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3) Structure implies efficient estimate of return distribution
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Estimate dominant factors + residual
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(e.g. changes of impl. vol.)Risk drivers                       
Estimation – Dimension reduction

high quality, 
copula matched 
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Exposures, Hedging, 
Contributions from factors, …

Vol, VaR, CVaR, 
Contributions, …

Attribution

Portfolio management

Attribution factors

Pricing

Risk drivers
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Risk management
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Vol, VaR, CVaR, 
Contributions, …

Principal component analysis -
Random matrix theory

Pricing

Risk drivers
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Risk management
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Principal component analysis -
Random matrix theory

volatility decomposition – per security

Risk drivers

Risk management
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Exposures, Hedging, 
Contributions from factors, …

GICS Industry index returns

Attribution

Portfolio management
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GICS Industry index returns

volatility decomposition – per industry

Portfolio management
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GICS Industry index returnsPrincipal component analysis -
Random matrix theory

volatility decomposition – per security

volatility decomposition – per industry

Attribution factorsRisk drivers

Portfolio management analysis consistent with risk management numbers

A. MEUCCI - Factors on Demand Applications – Risk Mgmt. vs. Portfolio Mgmt.



Granular regional equity factor model

Risk drivers

(e.g. US financial, 
US utilities,…)

(e.g. UK financial, 
UK utilities,…)

A. MEUCCI - Factors on Demand Applications – Global vs. Regional Equity Model



Granular regional equity factor model Coarse global factors

Risk drivers Attribution factors

(e.g. US financial, 
US utilities,…)

(e.g. UK financial, 
UK utilities,…)

(e.g. global financial, 
global utilities,…)
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Granular regional equity factor model Coarse global factors

No need for inconsistent estimates of regional and global models

Coarse global factor equity factor model
Attribution

Attribution factorsRisk drivers

Aggregation

(e.g. US financial, 
US utilities,…)

(e.g. UK financial, 
UK utilities,…)

(e.g. global financial, 
global utilities,…)

A. MEUCCI - Factors on Demand Applications – Global vs. Regional Equity Model



Arbitrary estimation criterion

tt

Portfolio at current time t

Pricing

Risk drivers

Aggregation

A. MEUCCI - Factors on Demand Applications – Point in Time Style Analysis



Returns of style indicesArbitrary estimation criterion

tt

Portfolio at current time t

t

Sum-to-one, long-only

Attribution

Attribution factors

Pricing

Risk drivers

Aggregation
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Returns of style indicesArbitrary estimation criterion

tt

Portfolio at current time t

t

Sum-to-one, long-only

Pricing

Risk drivers

Aggregation

Point-in-time, non-lagging, non spurious style analysis

A. MEUCCI - Factors on Demand Applications – Point in Time Style Analysis

Attribution

Attribution factors



Returns of basis of portfoliosArbitrary estimation criterion

Unconstrained

Pricing

Risk drivers

Aggregation
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Attribution
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Returns of basis of portfoliosArbitrary estimation criterion

Pricing

Risk drivers

Aggregation

A. MEUCCI - Factors on Demand Applications – Risk Attribution to Portfolios

Risk attribution to basis of portfolios

Attribution

Attribution factors
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Returns of hedging instrumentsArbitrary estimation criterion

Pricing

Risk drivers

Aggregation

Optimal no-Greek hedges
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Returns of hedging instrumentsArbitrary estimation criterion

Pricing

Risk drivers

Aggregation

A. MEUCCI - Factors on Demand Applications – No-Greek Hedging

Optimal no-Greek hedges that promote upside

Attribution

Attribution factors



Units of underlying to hedge one call option

Returns of hedging instrumentsArbitrary estimation criterion

e.g.
- compounded return of one underlying        
- compounded returns of vol. surf

e.g.
- linear return of one underlying

Risk drivers

A. MEUCCI - Factors on Demand Applications – No-Greek Hedging
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Returns of hedging instrumentsArbitrary estimation criterion

Pricing

Risk drivers

Aggregation
Includes cardinality constraint

A. MEUCCI - Factors on Demand Applications – Best Pool on Demand

Best pool of hedges that promote upside

Attribution

Attribution factors



GICS Industry index returns

Includes cardinality constraint

Arbitrary estimation criterion

Pricing

Risk drivers

Aggregation

A. MEUCCI - Factors on Demand Applications – Best Pool on Demand

Best portfolio-specific factor model

Attribution

Attribution factors
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Article:

Attilio Meucci - “Factors on Demand”
Risk, July 2010, p 84-89
available at http://ssrn.com/abstract=1565134

MATLAB examples:

MATLAB Central Files Exchange (see above article)

This presentation:

www.symmys.com > Teaching > Talks

A. MEUCCI - Factors on Demand References
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A. MEUCCI - Factors on Demand Factor Models Pitfalls - Financial Theory

Systematic factors

Exposures of returns to factors

Idiosyncratic shocks

Returns of securities 

Independent

Supported by Arbitrage Pricing Theory
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total returns

- Equities
A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance



⇔

total returns

compounded returnslinear returns

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
- Equities
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returns are 
NOT

invariants
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theory > price:

Invariants: compounded returns
- Derivatives

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance

price at time t of call with 
strike K expiring at time E



implied volatility surface

theory > price:

Invariants: compounded returns
- Derivatives
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invariant coordinates

moneyness

time to expiry

implied volatility surface

theory > price:

Invariants: compounded returns

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
- Derivatives

volatility surface
moneyness

time to expiry



invariant coordinates

implied volatility surface

theory > price:

⇔

Invariants: compounded returns

volatility slice

volatility slice

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
- Derivatives

time to expiry

volatility surface
moneyness



invariant coordinates

implied volatility surface

theory > price:

⇔

Invariants: compounded returns

Invariants: compounded returns of volatility slice

volatility slice

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
- Derivatives
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0.15 VAR(1) residuals

invariant coordinates

Invariants: compounded returns of volatility slice

Invariants: compounded returns

implied volatility surface

theory > price:

1st half-sample distribution 2nd half-sample distribution

scatter-plot with lags

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
- Derivatives



Bonds:
( )1 2

0

, ;
1

X X
R

P
P

θ
= −

government yield changes
spread changes

Equities: 1XR e= −
log-return

Derivatives:
( )1 2

0

, ;
1

X X
R

BS
P

θ
= −

log-return of  implied volatility

Returns R are fully determined by risk drivers / invariants

Estimation must be performed on risk-drivers/invariants, not on returns

log-return of underlying

X

A. MEUCCI - Factors on Demand Factor Models Pitfalls - Quest for Invariance
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A. MEUCCI - Factors on Demand Factor Models Pitfalls - Nature of Residual

Systematic factors

Exposures of returns to factors

Idiosyncratic shocks

Returns of securities 

…more in general …

Risk factors

Loadings

Residuals idiosyncratic

Risk drivers

Independent

Independent
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correlated
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