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Abstract

The purpose of this study is to analyze the production efficiency of fishing village in Gyeongsangnam-do
using Bootstrap-DEA. This study analyzed 40 capture fishery type fishing village in Gyeongsangnam-do.
First, the study estimates technical, pure technical, and scale efficiency of each fishing village based on
traditional DEA under the assumption of CRS and VRS. The average value of technical efficiency for
fishing village was estimated at 0.45 in the CCR model and the average pure technical efficiency value in
the BCC model was estimated at 0.69. As a result, we show that both CCR and BCC models can reduce
inputs to improve efficiency. Second, Estimation of efficiency by location type in the Bootstrap-CCR model
showed that most of the top groups were suburban, and coastal villages were mostly inefficient. On the
other hand, the Bootstrap-BCC model showed that the coastal village DMU A36 had the highest pure
technology efficiency. Third, as a result of analyzing the impact of returns to scale in 40 fishing village,
the portion of coastal village types was the highest among the fishing village operating on the constant
returns to scale. Next, out of 29 fishing village with the increasing returns to scale, suburban type
accounted for 18, and coastal village type accounted for 5 out of 7 fishing villages with the decreasing
returns to scale.
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<Table 1> Status of fishing village by city and
county(2019)

Chan Geo Tongy Sa Go Nam Ha

Local Sum Ulsan

gwon je eong cheon seong hae dong
Count 473 33 57 75 117 30 28 106 27
Source: Fishing Village Classification Evaluation(2019).
=2 s U
RULEA]

Google Mep cata 52021 SK telecom

[Fig. 1] The distribution status of fishing

Using GIS.

village

- 549 -



) °1dd B

<Table 2> Aol A28 of&A ojgin
AP UEhT QEEes oA g B

o wxa A= FFATE AT 201R0(35.5%),
HZE = Oké,‘ (49.2%),
8%), PH=o1$1(35.1%),

1

_'E_IE_%OO]:/L'( 2. 2/) _1161—01:/\1

O]

HE5U2(37.4%)2 o]

<Table 3>¢] Ao A7 ofYATE A
HEWH, AYFTAA 7 B ATE TGA
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<Table 2> Status of fishing licenses for each city and county in Gyeongsangnam-do(2019)
Seaweed Shellfish ~ Fish and other = Complex Community  Cooperative
Sort Set net aquaculture  aquaculture  aquaculture  aquaculture based fishery aquaculture
case ha case ha case ha case ha case ha case ha case ha
Ulsan 40 184 22 114 5 77 1 30 5 42 21 840 5 74
Changwon 25 22 20 214 67 259 28 52 6 24 79 1,120 7 68
Geoje 105 327 9 20 184 524 19 35 6 54 148 2,687 33 363
Tongyoung 147 301 60 175 192 820 69 162 19 31 249 3344 37 475
Sacheon 10 2 0 0 13 156 0 0 0 0 3319499 7 79
Goseong 32 38 1 6 25 115 39 158 0 0 32 1,578 0 0
Nambhae 38 104 10 141 235 1,013 21 30 13 72 133 4,134 10 289
Hadong 17 0 0 0 30 148 37 17 0 0 15 645 0 0
Total 414 978 122 670 751 3,112 214 484 49 223 710 16297 99 1,348

Source: Fishing Village Classification Evaluation(2019).

<Table 3> Current status
Gyeongsangnam-do(2019)

of fishing population and

fishing boat forces by city and county in

Population Fishing fleet
Sort Total Fishery Ratio(%) Non-powered Powered Total
Ulsan 51,536 3,507 6.8 0 749 749
Changwon 26,996 6,423 23.8 312 2,643 2,955
Geoje 110,905 5,348 4.8 25 1,992 2,017
Tongyoung 71,755 6,721 8.6 164 2,340 2,504
Sacheon 17,265 3,331 19.3 137 785 922
Goseong 6,989 1,286 18.4 0 673 673
Namhae 18,701 5,298 28.3 91 3,716 3,807
Hadong 15,822 2,555 16.1 16 638 654
Sum 325,969 34,469 126 745 13,536 14,281

Source: Fishing Village Classification Evaluation(2019).
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<Table 4> Current status of marine production and production amount by city and county
Gyeongsangnam-do(2019)

>>L e M

M, FelT6), sFsF) o7 wol A

&xe

in

Sort Production volume Production amount
Production quantity(ton) Ratio(%) Amount(a million won) Ratio(%)

Ulsan 920 1.4 9,875 6.6
Changwon 12,839 18.8 22,856 15.4
Geoje 5,620 8.2 23,570 15.9
Tongyoung 7,459 10.9 54,147 36.4
Sacheon 36,020 52.9 8,008 5.4
Goseong 492 0.7 1,545 1.0
Namhae 2,705 4.0 12,456 8.4
Hadong 2,093 3.1 16,149 10.9
Total 68,148 100 148,606 100.0

Source: Fishing Village Classification Evaluation(2019).

Taustima
Eitd

(a) Coastal village type (b) Suburban type (c) Vulnerable area type
[Fig. 2] Spatial Distribution of Fishing Villages in Fishing Boats by Location Type Using Data mining-GIS.
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[Fig. 3] The distribution status of fishing village in
Gyeongsangnam-do Province Using GIS.

<Table 5> Status by location type of fishing village

Population Fishing fleet

Total Fishery Ratio Non-p Pow Total

suburban 60,111 2,822 4.7 171 1,004 1,175
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<Table 6>, <Table 7>

<Table 6> Research design

Sort Content
coastal 3,030 1,043 344 7 629 636 Time span 2019(1year)
vulnerable 764 166  21.7 7 116 123 Spatial ~ Gyeongsangnam-do Suburban,
range Coastal Village, Vulnerable Area
473 fishing village of 144 wunions in
Gyeongsangnam-do,
HAMXI=0 o 1
2. #MXI=S T Sample 40 self-reliant fishing villages in the
ANGE o]EA9 A X GEH F8A fishing industry without missing values
_ - _ I
S A3 Yste], FETUI) Y x5 Ao Varr]ira)lllitle Fishery population, Fishing fleet
2019 ofEA BF8H 9 HF2AH20199, °l  Giculation
variable Production volume, Production amount
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<Table 7> Basic Statistics

Input variable Calculation variable

Sort Fishery Fishing Production Production
population  fleet volume amount
Mean 100.7 483 56,554 355,873,792
Standard o) & 424 106809 496350312
deviation
Coefficient
of 0.92 0.88 1.89 1.39
variation
Min 16 9 1,200 10,000,000
Max 430 185 550,896 2,000,000,000
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<Table 8> Correlation between input and output
variables

Input variable  Calculation variable

Sort Fishery  Fishing ProductionProduction
population  fleet volume  amount
Fishery 0000 07028 08023 04954
population
Fishing fleet 0.7028  1.0000  0.4911  0.2126
Production 0573 04911 1.0000 02830
volume
Production
0.4954  0.2126  0.2830  1.0000
amount
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<Table 9> Efficiency composition

#5484 H47 19 5839 oJEAE CCR
o 4= 471(10%), BCColA= 1170(28%), SE°lA
= 4M10%) % Jebgth &84 He7E 1 vt
l BlEEARl ofEA F& CCReA = 3670
(90%), BCCOlME= 297H(73%), SECIAM = 3670
(90%)= Tt vla&4l Ao w yepsth o
H, Ray and Bhadra(1993)2] &84 & 23t
W, FEE2Q 2 CCRI} BCCoA ZZt 170
(2.5%), 470(10%), SE°lAE= 870(20%)= “FEFR:
th kE Al A CCROA 670(15%), BCCol
A 770(18%), SEOlA 87H(20%)% e =3
AUl E &AL o]EAY & CCROA= 2970
(73%), BCColM = 1870(45%), SE°IA &= 2071
(20%)= ool o] Azt nasds HolF4l
t}. olel thdt & EFEE <Table 9>9F Ptk

}. CCR, BCCE &9 &

<Table 10>% Avw
NETEA S CCROIAE 045002 375 o],
el wlel] oF 55%< HlE&H o}
(o]

Sort inefficient weakly inefficient weakly efficient efficient Total
O] ota
E<0.7 Ratio 0.7=<E<09 Ratio 09=<E<l Ratio E=1 Ratio
ccr  Technical 29 725 6 15.0 1 25 4 100 40
efficiency
pcc Pure technical g 45.0 7 17.5 4 100 11 275 40
efficiency
SE Scale 20 50.0 8 20.0 8 20.0 4 10.0 40
efficiency
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<Table 10> efficiency and returns to scale
. Efficieny
DMU Location type CCR BCC SE Returns to scale Ref. Freq.
A9 coastal village 0.9910 1.0000 0.9910 IRS 21
Al0 coastal village 0.5893 1.0000 0.5893 IRS 2
Al2 suburban 0.0280 0.4240 0.0660 IRS 0
Al19 suburban 1.0000 1.0000 1.0000 CRS 15
A27 suburban 0.8862 1.0000 0.8862 DRS 0
A28 suburban 0.6667 1.0000 0.6667 DRS 0
A30 suburban 0.0339 0.0887 0.3822 IRS 0
A3l vulnerable area 0.7333 1.0000 0.7333 IRS 5
A36 coastal village 0.0588 0.9765 0.0602 IRS 0
A37 coastal village 0.5549 1.0000 0.5549 IRS 14
A39 vulnerable area 0.1370 1.0000 0.1370 IRS 15
Mean 0.4500 0.6893 0.6252
Standard deviation 0.3359 0.2931 0.3307
Min 0.0280 0.0887 0.0602
Max 1.0000 1.0000 1.0000
BCC°ﬂ*1 A =F7l=a84d 4 0.6893 CCR, BCC, SE &84 EFE FAll a#st
2siol, ZEAY AN A 3% W of MALEA GTE Fr AL AANE, 7
§Tzr svp wolo] EASE, WA WEF & & wlasdel BRHOE o 55y EAU o
F& fASEA R Wa ol FUBE  F #4/% wESYN FE wEsdel 47
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<Table 11> Frequency of returns to scale

Increasing returns to

Constant of returns to

Decreasing returns to

Sort scale(IRS) scale(CRS) scale(DRS) Total
Total 29(72.5) 4(10.0) 7(17.5) 40(100)
Suburban 18(90.0) 1(5.0) 1(5.0) 20(100)
Coastal village 7(46.7) 3(20.0) 5(33.3) 15(100)
Vulnerable area 4(80.0) - 1(20.0) 5(100)
40 . Y AR R GA AL S Qe AR A QL
(CRS, YA/ =1 & o= FeIA 29513 o) z @:L]M;Oﬂ n4s] Fmaels ﬁ;;? J;}
A5 A rgkon, okl <Table 11> 2tk & Aotk ol mlsl R At 3 FAE

AAH oz Aunw 40709 ojEA = Fr AT oEAES YRARY FAE FEe SE
O AE 2970(72.5%), TFESFAANT TM17.5%),  DEZeE 71 AR E o 249 1 7)s
FRGAEW 47(10.0%) oz vehdth 9% A G2 FA T A oA FAS (T8
e AMEE, wAZRd 20 F Rs TADO ZIdste] teludEst AldiA Wkl
o] AZo] 1871(90.0%), TFEFIENT Frie] Bl Ao X oz Helv.

Aztol 22 178(5.0%) R 0.0, AbEE 2 1570 th B84 AL 98 Bz o] wnt
T MEFIAT THE6.T%), TEFAATE 5T <Table 12> BCCOAl Aate] wlE@&Z<Ql o
(33.3%), TFEFEW 370(20.0%) TR WEY  xgso] g8MAC oRoA FEHA Aom
AkEe] duA ez FAg Aol Z A o1z E% ol o)A 0] H7| <3te] X
2 Yehdth HAMATE S S T HFEFAAT mpgstolel 8 Azol:Aln bEAE Ueh)a
o rrelAlIzke] 470(80.0%) 170(20.0%) % ¥ o)u)
S5 Hof TG tRyedE dvnd, R <Table 10>¢] 407} OJEAES 7bedl w574
FAAT 297 T EAIZRE 1870(62.1%), A% Fg /do] b ke olZ2A A309] A EeA
= TH24.1%), AT 47H(13.8%) TR o] oF gy LFERF 91%2] A o7 9= A
‘)rE’fML, MRS M1 T AMEHT 3 oz yepgt) <Table 12> AW R, A3 o]
M(T5.0%), T=AITAE 1025.0%) =2 e go) 849 ATsly] 8IS A9, A37, A39
I, RSN 7 T ALERD SMTLA%),  ojx:ASS WX uAEd 27 37%. 10%, 53%)
E*l W FHAT A VRUINE U nge 2l sirg Hade] £U%0) HEA
et 2 gAdor & Zow nr,
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<Table 12> Reference fishing village and weights(BCC)
DMU Reference fishing village and weights
A2 A9 0.3374 A39 0.6625
A3 Al 0.4579 AlS 0.4194 Al9 0.1227
A4 Al 0.2052 A9 0.1814 AlS 0.0057 Al9 0.6077
A30 A9 0.3705 A37 0.1005 A39 0.5290
A36 A9 0.2611 A39 0.7389
A38 A9 0.2143 A37 0.1054 A39 0.6802
A40 Al 0.3860 A9 0.0199 Al9 0.5941

<Table 13> Establishment of input target amount for improving pure technology efficiency

DMU Over-input Input Projection
Fishery population Fishing fleet Fishery population Fishing fleet

A2 6.9 3.7 23.1 12.3

A3 39.1 160.2 145.9 24.8

A4 163.2 87.1 46.8 24.9
A30 250.6 124.9 244 12.1
A36 0.5 0.3 21.5 12.7
A38 63.9 39.1 21.1 12.9
A40 9.8 259 57.2 26.1

2t @849 21893t 5% (Bootstrap-DEA)
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<Table 14> Results of estimation of CCR model confidence intervals by Bootstrap-DEA
DMU Local type Efficiency Bias-corrected Bias Star.ldz.lrd Confidence interval
score efficiency score deviation 95% D 95% U
Al Suburban 1.0000 0.6221 0.3779 1.2116 0.5460 0.7801
A9  Coastal village 0.9910 0.6613 0.3296 0.8883 0.5590 0.9344
Al5 Suburban 1.0000 0.6167 0.3833 1.5382 0.5388 0.8625
Al6 Suburban 1.0000 0.6289 0.3711 0.9933 0.5545 0.9327
Al9 Suburban 1.0000 0.7065 0.2935 0.3973 0.6073 0.8616
A20 Suburban 0.8579 0.6275 0.2305 0.4449 0.5115 0.8088
A21 Suburban 0.8777 0.6880 0.1897 0.2339 0.5779 0.8255
A27 Suburban 0.8862 0.6332 0.2529 0.4645 0.5235 0.8220
A40  Vulnerable area 0.8522 0.6911 0.1611 0.1822 0.5732 0.8216
Mean 0.4500 0.3302 0.1198 0.2416 0.2790 0.4153
Standard deviation 0.3359 0.2336 0.1115 0.3498 0.1982 0.3046
Min 0.0280 0.0216 0.0064 0.0092 0.0177 0.0260
Max 1.0000 0.7065 0.3833 1.5382 0.6073 0.9344
<Table 15> Results of estimation of BCC model confidence intervals by Bootstrap-DEA
DMU  Local type Efficiency Bias-corrected Bias Star.lde.lrd Confidence interval
score efficiency score deviation 95% D 95% U
Al Suburban 1.0000 0.7133 0.2867 0.6728 0.5851 0.9672
A7  Coastal village 0.9517 0.8465 0.1051 0.0742 0.7536 0.9174
A9  Coastal village 1.0000 0.7158 0.2842 0.4637 0.6096 0.9650
A10  Coastal village 1.0000 0.7991 0.2009 0.1768 0.6939 0.9586
AlS Suburban 1.0000 0.7078 0.2922 0.8986 0.5616 0.9799
Al7 Suburban 0.8605 0.7219 0.1386 0.1065 0.6420 0.8306
Al9 Suburban 1.0000 0.7346 0.2654 0.3241 0.6397 0.9520
A20 Suburban 0.9135 0.7394 0.1741 0.2733 0.5906 0.8986
A21 Suburban 0.9387 0.7705 0.1683 0.1655 0.6560 0.9074
A27 Suburban 1.0000 0.7020 0.2980 1.4023 0.5538 0.9675
A28 Suburban 1.0000 0.7177 0.2823 0.6598 0.5766 0.9658
A30 Suburban 0.0887 0.0773 0.0114 0.0078 0.0698 0.0861
A31 Vulnerable area 1.0000 0.7716 0.2284 0.2218 0.6843 0.9676
A35  Coastal village 0.8598 0.7562 0.1036 0.0733 0.6824 0.8355
A36  Coastal village 0.9765 0.8738 0.1027 0.0804 0.7813 0.9534
A37  Coastal village 1.0000 0.8358 0.1642 0.1026 0.7556 0.9645
A39 Vulnerable area 1.0000 0.8046 0.1954 0.1730 0.7142 0.9691
Mean 0.6893 0.5567 0.1325 0.2249 0.4809 0.6685
Standard deviation 0.2931 0.2245 0.0876 0.3545 0.1925 0.2828
Min 0.0887 0.0773 0.0114 0.0078 0.0698 0.0861
Max 1.0000 0.8738 0.3009 1.5959 0.7813 0.9799
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[Fig. 4] Comparing traditional DEA frontiers with bias-corrected DEA frontiers.
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