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Supplementary material



Appendix 1 – SAR Model Specification 

In example 3, I examined the potential of error simultaneous autoregressive (SAR) models to 

improve coefficient estimates in the presence of an unknown environmental variable that influences 

the abundance of two interacting species. I arrived at the conclusion that SAR models provided less 

biased estimates, yet remain imperfect solutions. However, SAR models can be specified in various 

ways (Kissling and Carl 2007), not all of which correctly capture the spatial structure. In the main 

text, I describe results using a rook’s-case neighborhood and row-standardized weighting. Here, I 

show that 1) these models were successful in removing residual spatial autocorrelation, 2) models 

specified in other ways produced extremely similar results, 3) no SAR model produced an unbiased 

estimate of the effect of PRED on PREY. 

 Supplementing the rook’s-case with row-standardization SAR, here I also explore 

queen’s-case neighborhoods and weighting according to the variance-stabilization scheme of 

Tiefelsdorf et al. (1999). Thus, four specifications of SAR models were fit for each grain size and 

realization of the surfaces: SAR1 (rook, row standardized), SAR2 (queen, row standardized), SAR3 

(rook, variance stabilization) and SAR4 (queen, variance stabilization). 100 realizations were 

performed. 

 Within a realization, coefficient estimates across these SAR models were remarkably 

similar (minimum correlation for the grain size of 1/32 was 0.913, for grain size 1/8 was 0.961). All 

produced a similar distribution of coefficients, centered around -0.35 for the grain size of 1/32 and 0 

for the grain size of 1/8 (Figure A1). All models were also successful in removing residual spatial 

autocorrelation, with little apparent difference among the correlograms across the model 

specifications (Figure A2, A3). 

 Compared to the true effect of PRED on PREY (-0.5), all SAR models produced 

coefficients that were biased towards too-large values, though not as badly as OLS regression 



(Figure A1).  According to AIC values, SAR1 tended to best fit the data for the 1/32 grain size, 

while SAR3 was more often selected for the 1/8 grain size. I also explored the possibility of using 

model selection based on AIC scores within each realization to select the best coefficient in that 

case. However, this did not produce less biased coefficient estimates. 

 Thus, this analysis supports the claim that SAR models reduce but do not completely 

remove bias in this situation. While it is conceivable that a better model specification exists that 

would further reduce bias, the fact that all of these models are very successful in removing residual 

spatial autocorrelation and produce very similar coefficient estimates suggests otherwise. And, in 

practice, there will usually be no way to know that these models are producing biased coefficient 

estimates because the true value is not known and all models seem to be performing well (i.e. 

removing residual autocorrelation).  
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Figure A1: Coefficient estimates for the effect of PRED on PREY (see example 3 in main text). 

Ordinary least squares models (OLS) produce coefficient estimates far from the true effect size of -

0.5 (dotted line). SAR models, specified with four different combinations of neighborhoods and 

weighting schemes (SAR1-4) improve the estimate, yet remain biased. The bias is stronger at large 

than small grain sizes (right versus left panel). 



 

Figure A2: Correlograms for model residuals at the 1/32 grain size for ordinary least squares 

regression (OLS) and four different SAR model specifications (SAR1-4). All SAR models were 

successful in removing residual autocorrelation, yielding extremely similar correlograms. Each line 

shows the correlogram from one of the 100 replicate simulations. 



 

Figure A3: As figure A2, but for grain size of 1/8. 


