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Outline

• TMB (Template Model Builder)

• Using TMB with SPDE/INLA spatial 

models

– Barriers models (e.g. islands in the ocean)

• Using TMB with Soap smoothers from 
mgcv

– “Induced” spatial covariance

• Application to North East Atlantic mackerel



Motivation: North East Atlantic mackerel

Unpublished data by 

Nikos Nikolioudakis 

IMR, Bergen

Triangulation created in 

R-INLA



What is TMB?

• «Template Model Builder»

– R-package on CRAN

• Makes linking R to C++ easy

– Like Rcpp, but with additional functionality

• Key features?

– Automatic Differentiation

– Automatic Laplace approximation

• TMB developer: Kasper Kristensen, DTU



By Brad Bell

By Kasper Kristensen

SPDE mesh generation

from R-INLA
Smoother bases from 
mgcv

Stan (HMC sampling) 
via tmbstan



Using 

SPDE/INLA 

meshes in TMB

Integration in 𝑅𝑛 by 

Laplace approximaiton
Basis for 
MLE



The A-matrix





Interface 

to R-INLA

Multivariate normal 

density

Eqn (22) in 

Lindgren et al 

2011



Interface 

to R-INLA



INLA: Shiny app for mesh generation

Study region 

(normal area)



Marginal variance (SD in figure)
Study region 

gets constant

variance
Boundary region 

gets non-

constant

variance



The barrier region (in grey)

Barrier 

models
Horse shoe example: 

normal area and barrier
(grey)

Fisheries data from 
Bakka et al  (arxiv.org)
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The barrier region (in grey)

SPDE Barrier model by Bakka 

et al



Results from Bakka model



Direct implementation of (22) in Lindgren 
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Soap film smoother

Wood et al (2008):

implied varince / 

covariance



Soap film smoother in TMB

Setting up the
smoothing using mgcv



Soap film smoother in TMB

Penalty matrices



Soap film smoother in TMB



TMB gives exactly the same estimates

of the spline coefficient



Soap film smoother:

implied varince / 

covariance

Corelation relative to 

this position

Non-constant variance

Negative correlation



Summary and conclusion

• It is “easy” to import spatial smoothers into 

TMB

– INLA: great mesh generation tools

– mgcv: a large variety of spline smoothers 

• Barrier model:

– Direct implementation based on (22) in 

Lindgreen does not work properly.



Summary and conclusion

• The soap smoother “implies” a spatial 

covariance matrix

– Natural “metric” for comparison with covariance 

based methods

– Negative long range spatial correlation not yet 

understood (have I done something wrong???)

• Norwegian mackerel data:

– Zero-inflated model with spatial components in 

both p(empty trawl) and in p(y | y>0)

– Spatio-temporal model
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