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Predicting cross-sectional returns

CS predictive regressions based on firm characteristics

v

» Haugen & Baker (1996)

» Hanna & Ready (2005)

» Lewellen (2015)

» Green, Hand & Zhang (2017)

v

Plethora of plausible predictors

» Model uncertainty/instability

v

CS multiple regression forecast = overfitting

What we do = forecast combination

v


https://www.sciencedirect.com/science/article/pii/0304405X9500868F
https://www.sciencedirect.com/science/article/pii/S0304405X05001145
http://cfr.ivo-welch.info/readers/pub/cfr-024.pdf
https://academic.oup.com/rfs/article-abstract/30/12/4389/3091648

Forecast combination

» CS univariate regression = r; ; = ajt+bjezij1+€ir
> ri+ = return for firm i in month t
» Zz; j+—1 = characteristic j for firm i in month t —1
> i=1... 1l j=1...,J
()

» Univariate forecast = f.

itrile = 4t T bjezi e

> &+ (bj ;) = OLS/WLS estimate of a;; (b; )

H . H sMean __ 1 o
> Simple combination forecast = FT, = 52 51 iy,



Forecast combination

Refine forecast using ML (Diebold & Shin forthcoming)

v

v

Granger & Ramanathan (1984) regression

. _ .GR J GR () )
> rir=a; + Zj:l bj,t Fite—1 + it

> Select regressors using ordinary/weighted LASSO/ENet

v

LASSO/ENet combination forecast

» Include individual forecasts selected by LASSO/ENet

No look-ahead bias

v


https://onlinelibrary.wiley.com/doi/abs/10.1002/for.3980030207

Conventional approach

» CS multiple regression = r;; = a; R—i—ZJ 1 b Z, git—1FTEir

> Forecast = MR, , = a'tV'R+ZJ 1b Rzi it
SMR _ 119 aMR
> 3" =135 Lo
EMR _ 119 pMR
> B =5 2

.t s=0 _] t—s
» Combination vis-a-vis MR (Rapach, Strauss & Zhou 2010)
M _ = 1 J 7 s
> ri,t‘if:?\t =r+ J Zj:l ijt(ziyj,t - Zjvt)
> Replace MR coefficients with univariate counterparts

» Shrink forecast to cross-sectional mean


https://academic.oup.com/rfs/article-abstract/23/2/821/1604687/Out-of-Sample-Equity-Premium-Prediction

Fama-MacBeth predictive slope

> Lewellen (2015) approach

» CS regression = r;; = at™ + bEM? Fitle—1+ Eit
» bFM = OLS/WLS estimate of bf™
» R? = CS R? statistic

» Time-series averages
» bFM —

EFM
T tlb

> R? = %Zt:l Rt?

Test Hy: b™ < 0 vs Ha: B’ >0

v


http://cfr.ivo-welch.info/readers/pub/cfr-024.pdf

Fama-MacBeth predictive slope

» Dispersion of CS expected returns
» bFM =1 = unbiased on average
> Mincer-Zarnowitz regression
» bFM < 1 = overstates dispersion on average
» Signals overfitting

» bFM > 1 = understates dispersion on average



Fama-MacBeth predictive slope

» Demeaned CS forecast error

> i1 = (rie—F)— (Pi,t|t—1 - ?t|t—1)

» Not concerned with forecasting 7; per se
> (CS VW) MSFE, =+ ¥ I, Wi tl?,,
» FM interpretation
> MSFEY" — MSFE, = (25{" — 1)62,
» b™ > 0.5 = F 41 outperforms naive forecast on average
> MSFE, = bias; 67+, + (1 — R?)82,

> bias, = bFM — 1



Forecast encompassing

» Composite forecast = naive & competing forecasts

e o = "
> el = (1= 0¢)F—1+ 0¢F ¢e—1

1 [} Ak 2
> (CS VW) MSFE; = 13 ;4 Wi,t(“i,tlt—l)

LFM
by

v

= estimate of optimal 0;

» b = estimate of average optimal 0

v

Encompassing test

» Hy: b™ < 0 = naive encompasses competing on average

» Ha: b™ > 0 = naive-encompasses-competing-on-average



Forecast encompassing

» Composite forecast = competing forecasts A & B
> fi]tt\t—l =(1 _nt)fﬁt\t—l +nffi‘,3t|t—1
1 At 2
> (CS VW) MSFE, = £ 1y wi(af,, )
> CS regression = &, | = =al + bT( & é,?t\tq) + et

> &k =r,—F for k=AB

itlt—1 — lit itlt—1

» bl = OLS/WLS estimate of b]

> IAJ,J_[ = estimate of optimal n;

~

» bt = % ZtT:1 BI = estimate of average optimal n;



Forecast encompassing

» A encompasses B?
» Hy: bt <0 = A encompasses B on average
» Hy: bl > 0 = A-encompasses-B-on-average
» B encompasses A7
» Hy: 1 —b" < 0= B encompasses A on average
» Ha: 1— bl > 0 = B-encompasses-A-on-average
» Compare info content of conventional/combination forecasts

» A = conventional

» B = combination



Spread portfolios

» Sort stocks based on 7; ;1| at end of month t

» Form decile portfolios
» 10-1 spread portfolio for month t 41

» Go long (short) tenth (first) decile



Sample period = 1980:01-2017:12

v

v

NYSE/AMEX/NASDAQ stocks with market value on CRSP

Data for 94 firm characteristics

v

» CRSP, Compustat, I/B/E/S

v

3 cases (following Green, Hand & Zhang 2017)
» Value Weighted
» Equal Weighted excl Microcap
» Equal Weighted


https://academic.oup.com/rfs/article-abstract/30/12/4389/3091648

FM regressions results—VW

Full out-of-sample period (1990:01-2017:12)

Method hFM t-stat R?

Conventional  0.31 3.10*  1.67%
Mean 1.56 2.43**  537%
Tr mean 2.23 2.44*  535%
LASSO 1.64 3.96"**  4.14%

ENet 1.66 3.95%**  4.14%




FM regressions results—VW

Pre-2003 out-of-sample period (1990:01-2002:12)

Method pFM t-stat R2

Conventional 0.63 4.14%**  211%

Mean 1.47 1.47* 6.13%
Tr mean 1.97 1.36* 6.24%
LASSO 1.73 2.72***  451%

ENet 1.76 2.69"**  4.54%




FM regressions results—VW

Post-2003 out-of-sample period (2004:01-2017:12)

Method hFM t-stat R?

Conventional  0.05 0.58 1.24%
Mean 1.94 240 4.74%
Tr mean 2.92 2.62°*  4.60%
LASSO 1.55 2.707**  3.89%

ENet 1.58 2.74*  3.89%




10-year rolling estimates of FM slopes—VW

Ten-year rolling average

Ten-year rolling average

A. Conventional multiple regression forecast

2000

2005 2010 2015
End of ten—year period

B. Elastic net combination forecast
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Encompassing test results—VW

Full out-of-sample period (1990:01-2017:12)

~

bt 1— bt

Method  Coef t-stat Coef t-stat

Mean 0.70 6.62%** 0.30 2.89***
Tr mean 0.70 6.62%** 0.30 2.82%**
LASSO  0.68 6.57* 0.32 3.14***
ENet 0.68 6.62%* 0.32 3.12%**




Encompassing test results—VW

Pre-2003 out-of-sample period (1990:01-2002:12)

~

bt 1— bt

Method  Coef t-stat Coef t-stat

Mean 0.36 2.35%** 0.64 4.22%**
Tr mean 0.36 2.34%x* 0.64 4.12%**
LASSO  0.35 2.28** 0.65 4.22%*%
ENet 0.35 2.32%* 0.65 4.23***




Encompassing test results—VW

Post-2003 out-of-sample period (2004:01-2017:12)

bt 1— bt

Method  Coef t-stat Coef t-stat

Mean 0.98 10.62*** 0.02 0.18
Tr mean 0.99 10.73*** 0.01 0.13
LASSO  0.95 10.86"** 0.05 0.54
ENet 0.95 10.82%** 0.05 051




Ten-year rolling average

Ten-year rolling average

rolling estimates of encompassing coefs—VW

A. Conventional multiple regression forecast

2000 2005 2010 2015
End of ten—year period

B. Elastic net combination forecast
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Number of selected characteristics—VW

A. Weighted LASSO
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Number of characteristics

10 1990:01-2017:12 average = 30.71
1990:01-2002:12 average = 30.40
2004:01-2017:12 average = 30.98

1990 2000 2010

B. Weighted elastic net
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Number of characteristics

10 1990:01-2017:12 average = 31.06
1990:01-2002:12 average = 30.83
2004:01-2017:12 average = 31.24

1990 2000 2010



ENet selection frequencies—VW

» Significant churn in characteristics selected over time
» Nearly all > 20%
» Vast majority > 30%
» All < 50%
» Top 9 (> 40%)
» momlm, tb, sin, nincr, salerec

» chnanalyst, cinvest, chpmia, IPO



Spread portfolio log cumulative returns—VW

A. Conventional multiple regression forecast
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Risk-adjusted average returns—VW

Carhart (1997) 4-factor model

& A
Method Coef t-stat Coef t-stat
Conventional  1.41% 4.79*** —1.55%  —3.81***
Mean 1.56% 2.52%* —0.51%  —0.59
Tr mean 1.56% 2.60%** —0.60%  —0.74
LASSO 1.30% 2.37%* —0.21%  —0.27

ENet 1.31% 2.39%* —0.22% —0.29



https://www.jstor.org/stable/2329556

Risk-adjusted average returns—VW

Fama & French (2015) 5-factor model

& A
Method Coef t-stat Coef t-stat
Conventional ~ 1.99% 5.42%** —2.07%  —4.14**
Mean 1.27% 2.03** —0.23%  —0.28
Tr mean 1.32% 2.19** —0.37%  —0.45
LASSO 1.50% 2.65%** —0.32%  —0.42

ENet 1.50% 2.65%* —0.33% —0.43



http://www.sciencedirect.com/science/article/pii/S0304405X14002323

Risk-adjusted average returns—VW

Hou, Xue & Zhang (2015) g-factor model

& A
Method Coef t-stat Coef t-stat
Conventional ~ 1.57% 4.17*** —1.86%  —3.62***
Mean 1.60% 2.46%* —0.46%  —0.53
Tr mean 1.59% 2.55%* —0.57%  —0.67
LASSO 1.61% 2.72%** —0.49%  —0.61

ENet 1.62% 2.73*** —0.51%  —0.63



https://academic.oup.com/rfs/article/28/3/650/1574802

» Information in 94 firm characteristics useful over time

» But need to process information so that we avoid overfitting
» Many characteristics matter (pre & post 2003)
» Economic implications

» Characteristic premia vary over time

» Sizable # of characteristics relevant at each point in time
» Keen challenge = develop asset pricing models

» Avoid overfitting

» Facilitate economic interpretation



