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1. Introduction 

Here we present the fourth and final deliverable of work package 4000, which uses the models 

presented in deliverables D4.2 and D4.3 and tests cross-region transferability of these models. This 

step does not feed into the BirdWatch optimization algorithm in WP5000 but rather assesses 

robustness of the habitat suitability predictions across regions with important implications for future 

upscaling of the Birdwatch tool to other regions. The data and methods have already been described 

in previous deliverables D4.1-4.3, and we here focus on predictive accuracy of the models when 

transferred to another region. 

2. Data and Methods 

As detailed in deliverables D4.1 - D4.3, the Birdwatch work package WP4000 uses species 

distribution models (SDMs) to relate species occurrence data to prevailing environmental conditions 

in order to predict bird habitat suitability (Guisan et al., 2017). To account for scale dependent 

predictor relevance, a nested SDM framework was implemented (cf. deliverable D4.1) that combines 

European-wide, coarse-grained SDMs of climate suitability at 50 km spatial resolution with fine-

grained SDMs of habitat suitability at 200 m spatial resolution. This final 200 m spatial resolution 

represents the scale at which decisions can be supported regarding land use practices and intensity, 

while the large-scale climate suitability represents boundary conditions. For the present deliverable, 

we are mostly interested in how far SDMs trained on land use data in one region can reliably inform 

about habitat suitability in other regions. We thus focus only on the fine-scale models. Occurrence 

data for Germany, Lithuania, and South-Tyrol stem from standardized bird surveys (cf. deliverable 

D4.3). For Flanders, opportunistic observations were combined with pseudo-absences (cf. 

deliverable D4.2). Prior to modelling, occurrence data were spatially thinned (cf. deliverables D4.2 - 

4.3). The workflow for the SDMs included a variable pre-selection to avoid problems with 

multicollinearity, fitting of four different SDM algorithms (generalized linear models - GLMs, 

generalized additive models - GAMs, random forest - RF, boosted regression trees - BRTs) and 

building ensembles using the mean habitat suitability across SDM algorithms. Within-region 

predictive performance was assessed using a five-fold spatial block cross-validation and four 

different performance metrics (AUC, TSS, sensitivity, specificity), whereby the threshold-dependent 

performance metrics (TSS, sensitivity, specificity) used the maximumTSS threshold to binarize 

predictions (cf. deliverables D4.1-4.3). We used the same performance metrics for quantifying cross-

region transferability, quantifying for each training region how well the models predicted to the 

independent test regions. As not all species occurred in all regions, cross-region transferability could 

only be assessed for those farmland bird species that occurred in each training region. In a few 

cases, species occurred in a region but in such low numbers that no SDM could be fitted for that 
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training region, e.g. the Red-back shrike in Flanders. In those cases, the occurrences of that species 

could still be used for testing cross-region transferability of models trained in other regions.  

 

3. Results 

The predictive performances within and across regions were very heterogeneous. While within-

region predictive accuracy in terms of AUC yielded fair to excellent predictions for all species and 

regions (except for Red-backed shrike and Common starling in Lithuania; cf. deliverable D4.3), many 

models yielded poor predictions when transferred across regions (Tables 1-9). Highest transferability 

was achieved by models trained in Germany (AUC ranging 0.52 - 0.95, mean 0.73, median 0.73) 

followed by models trained in Flanders (AUC ranging 0.50 - 0.92, mean 0.71, median 0.72). The 

mean cross-prediction AUC achieved by models trained in Lithuania and South Tyrol was poor 

(Lithuania: AUC ranging 0.50 - 0.90, mean, 0.66, median 0.67; South Tyrol AUC ranging 0.52 - 0.88, 

mean 0.62, median 0.56). According to AUC, models trained in Germany yielded fair predictions (or 

better) in 43% of the transfers (species x region), models trained in Flanders in 35% of transfers, 

models trained in Lithuania in 32%, and models trained in South Tyrol in 11% of transfers.  

When assessing model predictive performance in terms of TSS, which summarizes the model’s 

ability to distinguish presences from absences and correct predictions from misclassifications, 

transferability was even lower (Tables 1-9). Again highest accuracy was achieved by models trained 

in Germany (TSS ranging 0.02 - 0.90, mean 0.40, median 0.41) followed by models trained in 

Flanders (TSS ranging -0.02 - 0.7, mean 0.35, median 0.35) while mean cross-region TSS were 

considerably lower for models trained in the other two regions (Lithuania: TSS ranging 0.00 - 0.90, 

mean 0.26, median 0.28; South Tyrol: TSS ranging 0.02 - 0.69, mean 0.21, median 0.14). According 

to TSS, models trained in Germany yielded fair predictions (or better) in 22% of the transfers, models 

trained in Flanders in 18% of transfers, models trained in Lithuania in 9%, and models trained in 

South Tyrol in zero transfers. 

In very few cases, models showed higher cross-region predictive performance than within-region 

predictive performance. For example, the models trained in Germany for Red-backed shrike and 

Whinchat achieved higher predictive performance in Flanders than in Germany. Similarly, the models 

trained in Lithuania for the Tree sparrow and the Whinchat achieved higher predictive performance 

in Germany and Flanders, respectively.  
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4. Conclusion 

Overall, cross-region transferability of the fine-scale models was poor for most species, potentially 

inhibiting a European-wide tool, based on only a few regions, for optimizing land use practices under 

consideration of habitat suitability for different farmland bird species. The likely reasons are region-

specific farming practices and region-specific habitat preferences of the selected species. In general, 

models trained in regions with long environmental gradients such as Germany transferred better to 

other regions, although not for all species and regions. For future use of the Birdwatch optimization 

algorithm, we thus recommend careful selection of training regions to reduce bias through regional 

peculiarities, both in terms of farming practices as well as bird behaviour.   
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Table 1: Predictive performances of SDMs trained for Eurasian skylark (Alauda arvensis). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better.  
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Table 2. Predictive performances of SDMs trained for Meadow pipit (Anthus pratensis). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better. 
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Table 3. Predictive performances of SDMs trained for Yellowhammer (Emberiza citrinella). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better. 
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Table 4. Predictive performances of SDMs trained for Red-backed shrike (Lanius collurio). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better. 
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Table 5. Predictive performances of SDMs trained for Tree sparrow (Passer montanus). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better. 
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Table 6. Predictive performances of SDMs trained for Whinchat (Saxicola rubetra). Gray shading 

indicates within-region cross-validation, while all other metrics refer to cross-region transferability. 

Bold numbers indicate model predictions that reached fair predictive accuracy or better.  
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Table 7. Predictive performances of SDMs trained for European turtle dove (Streptopelia turtur). 

Gray shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better.  
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Table 8. Predictive performances of SDMs trained for Common starling (Sturnus vulgaris). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better.  
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Table 9. Predictive performances of SDMs trained for Northern lapwing (Vanellus vanellus). Gray 

shading indicates within-region cross-validation, while all other metrics refer to cross-region 

transferability. Bold numbers indicate model predictions that reached fair predictive accuracy or 

better.  
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