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Introduction
Theme

A detailed treatment of aggregation and capital heterogeneity
substantially improves the performance of the investment CAPM



Introduction

Traditional asset pricing based on the demand of risky assets

Markowitz (1952)

Treynor (1962), Sharpe (1964), Lintner (1965), Mossin (1966)
Merton (1973), Ross (1976)

Rubinstein (1976), Lucas (1978), Breeden (1979)

Hansen and Singleton (1982, 1983), Breeden, Gibbons, and
Litzenberger (1989)

Cochrane (2005), Back (2010), Campbell (2017)

Berk and DeMarzo (2013), Bodie, Kane, and Marcus (2014)



Introduction

An emerging framework based on the supply of risky assets

Béhm-Bawert (1891)

Fisher (1930), Hirshleifer (1958, 1965, 1970)
Modigliani and Miller (1958)

Cochrane (1991)

Zhang (2005, 2017)

Liu, Whited, and Zhang (2009), Liu and Zhang (2014)

Hou, Xue, and Zhang (2015), Hou, Mo, Xue, and Zhang (2018)



Introduction
Marshall's “scissors™: Marshall 1890 [1961, 9th edition, p. 348]

Ricardo and Mill: Costs of production determine value
Jevons, Menger, and Walras: Marginal utility determines value

m The water versus diamond debate

“We might as reasonably dispute whether it is the upper or under
blade of a pair of scissors that cuts a piece of paper, as whether
value is governed by utility or costs of production. It is true that
when one blade is held still, and the cutting is affected by moving
the other, we may say with careless brevity that the cutting is done
by the second; but the statement is not strictly accurate, and is to
be excused only so long as it claims to be merely a popular and not
a strictly scientific account of what happens (our emphasis).”



Introduction

Campbell (2017): An entire chapter on investment-based asset pricing

A Course in Asset Pricing

John Y. Campbell

An empirical challenge facing
the structural investment model:

“This problem, that different
parameters are needed to fit
each anomaly, is a pervasive one
in the g-theoretic asset pricing
literature (p. 275).”



Introduction

The empirical challenge facing the structural investment CAPM

Liu, Whited, and Zhang (2009): Liu and Zhang (2014):
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Introduction

Average predicted versus realized stock returns, value, momentum, /A, and Roe
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Outline

The Model of the Firms



Operating profits: MN(Kir, Wi, Xit)
m Kj;: Physical capital; Wj;: Working capital
m Xj:: A vector of exogenous shocks

m Constant returns to scale, Cobb-Douglas

Capital accumulation:

Kityi = lie + (1 —6i)K;
Wity1 = AW+ Wi

Adjustment costs on physical (not working) capital:

a/ll 2
O, Kit) = 5 (KI> Kit

The Model

Setup



The Model

Optimal investments

Optimal physical capital investment: E;[M;y1rX ] =1, in which

it+1
the physical capital investment return:

it+1

+(1 — dit41) [1 + (1= Te41)a (/5:7111)}
1+ (1—7¢)a (/ﬁ)

2
i Ii
(1—7t41) [7K e 2 (ﬁ) ] + Te410it41

lig41 =

Optimal working capital investment: Et[MtHr,-‘t/L] =1, in which
the working capital investment return:

Yit41
Wit 1

ity =1+ (1 — Te1 ) 7w



The Model

A supply theory of asset pricing

The weighted average of the investment returns equals the
weighted average of the cost of equity and after-tax cost of debt:

K K K\.W _ B Ba By .S
Wig Fieq + (1 — Wi )il = wig rifdq + (1 — wid) rizg
wh = qitKir1/(qit Kit+1 + Wies1) and wf = Bijry1/(Pit + Bies+1)

m Modigliani and Miller (1958, Proposition II1)

The investment CAPM:

K K Ky, W B Ba
/S Wit lien + (L — Wi )righq — Wig fiegq
it+1 1— WB

it

The fundamental return, rf,,



Outline

Econometric Methods



Econometric Methods
Generalized Method of Moments, GMM

Test the expected return implications of the investment CAPM:

E[ pt+1 — ;I;:t+1] =0,

Portfolio p's stock return, 1 The fundamental return

S
pt+1 pt+

m The investment CAPM alpha: a, = E7[r3, Sttl — th+1]' with
E+[-] the sample mean

The supply counterpart of Hansen and Singleton (1982)



Econometric Methods
A technical point

vk and vy enter the moment condition only in the form of
Y =7k +yw:

Wi}t.‘(riﬁ-l + (1= wi)nty
(1 = 7e41)(vk + yw) Yiew1/ (Kiegr + Wiegr)
it Kitr1/(Kitx1 + Wieg1) + Wirr1 /(Kieg1 + Wiggr)
Wk (1 — 7e11)(3/2) (lies1/ Kies1)? + Ter10ie41 + (1 — Sjes1) Qe
Qit

_l’_

K
+(1 — wyy

The 2-capital model as parsimonious as the physical capital model



Econometric Methods
GMM methodology, based on Hansen (1982)

Let ¢ = (v, a), g7 the sample moments, D = dgt/dc

The GMM objective function: g-Wgr, in which W = |

Var(e) = (D'WD)~1D'WSWD(D'WD)~1/T

Var(g7) = [I - D(D'WD)'D'W] S [I - D(D'WD)~'D'W]’ /T
The overidentification test:

g [var(gT)]t 87 ~ x?(# moments — # parameters)



Econometric Methods
Aggregation in prior studies

Portfolio-level fundamental returns are constructed from
portfolio-level accounting variables aggregated from the firm level:

N pt S
E ZI 1 W’Ptrlpt—i—l
B

=0
F . B
Fpt+1 (7K7 a, th+17 Kpf+17 IPt+17 6Pt+1a IPD KPD rpta—‘,-lv Wpt) ]

m N,:: The number of firms in portfolio p at the start of t, wip:
Stock i's welght in portfolio p, ,pt+1 The return of stock 7 in
p over time t, t+1 The fundamental return of p

Aggregating firm-level characteristics to the portfolio level:
N,
Ipt+1 = Z,':p; Iipt+1: W[ﬁ = Z, 1 lpt+1/z ( ipt + Bipt+1)y etc



Econometric Methods

Exact aggregation

Construct firm-level fundamental returns from firm-level accounting
variables, then aggregate to portfolio-level fundamental returns:

Npt S Npt
Dty Wiptr ipt+1 2itq Wipt X

Bl s 5 Yirari Kiopos i oeey by b Koo B2 wBY) | =0
ipt+1 Vs ay Yipt+1, Nipt+1, lipt+1, Oipt+1, lipt, Nipt ipt+11 Vipt
F . . . F . . )
m riey1: Firm i's fundamental return, rp, ., varies with w;p
Why?

m Economics: Firms can make different investment choices

m Econometrics: The substantial firm-level heterogeneity helps
identify structural parameters
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Data



Data

Testing deciles

40 testing deciles formed on:

m Book-to-market: Bm
m Momentum (prior 11-month returns, 1-month horizon): R'!
m Asset growth: |/A

m Return on equity: Roe

NYSE breakpoints and value-weighted returns



Data

Average returns of the 40 testing deciles, January 1967-June 2017

L 2 3 4 5 6 7 8 9 H H-L
The Bm deciles

0.43 053 060 046 053 056 0.67 063 0.73 0.90 0.47

1.85 274 3.16 226 289 3.19 3.65 340 4.07 3.93 2.15
The R deciles

—0.03 0.40 0.47 048 045 0.48 0.46 063 0.68 1.08 1.12

—0.10 153 2.16 247 243 254 263 325 325 3.98 3.88
The I/A deciles

0.69 068 0.63 052 053 056 059 048 058 0.33 -0.36

298 3.42 384 319 3.09 3.13 324 249 242 127 -2.20
The Roe deciles

0.06 0.25 0.42 040 054 0.44 057 053 057 0.74 0.68

0.18 1.03 2.03 220 298 224 3.14 290 297 3.42 3.01




Data

Variable measurement

Yi:: Sales

Ki:: Net property, plant, and equipment

Wi:: Current assets

Bijt11: Long-term debt plus short-term debt (zero if missing)
P;:: Market equity, from CRSP

T¢: The statutory corporate income tax rate from the Commerce
Cleaning House

0+ The amount of depreciation and amortization minus
amortization, scaled by net PPE

lie: Kieg1 — (1 — 8i) Kie

rB: Total interest and related expenses, scaled by total debt



Data

Timing alignment

Construct monthly fundamental returns from annual accounting
variables to match with monthly stock returns

For each month t, take firm-level accounting variables from the
fiscal year end closest to month t to measure time-t variables in the
model, and to take accounting variables from the subsequent fiscal
year end to measure time-t + 1 variables

Compound the portfolio stock returns within a 12-month rolling
window with month t in the middle of the window to match with
the portfolio fundamental return for month t



Data

Descriptive statistics, firm-level variables in the fundamental returns,
June 1967-December 2016

Mean o 5% 25%  50% 75% 95%
/;t/K,‘t 0.36 0.44 —0.03 0.11 0.23 0.44 1.32
AW | Wi 0.13 0.32 —0.30 —0.05 0.07 0.22 0.82
Yier1/ Kiet 9.05 11.59 0.45 2.38 5.24 10.17 35.52
Yier1/ Wiera 3.09 2.00 0.76 1.77 2.61 3.83 7.46

Yierr/(Kierr + Wiep1) 162  0.93 0.30 097 150 211  3.80
Kier1/(Kiey1 + Wiea) 038 0.25 0.07 018 032 055  0.88
wi 0.26  0.22 0.00 0.07 0.22 0.42 0.68
Sity1 019  0.12 0.05 011 016 025  0.49
. 8.74  5.77 0.02 565 7.98 1054 24.89




Data

Correlation matrix, firm-level variables in the fundamental returns,

June 1967-December 2016

lie ] Kt

lity1/ Kitra

AW | Wy

AWiey1/ Wi
Yit+1/Kit+1

Yier1/ Wiesa
Yier1/(Kierr + Wietr)
Kit+1/(Kitr1 + Witga)
w2
Oitt1

Jitys AW AWiria Yieynr  Yitna Yit+1 Kit+1 wB 5 /B
Kitys Wi Wiia  Kiva Wirra Kiera +Wirs Kiepa +Wirga it Ot itt1
0.32 0.30 0.10 0.15-0.06 0.06 —0.18-0.18 0.280.06
0.23 0.30 0.36 0.00 0.20 —0.28-0.29 0.530.16
0.04 0.07 —0.04 0.01 —0.06 —0.08 0.050.03
0.09 0.25 0.20 0.08 -0.13 0.070.15
0.07 0.56 —0.60—-0.18 0.520.03
0.55 0.46 0.19-0.190.09

—0.33-0.08 0.240.13
0.37—-0.590.00
—0.330.04

0.06
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Data

Histograms, firm versus portfolio /i/ Ki




Data

Histograms, firm versus portfolio Kirr1/(Kit+1 + Wiet1)
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Data

Histograms, firm versus portfolio Yiet1/(Kit+1 + Wirt1)
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Data

Histograms, firm versus portfolio Yir+1/Kiet1
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Data

Histograms, firm versus portfolio rZ,
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GMM Estimation and Tests



GMM Estimation and Tests

Replication: The physical capital model estimated at the portfolio level

df. 9w [l a [a] o Japd| p
Bm 8 16.56 2.40 6.27 194 252 0.32 0.01
R1 8 12.00 1.14 1.28 056 1.34 146 8.37
I/A 8 1220 1.06 1.06 0.40 2.04 0.54 0.00
Roe 8 10.32 0.97 0.00 0.07 335 0.21 0.00
Bm-R11 18 13.44 121 254 052 290 7.02 0.00
|/A-Roe 18 11.43 099 0.71 0.34 286 1.64 0.00

Bm-R!.1/A-Roe 38 1251 1.08 1.74 0.34 296 412 0.00




GMM Estimation and Tests

Average predicted versus realized stock returns, Bm-R'*, Bm-R'*-|/A-Roe,
the physical capital model at the portfolio level
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GMM Estimation and Tests

The 2-capital model estimated at the firm level

d.f. v bl a [a laf |om p
Bm 8 17.62 2.07 3.75 0.68 1.34 0.16 0.07
R1 8 13.37 2.84 8.11 0.00 0.82 0.74 85.28
I/A 8 17.44 1.77 1.63 0.70 0.89 2.31 0.31
Roe 8 14.90 3.20 7.63 0.00 0.79 1.16 92.46
Bm-R11 18 17.89 2.03 3.44 0.55 1.27 0.77 0.00
|/A-Roe 18 17.35 1.79 1.65 0.67 1.14 2.15 0.00

Bm-R'-I/A-Roe 38 17.77 1.94 2.84 0.47 1.33 1.73 0.00




GMM Estimation and Tests

Average predicted versus realized stock returns, Bm-R'*, Bm-R'*-|/A-Roe,
the 2-capital model at the firm level
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GMM Estimation and Tests

Intuition

The physical capital investment return:

2
Yiet1 a [ liexa .
(1 - TH_l) |:’YK Klir+1 T2 <l<,it+1 + Te+10ie+1

+(1 = ditg1) [1 + (1= 7e41)a (%)}
1+(1—m7)a (/ﬁ)

/ _
lie41 =

The “tug of war” between current investment-to-physical capital
and expected investment-to-physical capital



GMM Estimation and Tests

Comparative statics on the high-minus-low investment CAPM alphas

Bm R} /A Roe
Benchmark 3.09 1.55 —0.06 2.23
lit | Kit 36.28 —7.65 2175 —6.34
lit41/ Kit+1 —27.79 20.71 13.36  14.83

Y,'t+1/(K,'t+1 + M/"tJr]_) —7.04 6.82 2.40 8.72




GMM Estimation and Tests

The impact of aggregation, Bm-R'!, Bm-R*!-I/A-Roe,
the 2-capital model at the portfolio level
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GMM Estimation and Tests

The impact of capital heterogeneity, Bm-R'!, Bm-R*!-I/A-Roe,
the physical capital model at the firm level
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Diagnostics: Dynamics of Factor Premiums



Diagnostics
Correlations between the stock returns of various leads and lags
and the contemporaneous fundamental return, rf

Correlations of the stock returns with the fundamental returns, rf

r:ieo r:ias rif—24 rif—lz r,f,:,, rif r,-f+3 r£+12 rif+24 ri§+36 ri?+eo
Firms —0.02¢ —0.03° —0.03° 0.02° 0.10° 0.11¢ 0.12° 0.05° 0.00 0.01 —0.01°
Port 0.05 0.09° 0.05° 0.09° 0.17°¢ 0.19° 0.20° 0.12¢ 0.08° 0.12¢ 0.11°

Correlations between the stock and fundamental returns across the testing deciles

L 2 3 4 5 6 7 8 9 H H-L

Bm 013 019 012 0.04 0.13° 020° 0.00 0.00 0.05 0.15 0.26°
R™ 0.20° 0.09 0.06 —0.05 —0.03 0.04 0.01 0.08 0.10 0.22° 0.14°
/A 0.19° 0.11 0.10 —0.03 0.12 —0.02 0.02 —0.02 0.11 0.30° 0.42°
Roe 0.19 0.18 0.11 0.14® —0.02 0.01 0.09 0.01 —0.02 0.09 0.16

a b <. Significant at the 10%, 5%, and 1% levels, respectively



Diagnostics
The long-term dynamics of the value premium,
the stock and fundamental returns in event-time
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Diagnostics
The short-term dynamics of the momentum premium,
the stock and fundamental returns in event-time
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Diagnostics
The long-term dynamics of the investment premium,
the stock and fundamental returns in event-time
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Diagnostics
The short-term dynamics of the Roe premium,
the stock and fundamental returns in event-time
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Diagnostics

Time series, the stock and fundamental value premium, corr = 0.26
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Diagnostics

Time series, the stock and fundamental momentum premium, corr = 0.14
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Diagnostics

Time series, the stock and fundamental investment premium, corr = 0.42

1970 1980 1990 2000 2010



Diagnostics

Time series, the stock and fundamental Roe premium, corr = 0.16
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Diagnostics

Higher moments

Bm L 2 3 4 5 6 7 8 9 H H-L
o r° 020 018 018 019 0.17 0.16 0.17 0.17 0.17 022 0.20°
rF0.05 006 006 007 0.08 0.10 0.07 011 0.13 0.18 0.18°
S« r° —0.24 0.03 —0.08 —0.04 —0.16 —0.07 —0.20 —0.48 —0.14 0.12  0.42
rF—096 —126 1.05 057 081 —1.57 067 127 0.73 0.63 0.36
K, r° 304 312 275 343 320 357 352 436 3.94 447 3.28
rF 397 624 833 536 481 8.13 295 6.62 429 464 403
R L 2 3 4 5 6 7 8 9 H H-L
o r° 030 024 020 0.18 0.16 0.17 0.16 0.18 0.19 0.26 0.28°
fF 012 008 008 0.07 0.07 0.06 007 007 0.07 0.07 0.13°
S« r° 147 094 0.19 042 —0.10 —0.14 —0.23 —0.16 —0.11 —0.03 —1.78°
rF —056 —003 033 038 057 0.69 101 062 0.13 —0.41 0.30°
K, r° 992 805 391 407 370 358 3.02 3.07 357 3.19 11.59¢
rF 658 410 6.00 481 551 524 6.73 506 4.07 3.91 529°




Diagnostics

Higher moments

I/A L 2 3 4 5 6 7 8 9 H H-L
o r° 022 018 016 015 0.16 016 017 017 021 023 0.14°
PF0.09 007 008 007 006 007 006 005 007 008 0.11°
S r® 036 —0.01 —0.01 —0.16 —0.25 —0.18 —0.20 —0.15 —0.30 —0.22  0.13
FF022 088 041 1.00 040 003 —027 043 —0.29 —0.60  0.08
K, r® 413 367 318 348 355 310 322 307 333 315 3.44
PF 271 460 295 517 3.01 343 448 415 350 503 3.18

Roe L 2 3 4 5 6 7 8 9 H H-L

o r° 027 022 019 016 0.17 018 0.16 017 017 020 0.20°
rF 014 012 0.09 0.08 0.08 007 007 005 0.05 0.05 0.14°
S« r° 020 0.23 —0.03 —0.02 —0.25 —0.38 —0.39 —0.14 —0.20 —0.06 —0.84°
rF 046 038 058 038 050 131 0.07 —0.38 —0.15 —0.09 —0.38
K, r® 369 394 413 336 3.12 366 3.14 290 335 270 5.75°
r© 499 545 673 453 485 656 4.19 3.88 298 3.08 4.45°
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[@ Out-of-sample Tests



Out-of-sample Tests

Recursive estimation: The 1st window from 1967/6 to 1980/7,
add 1 month at a time until 2017/12, time series of v and a estimates
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Out-of-sample Tests

1-month-ahead fits, stock versus fundamental returns, the 2-capital model at the firm
level, July 1980-December 2016
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Out-of-sample Tests

1-month-ahead fits, stock versus fundamental returns, the physical capital model at the
portfolio level and the g-factor model, July 1980-December 2016
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Out-of-sample Tests
Expected return estimates, cross-sectional forecasting regressions, WLS,
June 1967-December 2017

Investment-to-capital, fe1/Ket1

Annual sales growth, Yii1/Ys

Slope [£] R? Slope [t] R?

log(Q:) 0.11 30.08 28.34 g 1 043 5409 67.45
Y:/(Ke +W:)  0.02 929 g . 014 10.96
le/ Ke 0.34 34.07 g s 008 1077
g . 010 1454




Out-of-sample Tests
Deciles formed on the expected return estimates, July 1980-December 2017

L 2 3 4 5 6 7 8 9 H H-L

The two-capital model estimated at the firm level

039 080 061 075 080 057 080 082 085 086 0.48
1.34 308 250 313 383 275 413 426 421 406 252
0.44 076 0.69 076 075 060 0.79 0.78 081 0.83 0.39
155 287 286 321 364 293 407 409 404 398 221
049 077 065 078 075 064 076 074 083 077 0.28
1.78 299 270 329 362 322 391 388 414 368 1.66




Out-of-sample Tests

Deciles formed on the expected return estimates, July 1980-December 2017

L 2 3 4 5 6 7 8 9 H H-L

The physical capital model estimated at the portfolio level

042 075 059 066 072 079 083 082 095 083 041
139 282 276 298 339 412 393 360 398 330 243
0.46 0.77 0.61 063 074 071 087 080 088 079 0.33
155 303 289 280 343 374 420 351 380 311 207
054 076 061 064 075 068 081 081 087 079 0.26
1.88 3.056 290 283 353 355 393 356 383 315 1.77




Out-of-sample Tests
Deciles formed on the expected return estimates, July 1980-December 2017,
evidence consistent with Fama and French (1997)

L 2 3 4 5 6 7 8 9 H H-L

The g-factor model

0.64 070 0.78 065 079 076 0.74 080 076 0.83 0.20
218 289 3.79 3.23 4.02 400 350 369 324 279 094
063 083 074 069 078 075 0.70 0.74 075 0.82 0.19
213 356 3.67 353 4.09 395 349 348 319 283 0.93
0.61 075 079 072 075 076 0.71 0.73 077 086 0.25
2.07 333 393 372 399 395 359 349 330 296 1.22




Conclusion
Aggregation, capital heterogeneity, and the investment CAPM

A detailed treatment of aggregation and capital heterogeneity
substantially improves the performance of the investment CAPM

Future work: The fundamental cost of capital
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