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An Optimal Production Analysis of Offshore Fisheries Considering Reduction
of Greenhouse Gas (GHG) Emissions in Korea

— Focusing on Large Purse Seine Fishery -

Jae-Beum Hong

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

This study aimed to find the optimal production of the Large Purse Seine,
one of the most important fisheries in South Korea, considering the reduction
of Greenhouse gas (GHG) emission. The contents of the study are divided into
three categories: estimation of GHG emission, stock assessment, bioeconomic
analysis. The estimation of the GHG emission by catching activity and the
stock assessment on the major caught species were conducted. Furthermore,
using the analyzed results above, bioeconomic analysis was used to examine
the optimal production of the Large Purse Seine.

GHG emissions were estimated based on oil consumption data. Using the
total GHG emissions and the total catch of the Large Purse Seine, the unit
emission of the GHG per catch was calculated, resulting in approximately 1.24
tons of GHG per ton of catch.

For the stock assessment of chub mackerel (Scomber japonicus), Bayesian
state-space implementation of the Schaefer model (BSS) was used. As a
result, the biomass of chub mackerel is continuously decreasing, which was
lower than that of Bmsy. Therefore, additional fisheries management would be
required as the species biomass decline.

Based on the results above, the changes in the biomass of chub mackerel
and profit(NPV) of Large Purse Seine according to the level of GHG emission

_Vi_



reduction for the next 30 years were examined with bioeconomic analysis. As
a result of the analysis, it was found that the amount of mackerel resources
would be recovered as the level of greenhouse gas emission reduction was
increased. However, in the case of fishery profit, it would be lower than the
current level due to the GHG reduction emission, making optimal production
impossible.

Therefore, it seems that additional measures are needed to achieve the
optimal production level with the reduction of greenhouse gas emissions. In
this study, vessel buy-back program and replacement of devices for GHG
reduction were considered as additional measures. Optimal production would be
possible when the vessel buy-back program was considered, but optimal
production was impossible when the replacement of devices was considered.

This study suggests that optimal production is impossible even if greenhouse
gas emissions are reduced under the current fishery structure. Therefore, in
order to reduce greenhouse gas emissions in the future, a vessel buy-back
program and replacement of devices need to be implemented together with the

reduction of greenhouse gas emissions.

Keywords : Stock assessment, Bayesian state—space model, Large Purse
Seine, Chub mackerel, Climate change, GHG(Greenhouse gas), GHG
emissions, Bioeconomic, Vessel buy—back program
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2. S 7}

1 ol=4 w7

o] FAAARTLE fal o B o= AAE ARE Z&
o= e ol o] itk JofatE Rl A of g gl
of iy 22 HAaghe] ArE HWASH AL FMaximum Sustainable

o

Yield; MSY) & A4 o]g & & F4Z 5 dvk= Aol AT 9,
1992). webA] doido® ztne] FHRI7F B8 Ao E AdEr b
st R theket ofFol digt Adgrt mde &8 Jrh(Clarke et al,
1992; Polacheck et al., 1993; ﬂ‘ﬂxﬂ 2020).

YANZE RS AAE B A8 AR E VFom AHF adu
THA FANEoRE FRE AuHA 2ANHEE A dEVE kA" B
BHE 7HEske AoR @9 o] =K (Catch Per Unit Effort; CPUE)<}

o FE (AR 9, 1992)
Bt i FA e ngdHA Qe SR g (&

2
AgHFs HuFrtets TAZE B 59 AHS w3 thH(Boerema
WA

= 2019). vk
ZEjA BAuH e =g

f

S W2 A5E ARE Bl A7 Wl w3 e At
R 9l (Process—error model), #3552 E = (Observation—error model)¥}
Bayesian state-space E9o] QlthSchnute 1977; Punt 1990; Polacheck et al.
1993; Millar and Meyer 2000; Valpine and Hilborn 2005; 7 A]- =% 2019).

WA meo]l Ag FARAR IS 918 el 9(1992), A EEL
(2020) & =l AL 7kelA dg Z8Ha vt AAHA R AR

HEEY WE FARA BIHS 2 Ao vEte § P
A7} At £EE 4 Qe A0 uehgth o Bgedt wa
2ARE A2 98 AR mdas #3504 2o v B304
UL B8 FYARNE AvRY, e mdA FYE Aokl v



5o R FAANT Ao R dHde F3ete
(Uhler 1980; Hilborn and Waters 1992; Polacheck 1993; #WA-7%=F 2019).
afo® Beta zhzte] Ao ndlyl BE0 3} mdo)
ol A TSk A e xpel ASARAGNA BAs =
a2 H3HA] Estoh= kA - o] dth(Bolker, 2003 Haddon, 2010; Z®1A), 2020).
H R} dFoAE FAlA 1EFT ¢ Jdv E9E Bayesian
state-space E@o] A A1l At} Bayesian state-space 222 9 2
Bt Uetds g e aket B5eakE wlo] x|t FEo® B a1 sto]

ALANARE FAT 5 JAHEEA-GF2, 2020). ©]# 3 Bayesian

L
g

state-space @2 2o A= Hawaiian green sea turtle, Atlantic blue
marling 4oz UM 1150, A4 Q9Ao 5 tFe ofFE ez s
TR 7 md 2 2853 ¢)ti(Chaloupka and Balazs, 2007; Mourato
et al, 2018; t& 3 <], 2021).

ZFA - FE 220200 A ALBTLE A8 CY&P R3S &8st om
SEE HAAE BAo] dojd Az mde 1y B4 A5
AR ol g YRS AAEE 37 AT ToIUFAAY, P AY,
HPEE) ol gk IS 37 dF9 ofdntd 55 xFs)ste] &3k
A A¥ H2 3d20161d-2018)d Wt ol #F2 A MSY FF
(2639%6%) 3 frAHeE o= velston @Ax MSY el Hls] o & w2 o]
b FYED e AoR YEwTh ofE S8 4R AS @Al g
el Follom oGl AAME HlEEe] UEUE AoR 4
st whebA G o] A HALG Ol AFA AAeE FEoIdEe tg
AN =R a8 AASIATh Ao dAFcRE FHH A3
Ao glolA] g ek mElvks skl Y] wWiel g g B #H=
oxE B mysts B4 oS AANEA



Chaloupka and Balazs (2007)= Hawaiian green sea turtles /o=
Bayesian state-space R @& &-83lo] AP 7LE AASA T B4 A s
1944358 1973d7b4] ¢ &5 Az el 19731578 20043 7bA] o] A A4 <l
Abundance A2 E &&3ATt 4 23 #AA Hawaiian green sea turtle®]

g
AAFE DR O] 8% A% FEOD FF AU 0¥ FAHE

A
oF 34%% AU Wb 1 19709 del = ANF o] BA5EY
oyl o 20%% FAste] A9 Fut A Ao FAHAAW, AA

A HHA e Ao® Yegth

Mourato et al. (2018) Atlantic blue marling /g o2 2ALF7IE A A
3}7] 98l Bayesian state-space R =S &gart B4 AEE 19594
E 2016971419 o8 9 ®Fstd CPUE AaE E€&3k3ith. CPUE
A= 7% LongLine(LL), Recreational(REC), Gillnet(Gill) 37§ ¥4£S& 1
st e, I7bdE AsEE AdE(L), #=(LL & Rec), #ulgA=H(LL,
Rec & Gil), JHLL, 3-time block), E-&+&(LL & Rec), 71 HGi) & 1271=
w242 w7 2 fJ5EH A5 E Aol wet 3744 AlvEl e
o] AT B4 A3 7 Agele B A o] st Aow
el o, 53] 20161 71+ AL =S 95%°] gEE Busy Tl HlE
po Ao g bt

913l Bayesian state-space @S &85l ALHIE A AT

=
o Biold P udoldS weld AUWs AnE viw B4

S #8319 FishBase?] #A¥3]E-#(Resilience) FEHE &3}t WA

H
I=]
E5oldS 133 AYdH7HCase 1) A3 MSYE 2934215, Bysys 575,620
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A5 1 9HE e 21(2021)
[322 1I-2] Case |l A2Z0f X GI Zaop(MMalod )

o] 2] ¢ Bayesian state-space =2 o] AAIH I Q= FAAKLH M E
o ® offwF Rk AAFTF B

gF 7Nk ARGt mdS S8 fEA A 2= Froese et al
At} Froese et al. (2017)2 AF&7F F-53F A-pollMe] ol s %
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g87sAdS AASEAT aelal olgsk CMSY Rde] #4 A3g vju ¥
HESE7] 918l Schaefer J AL RdlS €83+ Bayesian state-space
Zd(o]s} BSS 2d)S #8351tk CMSY % BSSEEeo] B4 AulE wlush
Az ojFol e ALRF7E Ao i A e e, ol & F Sl
48 7Hss ARTE AgARl A golAe] CMSY Rds &83 A 7te
7FsAd s AR
<¥ I1-4> CMSY % Bayesian state-space 22 o =& A1} "jm(Ma A7)
Bayesian state-space % .
= EIHA B 2
’ Astol EHEE AL % S
r_ CMSY 1017 / 78.9% 1478 / 10.9%
k_CMSY 10178 / 78.9% 2071 / 15.6%
MSY_CMSY 977 / 75.8% 671 / 4.7%
lastB_CMSY 9178 / 71.1% 1370 / 10.2%

% F 12870 &4 A3 715, MSY : Maximum Sustainable Yield
A& : Froese et al. (2017)

22 Ju et al. (2020091415 BiRt A9k B A¢F ool v AAdFItE
S A o] FAAIL U= oA
kol A ol P H= 1670 o
et al. (2017)= #3sted CMSY % BSS Rd& @89t 128 FHF
2 0 % Palomares et al. (2018)& Frarsto] Z o #&4 AY4kF(Maximum
Sustainable Yield, MSY) <2 4% & & ALdF 52 Busy W]
Ad el vl gol ueEl AYGEHE Adsidnr. B4 A Zhzbe] ol
gk CMSY 9 BSS R Adsd s FA= FASHA vEyt. o &

Fa $4] Al o@ A4S A+ AAh AF 24 A3 V) oiFS
o
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Schaefer B2l A 7148t npe} zro], =92k

2 714
A THSchaefer, 1954; Schaefer 1957; Froese et al., 2017, Liang et al,

2020; Ren et al., 2020).



Hl3] 025 % olst=2 1ndd 459 ol AL A 27 A8Hn
(Froese et al., 2017; Ren et al., 2020).

B,,, = Bt+4%r(1—Bt/k) -G | < 0.25 (2)
TAASE CMSY B2 54 ofF9 ofgdFdF #AH9 Resilience:
|gto 2 s ofFo] Ad", 2944 AHE, 489, MSY 55 +4
st Ale Tk EAAAAEES 4588 tsiA= Monte Carlo W<
shgoto] A3 7l dH(viable) t-k'#&e] WIS FAI A& 7 A
gt A2 B4 Az AAE AR gho] BSd o g7 Ar ek Al

o

g A =Fe] el vlaste] st As 2 tH(Froese et al, 2017).

¢l roll e AL HelE, re €A Hdd o 4AdA=Z
Resilience= 4743 4= Ut} Resilience: r 3t Wl
w2} High, Medium, Low, Very low 4942 &% H(Froese et al.,
2017; Froese and Pauly 2022; &AW - %=, 2021).

20

<E IV-6> 2% MEEo wE ANMEA Helo ofst M ol(Resilience)
Resilience B MAFo| ALAA W

High 06 - 15

Medium 02 - 08

Low 0.05 - 05

Very low 0.015 - 0.1

A& : Froese et al.(2017); Froese and Pauly(2022)



HA7F AAHES sttt o]& A o= yehlid ol A (3)3 Zom, whof
=2 Fo® Yeg A5 24 (47 4 -E-H H(Froese
et al, 2017, Wang et al., 2020). ¢1714] low, high”7} gnlst= A A<

q7Fe S8 FAshs T Rl hiE ARdReE AAskzd oA skl

K1 = max(C)/ryi,n,
Epign = 4max(C)/ry,, (3)
ki = 2max(C)/rygn,
Kpign = 12max(C)/r,,, (4)

Aol g AR eE SETEE I AdFY HE Ad" T2
B/l wet 37HA] GA= skl okl <FE IV-7>¢F o] AT
Atk Al gk Abd H
th&f A A 3ok Froese et al., 2017).

Zkzy 37HA] Al Y A E AR HSIE A A AARSHA ks A Fols,
Default rule(Froese et al., 2016; Froese et al., 2017)ol we} &4 =52 7|37k
D o &F AR5E AR ALFY AL E A (Froese et al, 2019).

<E IV-7> 48 U] XY 0 e AIMA Helo et &2

T B/k

Low 0.01 - 04
Medium 02 - 06
High 05 - 09

A} : Froese et al. (2017)



) AP Aol HEFH A 7|ke] 3 HA Aol ddE= Abd ol

AelEa, 7 gg AR AYEHS Aitsty] a4 () =2 4 Q%

L3k} o]y 3 AT AHA ol <E IV-8>o AAIEH U= 371HA

271 F stvex s = A Y Tk A9l #th(Froese et al,
=

2017; Liang et al., 2020). <3 IV-8>olA &

d

f
ol
rr

&
L o&Sd A& 5] 001k Brp 22 5
2. d5H AAFo] AR HFEE= AP ALdH HYE Holv= A
3. dSE A o] A ko] FEE AP A F HAE HouE AT
A& Froese et al. (2017)

shARE 3714 216 B EHA & BFol= A TkAE THsd AR
bkt 7 rkS oW = (bivariate plot)o]l YERAH A7+
o YetuA HH, o] T 7Y 7hsAdol =2 T kAL dWF o=
g e & FolA EA. aga ol JHE FhsAde] =2 ke A

=
(5)¢} 7ol Schaefer ¢ MSY 415 7|Hto =z 3 A3 3]

AR A HFroese et al., 2017; Liang et al., 2020).
MSY = %ﬁlog(k) = log(4MSY) + (—1)log(r) (5)

olg)dt AL =3 WAE T-kES BSS R AlHAAHE &85
ri} kol et FAHS AAST gSor cpUuEE A (6)7 o] oIS E
ATt AL B)o=2 Akt = Q) ol# st 24 (6)2 Schaefer &9l

<
T

mel A ()3 o] A mAS



CPUE, = ¢B, (6)

CPUE,
CPUE, ., = CPUE, + r(1— JCPUE, — ¢C, (7)

qk

AYgFEAT Ulg AFHAARE Schaefer 2] o8 oA Fd=F 724
21 (®)oll A Al 2 ()] v A o] B A Fe

olwl B/k7} 05013 B = CPUE/q¥ 4% ¢ =05rCPUE/C a1 & 5 itk
HEH MSY 9 dnt =02 ALz Ad2ko] A (B/k = 0.25)%+=

ol = ¢ =07rCPUE/C 231 & 4 St (Froese et al., 2017).

He A5 A QA 57 2H2E 0259014 0.5, 05914 1.08= ¥ Er.
TAHew 24 (99 r,,e rel AR dgE BEgrS o tH(Froese
et al., 2017).

223l CPUE, < o7 9738 713+ &<ke] CPUE# S HitS 9w st
Creans LT 71718 o1& WS 9ulgitt. CPUE % o g9 H

Low?!l Z4$-el= 10d9 717te =z A sttt (Froese et al, 2017, Ren and
Liu, 2020).
0'257npgm CPUE’IL( can
Qiow = C N ’
57,.“ LCPUEHL((LII
qhigh ’ g’C (9)

mean



o] BSS B wolAet FES vz AARE FAFE AL
Sgbeh o}714] Hlo| Ak FRolg NEH ARG BE W FERYS
A}-8-5 of E3E An % ARARE ARD AFEE ALLS

4% A
o7 £33t Markov Chain Monte Carlo (MCMC) Ho]'uE g-8-3tr}
(Millar and Meyer 2000; #¥A]-4 =%, 2019; SAH-HEF, 2021).

ojuff, thx}de] A ER T ATEE Y42 01%‘7] o e, ohE
HEEe ZARSERIZNE HEFE Y 8oz FE3= WU
Gibbs A ZH S &8sttt (Meyer and Millar 1999; Lunn et al, 2000; Kéry
and Schaub, 2011; Froese et al 2017, H WAl A%EE 2019; SAW - HEE, 2021).

® A= BSS EES T AdHVE 24 s Sl

MCMC ®Wyoz uj7f el 88 B¥XE AMEd st T2 JAGS
Z 2 I (Plummer, 2003)s &8st tH(Millar and Meyer, 2000; Froese
et al. 2017, Exﬂm AEZE 2021)

Aol A= F 60000710 BES FE3aL, FEH
oA Bl 27 REE A4S AA)
2 (burn-in) A H(Froese et al., 2017, = 1A
| = X 7o A7) EAR AGEER
A 7] wEell, A7 EAE
sb7] flaiA] FEE EEY W 10HA 7S ARS8 tH(Froese et al.,
2017, HUA-AE=F, 2019; Seo et al,, 2019; A - A=, 2021).
BSS RS 283 A7 A9E vg o2 5ol AAdMHE ot
stz flaf ofef <E IV-9>¢F o] &4 4 o1F S Busy WHl mRAE
AZo] Aol Hlgol wet Ptk

i&

QE
Y &wo} meAE BAde AT &
2
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7= ER SEPEE; e
Rasisaa R )
20004 -20194 A62](2019) a1
(haul_19) (20001 -2017+) e -
£ AES
T 20001 -2019+d AHES
(ton_19) (20001 -2019+)
ol& 2= /‘\jﬂ @1 PN
s 20001 -2019+d o drE s
(hp_19) (20001 -2019+)
Rasisaa Rasisata )
20004 -2020d A62(2019) a1
(haul_20) (200011 -2017+) e -
£ AES
T 20001 -2020 TSR
(ton_20) (2000 -2020)
e 200011202011 L W
(hp.20) (20008 -2020d)
B2 }\q%/\
=T 2000 ~2020 A=t 34 o]% Wit
(ton_m?20) (2000 -2020')
2 2= /‘\jU Eﬂ 2=
mrE 20001 -20203 - 34 o]% Wt
(hp. m?20) (200042 ~202013)
=T 197042020 SN 33 o|% Bt
(ton_m70) (19923 -20201)
2 2= An @1 PN
mrE 19704 -2020\ ol drE s 349 o]% P
(hp.m70) (19924 -20201)
£ AES
T 19704 -2020\ A
(ton_70) (19922 -202019)
il 19704 -20201 o
(hp._70) (19924 -202019)

% 10954, 19964°] sl 5= CPUEE ol Anfaa @ o] dEs w9 SH/f B/bs
stol Aelskel s
A BAA (20225 2022), A2](2019)
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<FE IV-12> 150 X HEI} AlLjg|2Y Z o}
T r a k MSY B* Busy | B/Busy
orul 3] 2=
sl 0.63 0.0000371 | 969,009 152,732 591,318 484,505 1.22
(haul_19)
=T
0.48 0.000009 | 1,157,372 | 139,449 471,905 578,686 0.82
(ton_19)
LIR=Ra
0.47 0.0000011 | 1,169,065 | 138,428 456,493 584,532 0.78
(hp_19)
orul 3] 2=
gl 0.46 0.0000402 | 1,265,824 | 146,537 501,946 632,912 0.79
(haul_20)
=T
0.44 0.0000102 | 1,264,833 | 137,770 397,096 632,417 0.63
(ton_20)
LIR=Ra
0.45 0.0000012 | 1,227,484 | 137,845 390,672 613,742 0.64
(hp_20)
=T
0.46 0.0000101 | 1,176,144 | 135,550 440,767 588,072 0.75
(ton_m20)
LIR=Ra
0.46 0.0000012 | 1,184,744 | 136,021 420,501 592,372 0.71
(hp_m20)
=T
0.36 0.0000060 | 1,626,633 | 145,559 703,675 813,316 0.87
(ton_m70)
LIR=Ra
0.35 0.0000008 | 1,648,897 | 143,274 682,033 824,449 0.83
(hp_m70)
=T
0.34 0.0000060 | 1,743,859 | 148,166 562,367 871,930 0.64
(ton_70)
LIR=Ra
0.32 0.0000007 | 1,789,371 | 143,163 574,417 894,685 0.64
(hp_70)
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o] 2= ‘Grossly overfished 22 ‘Overfished' = 3 7}
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gk 4 Qi
<IE IV-13> 150 XpzF 2 Bygy Fd Z1f
T Booo Busy Buo2o/Busy
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BSS
(412,399 - 686,629) (584,285 - 1,301,182) (0.47 - 0.79)
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614,371%, 2020 7]|%= 56236702 AEH o7 7+Aa%s AL 4 £ At}
olo W H 37 Hi nso] AYHL 62470902 YElyton ol
Busy HH 0.72 522 YEYE
<E IV-14> =2 JHd "HF 150 X2k FH Z1H2018H-20204)

(99 - E)
TR 20184 20199 20203 3+
MRS
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5ol A 24 Ads A 5o Aol
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V. 247ts MEF AL 2dF ARAAGE 24

1. AEABAAS] 49 d%F

B el AY AFL setats] 9Asl, FGA @Al o AFL
St 4 Qi FAAFRTFIN AP I2AERE Ao Bl

) 3 A gof 9
TAAS, E0l3
1983 87 Az
HAd FA 5 715830 sHA R ol F giAR sk FAE Kol
2001 = 67 o2 HA FTAAFE 7153}
Ao, ol & Wst glo] HA7A FAHIL 9l
2020 71 B AR AT FAA = BT

(FA17, 2022b).

120
100
— 80
a0 .
&
Eﬁﬂ
=
LT
20
0
2 £ T 8 3 2 2 5 &8 £ 2 £ z 2 27 2 2 &o =7
a 8 3 83 8 a3 8§ 3 a = =m =E =m =®E =B =®E ®B =B =

Atg 1 &A% (2022b)
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Lo B
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20179 o]EZ R AE Z7}Ele =42 e o]
71% 14027980 A& Aoz o5 FrhFAe Fds
7k AR dEen, 20129 Hu ojgn &2 151368963 A&
728t ST 20139 ol F AAAE dAZ Fasts FAZ Uehsdo
(FA7, 2022b).



25,000, 000

st 20,000,000
2
0 15,000,000
n
ok
5 10,000,000
4
g 5,000,000
0
2 2 5382 a2 af 8 22252858508
A AAA A AAAAARRRRRERRRBERRHE
oL
—0{230] 02| ]
A5 1 A% (2022b)
[Z V-3l gy dgA o ofd=se X 8| S(19831-20204)
TAHeR LAY A oSS FHEEE dyrd, T 5id
Bt &S 7R A EoH(471%), 9= R HeH(49.0%), F2 g7
(3.9%)= 4% Ut
<E V-1> tigda A Ao ofHH|E MF & (20164-20204)
(&9 - A 9, %)
T ZolH] A= B #Ed | A7 o u] &
2016 5,627,418 7,219,932 740,788 13,588,138
2017 5,217,467 6,470,030 416,649 12,104,196
2018+ 6,174,312 5,231,997 - 11,406,308
2019+ 5,269,368 4,963,103 625,320 10,858,291
2020 5,623,878 5,213,543 512,038 11,349,460
Bt 5,582,589 5,819,731 458,959 11,861,279
H] & 47.1% 49.0% 3.9% 100.0%
A5 1 A% (2022b)



= IR
ol ok FH 57
7

g ure] AmRy F e AR dEoR 74
1(201613-20200) A4 H]-&-& 7IEo® ARH|(386%)7}
S AASE Aew yeisken, O g o rE FEjH], of 7],
O & ey

rl

A el EoiH| MF3E(2016H-2020H)

(9] © <, %)

T 2016 | 20174 | 2018¢ | 20194 | 2020 B H| &
A= | 2417617 | 1,992,327 | 2,431,984 | 1,861,761 | 2,083,489 || 2,157,436 38.6%
FEH] | L124842 | 1,179,830 | 1,493,346 | 1,180,925 | 1,031,779 | 1,202,14 21.5%
o] 7-H] 316,878 | 503,230 | 735986 | 618,547 | 605,528 [ 556,034 10.0%
A7 463,334 | 435,846 | 436,988 | 596,762 | 659,683 | 518523 9.3%
|71t 328,120 | 306,133 | 262,047 | 402,381 | 559,865 || 371,709 6.7%

ARFEH] | 417672 | 302,879 | 358551 | 230,558 | 275,303 || 316,993 5.7%
T 365,018 | 324,721 | 255607 | 202,097 | 246,559 | 278,800 5.0%
FH2H] | 193937 | 172,452 | 199,803 | 176,837 | 161,672 | 180,940 3.2%
A 5627418 | 5217467 | 6,174312 | 5269868 | 5623878 | 5582589 | 100.0%
A5 B A7 (2022b)
e R A B9 F 6] AR FEoE FAH oy, H
S e H&S VlFow Ay AA9=(57.1%)0 7HE Be vEs

goh 7thges AR, won), FA 2 wYe



M Al g X el M5 &(2016H-20204)
(9] - <, %)

<¥E V-3> o

=

T 20161 | 20174 | 2018d | 20194 | 2020 B Hl &
ALdds | 4026920 | 346,330 | 2902545 | 2766906 | 3370,771 || 3322694 | 57.1%

ARFH] | 1,323152 | 1,403429 | 802,043 | 648,125 | 276,627 | 890,675 | 15.3%

sujH] | 797,610 | 609,276 | 996,940 | 967,405 | 991,741 | 872,594 | 15.0%

:_TLxﬂ =]
;t_ﬂ - 554,773 | 497,084 | 407,747 | 547,030 | 535,642 | 508,455 8.8%
7] e}
el 474,000 | 359,263 | 50,856 17,338 14,416 | 183,175 3.19%

M| 43477 | 54699 | 71,866 | 16,299 | 24,345 || 42,137 0.7%

A 7219932 | 6470080 | 5231,997 | 4963,103 | 521343 | 53819,731 | 100.0%
A &A% (2022b)

HFAT olgielel e 19839 ol F FE3| Frhs: FAES molm,
2011 H A1 4,285900d ¥& 7| H53F o o] & Z
mho]u (=) ofgfole} e 71 % SHATHE AR, 2022b).

5,000,000
4,000,000
3,000,000
&l
%l 2,000,000
o
E_’. 1,000,000
e 0 _/-‘\ Ny A /—
= = 5 8 3 2 2 % & £ 2 = B &8 &5 Wk
mmmuﬂﬂ a8 83 83 8 3 3 3a3aR"R "R B8 "R R
-2,000,000

Atg 1 &A% (2022b)
(O3 v-4] tiadMd ZGH el o]0l (1983H-2020H)



g xe] ofdo]e]e 2017 o]F HIA= 2% SUIsHE FAE Holn

S 7128 HEA A, 2022b).

Ad FiF o]gdolele rFoz AWHH 20179 2
=

<E V-4> Zoflojd HEH A2l ofol2(2016H-2020H)

(&9 - < %)
T 2016 20174 20184 20194 20204 3+t
HHEE 224,887 | 1,128,614 | 1,257,609 626,910 448,278 737,260
eol
_ 46,403 950,520 | 1,066,796 358,970 502,429 585,024
HEA I
el
_ 705,118 703,698 720,301 291,046 246,698 533,772
THEE
71 dAdEE 34,347 685,284 | 1,000,593 219,033 704,114 528,674
A e
9] & o] 446,209 590,938 466,740 396,521 568,304 493,742
TIANT
3 A} 328,463 413,000 544,133 455,596 642,806 476,300
LA 306,274 513,214 382,869 283,707 577,470 412,707
3 229,893 277,160 380,742 284,341 367,537 307,935
iE R olls 83,792 393,248 325,852 336,770 289,615 285,855
o
jﬂ =] 122,384 -37,165 26,000 272,142 176,986 112,069
HEA N
el
9] Fo] 90,790 106,017 92,315 109,402 129,280 105,561
TIANT
ZF=7) 49,920 59,369 48,856 49,689 60,415 53,6050
<3 2} 7] 47,962 27,7135 55,325 23,069 80,098 46,838
o &g A 273,896 | -1,599443 | -557,809 998,340 925,820 8,161
A5 1 F A7 (2022b)



3) Ak 2 R

2020 7= didAdoAd gAY F AL 14,314,081 do=2 ) 3
A T 7FF 2 A2 FEE BRsta AvHEAA, 2022b).
<E V-5> 2ol A5 ddAe AR 2 2| & E(20204)

(9] - A )

aw -3 A7) AL Sy

(A) (B) (A+B)
o A 8,352,413 5,961,668 14,314,081
Lol o) E A A 213,667 2,762,900 2,976,567
SIHTEIHEE 695,604 2,208,425 2,904,029
1A dS 1,557,622 989,115 2,546,736
g :_:iz ;L g zio] 238,250 2,205,876 2,444,126
2 A 466,090 1,309,649 1,775,739
JYES 477,000 1,285,000 1,762,000
| Sl it 655,152 1,105,878 1,761,030
S Ry 551,619 958,935 1,510,555
ST ETHANY 315,300 1,172,960 1,488,260
= P 525,932 783,656 1,309,588
=3l Al w7 346,921 722,849 1,069,769
7] 83,367 577,109 660,476
o] Zol g A A 66,500 437,100 503,600

25 B A7 (2022b)
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