THE POPULATION MODEL



VPAD EHE[F

FtD BRIRRE (L,
=BT IL—T DR (FER)
T IL—T DOEEROFEHES
iR LT DREEDTFIE
RN IL—T DREAEE

x5

by

gl

AP WS P gy

N
S oy B By By ON




SRO%EE

A EEBIRERTET )L = von Bertalanffy
m

odel, ETILEL = F#r T IL—TRIURMILIC
e 24 1#+5

AOA:R=R(SSB) or IR L/AR

% Nage+At-NageeZAt Z=F+M

BERT - BARTEMIL. FIXELEET
?'“fr)%)

3 ASE T : Fln{&k 7Ffix parameter or
M=M(age, other species)




&

4.1. THE COHORT MODEL

4.2. THE CATCH MODEL

4.3. COHORT PROJECTIONS

4.4. SEPERABLE VPA

4.5. POPE’S APPROXIMATION

4.6. CONVERGENCE BEHAVIOUR OF THE VPA PROCEDURE
4.7. SOLVING THE VPA EQUATIONS

4.8. MULTISPECIES VPA

4.9. COMPARISON WITH OTHER STOCK ASSESSMENT
MODELS



4.1. THE COHORT MODEL



HEHRXKETIL

e dP/dt =-ZP = -(F+M)Z

= i R Yl

dP/P = -Zdt

Iog(Pa+1,y+1)'|Og(Pa,y) = _Za,y(y+1'y) = 'Za,y
I:)a+1,y+1/Pa,y = exp('za,y) = Sa,y

plus group:

Pays1 = Pay@XP(-Zp ) + Ppg €XP(-Zp 1 )



4.2. THE CATCH MODEL
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e dC/dt=FP

=l R Vel

JFP dt = [ FPexp(-Zt) dt

=[-FPexp(-Zt)/Z]01 = FP/Z — FPexp(-2)/Z

&Y, BaranovD;REAFTER

C,y = PaFayl1-exp(-Z,)1/Z,,

Fay = f(Pay Cop M,,) DFIZTELRLY = HUEEE

ay’
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Cay =[1- IVlay/(In I:)ay —In I:)a+1,y+1)](Pay o I:)a+1,y+1)



4.3. COHORT PROJECTIONS
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4.4. SEPERABLE VPA
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Fay =S, Ey

Pope & Shepherd (1982),

+tuning VPA: Deriso et al. (1985), Patterson & Melvin (1995)
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4.5. POPE’S APPROXIMATION
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 “pulse fishing”

N, =(N,eM2-C,)eM?2=NeM-CeM?
= N_eM— N_F(1-exp(-Z))/Z e M/

= N_eM[1 - F(1-exp(-2))/Z eM/?]

= exp(-F) = 1 — F(1-exp(-2))/Z eM/?

1 —exp(-F) = F(1 — exp(-2))/Z eM/2
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4.6. CONVERGENCE BEHAVIOUR
OF THE VPA PROCEDURE



Convergence Behaviour
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Convergence Behaviour
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Convergence Behaviour

o BERMNMENESE, BRRN\I—2IZXLT
tuning dataD EE N KELGS
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4.7. SOLVING THE VPA
EQUATIONS



Newton-Raphson;&

e f(x)=0DEERDITS

f(x) = f(xg) + ' (o) (X-%p) + ...

f(x) = 0f=hrio,

X = X, — F(%,) /" (Xo)

NZERRYIRT &, f(x) = 0DARIZINEKR T S



Newton-Raphson;&

e Eq. IDEELTILDHN ZTIRE

f(N,) = [1—-M/Z](N,—N,,;) — C,

F(N.) =-M/Z2Z(N, = N_,.)+(1 - M/2)
=1-M/Z2[Z-Z'(N,-N_,,)] (Z'=1/N,)
ELT, Za—hUiRZEDE, NahiKFS.
FHEAE L PopeDIALUKXDFERZFESIERLY.




Newton-RaphsonjZ

* Eq.ODRLITHFEER
f(D) = C, — N,,,e"/(e’+M)[exp(e’+M)-1]
D = log(F)

f'(D) = - N_,,[{eP(eP+M)-ePeP}/(eP+M)? {exp(eP+M)-
1}+eP/(eP+M) {e® exp(eP+M)}]

c=N_,,eP/(eP+M)[exp(eP+M)-1]ETF B EE,
D._..=D+

new
(C, —c)/(c[M/(eP+M)+ePexp(eP+M)/{exp(eP+M)-1}])
FOMHAEIZRERED TF=05&F 52 EMNZLY, LAL, FRTIHINER
MEELLDTF=1EM2(C. CDFEED, PopeD AL DFERZEHHA
EIZTHDONEL.



Functional Iteration

1. Eq. 7DV 5,

Pierm = Cierm/ [{1-€XP(-Z o) (Fierm/ Zierm)]

2. 1DFEE M SPopeDIELK TNEFEDS
3.Eq. 96, F,.=C,(InP,—InP_,)/(P,—P_,,)
4.3DFz=E>T, P, =C,/[(1-exp(-Z,))F./Z,]
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Functional Iteration

o IHHEIELLH

F = C/[P(1-exp(-Z))/Z]

F=F*-AFET HEE, TaylorBRZ{ED L,

Frew = F* - AF F*/(F*+M)[1 — 1/{1+(F*+M)/2+...}]




Least-Squares

o Zage Zyear [|n Cayobs —1|n Caymod]z - min

In C,,m4=InP, +In[{l-exp(-Z,)}/Z, ] +InF,

BET—AETAEITHNIL, LD BBIE
I W9 0I1Z7%Y, perfect fit&7i 5.




4.8. MULTISPECIES VPA



Multispecies VPA

e Sparre (1991), Magnusson (1995)
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Multispecies VPA
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Multispecies VPA

R.:

B iDtotal food consumption

B

Pi = NVRS i/ w
Mok = Ni™ Ry U/3 N~ w; U;

M, = SM

pki
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4.9. COMPARISON WITH OTHER
STOCK ASSESSMENT MODELS
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e cohort modelld“depletion model” (Leslie,
Delury, Biomass Dynamic Models) &L T5

o VPA[Z, statistical catch-at-age&EH B EL TLYS
(Doubleday 1976)
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