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Abstract

This study aims to estimate optimal harvesting production, fishing efforts, and stock levels of yellow
croaker caught by the offshore Stow Net and the offshore Gill Net fisheries using the current value
Hamiltonian method and the surplus production model.

As analyzing processes, firstly, this study uses the Gavaris general linear model to estimate standardized
fishing efforts of yellow croaker caught by the above multiple fisheries. Secondly, this study applies the
Clarke - Yoshimoto - Pooley(CY&P) model among the various exponential growth models to estimate
intrinsic growth rate(r), environmental carrying capacity(K), and catchability coefficient(q) of yellow
croaker which inhabits in offshore area of Korea. Thirdly, the study determines optimal harvesting
production, fishing efforts, and stock levels of yellow croaker using the current value Hamiltonian method
which is including average landing price of yellow croaker, average unit cost of fishing efforts, and social
discount rate based on standard of the Korean Development Institute. Finally, this study tries sensitivity
analysis to understand changes in optimal harvesting production, fishing efforts, and stock levels of yellow
croaker caused by changes in economic and biological parameters.

As results drawn by the current value Hamiltonian model, the optimal harvesting production, fishing

efforts, and stock levels of yellow croaker caught by the multiple fisheries were estimated as 19,173 ton,
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101,644 horse power, and 146,144 ton respectively. In addition, as results of sensitivity analysis, firstly, if
the social discount rate and the average landing price of yellow croaker continuously increase, the optimal
harvesting production of yellow croaker increases at decreasing rate and then finally slightly decreases due
to decreases in stock levels of yellow croaker. Secondly, if the average unit cost of fishing efforts
continuously increases, the optimal fishing efforts of the multiple fisheries decreases, but the optimal stock
level of yellow croaker increases. The optimal harvest starts climbing and then continuously decreases due
to increases in the average unit cost. Thirdly, when the intrinsic growth rate of yellow croaker increases, the
optimal harvest, fishing efforts, and stock level all continuously increase.

In conclusion, this study suggests that the optimal harvesting production and fishing efforts were much
less than actual harvesting production(35,279 ton) and estimated standardized fishing efforts(175,512 horse
power) in 2013. This result implies that yellow croaker has been overfished due to excessive fishing efforts.

Efficient management and conservative policy on stock of yellow croaker need to be urgently implemented.

Keywords : Current Value Hamiltonian, Gavaris General Linear Model, CY &P Surplus Production Model,

Yellow Croaker
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Source: Fisheries Information Service(http://www.fips.go.kr/), accessed 10 Oct. 2014
Fig. 1. Trends in production of yellow croaker.

Table 1. Catch ratio of yellow croaker based on fishing effort ratio(1992~2013)

(unit : %)
Year Stow Net Gill Net Pair Trawl Others Total

1992 0.453 0.019 0.504 0.024 1
1993 0.436 0.033 0.494 0.037 1
1994 0.576 0.027 0.345 0.052 1
1995 0.447 0.055 0.430 0.068 1
1996 0.541 0.061 0.318 0.081 1
1997 0.510 0.058 0.328 0.103 1
1998 0.410 0.069 0.447 0.073 1
1999 0.369 0.130 0.398 0.103 1
2000 0.262 0.272 0.357 0.109 1
2001 0.170 0.355 0.278 0.196 1
2002 0.219 0.293 0.363 0.125 1
2003 0.261 0.457 0.178 0.103 1
2004 0.180 0.519 0.140 0.161 1
2005 0.139 0.618 0.097 0.146 1
2006 0.160 0.555 0.135 0.150 1
2007 0.183 0.514 0.134 0.169 1
2008 0.173 0.599 0.073 0.154 1
2009 0.176 0.631 0.083 0.110 1
2010 0.304 0.498 0.036 0.162 1
2011 0.248 0.490 0.111 0.152 1
2012 0.262 0.558 0.048 0.132 1
2013 0.138 0.695 0.030 0.137 1
Average 0.301 0.341 0.242 0.116 1

o 715 ¥st gl 7Q1e Ao 2 BerAh of¢jo] of g aFo] T8 A5 Y UA L,

Table 10 A & 4= Q1 50] F27]=1990d o] 2013W o= F=27] o F o] oF 70%E Ll A8

B BENNF7IAA G AA T kg ool oFste Ao = et o]F % =



gEe - Ad4d - denl
7] ol g wFof A Ll Arg ol o] gl A o St oA I el b ol o o Pk T
St ZaATge] ot fAFool T2 o] o R ufeE gl ofujo] el el 7]
T2 o83t Ao Aol Blske] o4k o] & CPUEE 19923 ¢ CPUER ¥th
o] R Ao E B of o A4ty "
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Table 2. Standardized fishing efforts estimated by Gavaris’ general linear model(1992~2013)
Stow Net Gill Net Total Total
Year Catches Standardized | Standardized Catches Standardized | Standardized | Standardized Estimat.ed
(ton) CPUE Efforts (ton) CPUE Efforts Efforts | Standardized
(kg/hp) (hp) (kg/hp) (hp) (hp) CPUE(kg/hp)
1992 17,962 17 1,056,588 768 11 69,818 | 1,126,406 16.63
1993 13,467 17 792,176 1,018 11 92,545 884,722 16.37
1994 21,429 21 1,020,429 1,009 13 77,615 | 1,098,044 20.43
1995 11,253 17 661,941 1,382 11 125,636 787,578 16.04
1996 12,376 17 728,000 1,387 11 126,091 854,091 16.11
1997 11,111 14 793,643 1,273 9 141,444 935,087 13.24
1998 6,162 10 616,200 1,043 7 149,000 765,200 9.42
1999 4,981 11 452,818 1,747 7 249,571 702,390 9.58
2000 5,144 22 233,818 5,349 14 382,071 615,890 17.04
2001 1,351 8 168,875 2,821 5 564,200 733,075 5.69
2002 2,393 14 170,929 3,203 9 355,889 526,817 10.62
2003 1,853 14 132,357 3,246 9 360,667 493,024 10.34
2004 3,168 39 81,231 9,122 25 364,880 446,111 27.55
2005 2,127 32 66,469 9,445 21 449,762 516,231 22.42
2006 3,429 50 68,580 11,894 32 371,688 440,268 34.80
2007 6,250 76 82,237 17,595 48 366,563 448,799 53.13
2008 5,752 79 72,810 19,896 50 397,920 470,730 54.49
2009 5,996 84 71,381 21,460 53 404,906 476,287 57.65
2010 9,702 93 104,323 15,895 59 269,407 373,729 68.49
2011 14,672 155 94,658 29,018 98 296,102 390,760 111.81
2012 9,647 105 91,876 20,569 67 307,000 398,876 75.75
2013 4,857 79 61,481 24,521 50 490,420 551,901 53.23

Source: Fishing Fleet Statistics in Korean Statistical Information Service(2014), Fisheries Information Service(2014)
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(Prob.) (Prob.) (Prob.)
0.78 2.49 5.28 —2.13 31.71 2.99
0.67 0.13 0.00 2.54
(0.75) (0.229) (0.000) (0.047) (0.000) (0.083)
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Table 4. Landing price and fishing cost per horse power of yellow croaker caught by offshore Stow Net and offshore Gill

Net fisheries
Stow Net Gill Net
Year Total cost Fishing cost Landing price Total cost Fishing cost Landing price
(thousand won) (won/hp) (won/kg) (thousand won) (won/hp) (won/kg)
1992 104,643,327 354,161 1,432 18,516,093 82,363 7,731
1993 145,406,454 488,459 2,958 25,037,676 107,485 8,197
1994 248,844,387 822,751 4,226 46,989,054 189,766 16,538
1995 266,870,053 823,299 6,609 73,570,087 273,301 20,743
1997 624,100,395 1,804,593 15,296 229,346,875 788,768 50,708
1998 520,117,027 1,460,810 12,531 240,680,106 832,630 33,401
1999 361,874,387 1,131,381 8,890 281,912,216 869,474 32,689
2000 315,719,517 1,103,729 10,263 292,310,158 939,077 19,830
2001 170,355,846 627,799 7,530 166,946,111 558,991 12,136
2002 181,257,567 838,602 7,753 196,148,223 723,677 16,301
2003 157,187,321 886,136 8,031 207,326,668 839,417 13,129
2004 195,573,119 1,347,897 10,628 240,952,487 1,130,489 12,395
2005 210,320,622 1,562,015 7,349 240,411,687 1,066,066 9,280
2006 250,882,049 2,009,870 5,340 268,846,415 1,306,837 9,085
2007 263,981,992 1,998,168 7,435 294,106,980 1,302,453 8,067
2008 237,265,819 1,889,977 4,848 313,722,509 1,356,743 5,603
2009 160,318,149 1,253,181 4,571 285,442,081 1,260,386 5,684
2010 146,409,089 1,118,275 2,695 276,206,155 1,288,551 6,798
2011 158,095,717 1,149,093 3,457 288,036,275 1,412,123 5,644
2012 136,472,406 991,928 2,589 257,027,541 1,260,100 4,927
2013 175,488,050 1,243,476 4,330 356,075,600 1,696,422 6,723
Average| 251,009,617 1,191,967 6,893 224,184,715 898,923 15,414

Source : Fishing Fleet Statistics in Korean Statistical Information Service(2014), Annual Fisheries Business Statistics in National
Federation of Fisheries Cooperatives(2014), Producer Price Index and Consumer Price Index in Korean Statistical
Information Service(2014)

Table 5. Technological & biological estimates and
economic parameters

Table 6. Optimal stock level, harvesting production, and
fishing efforts

Parameter Yellow croaker Optimal level Yellow croaker

q 0.00000129 X* (ton) 146,144

K (kg) 239,323,336 E* (hp) 101,644

r 0.33696012 H* (ton) 19,173

¢ (won/hp) 1,045,445

p (won/kg) 11,154

8 (%) 5.5 2z 7)1 9 A H AL oF 146,144E 0] 11, 2

]

7 2] 5} Table 59} 2T},

A (21), (22), 23)& o] &35t =& A A
HFX*), 22 o ) F(H*), 2] 2] o] & 1= & H(E*)
2 Table 63} Zc}.

2 o] 3] -2 k2 101,644018 0 2 = A |9 o
HHoldge o 19173802 A}
Table 7, 8,9, 102 A =2, 4 A 2] §l4=9] W 3}o]
w2 7)) HH g HEE B4 2 AR,
A T A(p)e] HEto] whE A AU

s
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Table 7. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in average landing

price(p)
Changing ratio of p X*(ton) E*(hp) H*(ton)
—60% 207,944 34,230 9,187
—30% 164,329 81,807 17,351
0% 146,144 101,644 19,173
30% 136,077 112,625 19,781
60% 129,660 119,625 20,020
90% 125,202 124,488 20,117
120% 121,922 128,067 20,153
150% 119,405 130,812 20,161
160% 118,691 131,591 20,159
170% 118,028 132,314 20,157
Unit : X*(ton), E*(hp) Unit : H*(ton)
220,000 25,000
200,000 \
\ P I 20,000
180,000

160,000 /></ \\ L 15,000
o / W

120000 // - 10,000
100,000

/ - 5,000
80,000 /

60,000 T T T T 0

-60% -50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 160% 170%

| _._x* _E* _._H* |

Fig. 2. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in average landing
price(p).
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Table 8. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in average fishing
cost(c) per horse power

Changing ratio of ¢ X*(ton) E*(hp) H*(ton)
—90% 105,110 146,405 19,862
—60% 119,405 130,812 20,161
—30% 133,010 115,971 19,910

0% 146,144 101,644 19,173

30% 158,933 87,694 17,989

60% 171,459 74,029 16,383

90% 183,780 60,589 14,372
Unit : X*(ton), E*(hp) Unit : H¥*(ton)
200,000 25,000

180,000 — W o
160,000

/ v\ I 15,000
140,000 ~
V - 10,000
12000 / \
100,000 \ -
m,mo T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0

P A MU AC U L i

| _._xt _Et _._Hlli |

Fig. 3. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in average fishing
cost(c) per horse power.
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Table 9. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in social discount

rate(d)
o X*(ton) E*(hp) H*(ton)
0% 155,970 90,925 18,304
2.5% 151,352 95,963 18,747
5.5% 146,144 101,644 19,173
7.5% 142,873 105,212 19,402
10.5% 138,266 110,238 19,673
15.5% 131,356 117,775 19,968
20.5% 125,346 124,331 20,115
25.5% 120,147 130,003 20,160
30.5% 116,080 134,439 20,143
Unit :X*(ton), E*(hp) Unit : H*(ton)
160,000 20,500
150,000 \\M /'M"""-rv ate et e tveeeeere 20,000
140,000
M - 19,500
130,000 ——
% - 19,000
120,000 +
! T
-~ / - 18,500
110,000 /
100,000 - 18,000
90,000 T 17,500
15% 3.5% 5.5% 7.5% 9.5% 11.5% 13.5% 15.5% 17.5% 10.5% 21.5% 23.5% 25.5% 27.5%
——X* —E* ——H*

Fig. 4. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in social discount rate(d).

Table 10. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in intrinsic growth

rate(r)

Changing ratio of X*(ton) E*(hp) H*(ton)

—0.9% 101,035 15,085 1,967

—0.7% 127,845 36,482 6,020

—0.5% 137,532 55,519 9,855

—0.3% 142,306 74,081 13,607

0% 146,144 101,644 19,173

0.3% 148,303 129,076 24,707

0.5% 149,283 147,330 28,388

0.7% 150,042 165,567 32,064
7} Fol WA Fo S/ B 1 A ALe)H B Fasts AT futch aw AsA @
Q180] 25.5% S5 Hol AW H Aol g A o] 713 @918 ¢l KDIO] 5.5%5t} sh2tst
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Unit : X*(ton), E*(hp) Unit : H*(ton)
180,000 35,000
e d

160,000 _—~< ___ 30,000
140,000 migia —_—

— o - 25,000
120,000 / %
100,000 - 20,000

80,000 /

20,000 /

/ - 15,000

60,000
_ - 10,000

40,000
- 5,000

0 T T T T T T T

-0.9% -0.8% -0.7% -0.6% -0.5% -0.4% -0.3% -0.2% -0.1% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.7%

T T T T T T T T 0

¥ ¥ e H*

Fig. 5. Changes in optimal stock level, harvesting production, and fishing efforts caused by changes in intrinsic growth rate(r).
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Table 11. Comparison between optimal levels and actual
Catch & estimated standardized Effort(2013)

Ttem Effort(hp) Catch(ton)
Recent level(2013) 175,512 35,279
Optimal level 101,644 19,173
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