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# corona-bca.R
79

# NOTE: This script should be placed in a folder named 'code' and another folder
# named 'output' should be created at the same directory level.

# _____________________________________________________________________________

# PRELIMINARIES:

# _____________________________________________________________________________
if (1==1){

# Clear console and environment:
cat ("\014")
rm(list = setdiff(ls(), lsf.str()))

# install.packages ('tikzDevice')
library(tikzDevice)

# Streamlined functions for formatting:

s2 <= function(x) {return(sprintf('%-.2f",x))}
s3 <- function(x) {return(sprintf('%-.3f",x))}
s4 <- function(x) {return(sprintf('%-.4f",x))}

# Define paths for file handling:

this.dir <- dirname (parent.frame(2)$ofile)
setwd(this.dir)

code.path <- getwd()

setwd('..")
setwd(paste (getwd(), '/output',sep=""))
output.path <- getwd()

setwd('..")

setwd(paste(getwd(), '/input',sep='"))
input.path <- getwd()

source file dir

set wd to source file dir
define code path

set wd up one level

set wd to output folder
define output path

set wd up one level

set wd to input folder
define input path

S oo S e S o o S o

# Create output file:

# date.time <- gsub(' ',' ',Sys.time())

# date.time <- gsub(':','-',date.time)

# out.file.name <- paste (output.path,'/corona-bca ',date.time,'.out',sep="")
out.file.name <- paste(output.path,'/corona-bca.out',sep="")

outfile <- file.create(out.file.name)

# WRITE SCRIPT TO OUTPUT FILE:

if (1==1){
source.file.name <- paste(code.path,'/corona-bca.R',sep="'")
Rscript <- readLines(source.file.name)

for(i in 1l:length(Rscript)) {cat('\n',Rscript[i], file=out.file.name, append=T)}

cat(

'\n\n|----—————— -

file=out.file.name, append=T)
cat('\n| R SCRIPT ABOVE

| ", file=out.file.name, append=T)
cat(

'\n|--———————

file=out.file.name, append=T)
cat('\n| R OUTPUT BELOW

| ", file=out.file.name, append=T)
cat(

'\n|--——————-

file=out.file.name, append=T)

SIR.fn <- function (parms) {

# Unpack parameters from input list:
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{
T <- parms$T
dT <- parms$dT
N <- parms$N
RO <- parms$RO
gamma <- parms$gamma
rho.lo <- parms$rho.lo
rho.hi <- parms$rho.hi
threshold <- parms$threshold
I.0 <- parms$I.0
VSL <- parms$VSL
sd <- parms$sd
GDP.now <- parms$GDP.now
g <- parms$g
shock.1 <- parms$shock.1l
shock.2 <- parms$shock.2
r <- parms$r

}

beta <- RO*gamma/ (N* (l-rho.lo)) # Keeling and Rohini 2008

XX <= matrix(dT,T/dT, 1)

S <- XX
I <- XX

R <- XX

D <- XX

c <- XX
D2<- XX
S[1] <- N
I[1] <- I.0
t <= 0

for(tt in seqg(dT,T,dT)){t <- t + 1
S[t+1] <- S[t] - beta*I[t]*S[t] * dT

# I[t+1l] <= I[t] + beta*I[t]l*S[t] * dT -
# (I[t]>threshold) *gamma/ (1-rho.hi)*I[t] * dT -
# (I[t]<threshold)*gamma/ (l1-rho.lo)*I[t] * dT

# I[t+l] <= I[t] + beta*I[t]*S[t] * dT -

# (I[t]>threshold)* ( gamma/ (l-rho.hi)* (I[t]-threshold) +
gamma/ (1-rho.lo) *threshold ) * dT -
# (I[t]l<threshold)*gamma/ (l-rho.lo)*I[t] * dT

I[t+1l] <= I[t] + (beta*I[t]*S[t] - gamma*I[t]) * dT -
(I[t]>=threshold)* ( gamma*rho.hi/(l-rho.hi)*(I[t]-threshold) + gamma*rho.lo/(1-
rho.lo)*threshold ) * dT -
(I[t]<threshold)*gamma*rho.lo/(l-rho.lo)*I[t] * dT

R[t+1] <- R[t] + gamma*I[t] * dT
D[t] <- (I[t]>=threshold)*(rho.hi/(l-rho.hi)*gamma*(I[t]-threshold) +
rho.lo/(l-rho.lo)*gamma*threshold) * dT +
(I[t]< threshold)*rho.lo/(l-rho.lo)*gamma*I[t] * dT

clt] <- beta*I[t]*S[t] * dT # new cases

}

S <= S[l:length(XX)]
I <- I[l:length(XX)]
R <- R[l:length (XX)]
D <= D[1l:length(XX)]
c <= c[l:length(XX)]
D2<- D2[1:length (XX)]

return(list(S,I,R,D,c,D2))
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# MAIN PROGRAM:

# time horizon [days]
# time step for numerical integration [days]
1026 # U.S. population
# Basic reproductive rate [2.4]
5 # recovery rate [1/6.5]
# Pr death if infected below threshold [.005]
# Pr death if infected above threshold [.015]
# initial condition
0”6 # health care system capacity, number of infection cases that

can receive high standard of care

# PARAMETERS:
{
T <- 365
daT <- .1
N <- 327%*
RO <- 2.4
gamma <- 1/6.
rho.lo <- .005
rho.hi <- .015
I.0 <- 4125
threshold <- 36%*1
VSL <- 10*1
sd <- .38
GDP.now <- 20%1
g <- .017
shock.1 <- .02
shock.2 <- .062
eta <- 1
r <- .03
T.GDP <- 30
# Pack up paramet
{
parms
parms$T
parms$dT
parms$N
parms$RO
parms$gamma
parms$rho.lo
parms$rho.hi
parms$I.0
parms$threshold
parms$VSL
parms$sd
parms$GDP.now
parms$g
parms$shock.1
parms$shock. 2
parms$eta
parms$r
parms$T.GDP
parms$output.pa
parms0 <- parms
}

}

0%6 Value of statistical life [USS$]

fractional reduction in contact rate from social distancing
0”12 current GDP [USS$S]
5 GDP growth rate [/yr]

fraction of GDP lost when outbreak is uncontrolled
fraction of GDP lost when outbreak is controlled
uncontrolled recovery rate convergence parameter
discount rate [\yr]

S oo S e S o o o o

ers into a list:

<- 1list(T)
<- T
<- dT
<- N
<- RO
<- gamma
<- rho.lo
<- rho.hi
<-I.0
<- threshold
<- VSL
<- sd
<- GDP.now
<-g
<- shock.1
<- shock.2
<- eta
<-r
<- T.GDP

th <- output.path

# SCENARIO FUNCTION:
scenario.fn <- function (parms, figswitch, tabswitch) {

# Unpack parameters from input list:

{

T <-
dT <-
N <-
RO <-
gamma <-
rho.lo <-
rho.hi <-
threshold <-
I.0 <-
VSL <-
sd <-
GDP.now <-

parms$T
parms$dT
parms$N
parms$RO
parms$gamma
parms$rho.lo
parms$rho.hi
parms$threshold
parms$I.0
parms$VSL
parms$sd
parms$GDP.now

[.062]



197 g <- parms$g

198 shock.1 <- parms$shock.1l

199 shock.2 <- parms$shock.2

200 eta <- parms$eta

201 r <- parms$r

202 T.GDP <- parms$T.GDP

203 output.path <- parms$output.path

204

205

206 # Goldman Sachs projection hardwired:

207 g.0 <- matrix(g,T.GDP, 1)

208 g.2 <- rbind(matrix(c(-shock.2,

209 shock.2*.055/.062,
210 shock.2*.035/.062,
211 shock.2*.020/.062),4,1),
212 matrix (g, T.GDP=-4,1))

213

214 g.2 <- rbind(matrix(c(-.062,

215 .055,

216 .035,

217 .020),4,1),

218 matrix (g, T.GDP=-4,1))

219 }

220

221 # SIR model:

222 {

223 outs <- SIR.fn(parms)

224 S1 <- outs[[1]] # susceptible

225 Il <- outs[[2]] # infected

226 R1 <- outs[[3]] # recovered

227 D1 <- outs[[4]] # deaths

228 cl <- outs[[5]] # new infection cases

229

230 # Reduced contact rate due to social distancing:
231 parms$RO <- RO*(1-sd)

232

233 outs <- SIR.fn(parms)

234 S2 <- outs[[1]]

235 12 <- outs[[2]]

236 R2 <- outs[[3]]

237 D2 <- outs[[4]]

238 c2 <- outs[[5]]

239 }

240

241 # GDP CURVES:

242 {

243 years <- seqg(0,T.GDP,1)

244 GDP.0 <- matrix(0,length(years),l) # GDP path if no outbreak
245 GDP.1 <- matrix(0,length(years),1l) # GDP path if outbreak uncontrolled
246 GDP.2 <- matrix(0,length(years),1l) # GDP path if outbreak controlled
247

248 # All GDP paths start at same point

249 GDP.0O[1] <- GDP.now

250 GDP.1[1] <- GDP.now

251 GDP.2[1] <- GDP.now

252

253 # Growth without outbreak:

254 for(t in 2:T.GDP){

255 GDP.0[t] <- GDP.O[t-1]1*(l+g.0[t])

256 }

257

258 # Growth with controlled outbreak based on GS forecast:
259 for(t in 2:T.GDP){

260 GDP.2[t] <- GDP.2[t=1]1*(l+g.2[t-11])

261 }

262

263 # Growth with controlled outbreak adjusted for different assumed initial shock:
264 for(t in 1:T.GDP){

265 GDP.2[t] <- GDP.O[t] - (GDP.O[t]-GDP.2[t])*shock.2/(-g.2[1])



266 }

267

268 # Growth with uncontrolled outbreak:

269 GDP.1[2] <- GDP.now * (l-shock.l)

270 for(t in 2:T.GDP) {

271 GDP.1[t] <- GDP.O[t] - (GDP.O[t]-GDP.2[t])* ((GDP.0[2]-GDP.1[2]1)/(GDP.0[2]-GDP.2[2
1)) "eta

272 }

273

274 PV.0 <= 0

275 PV.1l <= 0

276 PV.2 <= 0

277 for(t in 1:T.GDP) {

278 PV.0 <= PV.0 + GDP.O[t]/ (l4+xr)~(t-1)

279 PV.1 <= PV.1 + GDP.1[t]/ (l+r)”(t-1)

280 PV.2 <= PV.2 + GDP.2[t]/ (1l+r)~(t-1)

281 }

282

283 }

284

285 # CREATE FIGURES:

286 if(figswitch==1){

287

288 # Infection curves:

289 {

290 tikz (paste (output.path, '/corona fig 1A.tex',sep='"),

291 width = 3.2,

292 height = 3.2,

293 pointsize = 12,

294 standAlone = TRUE)

295 par (mar=c(4,4.5,1,1)) # figure border whitespace [bottom,left, top,right]

296

297 bottom <- 0

298 top <- max(c(I1,I2))*1.1

299 left <- 0

300 right <- 300

301

302 plot(segq(dT,T,dT),I2,type="'1"',col="black’,

303 main="",

304 xlab="",

305 ylab="",

306 axes=FALSE,

307 cex=1,

308 x1lim=c (left, right),

309 ylim=c (bottom, top),

310 cex.axis=.8,

311 cex.lab =.9)

312

313 lines(seq(dT,T,dT),Il,1lty=2,col="black’")

314 lines(seq(dT,T,dT), threshold*matrix (1, T/dT,1),lty=3,col="black")

315

316 axis(l,at=seq(0,350,50),las=1,labels=TRUE, cex.axis=.65) # Draw x axis

317 axis (2, las=1, labels=TRUE, cex.axis=.65) # Draw y axis

318

319 mtext ('Number infected',side=2, line=3.25, cex=.8, las=0) # y-axis label

320 mtext ('S$StS [days]' ,side=1, line=2.50, cex=.8, las=l) # x-axis label

321

322 legend(left+(right-left)*.0,

323 bottom+ (top-bottom) *.9,

324 legend=c('Controlled', 'Uncontrolled', 'Threshold'),

325 col=c('black', 'black', 'black'"),

326 lty=c(1,2,3),

327 cex=.0)

328

329 text (left+(right-left)*.1,bottom+ (top-bottom)*1, "' (A) ', cex=.8)

330

331 dev.off ()

332 }

333
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# GDP curves:

{
tikz (paste (output.path, '/corona fig 1B.tex',sep='"),
width = 3.2,
height = 3.2,
pointsize = 12,
standAlone = TRUE)

par (mar=c(4,4.5,1,1)) # figure border whitespace [bottom,left, top,right]

top <- GDP.now*1.1
bottom <- GDP.now*0.9
left <- 0
right <- 5

plot(seg(0,5,1),GDP.2[1:6],type="1",col="black",
main="",
xlab="",
ylab="",
axes=FALSE,
cex=1,
ylim = c(bottom, top),
x1lim = c(left, right),
cex.axis=.8,
cex.lab =.9)

lines(seqg(0,5,1),GDP.0[1:6],1ty=3,col="black’")
lines(seqg(0,5,1),GDP.1[1:06],1ty=2,col="black’")

axis(l,at=seq(0,5,1),las=1,labels=TRUE, cex.axis=.65) # Draw x axis
axis (2, las=1, labels=TRUE, cex.axis=.65) # Draw y axis

mtext ('GDP [\\$]',side=2, line=3.5, cex=.8, las=0) # y-axis label
mtext ('StS [yrs]', side=1, line=2.5, cex=.8, las=l) # x-axis label

legend(left+(right-left)*.0,
bottom+ (top-bottom) *. 3,
legend=c('No outbreak', 'Controlled', 'Uncontrolled'),
col=c('black', 'black', 'black'"),
lty=c(3,1,2),
cex=.0)

text (left+(right-left)*.1,bottom+(top-bottom)*1,"' (R)"',cex=.8)

dev.off ()

# PRINT TABLE OF RESULTS TO OUTPUT FILE:
if (tabswitch==1){

cat (" \nN=s==========m—m e e e e e e e e == ====\n", fi le=
out.file.name, append=TRUE)
cat (' Uncontrolled Controlled Delta\n', file=
out.file.name, append=TRUE)
cat (' ———— \n',file=
out.file.name, append=TRUE)
cat('Infections ',
sprintf('$12.4g %12.4g %$12.4g\n',sum(cl),sum(c2),sum(cl)-sum(c2)),file=
out.file.name, append=TRUE)
cat ('Deaths ',
sprintf('$12.4g %12.4g %$12.4g\n',sum(D1l),sum(D2),sum(Dl)-sum(D2)), file=
out.file.name, append=TRUE)
cat('PV of GDP loss ',
sprintf('$12.4g %12.4g %12.4g\n',PV.0-PV.1,PV.0-PV.2,PV.2-PV.1),file=
out.file.name, append=TRUE)
cat('Value of lives lost ',

sprintf('$12.4g %12.4g %$12.4g\n',VSL*sum(D1),VSL*sum(D2),VSL* (sum(D1)-sum(D2))),

file=out.file.name, append=TRUE)



396 cat('Total value lost ',
397 sprintf('$12.4g %12.4g %12.4g\n',PV.0-PV.14+VSL*sum(D1),PV.0-PV.2+VSL*sum(D2),
PV.2-PV.14VSL* (sum(D1l)-sum(D2))),file=out.file.name, append=TRUE)

398 cat ('===============================================================\n', file=
out.file.name, append=TRUE)

399 }

400

401 return(list(Il1,12,cl,c2,D1,D2,PV.0,PV.1,PV.2,GDP.0,GDP.1,GDP.2))

402 }

403

404 # BENCHMARK RUN:

405 outs <- scenario.fn(parms,1,1)

406

407 # CREATE FIGURE 2 WITH 3 GDP CURVES:

408 if (1==1){

409 parms <- parms0

410 parms$eta <- 1

411 outs <- scenario.fn(parms,0,0)

412 GDP.O <- outs[[10]]

413 GDP.2 <- outs[[12]]

414 GDP.l.same <- outs[[11]]

415 parms <- parms0

416 parms$eta <- 2

417 outs <- scenario.fn(parms,0,0)

418 GDP.l.fast <- outs[[11]]

419 parms <- parmsO0

420 parms$eta <- .5

421 outs <- scenario.fn(parms,0,0)

422 GDP.l.slow <- outs[[11]]

423

424 # Three GDP curves:

425 {

426 tikz (paste (output.path, '/corona fig 2.tex',sep='"),

4277 width = 3.2,

428 height = 3.2,

429 pointsize = 12,

430 standAlone = TRUE)

431

432 par (mar=c(4,4.5,1,1)) # figure border whitespace [bottom,left, top,right]

433

434 top <- GDP.now*1.1

435 bottom <- GDP.now*0.9

436 left <- 0

437 right <- 5

438

439 plot(seg(0,5,1),GDP.2[1:6],type="1",col="black",

440 main=""

441 xlab="",

442 ylab="",

443 axes=FALSE,

444 cex=1,

445 ylim = c(bottom, top),

446 x1lim = c(left,right),

447 cex.axis=.8,

4438 cex.lab =.9)

449

450 lines(seqg(0,5,1),GDP.0[1:6],1ty=3,col="black’")

451 lines(seq(0,5,1),GDP.1.fast[1:6],1lty=2,col="gray")

452 lines(seq(0,5,1),GDP.1.slow[1:6],1lty=2,col="gray")

453 lines(seqg(0,5,1),GDP.1l.same[1:6],1ty=2,col="black")

454

455 axis(l,at=seq(0,5,1),las=1,labels=TRUE, cex.axis=.65) # Draw x axis

456 axis (2, las=1, labels=TRUE, cex.axis=.65) # Draw y axis

457

458 mtext ('GDP [\\$]',side=2, line=3.5, cex=.8, las=0) # y-axis label

459 mtext ('StS [yrs]', side=1, line=2.5, cex=.8, las=l) # x-axis label

460

461 legend(left+(right-left)*.4,

462 bottom+ (top-bottom) *. 3,



463 legend=c ('No outbreak', 'Controlled', 'Uncontrolled benchmark', 'Uncontrolled
fast', 'Uncontrolled slow'),

464 col=c('black', 'black', 'black', 'gray', 'gray'),
465 lty=c(3,1,2,2,2),

466 cex=.0)

467

468 dev.off ()

469 }

470

471 eta <- parmsO$eta

472 }

473

474  # FIND BREAK-EVEN VALUES:
475  if(l==1){

476 # RO

477 if (1==1){

478 cat('Finding break-even value for R0O\n')

479 parms <- parmsO0

480 RO.range <- seqg(l1.0,7,.01)

481 NB <- matrix(0,length(RO.range), 1)

482 TD1 <- matrix (0, length(R0O.range), 1)

483 TD2 <- matrix(0,length(R0O.range), 1)

484 for (RO in RO.range) {

485 parms$RO <- RO

486 i <- which (RO.range==R0)

487 outs <- scenario.fn(parms,0,0)

488 D1 <- outs[[5]]

489 D2 <- outs[[6]]

490 PV.1 <= outs[[%]]

491 PV.2 <= outs[[9]]

492 NB[i] <- PV.2-PV.l+parms0$VSL*sum(D1l)-parms0$VSL*sum(D2)
493 TD1[i] <- sum(D1)

494 TD2[i] <- sum(D2)

495 }

496 pdf (paste (output.path, '/fig be RO.pdf',sep=""))
497 plot (RO.range,NB, type="1")

498 lines(RO.range,matrix (0, length(RO.range), 1), 1lty=2)
499 dev.off ()

500 temp <- which (NB>0)

501 RO.bel <- RO.range[min (temp)]

502 R0O.be2 <- RO.range[max (temp) ]

503 lo <- min(temp);if (lo==1) {RO.bel <- -999}
504 hi <- max(temp);if (hi==length(NB)) {RO.be2 <- 999}
505

506 pdf (paste (output.path, '/fig TD RO.pdf',sep=""))
507 plot (RO.range, TD1, type="1")

508 lines (R0.range, TD2, 1ty=2)

509 lines (RO.range, TD1-TD2, 1ty=3)

510 dev.off ()

511

512 }

513

514 # Save Figure 4:

515 if (1==1){

516 tikz (paste (output.path, '/corona fig 4.tex',sep='"),
517 width = 3,

518 height = 3,

519 pointsize = 12,

520 standAlone = TRUE)

521

522 par(mar=c(3.5,3.5,1,1)) # figure border whitespace [bottom,left, top,right]
523

524 left <- min(RO.range)

525 right <- max(R0O.range)

526 top <- max (TD1/10%6)

527 bottom <- 0

528

529 plot (RO.range,TD1/10%6,

530 type='1",



531 xlab='",

532 ylab="",

533 axes=FALSE,

534 cex.axis=.8,

535 cex.lab=.5)

536

537 lines (RO.range, TD2/10%6,1ty=2)

538 lines (RO.range, (TD1-TD2)/10%6, lty=3)

539 # lines (c (parms0S$RO,parms0O$RO),c (0, top),lty=2,col="gray")
540

541 axis(l,las=1,1labels=TRUE, cex.axis=.65) # Draw x axis

542 axis(2,las=1,labels=TRUE, cex.axis=.65) # Draw y axis

543

544 mtext ('Total deaths [million]',side=2, line=2.2, cex=.65, las=0) # y-axis label
545 mtext ('RS 08", side=1, line=2.0, cex=.065, las=l) # x-axis label
546

547 legend(left+(right-left) *0.0,

548 bottom+ (top-bottom) *1.0,

549 legend=c ('uncontrolled', 'controlled', 'difference'),
550 col=c('black', 'black', 'black'"),

551 lty=c(1,2,3),

552 cex=.5)

553

554 #text (left+ (right-left) *.1,bottom+ (top-bottom)*.9,"' (A)',cex=.8)
555

556 dev.off ()

557 }

558

559 # rho.lo

560 if (1==1){

561 cat ('Finding break-even value for rho.lo\n')

562 parms <- parms0

563 rho.lo.range <- seqg(0,rho.hi, .0001)

564 NB <- matrix (0, length(rho.lo.range), 1)

565 for(rho.lo in rho.lo.range) {

566

567 parms$rho.lo <- rho.lo

568 outs <- scenario.fn(parms,0,0)

569 D1 <- outs[[5]]

570 D2 <- outs[[6]]

571 PV.1 <= outs[[%]]

572 PV.2 <= outs[[9]]

573 NB[which(rho.lo.range==rho.lo)] <- PV.2-PV.l+parms0$VSL*sum(D1)-parms0$VSL*sum(D2)
574

575 }

576 pdf (paste (output.path, '/fig be rho.lo.pdf',sep="'"))

577 plot(rho.lo.range,NB, type="1")

578 lines(rho.lo.range,matrix (0, length(rho.lo.range), 1), 1lty=2)
579 dev.off ()

580 temp <- which (NB>0)

581 rho.lo.bel <- rho.lo.range[min (temp)]

582 rho.lo.be2 <- rho.lo.range[max (temp) ]

583 lo <- min(temp);if (lo==1) {rho.lo.bel <- =999}
584 hi <- max(temp) ;if (hi==length(NB)) {rho.lo.be2 <= 999}
585 }

586

587 # rho.hi

588 if (1==1){

589 cat ('Finding break-even value for rho.hi\n'")

590 parms <- parmsO0

591 rho.hi.range <- seqg(0,.05,.0001)

592 NB <- matrix (0, length(rho.hi.range), 1)

593 for(rho.hi in rho.hi.range) {

594

595 parms$rho.hi <- rho.hi

596 outs <- scenario.fn(parms,0,0)

597 D1 <- outs[[5]]

598 D2 <- outs[[6]]

599 PV.1 <= outs[[%]]
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PV.2 <= outs[[9]]

NB[which(rho.hi.range==rho.hi)] <- PV.2-PV.l+parms0$VSL*sum(D1)-parms0$VSL*sum(D2)

}

pdf (paste (output.path, '/fig be rho.hi.pdf',sep="'"))
plot(rho.hi.range,NB, type="1")
lines(rho.hi.range,matrix (0, length(rho.hi.range), 1), 1lty=2)
dev.off ()

temp <- which (NB>0)

rho.hi.bel <- rho.hi.range[min (temp)]

rho.hi.be2 <- rho.hi.range[max (temp)]

lo <- min(temp);if (lo==1) {rho.hi.bel <- =999}
hi <- max(temp) ;if (hi==length(NB)) {rho.hi.be2 <= 999}
}
# sd
if (1==1){

cat('Finding break-even value for sd\n')
parms <- parmsO0

sd.range <- seq(0,.9,.0005)

NB <- matrix (0, length(sd.range), 1)
for(sd in sd.range) {

parms$sd <- sd

outs <- scenario.fn(parms,0,0)

D1 <- outs[[5]]

D2 <- outs[[6]]

PV.1 <- outs[[8]]

PV.2 <- outs[[9]]

NB[which (sd.range==sd)] <- PV.2-PV.l+parms0$VSL*sum(D1)-parms0$VSL*sum(D2)

}

pdf (paste (output.path, '/fig be sd.pdf',sep=""))
plot(sd.range,NB, type="1")
lines(sd.range,matrix (0, length(sd.range), 1), 1lty=2)
dev.off ()

temp <- which (NB>0)

sd.bel <- sd.range[min (temp)]
sd.be2 <- sd.range[max (temp) ]
lo <- min(temp);if (lo==1) {sd.bel <- -999}
hi <- max(temp);if (hi==length(NB)) {sd.be2 <- 999}
}
# VSL
if (1==1){

cat('Finding break-even value for VSL\n')
parms <- parmsO0

VSL.range <- seqg(.5,20,.05)*10%6

NB <- matrix(0,length(VSL.range), 1)

for (VSL in VSL.range) {

parms$VSL <- VSL

outs <- scenario.fn(parms,0,0)

D1 <- outs[[5]]

D2 <- outs[[6]]

PV.1 <- outs[[8]]

PV.2 <- outs[[9]]

NB[which(VSL.range==VSL)] <- PV.2-PV.1+4+VSL*sum(D1l)-VSL*sum(D2)

}

pdf (paste (output.path, '/fig be VSL.pdf',sep=""))

plot (VSL.range,NB,type='1")
lines(VSL.range,matrix (0, length(VSL.range), 1), lty=2)
dev.off ()

temp <- which (NB>0)

VSL.bel <- VSL.range[min (temp)]

VSL.be2 <- VSL.range[max (temp) ]

lo <- min(temp);if (lo==1 {VSL.bel <- =999}
hi <- max(temp);if (hi==length (NB)) {VSL.be2 <- 999}
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}

VSL <- parms0$VSL

# shock.1l
if (1==1){

}

cat ('Finding break-even value for shock.1l\n'")
parms <- parmsO0

shock.1l.range <- seq(0,parms0$shock.2,.0005)
NB <- matrix (0, length(shock.l.range), 1)

for (shock.l in shock.1l.range) {

parms$shock.1l <- shock.1

outs <- scenario.fn(parms,0,0)

D1 <- outs[[5]]

D2 <- outs[[6]]

PV.1 <- outs[[8]]

PV.2 <- outs[[9]]

NB[which (shock.1l.range==shock.1)] <- PV.2-PV.l+parms0$VSL*sum(D1l)-parms0$VSL*sum (
D2)

}

pdf (paste (output.path, '/fig be shockl.pdf',sep='"))

plot (shock.1l.range,NB, type="1")
lines(shock.l.range,matrix (0, length(shock.1l.range), 1), 1lty=2)
dev.off ()

temp <- which (NB>0)

shock.1l.bel <- shock.l.range[min (temp)]

shock.1l.be2 <- shock.l.range[max (temp) ]

lo <- min(temp);if (lo==1 {shock.1l.bel <- =999}
hi <- max(temp) ;if (hi==length (NB)) {shock.1l.be2 <= 999}

# shock.2
if (1==1){

}

cat ('Finding break-even value for shock.2\n'")
parms <- parmsO0

shock.2.range <- seq(parms0$shock.1,.3,.0005)
NB <- matrix (0, length(shock.2.range), 1)

for (shock.2 in shock.2.range) {

parms$shock.2 <- shock.?2

outs <- scenario.fn(parms,0,0)

D1 <- outs[[5]]

D2 <- outs[[6]]

PV.1 <- outs[[8]]

PV.2 <- outs[[9]]

NB[which (shock.2.range==shock.2)] <- PV.2-PV.l+parms0$VSL*sum(D1l)-parms0$VSL*sum (
D2)

}

pdf (paste (output.path, '/fig be shock2.pdf',sep='"))

plot (shock.2.range,NB, type="1")
lines(shock.2.range,matrix (0, length(shock.2.range), 1), 1lty=2)
dev.off ()

temp <- which (NB>0)

shock.2.bel <- shock.2.range[min (temp) ]

shock.2.be2 <- shock.2.range[max (temp) ]

lo <- min(temp);if (lo==1) {shock.2.bel <- =999}
hi <- max(temp);if (hi==length (NB)) {shock.2.be2 <= 999}

# threshold
if (1==1){

cat ('Finding break-even value for threshold\n')

parms <- parms0

threshold.range <- seq(0, 2*parms0$threshold, parms0$threshold/200)
NB <- matrix (0, length(threshold.range), 1)

for(threshold in threshold.range) {



736 parms$threshold <- threshold

737 outs <- scenario.fn(parms,0,0)

738 D1 <- outs[[5]]

739 D2 <- outs[[6]]

740 PV.1 <- outs[[8]]

741 PV.2 <- outs[[9]]

742 NB[which (threshold.range==threshold)] <- PV.2-PV.l+parms0$VSL*sum(D1)-parms08$VSL*
sum (D2)

743

744 }

745 pdf (paste (output.path, '/fig be threshold.pdf',sep='"))

746 plot (threshold.range,NB,type='1")

747 lines(threshold.range,matrix (0, length(threshold.range), 1), 1lty=2)

748 dev.off ()

749 temp <- which (NB>0)

750 threshold.bel <- threshold.range[min (temp) ]

751 threshold.be2 <- threshold.range[max (temp) ]

752 lo <- min(temp);if (lo==1) {threshold.bel <- -999}

753 hi <- max(temp);if (hi==length(NB)) {threshold.be2 <- 999}

754 }

755

756 # r

757 if (1==1){

758 cat ('Finding break-even value for r\n')

759 parms <- parmsO0

760 r.range <- seq(0,.1,.001)

761 NB <- matrix (0, length(r.range), 1)

762 for(r in r.range) {

763

764 parms$r <- r

765 outs <- scenario.fn(parms,0,0)

766 D1 <- outs[[5]]

767 D2 <- outs[[6]]

768 PV.1 <- outs[[8]]

769 PV.2 <- outs[[9]]

770 NB[which(r.range==r)] <- PV.2-PV.l+parms0$VSL*sum(D1l)-parms0$VSL*sum(D2)

771

772 }

773 pdf (paste (output.path, '/fig be r.pdf',sep='"))

774 plot(r.range,NB, type="1")

775 lines(r.range,matrix (0, length(r.range), 1), 1lty=2)

776 dev.off ()

777 temp <= which (NB>0)

778 r.bel <- r.range[min (temp)]

779 r.be2 <- r.range[max (temp)]

780 lo <- min(temp);if (lo==1) {r.bel <- =999}

781 hi <- max(temp);if (hi==length(NB)) {r.be2 <- 999}

782 }

783

784 # T.GDP

785 if (1==1){

786 cat ('Finding break-even value for T.GDP\n')

787 parms <- parmsO0

788 T.GDP.range <- seq(10,100,1)

789 NB <- matrix (0, length(T.GDP.range), 1)

790 for(T.GDP in T.GDP.range) {

791

792 parms$T.GDP <- T.GDP

793 outs <- scenario.fn(parms,0,0)

794 D1 <- outs[[5]]

795 D2 <- outs[[6]]

796 PV.1 <- outs[[8]]

797 PV.2 <- outs[[9]]

798 NB[which(T.GDP.range==T.GDP)] <- PV.2-PV.l+parms0$VSL*sum(D1)-parms0$VSL*sum(D2)

799

800 }

801 pdf (paste (output.path, '/fig be T.pdf',sep="'"))

802 plot (T.GDP.range,NB, type="1")

803 lines(T.GDP.range,matrix (0, length(T.GDP.range), 1), 1lty=2)
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dev.off ()

temp <- which (NB>0)

T.GDP.bel <= T.GDP.range[min (temp)]
T.GDP.be2 <- T.GDP.range[max (temp)]

lo <- min(temp);if (lo==1) {T.GDP.bel <- -999}
hi <- max(temp);if (hi==length(NB)) {T.GDP.be2 <- 999}

}

}

# PRINT TABLE OF BREAK-EVEN RESULTS TO OUTPUT FILE:

if (1==1){
cat (' \n==========================================================\n', file=
out.file.name, append=TRUE)
cat (' Default Break-even\n', file=out.file.name,
append=TRUE)
cat('——————— \n',file=out.file.name,
append=TRUE)
cat ('RO ",sprintf('%$12.4g (%6.39,%6.39)\n',parms08R0O,R0.bel,
R0O.be2),file=out.file.name, append=TRUE)
cat('Low mortality rate ",sprintf('%$12.4g (%6.3g,%6.39)\n',parms08rho.lo,
rho.lo.bel,rho.lo.be2),file=out.file.name, append=TRUE)
cat('High mortality rate ",sprintf('%$12.4g (%6.3g,%6.39)\n',parms08rho.hi,
rho.hi.bel,rho.hi.be2),file=out.file.name, append=TRUE)
cat ('Reduction in contact rate ',sprintf('%12.4g (%6.3g,%6.3g9)\n',parms0$sd, sd.bel,
sd.be2),file=out.file.name, append=TRUE)
cat ('VSL ",sprintf('%$12.4g (%6.39,%6.39)\n',parms08VSL,VSL.bel,
VSL.be2), file=out.file.name, append=TRUE)
cat ('Uncontrolled shock ",sprintf('%12.4g (%6.3g,%6.3g)\n',parms0$shock.1,
shock.1l.bel,shock.1l.be2),file=out.file.name, append=TRUE)
cat('Controlled shock ",sprintf('%12.4g (%6.3g,%6.3g)\n',parms0$shock.2,
shock.2.bel,shock.2.be2),file=out.file.name, append=TRUE)
cat ('Threshold ",sprintf('%$12.4g (%6.3g,%6.39)\n',parms08threshold,
threshold.bel, threshold.be2), file=out.file.name, append=TRUE)
cat ('Discount rate ",sprintf('%$12.4g (%6.39g,%6.39)\n',parms08r, r.bel,
r.be2),file=out.file.name, append=TRUE)
cat('Time horizon ",sprintf('%12.4g (%6.3g,%6.39)\n',parms0$T.GDP,
T.GDP.bel,T.GDP.be2), file=out.file.name, append=TRUE)
cat ('==========================================================\n', file=out.file.name,

}

append=TRUE)

# NB=0 ISOQUANT shock.l vs shock.2:
if(1l==1){

cat ('Working on shock.l-shock.2 isoquant\n')
nodes <- 30
shock.1.0 <- shock.1l; shock.l.range <- seqg(0,.15,.15/(nodes=-1))
shock.2.0 <- shock.2; shock.2.range <- seqg(0,.15,.15/(nodes=-1))
NBiso <- matrix (0, length(shock.2.range), length(shock.1l.range))
for (shock.l in shock.1l.range) {
for (shock.2 in shock.2.range) {
if (shock.2>=shock.1){
parms <- parmsO0
parms$shock.1l <- shock.1
parms$shock.2 <- shock.?2
outs <- scenario.fn(parms,0,0)
D1 <- outs[[5]]
D2 <- outs[[6]]
PV.1 <- outs[[8]]
PV.2 <- outs[[9]]
NBiso[which(shock.2.range==shock.?2),which(shock.l.range==shock.1l)] <-
PV.2-PV.1l+parms08$VSL*sum(D1) -parms0$VSL*sum(D2)
}
}
}

# Save figure:

tikz (paste (output.path, '/corona fig iso 1.tex',sep='"),
width = 3,
height = 3,
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}

12,
TRUE)

pointsize
standAlone

par(mar=c(3.5,3.5,1,1)) # figure border whitespace [bottom,left, top,right]

left <- min(shock.2.range)
right <- max(shock.2.range)
top <- max(shock.l.range)
bottom <- min(shock.1l.range)

contour (shock.2.range, shock.1l.range,NBiso, levels=0,
drawlabels=FALSE,
xlab="",
ylab="",
axes=FALSE,
cex.axis=.8,
cex.lab=.5)

points (parms0$shock.2,parms0$shock.1,pch=1,cex=.5)
# lines (c (0,max (shock.l.range)),c(0,max (shock.l.range)),lty=2,col="gray"')

axis(l,las=1,1labels=TRUE, cex.axis=.65) # Draw x axis
axis(2,las=1,labels=TRUE, cex.axis=.65) # Draw y axis

mtext ('Uncontrolled shock',side=2, line=2.2, cex=.065, las=0) # y-axis label

~

mtext ('Controlled shock', side=1, line=2.0, cex=.65, las=l) # x-axis label
text (left+(right-left)*.1,bottom+ (top-bottom)*.9, "' (A) ', cex=.8)

dev.off ()

# NB=0 ISOQUANT rho.hi vs threshold:
if(1l==1){

cat ('Working on rho.hi-threshold isoquant\n')
nodes <- 30
rho.hi.0 <- rho.hi; rho.hi.range <- seq(0, .05, .05/ (nodes=-1))
threshold.0 <- threshold; threshold.range <- seq(0,threshold.0*2, threshold.0*2/ (nodes-
1))
NBiso <- matrix (0, length(threshold.range), length(rho.hi.range))
for(rho.hi in rho.hi.range) {
for(threshold in threshold.range) {
parms <- parmsO0
parms$rho.hi <- rho.hi
parms$threshold <- threshold
outs <- scenario.fn(parms,0,0)
D1 <- outs[[5]]
D2 <- outs[[6]]
PV.1 <- outs[[8]]
PV.2 <- outs[[9]]
NBiso[which(threshold.range==threshold),which(rho.hi.range==rho.hi)] <-
PV.2-PV.1l+parms0$VSL*sum(D1) -parms0$VSL*sum(D2)

}

# Save figure:
tikz (paste (output.path, '/corona fig iso 2.tex',sep='"),

width = 3,
height = 3,
pointsize = 12,
standAlone = TRUE)

par(mar=c(3.5,3.5,1,1)) # figure border whitespace [bottom,left, top,right]

left <- min(threshold.range)
right <- max(threshold.range)
top <- max(rho.hi.range)
bottom <- min(rho.hi.range)
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contour (threshold.range, rho.hi.range,NBiso, levels=0,
drawlabels=FALSE,
xlab="",
ylab="",
axes=FALSE,
cex.axis=.8,
cex.lab=.5)

points (parmsO0$threshold, parms0$rho.hi,pch=1, cex=.5)

axis(l,las=1,1labels=TRUE, cex.axis=.65) # Draw x axis
axis(2,las=1,labels=TRUE, cex.axis=.65) # Draw y axis

mtext ('Mortality rate above threshold',side=2, line=2.2, cex=.65, las=0) # y-axis label
mtext ('Heath care system threshold', side=1, line=2.0, cex=.65, las=l) # x-axis label

text (left+(right-left)*.1,bottom+ (top-bottom)*.9, "' (B) ', cex=.8)

dev.off ()
}

# NB=0 ISOQUANT RO vs sd:
if (1==1){
cat ('Working on RO-sd isoquant\n')
nodes <- 50
RO.0 <= RO; RO.range <- seqg(l,7,(7-1)/(nodes-1))
sd.0 <- sd; sd.range <- seq(0,1, (1-0)/(nodes=-1))
NBiso <- matrix (0, length(sd.range), length(R0O.range))
for (RO in RO.range) {
for(sd in sd.range) {
parms <- parms0
parms$R0O <- RO
parms$sd <- sd
outs <- scenario.fn(parms,0,0)
D1 <- outs[[5]]
D2 <- outs[[6]]
PV.1 <- outs[[8]]
PV.2 <- outs[[9]]
NBiso[which(sd.range==sd),which (RO.range==R0)] <-
PV.2-PV.1l+parms08$VSL*sum(D1) -parms0$VSL*sum(D2)

}

# Save figure:
tikz (paste (output.path, '/corona fig iso 3.tex',sep='"),

width = 3,
height = 3,
pointsize = 12,
standAlone = TRUE)

par (mar=c(3.5,3,1,1)) # figure border whitespace [bottom,left, top,right]

bottom <- min(RO.range)
top <- max (R0O.range)
right <- max(sd.range)
left <- min(sd.range)

contour (sd.range,R0.range,NBiso, levels=0,
drawlabels=FALSE,
xlab="",
ylab="",
axes=FALSE,
cex.axis=.8,
cex.lab=.5)

points (parms0$sd, parms0$R0O, pch=1, cex=.5)

axis(l,las=1,1labels=TRUE, cex.axis=.65) # Draw x axis
axis(2,las=1,labels=TRUE, cex.axis=.65) # Draw y axis



996

997 mtext ('RS 08", side=2, line=2.0, cex=.065, las=0) # y-axis
label
998 mtext ('Social distancing effectiveness',side=1, line=2.0, cex=.65, las=1) # x-axis
label
999
1000 text (left+(right-left)*.1,bottom+ (top-bottom)*.9, "' (C) ', cex=.8)
1001
1002 dev.off ()
1003 }
1004

1005 # NB=0 ISOQUANT RO vs rho.hi:
1006 if (1==1){

1007 cat ('Working on RO-rho.hi isoquant\n')

1008 nodes <- 50

1009 NBiso <- matrix (0, length(rho.hi.range), length(R0O.range))

1010 for (RO in RO.range) {

1011 for(rho.hi in rho.hi.range) {

1012 parms <- parmsO0

1013 parms$RO <- RO

1014 parms$rho.hi <- rho.hi

1015 outs <- scenario.fn(parms,0,0)

1016 D1 <- outs[[5]]

1017 D2 <- outs[[6]]

1018 PV.1 <= outs[[%]]

1019 PV.2 <= outs[[9]]

1020 NBiso[which(rho.hi.range==rho.hi),which (R0O.range==R0)] <-

1021 PV.2-PV.l+parms08$VSL*sum(D1l) -parms0$VSL*sum(D2)

1022 }

1023 }

1024

1025 # Save figure:

1026 tikz (paste (output.path, '/corona fig iso 4.tex',sep='"),

1027 width = 3,

1028 height = 3,

1029 pointsize = 12,

1030 standAlone = TRUE)

1031

1032 par (mar=c(3.5,3,1,1)) # figure border whitespace [bottom,left, top,right]

1033

1034 bottom <- min(RO.range)

1035 top <- max (R0O.range)

1036 right <- max(rho.hi.range)

1037 left <- min(rho.hi.range)

1038

1039 contour (rho.hi.range,R0.range,NBiso, levels=0,

1040 drawlabels=FALSE,

1041 xlab="",

1042 ylab="",

1043 axes=FALSE,

1044 cex.axis=.8,

1045 cex.lab=.5)

1046

1047 points (parms0$rho.hi, parms0$R0, pch=1, cex=.5)

1048

1049 axis(1l,las=1,1labels=TRUE, cex.axis=.65) # Draw x axis

1050 axis(2,las=1,labels=TRUE, cex.axis=.65) # Draw y axis

1051

1052 mtext ('RS 08", side=2, line=2.0, cex=.065, las=0) # y-axis
label

1053 mtext ("Mortality rate above threshold',side=1, line=2.0, cex=.65, las=l) # x-axis label

1054

1055 text (left+(right-left)*.1,bottom+ (top-bottom)*.9, "' (D) ', cex=.8)

1056

1057 dev.off ()

1058 }

1059

1060

1061



