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Abstract

OECD Secretariate has been developing an approach to assess the response of fish stocks to changes in
fishery supporting policies, and it requested external comments on the on-going version of the approach, so
called FishPEM model. This paper attempted to evaluate the basic structure of the model by: analyzing the
basic theories of associated equations explaining dynamics of stock size and harvest, analyzing and
evaluating the performance of the biological component of FishPEM model, and suggesting an improved
alternative approach.

In order to apply this FishPEM model to generic circumstance, three factors need to be considered.
First, it is necessary to test the model performance and applicability using data from fisheries and species
which have long-term fishing history and their available population biological parameters. Second, Using
these fishing and biological data, variability(variance or standard deviation) of model parameters (K, r and
q) should be estimated. Third, robust simulations on the biological component of FishPEM should be
conducted to evaluate the performance using the proper approach such as estimation of parameters based
on the non-equilibrium stock production model.

In the long run, an ecosystem-based stock assessment and management approach, which is recently
stressed by a number of international society, should be developed to assess response of fish stocks to
changes in fishery supporting policies, considering not only the sustainability of the stock, but also habitat
quality, biodiversity of the fish community such as species interactions, and socio-economic benefits of the
fishery.

Key words : FishPEM model, Fishery supporting policy, Stock size, Harvest, Stock production model

A7 e el g el BTS o Mesithn aieh olo] wel FAAE

T FAREE A% Tadhs FAZ MolL 9 & ek AYS Eile] FuAAL wE)
ok 2008 AAl- R FAAFEAY TN = 93 FAF BAS #yeta glon, AFZF
ZFst ‘Sunken Billions’ X 1UA & FARAAC vla A npAEst=Y w86 7)Lo)1 gtk

+ Corresponding author : 051-629-5977, badlle@pknu.ac.kr

- 1090 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2019.8.31.4.1090&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

ol% 93t o7 AAFATIFH(WT0)S =
st oAITHDDA) = AR ZEFE] A|55o] 4

B!
A9 el $AR 4FS Fu Uk Bw
R

shell, FAbbde] BEE HHo® 2001dFH
TR SAE I P4 Ayasith o
S 2005 FF AR elM = ol sd
I el Ble oprlshs FAREEE SAE
= A4, 2007del= o] @4de "ty
THANTE o] HARE P FANE

= U FAATILA S g Eshs wE

st vl Qlok. HT F<loAE United Nations
Sustainable Development Goals(UNSDG)E || &3}
WAl UNSDG 149 Ftate] #8h#Ql 3 7ts)
A A E FAAT L FAA I S F e A ol

=
AR FARZEFY S7HAdS SAMNTES
5

AR e] o] Aol Hr =
7] 9% ALY FolE W AR
o] 7]&go]l a7EE ool S,
TR 3 el gdels 1 oyee oS A
afct.

o]FA-A e FAH el T A
2l AHE 1A oFALE BES)
55 AT F s AgHoln A=F 5 9l
, AT} oAt
o ded A57t 9AY 4
q 5

=
>£_|
o % ¢

2
Hork o)A Aol FFAA EdEA
AR BALOE AHEE F JEF dhed B
= i At

ool t]-gate] OECDAMT=2 FAFel tigh
HEas 298 725 AdA o] Fakgd e Ak
Ao el vA= Y-S FAFH R A}
7] 98l ==eta ok ol& S8 OECDAM:=
NM= FAA AR FoE S shke] W
o7 A M T g AE 7R FishPEM
< ‘FishPEM, Basic structure and early results’2]

H I A(OECD, 2018)°l AAIStHAl o] Rl A
A4 ol dish gielAel AEE st 9l
Zolth. 12 B Z o] FishPEM©] <FAx] Q7 2]
F7HE g AdeA o] gigt =27t st
th aela Fakkel gk Foks g 71 &7
v A=A il dist d¥9E vgeE 1
SRR AYEEH
ol et "Ash HSHE AlZtEo]of gt
weba] o] =8 HA S A AR A wEt
TR mAE P Fohebr] flgk Ao
. O]E gotry] flete], AA, A-dZF oF

2
=

F WEe AYste 71xoles 249, =4,
A 274

=]

=]

o

b

o ¢

Ab H7 el FishPEMO)
TS w43 7kske], AA, old gt sl W
S AlAlstaAl gt}

R



él—

I. 29 3 o =8 2

1. DA
‘FishPEM, Basic structure and early results” X.1l

o4 A|ABE FishPEM Edle
oq:dueﬂahjr ol AL

= 1"

HH o
T

‘Ex]/\E]

A28 4]
)7 5
gy}l o] & 7]§i 3t ‘Schaefer

=] Eﬂ’ Hl

- re}

Lo _li_l

o
1n}
2 ”HO
=L
O
o oL
ol
-
)
HE v 2
o g
o
il
—r
32,
o

NomoH
N
o
T
™
=
24,
oy
o,

0 ﬁ rlo
KL oy ]

oom Mg
o
o

e £

o2 2 O Ay rlo L orlr

o
>
2,
0,

St} Verhulst(1835)= 7WA|+o] a4
oA Ad7gstd ”]Eﬂ Az A AT
%91 #7482 (carrying capacity, K)

IS 73k, Logistic =4

1
£

1> o o

ot ot
=
9
ol
%
>
)
O

N F7)0)t}

oAl JhAlEe] AAYGES o}
(1-K/N)5J94 ol wl#Esick = AT 37]7}
A5 e (FKN)EE 16 7P7R-E2 )8k
ARl A7 s stA Ha, AAT EL71
7F AAEA Kell 7 ATE AANEES 0

71, v WAL BEE,
1

B

=
=

o 7171914

L}, Schaefer =2

TR s Erleta #eleked
TS S gl e 84
o gty ey FARY AEo]
02 A% 7HHA He 94,
o] A5AE wiFtUEE olslistdA, 2 Aol
bl A= o] Ee] GRS dotorwt st ey
AEAR FARA e Hrhsh A= oY Y
Folut o] g0z MAT FIAA T2
o]Foj# skt

Hu]— o]%ﬂ Q)=

c‘)l_

oX,

%

ot

Aol =

Brmow
byl Xe

o) = }3]

7o
=

A e
A =

==

3T A
a7,

2

7HA ARl 7S
At B 9 (yield-per-recruit models)(Beverton and
Holt, 1957)2F oI A R (surplus production
models)(Schaefer, 1954, 1957)2 ¥ T}, Schaefer
ndao 2%6:]7(40] o]oﬂxgz‘\_}ao]: Er:j__]oﬂ _/_I':ﬂ_r/}

ol At mue 4 AT AYEH
AHES sfoele] Ads Frhehs mdloldk

AAZL A7)= FAEejNY YEALS] Faa
ol s AddEo. AAddeel el A
T I ARl ST sk ke
el s = A Hed, ol JhAY 4%

E 7 EC] AAAEATS 2 He AH
2, ol& HEF4H(equilibrium state)zt FEr}. AY
EAA Y] AEAge E3] URE 5
(density-dependent) ¥golgt e 24|, o] I
AelX s AAFe] Skl wel sy A
B, 5 FRIB] WA FadT) on A3
of o]=w® shute] FF el matA drt ol
< HPH £ AAFS A7 olx
Azl 7 AL AFEIY A™E, 5 VHYE

- 1092 -



o] F7ksta, v Yol@S skl dot
=, o2 o AHE Fo(thinning) S 24 A
i]ako] 7L/\—3Lo§ o]—aH 1 ;q. ] x}xﬂ~ ]
at7] fleiA Adske AaEs de Aot ¢
oA A E 2h =79 Eﬁ-@}”& oA HE
2 0 A d¥Ex 2 =
uEtA ok=th Odoi*ﬁ*i%k E%LE— AE of
Akt wEwk ARRE Qloj: AR Thssith 1
%

doz o wue st $EW

7h it HRdE Rl vy 4
Joy At B EE Verhulst(1835)0f] &gt 24

28 AT AREEY SAE T dth
Graham(1935)> 7HAl2 RdEE e 24
28 ARARGS HA ¢ Al BAgeE =
s odAkdel  Agom SRS,
Schaefer(1954, 1957)% Graham® RS A|A 3}
AAA A o] 8 F v BEdE BHA S
Fox(1970)= AL=7|7F o8] Sz
;d/\ﬂx-]o] 7]'/\1‘?_13]'-‘: i%]g:] x]f,:@— X—'}Ei 7}

T #
2%tbar 71Hg sk, Gompertzd] AT A4S
A 83l At ndle JlakElth Pella and
Tomlinson(1969)2 919 RHAES UWNESIAIAA
T oshute] Wam)E Frheto]l dntshE Ak
X dl(generalized production model)S 7I1'#3}3i T,
Schaefert= 3 JejolA dB/dt7} zero(0)7} =
o] B1=B7} Hvta 7Hgstleh. el of 2
M AGwFE) R e dgwggol s
(U=Y/E)°] olg gt vl e Ao ot
aL 7Hgsto] ofef el A= AlAeHAT

- (U.q/r)E
o171 U= o4 Huidslmsgdol2a), E

=10,

rlr
2
M
_IE
ot
rlr
2
o
i
X
/_L)‘
o

2

o

8
S
)

coefﬁc1ent) > AT
growth rate)©| C}.
md o] o] f -t dejdoldF ARE
ARgsto] meo] mebv|EE e §, 9 AS
o3} o] 2xAl o7 WHAIA HuX&A YA
% (Maximum Sustainable Yield, MSY)Z} o]uj2] o
Y FH(Busy) = T8 S, U=Y/EC|RE
Y=U,E—(U,q/r)E

golth, o] A& 7 =B
A Ho] MSYZ} ®t} o]

2
N
X
=
>
o
oflt
9
ot

o
E
it
JH

o] ojF-gFo] Eyyo| PR TEAAS nE
A 002 =3, MSY(=U.r/4q)St Ewsy

g, ol gt oy Aunks AMRshe
Hdlo] 7itx]o] gk}, Csirke and Caddy(1983)
© oY Soj I Al AA vl
gk 7Hgol o ol &4 vt et

AwdPdFS ARgshs tial SRR AlS Y

ZAGABAFE AREShe EES ARl

_CH

o]

&3kl 8]

t}. 718)3 Zhang and Sullivan(1988) ©H$]-¥

Kl %(CPUE)O] 233t x}ojak PAES N S
A

L}, FishPEM E99] wj7jHs 33

AP A 7L 29l FishPEMS 2001 o] 2=
OECD7} 5742 &7t Abgs] & Fi4
ol HHAE Policy Evaluation Model

0

=)
(PEM)S 7 433

FishPEMS A4 Aol o] &g Fth3irl7]
= ol xS B8l oAdBAE BAH
el Witk ol ARl FiE =
o, ofd T EAGT AAFEe] ofdlH
an[Ate] o3 AEHE EHAGOE A

o mue] B



Schaefer model ‘%}’# < A]-ﬁﬁl-oﬂﬁ]- Shaefer model

. d

BAAAAG Ao e BERA 4
FHAEE of@l Folxl o el tis] A
o AP} AdFo] FARGE AL s
otk AUASA S FEE 2o B
ge Qe 5 gy el AdsEu o
o gEE sl Aok wae AARE 4

AskaL 9&335’, 371
ejelAd el A4t gEstn o) mgek
o BE #AelN a7EE A9 e &
EEREIEE R RN R
& AAnast e o) AN Az 3
3 ZAo] Hw, o] Waleke] FAAT

AAte o ARE 4"
A Eko] Meir]d o]

32 1o

1 ol O o
2
il
Jot e

ol
T

i e
(]

2
D{g
ot
_E
0%
2
oft
2
J 0
e

- 2
2

Té]'
AL Y. o] mAAE o) F W
71 Schaefer modelS W&3slo] 32 F
LERA STt

2A2E 9 FRANA AGHVE Fh
o] MATN)E ALZFZE kA FA A A

ot
<
il
o
>
)
rlr
oX
ol
e
bl
x
il
2

> Ko
[o % ox
f > o[>

F(X)— }’X(lf X/K ) ................... (1)
o g B YA A4l
Y = qEX ...................................................... (2)

YA = FX)=07} HEZ, o]5 g
X'o} Ak Yool tis thrl AHelshd

X

I
>
=
=
|
Y
e
~
~
-

A7 Y= HE At (harvest), g o1&
Al (catchability coefficient), K& ©1&71s 44
capacity), Ei+ )% - Z(fishing

¢ A E(intrinsic  growth rate),
& 2} (stock size)©] T}

& (carrying

effort), r< I
3

1893 X'

o
o>

B 2] g 5
3 4% ARE AHgA T W
ol gare ojgwgete] APO R Pelol

= 1=

S
Q
@
)
03:
o,
2
e
o
~
P
KU e
e
jur)

A, 7 2 A (observation error)E 7} k]
AAD ARE HA7)|= o7 T3} 7o)

A% wakeh ol oHY wAS ek
AR o) Abg Fhsett,
B+l = B, + r*Bt*(l B/K) - Cp eeveeeeerees (5)
C = q*Et*Bt .............................................. (6)

qc olg& 74]"r, K 012.]7P% SETEH, ¢

el AdEelth VI Ex olF:HF
(fishing effort)*] Tk $12] 2o 3709 wj7fH4
ol q, K, r& 34387 SJeliA wrmggo] 2l
(CE) A=Ak 529 Aol FHadlshs W
A= ofel AR ol AT - Atk

Minimize Sum[(Obs(C/E) — Pre(C/E))*2]

of W ollelm A FEH o H, A
Ag 279 BAel AwE oxE Axsbehe

- 1094 -



MR SR Hsjol T2 SAKHE

=

o|

=

olo
0k

7h

77 2 Ak(process error) o] s o] ARGl o] Rdlo] t] d &&x7] JsiA e v
<, Schnute(1977)= T3 AAAS AHESIA & 319 JiAo] HQastth kst A RS Ay
T Qe e s Jdsglch 2 Fea Bkl SsiA e ol gy A

T 7 7Y eates B EFskE WR A AAA ] dis] 58] vz Fedol A

Ql Maximum entropy(ME) model, ASPIC model, A xofof gt

Markov chain Monte CarloMCMC) algorithmsS YA 9 XA ol st WA AES o]
&-4-3H= Bayesian state-space model5°] 7IE o]  Rdlo] Zpx 1 Q& WA AAL dFFo|th
AREE L QlHE 53] ASPIC RS AEZQl o o] R 2T|ALFE o] s FHg-s)
oJ At Rl ARE FIIAA BRES FA A Hed, ofdnyPdY FUhe AdTFEol
21 otk F4E Fo oz o] Rz MSYE AT F v FEERG ¥ FE
10709 ZA87HA F7AAZ 5 Qleh oleldt An glow AARE F7HIZIAE, vk ZfEo)
o AFF-wHFAE(THE o F& T of  MSYE AAE F e SRt wod A
AN AdFATY ALFFAA Fol 2 & A el Ae 2T #HE
H #HAES 3 bootstrapping®©] 715 3HTt MSYE it 4= Sl R 9HA Bk,
ol w7l Wgoldde]l ALl FHiojd S
Y5ty oty Mgl B 27ALH
m Z 1 o - g o o)
& MSYE AR e FERT WA Bk
1, Dglo| EA 7] Wzl o2y She FEALHL H
FH A EES 7N At =Yk
FoPEM BEle] Heb) e el shebuiEe] ¥ o - PSSt e s
I A7)
ga2do] FA R Holnk ojw mae mE 7
2 3 2ol BASE 3§
oJY& stz AA FolAd EAsI% sk, of > ool W}
W el ddojgloly ddolFs tidew st
71% 3t} Schaefer model 3] dytsle = FishPEM R¥19] A&shd] Haid offnd
Az kst A5 Hgse] o3 9o s I TS ddss 2AAEY FRLS T
AFAse Aty o8 Eards s Yy E 9 Schaefer @S ARE-SFSITE Shaefer model
AFEE T 9tk BAHTh < 7H 71EARQl mdol X vt HPNEHE 7HI s
ggezel £84% oldd deHL £z 2% Aol FIUHUE fAu dtk meb
o] o oy EF oFES st gAst o ERZ FIYEAN ] A At £
TR EIAA Agsts A AgHo|r= sx & /R §9] of"l Fofxl of el s
n AEsH o v Loyl oo gelre Az s old wEs AR AdFo] fA €
2 #Aste i T Fasitt = HlEAA TS VIR shal o
FishPEM®] A9 229 Amsmow A Fox(1970)= YoA8A® Rels 28sk7] 94
ZAHQ FrE s A HoE oo AAAR @ AFOloF & A4 JH 2dS vt ol A
A3} oleel s EAshsd Bxo] gk wep ST A, A2d 107hde) AAT R ol
A AR 2AAe 2z el mWest Abey  AR7E o8 Thedlol & A, B4, i Akel
Qomz wmulel kAl FRe et Ao} 4839 FHE JhAof & 2, AA, AAYE
ol EFolgd e YA Hatu gioh okom  2~47l9] AFirol ool tiide] Hejof &



.5,
=)
2

bt
o
=
0?
3
e
oft
o

T e —}F’&Z}%% A& Zol # 4= gt

Hilborn and Walters(1992)= ©]&9]
gek A<l ‘Quantitative  Fisheries  Stock
Assessment ‘oA HPJE] B Algo] oS
“Zrastal gl Al st A5g A&t 4

Fol 3Pl PYEE doR YW
Ck e Shgstan. 4= 399

Hopﬂ_c__o_ A}Q.o}x] w2t el 33k vh Qo

FishPEMO A 7|39 S50 dH4E A9
sHA H=d old g @] Sk 27 AdTE
of MSY= A & Sl FEEY & FF
of Qlow A SUFE AN whoR A
o] MSYE Ate & Qe Rt wtod A
abege Zradoha MSyel diste] st 9l

stEE MSYel gk Adre] F7ph e Zlo
2 Bty 5259 oldllE w71 $l8iA FishPEM
o] ofFgy Akl gk 23)F A@)EHFE
fried e o e 45, MSY =
K/4, XMSY = K2, EMSY = 1r2q% F7}a}od,
[Fig. 1] ¥} o] =& dstux} g}
FishPEM E92- ofgjgtofo] Aeko] §lar o]
TAZE Gl A1 (open access)o] A T}

wol8 Aug xefaly] wel Afolslel 7
%, 27] ALFS MSYE ANE & Y= FE

B} @A Bokth WhH FishPEM E9oA TAC

oo A¢ AYFEE MSYE AatkE 4 9l
v R WA He 397 gleng A
T MSYE A gl FEr v Al
s Tk 2y o] ME = e ol
3 7 ook AAE 27 ALY FES sk
A& o] BdolA w9 FQ3gk Abgrolth. At

G AAR ofd ofjo] AAIHHEA ezt

Equilibrium stock size
250

~
S
3

* E
o' /X:K(l—qT)

PN
&
<]
®

Equilibrium stock size
s
5
3
®

[ 20 40 Epgy 60 80 100 120

Fishing effort

Equilibrium harvest

MSY . qE
Y'=qKE(1-—)

Equilibrium harvest

0 20 40 Eygy 60 80 100 120

Fishing effort

[Fig.1] Equilibrium stock size(X*) and equilibrium
harvest(Y*)  with respect to fishing
effort(E) of the Schaefer production model

FuaA Bt BesA @ 9 AP
$7b o, oigdo] A%HEA AA9 Tk

%
7(()]
7 e 9| ol FFAl 5 Apaw e 3

ol

Qo] tiFEA TAC 7148 2 ﬂraiﬂ
strh wheba] ARfolg el A

MsYE AAE £ Sle ?%ED}
Fao] vt Bl o] F$of rﬂsﬂ ME

Ausr] Az
7 Adwe

B FE
A der vk E=3 TACOIH ] Aol A
Az et AAg7tE HhgoR x}%

]
=dgtst= APl ermr %7 A4
MSYF& Aol vk By #AsE ZE
oﬂ 74 oz EO‘JE}
Aol el - [Fig. 2]
z7] AL X=50)= MSY(=25)5 AJake
© FEXusy=100) 0} @A F1 A8}
79~ Effort7} EeolA] E,©Z 1.80(75+1.8=

o4 B vteh ol

32
Rufgph?
o

N
0
ofN

6.8)



748t Stock  SizeE XA X o®
3.59(50-3.59=46.41) Z+3la, o] QAL Yol
A Y102 0.93(18.75-0.93=17.82) At A
Wb EE2H AT 28y vk Ao %7
S MSYE At F Sl Rt B4
X=1500 % Fa BAshd @3] Effort7} EY
oA Eho®E 180 FT7HE W XA X o=
Stock Size: 74 3FAWF Harvests Y’oollA Y8
2 938 T/l ®dk o] A9 Stock Sizei
AR MSY(=25E AANE £ e FE
Kusy=100)LEF= 35 F5of] Al wF2] 5
 As g 5 AUtk

webx] 27] ZAdEEE ot A skl u}
gA Fdsdel oEA Jehdth gEet w4
S YsiMe dAl2 Adgo] MSYE AAke 4
[e]

_{

gan A9 daos ods:

el YA A A gt Yol Be

<Table 1>llA] Aoz <lgt WMFS dAd W
st dEbled, A wsks
F7hetd A 0% Bl sk
BRItk <Table 1>014 67}4]2] =
A e olHnumE) Wage Qg A
Foll A 2AHA(2.40) FE 7P B2 0P
HEHE) WSl ARl AFARte] ARGl 2
Agh A(1.12) FES AAE Poi 259k 2(6)=
AR A ER B Edehs AlHd
Fre AES BT ol fi] o] F7tst
W A2 FYAAHIE HHA Stock Sizei= 4.80
3L, Harvest™ 1.263} 0.57%
3}7} EZH AT [Fig.3-a,
bl ZZE, A: for 2.40, B: for 1.12).

e kel H“E vy 4ol A((5)¢}
26y AHEEIA dAHES wAE Btk
I 2o A 2d Ftol= Stock Size?} Harvest”}
wE ZARHPE AARE sl A

N

-

N
DY

o
)
|G
iib)

sAbRpelel gt

olo
0k

Aol g 7h

Stock Size7} 4.809} 2240 0|2

Al X082 FFadhe 717k Zb7 57d T 48]

rowo] FEFAH o]=A ESIth Harvesto

73%011—5 1267 0.57° o]=&= 717k =, YoolAl
A } 717F01 ZH s4d ¥} 37do]

%%ﬂﬂ

7] 1oy _|9 Xooﬂ

200
®
K * e
n X’
e K¢
'E 150 X,
» °
£ =
2 o Xysy =100
& 100 >
= °
L
& L
50 X3
®
®
®
L
0 20 40 €0 80 100 120
Fishing effort

Equilibrium harvest
MSY =25

25 ,
vl ?
bl Yo

Yy

=
o

Equilibrium harvest

0 20EoF'; 40 Epgy=5060

Fishing effort

EE£0 100 120

[Fig.2] Relationships among maximum sustainable
yieldMSY), stock size for achieving
MSY(Xumsy), and  fishing effort  for
achieving MSY(Ewmsy) used in the analysis
of this model

- 1097 -



él—

M S

<Table 1> Simulation results in open access version of model(Revised from OECD, 2018)

Support based on

Support based on the use of Fishers’

Support based

Support based
on the use of

Support based

on the use of Support based

Fishers’ income owned capital on Vessels variable inputs fuel on output
Effort 1.80 1.12 1.29 2.40 232 2.18
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production model

BERl AR} T A9 A8HD
9% Schaefer Al 72 © 2
g3t Zucks sbsettd @48 29
(Analytic model, or dynamic pool model)®] 485
EEC RIS ulgAs ol
model& AR-3f ok Sk

PAR-Y

[e)
non-equilibrium 28 H7}o] AL
‘]

Zlo] Schaefer
g0l =
2] Zlo] gt
gAd slow BAdr
H] = FishPEM &2
gzow HgH
Ao HAAA g7}

of itk Mok AEs

lo

i i
2
o

=
= 4
>

>

>

o

fijo

oZ

o
N
-

of
-
rir

2
2
)
o

2
2 3o ¢
o
rir
T

K
o @ md

)

—(TI mlﬂl
ML ¢
(o3

and harvest by

(b)

support categories based on non-equilibrium stock

Bl el A4 7137k He Bagels] w
QaaiA ey 2
3

of FRTE gejAo]1
wol F7HA ¢kom o] BEle] v A9 s

7} oulzt Al foh

AT FAAHQA Azt wiAHSTE AR
gomw Rdo] of Exolq], SFojFe| A
LS W AFEA oAR-E Fetsty] oyt ok
o% o] mElg ntglste] de &8shy] 94
ME tioro® the] 371 291e 1EE A
7F Atk

AA, AA 2™ 7)1 Feke oy ARt gt

HA Qi BEshd ARE 7L o]

ofF& AR 2o Add A4S Bt
g

hl o o
sob wek oFe AE Al sbset Fuel &
o onfel YRl Fe Fold, el A
nfe BB RS FL Fep BAT 9o
7 itk shbshe o] % A3E 93 e of
% oldt AEetA Wgg woly] uFolrh



9} WolxE

<
ok
rlo
o)
o,
oflt
X, 02 o9

%

e
rlo
X
o "
ko

<

>
=
Hl oo
ol

it
o)
o,
N
il
e
_O‘L

o
TN
T
-
>
o
2

(o off Y
:CIJL_I‘

L og
o
o

Y
S
¢ %1
<
>

N
N
2
fin)
(o

(Zhang et al., 2003, 20

—_

1.

References

Beverton, RJH and Holt SJ(1957). On the Dynamics
of  Exploited  Fish Populations, Fishery
Investigations, Series II, Marine Fisheries. Great
Britain Ministry of Agriculture, Fisheries and Food
19, 533pp.

Csirke J and Caddy JF(1983). Production modelling
using mortality estimates. Can. J. Fish. Aquat. Sci.,
40, 43~51.

Fox WW Jr.(1970). An exponential surplus yield
model for optimizing exploited fish populations.
Trans. Amer. Fish. Soc., 90, 80~88.

Graham, M(1935). Mordern theory of exploiting a
fishery, an application to North Sea trawling. J.
Cons. int. Explor. Mer., 10, 264~274.

Hilborn and Carl J. Walters(1992). Quantitative
Fisheries Stock Assessment: choice, dynamics, and
uncertainty, New York: Chapman and Hall, 305.

MApel 2tE HIt Y
OECD(2018). The Fisheries Policy Evaluation

Model(FisfhPEM). Basic structure and early results.
Presented for discussion to the 121st session of the
Fisheries Committee, 33p.

Pella JJ and Tomlinson PK(1969). A generalized

stock production, Proc. Natl. Acad. Sci, 6,
275~288.

Schaefer MB(1954). Some aspects of the dynamics of
populations important to the management of

commercial marine fisheries. Inter. Am. Trop. Tuna
Comm. Bull, 1, 25~56.

Schaefer MB(1957). A study of the dynamics of the
fishery for yellowfin tuna in the eastern tropical
Pacific Ocean. Inter. Am. Trop. Tuna Comm.
Bull,, 2, 245~285.

Schnute  J(1977). Improved estimates from the
Schaefer production model: theoretical
considerations. J. Fish. Res. Bd. Can, 34, 583~603.

Verhulst PF(1835). Notice sur la loi que la

population suit and dans son accrossement. corresp.
Math. et phys., 10, 113~121.

Zhang CI and Sullivan PJ(1988). Biomass-based
cohort analysis that incorporates growth. Trans.
Amer. Fish. Soc., 117(2), 180~189.

Zhang CI, Hollowed AB, Lee JB and Kim DH
(2011). An IFRAME approach for assessing
impacts of climate change on fisheries. ICES
Journal of Marine Science, 68(6), 1318~1328.

Zhang CI, Lee SI and Kim JM(2003).
Ecosystem-based =~ Management ~ of  Fisheries
Resources in Marine Ranching Areas. Journal of
the Korean Fisheries Society, 6(1), 71~83.

® Received : 19 June, 2019
e Revised : 12 July, 2019
e Accepted : 19 July, 2019

- 1099 -



	수산지원정책 변화에 따른 수산자원의 반응 평가 방법
	Abstract
	Ⅰ. 서론
	Ⅱ. 모델 및 매개변수 추정 방법
	Ⅲ. 결과
	Ⅳ. 고찰
	References


