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Modelling forest inventory variables is 
challenging
• Spatial correlation: locations close to each other “share” information

• each plot does not represent a “full” unit of information.
• the “shared” information can be used to improve prediction (i.e., kriging)

• Zero-inflated: a large proportion of the values of the variable are 0
• Non-forest land, harvested areas, species not present…
• The proportion of 0s increases as the domain becomes more restricted

•Often positive, very skewed

•This precludes using traditional modelling approaches based on the 
normal distribution 



Example: timber volume in NW Oregon



Portland

Salem

Mt Hood

Tillamook



Total Douglas-fir Hemlock

Percentage of plots with 0 volume 26 35 57



•Not only it is zero-inflated, but the distribution is highly skewed

•No simple transformation / solution can deal with those problems 



What is a copula model?

•  



Marginal distribution

•A cubic root transformation of the non-zero volumes worked best 



Marginal distribution: zero-inflated gamma
•  

 

 

 

 

 

 



Gaussian copula: double transformation
•  

 



Transformation to Normal

 

 

These steps are reversible.



Results
• For total volume, once we include the covariates, the spatial 

correlation becomes negligible

No-covariate model Modelled data



Total volume predictions
• Since spatial correlation is very weak, we can use a simple 

zero-inflated gamma model

Predicted total volume



Hemlock volume - semivariograms

No-covariate model Modelled data



Hemlock volume predictions
Kriged hemlock volume

Hemlock volume



Conclusions and future work

•Gaussian copulas allow us to build realistic models for forest 
inventory variables, incorporating spatial correlation and 
non-standard distributions.

•Add covariates to build operational models

• Small area estimation: how to compute measures of uncertainty in 
the original scale

•High dimensional dataset, computational difficulties.


