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Abstract :

This study aimed to analyze the effect of total allowable catches (TACs) on the target species. First

to effects analyse of TACs, the 8 TAC target species and 75 non-target species were selected for which catch
data were available before and after the introduction of the TACs. The 8 target species were simply compared
to catch changes before and after TACs. Through the comparison, it was confirmed how the catches of target
fishes have changed after the implementation of the TACs. Secondly, the Difference In Differences(DID)
analysis was conducted to confirm the effects of the TACs on the catches of the target fishes using the catch
data of 8 TAC target species and 75 non-TAC species. Finally, to overcome the limitations of the DID analysis,
the random effects model was estimated to confirm the effects of the TACs on the catch of the TAC target
species. Overall, this study confirmed that the TACs affects catches of target species, not only through simple
comparisons of catches before and after the introduction of the TACs but also through econometric analysis.
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Table 1. Status of TAC target species and related fishing gear in the South Korea (2019. 7-2020. 6) (Unit: ton, %)

Species Gear Type TACs
Chub mackerel Large Purse Seine 132,452(42.8)
Comb pen shell Diver Fishery 7,437(2.4)

Large Purse Seine
Large Pair Bottom Trawl
Common squid Large Otter Trawl 97,362(31.5)
East Sea Trawl
Offshore Angling

Jack mackerel Large Purse Seine 30,727(9.9)

Large head hairtail Offshore Long Line,

(pilot project) Large Purse Seine 29,174(-)
p proj Large Pair Bottom Trawl
Manila clam Diver Fishery 1,561(0.5)

Offshore Long Line

Mottled skate Coastal Combo Fishery 377(0.1)
Purplish washington clam Diver Fishery 1,551(0.5)
Red snow crab Offshore Trap 26,630(8.6)
Sandfish East SeaEifItedsiiilT];ZVr:’ilsh Seine 2.821(09)
Offshore Gill Net
Small.yellow'croaker Offsh(?re Stow Net 20481(-)
(pilot project) Large Pair Bottom Trawl
Large Danish Seine
Snow crab Ogsfltl:gzre(}i%lr;:et 1,003(0.3)
Spiny top shell Village Fishery 1,788(0.6)
Offshore Gill Net
Swimming crab Coastal Gill Net 5,798(1.9)
Coastal Trap
Sum (Excludes hairtail and Small yellow croaker) 309,507(100.0)
Source: Korea Fisheries Resources Agency (2020)
Table 2. Recent catch of the TAC target species (2015-2019) (Unit: ton, %)
Species 2015 2016 2017 2018 2019 Average Ratio
Chub mackerel 131,735 133,200 103,870 141,513 101,281 122,320 375
Comb pen shell 4,510 8,170 5,355 5,854 7,489 6,276 1.9
Common squid 155,743 121,691 87,024 46,274 51,751 92,497 28.4
Jack mackerel 43,362 21,620 21,294 27,019 43,052 31,269 9.6
Manila clam 15,241 13,517 17,261 31,607 23,774 20,280 6.2
Mottled skate 358 514 509 700 1,287 674 0.2
Purplish washington clam 1,828 1,741 1,378 1,727 1,577 1,650 0.5
Red snow crab 41,647 36,180 29,686 20,344 15,874 28,746 8.8
Sandfish 4,762 7,497 4,965 4,183 3,069 4,895 1.5
Snow crab 1,915 1,572 1,789 2,184 2,136 1,919 0.6
Spiny top shell 2,680 2,115 2,903 2,444 2,285 2,485 0.8
Swimming crab 16,374 11,751 12,941 11,770 12,306 13,028 4.0
Sum 420,155 359,568 288,975 295,619 265,881 326,040 100.0

Source: Korea Fisheries Resources Agency (2020)
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Fig. 1. Trends in total catch of the TAC target species (1990-2019) (Korea Fisheries Resources Agency (2020))
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Table 3. Variable of DID analysis in the TAC system

Variable Content
Dependent (Z) Z score of catch
Time (7;) Before (5 years before implementation), After (recent 5 years)
Independent Group (7AC) Target species of TAC, Non-target species of TAC
DID (TACT) Cross-term between time and group variables
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Table 4. Analyzable species among the TAC target species

(Unit: year)
Species TAC . Data  Analysis
Implementation  status target
Chub mackerel 1999 o e)
Comb pen shell 2001 @) o)
Common squid 2007 @) o)
Jack mackerel 1999 ©) o)
Manila clam 2019 o) x
Mottled skate 2009 X x
washIi)rlll ;tp:r?hclam 2001 ) )
Red snow crab 1999 @) o)
Sandfish 2006 o) o)
Snow crab 2002 o) o)
Spiny top shell 2001 X x
Swimming crab 2003 o o)
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Table 5. Catch of the TAC target species at before and after implementation the TAC system (Unit: year, ton)

Catch average

Species TAC Implementation Before After Difference
(5 years before (2015-2019)
implementation)

Chub mackerel 1999 184,952 122,320 -62,632
Comb pen shell 2001 3,508 6,276 2,768
Common squid 2007 206,212 92,497 -113,716
Jack mackerel 1999 22,028 31,269 9,241
Red snow crab 2019 34,724 28,746 -5,978
Sandfish 1999 1,943 4,895 2,952
Snow crab 2006 317 1,919 1,602
Swimming crab 2003 16,026 13,028 -2,998
Sum 469,711 300,950 -168,761
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Fig. 2. Trends in catch of TAC target species (5 years before Implementation the TAC system—2019) (Korea Fisheries
Resources Agency (2020))
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Table 6. Fish species used for analysis

Species TAC target (Implementation year) TAC non-target

Chub mackerel (1999)
Fish Jack mackerel (1999) 49 species of Fish
Sandfish (2006)

Shellfish Comb pen shell (2001) 14 species of Shellfish

Mollusca Common squid (2007) 5 species of Mollusca
Red snow crab (1999)

Crustacean Snow crab (2002) 7 species of Crustacean

Swimming crab (2003)

Table 7. Results of DID analysis by each TAC target species

Group (P-Value)

DID (P-Value) F-Stat. (P-Value)

Species Time (P-Value)
Chub mackerel -?02(;‘21430*;
Comb pen shell _O(gf)%%*(;
Common squid (0061336109)
Jack mackerel -?02(;‘2130*;
Red snow crab -]((A)‘?)?)]O*O;F;

Sandfish ?0202 1826 0*;

Snow crab -]235(3)3)‘(‘)*0*;
Swimming crab 08892
(0.0000)

*okok Hkk

0.8453 -1.5078™ 12.4600
(0.0010) (0.0000) (0.0000)
-0.7735 1.5470™" 10.3800""
(0.1200) (0.0090) (0.0000)
0.9032 -1.8065™" 15.1900™"
(0.0010) (0.0000) (0.0000)
-0.4639 1.1106" 2.4900"
(0.2410) (0.0570) (0.0596)
-0.3577 0.7153 36.8600™""
(0.0920) (0.2260) (0.0000)
-0.5785™"" 1.1570%* 10.0400""
(0.0000) (0.0140) (0.0000)
-1.4541"" 2.9083" 32.1200™"
(0.0000) (0.0000) (0.0000)
-0.2237 0.4474 6.4300™"
(0.6640) (0.4820) (0.0006)

Note: , ,

£ kE ok

o 1ole] A9 WE FAA} s S
TAC A=) &TF2 oJu]ak= DID 34| S4x-1.5078)
2 2ol A% wY F015E-20194) o #fF 284
7FTAC 1|28 ofFHr} 15078 Wk 212 SHelg 4 9]
9lek. ol TAC A= £¢] 3 TAC v]4§ o} tu]
o] ofgjaro] ZASIYTHE AR TAC A=} 5]
ofglgrg g wut Tk ¥ 4= ik ela
FEolE EFT 5070 ofFre] AT ofEl Z- Y4 1999
Y Auch A Ao® BAEon, JFel TAC
H] A G o} fiTh 08453 of2lef 247t e AL B
% Qlglck SRR I5ole] of2le gt TAC A=
gho@ Qlah ZRCHE Y olg@d AU e 29
ofe] Zaoh 44 2, Fol7] B9 BaAel 2l
o] Ag3tx girka & 4 gk

mean that model is statistically significant under 10%, 5%, 1% critical values respectively
, s mean that coefficients of variables are statistically significant under 10%, 5%, 1% critical

values respectively

712Nk TAC w28 sfifrol digh 24 A3}, 7]
ok TAC v]28- sl79] ofgsf Z-H Aol n|sh=
TS AR e RS} BYgo] fofsiAl 74
=ik 71208 Z33 157 R 22 oS 2-4
T 1999 AEn S7IvE Aoz ZAEglon, 55
7|%7}= DID F4ako] F4x(1.5470)2 F4 o] TAC
Al EQ) $4201518-20191) TAC 1] 48 ofjFEot o2
FZ-H7E 15470 22 A 2RID 5 A3l o=
TAC A= Q] & TAC v]2g sl 7 ojn] 7]27) of=)
o] Z7FITH= AOR TAC A7} 7127) oj2leke &
77 &3t Qleital & o= Sk

27gole) B B2 FofsAl FE o, TAC A
o] kg oJujsh= DID #g%E Al9fg e 44
7k frolsAl FAEA ket 1Ejar fofsiAl 4
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EEEEER
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Table 8. Results of two-way fixed and random effect models

Fixed effect

Random effect

Cobb-Douglas Coef. Z-Stat. Coef. Z-Stat.
td. Err. Tob. td. Err. Tob.
(Std. Err.) Prob.) (Std. Err.) (Prob.)
Constant 15.8517°" 39.5900 15.8661""" 16.1900
(0.4004) (0.0000) (0.9800) (0.0000)
Inorice -0.8902"" -19.5600 -0.8919™ -8.0700
p (0.4551) (0.0000) (0.1105) (0.0000)
5 0.2232 1.1600 0.2672" 2.1500
Jish.t 0.1921) (0.2450) (0.1242) (0.0320)
1.0358"™ 5.6300 1.0587"" 2.5100
crustacean, t (0.1839) (0.0000) (0.4222) (0.0120)
5 0.6784" 2.3600 0.6763™"" 5.4400
shellfish,t (0.2873) (0.0180) (0.1243) (0.0000)
5 0.0066 0.0200 0.0693 0.6900
molfusca, (0.2743) (0.9810) (0.1001)) (0.4890)
Within 0.2362 0.2362
R Between 0.2544 0.2565
Overall 0.2515 0.2533
20.02000™" Wald Chi’ 31,065.9100™
F-Stat.. (Prob.) (0.0000) (Prob.) (0.0000)
u, test (Prob.) 118.1000" Wald Chi’ 31,065.9100""
i : (0.0000) (Prob.) (0.0000)
Hausman test (Prob.) (3}(3)28)

Time test (Prob.) -

270.5200"""
(0.0000)

PR
Note: , ,
.

EERE

>
* kk

mean that model is statistically significant under 10%, 5%, 1% critical values respectively
, mean that coefficients of variables are statistically significant under 10%, 5%, 1% critical values respectively

, ™ indicate rejection of Hy at the 10%, 5%, 1% significance level

The u; test’s null hypothesis(Ho) is that u; is 0

The Hausman test’s null hypothesis(Ho) is that w, and x are no correlation

Time test’s null hypothesis(Ho) is that There is no time characteristic

Sfepol B AP AL S

ggFo] A2 A% AbE 7Hol =4
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271 AL ST 4 Uk
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0] A ol 2 vjES AHst 15| ofgje)
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71 vk gheEich 123 TAC 4129} TAC 9% &
| DIDEA Y] Zafet GARHA Lreht TAC 2122
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