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Supplement B: MARSS model and R scripts

The following examples show an expanded form of the state-space matrix equations in the Methods section.  We also present the R scripts to show how the model would be implemented using the MARSS package in R.  The scripts are considerably more detailed with respect to naming convention and design than is necessary, but we wanted to show a direct parallel between the equations in the Methods and their implementation in R.  While these scripts are specifically intended for our Johnson Creek Chinook Salmon data, it should be easy to include time series for the reader’s own species of interest.
Example of the best model as determined by AICc, complete synchrony, and correlation in the MPI and MPE RCS data:

The process model has only a single underlying process for all survey types, namely,



.

By definition, the x0 vector is a scalar.  We retain the multivariate normal description of the process error for consistency, although in this model vt is described simply by a univariate normal distribution.

The observation model is defined as

,
.

The observation model assumes that the mark–recapture and multiple-pass extended RCS time series map identically to the underlying spawner abundance process by setting their bias parameters to 0, and the SPI and MPI RCS observations are scaled to the underlying process.  The variance of observation errors for the MR and SPI are unique, and those for MPI and MPE are aggregated.


Script 1: Method for Estimating the Observation and Process Model Parameter Using the MARSS Package in R
#The process model parameters
#The matrix for Q
Qmod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)
#Vector for U
Umod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)
#Vector for X0
X0mod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)

#The observation model parameters
#The matrix for A
Amod <- matrix(list(0,"{SPI}","{MPI}",0),4,1)
#The matrix for RR
Rmod <- matrix(list("{MR}",0,0,0,0,"{SPI}",0,0,0,0,"{MPE,MPI}",0,0,0,0,"{MPE,MPI}"),4,4)

#The matrix for Z maps the process to the observations
#This is the only non-intuitive part about MARSS
#There are four observations. You group observations by repeating numbers
#rather than by descriptive elements of the previous vector or matrices.
#Thus, all of the observation are mapped to the first "1" - and only -
#process.

Zmod <- factor(c(1,1,1,1))

#Call the MARSS function
mod <- MARSS(myDat, model=list(R=Rmod, Z=Zmod, Q=Qmod,A=Amod, U=Umod, x0=X0mod))


Script 2: Method for Conducting a Risk Analysis of a Single Year of Observations Using the Maximum Likelihood Parameters from Script 1
#Attach the library
library(MARSS)

#read in the raw data
dat <- read.table("rawJohnson.dat", header=TRUE, fill=TRUE)

#Transform data
#############  Change surveys to populations  ######################
#change the surveys into population estimates
#There are four survey and thus four columns
pop <- matrix(0,dim(dat)[1],4)
icnt <- 2
for(i in c(3,4,5))
{
pop[,icnt] <- dat[,i]/(dat$f*(1-dat$a))
	icnt <- icnt + 1
}
pop[,1] <- dat$mr
#The log of the population estimate.
lnPop <- log(pop)

##################   Transform the necessary data ###################
dimnames(myDat) <- list(names(dat)[2:5],1998:2011)


######################Create the state-space model #######################
#The process model parameters
#The matrix for Q
Qmod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)
#Vector for U
Umod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)
#Vector for X0
X0mod <- matrix(list("{MR,SPI,MPI,MPE}"),1,1)
#The matrix for Z maps the process to the observations
#This is the only non-intuitive part about MARSS
#There are four observations. You group observations by repeating numbers
#rather than by descriptive elements of the previous vector or matrices.
#Thus, all of the observation are mapped to the first "1" - and only -
#process.
Zmod <- factor(c(1,1,1,1))
#Call the MARSS function
#The observation model parameters
#The matrix for A
Amod <- matrix(list(0,"{SPI}","{MPI}",0),4,1)
#The matrix for RR
Rmod <- matrix(list("{MR}",0,0,0,0,"{SPI}",0,0,0,0,"{MPE,MPI}",0,0,0,0,"{MPE,MPI}"),4,4)
mod <- MARSS(myDat, model=list(R=Rmod, Z=Zmod, Q=Qmod,A=Amod, U=Umod, x0=X0mod))


###########   Save the par estimates and standard errors         #####
#get CIs
parsMu <- data.frame(t(MARSSparamCIs(mod)$parMean))
parsSE <- data.frame(t(MARSSparamCIs(mod)$par.se))

#bias sigma
AAse <-
	c(1e-6,parsSE$A..SPI.,parsSE$A..MPI.,1e-6)
#process var. MLE
RRmu <-
	c(parsMu$R..MR.,parsMu$R..SPI.,parsMu$R..MPE.MPI.,parsMu$R..MPE.MPI.)
#process var sigma
RRse <-
	c(parsSE$R..MR.,parsSE$R..SPI.,parsSE$R..MPE.MPI.,parsSE$R..MPE.MPI.)


	
####################     Setup the simulation information ###################
#Range of simulated population sizes
simPop <- seq(-1.3,1.1,0.02)
#Threshold population size
Xdot <- 0
# number of survey types
nSurv <- 4
# number of simulations
nSim <- 1000

#Array for saving type 1 and 2 error
Type1and2 <- array(0,dim=c(nSurv,length(simPop)))

#########################  Simulation ################################
for(Stype in 1:4)				#survey type
{	
	pcnt <- 1
	for(Xt in simPop)				#surv observation
	{
		for(s in 1:nSim)		#process simulation
		{
			Asim <- rnorm(1,0, AAse[Stype])			#bias by measurement
			Rsim <- max(1e-6,rnorm(1,sqrt(RRmu[Stype]), RRse[Stype]))	#variance of obs. error
			vtsim <- rnorm(1,0,Rsim)							#obs. error
			#Type 1 error
			if(Xt<=0)
			{
				if((Xt + Asim + vtsim)>0)
				{		
					Type1and2[Stype,pcnt] <- Type1and2[Stype,pcnt] + 1
				}
			}
			#Type 2 error
			if(Xt>0)
				if((Xt + Asim + vtsim)<0)
					Type1and2[Stype,pcnt] <- Type1and2[Stype,pcnt] + 1
		}#end sim loop
		#simulation incrementor
		pcnt <- pcnt + 1
	}#end survey observation loop
}# end survey type loop

matplot(t(Type1and2)/nSim,
	xlab="Percentage of threshold",
	ylab="Probability of Type I or II error",
	las=1,
	ylim=c(0,0.55),
	type="l",
	lty=1,
	xaxs="i",
	yaxs="i",
	axes=FALSE,
	lwd=3)
par(new=TRUE)
plot(1,
	xlim=c(-1.3,1.1),
	ylim=c(0,0.55),
	axes=FALSE,
	type="n",
	las=1,
	yaxs="i",
	xaxs="i",
	ylab="",
	xlab="")
box()	
axis(2, las=1)
axis(1,
	at=(log(c(0.5,0.75,1,1.25,1.5, 1.75))),
	labels=c("50%","75%","100%","125%","150%", "175%"))
text(0.6,0.5, "( a )")

[bookmark: _GoBack]Script 3: Method for Conducting a Risk Analysis Based on Ten Years of Observations Using the Maximum Likelihood Parameters from Script 1
Reading in the data is all the same as the 1-year risk analysis.  This script just contains new arrays and risk analysis loops.
###############  Ten year mean
nY <- 10
#Range of simulated population sizes
simPop <- seq(-1.3,1.1,0.02)
#Threshold population size
Xdot <- 0
# number of survey types
nSurv <- 4
# number of simulations
nSim <- 1000
#Temporary array
Xt10 <- 1:nY

#Array for saving type 1 and 2 error
Type1and2 <- array(0,dim=c(nSurv,length(simPop)))
	for(Stype in 1:4)				#survey type
	{	
		pcnt <- 1
		for(Xt in simPop)				#surv observation
		{
			for(s in 1:nSim)		#process simulation
			{
				for(y in 1:nY)
				{
					Asim <- rnorm(1,0, AAse[Stype])			#bias by measurement
					Rsim <- max(1e-6,rnorm(1,sqrt(RRmu[Stype]), RRse[Stype]))	#variance of obs. error
					vtsim <- rnorm(1,0,Rsim)							#obs. error
					Xt10[y] <- Xt + Asim + vtsim
				}
				#Type 1 error
				if(Xt<=0)
				{
					if(mean(Xt10)>0)
					{		
						Type1and2[Stype,pcnt] <- Type1and2[Stype,pcnt] + 1
					}
				}
				#Type 2 error
				if(Xt>0)
					if(mean(Xt10)<0)
						Type1and2[Stype,pcnt] <- Type1and2[Stype,pcnt] + 1
			}#end sim loop
			#simulation incrementor
			pcnt <- pcnt + 1
		}#end survey observation loop
	}# end survey type loop

################## The plot is a little cumbersome but it gets the job done
matplot(t(Type1and2)/nSim,
	xlab="Percentage of threshold",
	ylab="Probability of Type I or II error",
	las=1,
	ylim=c(0,0.55),
	type="l",
	lty=1,
	xaxs="i",
	yaxs="i",
	axes=FALSE,
	lwd=3)
par(new=TRUE)
plot(1,
	xlim=c(-1.3,1.1),
	ylim=c(0,0.55),
	axes=FALSE,
	type="n",
	las=1,
	yaxs="i",
	xaxs="i",
	ylab="",
	xlab="")
box()	
axis(2, las=1)
axis(1,
	at=(log(c(0.5,0.75,1,1.25,1.5, 1.75))),
	labels=c("50%","75%","100%","125%","150%", "175%"))
text(0.6,0.5, "( b )")



