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1930

ASEAN

EU

Solow 1957

TFP

EC

Efficiency Change TC:Technical 

Change Malmquist

1985 2005

1985 1993 GATT

1994

1997

1994

1996 1998 2005 3

2004

1995

2006

2004 EU

1995 2003

2004 2006 2

1

1

2 2

1.1  

1 2

2

1880 -1920

1920 -1930



254    9 255

TFP
(%)

1880-1900 1.5 0.3 1.2
1900-1920 1.8 0.8 1.0
1920-1935 0.9 0.5 0.4
1935-1945 -1.8 -1.1 -0.8
1945-1955 3.3 2.2 1.1
1955-1965 3.2 0.4 2.8
1965-1980 0.3 -1.1 1.4
1980-1995 -0.6 -2.1 1.5

2002 P.99 4 4

2

1962-1970 1.2 3.5 4.7
1970-1980 -2.0 5.8 3.7
1980-1990 -0.7 2.1 1.4
1990-2002 1.8 -0.4 1.4
1962-1970 -2.4 6.5 4.1
1970-1980 -2.1 5.3 3.2
1980-1990 2.0 2.8 4.9
1990-2002 4.1 1.3 5.3
1962-1970 -1.7 4.4 2.7
1970-1980 0.8 -0.2 0.6
1980-1990 1.1 -0.9 0.2
1990-2002 2.2 -3.0 -0.8
1962-1970 -2.3 5.6 3.3
1970-1980 0.1 3.9 4.0
1980-1990 0.3 4.8 5.1
1990-2002 0.7 2.1 2.8
1962-1970 -1.1 5.7 4.6
1970-1980 0.7 4.0 4.8
1980-1990 -1.7 4.2 2.5
1990-2002 0.2 1.7 2.0
1962-1970 -0.9 4.3 3.4
1970-1980 2.3 2.3 4.5
1980-1990 0.3 1.7 2.0
1990-2002 1.3 1.7 3.0
1962-1970 2.1 3.6 5.7
1970-1980 1.4 3.5 4.8
1980-1990 1.8 2.8 4.6
1990-2002 2.5 0.6 3.1
1962-1970 -3.7 5.8 2.1
1970-1980 -1.4 4.0 2.6
1980-1990 1.1 3.0 4.1
1990-2002 0.3 1.8 2.0
1962-1970 -3.5 5.0 1.4
1970-1980 -0.1 3.5 3.5
1980-1990 0.6 4.1 4.8
1990-2002 0.4 5.0 5.4

TFP

TFP

2007 P.249 2
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1930
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2
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ASEAN
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3 EU

EU15 10
0.4 1.1 1.4 -0.1 0.2 2.0

1. -1.6 -2.0 -2.8 -0.6 -1.6 -3.5
2. TFP 2.0 3.2 4.1 0.6 1.9 5.6

EU15 10
-1.7 -1.7 2.8 -4.2 -1.0 -4.2

1. -2.9 -2.2 0.0 -4.3 -2.0 -0.8
2. TFP 0.9 0.5 2.8 0.1 1.0 -3.5

1995-2003

2004-2006

(2009) 2009

2004

EU

EU15

EU CAP

1995 8 EU

2003

TFP

3 10

1.1

TFP

TFP

3

TFP

EU15

TFP

TFP

8 EU 2004

2006

3

10 EU15

TFP

TFP

TFP

TFP

TFP

TFP

TFP
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4
GATT 1985 1993

1985 1993
0.902 1.000 0.902
0.889 0.810 1.097
0.913 0.829 1.101
0.960 1.000 0.960
0.991 1.000 0.991
1.207 1.000 1.207
0.996 1.000 0.996
0.256 1.000 0.256
0.639 1.000 0.639
1.197 1.000 1.197
0.923 0.679 1.360
1.149 1.000 1.149
1.896 1.000 1.896
1.104 1.095 1.008
1.407 1.248 1.127
0.921 1.000 0.921
1.022 0.979 1.050

GATT 1994 1996
1994 1996

0.866 1.000 0.866
0.948 0.901 1.052
0.967 0.997 0.970
0.886 1.000 0.886
0.966 1.000 0.966
0.974 1.000 0.974
0.973 1.000 0.973
1.862 1.000 1.862
0.903 1.000 0.903
1.007 1.000 1.007
0.980 0.977 1.003
1.027 1.000 1.027
1.119 1.000 1.119
1.072 1.076 0.996
0.877 0.855 1.026
1.014 1.000 1.014
1.028 0.988 1.040

1998 2005
1998 2005

0.945 1.000 0.945
1.003 1.000 1.003
1.003 1.050 0.955
0.881 1.000 0.881
0.922 1.000 0.922
0.925 1.000 0.925
0.789 1.000 0.789
1.156 1.000 1.156
0.080 1.000 0.080
0.509 1.000 0.509
1.135 0.899 1.263
0.889 1.000 0.889
1.343 1.000 1.343
0.987 1.082 0.912
0.886 1.000 0.886
0.862 1.000 0.862
0.895 1.002 0.895
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7
       GATT 1985-1993

1985-1993

1 ASEAN 1.138 1.035 1.098
1 ASEAN 0.931 0.935 1.013

2 ASEAN5 1.281 1.050 1.225
2 ASEAN5 0.780 1.000 0.780

3 1.099 1.000 1.099
3 ASEAN5 1.281 1.050 1.225

4 1.099 1.000 1.099
4 ASEAN 1.138 1.035 1.098

8
       GATT 1994-1996

1994-1996
1 ASEAN 0.971 0.979 0.993
1 ASEAN 1.071 0.995 1.077

2 ASEAN5 0.977 0.971 1.006
2 ASEAN5 0.958 1.000 0.958

3 0.970 1.000 0.970
3 ASEAN5 0.977 0.971 1.006

4 0.970 1.000 0.970
4 ASEAN 0.971 0.979 0.993

9
1998-2005

1998-2005
1 ASEAN 0.818 1.000 0.818
1 ASEAN 0.954 1.003 0.954

2 ASEAN5 0.957 1.000 0.957
2 ASEAN5 0.471 1.000 0.471

3 0.924 1.000 0.924
3 ASEAN5 0.957 1.000 0.957

4 0.924 1.000 0.924
4 ASEAN 0.818 1.000 0.818

2 Malmquist TFP

Malmquist TFP

2.1  
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1985 2005

1985 1993 GATT

1994

1997

1994 1996 1998 2005

3

4 1985 1993

1994 1996

6

1998 2005

3

8 9

1 ASEAN  VS ASEAN

2 ASEAN ASEAN5 

VS ASEAN5 

3 + VS ASEAN5 

4 + VS ASEAN

ASEAN  VS ASEAN

1985-1993

ASEAN

ASEAN

2

1985-1993

ASEAN 2

1994-1997

1998-2005

ASEAN

ASEAN5

VS ASEAN5

ASEAN5

ASEAN

OECD

3

2

1998-2005

ASEAN

4 1998

2005 ASEAN

ASEAN

1967

ASEAN 5

ASEAN

ASEAN

2.2  

1995

2006 2004

EU 2004
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10
           EU 1995 -2003

0.835 1.136 0.735
0.870 1.005 0.865
0.694 0.841 0.824
0.900 1.000 0.900
0.984 1.148 0.857
0.821 0.981 0.837
1.086 1.000 1.086
0.793 0.939 0.844
0.880 1.000 0.880
0.749 1.000 0.749
0.985 1.237 0.796
0.826 0.887 0.932
0.815 1.000 0.815
0.783 0.935 0.837

EU15 0.859 1.008 0.854
0.578 0.699 0.827
0.853 0.934 0.913
0.829 1.169 0.709
1.164 1.160 1.003
1.711 2.390 0.716
0.996 1.086 0.917
0.866 0.993 0.872
0.981 1.595 0.615
0.610 0.744 0.819
1.064 1.216 0.875
0.965 1.199 0.827

11
           EU 2004 -2006

1.044 1.101 0.949
0.798 0.994 0.803
0.968 1.000 0.968
1.034 1.064 0.972
1.039 1.134 0.916
1.083 1.097 0.987
1.122 1.597 0.703
0.933 1.000 0.933
0.679 1.000 0.679
0.815 0.959 0.850
1.066 1.122 0.950
0.935 1.000 0.935
0.962 1.104 0.871

EU13 0.960 1.090 0.886
1.044 1.043 1.002
0.981 0.979 1.002
0.936 0.988 0.948
1.023 1.023 0.999
0.903 0.985 0.917
1.148 1.158 0.992
0.950 0.956 0.994
0.905 1.291 0.701
1.113 1.264 0.881
1.068 1.238 0.862
1.007 1.092 0.930
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10 1995 2003

2004

EU15 2004

1995 2003

EU15

EU15

11 EU 2004 2006

EU

EU15

EU

3

ASEAN 1995

EU

2004

/

/GDP

2008

Taskin and. Zaim (2001) 

/GDP

2008 Taskin and. Zaim 

(2001)

/GDP

/GDP / GDP /

GDP / GDP
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ˆ ˆ x

x

3

7 1985-1993 1994-1996

1998-2005 3

1      TRADE ˆ ˆ MTFP

2      TRADE ˆ ˆ EF

3      TRADE ˆ ˆ TC

TRADE

MTFP MalmquistTFP

EF TC

1

12
ˆ

MTFP TRADE

GATT

GATT

GATT

GDP

GDP

GDP

GATT

1998-2005

13

14 13

14

12

GATT

1994-1996

1998-2005

ASEAN EU

ASEAN
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12
1985-1993 1994-1996 1998-2005

1
2
3
4
5
6

        10

1985 -1993 1990 -1993
1998 -2005 1998 -2004

13
1985-1993 1994-1996 1998-2005

1
2
3
4
5
6

        17
1985 -1993 1990 -1993
1998 -2005 1998 -2004

12

14

1985-1993 1994-1996 1998-2005

1
2
3
4
5
6

1985 -1993 1990 -1993
1998 -2005 1998 -2004

12

GDP 2009 WDI FAO(FAOSTAT)

ADB 2009

10 11
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EU

EU15

EU

EU15

GATT

                                                       
2002 Yamada and Hayami(1991)

2002 149

  World Bank(2009) Hayami and Ruttan 
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2 t1 t2

1 2 1/)12(100)( iiiiG

C={L,N,F,M,S}

)()( iGWIG i
Ci

I L N F M

S

Malmquist

Thirtle et al. (2003) 

Fare et al (1994) (

Nin et al. (2002) )

Zhu

DEAFrontier

M EC

TC

jDMU ),...,2,1( Jj
),...,2,1( Tt

K
t Rx M

t Ry
),1( tS 1

(1)    ssst xyxS :),{(),1(  can produce }sy ,

       s 1 up until s t
),1( tS

(2)        }),(:{)( ),1(),1( tttttt SyxxyL
3 4

(3)    )}()/(:max{),( ),1( ttttts
i yLxxyD

(4)      
)}()/(:max{

),(
1)1,1(1

111

ttt

tts
i

yLx

xyD

3 4 1),( tts
i xyD 1),( 111 tts

i xyD
1 jDMU

5 6



266    9 267    

(5)       
)}()/(:max{

),(
!),1(1

11

ttt

tts
i

yLx

xyD

(6)       
)}()/(:max{

),(
)1,1(

1

ttt

tts
i

yLx

xyD

3 6

Malmquist

Fare et al. 1994 Malmquist

7

(7)       211

11

111

111
1,

),(
),(

),(
),(

),(
),(

tts
i

tts
i

tts
i

tts
i

tts
i

tts
iss

xyD
xyD

xyD
xyD

xyD
xyD

M

EC

),(
),(

111 tts
i

tts
i

xyD
xyDEC

TC

211

11

111

),(
),(

),(
),(

tts
i

tts
i

tts
i

tts
i

xyD
xyD

xyD
xyD

TC

7 1 s s 1

EC 1 EC 1 EC 1

TC s s 1

DEA

4 LP Malmquist

(LP1)       i
tts

i xyD min),(      s.t.

,
1

t
ii

n

j

t
jj xx ,

1

t
i

n

j

t
jj yy

0j , nj ,...,2,1

(LP2)       i
tts

i xyD min),( 111  s.t. 

,1

1

1 t
i

n

j

t
jj yy

0j , nj ,...,2,1

(LP3)       i
tts

i xyD min),(1     s.t. 

,
1

1 t
ii

n

j

t
jj xx ,

1

1 t
i

n

j

t
jj yy    

0j , nj ,...,2,1

(LP4)       i
tts

i xyD min),( 11   s.t. 

,1

1

t
ii

n

j

t
jj xx ,1

1

t
i

n

j

t
jj yy

0j , nj ,...,2,1

Malmquist

FAO 2009

1 Agricultural net production 

1999-2001 (1000 Int. $) 1 Total 

economically active population in agriculture (1000) 2

Agricultural tractors (Number) 3 Agricultural area (1000 

Ha) 4 Total fertilizers (Tonnes) Nitrogenous Phosphate

Potash 5 Livestocks (Head) [Asses Buffaloes Camels

Cattle Goats Horses Mules Pigs Sheep Chickens

Ducks Geese and guinea fowls Hayami and Ruttan 1985

1 Time1

1985 -Time2 1993 2 Time3 1994 -Time4 1996

3 Time5(1998)-Time6 2005 1 Total fertilizers

A B A

1961-2002 Consumption (tones) B 2002-2006

Consumption (tones of nutrients) Time6

B 2 Livestock

1.1 0.8 0.1

1 0.2 0.1 0.8 0.01

Malmquist

(2009) EU(2009)

FAO(2009 1

Agricultural value added (Constant $) WDI

1 Agricultural labor input (1000 annual work 

units) EUROSTAT 2 Agricultural tractors (No)

FAOSTAT 3 Agricultural area (1000 Ha) FAOSTAT

4 Total fertilizers (Tones) Nitrogenous Phosphate

Potash FAOSTAT 5 Livestock (Head) Asses

Buffaloes Camels Cattle Goats Horses Mules Pigs

Sheep Chickens Ducks Geese and guinea fowls Hayami 

and Ruttan 1985

FAOSTAT 1 Time1 1995 -Time2 2003

2 Time3(2004)-Time4 2006 1 Agricultural Value 

Added  Ireland 2006 2005

2 Agricultural labor input  Bulgaria

1995 2000

Czech 1995 1998
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Latvia  1995 1997

Lithuania 1995

1997 Poland 1995

1996 Romania 1995

1996 3 Agricultural 

area All 2006 2005

4 Total fertilizers A B

A 1961-2002 Consumption (tonnes)

B 2002-2006 Consumption (tonnes of nutrients)

All 2003 A 2002 Time3-Time4

Belgium-Luxembourg

5 Livestock 1.1  0.8

0.1 1 0.2 0.1 0.8

0.01

EU 2009 EUROSTAT

http://ec.europa.eu/eurostat/ 

2008

2007-II-03 

2007

FAO 2009 FAOSTAT

http://faostat.fao.org/ 

World Bank 2009 World Development 

Indicators (WDI)

http://devdata.worldbank.org/dataonline/ 

2002
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