# R code, using splancs library for analyses in Dixon & Esker

# PMD function to compute l function

l <- function(k,t) {sqrt(k/pi)-t }

# PMD functions to count distance-direction pairs and calculate expected counts

ncount.grid <- function(pts,mx, my, as.matrix=F) {

#  np est of pdf of conditional anisotropic 2nd moment

#  for each possible lattice separation,

#    count # pts at that separation

#    only consider |separation in X| <= mx, and 

#                  |separation in Y| <= my.

# input: 

#   pts: Splancs points object with locations

#   mx: maximum X separation to consider

#   my: maximum Y separation to consider      

#   as.matrix: logical whether to return output as matrix

# output: 

#   if as.matrix == T, matrix with counts (from table)

#   if not, table output rearanged into a data frame with

#     numeric X, Y, and count for plotting

pts.x <- pts[,1]

pts.y <- pts[,2]

dx <- outer(pts.x,pts.x,'-')

dy <- outer(pts.y,pts.y,'-')

diag(dx) <- NA

diag(dy) <- NA

keep <- (abs(dx)<=mx) & (abs(dy) <= my)

countm <- table(dx[keep],dy[keep])

if (as.matrix) { countm }

else {

  temp <- as.data.frame(countm)

#  X and Y are now factors, so convert back to numerics

  tempx <- as.numeric(levels(temp[,1])[temp[,1]])

  tempy <- as.numeric(levels(temp[,2])[temp[,2]])

  data.frame(x=tempx,y=tempy,count=temp[,3])

  }

 }

exp.count.grid <- function(npts,x,y,mx,my,as.matrix=F) {

  dx <- min(diff(x))

  dy <- min(diff(y))

  nx <- floor(mx/dx)

  ny <- floor(my/dy)

  npx <- length(x) - abs(seq(-nx,nx))

  npy <- length(y) - abs(seq(-ny,ny))

  npair <- outer(npx,npy,'*')

  exp <- npts*(npts-1)*npair/(length(x)*length(y)*(length(x)*length(y)-1))

  if (as.matrix) {exp }

  else {

    tempxy <- expand.grid(dx*seq(-nx,nx), dy*seq(-ny,ny))

    data.frame(x=tempxy[,1],y=tempxy[,2],exp=as.vector(exp))

  }

 }

# start of calculations and plots

library(splancs)

# papaya is a 'points' object with locations of the plot boundary

# dis is a points object with locations of diseased trees

# v4 is a points object with locations of V4 trees

# tbb is a points object with locations of TBB trees

# plot of locations of diseased trees

polymap(papaya)

pointmap(dis,add=T)

# illustration of distance-direction pairs

par(mfrow=c(2,2))

polymap(papaya);pointmap(dis,add=T);polymap(bit,lwd=2,border='red',add=T)

# bit is points object with coordinates of the focus area

dis.bit <- pip(dis,bit)  # pip() selects points inthe polygon

polymap(bit,border='red')

pointmap(dis.bit,add=T)

points(c(5,15),c(30,28),pch=19)

segments(c(5,15),c(30,28),c(7.5,17.5),c(30,28),lwd=2,col=4)

title('disease pairs with 2nd at (+2.5,0)')

polymap(bit,border='red')

pointmap(dis.bit,add=T)

points(c(15,10,20),c(28,26,26),pch=19)

segments(c(15,10,20),c(28,26,26),c(12.5,7.5,17.5),c(30,28,28),lwd=2,col=2)

title('disease pairs with 2nd at (-2.5,2)')

# count pairs

dis.count <- ncount.grid(dis,10,10)

# calculate expected values

temp.exp <- exp.count.grid(npts(dis),seq(2.5,165,2.5),seq(2,118,2),10,10)

dis.count$exp <- temp.exp$exp

# and one-sided test against Poisson

dis.count$p <- ppois(dis.count$count-1,dis.count$exp,lower=F)

# a bit of prettying up

dis.count$count[50] <- NA     # value at 0,0 is missing

dis.sig <- dis.count[dis.count$p<0.05,]    # find those 'signif'

dis.count$count[dis.count$p < 0.05] <- NA  # and set those to missing

# plot of pairs

plot(dis.count$x,dis.count$y,xlab='Separation in X (m)',

   ylab='Separation in Y (m)',type='n')

text(dis.count$x,dis.count$y,dis.count$count)

# show all the ordinary counts

# replot some points in color and bolded

text(dis.sig$x,dis.sig$y,dis.sig$count,font=4)

points(0,0,pch=19)

text(2.5,0,18,col=4,font=2)

text(-2.5,2,19,col=2,font=2)

title("Pairs of diseased trees separated by (x,y)")

# estimate K and L functions for diseased plants

s <- seq(2,40,2)

dis.k <- khat(dis,papaya,s)

dis.l <- l(dis.k,s)

# and compute simulation envelopes using standard point-based simulation

dis.csr <- matrix(0,nrow=length(s),ncol=999)

for (i in 1:999) {

  xy <- csr(papaya,npts(dis))

  dis.csr[,i] <- khat(xy,papaya,s) }

dis.csr.l <- l(dis.csr,s)

csr.q <- apply(dis.csr.l,1,quantile,c(0.05,0.10,0.5,0.90,0.95))

# compute simulation envelopes using grid based simulation

dis.grid < matrix(0,nrow=length(s),ncol=999)

for (i in 1:999) {

  xy <- rand.grid(230,seq(2.5,162.5,2.5),seq(2,116,2)); 

  dis.grid[,i] <- khat(xy,papaya,s)}

dis.grid.l <- l(dis.grid,s)

rand.q <- apply(dis.grid.l,1,quantile,c(0.05,0.10,0.5,0.90,0.95))

# then draw the plots  

matplot(s,cbind(dis.l,t(csr.q)),lwd=c(3,2,2,2,2,2),lty=c(1,1,2,3,2,1),

        col=c(1,2,3,4,3,2),type='l',xlab='Distance (m)', ylab='L(t)')

csr.label <- list(x=c(30,30,rep(16,4),y=c(0.15,0.6,0.3,0,-0.3,-0.5))

text(csr.label$x,csr.label$y,c("Obs. L(t)", "95%","90%","50%","10%","5%"),adj=0)

title("Comparing L(t) to point-based simulation")

matplot(s,cbind(dis.l,t(rand.q)),lwd=c(3,2,2,2,2,2),lty=c(1,1,2,3,2,1),

        col=c(1,2,3,4,3,2),type='l',xlab='Distance (m)', ylab='L(t)')

itle("Comparing L(t) to grid-based simulation")

# bivariate K function computations

#  Kvv and Ktt use khat applied to only points of that type

#  tbb.pts  and v4.pts are points objects with locations of that type

tbb.k <- khat(tbb.pts,papaya,s)

v4.k <- khat(v4.pts,papaya,s)

tbb.l <- l(tbb.k,s)

v4.l <- l(v4.k,s)

tbb.grid <- v4.grid <- matrix(0,nrow=length(s),ncol=999)

for (i in 1:999) {

  xy <- rand.grid(76,seq(2.5,162.5,2.5),seq(2,116,2)); 

  tbb.grid[,i] <- khat(xy,papaya,s)}

for (i in 1:999) {

  xy <- rand.grid(154,seq(2.5,162.5,2.5),seq(2,116,2)); 

  v4.grid[,i] <- khat(xy,papaya,s)}

tbb.gridl <- l(tbb.grid,s)

v4.gridl <- l(v4.grid,s)

tbb.gridq <- apply(tbb.gridl,1,quantile,c(0.05,0.10,0.5,0.90,0.95))

v4.gridq <- apply(v4.gridl,1,quantile,c(0.05,0.10,0.5,0.90,0.95))

par(mfrow=c(2,2),pty='s')

polymap(papaya)

pointmap(v4.pts,add=T)

title("V4 events")

polymap(papaya)

pointmap(tbb.pts,add=T)

title("TBB events")

matplot(s,cbind(v4.l,t(v4.gridq)),col=1,lwd=c(2,1,1,1,1,1),lty=c(1,1,2,3,2,1),

  type='l',xlab='Distance (m)', ylab='L(t)')

matplot(s,cbind(tbb.l,t(tbb.gridq)),col=1,lwd=c(2,1,1,1,1,1),lty=c(1,1,2,3,2,1),

  type='l',xlab='Distance (m)', ylab='L(t)')

# k12hat estimates the cross K function

ktv <- k12hat(tbb.pts,v4.pts,papaya,s)

# use random labeling to evaluate differences in K functions

ktv.grid <- kt.grid <- kv.grid <- matrix(0,nrow=length(s),ncol=999)

for (i in 1:999) {

  rt <- sample(230,76);   # randomly sample 76 as random 'TBB' points

  ktv.grid[,i] <- k12hat(dis.pts[rt,],dis.pts[-rt,],papaya,s); 

  kt.grid[,i] <- khat(dis.pts[rt,],papaya,s); 

  kv.grid[,i] <- khat(dis.pts[-rt,],papaya,s)

  # and compute each of the three bivariate K functions 

  }

dt <- ktv.grid - kt.grid

dv <- ktv.grid - kv.grid

dt.q <- apply(dt,1,quantile,c(0.05,0.1,0.5,0.9,0.95))

dv.q <- apply(dv,1,quantile,c(0.05,0.1,0.5,0.9,0.95))

# draw the plots

matplot(s,cbind(ktv-v4.k,t(dv.q)),col=c(1,2,3,4,3,2),lwd=c(3,2,2,2,2,2),lty=c(1,1,2,3,2,1),

        type='l',xlab='Distance (m)', ylab='Ktv-Kvv')

title("V4 events are in places TBB events are not")

text(c(10,30,22,22,22,22),c(-104,-180,-50,20,120,200),c('Obs.','5%','10%','50%','90%','95%'))

matplot(s,cbind(ktv-tbb.k,t(dt.q)),col=c(1,2,3,4,3,2),lwd=c(3,2,2,2,2,2),lty=c(1,1,2,3,2,1),

        type='l',xlab='Distance (m)', ylab='Kvt-Ktt')

title("But, can't tell what's happening with TBB events")

text(c(37,37,37,39,38,35),c(-270,-170,75,220,340,440),c('5%','10%','50%','Obs.','90%','95%'))

# space-time independence

kst <- stkhat(dis.pts,c(tbb$mth.inf,v4$mth.inf), papaya,c(5,40),s,1:12)

# compute the matrix of d values

d <- (kst$kst - outer(kst$ks,kst$kt))/outer(kst$ks,kst$kt)

# and draw the plot

persp(x=s,y=1:12,z=d, xlab="Separation in Space",ylab="Separation in time",

   zlab='Departure from ST indep")

title("D(s,t) to assess space-time independence")

# plot(kst) will draw a four panel plot including a Monte-Carlo test

