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(design-based sampling)



2 1

0 2 4 6 8 10

0
2

4
6

8
1

0

0 2 4 6 8 10

0
2

4
6

8
1

0

1.1: 500

(model-based sampling)

6.1

(ratio estimator)

6.1 100

1.1 2

1 100 10

(simple random sampling)

M



1.1 3

m(≤ M) (

) n1, n2, . . . , nm (D)

D̂ = n̄ =
1

m

m
∑

i=1

ni (1.1)

(N)

N̂ = MD̂ =
M

m

m
∑

i=1

ni (1.2)

V [D̂] =
M −m

M

σ2

m
, V [N̂ ] = M2V [D̂] = M(M −m)

σ2

m
(1.3)

σ2

σ2 =
1

M − 1

M
∑

i=1

(ni −D)2 (1.4)

m = M

σ2

σ2

s2 =
1

m− 1

m
∑

i=1

(ni − n̄)2 (1.5)

V̂ [D̂] =
M −m

M

s2

m
, V̂ [N̂ ] = M2V ar[D̂] = M(M −m)

s2

m
. (1.6)

1 $ 6.1 D

2 #

3 plot(NULL, xlim = c(0,10), ylim = c(0,10), type="n", ann=FALSE)

4 abline(h=seq(0,10), v=seq(0,10), lty=2, col="gray")

5

6 #

7 Nanimals <- 500

8 X <- runif(Nanimals, 0, 10)
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9 Y <- runif(Nanimals, 0, 10)

10 points(x, y, pch=20, cex=0.5)

11

12 # ( 1,2,...,100 )

13 M <- 100

14 m <- 10

15 Sunits <- sample(1:M, m, replace=FALSE) #

16 xs <- Sunits%%10 # x (%%a a )

17 ys <- floor((Sunits-1)/10) # y

18 rec <- cbind(rep(1, m), rep(1, m)) #

19 symbols(xs+0.5, ys+0.5, rectangles=rec, inches=F, bg=rgb(0,1,0,0.3), add=T)

20 #symbols(xs+0.5, ys+0.5, rectangles=rec, inches=F, lwd=2, add=T)

21

22 #

23 nobs <- numeric(m)

24 for(i in 1:m){

25 cond <- (xs[i] < X) & (X <= xs[i]+1) & (ys[i] < Y) & (Y <= ys[i]+1)

26 nobs[i] <- sum(cond)

27 }

28 rbind(Sunits=Sunits, nobs=nobs)

29 Dest <- mean(nobs); Dest

30 s2 <- var(nobs)

31 Dvar <- ((M-m)/M)*(s2/m); Dvar

32 Dcv <- sqrt(Dvar)/Dest; Dcv

(Ch6.sampling.map.r)

> Dest <- mean(nobs); Dest

[1] 3.9

> s2 <- var(nobs)

> Dvar <- ((M-m)/M)*(s2/m); Dvar

[1] 0.269

> Dcv <- sqrt(Dvar)/Dest; Dcv

[1] 0.1329877

(Ch6.SRS.example.r )

6.1 V [D̂] (1.3) σ2

σ2

(1.3)

σ2

6.1

N = M ×D 1/M

2 σ2 = M ×D(1/M)× (1− 1/M)

M σ2 = D



1.1 5
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1.2

1 # CV ( 6.2)

2 M <- 100

3 mvec <- 1:50

4 Dvec <- seq(0.5,10,0.5)

5 CVcomp <- function(M,m,D) sqrt((M-m)/(M*m*D))

6 CV <- outer(mvec, Dvec, FUN=CVcomp, M=M)

7 levels <- seq(0.05, 0.5, 0.05)

8 contour(mvec, Dvec, CV, levels=levels, xlab="Number of sampling units", ylab="Density")

(Ch6.samplesize.r)
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Thompson (2002) (20XX)

1.1.2

1.2

σ2 = D

(A)

(B) y f(y) = y

(C) 2 MVN((3, 3), I2) MVN((7, 7), I2) 50%

3 10000

(rejection sampling)

1 f(x) (a < x < b)

f(x)

g(x)

x∗ x ∈ (a, b) f(x) ≤ cg(x)

c(0 < c < ∞) p(x) = f(x)/cg(x) (0,1)

p(x) x∗

U(0, 1) u u ≤ p(x) x∗ u > p(x)

g(x) u ≤ p(x)

U(0, 1) h(u)

g(x|u ≤ p(x)) =

∫ p(x)

0

h(u)g(x)du

∫ b

a

∫ p(x)

0

h(u)g(x)dudx

=

f(x)

cg(x)
g(x)

∫ b

a

f(x)

cg(x)
g(x)dx

=
f(x)

∫ b

a

f(x)dx

(1.8)
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g(x) c f(x)

(A) (C) 2

1 #

2 SpatialDist <- function(Nanimals, FUN){

3 #FUN 1

4 X<-Y<-numeric(Nanimals)

5 count <- 1

6 while(count <= Nanimals){

7 xtemp<-runif(1,0,10); ytemp<-runif(1,0,10);

8 prob <- FUN(xtemp,ytemp)

9 if(runif(1,0,1) <= prob) {X[count]<-xtemp; Y[count]<-ytemp; count=count+1}

10 }

11 obj<-NULL; obj$X<-X; obj$Y<-Y; obj

12 }

13

14 # 6.3

15 # B

16 FUN.B <- function(x,y) y/10

17 SP <- SpatialDist(1000,FUN.B); plot(SP$X,SP$Y, xlab="x", ylab="y", main="Pattern B")

18

19 # C

20 FUN.C <- function(x,y) exp(-(x-3)^2/2-(y-3)^2/2)+exp(-(x-7)^2/2-(y-7)^2/2)

21 SP <- SpatialDist(1000,FUN.C); plot(SP$X,SP$Y, xlab="x", ylab="y", main="Pattern C")

(Ch6.SpatialDist.r)
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1 # SRS (Simple Random Sampling)

2 Sim.SRS <- function(Nit, M=100, m, Density, Pattern){

3

4 Dest <- numeric(Nit) # (Nit )

5 Dcvest <- numeric(Nit) #

6 Nanimals <- M*Density

7

8 if(Pattern=="A") FUN <- function(x,y) 1

9 if(Pattern=="B") FUN <- FUN.B

10 if(Pattern=="C") FUN <- FUN.C

11

12 for(it in 1:Nit){

13

14 SP <- SpatialDist(Nanimals, FUN)

15 X <- SP$X; Y <- SP$Y

16

17 nobs <- numeric(m)

18 Sunits <- sample(1:M, m, replace=FALSE)

19 xs <- Sunits%%10

20 ys <- floor((Sunits-1)/10)

21 for(i in 1:m){

22 nobs[i] <- sum( (xs[i] < X) & (X <= xs[i]+1) & (ys[i] < Y) & (Y <= ys[i]+1) )

23 }

24 s2 <- var(nobs)

25 Dest[it] <- mean(nobs)

26 Dcvest[it] <- sqrt(((M-m)/M)*(s2/m))/Dest[it]

27 }

28

29 obj <- NULL

30 obj$Dest <- Dest

31 obj$Dest.mean <- mean(Dest)

32 obj$Dest.cv <- sd(Dest)/mean(Dest)

33 obj$Dcvest <- Dcvest

34 obj$Dcvest.mean <- mean(Dcvest)

35 return(obj)

36 }

37

38 Density.true<-5

39 mvec <- c(5,10,20)

40 Res.A <- lapply(mvec, Sim.SRS, Nit=1000, M=100, Density=Density.true, Pattern="A")

41 Res.B <- lapply(mvec, Sim.SRS, Nit=1000, M=100, Density=Density.true, Pattern="B")

42 Res.C <- lapply(mvec, Sim.SRS, Nit=1000, M=100, Density=Density.true, Pattern="C")

43

44 par(mfrow=c(3,3), cex=0.7)

45 Res <- Res.A

46 #Res <- Res.B

47 #Res <- Res.C

48 for(i in 1:length(mvec)){

49 hist(Res[[i]]$Dest, xlim=c(0, 2*Density.true), col="gray80", ann=FALSE)

50 title(main=paste("(C) #Samling Units=", mvec[i]), xlab="Estimate of Density")

51 points(Density.true, 0, pch=4, col="red")

52 points(Res[[i]]$Dest.mean, 0, pch=4, col="blue")
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53 }

(Ch6.Sim.SRS.r)
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1.4: 5

> CV[10,10]

[1] 0.1341641

> Res.A[[2]]$Dest.cv

[1] 0.1375979

> Res.B[[2]]$Dest.cv

[1] 0.226557

> Res.C[[2]]$Dest.cv

[1] 0.5246171
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(Ch6.SRS.comparison.r )

1.2

6.3✓ ✏
1.5

1.1 ( )

(

)

✒ ✑

1.1:

Region.Label Area Sample.Label Pre Effort Act Effort Sea state Size PD

Area1 15962 2010 SS12 90.8 90.8 2 1 0.077

Area1 15962 2010 SS13 102.6 94.3 2 1 0.074

Area1 15962 2010 SS13 102.6 94.3 2 1 0.199

...

Area1 15962 2010 SS17 140.6 140.6 2 1 0.093

Area1 15962 2010 SS17 140.6 140.6 2 2 0.129

Area1 15962 2010 SS18 140.7 139.5 2 1 0.135

...

Area3 7385 2010 KS14 19.2 19.2

Area3 7385 2010 KS15 22.6 22.6

Area3 7385 2010 KS16 33.6 33.6 1 1 0.222

Area3 7385 2010 KS16 33.6 33.6 1 1 0.02

Area3 7385 2010 KS17 43.8 41.5 1 1 0.039


