Supplementary Material for The temperature responses of soil respiration in deserts: a seven desert synthesis
Below we show the model code for the modified Lloyd and Taylor (1994) temperature function applied to soil respiration data for the seven deserts. The code has been annotated (blue text preceded by a #) but the user is expected to have some experience with WinBUGS. We also show the indices that quantify climatic similarities between two deserts (Table S1), model goodness of fit for each desert (Fig. S1), and a figure similar to Fig. 3 in the main text, where we show the range of water contents over which Q10 values that are not well predicted for each desert (Fig. S2).

WinBUGS code
Model
{

#Define the likelihood of the log transformed soil respiration data (LR)

for(i in 1:N){ # i = total number of soil respiration datapoints
# log transform the respiration data


LR[i] <- log(R[i])

#likelihood for observed data

LR[i] ~ dnorm(Lmu[i],tau.LR)

#The definition of Lmu, where we adjust the Sonoran data collected with the LiCor 820 #equals(YR[i],2003) to the LiCor 6400 scale. The c0 and c1 parameters are from Cable #et al. 2008. Here we incorporate the day random effects (eps.day). Z is the predicted #value of respiration on the LiCor 6400 scale
Lmu[i] <- (1-equals(YR[i],2003))*Z[i] + equals(YR[i],2003)*(cut.c0+cut.c1*Z[i]) + eps.day[dayid[i]]

#T is soil temperature converted to Kelvin

#The process model with incorporation of the correction factors associated with respiration method (Lcf)

Z[i] <- LRb[i] + Eo[i]*((1/(293.15-KTo))-(1/(KT[i]-KTo))) + cut.Lcf[D[i]] 
# The relative soil water content (SWrel); 0 = dry, 1 = wet (SWmax = maximum SW for each desert D).

SWrel[i] <- SW[i]/SWmax[D[i]]

# This is the log transformed antecedent precipitation data (Lppt = 0 when ppt = 0).
Lppt[i] <- log(ppt[i]+1)

# Regression-type models for log(base rate) or LRb and Eo parameters.

LRb[i] <- a[1,D[i]]+a[2,D[i]]*SWrel[i]+a[3,D[i]]*Lppt[i] + a[4,D[i]]*SWrel[i]*Lppt[i]

Eo[i]   <- Eob[D[i]] + a[5,D[i]]*SWrel[i]+a[6,D[i]]*Lppt[i] + a[7,D[i]]*SWrel[i]*Lppt[i]

# Q10 estimated for each observation:
Q10[i] <- exp(Eo[i]*(((1/(KT[i] - 5 -KTo))) - ((1/(KT[i] + 5 -KTo)))))


} #Close the i loop

#Generating uncertainty with correction factors associated with respiration #measurement method, the mean correction factor is read in as data and are based on #Table 1 in Pumpanen et al. 2004
for(d in 1:7){

Lcf[d] <- log(cf[d])


cut.Lcf[d] <- cut(cf[d])


cf[d] ~ dnorm(cfmean[d],cftau[d])I(0,)



}

# Posterior means and precision based on Cable et al. 2008.
c0 ~ dnorm(-0.43, 317.5)

c1 ~ dnorm(0.86, 210.8)

cut.c0 <- cut(c0)

cut.c1 <- cut(c1)

# Below are the models for date random effects. We apply sum-to-zero constraints, and 

# use re-parameterization by sweeping with number of dates are small to account for #correlation between random effects
# Chihuahan
(sweeping applied)
eps.day[1:6] ~ dmnorm(zeros1[1:6], omega1[1:6,1:6])

eps.day[7]<-(-sum(eps.day[1:6]))


for(j in 1:6){



sigma1[j,j] <- var.dID[1]*(1-1/7)


for(k in (j+1):6){



sigma1[j,k] <- (-var.dID[1]/7)



sigma1[k,j] <- sigma1[j,k]





}



}


omega1[1:6,1:6] <- inverse(sigma1[1:6,1:6])
#Great Basin (sweeping applied)
eps.day[8:12] ~ dmnorm(zeros2[1:5], omega2[1:5,1:5])
eps.day[13]<-(-sum(eps.day[8:12]))


for(j in 1:5){



sigma2[j,j] <- var.dID[2]*(1-1/6)


for(k in (j+1):5){



sigma2[j,k] <- (-var.dID[2]/6)



sigma2[k,j] <- sigma2[j,k]





}



}


omega2[1:5,1:5] <- inverse(sigma2[1:5,1:5])
#Mojave
for(dID in 14:110){


eps.day[dID]~dnorm(0,tau.dID[3])


}


eps.day[111]<-(-sum(eps.day[14:110]))
#Sagebrush steppe

for(dID in 112:153){


eps.day[dID]~dnorm(0,tau.dID[4])


}


eps.day[154]<-(-sum(eps.day[112:153]))
#Sonoran 
for(dID in 155:168){


eps.day[dID]~dnorm(0,tau.dID[5])


}


eps.day[169]<-(-sum(eps.day[155:168]))
#polar semidesert (sweeping applied)
eps.day[170:179] ~ dmnorm(zeros6[1:10], omega6[1:10,1:10])

eps.day[180]<-(-sum(eps.day[170:179]))


for(j in 1:10){



sigma6[j,j] <- var.dID[6]*(1-1/11)


for(k in (j+1):10){



sigma6[j,k] <- (-var.dID[6]/11)



sigma6[k,j] <- sigma6[j,k]





}



}


omega6[1:10,1:10] <- inverse(sigma6[1:10,1:10])
#polar desert (sweeping applied)
eps.day[181:183] ~ dmnorm(zeros7[1:3], omega7[1:3,1:3])

eps.day[184]<-(-sum(eps.day[181:183]))


for(j in 1:3){



sigma7[j,j] <- var.dID[7]*(1-1/4)


for(k in (j+1):3){



sigma7[j,k] <- (-var.dID[7]/4)



sigma7[k,j] <- sigma7[j,k]





}



}


omega7[1:3,1:3] <- inverse(sigma7[1:3,1:3])
# Model the latent desert "index", where we assign each desert an index, and allow #correlation between these indices according to the dissimilarity index (Diss) that is #based on differences in MAP, MAT, and proximity (distances).  We model the Dind's #as coming from a multivariate normal (0,omega), with variance = 1 (standard normal), #and estimate #correlation coefficient.
for(k in 1:2){

# The following code generates correlated desert indices for deserts 3 thru 7,

# then it solves for the indices for deserts 1 and 2 such that the indices sum to 0

# and have a standard deviation of 1.


DindX[k,1:7] ~ dmnorm(mu.Dvec[1:7], omega[k,1:7,1:7])

for(d in 1:7){ #7 deserts



Dind[k,d] <- DindX[k,d] - mean(DindX[k,1:7])




}



}

# Model the regression parameters (a's), Eob's, and KTo's as functions

# of the desert index (Dind):
for(k in 1:Nparms){ #the total number of parameters to estimate

for(d in 1:7){ #7 deserts


a[k,d] <- b0[k] + b1[k]*Dind[1,d] + b2[k]*Dind[2,d]



Deffect[k,d] <- b1[k]*Dind[1,d] + b2[k]*Dind[2,d]




}



b0[k] ~ dnorm(0,0.00001)






}

b1[1] ~ dnorm(1,8)I(0,)

b2[1] ~ dnorm(1,8)I(0,)

for(k in 2:Nparms){


b1[k] ~ dnorm(0,0.00001)


b2[k] ~ dnorm(0,0.00001)



}

for(d in 1:7){


mu.Dvec[d] <- 0


Eob[d] <- mu.Eob + b1.Eob*Dind[1,d] + b2.Eob*Dind[2,d]


Deffect[Nparms+1,d] <- b1.Eob*Dind[1,d] + b2.Eob*Dind[2,d]


}

# Create covariance matrix that allows for correlations between desert's indices
for(d1 in 1:7){


for(d2 in 1:7){



Diss[1,d1,d2] <- Diss1[d1,d2]



Diss[2,d1,d2] <- Diss2[d1,d2]




}



}

for(k in 1:2){


for(d in 1:7){



sigma[k,d,d] <- 1


for(j in (d+1):7){



sigma[k,d,j] <- pow(rho[k],Diss[k,d,j])



sigma[k,j,d] <- sigma[k,d,j]




}



}



omega[k,1:7,1:7] <- inverse(sigma[k,1:7,1:7])

# Prior for correlation coefficients:

rho[k] ~ dbeta(2.1,1.5)


}

# Priors for some scalar parameters and variance components:

mu.Eob ~ dnorm(308.56,0.001)


b1.Eob ~ dnorm(0,0.0001)


b2.Eob ~ dnorm(0,0.0001)


KTo ~ dnorm(227.13,0.01)I(0,270)


sig.LR ~ dunif(0,20)


tau.LR <- pow(sig.LR,-2)

# Hierarchical prior for the desert-specific date random effect variance terms, where #each desert gets its own date random effect variance, but model the stand deviations #hierarchically defined by a folded cauchy distribution with scale parameter A.dID with a #a uniform prior.
for(d in 1:7){


sig.t.dID[d] ~ dt(0,AA.dID,2)


sig.dID[d] <- abs(sig.t.dID[d])


var.dID[d] <- sig.dID[d]*sig.dID[d]


tau.dID[d] <- 1/var.dID[d]



}


AA.dID <- pow(A.dID,-2)


A.dID ~ dunif(0,10)


}

} #end of model
Table S1  Indices that quantify climatic similarities between two deserts. The upper right triangle contains indices based on relative differences in mean annual temperature (MAT) and distance between sites (i.e., gives S1). The lower left triangle (gray cells) contains the indices based on relative differences in mean annual precipitation (MAP) and distance between sites (i.e., gives S2). Small values indicate greater similarity among sites, so a site is similar to itself (S = 0 along the diagonal). For deserts i and j, the climatic similarity indices S1i,j and S2i,j are: 
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 are the average MAT and MAP across deserts, and SDMAT and SDMAP are the standard deviations across deserts; 3500 km is an estimate of the maximum distance between sites (i.e., between the polar sites and the North American sites). 
	
	Chihuahuan
	Great Basin
	Mojave
	Sagebrush steppe
	Sonoran
	Polar semi-desert
	Polar desert

	Chihuahuan
	0
	1.025
	0.313
	1.011
	0.150
	2.526
	2.526

	Great Basin
	1.127
	0
	0.781
	0.197
	0.933
	1.673
	1.673

	Mojave
	1.352
	2.417
	0
	0.796
	0.178
	2.343
	2.343

	Sagebrush 
	0.653
	1.698
	0.748
	0
	0.940
	1.673
	1.673

	Sonoran
	0.990
	0.203
	2.314
	1.596
	0
	2.469
	2.469

	Pol. SD
	1.468
	2.380
	1.032
	1.106
	2.285
	0
	0.003

	Polar desert
	1.468
	2.380
	1.032
	1.106
	2.285
	0.003
	0
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f. Polar desert and semidesert
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f. Polar desert and semidesert
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Figure S1 Observed versus predicted LN (natural log) respiration rates for each desert; predicted values are the posterior means for (LR in Eqn (1). Sample sizes, goodness-of-fit equations, and the R2 values are shown in the upper left of each panel. In (d), we removed the most extreme 0.6% of points to better illustrate the relationships. In (f), we show goodness-of-fit statistics for the polar desert (PD, black symbols) and semidesert (PSD, white symbols) combined because the hierarchical Bayesian model essentially treated these two ecosystems as a single ecosystem type.
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Figure S2 Similar to Fig. 3 in the main text, the range of Q10 values for a combination of soil moisture (Relative water content) and antecedent precipitation conditions. Different from Fig. 3, the dark regions represent Q10 values that are not well predicted, as determined by large CV values (> 50%).
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