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σ(li)

lit

σ(li) lit ≥  θσ(li) θ1

lit

σ(li) lit ≥  θσ(li) θ2

                                                 



 

lit

σ(li) lit ≤ −θσ(li) θ

lit

σ(li) lit ≥  θσ(li) θ2

 



 

 

 

 



 

FFCi,t
Direct)

FFCi,t
Indirect

 

𝑆_𝐹𝐹𝐶𝑖,𝑡 =  
𝐹𝐹𝐶𝑖,𝑡

𝐷𝑖𝑟𝑒𝑐𝑡 + 𝐹𝐹𝐶𝑖,𝑡
𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 

𝐷𝐶𝑖,𝑡 +  𝐹𝐹𝐶𝑖,𝑡
𝐷𝑖𝑟𝑒𝑐𝑡

                         (1) 

 
 
 

whereas DCi,t represents the domestic credit (excluding credit to 

governments), taken from the BIS credit statistics.  

                                                 

  



 

𝑆_𝐹𝐹𝐶𝑖,𝑡

 

 
 
 
 
 
 



 

 

                                                 



 

 

 



 

 
 

ℙ[γi,t = 1] =  δt +  μi +  β1∆S_FFCi,t +  ∑ βj

J

j=3

Xi,t +  εi,t                        (2) 

 

δi,t

ℙ[δi,t = 1]

∆S_FFCi,t 



 

 

Xi,t

                                                 



 

δt

μi
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∆
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∆

 

 



 

    

  



 

 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

∆



 

ℙ[𝛿𝑖,𝑡 = 1]
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1
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∆
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∆
𝑆

_𝐹
𝐹

𝐶
𝑖,

𝑡 

∆
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∆
𝑆

_𝐹
𝐹

𝐶
𝑖,

𝑡 

∆



 

 

  

 

  



 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

∆𝑆_𝐹𝐹𝐶𝑖,𝑡
 

 

 

 

 

 

 

 

 

 

 



 



 



 

 



 



 

 

                                                 



 

                                                 



 



 



 



 



 



 

                                                 



 



 

5%

6%

5%

6%

18%

8%

9%

10%

7%

8% 12%

21%

9%



 



 



 

𝐿𝑛 (
𝐿𝑜𝑎𝑛𝑠𝑏,𝑖,𝑗,𝑡

𝐴𝑠𝑠𝑒𝑡𝑠𝑏,𝑡

) =  𝛼𝑏 +  𝛾𝑡 + 𝛿𝑗 + ∑ 𝛽𝑘

𝐾

𝑘=2

𝑋𝑖,𝑗,𝑡 + ∑ 𝛽𝑙

𝐿

𝑙=𝐾+1  

𝑌𝑖,𝑗

+ 𝛽𝑚𝐺𝑜𝑣𝑗,𝑡 +  𝛽𝑛𝐺𝐼𝐼𝑃𝑆𝐶𝑗 + + 𝜀𝑏,𝑖,𝑗,𝑡                             (1)

𝐿𝑜𝑎𝑛𝑠𝑏,𝑖,𝑗,𝑡

𝐴𝑠𝑠𝑒𝑡𝑠𝑏,𝑡

𝛼𝑏 𝛾𝑡 𝛿𝑗 

𝜀𝑏,𝑖,𝑗,𝑡

 𝑋𝑖,𝑗,𝑡

𝐺𝐷𝑃𝑐𝑎𝑝𝑖𝑡𝑎| 𝑖−𝑗|,𝑡)  

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡| 𝑖−𝑗|,𝑡) 𝐺𝐷𝑃𝑔𝑟𝑜𝑤𝑡ℎ| 𝑖−𝑗|,𝑡  
)

𝑙𝑛 𝑡𝑟𝑎𝑑𝑒𝑖,𝑗,𝑡



 

 𝑌 𝑖,𝑗

𝑙𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖,𝑗), 

𝑐𝑜𝑚𝑚𝑜𝑛 𝑏𝑜𝑟𝑑𝑒𝑟𝑖,𝑗) 𝑐𝑜𝑚𝑚𝑜𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑦𝑖,𝑗)

𝑙𝑒𝑔𝑎𝑙 𝑜𝑟𝑖𝑔𝑖𝑛 𝑖,𝑗)

                                                 

  



 

 𝐺𝑜𝑣j,t

𝐺𝐼𝐼𝑃𝑆𝐶𝑗



 

                                                 

 



 

                                                 



 



 



 



 



 

                                                 



 



 

𝑥𝑏,𝑗,𝑡)

𝐻𝐻𝐼𝑏,𝑡 

𝐻𝐻𝐼𝑏,𝑡 =  ∑ 𝑥𝑏,𝑗,𝑡
2𝐽

𝑗=1



 

𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

(𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐻𝐻𝐼𝑏,𝑡

𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = (𝑋𝑏,𝑡

𝑑𝑖𝑠𝑠𝑖𝑚)2 + (𝑋𝑏,𝑡
𝑠𝑖𝑚)2                                       (3)



 

𝑋𝑏,𝑡
𝑑𝑖𝑠𝑠𝑖𝑚

𝑋𝑏,𝑡
𝑠𝑖𝑚

𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

                    𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛 =  

1

𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛  ∗ [∑ (𝑥𝑏,𝑚,𝑡

𝑑𝑖𝑠𝑠𝑖𝑚)2𝑀
𝑚=1 ∑ (𝑥𝑏,𝑛,𝑡

𝑠𝑖𝑚 )2𝑁
𝑛=1

𝑋𝑏,𝑡
𝑑𝑖𝑠𝑠𝑖𝑚 𝑋𝑏,𝑡

𝑠𝑖𝑚

𝑥𝑏,𝑚,𝑡
𝑑𝑖𝑠𝑠𝑖𝑚 𝑥𝑏,𝑛,𝑡

𝑠𝑖𝑚

𝑋𝑏,𝑡
𝑑𝑖𝑠𝑠𝑖𝑚 =  ∑ (𝑥𝑏,𝑚,𝑡

𝑑𝑖𝑠𝑠𝑖𝑚)  𝑀
𝑚=1 𝑋𝑏,𝑡

𝑠𝑖𝑚 =  ∑ (𝑥𝑏,𝑛,𝑡
𝑠𝑖𝑚 ) .𝑁

𝑛=1

𝐻𝐻𝐼𝑏,𝑡 =   𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 ∗   𝐻𝐻𝐼̅̅ ̅̅ ̅̅

𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛                                    (5)

𝐺𝐷𝑃𝑐𝑎𝑝𝑖𝑡𝑎| 𝑖−𝑗|,𝑡) 

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡| 𝑖−𝑗|,𝑡) 

𝐺𝐷𝑃𝑔𝑟𝑜𝑤𝑡ℎ| 𝑖−𝑗|  



 

𝑟𝑏,𝑡 =  𝛼𝑏 + 𝛾𝑡 +  𝛽1 ∗ (1 − 𝐻𝐻𝐼𝑏,𝑡 ) + ∑ 𝛽𝑘

𝐾

𝑘=5

𝑋𝑏,𝑡−1

 

+  𝜀𝑏,𝑡            (6)

r𝑏,t 

𝑧 − 𝑠𝑐𝑜𝑟𝑒𝑏,𝑡 =  
𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑜𝑏,𝑡 + 𝑅𝑂𝐴𝑏,𝑡

 𝜎(𝑅𝑂𝐴𝑏,𝑡)
                                 (7)

                                                 



 

𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑜𝑏,𝑡) 

𝑅𝑂𝐴𝑏,𝑡

𝜎(𝑅𝑂𝐴𝑏,𝑡) 

α𝑏 γt

εb,t

𝐻𝐻𝐼𝑏,𝑡 

𝑋𝑏,𝑡−1

𝑙𝑛 𝑇𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠𝑏,𝑡−1)

𝑐𝑜𝑠𝑡 − 𝑡𝑜 −

𝑖𝑛𝑐𝑜𝑚𝑒𝑏,𝑡−1)



 

( 𝑇𝑖𝑒𝑟 1 𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑏,𝑡−1)

𝑙𝑛 𝑃𝑟𝑜𝑏𝑙𝑒𝑚𝑟𝑎𝑡𝑖𝑜𝑏,𝑡−1).

𝑆ℎ𝑎𝑟𝑒 𝑛𝑜𝑛 −

𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑖𝑛𝑐𝑜𝑚𝑒 (%))

𝑅𝑂𝐴𝑏,𝑡−1

𝑟𝑏,𝑡 =  𝛼𝑏 + 𝛾𝑡 +  𝛽1 ∗ (1 − 𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

 
)

+  𝛽2 ∗ (1 − 𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

 
)  + ∑ 𝛽𝑙

𝐿

𝑙=5

𝑋𝑏,𝑡−1

 

+  𝜀𝑏,𝑡                    (8)

                                                 



 

                                                 



 



 



 



 

σ σ



 



 

                                                 



 



 

 𝐻𝐻𝐼𝑏,𝑡

  𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛 𝐻𝐻𝐼𝑏,𝑡

𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝐻𝐻𝐼𝑏,𝑡

𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛   𝐻𝐻𝐼̅̅ ̅̅ ̅̅

𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

𝐻𝐻𝐼𝑏,𝑡

𝐻𝐻𝐼𝑏,𝑡

𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

  𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛



 

𝐻𝐻𝐼𝑏,𝑡

  𝐻𝐻𝐼̅̅ ̅̅ ̅̅
𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛   𝐻𝐻𝐼̅̅ ̅̅ ̅̅

𝑏,𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

𝐻𝐻𝐼𝑏,𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛



 



 



 



 



 

http://www.bankinglibrary.com/e/fdz/IntBankLib/data/crossborderbanking.asp
http://www.bankinglibrary.com/e/fdz/IntBankLib/data/crossborderbanking.asp


 



 



 



 



 



 



 



 



 



 

   



 

  

 



 

  

σ

σ



 



 



 

 

                                                 

 



 



 



 

𝐿𝐶𝑅 =  
𝐻𝑖𝑔ℎ 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐿𝑖𝑞𝑢𝑖𝑑 𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑎𝑠ℎ 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠 − 𝐶𝑎𝑠ℎ 𝑖𝑛𝑓𝑙𝑜𝑤𝑠 
                                      (1)

                                                 



 

𝐷𝐿𝐶𝑅𝑖,𝑡 =  
𝐴𝐿𝑖,𝑡

𝑅𝐿𝑖,𝑡
=  

∑ 𝑎𝑗  ∙  𝐴𝑠𝑠𝑒𝑡𝑖,𝑗,𝑡 +  ∑ 𝑏𝑘  ∙ 𝐼𝑛𝑓𝑙𝑜𝑤𝑖,𝑘,𝑡𝑘𝑗

∑ 𝑐𝑙  ∙  𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑖,𝑙,𝑡 +  ∑ 𝑑𝑚  ∙ 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑖,𝑚,𝑡𝑚𝑙
                    (2)

𝐴𝐿𝑖,𝑡 𝑅𝐿𝑖,𝑡

𝑎𝑗 𝑏𝑘 𝑐𝑙 , 𝑑𝑚



 

                                                 

 

http://www.toezicht.dnb.nl/en/4/4/2/51-204136.jsp
http://www.toezicht.dnb.nl/en/4/4/2/51-204136.jsp


 

→

∑ 𝑏𝑘  

𝑘

∙ 𝐼𝑛𝑓𝑙𝑜𝑤𝑖,𝑘,𝑡

∑ 𝑎𝑗  
𝑗

∙  𝐴𝑠𝑠𝑒𝑡𝑖,𝑗,𝑡 

∑ 𝑐𝑙
𝑙

∙  𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑖,𝑙,𝑡

→

∑ 𝑑𝑚  

𝑚

∙ 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑖,𝑚,𝑡



 

                                                 

 



 



 



 

                                                 



 

𝐴𝐿𝑖,𝑡 =  𝛼𝑖
𝐴𝐿 +  𝛽 ̂𝑖,𝐹𝑀𝑂𝐿𝑆

𝐴𝐿

 
𝑅𝐿𝑖,𝑡 +  𝜀𝑖,𝑡

                                        (3)

𝛼𝑖
𝐴𝐿 𝛽 ̂𝑖,𝐹𝑀𝑂𝐿𝑆

𝐴𝐿

 
  

∆𝐴𝐿𝑖,𝑡 =  𝛼𝑖
𝐴𝐿 + 𝜌  

𝐴𝐿𝐸𝐶𝑇𝑖,𝑡−1
𝐴𝐿 + 𝛾𝑖∆𝑅𝐿𝑖,𝑡−1 +  𝑢𝑖,𝑡

𝐴𝐿                         (4)

𝛼𝑖
𝐴𝐿 ∆𝐴𝐿𝑖,𝑡

𝜌 
𝐴𝐿

∆𝑅𝐿𝑖,𝑡−1

𝑢𝑖,𝑡
𝐴𝐿

𝑅𝐿𝑖,𝑡 =  𝛼𝑖
𝑅𝐿 + 𝛽̂𝑖,𝐹𝑀𝑂𝐿𝑆

𝑅𝐿 𝐴𝐿𝑖,𝑡 +  𝜀𝑖,𝑡                                      (5)

∆𝑅𝐿𝑖,𝑡 =  𝛼𝑖
𝑅𝐿 +  𝜌 

𝑅𝐿𝐸𝐶𝑇𝑖,𝑡−1
𝑅𝐿 +  𝛾𝑖∆𝐴𝐿𝑖,𝑡−1 +  𝑢𝑖,𝑡

𝑅𝐿                     (6)



 

𝜌 
𝐴𝐿



 

Δ 𝝆 
𝑨𝑳 Δ 𝝆 

𝑹𝑳

Δ 𝝆𝐛𝐞𝐥𝐨𝐰
𝑨𝑳 Δ 𝝆𝐛𝐞𝐥𝐨𝐰

𝑹𝑳

Δ 𝝆𝐚𝐛𝐨𝐯𝐞
𝑨𝑳 Δ 𝝆𝐚𝐛𝐨𝐯𝐞

𝑹𝑳

 𝐼 𝑖,𝑡
𝐴𝐿 =  {

1   𝑖𝑓 𝐸𝐶𝑇𝑖,𝑡−1
𝐴𝐿 < 0 

0  𝑖𝑓 𝐸𝐶𝑇𝑖,𝑡−1
𝐴𝐿   ≥  0

  𝐼 𝑖,𝑡
𝑅𝐿 =  {

1  𝑖𝑓 𝐸𝐶𝑇𝑖,𝑡−1
𝑅𝐿   ≥ 0

0  𝑖𝑓 𝐸𝐶𝑇𝑖,𝑡−1
𝑅𝐿 < 0

                  (6)



 

∆𝐴𝐿𝑖,𝑡 =  𝛼𝑖
𝐴𝐿 +  𝐼𝑖,𝑡

𝐴𝐿𝜌 𝑏𝑒𝑙𝑜𝑤
𝐴𝐿 𝐸𝐶𝑇𝑖,𝑡−1

𝐴𝐿 + (1 − 𝐼𝑖,𝑡
𝐴𝐿)𝜌 𝑎𝑏𝑜𝑣𝑒

𝐴𝐿 𝐸𝐶𝑇𝑖,𝑡−1
𝐴𝐿  

+  ∑ 𝛾𝑖,𝑗∆𝑅𝐿𝑖,𝑡−𝑗

𝐿

𝑗

+ 𝑣𝑖,𝑡
𝐴𝐿       (7)

∆𝑅𝐿𝑖,𝑡 =  𝛼𝑖
𝑅𝐿 +  𝐼𝑖,𝑡

𝑅𝐿𝜌 𝑏𝑒𝑙𝑜𝑤
𝑅𝐿 𝐸𝐶𝑇𝑖,𝑡−1

𝑅𝐿 +  (1 − 𝐼𝑖,𝑡
𝑅𝐿)𝜌𝑎𝑏𝑜𝑣𝑒

𝑅𝐿 𝐸𝐶𝑇𝑖,𝑡−1
𝑅𝐿

+ ∑ 𝛾𝑖,𝑗∆𝐴𝐿𝑖,𝑡−𝑗 +

𝐿

𝑗

𝑣𝑖,𝑡
𝑅𝐿          (8)

𝜌 𝑏𝑒𝑙𝑜𝑤
𝐴𝐿 𝜌 𝑎𝑏𝑜𝑣𝑒

𝐴𝐿 𝜌 𝑏𝑒𝑙𝑜𝑤 
𝑅𝐿 (𝜌𝑎𝑏𝑜𝑣𝑒

𝑅𝐿



 

Δ 𝝆 
𝑨𝑳 Δ 𝝆 

𝑹𝑳

Δ 𝝆𝐛𝐞𝐥𝐨𝐰
𝑨𝑳 Δ 𝝆𝐛𝐞𝐥𝐨𝐰

𝑹𝑳

Δ 𝝆𝐚𝐛𝐨𝐯𝐞
𝑨𝑳 Δ 𝝆𝐚𝐛𝐨𝐯𝐞

𝑹𝑳

                                                 



 

                                                 



 



 



 

                                                 



 



 



 



 



 

                                                 

  



 



 

                                                 

  



 



 



 



 

 

                                                 



 



 



 

                                                 

 



 



 



 

                                                 



 



 

                                                 



 

                                                 

  



 



 

                                                 



 

 𝑇𝑖,𝑡
𝐸

𝐴𝑖,𝑡−1
𝐸 −  

 𝑇𝑖,𝑡
𝐹𝐼

𝐴𝑖,𝑡−1
𝐹𝐼 =  𝛼𝑖 +  𝛽1 ∗ (𝑟𝑖,𝑡−1

𝐸 −  𝑟𝑖,𝑡−1
𝐹𝐼 ) + 𝛽2 ∗ ( 

 𝑇𝑖,𝑡−1
𝐸

𝐴𝑖,𝑡−2
𝐸 −

 𝑇𝑖,𝑡−1
𝐹𝐼

𝐴𝑖,𝑡−2
𝐹𝐼  ) +

 ∑ 𝛽𝑘
𝐾
𝑘=3 𝑋𝑖,𝑡−1 + 𝜀𝑖,𝑡            (1)

 𝑇𝑖,𝑡
𝐸

𝐴𝑖,𝑡−1
𝐸 − 

 𝑇𝑖,𝑡
𝐹𝐼

𝐴𝑖,𝑡−1
𝐹𝐼  

 𝑇𝑖,𝑡−1
𝐸

𝐴𝑖,𝑡−2
𝐸 − 

 𝑇𝑖,𝑡−1
𝐹𝐼

𝐴𝑖,𝑡−2
𝐹𝐼  

                                                 



 

 𝛼𝑖

𝑟𝑖,𝑡−1
𝐸 − 𝑟𝑖,𝑡−1

𝐹𝐼   

𝑋𝑖,𝑡−1



 

 𝑇𝑖,𝑡
𝐸

𝐴𝑖,𝑡−1
𝐸 −

 𝑇𝑖,𝑡
𝐹𝐼

𝐴𝑖,𝑡−1
𝐹𝐼  =  𝛼𝑖 +  𝛽1 ∗ (𝑟𝑖,𝑡−1

𝐸 −  𝑟𝑖,𝑡−1
𝐹𝐼 ) ∗ 𝐷𝑡

𝐷 + 𝛽2 ∗ (𝑟𝑖,𝑡−1
𝐸 −  𝑟𝑖,𝑡−1

𝐹𝐼 ) ∗ 𝐷𝑡
𝑈  

+  𝛽3 ∗ (
 𝑇𝑖,𝑡−1

𝐸

𝐴𝑖,𝑡−2
𝐸 −

 𝑇𝑖,𝑡−1
𝐹𝐼

𝐴𝑖,𝑡−2
𝐹𝐼  ) + ∑ 𝛽𝑘

𝐾

𝑘=4

𝑋𝑖,𝑡−1 +  𝜀𝑖,𝑡                         (2)



 

𝐷𝑡
𝐷 𝐷𝑡

𝑈
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https://doi.org/10.1007/s11079-019-09531-z
https://doi.org/10.17016/IFDP.2018.1228
https://doi.org/10.1080/00036846.2017.1420898
https://www.ijcb.org/journal/ijcb16q2a9.htm
https://cepr.org/active/publications/discussion_papers/dp.php?dpno=12159


 

https://voxeu.org/article/european-bank-mergers-domestic-and-cross-border
https://www.dnb.nl/binaries/Stress-Testing_tcm46-361263.pdf
https://www.dnb.nl/binaries/Longevity%20Risk%20Transfer_tcm46-334136.pdf

