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SM1 Data and methods 

 

Figure SM1  Severe insect infestation for Ontario and Quebec 

 

Table SM1 SRTM regrouping into simplified categories 

Value Simplified group Original description 

11 peak Peak/ridge (warm) 

12 peak Peak/ridge 

13 peak Peak/ridge (cool) 

14 mountain/divide Mountain/divide 

15 cliff Cliff 

21 upper slope Upper slope (warm) 

22 upper slope Upper slope 

23 upper slope Upper slope (cool) 

24 upper slope Upper slope (flat) 

31 lower slope Lower slope (warm) 

32 lower slope Lower slope 

33 lower slope Lower slope (cool) 

34 lower slope Lower slope (flat) 

41 valley Valley 

42 valley Valley (narrow) 



 

 

Table SM2: Combining insect disturbance - ranking for QC 

NIVEAU Description rank 

1 Light defoliation 1 

2 Moderate defoliation 3 

3 Severe defoliation 5 

8 Forest intervention, total cutting 99 

54 Mortality from 1 to 25% 6 

55 Mortality from 26 to 50% 6 

56 51-75% mortality 6 

57 Mortality: 76 to 100% 6 

99 Damage observed using satellite imagery 4 

 

 

Table SM3: Combining insect disturbance - ranking for ON 

RANKING rank 

Light 1 

Light-Moderate 2 

Moderate 3 

Moderate-Severe 4 

Severe 5 

Mortality 6 

Unknown 0 

General Damage 4 

 

 

Table SM4: Simplified surficial geology 

label geology relabel 

A Alluvial sediments, undifferentiated A 

GFc Glaciomarine: Ice-contact sediments G 

GFp Glaciomarine: Outwash plain sediments G 

GLn Glaciomarine: Littoral and nearshore sediments G 

GLo Glaciomarine: Offshore sediments G 

GMn Glaciomarine: Littoral and nearshore sediments G 

GMv Glaciomarine: Veneer G 

Ln Lacustrine: Littoral and nearshore sediments L 

Lo Lacustrine: Offshore sediments L 



Mn Marine: Littoral and nearshore sediments M 

O Organic deposits, undifferentiated O 

R Bedrock, undifferentiated R 

Tb Glacial Till: Till blanket T 

Tm Glacial Till: Moraine complex T 

Tv Glacial Till: Till veneer T 

 

SM2 Results 

Table SM5:  GBM model optimal hyperparameters 

Run  Trees 
Interaction 

depth 
Minobsinnode Shrinkage 

Bag 

fraction 

Train 

fraction 

Cv 

folds 
RMSE 

All 

forest 
All drivers 600 5 15 0.05 1 0.5 5 2.111 

All 

forest 

Environmental 

drivers 
200 3 15 0.1 1 0.5 5 

2.293 

 

Boreal 

forest 
All drivers 400 5 15 0.05 1 0.5 5 2.063 

Boreal 

forest 

Environmental 

drivers 
200 3 5 0.05 0.5 0.5 5 2.261 

 

SM2.1 All forest – all drivers 

The relative influence of each independent variable on the stability of all forest was calculated and 

plotted. The results are shown in the plot and table in Figure SM2.  The four most influential variables 

were: insects, fire, harvest and geology. The partial dependence plots are given in Figure SM3 and the 

ablation study values in Figure SM4.  Any of the RMSE values that are higher than the original model 

(the all row) performs worse when the variable is removed from the model. 

SM2.2 All forest – environmental drivers 

The relative influence of each independent variable on the stability of all forest was calculated and 

plotted excluding fire, insect and harvesting. All three: geology, TWI and landform were influential (as 

seen in Figure SM5). The partial dependence plots are given in Figure SM6 and the ablation study 

values in Figure SM7.  Any of the RMSE values that are higher than the original model (the all row) 

performs worse when the variable is removed from the model. 

 

 



 

Figure SM2 Relative influence of each variable on instability for all forests – all drivers. Relative influence is a 

measure indicating the relative importance of each variable in training the GBM model.  

 

 

Figure SM3 Partial dependence and ICE plots for all forests – all drivers.  The boxplot and black lines 

for TWI show the ICE values, the distribution of the predicted response variable for each observation 



as we vary each predictor variable in the model. For the TWI ICE values, the values are centered to the 

first point of the PDP value.  The red dot and red line for TWI representing the PDP value and the half 

violin plot (blue) shows the density of the training data. 

 

 

 

Figure SM4 Ablation study for all forests – all drivers.  (a) RMSE values for the trained data and the 

predict RMSE values with the test data. (b) bar graph representation of the ablation RMSE values the 

vertical line corresponds with the RMSE values of the original model without variable removal.  Any 

values past the vertical line, with corresponding colour, performed worse when removed. 

 

 

Figure SM5 Relative influence of each variable on instability for all forests – environmental drivers. 

Relative influence is a measure indicating the relative importance of each variable in training the GBM 

model.  

 

(a) (b) 



 

Figure SM6  Partial dependence and ICE plots for all forests – environmental drivers.  The boxplot and 

black lines for TWI show the ICE values, the distribution of the predicted response variable for each 

observation as we vary each predictor variable in the model. For the TWI ICE values, the values are 

centered to the first point of the PDP value.  The red dot and red line for TWI representing the PDP 

value and the half violin plot (blue) shows the density of the training data.   

 

 

Figure SM7 Ablation study for all forests – environmental drivers  (a) RMSE values for the trained data 

and the predict RMSE values with the test data. (b) bar graph representation of the ablation RMSE 



values the vertical line corresponds with the RMSE values of the original model without variable 

removal. Any values after the vertical line, with corresponding colour, performed worse when 

removed. 

 

 

SM2.3 Boreal forests - environmental drivers only 

The relative influence of each independent variable on the stability of the forest was 

calculated and plotted. The results are shown in the table below and the plot in Figure SM8.  

All three parameters have an influence: TWI, geology and landform. Partial dependence plots 

can be found in Figure SM9. The ablation study values can be found in Figure SM10.  Any of 

the RMSE values that are lower than the original model (the all row) performs better when the 

variable is removed from the model. 

 

 

Figure SM8 Relative influence of each variable on instability for boreal forests – environmental drivers. 

Relative influence is a measure indicating the relative importance of each variable in training the GBM 

model.  



 

 

Figure SM9. Partial dependence and ICE plots for boreal forest – environmental drivers.  The boxplot and 

black lines for TWI show the ICE values, the distribution of the predicted response variable for each 

observation as we vary each predictor variable in the model. For the TWI ICE values, the values are centered 

to the first point of the PDP value.  The red dot and red line for TWI representing the PDP value and the half 

violin plot (blue) shows the density of the training data.   
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Figure SM10. Ablation study for boreal forest – environmental drivers.  (a) RMSE values for the trained 

data and the predict RMSE values with the test data. (b) bar graph representation of the ablation RMSE 

values the vertical line corresponds with the RMSE values of the original model without variable 

removal.  Any values after the vertical line, with corresponding colour, performed worse when removed. 
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