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R code - models 1-8

## Set up
library(sp)
library (INLA)
library(inlabru)
library(raster)

library(dplyr)

## "pts" is a SpatialPointsDataFrame containing the locations of the
## university halls of residence and additional information about each
## hall.

## "boundary" is a SpatialPolygonsDataFrame defining the boundary of the
## area of interest.

## "comcov_pzl_spatial"” is a SpatialPizelsDataFrame containing
## information on the community level of COVID-19 at each Intermediate
## Zone. "comcov_pzl" is a spatiotemporal version of this

## SpatialPizelsDataFrame, covering 3 months.

t.proj <- CRS("+proj=tmerc +lat_0=49 +lon_0=-2 +k=0.9996012717
+x_0=400000 +y_0=-100000 +ellps=airy +units=km +no_defs")

## names target projection as British National Grid but units=km

bru_options_set (bru_verbose=3,
## info printed while model is running...
control.compute=1ist (dic=TRUE,waic=TRUE, po=TRUE, cpo=TRUE))

## Compute scores for model assessment...

## Mesh

mesh <- inla.mesh.2d(boundary=boundary,
max.edge=c(0.1,2),
min.angle=c(30,21),
max.n=c(48000,16000),
max.n.strict=c(128000,128000),
cutoff=0.03,
offset=c(0.1,2),
crs=t.proj)

## SPDE priors

point_matern <- inla.spde2.pcmatern(mesh,
prior.range=c(0.2,0.01),
prior.sigma=c(1,0.01))

mark_matern <- inla.spde2.pcmatern(mesh,
prior.range=c(0.2,0.01),

prior.sigma=c(1,0.01))

## Define function for spatiotemporal community covariate
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f.comcov <- function(x,y,ti) {
spp <- SpatialPoints(data.frame(x=x,y=y),
proj4string=fm_sp_get_crs(comcov_pxl))
proj4string(spp) <- fm_sp_get_crs(comcov_pxl)
v <- over(spp,comcov_pxl[which(comcov_pxl$ti==ti),])
if (any(is.na(v$count_per_pop))) {
v$count_per_pop <- bru_fill_missing(count_per_pop,spp,v$count_per_pop)
}

return(v$count_per_pop)

}
## Model 1
cmp_1 <-

_1+
point_field(coordinates,model=point_matern) +
mark_field(coordinates,model=mark_matern) +
Inter_point(1) + Inter_mark(1l) +
scaling_latent ()
point_lik_1 <- like("cp",
formula=coordinates ~ point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=list(coordinates=mesh),
samplers=boundary)
mark_1lik_1 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field,
include=c("Inter_mark","point_field","mark_field",
"scaling_latent"),
data=pts)
fit_1 <- bru(cmp_1,
point_lik_1,
mark_lik_1,
options=list(verbose=TRUE,E=pts$total_rooms))

## Model 2

cmp_2 <-
~ 44
point_field(coordinates,model=point_matern) +
mark_field(coordinates,model=mark_matern) +
Inter_point(1l) + Inter_mark(1l) +
scaling_latent() +
count_per_pop(comcov_pxl_spatial,model="linear")

point_lik_2 <- like("cp",

formula=coordinates ~ point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=1ist (coordinates=mesh),
samplers=boundary)
mark_1lik_2 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field +
count_per_pop,
include=c("Inter_mark","point_field","mark_field",

"count_per_pop","scaling_latent"),
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data=pts)
fit_2 <- bru(cmp_2,
point_lik_2,
mark_lik_2,
options=list(verbose=TRUE,E=pts$total_rooms))

## Model 3
cmp_3 <-
~ 1+
point_field(coordinates,model=point_matern) +
mark_field(coordinates,
group=ti,
group_mapper=bru_mapper_index(3),
model=mark_matern,
control.group=list(model="ar1")) +
Inter_point(1l) + Inter_mark(1l) +
scaling_latent ()
point_lik_3 <- like("cp",
formula=coordinates

point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=1list(coordinates=mesh),
samplers=boundary)
mark_lik_3 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field,
include=c("Inter_mark","point_field","mark_field",
"scaling_latent"),
data=pts)
fit_3 <- bru(cmp_3,
point_lik_3,
mark_1lik_3,
options=list(verbose=TRUE,E=pts$total_rooms))

## Model 4
cmp_4 <-
~ 1+
point_field(coordinates,model=point_matern) +
mark_field(coordinates,
group=ti,
group_mapper=bru_mapper_index(3),
model=mark_matern_A,
control.group=list(model="ar1")) +
Inter_point(1l) + Inter_mark(1l) +
scaling_latent() +
count_per_pop(f.comcov(x,y,ti),model="1linear")
point_lik_4 <- like("cp",
formula=coordinates ~ point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=list(coordinates=mesh),
samplers=boundary)
mark_1lik_4 <- like("poisson",
formula=count ~ Inter_mark +

point_field*scaling_latent + mark_field +
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count_per_pop,
include=c("Inter_mark","point_field","mark_field",
"count_per_pop","scaling_latent"),
data=pts)
fit_4 <- bru(cmp_4,

point_lik_4,

mark_lik_4,

options=list(verbose=TRUE,E=pts$total_rooms))

## Model 5
cmp_5 <-
~ 44
point_field(coordinates,model=point_matern) +
mark_field(coordinates,
group=ti,
group_mapper=bru_mapper_index(3),
model=mark_matern,
control.group=list(model="ar1")) +
Inter_point(1) + Inter_mark(1l) +
scaling_latent() +
count_per_pop(f.comcov(x,y,ti) ,model="1inear") +
prop_ensuite
point_lik_5 <- like("cp",
formula=coordinates

point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=1list(coordinates=mesh),
samplers=boundary)
mark_lik_5 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field +
count_per_pop + prop_ensuite,
include=c("Inter_mark","point_field","mark_field",
"count_per_pop","prop_ensuite",
"scaling_latent"),
data=pts)
fit_5 <- bru(cmp_5,
point_lik_5,
mark_1lik_5,
options=1list (verbose=TRUE,E=pts$total_rooms))

## Model 6
cmp_6 <-
~ 1+
point_field(coordinates,model=point_matern) +
mark_field(coordinates,
group=ti,
group_mapper=bru_mapper_index(3),
model=mark_matern,
control.group=list(model="ar1")) +
Inter_point (1) + Inter_mark(1) +
scaling_latent() +
count_per_pop(f.comcov(x,y,ti) ,model="1linear") +
num_fines
point_lik 6 <- like("cp",
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formula=coordinates ~ point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=list(coordinates=mesh),
samplers=boundary)
mark_1lik_6 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field +
count_per_pop + num_fines,

include=c("Inter_mark","point_field","mark_field",

"count_per_pop","num_fines",
"scaling_latent"),
data=pts)
fit_6 <- bru(cmp_6,
point_lik_6,
mark_lik_6,
options=list(verbose=TRUE,E=pts$total_rooms))

## Model 7
cmp_7 <-
~ 44
point_field(coordinates,
model=point_matern) +
mark_field(coordinates,
group=ti,
group_mapper=bru_mapper_index(3),
model=mark_matern,
control.group=list(model="ar1")) +
Inter_point(1) + Inter_mark(1l) +
scaling_latent() +
count_per_pop(f.comcov(x,y,ti) ,model="1linear") +
unnamed_hall
point_lik_7 <- like("cp",
formula=coordinates ~ point_field + Inter_point,
include=c("point_field","Inter_point"),
data=pts,
domain=list(coordinates=mesh),
samplers=boundary)
mark_1lik_7 <- like("poisson",
formula=count ~ Inter_mark +
point_field*scaling_latent + mark_field +

count_per_pop + unnamed_hall,

include=c("Inter_mark","point_field","mark_field",

"count_per_pop","unnamed_hall",
"scaling_latent"),
data=pts)
fit_7 <- bru(ecmp_7,
point_lik_7,
mark_1lik_7,
options=list(verbose=TRUE,E=pts$total_rooms))

## Model 8
cmp_8 <-

-1+

point_field(coordinates,model=point_matern) +
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269 mark_field(coordinates,

270 group=ti,

271 group_mapper=bru_mapper_index(3),

272 model=mark_matern,

273 control.group=list(model="ar1")) +
274 Inter_point(1l) + Inter_mark(1l) +

275 scaling_latent() +

276 count_per_pop(f.comcov(x,y,ti),model="1linear") +
277 unnamed_hall +

278 prop_ensuite

279 point_lik_8 <- like("cp",

280 formula=coordinates ~ point_field + Inter_point,
281 include=c("point_field","Inter_point"),

282 data=pts,

283 domain=list(coordinates=mesh),

284 samplers=boundary)

285 mark_lik_8 <- like("poisson",

286 formula=count ~ Inter_mark +

287 point_field*scaling_latent + mark_field +
288 count_per_pop + unnamed_hall + prop_ensuite,
289 include=c("Inter_mark","point_field","mark_field",
290 "count_per_pop", "unnamed_hall",
291 "prop_ensuite","scaling_latent"),
292 data=pts)

293 fit_8 <- bru(cmp_8,

294 point_lik_8,

295 mark_lik_8,

296 options=1list (verbose=TRUE,E=pts$total_rooms))

297

298 ## Make Predictions

299 mark_field_1 <- predict(fit_1,pxl,” mark_field,n.samples=1000)
300 mark_field_ 2 <- predict(fit_2,pxl,” mark_field,n.samples=1000)
301 mark_field_3 <- predict(fit_3,pxl,” mark_field,n.samples=1000)
302 mark_field_4 <- predict(fit_4,pxl,” mark_field,n.samples=1000)
303 mark_field 5 <- predict(fit_5,pxl,” mark_field,n.samples=1000)
304 mark_field_6 <- predict(fit_6,pxl,” mark_field,n.samples=1000)
305 mark_field_7 <- predict(fit_7,pxl,” mark_field,n.samples=1000)
306 mark_field 8 <- predict(fit_8,pxl,” mark_field,n.samples=1000)
307

308 ## pxl 7s an empty SpatialPizelsDataFrame with a column for each month
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