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The estimation of the productivity in adjacent water fisheries

Cheol-Hyung Park*
Division of Economics, Pukyong National University, Busan, 608-737, Korea

Abstract

This study is to estimate the recent changes in total factor productivity of 15 Korean adjacent water
fisheries based on Malmquist productivity indices. The study adopted both input and output oriented
productivity measures utilizing a hyperbola distance function. In addition to this point, the study also
calculated the 95% confidence interval for the various components of the productivities in order to access
the statistical significance of estimates using 2000 times of re-sampling process through the smoothed
bootstraping.

The results of the study showed us that there was 18% reduction in the overall total factor productivity
during the study period from 2007 to 2011, which turned out to be 5% of annual decrease in productivity.
The study found that the main reason of this decrease in total productivity is about 22% downward shift of a
fisheries production function due to recent conditions of a devastated fishing ground. When we evaluated the
statistical significance of changes in technical efficiency combining both pure technical and scale efficiency
based on the 95% confidence intervals, we could not find any evidence of changes in those components of
total factor productivity.

When we accessed the productivity of the each of 15 adjacent water fisheries methods, only the large
danish seine fisheries showed us about 7% increase in productivity. Even though the large trawling and the
large tow-boat trawling revealed no changes in productivity, all of the other 12 fisheries suffered the

decreases in productivities.

Keywords : Malmquist, Bootstraping, Technical efficiency, Technical change, Scale efficiency
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Fig. 1. Hyperbola input and output-oriented.
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Table 3. Estimates of Productivities for the different methods of fisheries |

Productivity Total productivity Technical efficiency Technical change
Confidence interval 95%L Malm. 95%U 95%L Eff. 95%U 95%L Tech. 95%U
Set Net 0.672 0.735* 0.794 0.898 1.000 1.238 0.631 0.735% 0.794
Large Pair Bottom Trawl| 0.962 0.988 1.023 0.882 1.022 1.122 0.873 0.967 1.100
Large Danish Seine 1.044 1.071* 1.141 1.231 1.291% 1.441 0.744 0.830* 0.887
Large Otter Trawl 0.933 1.005 1.067 1.000 1.096* 1.240 0.838 0.917* 0.992
Eagai?:hl\f:f;;‘m 0.681 | 0.705% | 0739 | 0978 | 0998 | 1075 | 0.608 | 0.706* | 0.751
Wes“i)‘:;fghszzixedlum 0.790 | 0.798* | 0.801 | 0916 | 0976 | 1027 | 0.764 | 0.818* | 0.849
Eagseefx::;;‘m 0427 | 0486* | 0555 | 0850 | 1000 | 1252 | 0397 | 0.486* | 0.532
Large purse Seine 0.831 0.876* 0.931 0.882 1.000 1.181 0.751 0.876* 0.947
Anchovy Trawl 0.725 0.730* 0.732 0.867 0.927 1.049 0.684 0.787* 0.833
Off-shore Trap 0.873 0.905* 0.951 1.084 1.134* 1.256 0.693 0.798* 0.851
Diver fishery 0.672 0.717* 0.749 0.901 1.017 1.382 0.536 0.705* 0.786
Off-shore Stow Net 0.954 0.972* 0.986 1.152 1.220% 1.433 0.703 0.797* 0.841
Off-shore Angling 0.616 0.676* 0.699 0.784 0.838* 0.913 0.719 0.806* 0.845
Off-Shore gillnet 0.893 0.926* 0.963 0.998 1.114 1.319 0.711 0.832* 0.923
Off-shore Long Line 0.872 0.885* 0.890 1.022 1.103* 1.229 0.714 0.803* 0.866
Geometric mean 0.779 0.816* 0.854 0.956 1.043 1.201 0.680 0.783* 0.844
Standard deviation 0.163 0.157 0.160 0.121 0.113 0.152 0.116 0.110 0.125
Coefficient of variation | 0.209 0.192 0.187 0.127 0.109 0.127 0.171 0.140 0.148
Maximum 1.044 1.071 1.141 1.231 1.291 1.441 0.873 0.967 1.100
Minimum 0.427 0.486 0.555 0.784 0.838 0.913 0.397 0.486 0.532
Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. Malm., Eff., and Tech. represent the median of bootstraping estimates respectively.
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Table 4. Estimates of Productivities for the different methods of fisheries Il

Productivity Pure technical efficiency Scale efficiency
Confidence interval 95%L P_Eff. 95%U 95%L Scale. 95%U
Set Net 0.886 1.000 1.231 0.951 1.000 1.000
Large Pair Bottom Trawl 0.975 1.081 1.225 0.758 0.945 1.005
Large Danish Seine 1.168 1.231% 1.321 1.004 1.048* 1.153
Large Otter Trawl 0.974 1.047 1.197 0.911 1.047 1.185
Eaf;ﬂi?:hl\:;‘:sm 0.920 0.975 1.075 0.992 1.024 1.178
WeSt'SD(;‘;till::ZmM:d‘um 0.944 1.000 1.085 0.907 0.976 1.031
East Sea Midium Otter Trawl 0.850 1.000 1.253 0.984 1.000 1.000
Large purse Seine 0.855 1.000 1.357 0.808 1.000 1.133
Anchovy Trawl 0.989 1.060 1.231 0.777 0.875* 0.981
Off-shore Trap 1.027 1.086* 1.174 0.988 1.044 1.207
Diver fishery 0.865 1.000 1.359 1.000 1.017* 1.357
Off-shore Stow Net 1.085 1.189* 1.295 0.987 1.026 1.138
Off-shore Angling 0.768 0.848* 0.966 0.906 0.989 1.061
Off-Shore gillnet 0.881 1.011 1.166 1.004 1.101% 1.298
Off-shore Long Line 1.064 1.120% 1.209 0.910 0.984 1.113
Geometric mean 0.945 1.039 1.205 0.922 1.004 1.118
Standard deviation 0.106 0.092 0.108 0.084 0.052 0.113
Coefficient of variation 0.112 0.089 0.089 0.091 0.052 0.101
Maximum 1.168 1.231 1.359 1.004 1.101 1.357
Minimum 0.768 0.848 0.966 0.758 0.875 0.981

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. P_Eff,, and Scale. represent the median of bootstraping estimates respectively.
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Table 5. Estimates of the annual productivities |

Productivity Total productivity Technical efficiency Technical change
Confidence interval 95%L Malm. 95%U 95%L Eff. 95%U 95%L Tech. 95%U
2007 —2008 0.948 0.969* 0.991 0.912 1.002 1.103 0.886 0.967 1.056
2008 —2009 0.904 0.936* 0.969 0.913 1.006 1.117 0.851 0.931 1.011
2009 —2010 0.999 1.021 1.048 0.928 0.993 1.058 0.973 1.028 1.097
2010—2011 0.882 0.896* 0.903 0.991 1.058 1.161 0.773 0.847* 0.904
Geometirc mean 0.932 0.954* 0.976 0.935 1.014 1.109 0.868 0.941 1.014
Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. Malm., Eff., and Tech. represent the median of bootstraping estimates respectively.
Table 6. Estimates of the annual productivities |l
Productivity Total productivity Technical efficiency
Confidence interval 95%L P_Eff 95%U 95%L Scale 95%U
2007 —2008 0.906 1.006 1.124 0.931 0.996 1.062
2008 —2009 0.913 1.018 1.146 0.920 0.988 1.034
2009 —2010 0.920 0.983 1.039 0.976 1.010 1.068
2010—2011 0.949 0.994 1.069 0.998 1.065 1.196
Geometric mean 0.922 1.000 1.094 0.956 1.014 1.088
Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. P_Eff, and Scale. represent the median of bootstraping estimates respectively.
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Table 7. Estimates of productivities according to dragging |

Productivity Total productivity Technical efficiency Technical change
Confidence interval 95%L Malm. 95%U 95%L Eff. 95%U 95%L Tech. 95%U
Set Net 0.672 0.735%* 0.794 0.898 1.000 1.238 0.631 0.735* 0.794
Dragged gear 0.775 0.810* 0.852 0.944 1.034 1.167 0.690 0.784* 0.845
Non-Dragged gear 0.803 0.839* 0.866 0.983 1.064 1.243 0.676 0.789* 0.851

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. Malm., Eff., and Tech. represent the median of bootstraping estimates respectively.

Table 8. Estimates of productivities according to dragging |l

Productivity Total productivity Technical efficiency
Confidence interval 95%L P_Eff 95%U 95%L Scale 95%U
Set Net 0.886 1.000 1.231 0.951 1.000 1.000
Dragged gear 0.955 1.047 1.214 0.888 0.988 1.080
Non-Dragged gear 0.941 1.036 1.188 0.965 1.026 1.191

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. P_Eff., and Scale. represent the median of bootstraping estimates respectively.
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Table 9. Estimates of productivities according to fleet |
Productivity Total productivity Technical efficiency Technical change
Confidence interval 95%L Malm. 95%U 95%L Eff. 95%U 95%L Tech. 95%U
Set Net 0.672 0.735* 0.794 0.898 1.000 1.238 0.631 0.735* 0.794
Fishing fleet 0.857 0.893* 0.929 0.906 1.010 1.146 0.783 0.884* 0.963
Non-Fishing fleet 0.760 0.796* 0.831 0.983 1.062 1.220 0.648 0.750* 0.805
Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. Malm., Eff., and Tech. represent the median of bootstraping estimates respectively.
Table 10. Estimates of productivities according to fleet I
Productivity Total productivity Technical efficiency
Confidence interval 95%L P_Eff 95%U 95%L Scale 95%U
Set Net 0.886 1.000 1.231 0.951 1.000 1.000
Fishing fleet 0.947 1.047 1.251 0.811 0.965 1.073
Non-Fishing fleet 0.950 1.041 1.184 0.967 1.020 1.149

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. P_Eff,, and Scale. represent the median of bootstraping estimates respectively.
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Table 11. Estimates of productivities regarding active or passive fishing |

Productivity

Total productivity

Technical efficiency Technical change

Confidence interval 95%L Malm. 95%U 95%L Eff. 95%U 95%L Tech. 95%U
Set Net 0.672 0.735% 0.794 0.898 1.000 1.238 0.631 0.735% 0.794
Active fishing 0.762 0.799* 0.840 0.939 1.032 1.189 0.671 0.775* 0.838
Passive fishing 0.832 0.866* 0.891 1.000 1.073* 1.217 0.708 0.807* 0.865

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. Malm., Eff., and Tech. represent the median of bootstraping estimates respectively.

Table 12. Estimates of productivities regarding active or passive fishing Il

Productivity Total productivity Technical efficiency
Confidence interval 95%L P_Eff 95%U 95%L Scale 95%U
Set Net 0.941 1.036 1.188 0.965 1.026 1.191
Active fishing 0.945 1.041 1.230 0.899 0.991 1.108
Passive fishing 0.957 1.044 1.157 0.958 1.028 1.161

Note : 1. 95%L and 95%U represent the lower and upper bounds of 95% confidence interval respectively.
2. * and the boldface letters represent the statistical significance at 5%.
3. P_Eff,, and Scale. represent the median of bootstraping estimates respectively.

o

o 9,
¢
=
El
et
&

2 ¥

12 3o
&= 0

3 X

2~ O of
I
oft M
Moox

(RISl

O o 2
oEL-EJZio?d

=

q

iz

= o

2
N
N

Py O.>|J_4

o P &

s
AN
4
off
2
1A

)
lo
N

¢

ook 4 oM 32 Y

offt o
o>
ol
ol

=2
e
H1
M o 4
iy =2 M'

HOH g
re iliA

to o ot 2
o Mo
X ox
2 &
Rl
Lo
-+
oX
oX
PRI U
o <

ne
4
30,
i)

:TL

o]

ol

L.
-
&

by
1o

A o riT

o s il re

ox N
o2 o
)

o

o)
rlr
Jo
1o
2

Fop
o
ox
= £ o
Lot
N
N
f
oft,

lo

o,

£
-
5

o
rE

2

rE

.

o
o 4 1o

)
oo st

o
N
oo 3

oW
=
Prl'
X
=)

S
R

L ooz

i
o
rr
i3
)
i)
R

4
ol -
2
jins

o>
o
30
32

[o
filo

Ve
o
w~ 0

¢

o
fo

ol of

2 3L oE of >
o & N AN
lo 1@ o §2 o o 2

o 2
S fo ox
T ol
L o

e

2007 Ao A 20113 AFo] o] A=
bol gelubet A aol 9l ol 157)
%9 02 AA T} o] o thepat 4
SE YA A S BHL o] §tol

ox
ol
o
m

o
2

of
ik
2
Z g
Y&
2 ot
Y

ox ol
!
S~

= ot

e

e o
of
>
)
ot
Lo
oF
1
Y
ofl

i

e
e
2N

>
U oo
ot
i o
1A
oo off U g e
> > o

i o
rlo
o
o
% !
1o 1o Hm
2 Uf‘.l_i

e ofth
o rr =) £ 22

il
fto
DI I Y

o Howoan 2 o o

4y
N
X

21’,
oo N
M=

> o
>
T

|t
o
Bt S )
B
o

fo
iz

o 9
=
Hoge S
Sbodr B ox
kg
o

it
o 1
oo oX
ol
ol

of
_(?L
N ko 2 (Mmoo

N oo N
ox (o )
2L o

%@

2

| o3t 95% A1 =

o fo v ot T = [ 2 1o Hu
|
ol
oX
2
o

£ g

Ay
o,

ol
2L

Ragn
oX oX
o sy
o rl
2o
By
1"> 2
T
_8. rlo,
re AL
of
£l
»n
X
N
ot

oo 1%

L B B Ao
N

B
4Jr
Mr 32
o &
e
e}
o,
ofj
o
B>
oZ

o o

.,O{_',
&
lo
lo ok qr o
of N
o
O—}a 1o N
o
g4
2
i
o
a9
lo
=
I

1A
oZ
>,
o
1o
£
Lo
o
2
>
(e

v
N
R
X
=2
:?1:.'
ofl
ol
)
fr
%0 10 O o = O ofy

ot b
u
s

3t

2l 2l A 2he

QF95% A FFE F

,Eragdoly R 584
a&Aol= HETt ¢l

lo ¢
hu
N o
fu
1o

off 4z ¢

LB
©
N
=

In

10 —9.4 r_o‘ll‘ ol
ol
-

N
)

32 e & 32 oY Jo 2z oox i o
o

oo o
ol
)
)

Y

I
-3
wt

I



2
ofX
1k
ol
fo
B
ox
>,
%
i)
<

1A
o\
_}1_‘
Mo
fin)

o
=
2 oh

ox

22 offt
2
o
il

ok
ol

X

o

ol
of

<
o

., 30
v o 2

o L2 g
ol
o
T
L
N
)
o T

"o

ul

1 ox
22
% ox
il
v
NN
2
N
)
Mo
B ofN o

=L ol
I rlo

o fo EN ol ox
m B lo g

2 2
ol 3o M
L2 0=
ik

N
off
=)
Y
ol

)
m
f
i3
Qﬂ

B £

%)

N
-

o

=
oz o
>
>
>

[

<
k3
i xC

B o
ox

AUV A w
OO
)
()
o
32
e o

10 ofN @ ox o &
ok
w o

Jrji‘ﬁ
ox ox |0 &

32
A
o\

®

fy

fo o
B>

')
24
ox

I
%0, BILRWN] i)
_).(_44

3o 1o

ﬁr_‘m

Y

> oHr KU ofl

obi ol ox
o 12
Ol
ol
ok

o
o 2 o

B
o%;
~
pad
X,
mlo
ih)
ol uj‘i
)
S
S
oo

-

|| oF 3%9] a2, 20094 of °F 6%2]
o] 2T}zl 20106 E o] OF 2% 9] A A4 o]
Sl Hhd o] L gleh 1y 11 o] 53l 2
oF 10%0°] 3l Fst= th =2 Q1 A4bd o 7
%
[e]

(]
=
Bomoox It
2 oy flo

N
—_

o

%@wq%%ua¥ﬂ%%‘

> 2
oz
r;iz

it
ox 2 -y ox Jo

57;”?(4 o _,]/H%

o

-

o] sherat ool

o dn
B

2nd
lo

ofr
)

N
o
E
4 kot
N

G\

)
ol
2
1A
o
=2
o,
ol
4
o
i)

2 R ske] Ayl 2ol 7t

o X o
“I;E’l@

o
(9]
X
o
Jo
1o
4o
N
2
>
2
)
=

(R o2 10 oY o

Ao g By
£

I 2 8o

1o & rrrfo

2 P~
do MU
lo oz 32

10 o B O oo oX
ot

SR N 2o

e}
O oX W
o |o

R

m}&
ofl

Ao Vebyte). ol A AT Ek T 2 o] Aol o ufe}
Aeko] 91} ] A ghol ¢, 1) 3 A X whol 919 3
M AFoR FESo] a2 Kol B
H7he 4ol 4 Algkol glel A oF 11%9] 7
Ao} wl Aol Qo] A oF 20%9) Azt Y odH
o et 7| &ds A4 A 27
119%8} OF 25%0] 748 BojZi 2o
G oich ool whet 5ol A vl
2 FEG Aol F s
2471 ©F 20%3} °F 13%] 7%7} 9] 31
A E QoL FA Aol o] §
40] Aol WAH A4 koprh. 55
A o] OF 7% Ab2= 3}l 2] uk

i
19% % &= o] XAk

HU

>.

[e]

O

1=

WLoox @

M o
ovmqo
_\_
1'_|_u§;
4 2
E 2o
OlﬂﬂEY‘O?LIOOSHEQ—lN'_‘
4 o N olo N K O jo oX 19 ¢

-

.
N
o my o o= = %Nl o}ﬂ

&
1o
o
o

-

L

13% 7}7}0]
oA 2l

it to
B
o
22 S
2,
‘D‘ ﬂllO goi'

r
Ay 12

A~
e

iy U

fr lo

¥O U 4y on
Fhlizzémlm—io
g L
-
1o
1o mo Mt o
2ode & jo

2o ooz
ol
ok

(2N
rl
1o
re
rly
o
9
2
1o
9
b

N

N

B

It

=

3@
o
10

H‘Ur_?;m

3% do ox

o #
o2

lod
oZ
19
i‘l
N
o Ho

)
o 2 |
a'é
ol

o UIOE
= 4
SLoft

ol
it

FollM e =

Z oA A7}

i o
Ny
f
fo
>.
oz
et
%
N

n)

S

o

lo &
R
{o d

e
re
L
ol

B

)

i

of
i)

mn ot 32 off

1A%
o T

>
>~
-~
ofr
-

o N
i

r'E

Lo

B

&

o

[j\l

oZ
ol
o
-~ olN
)
=
=)
2

ok %

off &

N
ol
o
ox,

oo ob o3 Moo o
o N oX Jo B My x

o mo £

>
4
o oL rr
o
<
< = fr
i
1o
UL .1

2
i

o

[
2
i)
Mo
)
-z
riot
o
=2
Rl
H om0

>

oy
fo
oo
o
1A
o=
24
N

=,
to 1o
N

Lo
o>

Ko
o
(R
N

)3

o

ol
ol
o H

,
=
ofo
5

o -
o T
o lo xd S
offt
fT i
1o
X
20
off E:U

-

o

_‘E
Lﬁ
HN
=

o m{m e
R )

S x}f—.
oA el 5

N o 2

oft
X

e dn b 2O o

o L
ook
41 e o o2 gy

i
i)
o
o
ne
o



Adsfold 35

012¢ 9 20134 2] o] ¢}
3ol w3 o}
EERELE TR

v o

3
t
—h[‘SL’
[\

T Y

REFERENCES

Ha, J. M. (2005), “The study on the evaluation of fishing
efforts in adjacent water fisheries based on ME
model,” Master’s Thesis, Pukyong National
University, Busan, Korea.

Kim, D. S., Seo, J. N. and Lee, S. G. (2010), “Technical
efficiency of the coastal composite fishery in Korea : a
comparison of data envelopment analysis and
stochastic frontier analysis,” The Journal of Fisheries
Business Administration, 41, 45 —58.

Lee, J. S. and Shin, Y. T. (2006), “The study on the
measurements of fishing ability in Korean adjacent
water fisheries,” Korea Marine Institute.

Lee, K. H., Kim, P. K., Kim, D. H., An, H. C. and Lee, C.
W. (2012), “Assessment of fishing power and
fishing capacity of the snow crab gillnet fishery in

the East Sea,” Journal of Korean Society of
Fisheries Technology, 48, 29 — 39.

Seo, J. N. and Kim, D. H. (2012) “Analyzing the
dynamic productive efficiency of large pursue seine
fishery in Korea,” The Journal of Fisheries Business
Administration, 43, 11 —18.

Silverman, B. W. (1986), “Density Estimation for
Statistics and Data Analysis,” London, Chapman
and Hall, 1986.

Simar, L. and Wilson, P. W. (1999), “Estimating and
Bootstrapping Malmquist Indices,” European
Journal of Operational Research, 115,459 —471.

Simar, L. and Wilson, P. W. (2000), “A General
Methodology for Bootstrapping Nonparametric
Frontier Models,” Journal of Applied Statistics, 27,
779 —802.

Yoo, K. R. (2008), “An empirical evaluation of the
efficiency and its determinants of the public sector
using a bootstraped dada envelopment analysis: An
appllication to public health centers in Seoul
metropolitan city,” Korean Policy Studies Review,

17,291 —322.

,77,





