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經營效率之探討－長期追蹤資料之分析 
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壹、前言 

farmers’ association
1

credit 

departmnet 90%

2005

40

62%

2006  

World Trade Organization WTO

2019 2001 2002 287

36

1995 5.07% 2003 17.57%

Chen et al., 2007 2002

                                                        
1 2018 283 181  
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2003

2004

2005

 

283 817 2007 2018

1 7,919 35.6% 1

878 54.7% 50 0.46%

2019 88.9%

5.96% 2008-2019

1998 8.1% 2018 3.7%

1998 5.3% 2004 2.9% 2008-2019 2

 

frontier Farrell 1957

data envelopment analysis DEA

stochastic frontier approach SFA

dynamic network data envelopment analysis DNDEA

slack-based measure SBM DEA

sequential data envelopment analysis SDEA

                                                        
2  2008

1998 2007

2008  
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CAMEL 3 CAMEL

2008

2006 Agarwal, et al., 2014  

DEA Chortareas et al.

2009

Fernandes, et al. 2018 DEA 2007-2014

Aghayi Maleki

2016 2018 Chortareas 2009 2016

2018 DEA

2007 2014

 

DEA

Sun . 2017

                                                        
3  CAMEL 1979 Uniform Financial Institutions Rating System  

U.S. Federal Reserve

capital adequacy

asset quality management earnings liquidity

1995 sensitivity to market risk

CAMELS Prach, 2019  
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2006 Chen 2007

 

directional distance function DDF Chambers

1996 1998

DDF

decision making 

unit DMU DDF DMU

DDF Fukuyama Weber

2008 DDF DEA

Barros 2012 Russell

2000 2007

Pal Mitra 2018 2008 2013

64 microfinance institution

 

Barros 2012

6 3 6

2014

Sealey Lindley 1977 Berger Humphrey 1998

 

Elyasiani Rezvanian 2002
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Huang 2011

DDF

 

metafrontier

Hayami 1969 metaproduction function

Battese Rao 2002 Battese et al. 2004

technology 

efficiency TE 2009 Battese Rao 2002

metaproduction

DMU

DMU

 

2009 ; Hsiao, et al., 2012; Lin, et al., 2013; Li, et al., 

2018; Wan,g et al., 2019

technology gap ratio TGR

Battese, et al., 2004 meta-technology ratio MTR

O’Donnell, et al., 2007 MTR TGR

 

DDF
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2013

2018 269 1,614 panel 

data

 

貳、評估信用部經營效率概念架構 
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31
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2016

2009  

 

project loans unified loans

agricultural development fund

farm-field loans agricultural 

machine loans agricultural development loans

farm-house loans 2019

net value
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( )  

283 817 2018

1 7,919 1 878 50

0.46% 2007 1 3,214 2018

1 7,919 12 35.6% 2007 7,030

2018 1 878 12 54.7%

2007 451 2018 50 12

88.9% 2007

6.42% 2018 0.46% 12 5.96% 2007 2018

 

( )  

1998 8.1% 2018 3.7%

54% 1 1998

5.3% 2004 2.9%

10 3.3%

12

35.6% 54.7%

2  

( )  

283

56

98

98 27  
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12,933 

92,776 

28,672 
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1 2013 2018

6 1

6 2.4

2.4

3.1

2.7

6

 

1 2013 2018  
* 

 

 

         

   

      
 

 

2013 11,095,862 6,554,525 35,046 4,335,997 1,988,296 47,068 1,641,411 646,229 13,403

2014 11,458,867 7,031,410 21,004 4,583,091 2,108,830 36,193 1,804,330 756,704 8,786

2015 11,605,242 7,381,040 15,825 4,709,891 2,274,005 30,685 1,932,306 821,470 7,170

2016 11,736,935 7,439,780 16,683 4,855,953 2,361,452 27,160 2,043,048 887,376 6,019

2017 11,857,903 7,577,005 17,176 4,929,083 2,544,046 25,016 2,111,275 934,050 7,467

2018 11,813,689 7,912,450 22,900 5,033,168 2,698,250 21,960 2,180,361 1,013,630 6,904

6  
 11,594,750 7,316,035 21,439 4,741,197 2,329,147 31,347 1,952,122 843,243 8,292

2014-2019  

* 2018  

2018

2019 10

7 5
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2019

2 1 2 5

 

 

DDF

DDF

isoquant curve

DEA

Färe, et al., 1989; Sahoo, et al., 2016 Chang 1999

weakly separatable  

( ) DEA  

Shephard 1970 distance function DEA

Shephard  Färe 1974 joint 

production Färe 2005

Färe 2005

technology set T (1)  

 = ( , , ) : ( ,b)T y b x x y可以生產  (1) 
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N x x M

y b  

1 += ( ,..., ) =1...... ;       N
N nx x x R x n N 代表  

1 +y = ( , , ) =1...... ;       M
M my y R y m M 代表  

1 += ( ,..., ) =1...... ;       J
J jb b b R b j J 代表   

output set; ( )P x (2)  

 ( ) ( , ) : ( , , )P x y b y b x T    (2) 

Chung et al. 1997

(3)  

 0 ( , , ; ) max : ( , ) ( )y bD x y b g y g b g P x     


   (3)
 

Färe et al. 2001



y b

 

4 ( , )y bg g g    

yg   

bg   

0 ( , , ; )=0D x y b g


DMU

0 ( , , ; )>0D x y b g


DMU
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unregulated technololgy

 

0

1

( , , ; ) max

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

k

K
k k k k

m
k

D x y b g

s t z y y m M








  



 
(4-1)

 

1

(1 ) ,          1,......,
K

k k k
j j

k

z b b j J


                     (4-2) 

1

,         1,......,
K

k k k
n n

k

z x x n N


    (4-3) 

1

1           0,                
K

k k
k

z z k = 1,......K


   

( 0.7 , 0.7 )y bB y g b g   

( , )y bg g

B

A=(y,b)
( )P x

b非意欲產出量

y意欲產出量

Chung (1997)  

4  
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( )  

Battese Rao 2002 meta-frontier 

production function DMU

DMU

(meta-technology set) Tmeta
 

 T = ( , , ) : ( , )meta y b x x y b可以生產   (5) 

output set ( )metaP x

 

 ( ) ( , ) : ( , , )metaP x y b y b x T                      (6) 

0
meta

D


(7)  

 0 ( , , ; ) max : ( , ) ( )
meta meta

y bD x y b g y g b g P x     


    (7) 

(7) 0 ( , , ; )
meta

D x y b g


0 ( , , ; )
meta

D x y b g


0
meta

D


DMU 0 0
meta

D 


DMU

TEmeta (8)  

0 1 ( , , ; )
metametaTE D x y b g 


                     (8) 

k

(group-technology set) Tk ( )kP x

0
k

D


(9)  
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 0 ( , , ; ) max : ( , ) ( ) , 1,2,...
k k

y bD x y b g y g b g P x k K      


     (9) 

(9) 0 ( , , ; )
k

D x y b g


0 ( , , ; )
k

D x y b g


k kTE (10)  

0 1 ( , , ; )
kkTE D x y b g 


                    (10) 

(8) (10) 0 1

1

 kTE metaTE

(11)  

0

0

(1 ( , , ; ))

(1 ( , , ; ))

metameta

kk

TE D x y b g
MTR

TE D x y b g


 





                  (11) 

DMU 0.6metaTE  0.8kTE  MTR 0.6 / 0.8 0.75

x k

75% MTR k

metaTE kTE MTR (12)  

meta kTE TE MTR                             (12) 

5

DMU

G3 G2 G1 G1 G2

G3 DMU

DMU M G2

DMU 0b 0b G2
1b DMU TEk DMU

2b 0b

DMU MTR  
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X

0b

2Y

0Y

1Y

2b

1b

  
5  

參、樣本來源與實證結果分析 

 

269

2013

5

269 2013-2018

6 23 10 11

11 17 22 26 13

20 17 32 26 18

9 8 2013 2018 1,614  
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91 92 86 2013-2018

2014-2019

2 3 4 2013-2018

 

2  

    

  1y  + +  

+ + +  
+ +  

 2y  –  

  b   

 1x   

 2x  + +  

+ +  

+ +  

3x  –  

 

( )  

(1) - (12) GAMS

269 G1

G2 G3 5

G1 metaTE 2013 2018 0.8086 0.8292 0.8574

0.8658 0.8538 0.9029 2018 metaTE 0.9029

 (1-0.9029)100%=9.71% 
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2013-2018 19.14% 17.08%

14.26% 13.42% 14.627%

G2 metaTE 2013-2018

28.29% 29.72% 26.96% 26.16% 24.97% 20.40%

G3 metaTE 2013 2018 31.45% 32.52% 32.36%

30.41% 32.72% 27.62%  

3 2013 2018 * 

 

     

 
 

91  

  79,072 42,948 
 11,594,750 6,811,578 
 594,245 580,831 

  7,316,035 5,475,402 
 40,302 39,350 

  21,439 41,938 
 
 

92  

  37,690 8,881 

 4,746,710 897,924 

 254,976 187,716 
  2,332,505 944,032 

 11,231 8,174 

  31,232 60,115 
 
 

86  

  16,018 7,947 
 1,962,566 805,913 
 140,325 120,698 

  849,440 527,605 

 3,386 3,314 

  8,328 15,726 

* 2018  

MTR
kTE metaTE MTR G metaTE

5

G1 MTR G1 MTR

1 metaTE 2018 G1
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MTR 0.9998 metaTE

0.9998100%=99.98% 2018 metaTE

G2 G3 MTR 92.09% 90.31%

92.09% 90.31%  
kTE 2013 2016 G2

kTE G3 G2 kTE

2017 2018 G2 kTE

G3 G1 G2 kTE

G3 kTE 0.8 metaTE

MTR

G1 G2 G3 2013

2018

5

2013-2018 metaTE kTE MTR
kTE 0.19% 7.56% 13.58%  

( )  

6 269 2013 2018 30
kTE =1 metaTE =1 MTR=1 19

3

8

9 14
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4 2013-2018 * 

 
 

 
2013 2014 2015 2016 2017 2018 

 

 
 76,770 78,232 80,164 82,189 78,453 78,625 

 (46,543) (44,172) (42,058) (42,736) (42,081) (40,095)
  11,095,862 11,458,867 11,605,242 11,736,935 11,857,903 11,813,689 

 (6,820,600) (6,911,622) (6,958,700) (6,940,108) (6,991,111) (6,247,328)
  495,488 583,351 598,146 611,847 631,708 644,928 

 (524,845) (578,641) (590,782) (593,138) (599,655) (597,924)

  6,554,525 7,031,410 7,381,040 7,439,780 7,577,005 7,912,450 
 (5,688,674) (5,711,974) (5,573,074) (5,361,264) (5,229,733) (5,287,696)

  37,916 42,652 45,149 36,753 38,211 41,133 
 (40,659) (44,417) (43,262) (35,130) (35,226) (37,408)

 
 35,046 21,004 15,825 16,683 17,176 22,900 

  (78,576) (50,778) (26,238) (26,222) (27,973) (41,842)

 

 36,659 37,206 38,765 38,573 37,217 37,719 
 (9,501) (9,124) (9,174) (8,569) (8,309) (8,607)

  4,369,075 4,583,091 4,709,891 4,855,953 4,929,083 5,033,168 
 (855,423) (900,365) (892,812) (907,531) (910,280) (921,134)

  220,797 247,519 259,649 261,614 267,224 273,053 
 (184,003) (177,504) (192,904) (190,101) (188,624) (193,161)

  2,008,450 2,108,830 2,274,005 2,361,452 2,544,046 2,698,250 
 (897,720) (999,604) (1,010,786) (981,174) (896,327) (878,579)

  10,269 11,799 12,079 10,390 10,918 11,931 
 (10,948) (7,806) (7,744) (7,465) (7,609) (7,473)

 
 45,111 36,591 30,924 27,458 25,254 22,054 

  (85,560) (71,506) (64,774) (53,699) (47,445) (37,709)

 

 
  14,844 15,218 16,134 16,682 16,360 16,870 

 (8,212) (7,756) (7,963) (8,238) (7,737) (7,775)
  1,704,078 1,804,330 1,932,306 2,043,048 2,111,275 2,180,361 

 (766,104) (789,565) (788,726) (814,594) (830,464) (846,022)
  95,529 134,094 146,483 147,025 155,514 163,302 

 (112,183) (102,388) (116,750) (117,579) (131,529) (143,759)

  683,409 756,704 821,470 887,376 934,050 1,013,630 
 (448,793) (484,826) (510,756) (551,173) (565,400) (604,682)

  3,176 3,657 3,984 2,819 3,245 3,437 
 (3,129) (3,737) (3,607) (3,070) (3,035) (3,307)

 
 13,619 8,786 7,170 6,019 7,467 6,904 

  (24,224) (18,528) (16,351) (12,042) (12,701) (10,509)

*
2018  
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5 2013 2018
 

  metaTE  kTE  MTR 
2013 G1 0.8086 0.8169 0.9900 

G2 0.7171 0.7839 0.9114 
G3 0.6855 0.7978 0.8506 

2014 G1 0.8292 0.8408 0.9863 
G2 0.7028 0.7484 0.9361 
G3 0.6748 0.7858 0.8513 

2015 G1 0.8574 0.8656 0.9907 
G2 0.7304 0.7827 0.9279 
G3 0.6764 0.8014 0.8352 

2016 G1 0.8658 0.8727 0.9915 
G2 0.7384 0.7793 0.9428 
G3 0.6959 0.8027 0.8607 

2017 G1 0.8538 0.8544 0.9993 
G2 0.7503 0.8320 0.8999 
G3 0.6728 0.8114 0.8218 

2018 G1 0.9029 0.9031 0.9998 
G2 0.7960 0.8633 0.9209 

  G3 0.7238 0.7986 0.9031 
2013-2018 G1 0.8679 0.8695 0.9981 

 G2 0.7488 0.8078 0.9244 
 G3 0.6983 0.8000 0.8642 

7 2013 2018 kTE
kTE

0.55 0.56 0.61

45% 44% 39% kTE

0.45 0.48 0.50

55% 52% 50%
kTE

0.33 0.47 0.54

67% 53% 46%

2013 2018

9
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6 2013 2018  

G1 G2 G3 

   

   

   

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

19  3  8  

7 2013 2018  

G1 G2 G3 

   

   

   

( )  

269

8 269 2013
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2018 kTE metaTE MTR metaTE

0.8635 0.7713 0.6908 0.8907

13.65% 22.87% 30.92% 10.93%

MTR MTR

8 2013-2018

MTR 0.9800 0.9375 0.9038

0.9824 98%

93.75% 90.38% 98.24%
kTE 0.8806 0.8215

0.7598 0.9070  
kTE metaTE MTR

8

6  
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8 2013 2018

 

  metaTE  kTE  MTR 

 51 0.8635 0.8806 0.9800 

 98 0.7713 0.8215 0.9375 

 93 0.6908 0.7598 0.9038 

 27 0.8907 0.9070 0.9824 

 

 

6 2013 2018  

 

肆、影響農會信用部共同邊界及群組邊界經營效率因

素分析 

 

2013 2018 269
metaTE kTE

G2 G3

0

0.2

0.4

0.6

0.8

1

1.2
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Associate

Chen el al., 2007  

Branch

Govloan  

education age

U12r

U3r U4r U56r

39

Under39 40 49 40and49 50 60 Over50

 
metaTE kTE

CAMEL

capital adequacy

BIS  

BIS =
合格淨值

風險性資產總額
  (13) 

BIS NPL

asset quality NPL  
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NPL =
逾期放款

放款總額
  (14) 

C1 management (15)  

 
 /2

C1 =
 



  
  

放款總額 淨值 固定資產淨額

存款總額 公庫存款
             (15) 

C2 earnings

(16)  

C2 =
本期損益

淨值
  (16) 

CAMEL liquidity

C3 (17)  

 +
C3 =

  

流動資產

流動負債 存款 放款
                   (17) 

metaTE kTE

9  

 

panel data 269

2013 2018

time-series cross-section

fixed effect model FE random effect 

model RE H
tiTE

H=meta H=k
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 (18) 

5  

0 1 2 3 4 5

6 7 8 9 10 11

12 13 14 15

2 3

U12r U3r + U56r + 40&49 + Over50 + BIS

+ NDF + C1 + C2 + C3 + H =

H
ti i ti ti ti ti ti

ti ti ti ti ti ti

ti ti ti ti ti

TE G G Associate Branch Govloan

meta,  k

     
     
    

     

   (18) 

1,...,269i  269 DMU t 

 FE RE

Hausman 2

FE  

9 * 

    

G2 1 0  0.34 0.473 

G3 1 0  0.32 0.474 

Aassociate (%) 34.2% 24.543 

Branch ( ) 3.0  2.563 

Govloan (%) 16.9% 19.201 

U12r (%) 26.8% 13.023 

U3r (%) 32.5% 11.264 

U4r (%) 39.6% 13.281 

U56r (%) 1.0% 2.211 

Under39 39 (%) 21.6% 11.391 

40&49 40 49 (%) 34.7% 10.882 

Over50 50 (%) 43.6% 11.802 

BIS (%) 12.7% 4.001 

NPL %  1.08% 2.503 

C1 %  48.3% 17.393 

C2 %  5.2% 29.853 

C3 %  112.3% 16.563 

                                                        
5 U4r

Under39 0.5 variance inflation factor

VIF

VIF 1.70 VIF G2 2.70

C2 1.01 VIF=10
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( )  

10 Hausman 2 =109.82 p 0.05

FE FE
metaTE Associate

U3r U56r 40&49

BIS NPL C1 Associate

–0.2839 1%

0.2839 Associate 6

 

U3r

–0.0901 0.0901

U56r 0.2907

0.2907 40&49 –0.0576 40 49

29 0.0576

 

                                                        
6  2018 Associate

pooled OLS t =7.67

6 t =–6.99

 



17 2 2021/  124 

10 FE RE  

 
FE  RE  

 t   t  

Constant 0.5604 (12.56) 0.3816 (10.74) 
G2 -0.0223 (-0.92) 0.0393*** (3.22) 
G3 -0.0009 (-0.05) 0.0168* (1.74) 
Associate -0.2839*** (-6.99) 0.0023 (0.12) 
Branch -0.0005 (-0.26) -0.0009 (-0.63) 
Govloan 0.0211 (0.91) -0.0053 (-0.27) 
U12r -0.0492 (-1.47) -0.0325 (-1.17) 
U3r -0.0901** (-2.36) -0.0351 (-1.16) 
U56r 0.2907*** (2.76) 0.2305** (2.33) 
40&49 -0.0576* (-1.89) 0.0527* (-1.85) 
Over50 0.0034 (0.12) -0.0290 (-1.12) 
BIS 0.2444** (2.22) -0.3468*** (4.13) 
NPL -0.0055*** (-4.80) -0.0055*** (-5.37) 
C1 0.7626*** (29.13) 0.7612*** (34.55) 
C2 0.0054 (1.13) 0.0066 (1.37) 
C3 -0.0280 (-1.49) 0.0060 (0.35) 
F  84.73    

R
2
 

 

0.4886 0.4627 

Hausman 2  109.82       

t  
***

 1% **
 5% *

 

10%  

BIS 0.2444 1%

0.2444 BIS

BIS

NPL –0.0055 1%

0.0055 NPL

C1 0.7626 C1 1%

0.7626 C1
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C1

 

( )  

kTE

kTE 11 Hausman
2 =86.63 FE

G2 G3

Associate U12r U3r

BIS NPL C1

G2 G3

 

Associate –0.2397

1% 0.2397

Associate

U12r

U3r –0.1246 –0.1193

0.1246 0.1193

 

BIS 0.3982

1% 0.3982

NPL –0.0067 1%

0.0067% C1 0.7205 1%

0.7205 Branch
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40&49 Over50 Govloan

C2 C3

BIS NPL C1

 

11 FE RE  

 
FE  RE  

 t   t  

Constant 0.7100 (14.58) 0.5606 (14.72) 

G2 -0.0919*** (-3.47) -0.0556*** (-4.33) 

G3 -0.0600*** (-3.24) -0.0386*** (-3.78) 

Associate -0.2397*** (-5.40) 0.0096 (0.48) 

Branch -0.0004 (-0.16) -0.0017 (-1.03) 

Govloan 0.0211 (-1.38) -0.0409** (-1.96) 

U12r -0.0352*** (-3.39) -0.0424 (-1.43) 

U3r -0.1193*** (-2.86) -0.0429 (-1.33) 

U56r 0.2907 (1.52) 0.1830* (1.72) 

40&49 -0.0474 (-1.42) 0.0527 (-1.52) 

Over50 -0.0348 (-1.14) -0.0683** (-2.45) 

BIS 0.3982*** (3.31) 0.3813*** (4.27) 

NPL -0.0067*** (-5.38) -0.0066*** (-5.99) 

C1 0.7205*** (25.20) 0.6930*** (29.40) 

C2 0.0044 (0.84) 0.0053 (1.00) 

C3 -0.035 (-1.70) -0.0063 (-0.34) 

F  65.63 

R
2
 0.425  0.405  

Hausman 

2  86.63       

t  
***

 1% **
 5% *

 

10%  

U56r
metaTE

U3r 40&49
metaTE
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kTE

U12r U3r
kTE

Branch Govloan

C2 C3

 

伍、結論 

269 2013 2018

269

2013-2018 30 19

3 8

2013-2018

0.19% 7.56% 13.58%  
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Abstract 

The main objectives of this study are to explore the operation efficiency 

of the credit department for farmers’ associations and analyze the factors that 

affect operation efficiency in Taiwan.  The analyzed data were based on a 

total of 1,614 panel data from the credit department of 269 farmers’ 

associations from 2013 to 2018 in Taiwan.  This study uses a directional 

distance function with both two positive desirable outputs of the farmer’ 

associations’ loans and surplus and one undesirable output of 
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non-performing loans.  Metafrontier efficiencies are used to evaluate the 

large, the medium and the small scale group of farmers’ association to 

differentiate the performance of each credit department of farmers’ 

associations.  It is further to analyze the factors that potentially impact 

metafrontier efficiency and group efficiency.  The results show that the 

credit department of large scale has the best operation efficiency, the 

medium-group and the small-group has been ranked the second and the last. 

Furthermore, there has a trend of improvement for the metafrontier 

efficiency and group efficiency from 2013 to 2018. The average group 

efficiency over 6 years has 0.19%, 7.56% and 13.58% to improve the 

metafrontier.  Additionally, the east regional credit departments have the 

highest operation efficiency, followed by the north and central, and then the 

south.  Finally, the staffs with education level of elementary and junior to 

high school have positive impact on the operation efficiency.  Factors for 

farmers’ associations with higher ratio of capital adequacy and higher 

deposit loan ratio have similar positive impact both on metafrontier 

efficiency and group efficiency.  On the contrary, the ratio of associated 

members, education level of above college, age between 40 and 49 and 

non-performing loans ratio has negative impact on both metafrontier 

efficiency and group efficiency. 

Keywords: Non-performing loans, Surplus, Directional distance function, 

Metafrontier approach, CAMEL rating factors 
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