :AtKaI Hbut Ef Qt i=1 Ei E H I
.. A K H .H i A K H I
/Q=—+a, —+b, —+f, —+f —=—+a, —+y, —+f 6
QRN Py gty AT T
a+h, +f =a+y, =1 ftT
3.
3.1

3.1.1 panel-data model



29

3.1.2

1951

50

3.2

3.2.1

1990 2003

------ Xai) Bi=ByBe) K Hy
Hausman
GLS
OECD
" [10]
Eit = Hitli = HtIiWi
’ / Hit |
4
[11]
1952-1995
1949-1999
K,=KC, +KV, = KCH(l— a)H) + ft + KVt
KC °> KV 10} 6 ft
KV



InY=InA +a|nE+fIn(%)+Zflt9iregi0ni +e

y
y GDP k I

region, =1 .. 29

|n§ = 0.29996InE+ 0.032248| n(%)+sz1¢9i region, + &
(12.51485, 0.0000)  (3.017772, 0.0027)

1%

Weighted Statistics

R-squared 0.812267 Mean dependent var 0.123459
Adjusted R-squared 0.795990 S.D. dependentvar  0.063166
S.E. of regression 0.028530 Sum squared resid 0.281640
F-statistic 1497.045 Durbin-Watson stat ~ 1.363865
Prob(F-statistic) 0.000000

1 3.2

3.2.2
2.3

| high

nY=nA +a|n£+fmid In:fﬂ+fhighln|—+fco,ln:c—°'+Zi2:9149iregioni +&

y mid high col
y GDP k lmid Ihigh
I region, =1 ... 29

col

| 1,
inY = 0.208561In X + 0.037404In(|”‘—'d) +0.009872In(-22") + 0.005048l n(|°—°')+zi2310iregioni +&
(12.%7407, 0.0000) (&166651, 0.0017) mifh 277681, 0.2021) high (1.7260086, o.0851)I col

1%

Weighted Statistics

R-squared 0.812983 Mean dependent var 0.123203
Adjusted R-squared 0.795586 S.D. dependentvar  0.062549

S.E. of regression 0.028280 Sum squared resid 0.275108



F-statistic 498.4680 Durbin-Watson stat 1.387815

Prob(F-statistic) 0.000000
1990 GDP 1990 GDP
7.3 1995 10.22 1999 12.45 2004 13.12
2003 12.97
14.00
12.00
10.00
8.00
d
6.00
e
4.00 -
2.00
0.00 2004
1 GDP
GDP 1990 1995 2000 2004
GDP 1125.08 3560.15 6416.57 10477.25 2004
1990 8.3 15
1990
1 /13 <2 P
V=== (X-X)"=2
XN P .
\Y N Xi i X Pi
i P GDP Xi
GDP X GDP N 29
2 1990—2003 29 GDP

1990 1990 0.596 2003 0.712



0.750

0.700 /
0.650 /

0.600 Ko

0.550

0.500
1990 1992 1994 1996 1998 2000 2002
2 1990-2003 GDP 29

1990 -2003

Klenow Rodriguez-clare
" [12] GDP
6 7

var(In(y)) = cov(In(y),In(y)) = cov(In(y),In(k)®) + Z cov(In(y),In(l,)") + cov(In(y),In(A))

cov(In(y).In(k)?) , > cov(In(y),In(l))") . cov(in(y), In(A)) _

var(In(y)) var(In(y)) var(In(y))
1990 2003
1.1990 2003 %
1990-1992 0.5005 0.5223 0.56985 1.59264
1993-1995 0.26755 | 0.44367 0.52918 1.2404
1996-1998 029602 | 0.39353 0.37231 1.06185
1999-2001 0.27588 | 0.39806 0.29745 0.9714




2002-2003 ‘ 0.14117 ‘ 0.44591 ‘ 0.27256 0.85964
GDP 3 7
2. 1990-2003 GDP
1
2
3
3. 1990-2003 %
1 2 3
0-92| 0.58468 0.85761] 0.96194] 90-92 | 0.8215| 0.44372 0.62421 90-92 | 0.87546] 0.42318 0.34784
3-95| 0.12861| 0.97147| 1.11038| 93-95 | 0.11773| 0.38644) 0.48177| 93-95 | 1.07031 0.24178 0.39882
6-98| -0.3009| 0.9403 0.89649| 96-98 | 0.57936| 033581 0.3624| 96-98 | 0.90659]-9.84E-03 -0.1335
9-01| -0.5515| 0.84517| 0.71302| 99-01 | 0.79881 0.14993| 0.16434| 99-01 | 1.04433 0.13657| 0.02946
2-03| -0.8689| 0.82611 0.79451| 02-03 | 0.7744| 014252 -0.0723 02-03 | 0.88269| 0.30845|-2.64E-03
3

3.4

96 1



2.3

R i

Q/Q:%+a

g =l-l
(Al /1) =0 S _o

Gn :giRt :giZHvt

2
F..G, A K G,
i i iy\=__ a_+b (=L
.Z;‘( Q r?(G.)GA " +;qn(Gi)
Zq.t( ')
i=1
H = "R G
Q/Q__+a1 +qt_+q1_+qtz&A(_l)
" R, “H H "I "R G
q e ( ')
(R /Fs)>1 A(G,/G)>0
8

o =3 FoCu _$ (MR/g)R.0) idFH.tH Y b g
i=1 Qt i=1 Qt i= Qt i=1 QtFGit
F_Gt
4.1990-2003

1.2274796| 0.640472 | 0.5994204 0.8462423 1.1008567| 2.348731
1.0566256| 0.6958726| 0.9020664 0.92669 0.8536597| 1.4523467
0.8374145| 0.9757034| 1.8811608 0.8477173]  0.9065014| 1.8701645
0.8494312| 0.9423642| 1.4790668 0.8625308  0.9144742| 1.4922014
0.9279168| 0.8053537| 1.3645497 0.8053442 1.0382625| 2.4546899
0.9032603| 0.934122 | 1.2098828 0.9258522|  0.8322156| 1.5925172




0.9839371] 0.7531433| 1.2970914 0.7678531 1.0403655| 1.7809777
0.9444688| 0.8481617| 1.3500635 0.8366824 0.9588898| 1.4001262
1.1280436| 0.6468857| 0.7676197 0.8782799 1.0755169| 1.9072419
0.8764983| 0.8850209| 1.5849731 0.9456581| 0.8339965| 1.4911864
0.8025434| 0.9393599| 1.5828545 0.9774827| 0.8062276| 1.6556514
0.8171497| 1.1295655| 1.7992991 1.0442535| 0.7867184| 1.1996612
0.8447277| 0.8149016| 1.4052243 0.9627022| 0.817444 | 1.1136537
0.8350917| 0.8876595| 1.6469604 1.0017712 0.735172 | 0.8407219
0.8159281| 0.9858238| 1.7598956
1
1990
27.3% 78.8% 1999
10
4.
2
GDP
1
[11 1] 1972

15



[2]
(3]
4]
(5]
(6]
71
(8]
[e]
[10]
[11]
[12]

[13]
[14]

[15]
[16]

[17]
[18]

[19]

[20]

[21]

[22]

W S [ 1990
T [M] 2004
| 2001
J: : | 2000
— | 1999
| 2004
| 1999
— | 1992
Eviews | 2002

Bils, Klenow: “ Does Schooling Cause Growth?” [J], ABER Working Paper, 2000.05

Florian Schu tt, “ The Importance of Human Capital for Economic Growth” [J], Globalisierung der
weltwirtschaft, 27, 2003.08.

Laroche, Merette: “ Measuring Human Capital in Canada” , 2000.05

Klenow, Rodriguez-Clare, “ The Neoclassical Revival in Growth Economics: Has it Gone Too Far?” [J], VBER
Macroeconomics Annual, 1997 .

Lucas R. E. “ Making a Miracle” [J], Econometrica 61(2):251-272, 1993.

Ludger Wopmann, “ Specifying Human Capital: A Review, Some Extensions, and Development Effects” [J], A7el
Working Paper No.1007, 2000.10.

Krueger, Lindahl, “ Education for Growth: Why and for Whom?” [J], MBER Working Paper 7591, 1998.03.

Mankiw, Romer, David, “ A Contribution to the Empirics of Growth” [J], Quarterly Journal of Economics,
1992.

Milenko Popovic, “ Capital Augmenting and Labor Augmenting Approach in Measuring Contribution of Human
Capital and Education to Economic Growth” [C], Institute of Economic Sciences, 2005.02.

Miller, Upadhyay: “ Total Factor Productivity, Human Capital and Outward Orientation: Differences by Stage
of Development and Geographic Regions” [J], Working Paper 2002-33, 202.07.

Norman, Gemmell: Evaluating the Impacts of Human Capital Stocks and Accumulation on Economic Growth: Some
New Evidence” [J], Oxford Bulletin of Economics and Statistics, 1996.

Sianesi, B., VanReenen, J. (2000), “ The Returns to Education: A Review of the Macro-Economic Literature”
[C]. Centre for the Economics of Education, London School of Economics and Political Science, 2000.

The Contribution of Heterogeneous Human Capital to Regional Variation in

Economic Development: A Theory with an Application to Regions across China

Chen Xiu-shan  Zhang Ruo



(Institute of Regional Economy and Urban Management, Renmin University of China, Beijing 430072, China)

Abstract: Output per worker varies enormously across regions of China. Human capital is almost always identified as a
crucial ingredient for growing economies, but empirical investigations of regional growth have done little to clarify the
composition of relevant human capital or any implications for policy. This paper establishes a testable growth model with
heterogeneous human capital, and further decomposes contribution of human capital to economic development. Through
panel-data regression, it finds that the contribution of human capital is underestimated in the traditional homogenous
growth model. With this understanding, it estimates the contribution of differences in human capital stocks to regional
variation in output per worker across China, as well as that across each of several income groups. Finally, by investigating
average relative productivity of investment in different stage of education, it proposes a more efficient way to better human
capital structure.

Key words: heterogeneous human capital, economic growth, regional variation, panel-data model
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