
Supplementary material S1: The original bark beetle outbreak model of LandClim and the two-step 

integration into ORCHIDEE 



Table S1: Main equations of the three versions of the bark beetle outbreak model presented in this study. Subscript “org” refers to 

the original bark beetle outbreak model (BBOorg) as presented in Temperli et al. 2013. The subscript “imp” refers to the spatially 

implicit formulation of a simplified bark beetle outbreak model (BBOimp), subscript “orc” refers to the bark beetle outbreak model 

in ORCHIDEE (BBOorc). Subscript “p” represents a patch of 25x25m and “pt “denotes the total number of patches. Subscript “lc” 

refers to landscape scale averages, and subscript “dc” represents the diameter classes in ORCHIDEE. 

Process Change in formulation secondary equation 

Susceptibility to 

drought 

(1a) 𝑆𝐼𝑑 𝑜𝑟𝑔  = ∑𝑝=1

𝑝 𝑡
 (1 +

𝑒 𝑑1×(𝐷𝐼𝑚𝑎𝑥 𝑝−𝑑2)) −1 ×
1

𝑝 𝑡

 

(1b) 𝑆𝐼𝑑 𝑖𝑚𝑝  =  (1 + 𝑒 𝑑1×(𝐷𝐼𝑚𝑎𝑥 𝑙𝑐−𝑑2)) −1  

(1c) 𝑆𝐼𝑑 𝑜𝑟𝑐  = ∑𝑎𝑐=1
𝑛𝑎𝑐  (1 +

𝑒 𝑑1×((1−𝑀𝑂𝑚𝑎𝑥 𝑎𝑐)−𝑑2)) −1 ×
𝐹𝑟𝑎𝑐 𝑎𝑐

𝑛𝑑𝑐
  

𝐷𝐼𝑚𝑎𝑥 𝑝  = max(𝐷𝐼, … , 𝐷𝐼𝑛−10) 

 𝐷𝐼𝑚𝑎𝑥 𝑙𝑐  = ∑𝑝=1
𝑝𝑡

𝐷𝐼𝑚𝑎𝑥 𝑝

𝑝 𝑡
 

𝑀𝑂𝑚𝑎𝑥 𝑎𝑐 = max(𝑀𝑂, … , 𝑀𝑂𝑛−3) 

Susceptibility to 

windthrow 

(2a) 𝑆𝐼𝑤 𝑜𝑟𝑔  = max (
𝐵𝑑𝑤 𝑝

𝐵𝑚𝑎𝑥
,

𝐵𝑑𝑤 𝑘

𝐵𝑚𝑎𝑥
∈ 𝐷(𝑝, 𝑘) <

𝐷𝑤) 

(2b) 𝑆𝐼𝑤 𝑖𝑚𝑝  =
𝐵𝑑𝑤 𝑙𝑐

𝐵𝑚𝑎𝑥
 

(2c) 𝑆𝐼𝑤 𝑜𝑟𝑐  =

𝐿𝑖𝑡𝑤 𝑠𝑝

𝐵𝑤 𝑠𝑝

𝐿𝑖𝑡 𝑡ℎ𝑟𝑒𝑠
 

𝐵𝑑𝑤 𝑙𝑐  = ∑

𝑝=1

𝑝 𝑡

𝐵𝑑𝑤 𝑝

𝑝 𝑡
 

𝐿𝑖𝑡 𝑡ℎ𝑟𝑒𝑠

= 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑜𝑓 𝑏𝑟𝑒𝑒𝑑𝑖𝑛𝑔 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ  

𝑤𝑖𝑛𝑑𝑡ℎ𝑟𝑜𝑤 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑟𝑒𝑎𝑐ℎ𝑒𝑠 𝑖𝑡𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 

Susceptibility to stem 

density 

(3a) 𝑆𝐼𝑟𝑎 = ∑𝑝=1

𝑝 𝑡
 (𝑎1 +

1−𝑎1

1+𝑒 𝑎2×(𝐴𝑔𝑒 𝑝−𝑎3)
) ×

1

𝑝 𝑡

 

(3b) 𝑆𝐼𝑎 𝑖𝑚𝑝  =  (𝑎1 +
1−𝑎1

1+𝑒 𝑎2×(𝐴𝑔𝑒 𝑙𝑐−𝑎3)
) 

(3c) 𝑆𝐼𝑟 𝑜𝑟𝑐  =  (𝑎1 +
1−𝑎1

1+𝑒 𝑎2×(𝑅𝐷𝐼 𝑠𝑝−𝑎3)
) 

𝑅𝐷𝐼 𝑙𝑐 = ∑

𝑝=1

𝑝 𝑡

𝑅𝐷𝐼 𝑝

𝑝 𝑡

 

Susceptibility to patch 

purity 

(4a) 𝑆𝐼𝑠 𝑜𝑟𝑔  = ∑𝑝=1

𝑝 𝑡
 (𝑠1 + (1 − 𝑠1)/(1 +

𝑠2 × 𝑒 𝑠3×(𝑆ℎ 𝑝−𝑠4))𝑠5 −1
) ×

1

𝑝 𝑡

 

(4b) 𝑆𝐼𝑠 𝑖𝑚𝑝  =  (𝑠1 +
1−𝑠1

1+𝑠2×𝑒 𝑠3×(𝑆ℎ 𝑙𝑐−𝑠4))𝑠5 −1) 

(4c) 𝑆𝐼𝑠 𝑜𝑟𝑐  = (1 + 𝑒 𝑠1∗ (𝑠ℎ 𝑠𝑝−𝑠2)) −1 

𝑆ℎ 𝑝 =
𝐵𝐴 𝑠𝑝

𝐵𝐴 𝑡

 

𝑆ℎ 𝑙𝑐 = ∑

𝑝=1

𝑝 𝑡

𝑆ℎ 𝑝

𝑝 𝑡

 

𝑆ℎ 𝑠𝑝 =
𝐹𝑟𝑎𝑐 𝑑𝑒𝑐𝑖𝑑𝑢𝑜𝑢𝑠

𝐹𝑟𝑎𝑐 𝑠𝑝𝑟𝑢𝑐𝑒

 

Susceptibility of trees 

to bark beetle 

infestation 

(5a) 𝑆𝐼 𝑜𝑟𝑔  =  
𝑆𝐼𝑤 𝑜𝑟𝑔

2
+

𝑆𝐼𝑑 𝑜𝑟𝑔+𝑆𝐼𝑎 𝑜𝑟𝑔+𝑆𝐼𝑠 𝑜𝑟𝑔

6
 

(5b) 𝑆𝐼 𝑖𝑚𝑝  =  
𝑆𝐼𝑤 𝑖𝑚𝑝

2
+

𝑆𝐼𝑑 𝑖𝑚𝑝+𝑆𝐼𝑎 𝑖𝑚𝑝+𝑆𝐼𝑠 𝑖𝑚𝑝

6
 

(5c) 𝑆𝐼 𝑜𝑟𝑐  = 𝑆𝐼𝑤 𝑜𝑟𝑐 × 𝑊𝑤 +  𝑆𝐼𝑟 𝑜𝑟𝑐 × 𝑊𝑟 +

𝑆𝐼𝑑 𝑜𝑟𝑐 × 𝑊𝑑 + 𝑆𝐼𝑠 𝑜𝑟𝑐 × 𝑊𝑠 

𝑅𝑖𝑠𝑘 𝑜𝑟𝑐

= max (𝑅𝐼 𝑜𝑟𝑐 , … , 𝑅𝐼 𝑜𝑟𝑐,𝑛−3
) 

𝑊𝑠 = 0.1;  𝑊𝑑 = 0.1 

𝑊𝑟 =  (1 + 𝑒 𝑟1×(𝑅𝑖𝑠𝑘 𝑜𝑟𝑐−𝑟2)) −1 ×(1 −

(𝑊𝑠 + 𝑊𝑑)) 

𝑊𝑤 = 1 − (𝑊𝑟 + 𝑊𝑠 + 𝑊𝑑) 

 



 

Susceptibility of trees 

to mortality after bark 

beetle infestation  

(6a) 𝑆𝐼 𝑝,𝑐𝑜  = max (𝑆𝐼𝑤 𝑝,𝑐𝑜 ,
𝑆𝐼𝑎 𝑝,𝑐𝑜+𝑆𝐼𝑑 𝑝,𝑐𝑜

2
) 

(6b) 𝑆𝐼 𝑝,𝑐𝑜  = max (𝑆𝐼𝑤 𝑝,𝑐𝑜,
𝑆𝐼𝑎 𝑝,𝑐𝑜+𝑆𝐼𝑑 𝑝,𝑐𝑜

2
) 

(6c) 𝑆𝐼 𝑎𝑐  = 𝑆𝐼𝑟 𝑎𝑐 × 𝑊𝑟 + 𝑆𝐼𝑑 𝑎𝑐 × (1 − 𝑊𝑟) 

 

Beetle pressure index 
(7a) 𝐵𝑃𝐼 𝑜𝑟𝑔  =  𝐶𝑏𝑝 ×  𝑆𝐼 𝑜𝑟𝑔  ×

𝐺𝐼+
𝐵𝑑𝑏𝑝,𝑛−1

𝐵𝑚𝑎𝑥

2
 

(7b) 𝐵𝑃𝐼 𝑖𝑚𝑝  =  𝐶𝑏𝑝 ×  𝑆𝐼 𝑖𝑚𝑝  ×
𝐺𝐼+

𝐵𝑑𝑏𝑖𝑚𝑝,𝑛−1

𝐵𝑚𝑎𝑥

2
 

(7c) 𝐵𝑃𝐼 𝑜𝑟𝑐  =  𝐶𝑏𝑝 ×  𝑆𝐼 𝑜𝑟𝑐  ×
𝐺𝐼+

𝐵𝑑𝑏𝑝𝑖𝑥,𝑛−1
𝐵𝑡×𝐶𝑠𝑡

2
 

 

Risk index (8a) 𝑅𝐼 𝑜𝑟𝑔 = 𝑆𝐼 𝑜𝑟𝑔 × 𝐵𝑃𝐼 𝑜𝑟𝑔 

(8b) 𝑅𝐼 𝑖𝑚𝑝 = 𝑆𝐼 𝑖𝑚𝑝 × 𝐵𝑃𝐼 𝑖𝑚𝑝 

(8c) 𝑅𝐼 𝑜𝑟𝑐 = 𝑆𝐼 𝑜𝑟𝑐 × 𝐵𝑃𝐼 𝑜𝑟𝑐  

 

Infested biomass by 

bark beetle 

(9a) 𝐵𝑖𝑛𝑓 𝑜𝑟𝑔 = 150 × 𝑆𝐼 𝑜𝑟𝑔 × 𝐵𝑃𝐼 𝑜𝑟𝑔 +

𝑟 𝑏𝑒𝑡𝑎 

(9b)𝐵𝑖𝑛𝑓 𝑖𝑚𝑝 = 150 × 𝑆𝐼 𝑖𝑚𝑝 × 𝐵𝑃𝐼 𝑖𝑚𝑝 

(9c) 𝐵𝑖𝑛𝑓 𝑜𝑟𝑐  = 𝐵𝑡 × 𝐶𝑠𝑡 × 𝑆𝐼 𝑜𝑟𝑐 × 𝐵𝑃𝐼 𝑜𝑟𝑐  

𝑟 𝑏𝑒𝑡𝑎 = 𝑟𝑎𝑛𝑑𝑜𝑚 𝑡𝑒𝑟𝑛  

 

Killed biomass by bark 

beetle 

(10a) 𝐵𝑑𝑏 𝑜𝑟𝑔 = ∑𝑝=1
𝑝 𝑡

 ∑𝑐𝑜=1
𝑛𝑐𝑜

𝑆𝐼 𝑝,𝑐𝑜+𝐵𝑃𝐼 𝑜𝑟𝑔

2
×

𝐵𝑖𝑛𝑓 𝑝 ×
𝐵𝐴 𝑠𝑝,𝑐𝑜

𝐵𝐴 𝑠𝑝
 

(10b) 𝐵𝑑𝑏 𝑖𝑚𝑝  = ∑𝑐𝑜=1
𝑛𝑐𝑜

𝑆𝐼 𝑙𝑐,𝑐𝑜+𝐵𝑃𝐼 𝑖𝑚𝑝

2
×

𝐵𝑖𝑛𝑓 𝑖𝑚𝑝 ×
𝐵𝐴 𝑙𝑐,𝑐𝑜

𝐵𝐴 𝑠𝑝
 

(10c) 𝐵𝑑𝑏 𝑜𝑟𝑐  =  ∑𝑎𝑐=1
𝑛𝑎𝑐

𝑆𝐼 𝑎𝑐+𝐵𝑃𝐼 𝑜𝑟𝑐

2
×

𝐵𝑖𝑛𝑓 𝑜𝑟𝑐 ×
𝐵𝐴 𝑎𝑐

𝐵𝐴 𝑠𝑝
 

 

 

Retrieving 𝐵𝑖𝑛𝑓 𝑝from 𝐵𝑖𝑛𝑓 𝑜𝑟𝑔  is 

explained in Temperli et al. 2013 


