# need to load the package below for geoR

library (scatterplot3d)

library (geoR) # what is used below for analysis

# create correlated random variables on a grid to use with persp

ul <- 25

gl <- length(0:ul)

n <- (length(0:ul))^2

ew <- (0:ul)/ul

ns <- (0:ul)/ul

x <- numeric(n)

y <- numeric(n)

cnt1 <- 0

for (i in 1:gl) {

  for (j in 1:gl) {

    cnt1 <- cnt1 + 1

    x [cnt1] <- ew[i]

    y [cnt1] <- ns[j]

  }

}

theta <- 0.3  # for cov1

theta <- 3    # for cov2

# code below is slow but works

cov2 <- matrix (0, n, n);

for (i in 1:n) {

  for (j in i:n) {

    distance [i,j] <- sqrt ((x[i] - x[j])^2 + (y[i] - y[j])^2)

    distance [j,i] <- distance [i,j]

    cov1 [i,j] <- exp (-1 * distance [i,j] / theta)

    cov1 [j,i] <- cov1 [i,j]

  }

}

# Cholesky decomposition to create correlated observations

L1 <- t (chol (cov1))       #  cov1 = t(chol(cov1)) %*% (chol (cov1))

L2 <- t (chol (cov2))

# code below produces a figure of correlated observations using the persp function

W1 <- rnorm (n)

W2 <- L1 %*% W1

dm <- matrix (0, gl, gl)

cnt1 <- 0

for (i in 1:gl) {

  for (j in 1:gl) {

    cnt1 <- cnt1 + 1

    dm [i,j] <- W2 [cnt1,1]

  }

}

zrange = c(min(dm)*3,max(dm)*3)

persp(ew,ns,dm,theta = 135, phi = 35, col = "navajowhite1", 

      scale = TRUE, axes = FALSE, ltheta = -100, shade = 0.3,

      border = NA, box = FALSE, zlim=zrange)

}

# figures of variograms

par (mfrow=c(1,2))

tmpgd <- as.geodata(cbind(x,y,W2))

variog1 <- variog(tmpgd,option="bin", max.dist=1,estimator.type="classical")

plot (variog1, pts.range=c(1,3), max.dist=1, bty="l",col="red")

lines.variomodel(cov.model="exp", cov.pars=c(1,0.3), nug=0, max.dist=1,col="blue",lwd=2)

text(0.8,0.85,"true semivariance")

variog2 <- variog(tmpgd, bin.cloud=TRUE, max.dist=1,estimator.type="classical")

plot (variog2, bty="l", bin.cloud=TRUE)

lines ((1:26)/2,1 - cov1[1:26,1], col="blue",lwd=2)

points (1:13, variog1$v, col="red", pch=16)

dev.off()

#------- fit a model to the variogram data -----------#

expfit <- variofit(variog1, ini.cov.pars=c(1,1), cov.model="exponential", max.dist=0.5, weights="cressie")

linfit <- variofit(variog1, ini.cov.pars=c(1,1), cov.model="linear", max.dist=0.5, weights="cressie")

plot(variog1, bty="l",max.dist=0.6, pch=16)

lines.variomodel(expfit, col="blue")

lines.variomodel(linfit, col="red")

legend(0.25,0.2, c("exponential model", "linear model"),

lty=c(1,1), lwd=c(1,1), col=c("blue", "red"), bty="n")

#--------- kriging a single prediction

# predict the location at x = 0.27, y = 0.27

kc1 <- krige.control (type.krige= "ok", obj.model=variog1, cov.model=expfit$cov.model, cov.pars=expfit$cov.pars)

pe1 <- krige.conv(tmpgd, locations=c(0.27, 0.27), krige=kc1)

#-------- predict an area of the region

pred.grid <- expand.grid(seq (x1, x2, l=51), seq (y1, y2, l=51))

kc2 <- krige.conv(tmpgd, locations=pred.grid, krige=kc1)

#--------- add in a covariate and factor to the residuals --------------#

covar1 <- (x + y)^2 + rnorm(length(x))/10

covar2 <- matrix (0, gl, gl)

cnt1 <- 0

for (i in 1:gl) {

  for (j in 1:gl) {

    cnt1 <- cnt1 + 1

    covar2 [i,j] <- covar1 [cnt1]

  }

}

# create categories for x and y values

xb <- trunc((x/1.001)*4)

yb <- trunc((y/1.001)*4)

f1 <- 1 * (((xb+yb) %% 2) == 0)

fe1 <- f1 + covar1

dat1 <- fe1 + W2

fe2 <- matrix (0, gl, gl)

dat2 <- matrix (0, gl, gl)

cnt1 <- 0

for (i in 1:gl) {

  for (j in 1:gl) {

    cnt1 <- cnt1 + 1

    fe2 [i,j] <- fe1 [cnt1]

    dat2 [i,j] <- dat1 [cnt1]

  }

}

# fit the model

fit1 <- lm (dat1 ~ f1 + covar1)

# semivariogram of residuals

resgd <- as.geodata(cbind(x,y,residuals(fit1)))

variog1b <- variog(resgd,option="bin", max.dist=1.4,estimator.type="classical")

expfit2 <- variofit(variog1b, ini.cov.pars=c(1,1), cov.model="exponential",

                    max.dist=0.5, weights="cressie")

# model estimates with likfit

gdat2 <- as.geodata(cbind(x,y,dat1))

ts1 <- trend.spatial(trend= ~ as.factor(f1) + covar1 - 1)

fit2REML <- likfit (gdat2, trend=ts1, ini.cov.pars=expfit2$cov.pars,

                fix.nugget = FALSE, fix.kappa = TRUE, kappa = 0.5,

                cov.model="exp", method.lik = "REML")

# use the nlme package to fit the same model

library(nlme)

fit3 <- gls (dat1 ~ as.factor(f1) + covar1 - 1,

             corr = corExp(c(1,0.1), form = ~ x + y, nugget = TRUE) ) # REML estimates

