W& IR AT 3 Lecture-1: Handout
Toshihide Kitakado
20194 10H 1 H

BR
1 REIFL®
1.1 Pella-Tomlinson REEFEETIV (MELEZHLL) . . ... o o
L1l EBTDER . ..
1.1.2 AR X2 R U CTEARRFEIRE 25055 . . . . ..
L13  BMERSIROBUR ..o
1.14 5D UHEAZLE  EHRHEHEHERABB PDM.PT 2/EK . . .. ... .. ... ...
1.1.5 H UL fEo 7R E B BB PDM.PT 24T . . . . .. . oo
1.2 Pella-Tomlinson RELEFEETIV (HEREEDHD) .. . ... o
1.2.1 ETFIVDIETE .« o o
1.2.2 X o EfEo -fEAHEEH AABK PDM.PT 2#F &M (EEEHE ... ... ...
1.23 FHEZUZZPDMPT 25T . . . . . e
1.2.4  PDM.PT 0B UFEFUTHERZERE . . . ..o
1.2.5  EREBEBUL ...
1.2.6 AT e
1 REREL®

1.1 Pella-Tomlinson REIEEET I (FEXREHLL)
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1.1.2 #HICHtX AL TRKESREZEE

r <- 0.2
K <- 10000
z <-1

TT <- 50



Catch <- rep(500, TT)

TT1 <- TT-1

P <- numeric(TT)

P[1] <- K

for(t in 1:TT1)

{

tmp <- P[t] + r*P[t]*(1-(P[t]/K)"z) - Catch[t]
P[t+1] <- max(tmp, 0.001)

}

print (P, digits=0)

## [1]110000 9500 9095 8760 8477 8235 8026 7843 7681 7537 7409 7293 7187 7092
## [15] 7004 6924 6850 6781 6718 6659 6604 6552 6504 6459 6416 6376 6338 6303
## [29] 6269 6236 6206 6177 6149 6123 6097 6073 6050 6028 6007 5987 5967 5949
## [43] 5931 5913 5897 5881 5865 5850 5836 5822

1.1.3 EEREROMT

plot(1:TT, P)
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plot(1:TT, P, type="1", lwd=2, col="blue", xlab="Year", ylab="Population size", ylim=c(0,K))
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#Pella-Tomlinson Production model (without stochastic process error)
PDM.PT<-function(r, K, =z, P1, TT, Catch)
{
TT1 <- TT-1
P <- numeric(TT)
P[1] <- P1
for(t in 1:TT1)
{
tmp <- P[t] + r*P[t]*(1-(P[t]l/K)"z) - Catch[t]
P[t+1] <- max(tmp, 0.001)
X

return(P)

1.15 #HLL o BRHBFBESERER PDM.PT 2317

Res <- PDM.PT(r=0.2, K=10"4, z=1, P1=10"4, TT=50, Catch=rep(500,TT))
print(Res, digits=0)

## [1110000 9500 9095 8760 8477 8235 8026 7843 7681 7537 7409 7293 7187 7092
## [15] 7004 6924 6850 6781 6718 6659 6604 6552 6504 6459 6416 6376 6338 6303



## [29] 6269 6236 6206 6177 6149 6123 6097 6073 6050 6028 6007 5987 5967 5949
## [43] 5931 5913 5897 5881 5865 5850 5836 5822

plot(1:TT, Res, type="1", 1lwd=2, col="blue", xlab="Year", ylab="Population size", ylim=c(0,K))
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#Pella-Tomlinson Production model (with stochastic process error)
PDM.PT<-function(r, K, z, P1, TT, Catch, sigma=0)

{

TT1 <- TT-1

P <- numeric(TT)

Epsilon <- rnorm(n=TT, mean=0, sd=sigma)

P[1] <- P1
for(t in 1:TT1)
{

tmp <- P[t] + r*P[t]1*(1-(P[t]/K)"z) - Catch[t]
tmp <- tmp*exp(Epsilon[t])



P[t+1] <- max(tmp, 0.001)
}

return(P)
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K <- 1074
TT <- 50

Res <- PDM.PT(r=0.2, K=K, z=1, P1=K, TT=50, Catch=rep(500,TT), sigma=0.05)
print (Res, digits=0)

## [1]11.000000e+041.031626e+041.043654e+049.644093e+038.863482e+039.048655e+038.853838e+038.761868¢
## [15]7.049893e+037.153212e+036.747508e+036.495007e+036.729025e+036.449974e+036.325127e+036.858247¢
## [29]17.316171e+037.829378e+037.762402e+037.876090e+037.660499e+037.741160e+037.540567e+037.276958e
## [43]16.330595e+036.116989e+036.760985e+036.386130e+036.198847e+036.106194e+036.072833e+036.314825¢

plot(1:TT, Res, type="1", col="blue", xlab="Year", ylab="Population size", ylim=c(0,K))

Res <- PDM.PT(r=0.2, K=K, z=1, P1=K, TT=50, Catch=rep(500,TT), sigma=0.05)
print (Res, digits=0)

## [1]110000 9666 9416 9345 8619 7994 7689 7434 7165 7101 6482 6316 6223 6108
## [15] 5773 5893 5697 6138 6624 6437 6838 6974 7216 7090 7094 6910 7065 7202
## [29] 7435 7665 7769 7574 8285 8372 8540 7745 7215 7025 6600 7331 7156 7091
## [43] 6642 6521 5937 5834 6594 6589 6872 7525

points(1:TT, Res, type="l1", col="blue")
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Nsim <- 100
Pmat <- array(NA, c(Nsim, TT))
plot(0, type="n", xlab="Year", ylab="Population size", x1lim=c(0,TT), ylim=c(0,K))

for(i in 1:Nsim)

{

Pmat[i,] <- PDM.PT(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05)
points(1:TT, Pmat[i,], type="1", col="lightblue")

}

P.med <- apply(Pmat, 2, median);

P.L5per <- apply(Pmat, 2, quantile, 0.05)

P.USper <- apply(Pmat, 2, quantile, 0.95)

points(1:TT, P.med, type="1", lwd=2, col="red")
points(1:TT, P.L5per, type="1", 1lty=2, lwd=2, col="red")
points(1:TT, P.Ubper, type="1", 1lty=2, lwd=2, col="red")

polygon(
c(1:TT, TT:1), c(P.L5per, rev(P.Ubper)),
col = "#00000020", border = NA)
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PDM.PT.sim <- function(r, K, z, P1, TT, Catch, sigma=0, Nsim)
{

Pmat <- array(NA, c(Nsim, TT))

plot (0, type="n", xlab="Year", ylab="Population size",

x1im=c(0,TT), ylim=c(0,K), xaxs="i", yaxs="i")

for(i in 1:Nsim)

{

Pmat[i,] <- PDM.PT(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05)
points(1:TT, Pmat[i,], type="1", col="lightblue")

}

P.med <- apply(Pmat, 2, median);

P.L5per <- apply(Pmat, 2, quantile, 0.05)

P.USper <- apply(Pmat, 2, quantile, 0.95)

points(1:TT, P.med, type="1", lwd=2, col="red")
points(1:TT, P.L5per, type="1", 1lty=2, lwd=2, col="red")
points(1:TT, P.Ubper, type="1", 1lty=2, lwd=2, col="red")

polygon( c(1:TT, TT:1), c(P.L5per, rev(P.USper)), col = "#00000020", border = NA)

rect (xleft=-1, ybottom=0, xright=TT, ytop=0.3*K, 1lwd=0, col=rgb(1,0,0,alpha=0.2))
rect (xleft=-1, ybottom=0.3*K, xright=TT, ytop=0.5*K, 1lwd=0, col=rgb(1,1,0,alpha=0.2))



rect(xleft=-1, ybottom=0.5*K, xright=TT, ytop=K, lwd=0, col=rgb(0,1,0,alpha=0.2))

return(Pmat)
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Res <- PDM.PT.sim(0.2, 1074, 1, 1074, 50, rep(500,TT), 0.05, Nsim=1000)
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