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The Evolution of ERM — Complexity Science?

ERM: Unraveling the complexity of risk
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OMPLEXITY

Risk strategy
Clear limits provide precise signals for the internal
and external world and define the framework for operational actions

Risk steering . Risk identification and early warning

System consisting Ny, Comprehensive overview needed,
of triggers, limits and V. <

.6 but with focus on main issues
measures ... .5

in conjunction

...with responsible \/ Risk modelling
management actions L Central competition factor
with the right balance between

flexibility and stability

Sound risk governance l'\’islﬂ'“‘"zP Risk-based
and effective risk - incentive systems
management functions and sustainable responsibility

Risk management culture as solid base



. Ordering of Risks...

» Equities = Corporate * Premium risk » NatCat * Mortality / * Fraud

» Real Estate bonds » Reserve risk = Terror Longevity » Business

» |nterest Rates | * Retro » Further large » Disability / interruption
(general and receivables losses lliness » Reporting
specific) * Deposit * Lapse » |T risks

» Exchange receivables « Legal risks
rates

* Implied
volatilities

Individual modelling of all risk drivers




' Ordering of Risks...

Risk Appetite

Strategy Risk
Mgmt
Tactics

Qualitative

Assessment
Scenario

Development Value Impact

-------

Enterprise Risk
! Exposure
All Key Risk Correlation .
3 Scenarios i j\
Risks v
hn"huvﬂ—
FINANCIAL ERM

AValue = -10% 15%

1+ events / sim
I ‘ Model AValue < -20%

1 event / sim

S Baseline Individual Risk
Value ‘ Exposures
= AValue o

Identification Quantification Decision-Making’f Copyright © SimErgy. All rights reserved.
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Multi-Dimensional. . [ PLexTY |

' : ' Spanish flu,
Risks can be decomposed into Mortalty rates from g5

: : . infectious diseases 1918/19
various dimensions or per 100,000US g
components... population

700 *‘
600

Observed History Future
500
400\4u\n\\/

1980 1982 1984 1986 1988 1990 1992 1994

;“‘ ‘E o
. at
\.\\\‘\\\ "' ‘\ . Trend \
TN . | \\T‘\ Parameter 200 \
Statistical N i Best Estimate Source: Preventing Emerging

Volatility 100 Infectious Diseases - A Strateqy
forthe 21st Century, CDC

0 :
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Munich Re’s risk model focused on

mortality shock and trend risks



, Policies...

Whole Looks at the distribution of the sum all risks of Munich Re and limits the overall exposure.

Pq:ﬂf_’"" The Financial Strength criteria ensures the solvency of Munich Re.
criteria

The Avoiding Financial Distress criteria manages the probability that Munich Re may
become financially distressed.

Supple- = Supplementary Risk criteria have the purpose to limit losses from individual scenarios
mentary which may threaten the survival of the Group.

Ri_?’k _ » Examples in the NatCat area are Limits for maximum Exposures to claims caused by an
criteria extreme Atlantic Hurricane or European Storm.

= Examples in the life and life reinsurance area are Limits for maximum Exposure to
longevity and pandemic risks.

» On the asset side the Asset-Liability Mismatch and the exposure to the Financial Sector
are important supplementary risk criteria.

Other = Main purpose is to protect the reputation of the Group.
criteria = Examples are limits for oil platform liability risk ore country limits.

The risk strategy provides a flexible framework rooted in Economic Principles.



Limits...

* Limit the probable maximum loss from large accumulation risks

» Ensure that we do not over-concentrate on any one risk type, even if whole portfolio risk criteria are
satisfied (enforced diversification)

» Reduce model risk / risk of change and reputation risk

» Limit set for remote events (e.g. 1-1000 year events) relative to Available Financial Resources, i.e. we
do not "overhedge" expected digestable short-term event volatility

= NatCat (per scenario) = AL-Mismatch Limits (aggregate market & credit
= Terrorism (per scenario) risk relative to the liabilities)

= Pandemic (scenario) = |nvestment Industry Limits

= Longevity (scenario) = Liquidity Risk Limits (4 sub-criteria)

Limits are cascaded down to business segments and monitored by

Group risk management
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Enterprise-wide...

Enterprise Risk Management (ERM) is an enterprise-wide discipline by which risks from all
potential sources are identified, measured, exploited, controlled, and monitored for the
purpose of achieving the risk management objectives.

Company Objectives

Risk Definition

Risk Management Objectives

COMLP XITY

Qualitative, e.qg.:

= Global presence in (re-)
insurance markets

Financial targets, e.g.:

= Earnings

= RoRaC

= Combined Ratio

Other goals, e.g.:

= Code of Conduct

= PIRI

= Employer Value Proposition

Risk management is concerned
with possible future deviations
from a predefined goal, i.e. both
with positive deviations
(opportunities) and negative
deviations (risks).

Possible risk management

objectives are

» Ensure a target degree of
confidence in meeting
policyholders’ claims

» Protect and generate
sustainable shareholder value

» Achieve and protect a target
rating

» Protect the reputation

Risk Management objectives must be aligned with company objectives.

1 Principles for Responsible Investments

11



Enterprise-wide...

‘Enterprise” s the first word in ERM, yet
this often does not occur

f) Golden boys
2) Deemed insignificant

Local Rk 3) Incomplete Implementation
Manager

Group Level Group CRO

Regional CRO Local CRO

Local Level (FullScope) W (Full Scope)

(Partial/Basic)

Corporate Value of

ENTERPRISE

RISK
MANAGEMENT

Enfity associated  EFTES  BECT
With regional hub ~ FREELE: Manager

12



" X-risks...unknowns

Insurability
A
,Jncertainty” ,Risk”
RED
o)l \NSU Risk

? N Appetite

u

(NSUREY
l T m ] > Knowledge

| | [

None Judgement Quantification

Based on F. Knight (1921) ,Risk, Uncertainty & Profit*
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7 X-risks...

HELLD ODRAVER

IT Related Risks
Dependency from WWW
Cyber Liability

IT Viruses

Cloud Computing

Cyber war

Scarcity of resources
Water

Oill

Phosphorus

Rare earth elements

COMPLE ITY

Technology at the edge
,Deepwater Horizon*
Airbus A380
Skyscrapers

14



lion US $

Perceived impact i 5

X-risks...

————

Figure 1 | Global Risks Landscape 201 1:

COMPLE ITY

Perception data from the World Ecomnomic Forum’'s Global Risks Survey
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. ] ] COMPLEX TY
_ |nteraction of Risks
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" Torpedos...Killer Risks

g .

Corporate Value of

ERPRISE
HET
AGEMENT

The Next Step in
Business Management

5%
4%
326

¥

Poor T Integration

f

Destructive Prce War

Poor Financial Hedging

Financial Restatements

Dechne in Core P
Foor Demand Forecasting

Commaodty Price Dedline

Investor Loss of Confidence
Excesave Financial Leverage

Senior Management Turnover

Fallreto

N T I L e I T T

Undwersified Partnership Risk

Operational Risks: 13% Legal and Financial Risks: 129%
Compliance
Risks: 694

Assurance 2 = Traditional Assurance

Doaminat
! - Arrapancea

Suecess

Killer Risks...
 Arrogance
« Concentration — large customer/supplier/product

Excel
Fallwra

Struggle

Thrree 17



Complexity of Risks..

= High interconnectedness
= Contagion effects

= Low predictability of trigger
for next major loss scenario

= Single events with long-term
and long-range impacts

Increase of systematic risk with negative consequences for

diversification potential




Complexity of Risks..

Complexity of risks increase steadily driven by rising interconnectedness

—

Customers needs Risk management
(Supply chain insurance) (In-/dependencies)

There is no comprehensive solution!

)

However: 1) Transparent presentation of dependencies is very helpful.

(due to completeness, predictability, ...)

2) Clear dependencies exist which are not obvious.
3) Enabling of systematic and analytical risk identification.

Linkage of expert knowledge of different business units is necessary

19



. Complexity Science... COMPLEXIT

study of Complex Adaptive Systems (CAS’Ss)...
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"l think the next century
will be the century of
complexity.”

Complexity Science
growing importance...

Stephen Hawking

RISK

MANAGEMENT

REVOLUTIONARY APPROACHES
TD EVALUATING AND MEASURING RISK

CHRISTINA RAY

COMPLEXIT

Systems
Thinking
for
Systemic
Risk...
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Economy as a CAS.. e |

“Agents” — The agent in traditional economics is perfectly rational, with complete

Circular Flow Of Income information about the future. This agent chooses infallibly, without bias, learning
or adaptation, and makes hard math decisions about even minor purchases. The
1 Output complexity economics agent is merely human, with limits, biases and ignorance.

» “Networks” — Traditional economics does not allow for networks, only for such
market transactions as auctions. In complexity economics, agents can interact
directly or indirectly, and their relationships change dynamically,

» “Dynamics” - Traditional economics says economic systems are closed and self-

2. Income 3. Expenditu contained. Complexity economics says economic systems are dynanuic, changing, and

» “Evolution” - Traditional economics does not allow for innovation, growth, or other
economic processes. Complexity economics acknowledges evolution-like processes.

» “Emergence” - Traditional economics draws a sharp line between microeconomics
and macroeconomics, In complexity economics, the macro emerges from the micro,

BAS WA e N G L s - z 3 =

]
The REVISITING MARKET by Michael J. Mawboussin,

Credit Suisse First Boston

Expo Imports Gover:
Spend
EFFICIENCY: THE STOCK

°I‘lgln MARKET AS A COMPLEX
GRrersest Of ADAPTIVE SYSTEM
Wealth

TN b e o bk Bt mal by

ent Tax

-

m,._,

www.economicshelp.org
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US Health System... =

ORGANIZATIONAL CHART OF THE u.s
g President HoOuUSE DEMOCRATS’ HEALTH PLAN
> T
Health I
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. INFORMATION ; cocuntab
= = Pl

Regufations, Mandates, State
Haalth Agenclas, stafe Heakth
Infarrmation Exchanges

ederal Mandates for Website Desgn

Inspactar
HeEnvLTE CHOICES

General
ADMINISTRATION:
HCA ComMMISSIONER

HEALTH INSURANCE

Traditonal

Providers
Health Quall od Public Plan Ombudsman
Public
Insurance Health
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Plans Plans Plan
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. (Re)Insurance Market. """

VWHAT DOES THE INSURANCE WORLD 2 MODEL SIMULATE 7

Model of a (Re) Insurance Company

MARKETS
CHMO.:" - ECONOMY
NATURE Interest Rate

Japan Hearthquake o

Europe Windstorms Crowth Index Brand Market || Premiums Net Losses
Capital Market 8h Income

Fl.o:nds Consumer dara

Market

I / Share vs. 5T Interast
- Profit Expenseflncoma

Price

INSURANCE COMPANY REINSURANCE COMPANY
- Strategic Parameters - Strategic Parameters
- Market Strategy - Market Strategy T Loan
- Investment Strategy - Investment Strategy .
- Debt Strategy = - Debt Strategy Desired Y Repayment
- Technical Parameters - Technical Parameters Market .
S Shara Desired
Total Capital |4 New
Retention Worth
(RE) INSURANCE
*  MARKET
Multiplier Dasired
T Loss Ratio
Retention
for each
: X - MARKET OUTPUT Desired Contract f
COMPANY OUTPUT - Market share per Desired Eﬂ'hhl'lﬂ}'
- Balance sheet Wﬂlummrﬂl
- (Ee) Insurer RAC of tﬂlﬂml Usa

- Eamung statement Company / Market =

- Financial Ratios - Reinsurance Contracts

- Graphs {definition of best retention)

- Events _ Events

[

Source: INSURANCE WORLD 2
(Gionta Giuseppe)
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: :
_» (Re)Insurance Relationships...

Retrocession
Agreements \

Reinsurer Retrocessionaire
Reinsurance

Co-operation
Agreements

Reinsurance

Treaty M

Direct
Marketing x
Adreement Listholder
¢ Agreement
Ceding Listholder
Insurer

Policyholder l
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COMPLEXIT

Dynamic Lapses...

p/h tend not to surrender
when their gtees are in
the money

dynamic lapse
assumption linked to
investment returns

= age

o) also linked to advice
= health from brokers; friends;
etc.
MODELING ANNUITY POLICYHOLDER BEHAVIOR
UsING
BEHAVIORAL ECONOMICS AND COMPLEXITY SCIENCE also dependent of level of
CV; commission
e i structures; etc.
Vince Darley, Pé:cgé::ill;ot;n Axtell, Ph.D.
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The Complexity of ERM

UCH FOR YOURATTENTION
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