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ï A review of the use of complex 

systems applied to risk appetite 

and emerging risks in ERM 

practice 
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Á ERM

 

ï  

ï  

 

Á2010 2011 ERM

 

 

ÁMilliman Bristol Bath Systems Centre  
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Á 2 ERM  

ï
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Walker  

Á

2009 11 A review 

of corporate governance in UK banks and other financial 

industry entities final recommendations  

 

Á181 Risk appetite 30 ! 
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Walker  

The approach to some form of calibration of risk appetite might include 

one or a combination of: 

ÁPreferred risk asset ratios 

ÁValue at risk 

ÁTarget agency ratings for the entity 

ÁA system of risk or exposure limits including metrics for the range of 

tolerance for bad and doubtful debts through the cycle 

ÁConcentrations in risk positions 

ÁLeverage ratios 

ÁEconomic capital measures and acceptable stress losses and the 

results of stress and scenario analysis 

A review of corporate governance in UK banks and other financial industry entities, Final recommendations, 26 November 2009 



9 

 
Systems 
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The Right Perspective  

Á  

ï  

ï  

ï Cope with non-linearity  

ï Cognitive biases  
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Systems  

Á  

Á Complex adaptive system  

Á  Emergence  Adaptation  Non-

linearity  

Á  

Á  

ï  

ï

 

ï Link different perspectives 

together  
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Input 

Output 

Introduction to Systems  

Components  
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Input 

Output 

Input 

Output 

Introduction to Systems  

Complex System    
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Input 

Output 

Input 

Output 

Introduction to Systems  

Complex Adaptive System    



15 

CAS: Complex Adaptive System  

Á Has a purpose  

Á Emergence   Sub components

The whole  

Á Self Organization   Structure  Hierarchy

 

Á    

Á  

Á Collapse Tipping point

Critical complexity limit  

Á Evolves and history is important  

Á Cause and symptom separated in 

time and space  
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Applied to Risk  

Á CAS   

Á

 

Á Multiple-characteristics  

Á   

Á Human bias   

Á The past 

system performance Function  
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≠↑ 

 

Level of Understanding  
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Risk Appetite 
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Risk Appetite    

Á

 

Á

 

Á

Our 

comfort and preference for accepting a series of interconnected 

uncertainties related to achieving our strategic goals  

Á

Operational restrictions  
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Idealized Heating System  

Controller 
Temp 
Gauge 

Heating 
System 

Heat Energy 

Á
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Real World Heating System  

Controller 
Temp 
Gauge 

Heating 
System 

Heat Energy 

Environment 

Cost of energy 

Minimize 

energy use 

Comfort level 

Á  
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Controls 
Risk 

Appetite 

Processes Risk Capital 

Environment 

Cost of financial resources 

Optimize 

financial resources 

Comfort level 
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From the top  

Á Dimensions of risk appetite  

ï  

ï   

ï Non-financial  

Á Board Key value   

Á Express acceptable amount and 

sources of risk  
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From the top  

 

Á AA

 

Á25 BBB

 

Á  

Á10 75%

 

Á

 



25 

 

⌂▬fiⱪ♇♩╩ 

∆╢ ⅜№╢... 

...ꜞ☻◒ ─ ≢ 

⌂ ⅜ ╖ ↕╣╢ 

...▬fiⱪ♇♩↕╣√▪◒◦ꜛfi│ 

≢ ⌂ ▬fi♃ꜝ◒◦ꜛfi
Multiple complex adaptive 

interactions ─ⱪ꜡☿☻╩ ≡... 

 
Multi-objective optimization  
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Á ... 

ï Non-linear dependencies  

ï Adapt Learn  

ï  

ï  
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Risk Appetite Process  

Á Agree business goals for which 

uncertainty matters  

Á Describe how much 

uncertainty you are comfortable with  

Á Identify the possible  sources of uncertainty  

Á Describe how that system works  

Á

Establish limits which maintain performance within desired range of 

uncertainty  

Á Risk capacity

Utilization  
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Risk capacity  
Resource utilization  

─ 

 

¬ ─  

 ↕╣╢  

® ─  

¬ 

 
® 

 

─ 

♪ꜝ▬Ᵽכ 
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Cognitive Maps  

Á  

  Cognitive Map 

1.○Ɑ꜠כ◦ꜛ♫ꜟ꜡☻ 

2.◦☻♥ⱶ─ 
♄►fi 

3.☻♃♇ⱨ─
 כꜝ◄

9. ⅛⌂ 
☻♃♇ⱨ─♅▼♇◒ 

4.☻♃♇ⱨ─ 
⅜  

5.☻♃♇ⱨ─ 
⅜  

6. ─ ⅜ ™ 

7.◦☻♥ⱶ─ ╩ 
ↄ☻♃♇ⱨ─Ⱶ☻ 

8. ⌐ ─ 
№╢▬ⱬfi♩  
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Cognitive Maps  

Á

 

Á 100%

Full non-linear description  

Á  

Á /  

Á

Local/Global  

Á ñ Gaps  

Á Dynamics

 

Á  
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Key Nodes Key Drivers Gaps 

ꜞ☻◒ⱪ꜡ⱨ▫כꜟ─
⌂ ╛ ─ 

♄▬♫Ⱶ♇◒☻╩ 

└⅝∞∆↓≤⅜≢⅝╢ 

Cognitive Maps  
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 Bayesian Network  

ÁCognitive Map  
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From the top    

 

Á AA

 

Á25 BBB

 

Á  

Á10 75%

 

Á
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Sources of Risk  

Á  

ï B/S P/L

Capital/profit modeling

Expert judgment  

ï

 

Market Credit Liquidity Underwriting 

(Life) 

Ope 

(B/S) 

Ope 

(P/L) 

Ope 

(Repu) 

B/S Risk P/L Risk Reputational Risk 
Ⱳכ♪꜠ⱬꜟ─ 

ꜞ☻◒  
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Sources of Risk  

ÁCredit: 

ï Reins cpty 

ï Distribution cpty 

ï Derivative cpty 

ÁMarket: 

ï Equity 

ï Credit spread 

ï Inflation 

ï Foreign exchange 

ï Interest 
ÁLiquidity 
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Sources of Risk  

ÁUnderwriting Life : 

ï Mortality 

ï Longevity 

ï Expenses 

ï Lapse 

ÁOperational: 

ï People 

ï Processes 

ï Systems 

ï Reputation 

ï Legal 

ï Strategic 

ï External events 
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Implemented in AgenaRisk 

Á Risk characteristics Indicators

 

Sources of Risk  
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Implemented in AgenaRisk 

⌐○Ɑꜞ☻◒│ ≈ ─ꜞ☻◒ ⌐
ꜞfi◒∆╢ Indicators ╩ ∆╢ 

Sources of Risk  

Á Capture multiple influences  
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Á Cognitive Data-driven

 

Á Cognitive mapping  

Á

 

Á ORSA

 

Á и  
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↓↓⌐ ╩ ... 

...↓↓≢≥─╟℮⌂ ⅛ ⅎ≡ↄ╣╢ 

Setting Appetite  

Á Bayesian Networks

Propagation properties  
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Propagating Evidence  

Á Underlying 

limits  

Á Counterparty credit... 


