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library(spBayes)
library(MBA)
library(fields)
library(xtable)
library(colorspace)

library (maps)
o3sl slaeals (515518 (Y
data("NYOzone.dat")
Jutn )izl (51 g3l (slansls s 5 aallln 5550 Lm0l oy (¥

N.t <- 62
n <- 28

## hold 31 days out of a stations 1, 5, and 10
hold.out <- c(1,5,10)

par (mar=c(0,0,0,0))
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map (database="state",regions="new york")
points(NYOzone.dat[,c("Longitude","Latitude")], cex=2)
points(NYOzone.dat [hold.out,c("Longitude","Latitude")], pch=19, cex=2)

missing.obs <- sample(1l:N.t, 31)
NYOzone.dat[,paste("03.8HRMAX.",1:N.t,sep="")] [hold.out,missing.obs] <- NA

6x5x}¢‘Jwﬁiﬂn5b?‘ﬁ4¥bxtj*“Oiﬁlfz*iﬁ(f
mods <- lapply(paste("03.8HRMAX.",1:N.t, "~cMAXTMP.",1:N.t,
"+WDSP.",1:N.t, "+RH.",1:N.t, sep=""), as.formula)

p <- 4 ## number of predictors

coords <- NYOzone.dat[,c("X.UTM","Y.UTM")]/1000

max.d <- max(iDist(coords))

starting <- list("beta"=rep(0,N.t*p), "phi"=rep(3/(0.5%max.d), N.t),
"sigma.sq"=rep(2,N.t), "tau.sq"=rep(l, N.t),
"sigma.eta"=diag(rep(0.01, p)))

tuning <- list("phi"=rep(2, N.t))

priors <- list("beta.0.Norm"=1list(rep(0,p), diag(100000,p)),
"phi.Unif"=1ist(rep(3/(0.9*max.d), N.t),
rep(3/(0.05*max.d), N.t)),
"sigma.sq.IG"=1list(rep(2,N.t), rep(25,N.t)),
"tau.sq.IG"=1list(rep(2,N.t), rep(25,N.t)),
"sigma.eta.IW"=1list(2, diag(0.001,p)))

n.samples <- 5000

m.i <- spDynLM(mods, data=NYOzone.dat, coords=as.matrix(coords),
starting=starting, tuning=tuning, priors=priors, get.fitted=TRUE,

cov.model="exponential", n.samples=n.samples, n.report=2500)

slad Ssly 5 s Sy D3 6l bgsye sbasls ses 3 C’L“v dsa (O
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ts.params.plot <- function(x, xlab="", ylab="", cex.lab=2.5,
cex.axis=2.5, prob=c(0.5, 0.025, 0.975),
mar=c(5,5.5,0.1,1), zero.line=TRUE){
N.t <- ncol(x)

q <- apply(x, 2, function(x){quantile(x, prob=prob)})

par (mar=mar)##bottom, left, top and right

plot(1:N.t, ql[1,], pch=19, cex=0.5, xlab=parse(text=xlab),
ylab=parse(text=ylab), ylim=range(q), cex.lab=cex.lab, cex.axis=cex.axis)
arrows(1:N.t, ql[1,], 1:N.t, q[3,], length=0.02, angle=90)

arrows(1:N.t, q[1,], 1:N.t, q[2,], length=0.02, angle=90)
if(zero.line){abline(h=0, col="blue")}

burn.in <- floor(0.75%n.samples)

beta <- m.i$p.beta.samples[burn.in:n.samples,]

par (mfrow=c(4,1))

beta.0 <- betal,grep("Intercept", colnames(beta))]

ts.params.plot(beta.0, ylab="betal[0]")

beta.l <- betal,grep("cMAXTMP", colnames(beta))]
ts.params.plot(beta.1l, ylab="beta[cMAXTMP]")

beta.2 <- betal,grep("WDSP", colnames(beta))]
ts.params.plot(beta.2, ylab="beta[WDSP]")

beta.3 <- betal,grep("RH", colnames(beta))]
ts.params.plot(beta.3, ylab="beta[RH]", xlab="Days")
HH##

theta <- m.i$p.theta.samples[burn.in:n.samples,]

par (mfrow=c(3,1))
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sigma.sq <- thetal,grep("sigma.sq", colnames(theta))]

ts.params.plot(sigma.sq, ylab="sigma™2", zero.line=FALSE)

tau.sq <- thetal,grep("tau.sq", colnames(theta))]
ts.params.plot(tau.sq, ylab="tau 2", zero.line=FALSE)

phi <- thetal,grep("phi", colnames(theta))]
ts.params.plot(3/phi, ylab="3/phi (km)", xlab="Days",
zero.line=FALSE)

003l slosls slp s sltel Jolsd 5 (St 5 Gln) (55t slie 4l (£

y.hat <- apply(m.i$p.y.samples[,burn.in:n.samples], 1, quants)
data(NYOzone.dat)
obs.03 <- NYOzone.dat[,paste("03.8HRMAX.",1:N.t,sep="")]

ylim <- ¢(15,75)
ylab <- "03.8HRMAX"

par (mfrow=c(3,1) ,mar=c(5,5.5,0.1,1))
station.l <- y.hat[,seq(hold.out[1],ncol(y.hat),n)]

plot(1:N.t, obs.03[hold.out[1],], ylim=ylim, ylab=ylab, cex.lab=2.5,
cex.axis=2.5, xlab="")

lines(1:N.t, station.1[1,1:N.t])

lines(1:N.t, station.1[2,1:N.t], col="blue", 1lty=3)

lines(1:N.t, station.1[3,1:N.t], col="blue", 1lty=3)
points(missing.obs, obs.03[hold.out[1],missing.obs], pch=19)

station.2 <- y.hat[,seq(hold.out[2],ncol(y.hat),n)]
plot(1:N.t, obs.03[hold.out[2],], ylim=ylim, ylab=ylab, cex.lab=2.5,

cex.axis=2.5, xlab="")

lines(1:N.t, station.2[1,1:N.t])



Y

lines(1:N.t, station.2[2,1:N.t], col="blue", 1lty=3)
lines(1:N.t, station.2[3,1:N.t], col="blue", 1lty=3)
points(missing.obs, obs.03[hold.out[2],missing.obs], pch=19)

station.3 <- y.hat[,seq(hold.out[3],ncol(y.hat),n)]

plot(1:N.t, obs.03[hold.out[3],], ylim=ylim, ylab=ylab, cex.lab=2.5,
cex.axis=2.5, xlab="Days")

lines(1:N.t, station.3[1,1:N.t])

lines(1:N.t, station.3[2,1:N.t], col="blue", 1ty=3)

lines(1:N.t, station.3[3,1:N.t], col="blue", 1lty=3)

points(missing.obs, obs.03[hold.out[3],missing.obs], pch=19)
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Abstract

Analysis of large geostatistical data sets, usually, entail the expensive matrix computa-
tions. This problem creates challenges in implementing statistical inferences of traditional
Bayesian models. In addition, researchers often face with multiple spatial data sets with
complex spatial dependence structures that their analysis is difficult. Complex structures
of (spatial or spatio-temporal) data, their sizes and available incomplete models, have
been pushed users to develope new and dynamic models. In this thesis, we use low-rank
models, particularly predictive process models, to analyze Gaussian geostatistical data.
This models improve MCMC sampler convergence rate and decrease sampler run-time by
reducing parameter space. This improvement is due to the avoidance of expensive matrix
computations that also can be used for large data sets. To evaluate the performance of
this class of models, we conduct a simulation study as well as analysis of a real data set
regarding the quality of underground mineral water of a large area in Golestan province,

Iran.

keywords: Inference Bayesian; MCMC Sampling; Predictive process; Spatio-Temporal;

Geostatistical
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