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Odd Kolbjørnsen 

• Ph.D from NTNU in 2002 

– Nonlinear topics in the Bayesian  
approach to inverse problems 

• 2002-2014: Norsk Regnesentral  

• 2010-2015: Associate Editor in  
                     Mathematical Geosciences 

• 2014 -       : Senior Exploration Analyst  
                     Lundin-Norway 
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Desired background 
• General knowledge of quantitative 

methods/modelling 
• General knowledge of mathematics  

(matrix/vector calculations) 
• Probability theory 

– Expectations/Covariance matrices 
– Conditional densities/probabilities 
– Bayes theorem 

• (Linear) Regression 
• Maximum likelihood 
• Knowledge of common distributions (normal, 

binomial, Poisson, Gamma, t) 



STK 4150/9150 
• Course made by: 

– Geir Storvik 

• Lectured by 

– Odd Kolbjørnsen 

• Book by: 

– Noel Cressie 

– Christopher  K. Wikle 
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Course form 

• Lectures 

• Weekly exercises  

• Compulsory project (Given in May) 

• Written exam (30.May 9:00-13:00) 

 

• Monday: 
14:15 – 16:00 Lectures  

16.15 – 17:00 Last week Exercise Q&A  

 

Grading 



http://www.uio.no/studier/emner/matnat/math/STK4150/v17/ 



Environmental statistics  
(Wide definition) 

• Meteorology (temperature, wind, humidity) 

• Climate (CO2, Temperature) 

• Pollution (ozone, sulfur,  ) 

• Biological data (species, plants, Sustainable 
population management ) 

• Human data (Mortality, Disease surveillance ) 

 

 



John Snow on Cholera 



1854 London outbreak of Cholera 

First use of spatial statistics in medicine.  Disease surveillance  
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Environmental statistics  

• Variability in space and time 

• Correlation in data 

• Aim to infer cause- effect relationship 

• Need where and when! 

– Recording of where and when is a  
powerful tool for  obtaining covariates 

 

 

 



https://www.youtube.com/watch?v=e0vj-0imOLw 

Change of support: 
- Measure at locations 

( ~ 0.01m2) 
- Average over globe~ 

(361 132 000 km2) 
 

   

https://www.youtube.com/watch?v=e0vj-0imOLw
https://www.youtube.com/watch?v=e0vj-0imOLw
https://www.youtube.com/watch?v=e0vj-0imOLw


Spatial statistics 

• "Predict region of boreal forest (taiga) from 
satellite data. 

• Explanatory variables: 
– Wetness index 

– Vegetation index 

– Temperature 

– Greenness index 

• Boreality index 
– Number of boreal spices / total number of spices 

 

 

 

 

https://no.wikipedia.org/wiki/Fil:Taiga.png




Spatial correlation 

• Bubble plot of residuals 

• Clustering of high and 
low values 

– Spatial correlation in the 
residual process 

– Missing explanatory 
variable with spatial 
characteristics 

 

 







What should we do  
with the boreal data? 

• What goes wrong if we assumes 
independence? 

– Too certain on a large scale 

• Data redundancy (information content repeated) 

– Too uncertain on a short scale 

• Local refinement due to correlation (interpolation) 

 

 

 

 

 

















Spatio-temporal Data 
Surface temperature in 
Pacific region from 
February 1998 
to January 1999 El
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Invasive spread of  
Eurasian Collared Dove  

North American Breeding Bird Survey data on the Eurasian Collared 
Dove (Streptopelia decaocto) for the years 1986 - 2008. 













Course @ a slide 

• Statistics preliminaries 
(Chapter 2) 

• Temporal processes 
(Chapter 3) 
– Deterministic models 
– Stochastic models 
– Spectral representation  

• Spatial processes 
– Geostatistical processes, 

sec 4.1 
– Lattice processes, sec 4.2 
– Point processes, sec 4.3  

 

• Spatio-temporal processes 
– Exploratory methods 

(Chapter 5) 
– Models (Chapter 6) 
– Hierarchical models  

(Chapters 7 and 8) 

 
• Focus on 

– Modeling 
– Analysis in practice (using R) 
– Theoretical aspects 
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Computations 

• Inference for space time-processes difficult due to 
– Complex models 
– Latent processes (likelihood not directly specified) 
– Huge amounts of data 

• Possibilities 
– Use available software 

• Typically for specific models 

– Monte Carlo methods 
• Preferred method in the book, described in sec 2.3 

– Using integrated nested Laplace approximation (INLA) 
• Flexible software for latent Gaussian processes 
• Will be used throughout the course 

– Computation within R 



Begin @ the end 



Not focus on decisions theory. 
If interested: 




















