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Background 



• The subprime crisis made obvious something that only a 
handful of authors had addressed before the crisis 

 
• The financial (banking)  system is a network whose nodes 

are linked by complex relationships 
 
• Thus, regulating or monitoring such system by looking at 

its individual components in isolation is doomed to fail 
 

• Consequently, a successful approach to deal with 
systemic risk (the possibility that the failure of a handful 
of components might bring the system to a halt, or worse, 
trigger its collapse)…. 
 

• Can only be studied using an integrated approach  



• Previous research: Two types of papers… 
 

• Type 1: Deals with the topological characteristics of the financial 
networks under study and how these features affect the dynamic 
behavior of them 

 
• Type 2: Addresses (with some empirical basis) the dynamic response of 

some specific financial network to exogenous shocks 

 
• An important void: the regulator's viewpoint 

 
• A regulator faces a banking network whose configuration he cannot change  

 
• His interest is, first, to identify potential weaknesses in the system, and 

second, to have the ability to explore several mitigating responses should a 
bank failure occur   
 

• The regulator benefits little from knowing that a theoretical network with 
certain features might or might not have multiple clearing vectors.  Or by 
knowing what could happen if bankers optimize their capital structure 
according to some ideal (unproven) utility function 

 



• Our work can be thought as a continuation of the work by 
Elliott et al. (2013) and Georg (2013) but it differs in several 
important ways 
 
• We represent the banks using a very detailed and realistic balance 

sheet structure 
 

• We simulate the external shocks to the system by means of correlated 
(but different) credit risk exposures to a common universe of loans 

 

• This framework offers two advantages: 
 

• It makes it easy to identify the weakest banks and the potential for 
cascades 
 

• It makes it easy to assess the merits of a number of responses by the 
regulator (limit leverage, increase reserves, extend liquidity lines, etc.) 



The Problem 



• We assume that we have a banking system made up of N 
banks   
 

 
• We also assume that we know, at some given time identified as      

 t = 0 
 
•  the capital structure of each bank, and 

 
•  the degree of interconnection among them   

 
 

• The idea is to explore the evolution of this system as the 
banks' loan portfolios deteriorate and the banks start to 
collapse 



The Model 



 
The factor θ (0 < θ <1) specifies the fraction of deposits (D) that the banks must keep 
in liquid assets at the central bank  
 
 An index (k) associated to any of these variables refers to the specifics of bank k (k = 1, …, N) 
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Interbank Lending 
 
Direct interconnection among banks is the result of the interbank 
loans, described by a matrix of interconnection coefficients (β's)   
 
The set (or vector)  βk1, βk2, …, βkk, …, βkN  
 
specifies the exposure of bank k to the rest of the banks   
 
Clearly, βkk = 0 (no bank holds its own debt) 
 

While  βki  refers to the percentage of the debt issued by bank i 

(Hi) which is held by bank k   
 
Also, β1i + … + βNi =1    for all i's 







Credit Risk Exposure 
 
Each loan portfolio (Lk) is subject to credit (default) risk  
 
Let εT = (ε1, …, εN) be a random vector whose individual 
components follow a uniform distribution in the [0, δ] interval   
 
δ represents the maximum deterioration that the loan portfolio of 
the k bank can experience in a small time interval 
 
The correlation between any two components of the vector ε is 
(always) equal to ρ   
 
Hence, if we denote t and t+1 two consecutive points in time, we 
have that  
    Lk

t+1 = Lk
t (1- εk

t) [7]  
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LN= LN (1-εN)  

L1= L1 (1-ε1)  

The Overall “Economic 
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The Algorithm 



Set p = 1 (a counter) 
(i) At time t generate a new vector (ε1

t, …, εN
t)T  

 

(ii) Update for each bank k, the value of the loan portfolio, using equation (7) 
 
(iii) Recalculate the new equity values (Ek) for each bank using first equation (6) followed by 
equation (5) 
 
   If for some bank k, Ek turns out to be zero or negative, bank k has become 
insolvent.  Thus,  Hk  = 0 , which, in turn, requires recalculating the new equity values for all 
banks by invoking, again, equations (5) and (6)   
 
This process is repeated until no further banks collapse at time t+1.   This recalculation 
process allows one to identify the presence of cascades  
 
After registering all the banks that collapse at t+1, we go to (i) and repeat the process until 
reaching a time where the entire system (all banks) has collapsed 
 
(iiii) Once all the banks have collapsed (the completion of one feasible realization path) we 
update p (p = p+1) 
   
We repeat the loop (i)-(ii)-(iii)-(iiii) starting from t=0 again, unless p has reached a 
maximum pre-established (large) number   



Example of 
Application 



We consider a network that has N = 10 banks (*) 
 
And we analyze  6 different configurations (matrix  β) 
 
We also assume    
    δ = 1% 
 
     ρ = 30% 
 
    θ = 15% 
 
In each case we run the Monte Carlo simulation 
using 1,000 paths 
 
(*) Based on actual information regarding a certain Latin American country 



Big Bank                                    Small Bank 



Matrix β  Example 









      Sensitivity Analysis (1) 

λk =  (Dk +  Фk  + Hk + Gk) / Ek  



      Sensitivity Analysis (2) 



Sudden decrease in the value 
of vector L for all banks   



NOTE:  
<1> there  is a positive (0.54)  correlation between P (cascade) and α; and 
<2> there is some indication that the most resilient configuration corresponds 
to some “intermediate” value of α.  
   



Bank I, Weakest Bank B, Strongest 



No bank, by its own collapse, can trigger the failure of another bank(s), 
(keeping all other things unchanged)  



Conclusions 



[1] Useful and easy-to-implement tool to: 

identify weakness in banking system 

evaluate different responses to crisis 

 

[2] Extension of this approach to incorporate other 
features such as: 

  stochastic deposits 

  stochastic investments 

  different recovery rates 

  selective “rescue packages”    

    … is very straightforward 
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