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A Bioeconomic Analysis of Management Measures for
Effective Fishery Resource Management : Focusing on Hairtail

Choi, Wan-Hyun

Department of Marine Business and Economics, The Graduate School of

Pukyong National University

Abstract

In this study, the bioeconomic modeling method was used for the effective
analysis of fishery management to estimate optimal yield of hairtail. In
addition, the purpose of this study is to present an optimal yield standard
considering both the resource biological and economic aspects simultaneously
when determining the annual TAC level and to provide a sustainable
management implication for hairtail stocks.

The catch level of hairtail was relatively high with maximum of 166
thousand tons in 1974 and 153 thousand tons in 1983. However, it decreased
to one third of the level recently which remains at almost 50 thousand tons.

As for the catch between 2006-2019 on annual basis, various fishing types
of catch has been used including offshore longline, offshore stow net fishery,

large powered purse seine, large powered pair trawl, and coastal complex
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fishery and majority of the fishing was done by offshore fishing except the
coastal complex fishery. In particular, the offshore longline catch has been
consistently high every year.

From the fisheries business evaluation of the five major fisheries, the fixed
ratio, a typical ratio for verifying capital allocation, was over 100% which
showed poor financial condition. Especially, the offshore stow net fishery
showed highest at 144.296. In that respect of debt ratio, the large powered
purse seine fishery showed the highest of 116.6% and other 4 fisheries
showed lower than 100%. In the case of owner’'s asset, it was found
somewhat stable with the ratio of more than 50% of four other fisheries
except the large powered purse seine fishery which showed at 46.2%.

Recent 3 years of the profit rate for each fisheries based on the fisheries
income, costs, and profits, which are directly related to the change in the
amount of catches, showed the highest with the offshore longline fishery at
31.0%, followed by the offshore stow net fishery(26.6%), large powered trawl
fishery(21.0%), large powered pair trawl fishery(14.2%), and large powered
purse seine fishery at - 5.3%.

Last 3 years of the hairtail yield in each fisheries showed the highest of
offshore longline fishery at 79.2%, followed by offshore stow net
fishery(19.3%), large powered pair trawl fishery(7.0%), large powered purse
seine fishery(5.195), and large powered trawl fishery at 1.1% and the profit of
offshore longline fishery was the highest at 317 million KW.

Reference points of hairtail management derived from major parameter of
State-space production model were estimated to be 0.382 of intrinsic rater(r),

442738 tons of carrying capacity(k), 42,108 tons of maximum sustainable
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yieldIMSY), 221,369 tons of Biomass(Busy), and 0.190 of fishing
mortality (Fysy/year).

From this model results, the estimated hairtail stock biomass was recorded
the highest in 2000 at 364,664 tons and decreased continuously from 2016 for
3 years which stayed at 64% of Busy with 141,692 tons in 2018. The biomass
1s expected to be decreased gradually as the catch amount was higher than
the estimated ABC.

Bioeconomic analysis that combined both biological model and economic
model using yield of hairtail as well as production costs targeted management
regulations such as size limit, closed season/time, and TAC for effective
hairtail stock management.

If the result of bioeconomic analysis applies in each fisheries management
in 15 years or 20 years, target stock biomass(Bwmsy) can be achieved with
size limit below 25cm, closed season/time from June-October, TAC which is
averaged from 2016-2018, and TAC;s Therefore, in the future, it is
appropriate to choose one of the above regulations for the recovery of hairtail
stocks and its management.

From the aspects of stock recovery for 20 years, the most effective way is
to expand the closed season/time from June to October. However, if excessive
fishing efforts are put after the closed season/time, additional measures which
can control the catch amount should be implemented together because the

effects of closed season/time may be offset.
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SeElvet e ARkl W AdFGrrE A7 s HA SA7IH el
A48 MAT 2 F sl State-space production E @& A &3ttt

(Millar and Meyer, 2000).

PP, K rjohaP_+r@fF ISF W e (4-1)

2 _ v, _
IyIPy,q,T = qKP,e (4-2)

gt e FAL #wo]x ¢t VM-S & 83+ Rstan(Stan Development Team,

of mae] AgH 9 Arit AEw oldww el Pl dRCPUE,

A, AT, Y=, FRUIANY 5 2AE oFshe U Fe
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= | | n | o
2000 60,616 36,942 1.64
2001 65,243 46,094 1.42
2002 49,941 59,412 0.84
2003 49,852 56,110 0.89
2004 47,673 54,240 0.88
2005 45,672 66,309 0.69
2006 48,940 36,819 1.33
2007 48,846 54,234 0.90
2008 48,492 60,434 0.80
2009 69,216 36,266 1.91
2010 44,106 39,468 1.12
2011 23,628 48,789 0.48
2012 21,993 43,893 0.50
2013 32,184 35,643 0.90
2014 33,776 36,125 0.93
2015 30,190 30,402 0.99
2016 21,322 33,669 0.63
2017 33,141 62,129 0.53
2018 31,046 64,169 0.48
A5 - ESAE1(2020)
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e
F AE A4 ALF FE2 Busye 221,369%, 1ol A IZE Fysys 0.190/
o}

<F 4-2> T AL e 2 F8 vy 3 #erEd

r k g MSY Bumsy Fusy
(mt) (mt) (mt) (/yr)
0.382 442,738 4 45E-06 42,108 221,369 0.190

AT g 992 BASY] g6 Awd A4oi¥F £FA ABCE F4%
S gt AR

of A MEs vlu FAEAY. ABCE gyt A AS
2dS X839 2™ (Zhang and Lee, 2001), A

47 F4 BUS AREste] a2k g A=l

_38_



350,000 —g— Biomass =sesseses BMSY

uuuuuuu

uuuuuu

EcocooB8E83888323538585 9
RERAEERRERARREEREBERARAERERR
<29 4-6> A= ol did 2R A F(2000~2018'd)

A o] TS 2001~20029 3 2010~2011%d A el 2000~2001d 3
2009~2010d 0l A Ao g F #=FQ ABC Eth Hlu
o7 BAHAT F, 29 AAAAHRG =L AR o] o|FojFozH
A o]l A #AAEPrh EF HZ 2017dN = ABCET 52 579 o

o{

= 715ste] 20184 A Fo] Fast o, 20189 HE g

a2
Hir
rlo
2
ot
ot
o
N
Bfil
ot
pac)

e Zo® Hol 20199 AYFE 4T o A<y 47><E 4-3>.
248 AP o APEE T 2o 24P AQFFET o) PPr A
¥ W3lE Yed = KOBE plote @ YeRf AT H7F 7] 2000831 A4

L& 71AHR] Fusy B0 22 549 %
20 9RslP o, AR Z7E AFLFFo] AR ol 011U E o]T 2
7F AA
Tbehe A71E AUEA AYEFo]l At 2018ddlE AAFES EA o

s, o GgEE EART B WA Aol QA HAAT<TY 4-8><E

= AA5Eel NFER ola Zastdlh 20104 ol Folw o3

H

W

o|\

_39_



Catch {mt)

120,000

100,000

80,000

50,000

40,000

20,000

FcunjFMSY

0 1

BMIJ’BMSY

RS ]

<Y 48> AR 2ol Y 2AANY AL FE H

o] g7 %= ¥ 5H2000~20181)



HE
o,
o,
N
i)
i)
il
o
=
ol
o
fr
ri
=<l)l=
2
2
=
o
iy
B
B
o
o,
s
AL
i
do
=<IJL_11
o
rlr
2

AL E B EA AL 3HH, o5 s = o

B ARHE 5 2

<HE 4-3> T8 ZA AL gigk A= 2% ABC, Kobe plot2]
AdeEEX), B o= (Y) A% F8A
Year Biomass ABC [0lE [olet
(mt) (mt) B/Busy F/Fusy
(X) (Y)
2000 364,664 37,897 1.65 0.86
2001 308,767 37,897 1489 1.08
2002 239,137 37,897 1.08 1.39
2003 228,892 37,897 1.03 1.31
2004 221,151 37,858 1.00 1.27
2005 211,637 36,143 0.96 1.55
2006 257,100 37,897 1.16 0.86
2007 233,780 37,897 1.06 1.27
2008 231,677 37,897 1.05 1.41
2009 295,772 37,897 1.34 0.85
2010 222,665 37,897 1.01 0.92
2011 155,777 26,077 0.70 1.14
2012 157,185 26,331 0.71 1.03
2013 197,881 33,664 0.89 0.83
2014 207,537 35,404 0.94 0.84
2015 203,215 34,626 0.92 0.71
2016 165,969 27,914 0.75 0.79
2017 151,773 25,356 0.69 1.45
2018 141,692 23,539 0.64 1.50
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ABC WE AvEled A9% 4% 23, 5744 BE Aveledd Al
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A& o Z(2019~20301)

71 ABCE #4118 4dfdl= 6d 20 2024del ABALEFE FES Busve

ol o, ABCx1.25% 202614, ABCx0.75% 20234, ABCx0.50

rir

2022\d oz
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7-} BMSY% Ldoi/ﬂ% 3‘123 —%745]91‘:} lﬂ‘_—’ ABCx1.50& %‘7]' %o] X_-]loi C’ﬂ%‘
2 A

717kQ1 20307k &= Busy ©lFS

g ABC Al es AEsta s Alve]ee] oy ¢ErtEs TACSH 2

ol g wEls AAFTd & AAIHS VHE F e Aow JFH

At

<3 4-4> o] FABC) WE AU e And Zajolq tid AA 2 9] Busy

24 (B/Busy) o5 (2019~20301d)

Year ABCx1.00 | ABCx1.25 | ABCx1.50 | ABCx0.75 | ABCx0.50
2019 0.67 0.67 0.67 0.67 0.67
2020 0.73 0.70 0.68 0.76 0.78
2021 0.80 0.74 0.69 0.86 0.91
2022 0.88 0.79 0.70 0.96 1.05
2023 0.96 0.84 0.72 1.07 1.19
2024 1.04 0.89 0.73 118 1.32
2025 113 0.95 0.75 1.29 1.44
2026 1.21 1.01 0.77 1.38 1.54
2027 1.29 1.06 0.79 1.47 1.62
2028 1.35 112 0.81 1.54 1.68
2029 1.42 118 0.84 159 1.73
2030 1.47 1.23 0.86 1.64 1.77

PP E WMo gzt AugeE HT dAxel 20189 AIF=FE) el

0.285/yrE 71#2 & Fx1.00, Fx1.25 Fx1.50, Fx0.75, Fx050 % & 57}% Ali}e
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Busy® AAE A5, Fx050 5% Fx0.75 +F Akl
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Biom

2019
20
a1
022
2023
2024
20
20
2027
20

<a¥ 4-10> AYHAZFE) HE Ay od Jdxd o ot
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722 A o 2(2019~2030')
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F 45> o IAE(F) We Aved Axd o)y tid 2 AL Bysy
1=

A% (B/Busy) o5 (2019~2030)

Year Fx1.00 Fx1.25 Fx1.50 Fx0.75 Fx0.50
2019 0.67 0.67 0.67 0.67 0.67
2020 0.65 0.61 0.56 0.70 0.74
2021 0.64 0.56 0.48 0.73 0.82
2022 0.63 0.52 0.42 0.75 0.89
2023 0.62 0.49 0.37 0.78 0.96
2024 0.61 0.46 0.34 0.80 1.02
2025 0.61 0.44 0.30 0.81 1.07
2026 0.60 0.42 0.28 0.83 111
2027 0.59 0.40 0.25 0.84 1.14
2028 0.59 0.38 0.23 0.86 1.17
2029 0.59 0.37 0.21 0.87 1.20
2030 0.58 0.36 0.20 0.87 1.22
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Y 2RE
FRAAY | FHORNE 4 ol IAT

O 3j %}l
AJAAY | JHIe =R E AR AFE|3E 1d ool AP A
oA | AWARTEH ofdoew Wil =Etd

AF1E £032 E7ER o] FE ootk ofde] TR T2 60~140%
ol UKoz B FYE P HFES F-gUss 28 F FHIY Bz
of ¢}
o

oty FH 3W(2016~2018) Hat AAFFE 46209F Ao, F oG H
3, el 2 FsTEloln, Aolrle F2 995 H v @ 6dolAW diES
A&A 0w of]S gt

g olF2 A, &R, FA, ase], ¥l 55 ogsta o WES
54mm o]st(AHF1E FEol= 2T ol oW AHEEADE A EH] dew, &

A5 Wez FAAGA8em, I B Fo71(71~73D)7F A vk A

O
RS

AN ol

ok Aol Ml £ge A el 2UFATAe] BAHH At
ool A AGAe] A oF 97% ol LA o] FolA 9

ow uFAAke] R 2,908,985% oA 2017 2,964,890 Hdo=

i

20164

rir
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ok 2% F7FstQ o}, o] F 2018l = 28166677 Yo& oF 5% 74T
SAREe] Aol 20161 955673 HellA 2017 97,5003 Yoz oF 2%
solont, 20180l Al oin] oF 57%<] 7F47F uERY 41,8333 991 A
LFERSE

Bael A$-ol= 20161 130,000 HellA 2017l 136,667H Yoz 2016
d o] oF 5% F7Feklar, ol ¥ 2018 ol 2017l thulsiA oF 26% F7}st
o 171,6673 €<l o= ERYL

olE gt -l Wslel] wal A7l A polE 20161 28745527 ol A
2017 29257233 Qo= Zd i) oF 2% Frretd e, 20184 = 2,686,833
2 Rt

HT 3Md A 2 R Harge Avuy, nAALke] A9 2,896,847
A, S5 78300F 9, FA 14611131 €, A7) AE 2820036 Yow FA
2b2 29751471 o8 ey

do

olN

-

7

[o
fru

A Qow Ad i oF 8% HAad A

[o

<} 55> AEoldFAJMY AdA AL R FA A3(2016~20184)
(g - A )

T 2016 2017 2018 3
LG A 2,908,985 2,964,890 2,816,667 2,896,347
& At 95,567 97,500 41,833 78,300

=) 130,000 136,667 171,667 146,111
A7) A 2,874,552 2,925,723 2,686,833 2,829,036

Z At 3,004,552 3,062,390 2,858,500 2,975,147

A5 2 E Y (2019)
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HHEZoIY] o] Heo FrE T0~140E01H ol 72 W 3 He] oo
oAFE HolA UAES AFIE £o2 So/tEE 3o ofFstE oot
AFHH = 2 AFIE FFol DR B, 7 INIE AFAE F
S, AN, 2Fo] FEEo]l vk AFIE] 4T H G E] s
FE, gl HES ol AstE HAAAA sty Aol I 1Ee] P
of 92 Hoix A st st 2PHIFLS Az 903 7t FolEa e

A BAE 11, AAl= 88l of=9l Ad& 348 A=olvh. < 31d(2016
~2018) Hit AFE2 34047019009, = 2| Fal, Asiet 5T =3
ol F ZPA7ZI= 12€dA T53 4287t olv dFE odEe] AdFEH

S gtk F o HUY o Fe Hegel, mBol, 2, A, Al Folvh ¥

HPEE BFA Ak oF 90%7F LgAAe 2 o] Fojx Jom, A4
o] FFEE 20161 1,691,139%F ol A 2017 1,820,755H 9o = ¢F 8% =7hak3l
o} o]F 2018l 1,724,800 o2 Ay v ok 5% #Astduh fEA
Aol A el 20168 216,149 Yol A 20179 220,845% Ao= oF 2% F
Fou, 2018l A dhn) oF 83% 747k vEb 37,2004 Yo vpERyk

Bael A$-ol= 20161 128663 oA 2017dll= 274930H oz Ad
o] oF 114%9] & %9 FT7b7F vEbskan, o] % 2018 el = 2017d ol o v] 3] 4]
ok 48% S 7Fske] 4060007 €< Aoz eyt

olE gt -l wslel] wal A7l A folE 20161 17786257 ol A
20179 1,766,670" 9o A on] oF 1% 7Haskglom, 20184l = 1,356,000
A dow Ad diu] o 23% AT AoE YEhsith

H A A 2 FAE AREW, 2] A9 17455657 €,
fre Akt 1580657 o, F-A1 269,864% 9, A71AHE 1,633,765 Yo & FAARS
1,903,629 o2 eyt
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<E 56> HIES AFA AL 2 A HH2016~2018'9)
(2t - A )

T 2016 2017 2018 3t
LG AAE 1,691,139 1,820,755 1,724,800 1,745,565
s Ak 216,149 220,845 37,200 158,065

=) 128,663 274,930 406,000 269,864
A7) A 1,778,625 1,766,670 1,356,000 1,633,765

Z At 1,907,288 2,041,600 1,762,000 1,903,629

AR FAREEZE S I3 (2019)

2 242 TAC dddFol 23dr. oy o]F<l oo F]71(4-6

Uid)E 488 o w5o17] olF Al Fol7l2/d)E AAl ol A%t

o
ofy
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il

geof glom, 3=

FA ] Aake AT FE Ak v Eo] QAR 7 50% 8=
°of FF oz FAH k. A 20161 84665727 oA 2017
8,630,257x1 o2 °F 2% F7Fell o, ofF 2018l = 7,759,958% Ao A
Ao oF 10% #Aash e vebgth fe Akl Aol = 20169 3,803,648
A el A 2017 9,880,779 Yo = oF 160%° & %o T7H7F YEE e, o
T 20189 oll= oF 7% FAa7F YERY 92343043 o2 ERST

Bajo] 7 g-ol= 20161 5589,845H el 2017l & 9,869,920 Fo= A
| oty o 77%] & Feo| F7 eI, o] F 2018l 2017l v &l
Aok 4% Z7Vako] 10,256,841 191 Ao = ypERNE

olf gt ol wslel| wal Ar|xEo] o= 20161 6,680,375 Aol A
20179 864L117" o= Hd diH] ¢ 29% FUFstE oM, 2018del=
6,737,420% fo& zd oiH] oF 22% #HAT AowE UER

A id He A 2 RS duew a4 F9 8285596H 4,
FEAt 76395774 @, A 8572,202F Y, AVIAE 7352971H Yoz FAb
abe 1592517238 9o 2 ey

<E 57> gAY AFGA A4F L A 3 (2016~2018W)
(9] - A <)

T 2016 2017 2018 3
L7 ARt 8,466,572 8,630,257 7,759,958 8,285,596
s Ak 3,803,648 9,880,779 9,234,304 7,639,577

= 5,589,845 9,869,920 10,256,841 8,572,202
A} 7] A 6,680,375 8,641,117 6,737,420 7,352,971

Z At 12,270,220 18,511,036 16,994,261 15,925,172

AF L FAYEEE2E TS (2019)

_52_



5
dolge Asf 3 AFE A
F 29471 644 tEdl 3924 AT =gt Ak F o gl FL
2], @A, ok, #=7], ¥l 5& st Ao
FEoE 2301 o ASFARE A ATt
Ab2 oF 93% o el A AR oF 7% olste] fE At

.5 S 3dmm ol (AT IE

Aro g FAE o dth AR 2016 1,201,200 Aol 2017 1,196,017F
Qo7 ok 04% il o) o] F 2018 &= 1,368313% Ao = il ] oF

14% S7tek Ao & JEsth fEAbite]l A 9ol s 20161 18,6773 ellA 2017
9 90,429% dom oF 384%9 F % FUH7F yEwem, o]F 2018de= A
dooiH] oF 50%°] #A7F Ve 452313 9o 8 LERS T

Fa o] Agolli= 20161 4156627 oA 20170l = 427,045 Yoz Hd
el oF 3% F7hElom, ol F 2018WdelE 2017l winlsho oF 9% ZF7hato]
466,386%7 A< Ao w LRyt

olglgt Hafe] Wste] wel A7) 2016 804,225%  €ellA 2017
859,402 o=@ A oiu] oF 7% Z7letd on, 2018 = 947,158F Yo =
A oiu] oF 10% Z7Fe Ao vebyith,

HE 3 Hat A 2 RAE Aued, agxake] A9 1,2551773 9,

A

fr s A4k 51,4467 €, F-A 436,361d €, A7 8702627 How FAEE
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2 31(2016~2018)

1~6W A== Aduleh 3ol 7k itk

2bee 16,823E 0l o,
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SER=

=
-

Wale R AlF olgeld, EF el bA AA 2]io] o]
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gl
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Z7Fstd o, ol 3 20180l 984,356 Fo & oF 39% F7te Ao ® eyt
ot FE Ak A
53% Z7Fstg o, ol F 2018l = A div] ofF 29%<] 77k el 133923
X Fo 2 ey

Fa o] Agolli= 20161 221,148 oA 20170l = 207,730 Yoz Hd

Foll = 20161 122,501 HellA 2017 187,746 o= oF

=

Hl o 6% #aglom, o]F 2018ddl= 242018 deoz d v oF 17%
7hek 2o 2 vhERy

olggt F-Ajeo] wWale] wel A7|AFE-E 20160 592,928 HellA 2017l =
688,840 Yoz 7 vl oF 16% S7hsheloen, 201830 = 8762611 o=
A oiu] oF 27% F7heE Ao 2 eyt

A2 i AF A8 D BAS AYRW, 244e] A9 1949188 9, £

olN

R}

24 148057 9, FA 2236327 o, A7IAE 719343FH Yo7 FARA
942975% Yo7 eV

<E 59> ZlAds BIA A = A A $H2016~20181)
(991 4 9)

T 2016 2017 2018 3
LG A 691,574 708,823 984,356 794,918
f =214k 122,501 187,746 133,923 148,057

B3 221,148 207,730 242,018 223,632
A7) A 592,928 688,840 876,261 719,343

AT 814,076 896,570 1,118,279 942,975

A5 2 E Y (2019)

_55_



A
570 o9 H= 370 (2016~2018)

7. 0194 HT A

G T S SR (N A .
= o <= o oy T - DY NR 2Ry
- 5 o Ror ] m o
% o % X = wowm oy W -
B+ A ) S R o| oo M
~ K ) ~ S H L T F o - - =
W oy R = T X o T " o
— X e ‘@l ) —_ — ﬂ — ‘._ml (o) 1r1_ 0 TOo T
< o= = N " R U N o) X w o W B X
NE ~ = X 1UrL Nro 0 B 1ﬁ._.o o7 ) X T =
— W B M ol i P % 7 = ~o
o O . R X gemp A Rw % S T
oo = ) oy AR = o o
LR T ox O IR F = ol g w M
— K ri Lt = ] St ri ﬂnﬁ iy —_— o
TN R s 9 = 4 X 5 o N = o BoE T Y
oo ® g p T e H o Fp = T 2w g
s OM | o ™ — OE OE o 1 — 1_._A.o =) Lt W~ Oﬁ b 1
e A T W et O T E o v X
o M o2 CYNy - AR "o K — T
F 20T R o [SET g e | TS ° g
TR 9w o M o A g ¥ E ﬂ Y * P LR
oo s Lo ®ERT g E s 258
- &= T o= o R - e S o W ®
»A,._ S ~X 0 ﬂ_1m o S 1r.._ O el X ‘Mﬂ
g T opom BT TR e 2 EREE
m/ o = < o _ s i K N o o0 T
%m_sﬁﬂ_wmm T g T g @ — ~ % P omom
—_ ~ °° o B = w Mo 3 Do
m = Lﬂ = mo LT % N oﬁ =  Ar =T s
J - oﬂa o7 " — e 0 = - = N .
vreify BT mEr L) TEs580g
— A = = Tl < = X <
TEibet 3l Ttegs rTicIE
o) 2o o e e NI ! X ok ®
R R i Lo W o A e Za ! m = o
- ﬂ.o% OT o 0o Iv_Al ﬂ T Z.o Eo jend C EI Eo s S ,m_LU OT il :no.f-
fud &o o . — J ﬂi R ;o ﬂW o
= ) ~ m s op o o o o
X 59 o S iy el = P iy —_
T+ N 8 =2 % e U i e ol A= o)l mﬁ o o X
. e = ﬂ o Z..ﬁ i m@& MM ‘MH L.E OE }O :lOJl
OE O# i 1o 0 T ,m ‘_Iﬁ_yl OE ‘_&u o —_— \;Iml m O# i ‘O| Z.#O Of
Fom oo oWon o o g o L= % E R T o
- = Oﬁ o 1_,_Al s H.f HT e = = B e OO =
T B - R S - B g - 25 X % 3 5 % o
S S TR xR X o o Z = AT s
& N = ool FE o WO T E OB T T T T P B o R
Jow T X mw o W T BT 5 K Thoo R

_56_



191, %)
794,918
148,057
223,632
719,343
942,975

L%
Tl

110.5%
31.1%
76.3%

H(2016~2018\3)

(9]

o
a8

&

-4
1,255,177
51,446
436,361
870,262
144.2%
50.1%
66.6%

A=}
1,306,623

=1}
=

8,285,596
7,639,577
8,072,202
7,352,971
112.7%
116.6%
46.2%

At A

I
15,925,172

1,745,565
158,065
269,864

1,633,765

1,903,629

85.8%

106.8%
16.5%

2,896,347
78,300
146,111
2,829,036
2,975,147
102.4%
5.2%
95.1%

)

5-10> oAdE AgAe FH 34
=k

ZAKD)
(C
(%)

714

hA
=

ARKA)

- (B)

=)

o

=

<
Z
el

00

ol

H 2 H

1.

__OO

1. 49 88 +4

ol
ol

Mg % Askam)

o)
R
&
s

R

—_

my!
;om
P

plo
R
-
st

Ho

=
)

_57_



~
;OO

<i#

Ho
N
o)
o ;
T
L
o oT
R WA
ﬁ:.u El
N 1_x1_,_Al
o | M
) —~ E»]]MT
=~ TIFSE e m
v o TIPS g T
- WA R RO
3T @ oy TN Mo W —
T B — oF | o
THE#!O‘@IE,.%\“WL‘ALH
G TR G SR A
TN | T EE B 50
TERBT|NFNETNMNET T T
S SHPENCESNCECHCNE
oF o
B A WW
7° 0
T ¥
>

F % 43](2019)

Hr

A, ] 471A @

ko3
i

o= 7459 ek,

_58_



olH] B
Tr7]%§

=

=

5-12
>
o]l A o Z A} 9
e o)

it

<

o
o1
e
Do
W
T o8
I —~ iy
wo : TE T
* ot T on
%2 N s - i T ¥
Z]E el oF ma T~ ) iy Y uﬂw =
o e o - 3 ™ Plo A E? ==
o i Z % o # % G B 3
g { ~ ) A & > g | B
H F | A K| = o o K In )
i e x| %)% = - o]
" E3 )
— = ow - | MR L do o < w 7 ) o
X [ R = :D ~; L o Hi
G Mg == i o ) = | K A ik
E T & F |4 w [T T i - % | B w £l
0 o e . - P L= ) _
3T o & « 5 e a C\ et <
= A R v W ol E T o = I 5 e Mol 1Bk o Mo
T B Ep|2BE %E%I(4u EE = 1,
I w| SRSV i . B i
TN e = £ N e &° % 4 = pp M._. o o = o i
SN @WﬂﬂoﬂuWim_x Wm%wuvvww N @anm Wmm .
@@%ahowogoxﬁﬁ;om,@@ mmw;w i
) SN T+ {o - e - T = = &
U.:v — @ NS Zl A B yA.._ ~ yA.._
) I S | LR S
w| = SR o Ll RIS )
H XS] /T T = | 3 P
5 w = & il GG T o Z
3 N S) < T o N 0
° N = 9| O <0 LTV -
afo H_Xrlo #m A & ® .ﬂ T
" ww m_. o o}
N = =
¢ i = = & 7
A A -
EL K
~ i
)

=
:?/354
9310 9]
AAEk
- 59 -

PEE!
, 71EFE ] 6714
3}



5-13> o917 A 2A}

<i#

Njy
ﬂ
~
st =
3 2 )
- s Plo o
b v M | % %
2 = % | M _% 3
_ 2 BE | Mo = o
wlws | M Bzl 2% &
~| T F P o= G T I G X
ok Zo T o e ,Mo =) e NJ_ ,H|_a m% fif
1 [P e u | /IS
. | X MM oﬁ © | o ; a,w
2T o i W R = : 2 i
T MO0 L e S e 2 =
| E R [Pt | 22 s B gt
2 + | B - X oA | M mjr
X o 9 B Hcm = o 3 ,mm._ do {+ = djo 0
o | doo o | mo He ] = ZTE
waE | hpw | BT®| 5
ALy Cf i A R R I - L
mg% TEY ek Ry L5
® ©| 000 3 ¥
08O @0 | 060 ®
st 5
ool
wl| @ = el = | ¥ 5
1o° o mﬁ T = x %
L3 ~ K W_ 5 =
- o w
fo )

el

FAl o1l H] &

3
H

SEREEIEEREDE

B

plo

e

ol

)l

)

el

B

_60_



2. AENNIAAY

Zolg P A e oty 20179 5231,157d o= 20161 4,302,310%

A oom ok 22% F7bstd ot 20184dellE 2017 WiH] oF 4% FAdlod
5,014,058 o= LrERGE

ofdu &9 Aol 201613 4255907 hellA 20173 oF 1% F 78k
4,280,638 Yoz velykon 2018dd = 2017 thulsiA oF 8% 7
39472627 do 2 YEtETh o dHl &S AlFA S
20161 ol F Ftaslhe FAE YERG oW Qe
FAZ Yelgon 53 Addge & oz Zrhgr.
H 393H2016~2018\) AEolt A1 Fat o] HgHlE 41612690 A F
ZolH)7F 24129033 o= A v-&9] 580%F 2A|staL glom, Foju| o] A
B FodAe AsA7E AA o]9u 89 34.8%° I 14496023 Ao
= A= 2 Ao Aol 1,647,197
A doz AA AYnl &9 396%E AAstal glew, A5 H Fnle AR
2 FolME AddFel AA ogdn&9 269%° = 1,119376H 9o =
AFA) ek AT

rir

N we MFEE AAdw Ak BT 9
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<3 514> AEOWIANT B FA o] 9H]-8(2016~2018+)
(] A 9)

T 2016 2017 2018 3+t

o] in] 8 4,255907 | 4,280,638 | 3947262 | 4,161,269

27 2,794,687 | 2,386,701 | 2,057,322 | 2,412,903

o] -] 259,417 256,120 189,350 234,962

ol g.H] 1,776,059 | 1249328 | 1,323419 | 1,449,602

= &7 195,293 204,352 153,684 184,443

o] A 7 167,794 179,516 86,811 144,707

il 2o B3 105,230 116,161 28,333 83,241

FE A ] 53,285 63,034 55,025 57,115

FAH| 60,627 62,435 39,033 54,032

2 H| 176,982 255,756 181,667 204,802

| 1,376,537 | 1,782,447 | 1,782,606 | 1,647,197

5 Adds 837,066 | 1,230,702 | 1,240,359 | 1,119,376

= A-H] 80,426 82,206 60,937 74,523

% A 2 RnEE 115,449 107,591 199,370 140,803

;1 i H] 220,005 278,358 212,607 236,990

il ZAF 2} 33,176 35,004 31,667 33,282

71 e} e ) 40,415 48,586 37,667 42,223

274287 ] 84,683 111,489 107,333 101,168

A5 0 FAE A 2T T 43 (2017~2019)

olo] W& ojglo]e]e 2016\l E= 464037 Yo ® thh AxF AHow e
o 201730l gl Srhgel divlste] vl 8o S7hE-e WA YERy
Ay o] 1,948% S7heke] 950,520 Po = yERTh o] 2018 el = 2017
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] ofdolefe] 122 S7hete] 10667967 o= vebwth 371d Hi AAfdrdS
48491757 €, o] 4Hl-&2 4,161,269% o2 ol mE ofYo]9L 687,906% €
o2 Es

<3E 5-15> AEoldPFARNY A A o] o] 2](2016~2018)
(291 0 A )

TE 2016 2017 2018 T
oIy 4,302,310 5,231,157 5,014,058 4,849,175
o] Y u] & 4,255,907 4,280,638 3,947,262 4,161,269
o] i o] 9] 46,403 950,520 1,066,796 687,906

A8 FAEE ST 43 (2017~2019)

HIEE] g
B 4577,1071 Qo ® vehgtot 201896l 2017 thul ok 9% A3
4,144,653% ¥ o2 FERSE

ojdulgo] Aol 20161 34721958 oA 2017dol= F 1% T4
34484947 oz yEehgton 2018l 2017d Wiv]l oF 16% A
2887,045% oz YEtHTh oAPgH &S ARHoR AHEYS W Fou=
2018%dell A diu] 2 Fo AT Yo 53] Foju] FolA AREH] 9
PaZo]l 714 AA delygth d= 2 #YHE AF Fvlets FAE YE

T 3Wd7H2016~2018) P EZ ] Hit ofPu]§ 32692450 A F Foin|
= 14983497 dow AA uge] 458%S A G glon, 53] Fojuo A
g5 FolME AdEn7F AA ognl g9 154%0l s E 5022710 do=

P =2 Hlee AAEe Aow ey gy A5 2 dene deds

A2 20161 3,697,082F oA oF 24% S 7Fske]l 2017 o

ald

&

2
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1,706,735 Qo= A o]gdn] &9 522%E AA|ta ow o W FHan]e]

<% 516> HPEE FFA o] dH-8(2016~2018)
(&l - A <)

T2 2016 2017 2018 ot
o] H] & 3472195 | 3448494 | 2887045 | 3,269,245
27 1,768,061 | 1,659,031 | 1,067,954 | 1,498,349
o] -] 349,971 351,880 300,975 334,275
ol g H 607,053 487,981 411,780 502,271
= £71d 47,352 50,061 38,400 45,271
o] A %) 64,040 65,050 13,000 47,363
1] R E ] 314,522 315,456 18,400 216,126
52 ] 47,437 45,801 37,400 43,546
T A 78,279 81,042 16,000 58,440
T H| 259,408 261,762 232,000 251,057
| 1,645573 | 1,722,743 | 1,751,890 | 1,706,735
o Y= 1,005,283 | 1,030,469 | 1,023,350 | 1,019,701
f': ARFH 100,213 98,529 48,569 82,437
| A 2 R¥s 71,601 74,005 121,423 89,010
; i H] 288,142 358,094 194,278 280,171
1] e o 58,532 59,134 121,423 79,696
7] EF k] H] 121,802 102,512 242,847 155,720
74287 ] 58,560 66,720 67,200 64,160

AR 5 E 2T F L (2017~2019)

olo wWZ oj¢do]dL& 2016\ 224837H LelA 2017dE oF 402% 7}l
1,128614% 945 712890, o]& 20180 = 20170 theldte] odF-de tha
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st oy ofdulgo HAaZzol f AA yehy ofdelde o 11% F7hshe
12576091 Ao vehytth 370d Hir oSS 41396141 9, olginj &S
3,269,245 o2 ojo upE ofYo]ele 870,370 Yo2 YET)

<E 5-17> P EE A FA o] o] (2016~2018\)

T 2016 2017 2018 3
A< 3,697,082 4,577,107 4,144,653 4,139,614
of gHl-& 3,472,195 3,448,494 2,887,045 3,269,245
oj ol 224,887 1,128,614 1,257,609 870,370

A8 L FARE T 2T FT Y3 (2017~2019)

4. RPAT

E G odFde 20164 13,862,034 el A oF 24% 7HAdhe] 201730+
10504,7533 9oz yeykoy 20183l 20179 tiH] ¢F 3% Z7hake] 10,848,499
A Yoz yehyit

olgin g9 Aoz 20161 13588138 o vl 20170l oF 11% FHAsHe]
12,104,196 9o2 vepkom, 2018390 20179 Wy oF 6% FHAadte] 11,406,308
A doz YepEth ofdulg&s AFHoR AuolE wW FojHlE 20184
6,174,312 Qo= 2017del thujste] oF 18% Z7tatdAnt, 5 9 #elne] H$
o &= 20184 5231,9973d Yo 20161 o]F A&HHoR FAasta vy I %
gule A= AFA R AL, AHEH], ZletE ] Foll A W 7hAavh Ve

o g ade 3d7H2016~2018W) Bt oJPnlE 123662141 9 T FofH| &=
56730661 Yo HAl H49 459%% AR glon, Fojuje] ARFE Fof A
A5 AA ofgdnlgo] 184%cl dPEE 2280643H Yo s L
S A dvk B dF 2 #HEH AfelE 63073363 Foz A ojqdH]

=)

oy
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£9] 51.0%E =23}

=7 °ol o

aslen, s B deH e AREE Foll A

rir

A o] Hdu] g9 282%° B EE 3491,932% ¥R M w2 HFS

<3 518> iy

%

A

R

R e

7

Ll

e

el

3 GA o 1] -&(2016~20181)

(49 A" 8D
T 2016 2017 2018 ot

o] H] & 13,588,138 | 12,104,196 | 11,406,308 | 12,366,214

27 5627418 | 5217467 | 6174312 | 5,673,066

o] -] 316,878 503,230 735,986 518,698

A 2 2417617 | 1,992,327 | 2431984 | 2,280,643

= &7 328,120 306,133 262,047 298,767

o] A % 463,334 435,846 436,988 445,389

il AR 417,672 302,879 358,551 359,701

TR A ] 193,937 172,452 199,803 188,731

] 365,018 324,721 255,607 315,115

Tl H] 1,124,842 | 1,179,880 | 1,493,346 | 1,266,023

27 7219932 | 6,470,080 | 5231997 | 6,307,336

o Add e 4,026,920 | 3,546,330 | 2902545 | 3,491,932

%1 A} 1,323,152 | 1,403,429 802,043 | 1,176,208

% A4 2 Bds 554,773 497,084 407,747 486,535

; i H] 797,610 609,276 996,940 801,275

1] e 43,477 54,699 71,866 56,681

71 b 2] ) 474,000 359,263 50,856 294,706

274287t 740,788 416,649 0 385,812

A5 0 FAE AT T 43 (2017~2019)

ojo] wE ool 2016\l = 2738963 WO SARFEIA o, 2017 ol
= oodrYgel A Fo] oF 24% o dnl & FAa F2 oF 11%E oAJAFH
o Zo] ogu|ge A Fnu AA YElgEA ool - 15994437
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A0 AAgaz A Ak o F 201839 E o5
b 4t A%Eom ool -557.809% WO
Aok A Id B oldadS 11738429 9, o] i
o2 old mE ool -627,786% Yo YERG

s

kU rlo

°F 3% Z7hshelA
R R
< 12,366,214%

=}

op

<3 5-19> diZA A A o4 o] 21(2016~20181)
(%91 A 9)

T 2016 2017 2018 3
A< 13,862,034 10,504,753 10,848,499 11,738,429
of gHl-& 13,588,138 12,104,196 11,406,308 12,366,214
oj ol 273,896 -1,699,443 -557,809 -627,785

AR FAYEEETF Y3 (2017~2019)

et oY 2016 1,026,394 el A 2017l = oF 15% Z7}
shed 1,177,2490 9oz yeluta, 2018l = 20170 diHste] oF 2% S 713t
o] 1,204459% Y= 2d A% 713 Ao s eyt
o g9 Aol 2016 796501 elA 2017d <o 13% 78k
900,089 Yo YEton, 2018 2017l v st o 8% HAdlo
8237183 oz Yeltl odn &S AFHom AuEgS w Fojnet o
= B ) B 2017del 20169 diW] thAk FUheR o UEE o, o) F
2018l = S7HEI frAbR o] AT UER
Sef et de] < 3W7H(2016~201811) o dH]E 840,103F ¥ F Fo

=

+ 318869 Yo HA| HEe] BO0%E AL glow, FojH AR F
o M= AmH 7 Al olgH] &9 16.3%°l P E = 1369671 do= M m=e
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o] 2 e A
o] HA olgu| Lol 450%°] HEEE 378,170

<¥E 520> TSt A g A o gduH]8(2016~201843)
(&9 - A 9l

o] 5ol 4890621 Yo HA

T 2016 2017 2018 3+t
o] H] & 796,501 900,089 823,718 840,103
27 309,878 338,246 308,482 318,869
o] - H] 57,598 52,5 23,989 44,787
ol g.H] 116,158 132,577 162,165 136,967
=3 £71d 16,013 18,996 18,621 17,877
o] A 7o 10,785 10,958 11,627 11,123
il 2 BL3EH 15,569 17,037 18,126 16,911
521 H] 22,927 24,541 24,230 23,899
T AH| 19,306 23,401 24,365 22,357
g H| 51,522 57,962 25,360 44,948
27 464,123 523,671 479,391 489,062
o Ml e 350,869 403,537 380,104 378,170
%1 AF-H] 13,277 13,522 12,767 13,189
% A 2 RYgs 35,756 35,940 30,253 33,983
; i H] 53,633 59,842 46,470 53,315
] e o 6,190 6,365 848 4,468
71 e} 2] ) 4,398 4,465 8,951 5,938
Favd e ant] 22,500 38,172 35,844 32,172

A7 A s 2859 3(2017~2019)

oo w2 ofge]o2 20161 229,893% o
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Hl ol W62 oF 13% S7h3 Wb o f9de of 15%= ¥ AA F7hste] ool
o oF 21% S7HR 2771607 o=

T

eyt 2018l = 2017 tiH]sle] o
FHol oF 2%9] v W TUHES dEhiou, ofdul ol oF 8% el wet
o]

= -

ol o 37% F7hstel 3807427 Yoz vEhynh 3d A odFdS

1,136,034 ¢, o}dn] 82 840,103 Yoz o]o mE ofgfo]e)2 2959324
JeRt

rio,
o
fr

<3 521> b A Al of §o]21(2016~2018)
(k9] - A )
T 2016 2017 2018 i
oJAdFY 1,026,394 1,177,249 1,204,459 1,136,034
o] H] & 796,501 900,089 823,718 840,103
o] o] 9] 229,893 277,160 380,742 295,932

gl

s FAAE T2 T L3 (2017~2019)

T A5 ofdede 20168 71F 1,130,224 Lol timlEte] 2017d 7= <F
31% F7ksted 14759111 o= yepgon), 2018del & 2017:de] oiulste] oF
14% 7F2-3ko] 12736663 902 ey

ojgdulg9] ol 20161 7] 823,950 ol thulate] 2017\ del <F 17% Z7}
ate] 962,697H Yoz yehgont 20189 20173l thu ke oF 7% 7Hado]
8907974 o2 Uelgth odn &S AFHoR AWEgs W Fojue Z$o
= 2016 tiH] 2017l 20% S7F 20174 ©iH] 2018l = 3% EUtE A &H o
2 Z7r v 97 2 #Eue Aol 2016 thu] 201730l oF 15% Z7te)
Qo o] F 2018l = 2017 d thH] 15% 7438k

LA FH 3d7H2016~2018) Wt ofYdHIE 892481 € T EojMl=

° 6 =



3554237 dom AA w-&e 398%E AAStaL o, oo AFFE TN

© AEHZE dA ofdnlge 125%°l e EE 111,398% do® Mg =2 H

o oy
o

AAsa ok Wt du R den e Feol= 516757H doem A o]

579%% 2tAstal glow, 45 R wEue] ARFE FTolM= AddTel HA

o
o
2
D)
QE
fd
pass
<,
o,
=T

HGrl8-9] 48.8%¢°l aMFH = 435183% do = 7Y He w
Addse] A AdnIFoAA AAstE He2 57 oY T ZASAA M =

A hebgom, ool mel $F Qan geol dold A Y we FFS wE

olo] mWE ofgjeo]ed2 2016\ 71+ 306274 Ho=E YElRtow 2017 &
201639) thuls A oliul §€ o 17% F7hd W oA o 31% F7hah

o] o]gdo]l9e ¢k 8% =73k 5132144 Do vehyth X v 2018 =

2017 d 0] thujste] o] Pr]&o] 7% FAFLAE B APdFYde o 14%
7F o] wial ool & ok 25% 7HASte] 3828697 Ao = ubEbwtith 370
Hit oAd4dS 1,203,267 9, o] PdH] &2 892481 Yo = o]o wE ool

o] 2 400,786% Yo & hERRE

T 2016 2017 2018 33t
o4 1,130,224 1,475,911 1,273,666 1,293,267
o] 3 H] & 823,950 962,697 890,797 892,481
o] i o] 9] 306,274 513,214 382,869 400,786

AR A E T F L (2017~2019)
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<3 523> TElAs AdA o] 9n]£-(2016~20181)
(%91 : A )

T 2016 2017 2018 >Ry
oj i Hl-& 823,950 962,697 890,797 892,481
A 310,790 372,223 383,255 355,423
o] 1] 49,937 69,944 66,637 62,173
AEH| 88,955 106,870 138,768 111,398
= &7 9,502 15,192 13,363 12,686
o] A7 2,603 3,157 3,483 3,081
il AR F B 78,586 96,994 95,415 90,332
T2 A 52,521 50,702 44723 49,315
FAH| 9,773 10,506 11,512 10,597
T2 H 19,312 18,857 9,354 15,841
A 496,382 569,418 484,471 516,757
9] Add= 425,946 480,067 399,552 435,188
= AR 2,909 2,960 2,270 2,713
%; A R EER 21,115 24,280 26,111 23,835
‘a—] o H] 43,328 58,619 51,646 51,198
1 Z A& 2 1,186 1,631 1,943 1,587
7] Ep 2 vl 1,898 1,861 2,949 2,236
7} 2] 16,778 21,055 23,071 20,301

AR AR 2T F 93 (2017~2019)

sevket 2al 2A ol WRES AHE 5 4F A2 3



it
el

(2016~2018) o=+, oAgHlE, oIgdole], oldES <& 5-24>¢9 Zvh A
o B oAPH &Y FRoAM = P ol ZF 11,738429% €, 12,366,214%
dog Mg & Ao® Uewt Hd ool 5 HF T UHIFEE
8703707 Yoz 7} A vEhd dbd o]d LS 2ol 31.0%E M =
A vheERs

UM MEd A Bt A
Aoz B A9 ddoEdd A ofFe gist A d3urs ghetsty] ¢l sk
2] o) Fo] AA ofFeA A st vlF AbEe] Fasith o] F 98 HE 3d
7H2016~2018W1) A Axbmo din] A2 Aikg o] v &S <HE 5-26>9 2

o A&,

=

<E 524> g AgAY H 3N HI o]0l 2(2016~20184)

(99 A 9, %)
22 %333% gaess | gadw | oo | cdds
g4 4,849,175 4,139,614 11,738,429 1,136,034 1,293,267
ojHl & 4,161,269 3,269,245 12,366,214 840,103 892,481
o] o] ¢ 687,906 870,370 -627,785 295,932 400,786
SRR
%) 14.2% 21.09% -5.3% 26.09% 31.09
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<3 5-25> o FH /A F ALY 2 AA AAE A (2016~20184)
(&9 - A 9)
2016 2017 2018
T = . =
= Z =] = =] = ]
Axad | AAdEd | A | AAEd | AdEY | AAEd
BEolt
q ol 132717571 | 9,023,978 | 166987277 | 12,203972 | 145145139 | 9,941,840
1 O
NEES | 17267 | 742,609 | 1683337381 | 1,792,640 | 10699978 | 1,906,226
A | 2276327 | 11,184,632 | 201,097 | 15569,196 | 239901.933 | 9,891,771
e | 147 RIS | 23450417 | 201,1482% | 36,763,091 | 164978391 | 39,053513
2 AS | 173918571 | 12740659 | 210422171 | 174648767 | 19022944 | 15466617
s T FAA, oAt e &2 AH2020)

<E 5-26> o FH 370 2 A ¥ F(2016~20183)
(&4 %)
T 2016 2017 2018 370 H
o) 24 & o]
el 6.8 i 6.8 7.0
N EZS 0.4 1.1 1.8 1.1
o & A v 4.1 7.4 3.8 5.1
bea Sl oA Rrls 15.9 18.3 23.7 19.3
LA 73.3 83.0 81.3 79.2
<HE 524> A AbES fEuEr el A Ak YRS 2A sk 570
oy A G HiF ool <¥ 526> H 3IMY HiF 2 AaFA b
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Abrgol o siA] zFado] F7heHAl

o1 atel =t
O R0 5) N 495 09
 ——
xHelg s OU=S8E | ogojal vrsl
= (A+G)-(M+H)  — = (H-p)-C(E)
of=l&(H)

A7t B BT M : R

<9 6-1> AEAARDS] M=

%, olgo] olfolxs HW olF:mHaE)e] FHol o AYASE,
8 ef e

FeqB)F#0] 375t H3, 394 ojgae Fa4 ofs

AYFH, H=F-X)& A Bt Wi, ofdxA g2 th&e] 4 (6-D3} 2]
A Fh T Be] o 8 ) HF st Hi= Aol
Ax=L o x—H(=FX) 6-1)

AR ol A BADA ARAAMS Feka, of7]e] o U &) At oA

885 oz RE ojgolo)(n)o] 4EATx = Hp - CE)]

olel g oFgEel o] g BB W BYE AT ol Se] s
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Frol FAEA Hol oAl hat o AL A FEo] FasA A
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