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Objectives of the Internal Model
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Objective: Capture business profile

Open Fund

MiscellaneousEstate

With-profits

Assets

CWP Liabilities

UWP Liabilities

Other Liabilities

Non-profit and
Unit-linked

Assets

Annuities and 
Other Liabilities

Income Protection

UL Life and 
Pensions

Bulk Annuities

Assets

Liabilities

Staff Pension
Scheme

Assets

Liabilities

MSS Fund

Assets

Liabilities
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Objective: Improve risk measurement

Standard Formula does not capture our risk profile

Standard Formula SCR

Add Staff Pension Scheme

Add Missing Risks

Use Own Risk Calibrations
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3. Report Required Capital2. Aggregate

Objective: Improve risk measurement

Equity level

ICA

Credit risk

Operational risk

Equity volatility

Equity 
level

Credit 
risk

Equity
vol …

Equity 
level

100% 50% 75% 25%

Credit
risk

100% 50% 0%

Equity 
vol

100% 0%

… 100%

1. Stress Tests

Only examine single 
point on distribution

Assumes losses are linear
Assumes risks are normal

Only provides one outcome
Difficult to allocate capital
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Objective: Improve risk monitoring

£m dd-mmm-yy

Open Fund Assets A

Open Fund Liabilities B

Available Capital (C) A -

 

B

ICA D

Surplus Capital C -

 

D

ICA Coverage D/C

ICA FTSE Breach Point XXXX

Current model captures key market sensitivities, but does not 
indicate a likelihood
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Available Capital Equity level Equity volatility Gilt yields Inflation Available Capital

dd-mmm-yy Movement dd-mmm-yy

Objective: Improve profit and loss attribution

Current model does not report at a sufficiently 
granular level and does not cover all risks

Analysis of Change in Available Capital (£M) 
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Summary of current model limitations

Objective Limitations of Current Model
Risk 
Measurement

•

 

Only provides a single outcome (0.5th percentile)
•

 

Assumes individual risks are normally distributed
•

 

Ignores non-linearity and non-separability of losses
•

 

Does not allocate required capital
Risk Monitoring •

 

Does not capture probability of “what-if?”

 

events
•

 

Only captures key market risks
Profit and Loss 
Attribution

•

 

Does not cover all risks
•

 

Does not attribute by source (i.e., line of business)

Current model cannot meet our objectives
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The Internal Model Solution
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The Internal Model builds on existing models

The Internal Model is calibrated to outputs from our existing 
models, which are already well developed and understood

Towers Watson’s ‘RiskAgility EC’
(Internal Model)

Towers 
Watson’s
‘Replica’

‘Heavy’
Actuarial  

Models

External 
WSPS 
Models
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The SCR is modelled using full simulation of a 
1-year VaR approach to economic capital

1 2

3
4

5

1. Risk factors
Calibrate risk factors

Definitions
Distribution types
Parameters

2. Risk factor 
dependencies
Specify dependency 
structure

Copula type
Correlation assumptions
Other parameters 

5. Monte-Carlo 
simulation
Calculate EC distribution

No. of simulations / 
Algorithm / Seed
Standalone / Diversified /
Allocated
With / without fungibility, tax 
and reinsurance

3. Loss functions
Calibrate loss functions

Identify functional forms
Fit coefficients
Empirical loss functions

4. Additional features
Specify adjustments

Fungibility constraints /
Add-ons
Tax / Reinsurance
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1. Risk factor calibration 
— The calibration process

e.g., 
percentiles Contract

Source

Normal

Student’s T

Generalised Pareto

Location Scaled 
Student’s T

Lognormal

(Continuous) Uniform

Etc.…

Best fit 
for purposeTime period

Frequency

4. Final choice3. Consider weighting2. Fit distributions1. Select data
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1. Risk factor calibration 
— Equity risk example

Student’s T fits observed distribution of equity returns better than the

 normal distribution. Fit can be further improved in the lower tail via 
weighting techniques, but at the expense of a poorer fit in the upper tail
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2. Calibration of risk factor dependencies

Tail dependence
Tail dependence 
probabilities
Prudent margins

Risk factors
Definitions and drivers
Key pairs of risk factors

Copulas
Gaussian

Individuated T

Correlations
Average correlations 

Dependency 
Structure

Judgement required may be significant; 
expert input and challenge are essential
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3. Loss function calibration 
— Moving to a non-linear model

•

 

A loss function:
–

 

Takes risk factor values as inputs
–

 

Produces losses (or gains) as outputs

Change in Net Assets as a Function of Equity returns

-4

-3

-2

-1

0

1

2

-65% -55% -45% -35% -25% -15% -5% 5% 15% 25%

Change in Equity Returns

G
ai

n 
(£

m
)

Observed Change in Net Assets Quadratic loss function

10% over-estimation of loss
10% over-estimation

of gain
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3. Loss function calibration 
— The calibration process

An iterative approach was adopted 
to develop and refine loss function 
calibrations…

Think about 
business

Fitting

Testing

…this allowed us to target a 
required range of fit, to within 
desired materiality limits, as the 
Internal Model continued to develop
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5. Monte-Carlo simulation within RiskAgility EC
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5. Aggregation and attribution of risk capital

•

 

Aggregated risk capital available at all levels of company structure
•

 

Overall diversification benefits can be allocated to individual risks and 
lines of business 

Wesleyan can now attribute risk capital to 
individual risks and lines of business

A
gg

re
ga

tio
n

A
ttribution
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We adopted a phased approach to 
implementation

Internal Model up and running within three months with a 
reconciliation to Wesleyan’s ICA

Phase 4
P&L and CSM

Phase 3
Complex 
methodology areas

Phase 2
Risk calibration and 
refine loss functions

Phase 1
Setup and initial 
loss function fits

Risk factor distributions, 
dependencies and non- 
linear loss functions

Management actions, 
fungibility and capital 
support

Monitoring Own 
Funds and SCR on a 
regular basis

Reconciliation to ICA 
within three months
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Lessons Learnt

PDF assumptions should
have been tested earlier

Loss function fitting took
longer than expected

Project phasing 
worked well

Automation and controls 
are more important than ever

20
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How the Internal Model is changing BAU
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Estate

With-Profits

Non-Profit

Unit-Linked

ASW

Pension Scheme

MSS Fund

EquityLevel

Credit Risk

Equity Volatility

Operational Risk

Longevity

Other

Improved risk measurement

SCR methodology has been refined, and the result can now be 
robustly allocated by risk and by business unit

SCR by Risk SCR by Business Unit
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Improved risk monitoring

Wider range of “What-if?” scenarios can be considered, and 
a probability can be attached to these scenarios

Probability 1 in 200 1 in 100 1 in 50 1 in 25 Current

Equity Volatility 35.0% 32.5% 30.0% 27.5% 25.0%

FTSE Level 3000 3500 4000 4500 5000

SCR Coverage by Scenario
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Improved P&L attribution

Profits and losses now attributed by causes…
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Open Source of Profit or Loss Close

Improved P&L attribution

…and by sources (lines of business)

Analysis of Change in Own Funds
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Does the Internal Model address the limitations 
of our current model?

Risk 
Measurement

Provides a full probability distribution forecast

Captures non-normal risk distributions

Captures non-linearity and non-separability

Robust allocation of required capital 

Risk 
Monitoring

Captures probability of “what-if”

 

events

Captures all key risks

P&L 
Attribution

Covers all significant profit drivers

Attributes by cause and by source
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Final Thoughts
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Final thoughts

Internal Model adding 
real value for Wesleyan

Methodology easily understood
and validation-friendly

Implementation fairly quick
and relatively painless

There are still many 
challenges ahead

28
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Questions or comments?

Expressions of individual views by 
members of The Actuarial Profession 
and its staff are encouraged
The views expressed in this presentation 
are those of the presenter
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