
 

 
 

 
Malmquist  

***

2011 2019 24
Malmquist

(1)

(2)
(3) Malmquist

 

 Malmquist
 

JEL L16, L22, L25, M21, Q22 
                                                        
   
 Email: lhchen@mail.fgu.edu.tw. 
  

 2022 8 31 2022 11 21  
2023 6 1  

 (Taiwanese Agricultural Economic Review) 29:1 (2023) 81-118  
 

10.6196/TAER.202306_29(1).0003 



112 6 29 1                                     82

 
I  

39 1

28 2019

428,949 2019  

2004

 

2015



     
Malmquist  83 

 

1

2010 2019

10 59.50% 10 57.83%

10 53,000 2 2010

2019

39.69% 42.38% 32,000

3 2010 2019

43.45% 39.09%

68,300  

4

2010 14% 2019 21%

7% 2010 60%

2019 46% 14%

2010 26% 2019 33% 7%

 



112 6 29 1                                     84

 
2010-2019  

1 10  

 
2010-2019  

2 10  

 
2010-2019  

3 10  

 

 

 

 

 

 



     
Malmquist  85 

 

 
2010-2019  

4 10  

62%

42

1997

2004

Malmquist

 



112 6 29 1                                     86

II  

Yue, 1992; Berg, Førsund, Hjalmarsson, & Suominen, 1993; Grabowski, 

Rangan, & Rezvanian, 1994; Favero & Papi, 1995; Miller & Noulas, 1996; Drake, 

2001; Drake & Hall, 2003 2009 Tsolas, 

2011; Benli & Degirmen, 2013 2013 Chen, Hsu & Chiu, 

2017 2020

2005

2003

2000

WTO

2005

2014 Metafrontier 233

2001 2009

2015 Malmquist

2015

 



     
Malmquist  87 

1997 1995 27

2004

 

2000

1988 1998 stepwise regression

11

2005

 

 



112 6 29 1                                     88

III  

3.1  

Charnes, Cooper and Rhodes 1978

CCR Banker, Charnes and Cooper

1984 CCR

BCC

Shephard

distance function

CCR BCC

O‘Donnell, Rao and Battese 2008

Lovell 1993

2005

2014 2015

1997

Lovell 1993

 

meta-efficiency

technology gap group efficiency

N  

( 1,...,j N ) mjx ( 1,...,m M ) sjy ( 1,...,s S )  



     
Malmquist  89 

G ( gT 1,...,g G )  

gN
1

G g
g

N N g o  

variable returns to scale, VRS
 

min o       (1) 

subject to 

, 1,..., ,
g

j mj o mo
j N

x x m M   

, 1,..., ,
g

j sj so
j N

y y s S  

1
g

j
j N

 

0, 1,..., g
j j N   

g *
o (1)

 

group frontier

meta-frontier  

1 ...M GT Convex Hull T T  

 

o VRS  

min M
o   (2) 

subject to 



112 6 29 1                                     90

1
, 1,..., ,

g

G
g M
j mj o mo

g j N

x x m M   

1
, 1,..., ,

g

G
g
j sj so

g j N

y y s S  

1
1

g

G
g
j

g j N

 

0, 1,..., , 1,...,g g
j j N g G   

*M
o (2)

 

group technology

meta-technology technology gap 

ratio, TGR  

*

*

M
o

o
o

TGR      (3) 

3.2 Malmquist  

data envelopment analysis, DEA

2015 Oh and Lee 2010 Malmquist

O'Donnell et al. 2008

Malmquist within-group 

efficiency change within-group technical change

technical leadership change  

Malmquis t



     
Malmquist  91 

technology set contemporaneous benchmark technology

inter temporal  benchmark technology

global benchmark technology Oh & Lee, 2010 g  

gtT g 1 ...gI g gTT Convex Hull T T

1 ...G I GIT Convex Hull T T Malmquist  

 

1 1
1 1 ( , )( , , , )

( , )

G t t
G t t t t i
i G t t

i

D x yMPI x y x y
D x y

,    (4) 

1 1( , , , )G t t t t
iMPI x y x y ( , )G t t G

iD x y

VRS 1

1  

(4)

(5)  
1 1

1 1 1 1 1 1 1

1 1 1 1 1

1 1 1 1

( , , , )

( , ) ( , ) ( , ) ( , ) ( , )
( , ) ( , ) ( , ) ( , ) ( , )

( , , , ) ( , , ,

G t t t t
i

t t t I t t t t t G t t I t t
i i i i i

t t t t t t I t t I t t G t t
i i i i i

t t t t t t t

MPI x y x y

D x y D x y D x y D x y D x y
D x y D x y D x y D x y D x y

EC x y x y BPC x y x y 1 1) ( , , , )t t t t tTGC x y x y

 

(5) 

1 1( , , , )t t t tEC x y x y 1 1( , , , )t t t tBPC x y x y
1 1( , , , )t t t tTGC x y x y

( , )t t t t
iD x y  VRS

( , )I t t I
iD x y  VRS

1

1



112 6 29 1                                     92

1 t+1 t

1

1 t+1

t

1 t+1 t  

3.3  

2011 2019 39

2001

2015

24

2005

2009

2021

2004

2019 54,961

636

33 6,000

6,000 10,000 10,000

1

Thompson, Singleton, Thrall and 



     
Malmquist  93 

Smith 1986 Bowlin 1987

1

6 7 3

1  

1  

   

 
 

 
 
 

 
11  

 
 

 

 
6   

 
7  

 
 

 

3.3.1  

2008 3 31

2009

 



112 6 29 1                                     94

 

 

3.3.2  

2005

2005

2005



     
Malmquist  95 

 

 

 

3.3.3  

2009

2009

 

 



112 6 29 1                                     96

 

IV  

4.1  

4.1.1  

2011 2019

1.8

2  

Golany and Roll 1989 DEA

Pearson

5  

2  

2010-2019  

 

  

   

      

 78,404,007 78,567,162 23,752,508 24,667,112 51,798,322 65,889,271 

 57,655,998 53,323,463 26,038,748 30,470,155 30,276,749 22,520,405 

 43,609,730 33,210,213 8,782,897 6,788,095 34,411,890 28,358,884 

 63,068,674 63,712,073 19,957,931 23,916,823 41,346,886 49,304,951 
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4.1.2  

1.8

3  

2011 2019

Pearson

5  

3  

 

  

   

      

 63,985,326 67,858,415 26,170,756 26,007,085 30,013,112 35,115,332 

 45,407,017 50,815,264 14,216,287 10,699,524 24,032,926 28,365,382 

 36,362,866 22,401,941 15,758,038 11,808,084 17,639,873 9,650,716 

 51,284,198 55,030,648 20,145,096 20,196,875 24,909,204 28,546,982 
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4  

 

  

   

      

 48,719,889 38,153,951 78 53 51,565,711 37,507,953 

 8,329,122 5,100,014 55 20 9,379,935 5,829,864 
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 27,354,285 32,826,059 61 43 29,002,467 33,190,202 
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4.2 DEA  
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0.749 0.904 0.867 0.903 0.847 0.784 0.891 0.868 0.875 0.854 

0.977 0.970 0.973 0.978 0.985 0.964 0.978 0.944 0.898 0.963 

TGR 0.766 0.930 0.890 0.923 0.860 0.815 0.912 0.922 0.975 0.888 
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6 Malmquist  

 year 2011- 
2012 

2012- 
2013 

2013-
2014 

2014-
2015 

2015-
2016 

2016-
2017 

2017-
2018 

2018- 
2019  

 
 
 

EC 1.013 0.985 0.997 1.011 0.987 1.015 0.997 0.989 0.999 
BPC 0.972 1.018 1.007 1.003 1.013 0.993 1.010 1.015 1.004 
TGC 1.002 1.003 0.999 1.006 0.998 1.007 1.002 1.001 1.002 
MPI 0.985 1.005 1.002 1.020 0.997 1.014 1.009 1.005 1.005 

 
 
 

EC 1.001 1.002 0.998 1.000 1.000 1.002 0.998 0.991 0.999 
BPC 1.018 0.997 0.989 0.996 1.009 0.999 1.010 1.014 1.004 
TGC 0.988 1.004 1.009 1.015 0.989 1.004 0.996 1.009 1.002 
MPI 1.006 1.003 0.996 1.011 0.998 1.004 1.004 1.013 1.004 

 
 
 

EC 1.004 0.999 1.001 1.000 0.996 1.004 0.999 0.995 1.000 
BPC 0.978 1.057 0.996 0.985 1.022 0.971 1.006 1.007 1.003 
TGC 1.002 0.987 0.993 1.003 0.992 1.020 1.005 0.992 0.999 
MPI 0.984 1.042 0.990 0.987 1.010 0.993 1.011 0.994 1.001 

 
1 EC BPC TGC MPI

 

4.3.2  

2011 2019 Malmquist

1.011

1.012 0.998

1.005

1.010 1.002

1.003  

1.001 1.010 0.990
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7  
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2012-2013 2015-2016 2016-2017 2017-2018
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2015-2016

2017-2018  

7 Malmquist  

 year 2011-
2012 

2012-
2013 

2013-
2014 

2014-
2015 

2015-
2016 

2016-
2017 

2017-
2018 

2018-
2019  

 
 
 

EC 1.046 0.979 0.988 1.032 1.063 0.945 1.016 1.012 1.010 
BPC 0.953 1.040 1.059 0.986 0.944 1.033 1.014 0.968 1.000 
TGC 0.997 1.003 0.998 0.999 1.012 1.002 0.999 1.006 1.002 
MPI 0.984 1.017 1.038 1.013 1.012 0.969 1.026 0.985 1.005 

 
 
 

EC 0.992 1.026 1.000 0.998 0.965 1.008 1.012 1.003 1.001 
BPC 0.957 0.982 1.014 1.039 1.046 0.973 0.997 1.075 1.010 
TGC 0.969 0.987 1.006 0.999 0.989 0.988 0.969 1.015 0.990 
MPI 0.928 0.995 1.021 1.036 0.996 0.970 0.976 1.100 1.003 

 
 
 

EC 0.995 1.000 0.997 1.010 0.994 0.992 1.004 1.010 1.000 
BPC 0.996 0.999 0.996 1.007 1.000 0.993 0.996 1.000 0.998 
TGC 0.994 1.010 1.019 1.067 0.986 1.025 0.988 1.009 1.012 
MPI 0.985 1.009 1.012 1.086 0.982 1.010 0.988 1.019 1.011 

 
1  EC BPC TGC MPI

 

4.3.3 Malmquist  

2011 2019 Malmquist

1.011 1.004

1.008 0.999

0.990 0.991

0.997 0.997
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0.979 1.033

8  
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2013-2014 2016-2017
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2018-2019 2011-2012

2013-2014 2017-2018 2011-2012

2013-2014

2017-2018

 

8 Malmquist  

 year 2011-
2012 

2012-
2013 

2013-
2014

2014-
2015

2015-
2016

2016-
2017

2017-
2018

2018-
2019  

 
 
 

EC 1.197 0.960 1.029 0.956 1.002 1.068 0.983 1.072 1.033 
BPC 0.839 1.034 0.971 1.094 1.005 0.969 1.019 0.899 0.979 
TGC 1.003 0.999 0.999 0.997 1.000 1.005 0.993 1.002 1.000 
MPI 0.966 0.983 0.997 1.037 1.005 1.034 0.991 0.961 0.997 

 
 
 

EC 0.992 1.005 1.005 1.008 0.977 1.019 0.967 0.954 0.991 
BPC 1.002 1.001 0.965 0.993 1.013 0.984 1.023 1.061 1.005 
TGC 0.980 1.031 0.978 1.014 1.001 0.991 1.011 0.969 0.997 
MPI 0.972 1.037 0.948 1.014 0.992 0.988 0.994 0.979 0.990 

 
 
 

EC 0.984 1.008 1.007 1.004 0.985 1.015 0.991 1.000 0.999 
BPC 1.024 0.983 0.999 1.012 1.007 1.008 0.987 1.014 1.004 
TGC 0.990 1.081 0.987 1.005 1.029 1.040 0.938 0.989 1.008 
MPI 0.996 1.072 0.994 1.021 1.018 1.065 0.920 1.005 1.011 

 
1  EC BPC TGC MPI

 

V  

2011 2019 24
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2010-2019

 

2015 276 6  

2003 119 41-62  

2000

49 3 53-63  

2005

 

2020 26 2 93-

125  

2004

75 149-178  

2004

2 2 1-21  

2015

8 2 89-113  

2014

7 1 95-128  

2009

15 1 43-80  

2009

37 4 415-453  

2015

DEA 21 1-2 151-187  

2013 2009 2011

15 373-420  
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1997

35 107-134  

2005 11

1 34-64  

2005

18 2 57-74  

2021

17 2 93-136  
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Evaluation of Operational Efficiency of 
Fishermen’s Associations in Taiwan: A 

Metafrontier Data Envelopment Analysis 
and Malmquist Index Approach 

Yao-Jen Hsiao*, Li-Hsueh Chen**, Ming-Chun Chen*** 

Fishermen’s associations have long been key to the fisheries economy 
of Taiwan. Their management quality is vital for their sound development and 
affects the economies of fishing villages and the well-being of fishers. This 
study investigated 24 fishermen’s associations in Taiwan from 2011 to 2019 
to understand their operational efficiency. The study used metafrontier data 
envelopment analysis and the Malmquist index to measure the operational 
efficiency and productivity of their economic, financial, and services 
departments. Moreover, the study distinguished fishermen’s associations 
according to their organizational sizes to investigate the causes of the 
differences in the efficiency and productivity of fishermen’s associations of 
different sizes. The empirical results are outlined as follows: (1) Fishermen’s 
associations have shifted their focus because the proportion of these 
associations’ overall surplus allocated to financial departments has 
decreased, whereas that allocated to economic departments has significantly 
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increased. (2) The metafrontier data envelopment analysis results revealed 
that large fishermen’s associations were the most efficient. (3) According to 
the metafrontier Malmquist index analysis, productivity has improved across 
economic and financial departments but declined in the service departments 
of large and medium-sized fishermen’s associations. The study findings can 
serve as a reference for fishermen’s associations in designing strategies for 
improving their operational efficiency; the findings can also serve as a 
reference for government agencies in developing policy recommendations to 
guide the operation and management of these associations. 
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