
Factor Investing: Diversification Benefits and 
Transaction Costs

Marie Brière
Amundi, Paris Dauphine University, Université Libre de Bruxelles
marie.briere@amundi.com

18



2

Factor Investing: A Lively Field

⎯ Google Trends for « Factor Investing »

Source: Google Trends, Sept 2020

Dec 2009: Report on 
Active Management of 
the Norway Fund
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A Short History of Risk Factors…

⎯ For many years, only one factor
⎯ Sharpe-Lintner-Mossin-Treynor CAPM (1964): the market is the key risk factor (at 

least for equities)

⎯ Early additions to the market factor
⎯ Ross (1976) Arbitrage Pricing Theory: other risk factors exist
⎯ Fama and French (1992) introduce the size and value factors
⎯ Jegadeesh and Titman (1993) and Carhart (1997) add the momentum factor

⎯ Many new factors
⎯ Quality (Piotroski, 2000), Low Beta (Black et al., 1972 ; Frazzini and Pederson, 2014) 
⁃ Fama and French (2014) add two quality (profitability and investment) factors

⎯ > 300 factors have been proposed in the equity market (Harvey et al., 2015)
⎯ Other asset classes (ex: Maio and Barroso, 2019 ; Vatanen and Suhonen, 2019)
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… and Factor Investing

⎯ Ang, Goetzmann and Schaefer (2009): report  to the Norwegian Sovereign 
Wealth Fund

⎯ A substantial part of active returns can be explained by exposure to risk factors
⎯ Recommend to allocate portfolio risks among these factors
⎯ Started a new conversation about asset allocation

⎯ Using risk factors for asset allocation

⎯ Aggregate securities by their exposure to pre-defined factors 
⎯ Asset allocation based on “factor indices“ (rebalancing actively securities) 
⎯ Factor-based investment: "new paradigm for long term investment" (Ang, 2014)
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… and Factor Investing

⎯ Key players moved from traditional to factor asset allocation: creation of 
factor indices (MSCI, Russell, etc.), ETFs

⎯ Large investors moved part of their asset allocation to factors

⁃ The Norwegian fund monitors the risk factor exposures of its asset allocation
⁃ Dutch fiduciary manager PGGM applies factor tilts in their portfolio construction
⁃ Danish Pension Fund ATP implements both factor tilts and factor optimization
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Key Questions for Practical Implementation

⎯ Which factors?

⎯ Diversification benefits between selected factors

⎯ Factors’ transaction costs



Which Factors?
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Factor Proliferation

⎯ More than 300 discovered equity factors (Harvey et al., 2015)
⎯ Cochrane (2011) refers to a “zoo” of factors

Source: Harvey et al., 2015
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Too Many Factors? 

⎯ Is the performance of factor strategies real?

⎯ Publication bias due to agency problems (Harvey, 2017)
⎯ Journal editors compete for impact factors, tend to publish papers with the most 

significant results 
⎯ Authors engage in datamining, selecting test procedures until results become 

significant
⎯ The more scrutiny a collection of data is subjected to, the more likely will interesting 

(spurious) patterns emerge (Lo and MacKinlay, 1990)

⎯ Robustness checks / new statistical tests are neede d
⎯ Out of sample and sensitivity analysis (sample period, investment universe etc.)
⎯ More restrictive statistical tests
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Robust Factors

⎯ Keep the factors that pass the adjusted statistical  thresholds… 
controlling for false discovery rate

MRT: market beta (Fama and McBeth, 73) ; EP : earnings-price ratio (Basu, 83) ; DCG: durable consumption good (Yogo, 2006) ; 
DEF: default likelihood (Vassalou and Xing, 2004) ; LRV : long run volatility (Adrian and Rosenberg, 2008) ; CVOL : consumption 
volatility (Boguth and Kuehn, 2012) 

Source: Harvey et al. (2015)
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Robust Factors

⎯ ... But also that have economic underpinning ! 

⎯ Chordia et al. (2017) compute the performance of 2.1 million factor strategies
⁃ Impose significance level of 5%, false discoveries tolerance of 5%, significant alpha, Fama-

MacBeth coefficient, Sharpe ratio higher than the market.

⎯ The 17 surviving factors have no relationship with published anomalies!

Source: Chordia, Goyal and Saretto (2017)
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Robust Factors

⎯ Keep the factors that survive post-publication
⎯ Alpha Decay: portfolio returns are 58% lower post-publication (97 factors, McLean 

and Pontiff, 2016)

Source: McLean and Pontiff (2016)
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Robust Factors

⎯ Keep the factors that resist practical implementati on

⎯ Factors’ exposure to microcap stocks (Hou, Xue, and Zhang, 2017)
⁃ 60% stocks number, 3% market cap 
⁃ Equal-weight or NYSE-Amex-NASDAQ breakpoints outweight microcaps

⎯ Due to high transaction costs , anomalies in microcaps are more apparent than real 
⁃ With value-weight or NYSE breakpoints, 64% of 447 tested factors insignificant at 5% level 

(85% at critical value of 3)
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Back to Basics: Competing Factor Models

⎯ Hou Xue and Zhang (2015) q-factor model
⁃ Market, Size, Investment and Profitability (ROE)

⎯ Fama and French (2014) 5-factor model
⁃ Market, Size, Value, Profitability and Investment

⎯ AQR’s 6-factor model
⁃ Add the Momentum factor
⁃ Change the Value factor

FF (2014) value (HML) is redundant to profitability and investment
book value with 6M lag but price with no lag, monthly rebalancing (Asness and 
Frazzini, 2013) 

⁃ They also propose a new Quality factor



Factor diversification Benefits
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Factor Diversification

⎯ Are the risks of individual factors diversified awa y by optimal 
diversification? 

⎯ Brière and Szafarz (2017a) compare optimal portfolios of factors and sectors 
across multiple performance measures

⎯ Vertical & horizontal distances between the market and 
efficient frontier (Basak et al., 2002; Brière et al., 2013)

⎯ Jensen’s alphas and Sharpe ratios
Wald test (+Newey-West correction) of equality
Ledoit and Wolf (2008) test of equality

⎯ Certainty Equivalent Returns (CER)
Christoffersen and Langlois (2013) bootstrapped test of equality, CRRA, CARA utility
Manipulation-proof performance measure (Goetzmann et al., 2007)
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Factor Diversification

⎯ Combining factors improves on the market
⎯ Optimal factor and sector portfolios, full sample 1963-2015

Short-selling banned

⁃ Short-selling authorized

Source: Brière et Szafarz (2017a)
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Factor Diversification

⎯ Be careful with crises times
⎯ Optimal factor and sector portfolios, bear markets

Short-selling banned

⁃ Short-selling authorized

Source: Brière et Szafarz (2017a)
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Factor Diversification

***,**,* significant at the 1%, 5% and 10% level respectively

Sample
Panel A: Vertical distance 

(exp. returns)
Sectors Factors

Full sample 0.0017* 0.0014***
Bear markets - 0.0394***
Bull markets 0.0006 0.0003*
Recessions 0.0069*** -
Expansions 0.0013 0.0017***

Panel B: Horizontal distance 
(variance)

Full sample - -
Bear markets - -
Bull markets 0.0001*** 0.00002*
Recessions - -
Expansions 0.0005*** 0.00004

⎯ Factors: return improvement, sectors: risk reduction
⎯ Vertical and horizontal distance to the market portfolio

short-selling banned short-selling authorized

⁃

Source: Brière et Szafarz (2017a)

Sample
Panel A: Vertical distance 

(exp. returns)
Sectors Factors

Full sample 0.0032** 0.0106***
Bear markets 0.0303 0.0272***
Bull markets 0.0007 0.0037***
Recessions 0.0282*** 0.0323***
Expansions 0.0019* 0.0076***

Panel B: Horizontal distance 
(variance)

Full sample - -
Bear markets - -
Bull markets 0.0001*** 0.0003***
Recessions - -
Expansions 0.0005*** 0.0004***
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Factor Diversification

risk-free rate that would make the investor indifferent between holding the risky portfolio made of factors/sectors and 
earning the CER (CRRA Utility) 

Source: Brière et Szafarz (2017a)

⎯ Accounting for extreme risks, factors have significantly higher CER only when 
short-selling authorized

short-selling banned short-selling authorized

⁃

Portfolio

Sectors Factors

In-sample estimation

LOmaxSR 0,67 0,65 0.05

LOminvol  0,62 0,45 0.69

Equalweight 0,52 0,36 0.53

Out-of-sample estimation, M=60 months

LOmaxSR 0,36 0,51 -0.47

LOminvol  0,61 0,47 0.54

Equalweight 0,48 0,26 0.67

LOmaxSR 0,33 0,66 -0.93

LOminvol  0,70 0,56 0.50

Equalweight 0,56 0,39 0.46

Panel A: Low risk aversion (γ=5)

Out-of-sample estimation, M=120 months

CER (CRRA) Bootstrapped 
equality t-test

Portfolio

Sectors Factors

In-sample estimation

LOmaxSR 0,77 2,07 -3,09***

LOminvol  0,68 0,67 0,05

LOmaxSR - - -

LOminvol  0,66 0,78 -0,5

Out-of-sample estimation, M=120 months

LOmaxSR - - -

LOminvol  0,75 0,82 -0,3

Panel A: Low risk aversion (γ=5)

CER (CRRA) Bootstrapped 
equality t-test

Out-of-sample estimation, M=60 months
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Factors Long-Only or Long-Short?

- Long-short multi-factor extensions are attractive
– Efficient Frontiers (1963-2015)

– But be carefull of shorting costs (Huij et al., 2014)

Source: Brière et Szafarz (2017b)
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Factor Transaction Costs

⎯ No consensus on trading costs estimation
⎯ Explicit trading costs (bid-ask spreads, commissions) are easily measured but full costs are 

dominated by price impact

200 bp for 
momentum

48, 60, 780 bp
for size, value, 
momentum

154, 146, 351 bp
for size, value, 
momentum

61 bp in sample 
(average of 120 
anomalies)
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Factor Transaction Costs

⎯ Trading costs estimation on Institutional Investors’ Trades, ANcerno
⎯ 10% of institutional trades, 5% of market volume, $ 41.8 trn transactions, 10000 stocks

⎯ Meta-order information (split between child tickets)

Source: Brière, Lehalle, Nefedova, Raboun (2019)
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Factor Transaction Costs

⎯ Implementation shortfall can be large for sizeable meta-orders
⎯ measures the difference between closing price in t-1 and an actual traded price, in % of the close

Source: Brière, Lehalle, Nefedova, Raboun (2019)
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Factor Transaction Costs

⎯ Average transaction costs including implementation shortfall, 1999-2015

Source: Brière, Lehalle, Nefedova, Raboun (2019)
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Factor Transaction Costs

⎯ Transaction costs estimation for large orders
⎯ Parametric estimation postulates squared root relationship between implementation 

shortfall and size of the trade

Source: Brière, Lehalle, Nefedova, Raboun (2019)
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Breakeven Capacity

⎯ Maximal fund size attainable before price impact eliminates profits

Source: Brière, Lehalle, Nefedova, Raboun (2019)



Conclusion
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Key Takeaways

⎯ Factors should be combined

⎯ Be careful to crises: factors are for low to moderate risk-averse investors

⎯ They should ideally be played long-short

⎯ Factors resist transaction costs if low rebalancing
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Further Questions

⎯ Factor crowding 
⎯ Capital devoted to factor strategies increased since the 1990s (Hanson and 

Sunderam, 2011)

⎯ Mutual funds flows (“dumb money”) exacerbate stock return anomalies , while 
hedge funds flows (“smart money”) attenuates them (Akbas et al., 2014). 

⎯ Crowding explains negative skewness in momentum returns (Lou and Polk, 2013 ; 
Huang, 2015) and negative returns (Barroso et al., 2017)
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