
Evaluating Model Fit and Selecting among Multiple Models



DO NOT try all possible model combinations 
and apply “blindly” model selection tools!

• You will risk being distracted from addressing your study questions in a 
focused way and entering a huge fishing expedition. Do you need all those 
candidate models to address your study questions?

• “Trying out all models and comparing them” is usually not feasible.



Why it is difficult to compare all possible models?

Example: HMSC model with 100 species, 5 candidate environmental predictors, 3 traits with  
phylogenetic and spatial data.

• Environmental covariates. Linear and quadratic effects: 243 candidate models. Also 
interactions among predictors: 59,049 candidate models.

• Traits. Linear and quadratic effects: 27 candidate models.

• Phylogeny. Included or not, 2 candidate models.

• Spatial random effect. Included or not, 2 candidate models.

In total: 59,049 x 27 x 2 x 2 = 6.4 million models.



Why it is difficult to compare all possible models?

We can do variable selection for environmental variables separately for each of the 100 species!

In total: (59,049)^100 x 27 x 2 x 2 models =
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Pre-selection of candidate variables 
(both environmental and species traits)

• Include only those that make ecological sense, not all just 
because they were measured.

• Remove highly correlated variables by choosing only one of 
them, or using summary variables such as PCAs or means 
(but see for RRR later).

• You may run a preliminary analysis e.g. by RDA or species 
richness analyses to see which variables seem to explained a 
largest part of the variation. 



Model/variable selection strategies

• You may consider also alternative model structures, not only alternative 
sets of predictors (e.g. models with or without spatial random effects).

• You may decide to keep some of the candidate variables in any case 
(whether supported or not), e.g. those that control for variation in 
sampling effort.

• You may select variables hierarchically, e.g. first asking whether “some of 
the five climatic variables” should be included in the model (models with 
all and without any climatic variables), and if yes, then examining which 
of those five explain most variation to select only a subset.



Specific techniques implemented in HMSC 
for model comparison / variable selection

• Cross-validation (which model has the highest predictive power)?

• WAIC (which model has the lowest WAIC?

• Variable selection by spike and slab prior

• Reduced rank regression



Variable selection by spike and slab prior

“Usual” prior:

𝛽~𝑁(0, 𝜎2)

Spike and slab prior:

𝛽 = 𝑝 መ𝛽

𝑝~Bernoulli(𝑞)

መ𝛽~𝑁(0, 𝜎2)



HMSC implements spike 
and slab prior for the 𝜷-
parameters 

Hmsc(Y=…,
XData=…,
XFormula=…,
XSelect = …,
…)



HMSC implements spike 
and slab prior for the 𝜷-
parameters 

Explanatory power:

Predictive power:



Reduced Rank Regression (RRR)

• PCA (and other such techniques) can in a first step be applied to the original covariates 
to reduce their dimensionality & collinearity, and then in a second step use a small set 
of dominating PCAs as predictors in X.

• RRR combines these two steps so that instead explaining most variation in X, the 
dimension-reduced covariates explain as much variation as possible of Y



Reduced Rank Regression (RRR)



Reduced Rank Regression (RRR)

𝑥𝑖𝑘 =
𝑙=1

𝑛𝑐
𝑤𝑘𝑙 𝑥𝑖𝑙

𝑘 = 1,… , 𝑛𝑐
𝑅𝑅𝑅

Original covariatesReduced covariates Weights (estimated)



Prior parameters for RRR



HMSC 
implements RRR 
for the 𝜷-
parameters 

Hmsc(Y=…,
XData=…,
XFormula=…,
XRRRData=…,
XRRRFormula=…,
ncRRR=…,
…)



HMSC implements RRR 
for the 𝜷-parameters 

Explanatory power:

Predictive power:


