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Forecasts 

Species Distribution Models (SDMs) 
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Environmental Data 
(measure, model, satellite) 

Statistical model 
(GLM, GAM, BRT, 

MaxEnt, …) 

Climate change 
scenario 

Climatic model 

Oceanographic, 
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model 
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(model formulation and 
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(model formulation and 
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and associated 
uncertainties 

Forecasts 



How climate change will affect the spatial 
distribution of fishes in the Barents Sea?  

Build SDM for each species, 
Do the prediction. 

But… many models… 
and no species 
interactions… we 
searched for an 
alternative approach. 

Ecosystem survey: 
Bottom trawl stations 

~ 2500 Site;  
2004 – 2008; 

81 Fish species 
25 Predictors 

BarEcoReWe applied SDMs within the project 



How to account for species interactions whithin SDMs ?  

We changed the focus, from species to Biodiversity. 

i = (1, … ,S) species 

frequencies 
pi 

The relative frequencies of all 
species is actually the output 
of these species interactions. 
We modelled it directly using 

diversity indices. 

Biological sample 



Modelling dataset 

Species 

Traits 

S
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Building Diversity Models requires several operational choices 

Predictors 
Selected 
subset 

Biodiversity metric 

Model building, 
selection & 
evaluation 

How these operational 
choices affects predictive 

power ??  



We constructed 220 modelling scenarios 
by combining different operational choices 
and we compared their predictive power. 



Among the 220 modelling options considered, only a few 
led to high predictive power (~0.5-0.6  Pearson’s correlation with 

”independent” dataset). 

Intermediate level between modelling all species separately and all at 
once (e.g. ”fish species richness”) 

Low fecundity High fecundity 



Bottom temperature Bottom salinity 



What does the model explains, and what it is not explaining ? 

R-sq.(adj) =  0.435   Deviance explained = 45.1% 
GCV score = 2.4941  Scale est. = 2.4238    n = 2316 



The model is not explaining everything 

Check the residuals ! This is good statistical practice… and this is 
also a good way to ’look’ at uncertainty… 

Statistical Distribution 



Spatio-temporal correlation in the 
residuals (variograms) 
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Response variable Residuals 
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We have prediction for different years, and we now that… 

They are likely to be modified by a gaussian random field of mean 0, temporally 
independent, and spatially autocorrelated up to 100km scale 



Predicting under climate change scenario 

Climatic models, coupled with bio-geochemical model 
may provide much detailed predictions that can be 

used as input for forecast when available: 

For example:  



Slagstad et al. 2011: Biogeochemical model for the Arctic 

Ice 

Open water 

Hydrodynamic model 

3D, nested architecture, T°, 
S‰ currents, stratification, 

light  

Atmospheric & 
oceanic forcings 

Geochemical model 

13 state variables, fluxes in N (convertible to C) 

Classical Bio-geochemical model structure 



Model predictions: Water masses 

Temperature: increase (S, shelf break) 
Salinity: thinning of the halocline (N) 
Nutrient: decrease in the North, surface 

+ 8° (atm) 

+ 
+ 

- 



A General increase with regional differences 

Model predictions: Primary Production 

But… What are the uncertainties around 
these predictions on primary production ? 

+2 

+8 +4 



Discrepancies in model predictions. 

Outputs of 5 different models 
are compared for the year 

1998 

Ice coverage Upper mixed layer depth (stratification) Dissolved Inorganic N (nutrient) 

Observations 

Model 
outputs 



Keeping track of uncertainty: Ensemble forecasting 



Up to which point can we push up the ”prediction cascade” ? 

Predictions on climate (IPCC) 

Prediction on water masses 

Prediction on primary production 

(Biogeo-chemical models) 

Prediction on fish distribution 

? 

?? 

??? 



When uncertainty can’t be quantified: Expert elicitation 

In many situation, we don’t know how to quantify uncertainty. Ex: Differences in 
knowledge in the biology of species.   

Elicitation is the process through which you extract and organize information from 
expert’s head… 

without opening. 



Norwegian nature 

Nature Index 
Framework 
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Detailed information on natural 
systems 

Tool for 
environmental 
management 

Natural 
metrics 

(indicators) 
Scientists 
(experts) 

Information for the 
public 



At the municipality scale, each expert should enter 
data on their respective indicators… 

(1) Selecting a subset of municipality 

(2) Entering data: 

Data collection through a website: 

A set of 310 indicators covering both 
terrestrial and marine systems 



This data collection process allowed us to know where 
information was available: 

Ex for forest: Regional contrast in the documentation of indicators 

Number of 
documented 
indicator per 
municipality 



Time to conclude: 

Many types of uncertainty, many ways of quantifying/qualifying it, 
and also many ways of forgetting it. 

Trying to propagate all kind of uncertainties together may be 
an endless exercise… We should be explicit about which source 

of uncertainty we wish to address and which we don’t.  

”after science” uncertainty: what’s the fate of the forecast ? 



Thanks for your attention ! 


