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Abstract

This paper tests the long run risk and valuation risk model using a robust estimation pro-
cedure. The persistent long run component of consumption growth process is proxied by a
news based index that is created using a random forest algorithm. This news index is shown
to predict aggregate long term consumption growth with an R-square of 57% and is robust to
inclusion of other commonly used predictors. I theoretically derive an estimatable bias term
in adjusted Euler equation of the model that arises due to measurement error in consumption
data and show that this bias term is non-zero. Using a three pass estimation procedure that
accounts for this bias, I show that the long run risk and valuation risk model fails to explain
cross section of equity returns. This contrasts to the results from regular two pass Fama-
MacBeth estimation procedure that implies that the same model explains the cross section of

asset returns with statistically significant risk premia estimates.
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1 Introduction

The inability of the asset pricing models to reconcile the empirical facts between the macroeco-
nomic and financial data has been an open issue for more than a couple of decades (Cochrane
2016 [9], Hansen and Singleton 1982 [17]). The US equity market demand a premium of 6.9% over
the risk free rate and the standard consumption based asset pricing models do not justify such a
large premium. As Mehra (2003)[24] pointed out, the US stock market, with Standard and Poor
average real annual yield as proxy, has delivered a return of 7.9% over the last 110 years which
is considerably higher than the average annual real T-bill rate of 1% during the same time span.
The crux of the equity premium puzzle lies in the inability to reconcile the stock return premium
with the standard representative agent macroeconomic model with CRRA (Constant Relative Risk
Aversion) preference. The obvious shortcoming of a CRRA framework is that the time preference
and risk preference are coupled together. One of the most influential models among an arsenal
of papers that aim to explain the cross section of asset returns is the Long Run Risk model by
Bansal and Yaron (2004) [3]. The framework used in the Long Run Risk model is different from
the other modes like Habit formation by Cambpell and Cochrane (1999)[8], or ICAPM (Inter-
temporal Capital Asset Pricing Model) by Merton (1973)[25] in the sense that a small but highly
persistent component in consumption and dividend growth rate takes central importance in model
development. Bansal and Yaron (2004) used the Epstein Zin utility and assumed (i) persistent
component in the consumption and dividend process, (ii) fluctuating consumption volatility. The
key assumption of the long run risk framework is that a better long run prospect of the economy
raises the equity prices, even though the consumption may remain unaffected. In the long run risk

model, the uncertainty is loaded to the supply side of the economy.

A recent contribution in this area is the Valuation Risk model by Albuquerque et al (2015)[1]
who use demand side shocks instead of the supply side shocks to model the asset prices. Since
most of the classical models including long run risk models load all shocks into the supply side of
economy, Albuquerque et al (2015)[1] take a different perspective and introduce time preference
shocks in the Epstein-Zin utility framework. This model not only fits the equity data well, but also
the term structure of bond returns better than the long run risk model. The underlying frame-
work and assumption in these two models is pretty much the same - (i) a representative agent
Epstein Zin utility, (ii) a small but highly persistent component in consumption growth process.
While the long run risk has persistent long run component entering the consumption and divi-
dend growth processes, the valuation risk model has a persistent time preference risk entering the
consumption growth process. Following Schorfheide et al (2016)[33], I combine the long run risk
and valuation risk model into an unifying framework such that the consumption growth process
contains both the long run component as well as the time preference component. The preliminary
evidence provided by Schorfheide et al (2016)[33] show a strong support for the model in terms

of its ability to explain the cross section of asset returns. Similar result is obtained by Liu and



Matthies (2016)[23] who test only for the long run risk model. The long run component and time
preference component are essentially latent variables which means that they are not observed. The
approach taken by Schorfheide et al (2016)[33] to recover the latent components is a Bayesian
mixed frequency approach while Liu and Mattheis (2016)[23] use a news based textual approach.
The news based textual approach uses frequency count of number of news articles published each
month that contains the keywords such as ’consumption’ and ’gross domestic product’. However,
it is a noisy measure since there are many news articles that contain these keywords but are not
related to the state of the economy. While I adopt the news based methodology from Liu and
Mattheis (2016)[23], I use machine learning tools to clean the index in the sense that the news
based index is created using only the articles that are relevant to the state of economy with a

reasonable approximation.

As far as the empirics are concerned, in order to test the model, one has to use consumption data
to start with. The problem of measurement error in consumption is widely documented in prior lit-
erature. Some of the recent papers have used proxies such as electricity consumption (Da and Yun,
2010)[10], and data on garbage produced (Savov, 2011)[32]. The problem in using proxies is that
one cannot concretely establish a mapping from consumption data to these proxies. Hence I take
a different approach and theoretically solve for measurement error component in the estimation
equations. Vissing-Jorgensen (1998)[34], and Brav et al (2002)[6] use a multiplicative measure-
ment error model since this will retain the Euler equations obtained from solving the optimization
problem. But using multiplicative error model leads to conclusion that only discount factor gets
affected, and therefore is rather a restrictive assumption. I instead use an additive measurement
error model which allows us to modify the testable Euler equation. Recently De (2015)[11] used
an additive measurement error model in a CRRA framework and found that the measurement
error component helps to solve the equity premium puzzle to an extent. To my knowledge, such
additive measurement error model has not been implemented for Epstein-Zin utility in a Long run
risk framework. Implementing it would provide us two advantages: (i) we can obtain a modified
Euler equation which will take into account the measurement error problem, (ii) we can estimate
the bias to have a sense of seriousness of neglecting the measurement error in macroeconomic data.
The bias term that I derive is shown to be dependent on the utility parameters, risk free rate,
and return of assets. I use utility parameter estimates obtained in Schorfheide et al (2016)[33] and

show that the magnitude of bias is non-zero.

Since the modified Euler equation has a bias term, the canonical asset pricing equation 1 =
E[M R] does not hold anymore. I derive the cross sectional asset price testing equations in the pres-
ence of bias induced from measurement error and show that the bias term enters as asset specific
heterogeneity term in the Fama MacBeth cross sectional regression equations. Therefore, ignoring
the bias term and using OLS estimates to obtain the risk premia will lead to biased estimates. To

correctly obtain the risk premia estimates, I use the three pass estimation technique proposed by



Giglio and Xiu (2017)[14] which not only takes into account the omitted bias variable, but also

other omitted variables which could possibly exist.

The key results of the paper are as follows. The news index explains the aggregate consumption
growth 7 years down the line with an adjusted R-squared of 57%. The index is robust to inclusion
of other variables such as price dividend growth, realized industrial production variance, and labor
income growth. The bias in the Euler equation of the model that arises due to measurement error
is non-zero. Using the three pass estimation to account for this bias leads to a conclusion that the
long run risk and valuation risk factors are spurious and do not explain the cross section of asset
returns. This is in stark contrast to the conclusion arrived using the standard two pass estimation
technique which implies that the long run risk and valuation risk factors are statistically significant
in explaining the cross section of asset returns. Therefore, there is a lack of support for the long
run risk and valuation risk model once we take measurement error into account and use robust

risk premia estimation method.

Section 2 introduces the model set up'. This is followed by section 3 that explains the Data
source. Section 4 presents the methodology and empirical results. Section 4.1 explains how the
latent long run component in consumption growth process is recovered. The recovery of state
variables are demonstrated in section 4.2. The estimates of bias in Euler equation is provided
in section 4.3. At this point, a need for robust estimation procedure that takes into account
measurement error becomes clear. Section 4.4 presents the robust estimation of risk premia using
three pass approach and compares it against the estimates from standard two pass approach.
Section 5 concludes the paper. The appendix A provides the mathematical derivation of the model

and supporting figures and tables.

2 Model

A representative agent model with endowment economy and preferences characterized by Epstein
and Zin (1989) is considered. The agent, holding recursive preferences, maximizes the lifetime

utility by solving

Ui = maz (MG ¥ +o(Uz )Y

subject to the budget constraint,

Wip1 = (Wt - Ct)Rc,t+1

C; is the consumption stream, 1 is the Inter-temporal elasticity of substitution (IES), and

0 refers to the agent’s time preference. R, ;1 is the return on consumption claim, U, is the

11 present the model and key equations in this section. Detailed derivation of solution to the model is provided

in Appendix A



certainty equivalent value of lifetime utility from ¢ + 1 such that
_ 1—
(Ut*+1)1 1= Et(Ut+17)

Risk aversion parameter is given by v. When v = 1/, the recursive preferences reduces to CRRA
preferences. The demand shock is captured by the changes in time discount rate of investors. The
variable Apy1 = A¢g1/M: is the time preference shock that captures how the investors trade off
current period utility versus future period utility. Let za ; denote the log time preference shock,

which follows the law of motion

A
TAt+1 = PATAt T OA€Ey

where €', ~ N(0,1). The law of motion for consumption process is a modified version of Bansal
Yaron type since the innovation to the time preference shock also enters the consumption growth

process. The state process is given by

A
Ji+1 = Me + Tep + Ten€p1 + Oc M+
Teprl = PTt + PeOz €1
_ A
TAt4+1 = PATAL T ONEL
2 2
Ojotg1 =V + 0ht + P0Gt + P11 + wig1, ke{cx}

Nt, €4, €¢, (¢ ~ 1.1.d standard-normal random variable

where g;41 is the consumption growth, 7., ,\eé\ﬂ is the scaled innovation to the time preference
shock, x.+ is the long run variable that follows an autoregressive process, xx ; is the time prefer-
ence shock that follows an autoregressive process, 0.+, and o, ; is the time varying component in
the stochastic volatility of consumption growth g;11, and long run variable x. ;41 respectively. A
stochastic volatility is evidenced in the post war macroeconomic and financial data which makes

it a reasonable assumption. ¢7,; and o3 ,,; follows an AR(I)MA process of order (0,1,2), or

in other words a simple exponential smoothing process?>. The state variables in the model are

2 2 ]

— A
S = [xc,t Ly Ozy c,t

The stochastic discount factor given the Epstein Zin preferences with valuation risk embedded

can be derived as ®

A 0
myiy1 = 0Ind + Oln ;:1 - @gtJrl + (0 = Drait1 (1)

where 6 is given by § = 2=% with v > 0. The stochastic discount factor m;,; = InM;,,
P

1
contains measurement error.

Deriving Adjusted Euler Equation

I assume that observed consumption growth, Cyy1 contains measurement error and Cyy1 = Cyy1 +

ft—i-l: where §t+1 = C?+16t+1. Slmllarly, ét = Ct + §t7 where gt = CtOGt. AlSO, €t4+1,€ ~

2T consider AR(I)MA process in general and choose the best model according to AIC,and BIC value. I use

auto.arima package in R that uses Hyndman-Khandakar algorithm for automatic ARIMA modeling
3see Appendix A for derivation



i.i.dN(0,02). Cy11 and Cy are true consumption series which are not observed. This forms an ad-
ditive consumption error model with heteroskedastic noise 4. In the absence of measurement error,
the Euler equation is given by 1 = E;[M;+1R; ;+1]. This pricing equation holds when the stochastic
discount factor My, is a function of true consumption data. When observed consumption data is
noisy, we do not know what the true consumption data is and hence we require a modified Euler
equation which is testable with the observed noisy consumption series. The Euler equation under
measurement error is given as E;[Mi41R;41] = p. If p # 1, the measurement error affects the

Euler equation.

To derive the modified testable Euler equation, I perform the following steps:

e Take the noisy consumption growth series Cgl and expand it around the points E [C’tﬂ] =
t

C?., and E[Cy] = C¢ until the second order in Taylor Series expansion °

e Substitute the linearized expression for noisy consumption growth in the corresponding Euler

equation Ey[Myy1R;141] = p.

e Similarly, take the true (unobserved) consumption growth series (cé—:l) and expand it around

points E[Cy41] = Cf, and E[Cy] = Cp ©.

e Substitute the linearized expression for true consumption growth in the corresponding Euler

equation Ey[Miy1R;41]) = 1.

e Subtract the two Euler equations and obtain the bias term p as a function of utility parameters
and returns. Substituting this p in the Euler equation with measurement error, we get the

modified Euler equation ”

A _ C _e 0 A _
OB () RIE Riya (58) 0] M 1+ 0°(2) 202 B | (S0 RO Riwa (2)
At Cy P At
SO, T(MHLY0 po—1 Ciy1\—2q QO
t[(Tt) Ri,t—&—lR’i,t*H(T) 7] =14+ Q, Ripa (3)
t

The term II {Q, Ri7t+1] is the bias that is induced due to the measurement error ® . The bias

is a function of utility parameters (risk aversion ~, inter-temporal elasticity of substitution ),

discount rate (9), time preference shock A;\tl, the aggregate wealth portfolio return (R, 1), the

asset return (R;¢41), and the variance of measurement error (o2).

4This assumption is reasonable since consumption data has a trend
5Given the highly non-linear nature of the Euler equation, I expand up to two terms. I assume that the higher

order terms have a negligible impact.
61 expand until the second order in Taylor Series expansion, again assuming that terms higher than second order

has negligible impact
“derivation given in Appendix A

81t is assumed that the measurement error in observed consumption growth C; is such that it is never zero in
order to prevent the Euler equation from blowing up. In order to avoid this, one can use a truncated distribution
but assuming the measurement errors are not so large that the consumption becomes exactly zero is a possibility

that I omit.



Solving the model

To characterize the stochastic discount factor we need to solve for return on asset r4¢y1, which
is endogenous in the model. I make use of the log-linearized return formula as in Campbell and

Shiller (1988) and write the return of an asset in the form

Tat4+1 = Ko + K12i41 — 2t + Gi+1 (4)

where z, is defined as the log price consumption ratio (241 = P, 41/Cit1). The coeflicients kg
and k1 are functions of unconditional expectations of price consumption ratio z;. I use method of

undetermined coefficients to solve for the return process. A conjecture for z; is
2z = Ao+ Ao 1 + Agxf_‘_l + Agaf,t_H + A4‘7§,t+1 (5)
Similarly, the return on market portfolio and price dividend ratio is given by
Tm,t+1 = Ko,m T K1,mZm,t+1 — Zm,t T 9d,t+1
where gg ;1 is the dividend yield growth. The price dividend ratio for market takes the affine form
Zmt = Amo + Am 1Tl + Am 2Ty + Am 30z + Amaos g

I first plug in equation (5) in equation (4) to write the return on asset in linear relation to
underlying state variables. I then plug this resulting equation, as well as the SDF equation (1) in
the Euler Equation (3). This leads us to writing the SDF in linear relation to the underlying state

variables. The innovation to SDF is then given by,

0
my — Ey(mgr) = 0[oneryy] — — [Terety + o] + (0 — Draer — Ee(ras1)] (6)

(G

The risk free rate can be derived as ?

0 A
Tt = —0Inéd + @(,UIC + xc,t) - epAlnA L (9 — 1){]€ + 0 + k'lA() + klAlpxcvt + klAgpAIé\
t+1

+ k1 ASE (02 111) + k1 ASEL (07 14) — Ao — Aiey — Ao — Agol, — Asol  + Ter + pie)

0
— 0.5{92‘/&7"012\ + (J)2(ﬂ-z’)\ + crit + (60— 1)2Var(ra,t+1))} +II[Q, Ry ¢41]

The risk free rate is also linear in the state variables S; = [z, o) 03 ait]. The derivation
is explained in detail in Appendix A. The important thing is that the stochastic discount factor,
and risk free rate can be represented linearly in terms of the risk factors. Given these expressions,
the variance of the stochastic discount factor can be written in terms of the variance of the other

risk factors in the model as

Var(me) = A2, Var(gea) + X, Var(ztyy) + A2, . Var(zeii1) (7)

+ )\?nygchar(oitJrl) + )‘gn,aw Var(oi}Hl)

9see Appendix A for derivation. r¢+ depends linearly on State variables and Var(rq,:41). But Var(re¢41) is

linear in state variables and therefore ry ; is linear in State variables.



where the \’s are given by,

0
Am,n:(o—l)_E

Ama =0+ k1 Ax(0 — 1)
Amg = k1A1(0 — 1)
Ao, = Ag(0 — 1)k
Am.o, = Ag(0 — 1)ky

Plugging these A’s into the innovation in the stochastic discount factor (6), we get
my — Et(mtJrl) = [O'AAm,)\ + 7rc,)\>\m,77:| E?Jrl + )\m,nJc,tntJrl + Am,z‘peox,teﬂrl
+ )\m,acwc,t+1 + )\m,azwx,t+1

We notice that the proportion of e{\H (noise in the time preference variable) that gets attributed
to innovation in stochastic discount factor is the weighted average of A, , and A, » with weights
Te,x, and oy respectively. This is because eé\ﬂ enters both the time preference dynamics as well
as the consumption growth process. We can define A, ;o = [y n + %)‘mm] and rewrite the

innovation to stochastic discount factor as

A
m¢ — Et(mt-i-l) = )\m,zAUAGH_l + )\m,nUc,tnt—H + Am,x@eax,tet+l + )\m,acwc,t+1 + /\m,alwx,t—&-l (8)

We,t+1, and wg ry1 is nothing but the innovation to the stochastic volatility of consumption
growth and long run risk process. To be specific, wey1 = Elo2, 1] — 02,11, and wy 1 =

Elo2 1] — 02, ;1. The risk premia can be derived as

Et(ra,t+1 — Tf) = O.5Var(ra7t+1) — COU [(mt+1 — Et(mt+1)), (Ta,t+1 — Et(ra,t+1))] + (9)

[, Ro py1] — T1[Q, Ry g41] (10)

Substituting the innovation to stochastic discount factor (equation (8)) in risk premia (equation

(9)), we get

Ey(rau1 —ryp) +0.5Var(re+1) = —{)\WIACOU(E?H, Tat41) + AmnCov(0c 441, Tat41))

+ Am,zcov(@egz,tet+la Fa,tJrl) + )\m,ac COU(Wc,tJrh fa,tJrl)
+ Ao, Cov(We 141, fa,t+1)} + [, Ra ¢ 41] — H[Q, Ry ¢41]
(11)

where 7 41 = Tq14+1 — Ei(rq,¢+1) This forms the basic testing equation for cross sectional asset

returns. The first stage regression is then given by

Ta,t+1 = CONSq + ﬂa,Aeé\+1 + 5a,no—t77t+l + 6a,zsﬁeo—t6t+1 + 6a,wcwc,t+l + 5a,wxwr,t+1 (12)

where the 8’s are the covariance of the corresponding factors with the innovation in asset returns.



3 Data Source

The macroeconomic data come from Bureau of Economic Analysis. I take the National Income
and Product Accounts (NIPA) tables and construct the growth rate of consumption by taking
first difference of log series. The consumption series from NIPA tables are seasonally adjusted so
I do not make any further seasonality adjustments. Only the real consumer expenditures on non-
durables and real services are considered, consistent with past literature. The data for long run risk
measure comes from PROQUEST database. PROQUEST provides access to several newspaper
articles from as early as 1925. I access Wall Street Journal as the articles published in The Wall
Street Journal (WSJ) are most representative of the US economy. PROQUEST database allows
us to enter keywords and obtain all the articles between user-defined data range containing these
keywords. The portfolio data comes from Kenneth French’s website. I use a total of 45 portfolios
to test the model- 25 portfolios sorted by Size and Book-to-market ratio, 10 portfolios sorted by
industry, and 10 portfolios sorted by momentum. The standard 25 Size and Book-to-market ratio
sorted portfolios lie in low-dimensional excess return space. To improve the statistical power of
the Fama-Macbeth regression tests, a wider range of portfolios including industry and momentum
sorted portfolios are considered. The real labor income growth and realized industrial production
variance is calculated following Liu and Matthies (2016). Real labor income growth is calculated
as log differences of real labor income growth from Bureau of Economic Analysis database, and
realized industrial production variance is calculated as sum of squared prior 12 months industrial

production growth rates from Federal Reserve Economic Data (FRED) database.

4 Methodology and Empirical Results

4.1 Recovering long run component

The consumption growth process in the model is governed by the below equation

A
Gt+1 = He + Tt + Ten€qpq + Oc Mt

where z.; is the long run risk component that predicts consumption growth. The long run risk
component z., is a latent variable that should satisfy two things a) it should reflect the long run
news of investor’s expectations about the economy b) it should predict the consumption growth,
with prediction accuracy increasing over the time horizon. Media news coverage provides a good
deal of information about the investor concern regarding the state of economy. Hence we can
potentially build an investor concern index based on the news articles, which will proxy for the

long run risk component.

Following Liu and Mattheis (2016) [23], I use PROQUEST database that contains historical

newspaper article from various sources such as Wall Street Journal, New York Times, Washington



Post, Chicago Tribune etc. I enter the key words "Consumption", and "Gross Domestic Product or
GDP" to collect all the daily Wall Street Journal news articles containing these keywords between
the years 1925 and 2016. I limit the choice of words to have a higher degree of freedom. Using
these keywords gives a total of 61,433 news articles. By glancing through the articles, most of
them seem to address the state of economy in the US. For example, one of the articles that shows

up in the search is

"U.S. Third Quarter GDP Revised Up to 3.5% Gain; But the stronger gains only help
bring the year’s growth rate back in line. Newly revised data shows consumer spending
increased at a 3% annual rate in the summer months, up from an earlier estimate of
2.8% growth, though still a slowdown from the second quarter’s robust 4.3% growth
rate for household outlays." -Dec 22, 2016."

This article clearly talks about the state of the economy and reflects the investor’s concern. How-
ever, there are also other articles that contains the keywords but has very little to do with the

investor concern. For example, the first few lines of one of the articles that shows up in the search is

"Taste — de gustibus: Election Madness! Cher in Pundit Role, Hollywood in Pain
Equally, politicians who run for office are inclined to kiss the celluloid wallet whenever
it is proffered — or to snatch at it when it is not. The money that the Clintons have
foraged from Hollywood fund-raisers is approaching the GDP of Jamaica. -Nov 3,
2000."

This has very little to do with the state of economy. The article shows up because it contains
the keyword "GDP" in its text. Inferring stock market movements using such polluted data is
a dubious practice, and hence cleaning the data is highly essential. Given that there are a large
number of daily news articles, it is time consuming to read each article manually and remove what
is not relevant. To circumvent this, I employ several commonly used machine learning models to

clean the index through the following steps-

e Take a small random sample of articles from the large database, and classify the articles in

the sample as relevant or not relevant manually based on prior knowledge.
e Fit several commonly used machine learning models to this sample
e Pick the best model based on the test error rate
e Use the selected best model to classify the remaining articles in the large database

The first step is to manually classify the articles in the sample as relevant or not relevant. Thus, the

dependent variable is a binary variable with 1 meaning relevant and 0 meaning not relevant. This

10



method is called as a "rule-based" approach in machine learning literature where first a manual
intervention is employed to classify the data points based on experience or prior knowledge. It
is easy to classify articles as relevant or not relevant in this context by reading the article title
and first few lines. The classification will act as dependent variable, while the regressors are the
frequency count of words occurring in the article. The next step involves dividing the sample into
training observations and test observations. A 70%-30% split is commonly used. The training
observations are used to train the data, in the sense that several models are fit to this data. The
models are built in such a way that it associates frequency of words to the relevance of articles.
For example, if a particular word has higher frequency in the articles that are flagged as 1, then
this word is given a higher score such that the probability that an article containing this word is
relevant is large. On the other hand, if a particular word repeatedly occurs in the articles that are
flagged as 0, then this word is given a lower score such that probability of an article containing
this particular word being relevant is small. Once the models are fit in this fashion, we take the
fitted models and apply it to the test data and measure the performance of each of these models.
Although the test data also contains manual classification of flags (0 and 1), we pretend that this
assignment does not exist and we ask the fitted model to classify it for us based on the prediction
model that has been built. The classification that the model gives us is called as predicted clas-
sification. We then compare it to the true classification, where true classification is the manual
classification done in the first step. The total number of misclassifications is called as the test error
rate. The model that gives the lowest test error rate is chosen to be the best model for the sample
at hand. It is important to have a large sample for the training data otherwise the test data may
have several words with no score attached to it simply because these words did not occur in the
training data. This procedure is used in Lee and Lee (2008) [21] to predict the 8-K content from

corporate filings.

I take a random sample of 2,500 articles from 61,433 articles and read the title and abstract for
each of them. If they are relevant to the state of economy, I flag it as 1, and 0 otherwise. I clean
the text in the articles by removing the punctuation marks and numbers, removing the commoner
morphological and inflexional endings using Porter Stemming Algorithm, and converting all the
text to lower case. I then create a frequency matrix containing the words as columns, and the
articles as rows. The matrix size is 2,500 X 10,905. The cells take a value n € N° where n is the
number of times the particular word in column occurs in the corresponding article in the row. The
figure (7) in Appendix A shows the words that occur at least a 150 times in the articles considered
in the sample. Words like "market", "year", "price", etc., as expected occur quite frequently.
There are many words that occur in very few articles making the frequency matrix very sparse.
In fact, only 0.33% cells (90989/27171511) of the frequency matrix take non zero values. Hence,
I remove the sparse words by dropping from the frequency matrix the words which have at least
99.5% percentage of empty elements. The resulting matrix has size 2,500 X 1,344. A significant
reduction in the number of words from 10,905 to 1,344 has occurred. I take 70% of the sample

11



(1,667 articles) as training observations and the remaining 30% (833 articles) as test observations. 1
adopt commonly used machine learning tools such as Logistic regression, Ridge regression, LASSO
regression, Classification tree, Support Vector Machines, Bagging, and Random Forests. I find

10T classify the remaining 58,933

that Random forest provides the lowest test error rate of 19%
(61,433 -2,500) articles as relevant or not relevant using the random forest algorithm. In this way,
we would have all the articles in the database classified. Finally, I remove the articles that have flag
0 from the database since they are deemed not relevant. Among the relevant articles, I count the
number of articles in each month to create the monthly news index. I detrend the news index and

normalize it to have a standard deviation of 1. The figure 1 shows the final news index measure.

The shaded regions indicate the NBER recession dates.

News Index

2-

Jan 1932 Jan 1942 Jan 1952 Jan 1962 Jan 1972 Jan 1982 Jan 1992 Jan 2002 Jan 2012
Date

Figure 1: News Index

The index takes a high value in times of economic crisis with periods in the range 1930-1940
and 2008-2012 having peak investor concern. This is because media tends to pay more attention

to the economy in times of distress.

4.1.1 Predictability

The predictability of consumption growth is extremely important in the Macro-Finance literature.
Bansal-Yaron long run risk model starts from the assumption that there is a predictable com-
ponent in consumption growth. Other models such as Inter-temporal capital asset pricing model
(ICAPM- Merton, 1973)[25], and Habit (Campbell and Cochrane 1999 [8]) use a random walk
consumption growth as postulated by Hall (1988) [16]. The rare disaster risk model by Rietz

10The summary of performance results of various classification algorithm is provided in table (3) in Appendix A

12



(1988) [31] and Barro (2006) [5] states that while there may be a predictable component in the
consumption process, it will be hard to estimate it empirically especially in finite sample. Bansal
et al (2014)[4] show that Industrial Production Variance, and Labor Income Growth can predict
the short term consumption growth, while Lettau and Ludvigson (2001) [19] demonstrate that
consumption wealth ratio (CAY) can predict the stock returns in future. Gourio (2012) [15] uses
a time varying jump probability in the consumption growth to estimate the predictability. Several
approaches have been used in the predictability literature in the past with several variables shown
as having predictability power. The econometrics literature on predictability show that the nature
of predictability regression induces a bias in the coefficients since these regressions involve several
overlapping samples. Newey and West (1987) [27] provide an error correction method to tackle
this issue. Hence, all return predictability regressions should incorporate the Newey West adjusted

standard errors.

The news index should predict the future consumption growth over the longer term since it

acts as a proxy for the long run risk. The consumption growth predictability equation is given by
K
th+i = BO + ﬁlNGWSIndeXt + €+ K, K= ]., 2, ceey 100
i=1

where K indicates the months and g;4; represents the consumption growth between periods ¢+ and
t+i—1. Since the news measure is a long run risk measure, the predictability is expected to increase
over the time horizon. The results for the predictability regression confirm this hypothesis. The
figure (8) in Appendix A plots the adjusted R-squared for 100 separate regressions for 100 rolling
time horizons (months). For example, the first regression is between g;11 and NewsIndex;, second
regression is between (g¢11 + g++2) and Index; and so on. The adjusted R square increases over the
time horizon taking a maximum value of 57% at 86th month. This means that the predictability
of consumption growth is strongest at 86 months, roughly around 7 years. The predictability
power declines after this period. The slope coefficient is higher for longer time periods than the
shorter time periods and is statistically significant at 1% level even after correcting standard errors
using Newey West error correction method. As Liu and Matthies (2016)[23] point out, the real
labor income growth, price dividend ratio, and realized industrial production variance can affect
the consumption growth process. Hence, I also perform multivariate regressions with these three
variables as control variables. The results from multivariate regression (see table (5) in Appendix
A) indicate that the coefficients of long run risk measure remain close to the coefficients from
simple regression, and is significant at 1% level. Therefore, the news index is robust to inclusion of
other variables when it comes to explaining the long run aggregate consumption growth. In other

words, the additional variables do not add much predictive power on top of the news index.
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4.2 Recovering other state variables

The time preference shock is latent too and needs to be recovered. Recall the consumption growth
process,

A
Gt+1 = Pe + Tet + TeA€pq + OctNit1

A scaled up innovation to the time preference shock process (o Aeé\ﬂ) enters the consumption growth
process. Although we don’t directly observe the time preference risk (innovation to time preference
shock), we can see that it is linear in risk free rate and price dividend ratio '*. Define a new variable
Jt+1 = ge+1 — Tee. The time preference risk can then be recovered from regression of g;11 on price
dividend ratio and risk free rate. Specifically, §;+1 = b"Y;+0yn;11 where Y; = [1 Zm,t rf,t] .The
time preference risk is then given by b"Y; However, §;;1 is highly non-stationary which implies
OLS estimation would result in a spurious regression. This calls for the need for a more efficient way
of extracting the innovation to time preference variable. I make use of the Hodrick Prescott Band
pass filter which delineates the trend component from the cyclical component of g.1;. Hodrick-
Prescott band pass filter is documented to have a superior performance among the other commonly
used band pass filters such as Christiano-Fitzgerland, and Baxter-King filter (Nilsson and Gyomai,
2011) [28]. Since the time preference variable relates to the long run expectations of investors, a
smoothed representation which is more sensitive to the long run changes rather than short term

fluctuations is relevant. The Hodrick Prescott filter optimizes

T T-1
(Y0 =+ 3 Xl = 7) = (7= )

t=1 t=2
where y; is the time series data comprising of the trend 7 and cyclical component c. The
firs term (y; — 1) refers to the sum of squares of cyclical component, and the second term
A ZtT;;[(TtH —7¢) — (¢ — 74_1)]? refers to the sum of squared of second differenced trend com-
ponent multiplied by a penalty factor A\. HP filter is applicable only when the data is second
difference stationary. Since ;11 (consumption growth minus long run component) is second dif-
ference stationary, HP filter can be applied. I choose A = 129600 for monthly data as suggested
by Ravn and Uhlig (2002) [30]. Note that a higher value of X\ increases the penalty factor and
hence variation in growth rate of trend component is heavily penalized. The time preference risk is
displayed in figure (2). As expected, the risk is the highest around the period 2007-2009 during the
times of financial crisis. The investors like to smooth their time preference shock over time. Hence,
a higher innovation to the time preference shock is disliked by the investors. This innovation to
the time preference shock is what I call as time preference risk. In the perspective of risk premia
estimation equations, what matters is the time preference risk and not the time preference shock
per se because what enters the consumption growth process is the innovation to the time prefer-
ence shock. While the trend component from applying the filter corresponds to the time preference

shock, the residual component corresponds to the noise in consumption process. This consumption

1 This is because price dividend ratio follows the process zm t+1 = Ao,m + A1,mTc,t4+1 + A27mxé\+1 + A30'z’t +

2
A4‘7x,t
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noise is nothing but the short run risk. I plot the innovation to the time preference shock (time
preference risk) in figure (2). Figure (3) provides the consumption growth, and innovation to the
consumption growth process or in other words short run risk. I also superimpose the consumption
growth against the recovered persistent components in figure (9) in Appendix A. We can see that

the state variables track the consumption growth process closely.

The next step is to extract the long run risk, which is nothing but the noise in the dynamic

equation of long run component. Recall that the long run persistent component follows

Tettl = Pt + Petitl

We could fit an AR(1) process and then recover the noise from the AR(1) process. An alternative

would be to use a band pass filter since they are known to be efficient in extracting noise from

the signal in time series data. In particular, the band pass filers provide a smoothed estimate of

the state variables. The innovation in the news measure extracted using Hodrick-Prescott filter

is shown in figure (2). The innovation is higher during the periods of economic distress which is

intuitive because shocks to the long run risk component occur when economic prospects are bleak.
2

1-

Innovation to Long run risk

Jan 1966 Jan 1976 Jan 1986 Jan 1996 Jan 2006 Jan 201€
Time Preference Risk

Date

Figure 2: State variables

Lastly, the innovation to volatility is recovered by fitting an ARIMA(0,1,2) process to the
extracted volatility variable. Several configuration of ARIMA models are fit to the volatiltiy state
and the best model is selected based on AIC and BIC. ARIMA(0,1,2) implies that the volatility
follows an exponentially weighted moving average process. It turns out that the time varying
component in consumption growth volatility (o.;) and the time varying component in long run
volatility (o, ;) has a correlation of around 97%. In the original Bansal-Yaron (2004) model these
two components are the same. That is, the same time varying component enters the stochastic
volatility of consumption growth as well as long run component. Hence, to retain parsimony in the

model, I assume o+ = 0.+, which is not unreasonable given the high correlation post estimation.

15



0.5-
0.0-

05-

Consumption growth

Jan 1966 Jan 1976 Jan 1986 Jan 1996 Jan 2006 Jan 2016

Innovation to Consumption growth
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Figure 3: Consumption process

The implication of this is that the number of state variables reduces to three (S; = [xw xd ait} )

2 2

(
from four (S; = [ze, Tt Jc’t]). Also, the volatility risk term o2 , disappears from the

asset price testing equations.

0.04 -
0.00-

-0.04 -

Innovation to Volatility

0.1-

Jan 1966 Jan 1976 Jan 1986 Jan 1996 Jan 2006 Jan 201€
Stochastic Volatility State

Date

Figure 4: Volatility State

4.3 Measurement Error

Before moving on to the estimation of risk premia, I study the magnitude of the bias term that ap-
pears in the Euler equation. If the bias is non-zero, then the estimation of risk premia should be such
that the bias is taken into consideration. The bias term is given by the expression I1 {Q, Rit1],

which is a function of utility parameters (risk aversion =, inter-temporal elasticity of substitution

At41
At

), discount rate (¢), time preference shock , the aggregate wealth portfolio return (Rg ¢4+1),

the asset return (R;¢+1), and the variance of measurement error (02). To provide an estimate for
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the bias, I take range of plausible values for the utility parameters such that the range includes
the estimated values from past literature. For example, the estimated values for risk aversion,
inter-temporal elasticity of substitution and discount factor are 8.6, 1.93, and 0.999 respectively in
Schorfheide et al (2016) [33]. Hence, I take a range of values for these parameters such that the
interval includes these estimates. I assume two different measurement error variance (o)- 0.005%,
and 0.05%. These are fairly low numbers which will give us a conservative estimate of the bias. I

use the term "measurement error" here to refer to the measurement error in Euler equation induced

At41
At

the estimates from Schorfheide et al (2016) [33]. The value weighted return of all CRSP (The

by the measurement error in consumption data. I simulate the time preference shock (

) using

Centre for Research in Security prices) firms incorporated in the US and listed on the NYSE (New
York Stock Exchange), AMEX (American Stock Exchange), or NASDAQ (National Association of
Securities Dealers Automated Quotations) is used as proxy for return on aggregate wealth port-

folio. The bias is computed for return on market portfolio (R; ¢+1 in the bias term becomes R, ¢11).

A summary of the measurement error is provided in Table (1). Even with a measurement
error variance of 0.005% which is considerably small (Panel A), the measurement error in Euler
equation is non-zero ranging from 2.2% to 8.1%. The error increases along with risk aversion and
decreases along with IES. For a measurement error variance of 0.05%, which is still small, the bias
shoots up ranging from 22% to 75%. This demonstrates the importance of measurement error
in consumption data since the bias in the Euler equation seems to be large even for moderate
values of measurement error variance. The Euler equation is the same as the pricing equation and
hence this bias can be seen as pricing errors. It is hard to rely on a pricing model with such high
pricing errors. Evidently, the problem of measurement error cannot be ignored. Figures (10) and
(11) in Appendix A provide a visualisation of the measurement error for various values of utility

parameters and error variance.

4.4 Risk premia estimation

I use the model from Giglio and Xiu (2017) [14] since a three pass regression procedure would
achieve robust risk premia estimation in the presence of measurement error or unobserved hetero-

geneity. Consider the vector of observable macro factors
g: = |time preference risk, long run risk, short run risk, volatility risk

Due to the measurement error, the second stage Fama MacBeth regression contains omitted factors.

Consider the pricing model
Ty = tpYo + o+ By + By + w fi=p+un E(v) = E(uy) =0 Cov(u,ve) =0 (13)

where v; is a p X 1 vector of innovations of f;, us is a m x 1 vector of pricing errors, 8 is an n X p
factor loading matrix, and -y and v are zero-beta rate and p x 1 risk premia vector. There are p

factors in the model among which g factors are observed. The observable factor returns are given
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Risk Aversion Risk Aversion

Panel A 7.6 8 8.5 9 Panel B 7.6 8 85 9
1.81 3.6% 42% 51% 6.1% 1.81 36% 42% 51% 61%
IES 1.85 32% 3.7% 4.5% 5.4% [ES 1.85 2% 31% 45% 54%
1.9 28% 33% 3.9% 4.7% 1.9 28% 33% 39% 47%
1.95 25% 29% 34% 4.1% 1.95 25%  29% 34% 41%
2 22% 26% 31% 3.6% 2 22% 26% 31% 36%
Risk Aversion Risk Aversion
Panel C 7.6 8 8.5 9 Panel D 76 8 85 9
1.81 38% 44% 54% 6.6% 1.81 38% 44% 54%  66%
[ES 1.85 34% 4.0% 48% 5.8% [ES 1.85 34% 40% 48% 58%
1.9 3.0% 3.5% 4.2% 5.0% 1.9 30% 35% 42% 50%
1.95 26% 31% 3.7% 4.4% 1.95 26% 31% 37% 44%
2 22% 26% 3.1% 3.6% 2 23% 2% 32% 39%

Table 1: Measurement Error Summary. Panel A: Measurement error variance 0.005%, discount
factor 0.999. Panel B: Measurement error variance 0.05%, discount factor 0.999. Panel C: Measure-
ment error variance 0.005%, discount factor 0.995. Panel D: Measurement error variance 0.05%,

discount factor 0.995.

by
g = E+nup + 2 E(z) =0, Cov(z,vt) =0

where n X p matrix 7 is the loading of the factor g on v, and z; is the measurement error. Note
that once we remove measurement error, the observable factor g; is a linear transformation of
fundamental factors nv;. Thus, the true asset pricing model comprises g; which corresponds to the
first d factors, and remaining p-d factors correspond to linear combination of unobservable factors.
Our goal is to obtain the robust risk premia estimate of each of factor in the vector g;. This risk
premia is given by 7y and as long as the space spanned by the rotated factors is same as that of
true factors, this premia is invariant to whatever factors that we choose in model (13). This leads

to the three pass estimation procedure.

Three pass estimator

e Step 1 (PCA). Extract the principal components of returns by conducting principal compo-

nent of covariance matrix of returns. The covariance matrix is scaled by T~'n~! since it
is shown to accelerate the matrix decomposition algorithm when 7" > n. The estimator for

factor scores and factor loadings are then given by

where (e1]ea]....... lep) is the eigenvectors corresponding to largest p eigenvalues of covariance
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matrix of returns. The factor scores are given by
V=T"1RVT
where R is the demeaned time series of asset returns.

e Step 2 (CSR): Obtain the risk premia of estimated factor scores by running a cross sectional
regression of average asset returns onto estimated factor loadings B The risk premia of the

estimated factor returns is given by

-1

£ i (03T = (2 9700 8)) (s )77

e Step 3 (TSR): Obtain the exposure of each observed factor to estimated factor scores. This is
obtained by running a time series regression of observed factors against the estimated factor
scores.

H=GVTWwvTh)~',  and G=nV

The risk premia is given by

>

3
o
i

Yo

2
=} —
iy

>

Q

The optimal number of eigenvectors p in the first step can be chosen from the magnitude of
eigenvalues. Figure (5) plots the first 10 eigenvectors of the covariance matrix of returns. In large
panels of asset returns, the first eigenvalue typically tends to be much larger than the others.
Hence, I plot the eigenvalues excluding the first one on the right panel of Figure 8. After 4 and 7
factors, there is a noticeable decrease in the eigenvalues. The three pass approach is consistent as

long as p is at least as large as the true panel dimension. Hence, I choose p = 7.
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Figure 5: Scree plot
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Three pass estimation results

e [ extract the first two principal components from the covariance matrix of returns scaled
by T-'n~! and plot it along with the eigenvectors in Figure (6) . It can be seen that the
first principal component explains about 87% variation in the asset returns and the second
principal component explains about 6% variation. The latent factors that drive the asset
returns seem to be strongly correlated to almost all of the stocks with a possible exception

of utility stocks.

PC2 (5.6% explained var.)

PC1 (87.3% explained var.)

Figure 6: Principal Component Analysis

e The cross sectional regression of asset returns on the estimated factor scores provides an
adjusted R-squared of 75%. Such high R-squared is not surprising since the factor scores
are obtained from the statistical decomposition of the asset returns in the first place. The

regression result is given in Table (6) in Appendix A.

e The time series regression of the individual factors on the estimated factor scores provide a
very low fit (less than 5%). This is in line with Giglio and Xue (2017) [14] who find that
the macroeconomic variables have a weak relation to the latent factors recovered from the
principal component analysis. This essentially implies that the macro factors are not related
to the underlying statistical latent factor that is recovered using PCA. Combining step 2 and
steps 3, the risk premia estimates are obtained and summarized in table (2). Comparison to

risk premia estimates from regular two pass Fama MacBeth procedure is also given in table
(2).

The close to zero risk premia estimates and very low R-squared in the third stage provide a
strong evidence against the long run risk and time preference risk model. This is in contrast to
strong evidence in favour of the long run risk and time preference risk model using the usual Fama

MacBeth two pass estimation. This difference can be attributed to the problem of omitted factors,
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Table 2: Risk premia estimates

Risk Premia estimates 3 pass method Fama MacBeth

Preference risk 0.0052 0.561109**
Long run risk 0.0029 0.285747**
Short run risk -0.0009 0.273237*
Volatility risk 0.00037 0.007335%**

***p < 0.01, **p < 0.05, *p < 0.10

which stems from the measurement error in consumption data in this case.

Cochrane (2016) [9] points out that long run risk models have a deep connection to the early
resolution of uncertainty. Recursive utility requires that consumers prefer to resolve the uncertainty
earlier. What long run risk model states is that the investors like to know about the uncertainty
in future even though they cannot provide a response to it in the present. It is hard to believe
that people would like to receive news about the future and when they do they will not act upon
it now. Cochrane (2016) [9] makes an interesting analogy to the Huntington’s disease for which
there is no cure. A test for this genetic disease reveals whether people have the disease or not but
unfortunately a cure doesn’t exist. As results from Oster et al (2013) [29] indicate, people with
family history of Huntington’s disease rarely get the test. This is a news which they can acquire
and possibly even provide a response to it in terms of altering the financing choices and personal
lifestyle choices. Yet, very few people take this test which questions the very hypothesis of early

resolution of uncertainty.

5 Conclusion

I have used news articles from The Wall Street Journal to create the long run risk measure em-
ploying machine learning techniques. This news index predicts long run aggregate consumption
growth 7 years down the line with an adjusted R-squared of 57% and is robust to inclusion of
other commonly used variables in predictability literature. Measurement error in consumption
data is modelled using an additive error model and an adjusted Euler equation is derived to take
into account the measurement error. The bias induced from this measurement error in the pricing
equation is non-zero, even if we assume a very low measurement error variance. The modified
risk-premia estimation equations indicate that the bias enters the second stage regression equation
as an additional unobservable component. The results from the three pass estimation technique
proposed by Giglio and Xiu (2017) [14] indicate that the robust risk premia estimates of the long
run risk factor and time preference factor are close to zero, and these factors are spurious. This is in
contrast to the result from regular two-pass estimation technique which indicate that these factors

have non-zero risk premia and explain the cross section of asset returns. The model therefore does
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not gain support when using robust estimation technique.

This paper contributes to the recent literature of long run risk models by using text based infor-
mation from the media to infer long run investor expectations. Media content is usually noisy but
given the increasing success of machine learning tools in prediction problems, one can proxy the
latent components such as unobserved risk measures with a good approximation. This opens up
an avenue to research in estimating unobservables in economic models using textual information.
The second contribution comes from theoretically deriving an estimatable bias in adjusted Euler
equation of the model. Lastly, while the prior literature to test long run risk models have used
standard Fama MacBeth two pass approach or GMM, this paper is the first to use a three pass

estimation technique to obtain robust risk premia estimates.

Few extensions could be made to this paper. The news index is created using a "rule-based"
approach where manual intervention is needed to classify the sample articles as relevant or not
relevant. This could be replaced by a purely statistical approach where the model can be built
in such a way that the frequency of words predict whether the news article is related to the
consumption growth or not. Also, the news index takes peak values in great depression and global
financial crisis but not during periods of war or political shocks. Muir (2016)[26] points out that
during periods of war, the fluctuation in consumption is high but movement in asset prices are low.
On the other hand, during periods of financial crisis, the fluctuation in consumption is low but
movement in asset prices are high. While the news index captures the sentiment during financial
crisis, one could build an index that also captures sentiment during periods of war and political

shocks in order to better explain stock price movements.

22



References

[1] Albuquerque, R. A., M. Eichenbaum, V. X. Luo, and S. T. Rebelo (2015): "Valuation risk and

asset pricing", Journal of Finance, Forthcoming.

[2] Bansal, R., D. Kiku, and A. Yaron (2012): "An empirical evaluation of the long-run risks model

for asset prices", Critical Finance Review, 1, 183-221.

[3] Bansal, R., and A. Yaron (2004): "Risks for the long run: A potential resolution of asset pricing
puzzles", Journal of Finance, 59.4, 1481-1509.

[4] Bansal, R., D. Kiku, I. Shaliastovich, and A. Yaron (2014): "Volatility, the Macroeconomy,
and Asset Prices", Journal of Finance, 69, 2471-2511

[5] Barro, R. J. (2006): "Rare disasters and asset markets in the twentieth century", Quarterly
Journal of Economics, 121, 823-866.

[6] Brav, Alon, George M Constantinides, and Christopher C Geczy (2002): " Asset pricing with
heterogeneous consumers and limited participation: Empirical evidence", Technical report,

National bureau of economic research.

[7] Campbell, J. Y., and R. J. Shiller (1988): "The dividend-price ratio and expectations of future

dividends and discount factors", Review of Financial Studies, 1.3, 195-228.

[8] Campbell, J.Y., and Cochrane, J. (1999): "By force of habit: A consumption based explanation
of aggregate stock market behaviour", Journal of Political Economy, Volume 107, Issue 2 (April

1999), 205-251
[9] Cochrane, John (2016): "Macro-Finance", NBER Working paper.

[10] Da, Zhi, and Hayong Yun (2010): "Electricity consumption and asset prices", Available at
SSRN 1608382 .

[11] De, K (2015), "Consumption Based Asset Pricing Adjusting for Measurement Error in Con-
sumption", Available at SSRN.

[12] Epstein, Larry G, and Stanley E Zin (1989): "Substitution, risk aversion, and the temporal
behavior of consumption and asset returns: A theoretical framework", Econometrica: Journal

of the Econometric Society 937-969.

[13] Fama, E. F., and J. D. MacBeth (1973): "Risk, return, and equilibrium: Empirical tests",
Journal of Political Economy, 81, 607-636.

[14] Giglio, S, and Xiu, D (2017): "Inference on Risk Premia in the Presence of Omitted Factors",

Working Paper, Chicago Booth.

[15] Gourio, F. (2012): "Disaster Risk and Business Cycles", American Economic Review, 102(6),
2734-66.

23



[16] Hall,R (1988), "Intertemporal Substitution in Consumption", Journal of Political Economy,
April 1988, 96(2), pp. 339-357.

[17] Hansen, L. P., and K. J. Singleton (1982): "Generalized instrumental variables estimation of

nonlinear rational expectations models", Econometrica, 50, 1269-1286.

[18] Hodrick, Robert J. and Edward C. Prescott. 1997. "Postwar U.S. Business Cycles: An Em-
pirical Investigation", Journal of Money, Credit and Banking, 29(1): 1-16

[19] Lettau, M., and S. Ludvigson (2001a): "Resurrecting the (C) CAPM: A cross-sectional test

when risk premia are time-varying", Journal of Political Economy, 109.6, 1238-1287.

[20] Lewellen, J., S. Nagel, and J. Shanken (2010): "A skeptical appraisal of asset pricing tests",

Journal of Financial Economics, 96.2, 175-194.

[21] Lee, J.M, and Lee, H (2008), "Predicting Corporate 8-K Content Using Machine Learning

Techniques", Graduate School of Business Stanford University.

[22] Li, Feng (2010), "The Information Content of Forward-Looking Statements in Corporate
Filings 7 A Naive Bayesian Machine Learning Approach", Journal of Accounting Research,

Vol. 48 No. 5.
[23] Liu,L., and Matthies, B., (2016): "Long Run Risk: Is It There?", NBER Working paper.
[24] Mehra, R. (2003): "The equity premium: Why is it a puzzle?", NBER Working paper.

[25] Merton, Robert C., (1973): "An intertemporal capital asset pricing model", Econometrica 41,
867-887

[26] Muir, T. (2016): "Financial Crises and Risk Premia", Available at SSRN. (Forthcoming in

Quarterly Journal of Economics).

[27] Newey, W. K., and K. D. West (1987): "A simple, positive semi-definite, heteroskedasticity

and autocorrelation and consistent covariance matrix", Econometrica, 55.3, 703-708.

[28] Nilsson,R. and Gyomai,G., (2011): "Cycle Extraction: A Comparison of the Phase-Average
Trend Method, the Hodrick-Prescott and Christiano-Fitzgerald Filters," OECD Statistics
Working Papers 2011/4, OECD Publishing.

[29] Oster, E., Shoulson, I., and Dorsey, E.R., (2013): ?Optimal Expectations and Limited Medical

Testing: Evidence from Huntington Disease?, American Economic Review 103:804730

[30] Ravn, O.M., and Uhlig, H. (2002): "On adjusting the Hodrick-Prescott filter for the frequency
of observations", The Review of Economics and Statistics , 84 (2) pp. 371-376.

[31] Rietz, T., (1988): "The Equity Risk Premium: A Solution", Journal of Monetary Economics,
22, 117-131.

24



[32] Savov, A. (2011): "Asset pricing with garbage", Journal of Finance, 66, 177-201.

[33] Schorfheide, F., D. Song, and A. Yaron (2016): "Identifying long-run risks: A bayesian mixed-
frequency approach", Working Paper.

[34] Vissing-Jorgensen, Annette (1998): "Limited stock market participation and the equity pre-

mium puzzle".

25



A Appendix A

A.1 Model

A representative agent model with endowment economy and preferences characterized by Epstein
and Zin (1989) is considered. The agent, holding recursive preferences, maximises the lifetime

utility by solving the following Hamilton Jacobi Bellman equation

Ut :ngz{/\t ¥ +6([Ufn]) 1_7}1“ (14)

subject to the budget constraint,

Wit = (Wt - Ct)Rc,H-l (15)

C} is the consumption stream, v is the IES, § = ==, and 4 refers to the agent’s time preference.
R ¢4 is the return on consumption claim, Uy, is theq/) certainty equivalent value of lifetime utility
from ¢ + 1 such that
)=

(Ui = E((U(Wyp1)'77)

The risk aversion parameter is given by v. When v = 1/1, the recursive preferences reduces
to CRRA preferences. The demand shocks is captured by the changes in time discount rate of
investors. The variable A;y1 = Ai1/A: captures how the investors trade off current utility versus

future period utility. Let x5 ; denote the time preference shock, which follows the law of motion

A
TAt+1 = PATAt + OAN€L

where €, ~ N(0,1). The law of motion for consumption process is a modified version of
Bansal-Yaron type since the innovation to the time preference shock enters the consumption growth

process. The state process is given by

A
Gt+1 = He + Tt + Ten€pq + Oc Mt

Tett1 = Pt + Pelg tCti1

A
In 2t pal —i—aAefH

A
VI VI
Ohisr =V+0oh, + 616 — $2Go1 — d3Gi—2, k€ {c,a}

Ne, €4, €¢, (¢ ~ 1.i.d standard-normal random variable

Using the log-linearization of the return formula as in Campbell and Shiller (1988), we have

the return of an asset in the form
Ta,t+1 = Ko + K12t41 — 2t + Ge+1
where z; is defined as the log price consumption ratio. A conjecture for z; is
=Ap+ A Asa | + Aso? Ayo?
2y = Ao 1Tl T Aawyly 200 441 T A40% 411
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Similarly, the return on market portfolio and price dividend ratio is given by
Tm,t+1 = Ko,m T K1,mZm,t+1 — Zm,t T 9d,t+1
where gq, ;41 is the dividend yield growth. The price dividend ratio for market takes the affine form

A 2 2
Zm,t = Am,O + Am,lzc,t+1 + Am,2mt+1 + Am,3(7c7t+1 + Am,4ox7t+1

A.2 Solving for stochastic discount factor

The first order condition from the Bellman equation is given by

1 1 ﬁ—l
FOC MOy T =08(Uf ) {Et(U(WtH)l‘”)] E, <U(Wt+1)_VU’(WtH)RC,tH)

(16)

Envelope condition is given by

0) = U a(070) [ E@W)' )| T B (VW) U W) R ) (7

Dividing equations (16) and (17), we get

A v 1 -1 1 -1 1
Gl L ) = MG TR U (W) = A G UL (1)
U(Wt) U(Wf"T’)

Put equation (18) in equation (16) to get

1
1

MCT =0(Ufy )77 {Et (U(Wt+1)17)] E, <U(Wt+1)7/\t+1ct+ﬁ U(Wt—kl)_iRc,t-&-l)

1 1 Ux _1 1
MG =0(Ufyq) ™ U t—31177 E: (U(Wt-s-l)'y/\t-rlctﬁ U(Wt—&-l)ch,t-&-l)
t+1

Aty1, Ciga 1(U(Wt+1))1}’_w)
1=FE(4d ¥ i
t( ¢ ( C4 ) ( * )a—’Y

Comparing this with the pricing equation 1 = Ey(M;41R¢ +1), we get

At41y Cry1y—2 U(Wt+1)_i_’y
My =90 v 19
t+1 ( s )( C, ) (Ut*_;,_l)iiiw (19)
Guess and verify the policy function
U(Wt) = CLtWt (20)
Ct = btWt (21)
Substitute equations (20) in equation (18),
1 L
ay = )\Ct ¥ (Cltv‘/'t)7E
1—1 1 1
A v = )\t<btWt)7$Wtw
-4 g ach
a; ¥ = \b, (22)



Substituting equation (20) in equation (14), we get

From the budget constraint, we have

Wit
=(1-0b)R,
W, (1= be)Rat41

Substituting this, we get

_1 - ke
ay = {/\t (btWt)l Tt 5([Et(at+1(1 —be)Ra41)" 7] 17) ]

(23)
Combining equations (22) and (23), we get
_1 1 1 1_i 1%#1
Atby “(1—b) = 5([Et(at+1(1 —b)Ras1) 7] ) ] (24)
Plug equations (24) and (22) in equation (19) to get
A\ 1L /b WO\ 0\
- 1
Mgy = (6221) 7 (2 (1 —p,)) v L) (Raygg1)v
At bt Ct
Substituting 6 = 11:1 and
P
Ciyr 1 bpaRepy (Wi = Cy)  bipa (1 —by)
Ci Rein biWiRe, t41 by
we get the final expression for the stochastic discount factor
A\ (G ¥
M _ 5 t+1 t+1 Refl 25
= (2) (S52) T, 29

Taking log on both sides of equation (25), we get

A 0
myiy1 = 0Ind + Oln ;:1 - @gtJrl + (0 = Drait1

A 0
Eymiyq = 0Iné + 0EIn f\H - EEtgtH + (0 = Dra
¢

A InA 0
m —Et(mt_t,_l) _ G[Zn t4+1 _E n t-‘rl]

" s vl s [9t+1 — Ergig] + (0 — 1)(rae41 — Evrais1)

my — Ey(myy1) = 0[onery] ¥ [Tenetis + o] + (0 = Dlraerr = Be(raera)]  (26)

A.2.1 Measurement Error

Consider the observed consumption growth




Consider the true consumption growth

Ct+1 _9
— b 2
ge+1 = ( c, )7 (28)

where ét+1 =Cii1+& 41,841 = Cf+16t+1, and ét = Cy+&, & = Cler, with e, €449 ~ ZZdN(O, 1).
The Euler Equation is given by

A C 8
OB () R e ()| <1 (29)

The Euler Equation when consumption growth has measurement error is given by

A C
‘WE{( ;H) Rat+1th+1( étl

)] = (30)
where p > 1. If there is no measurement error, then the Euler equation is given for p = 1, which
coincides with equation (29).

Expand the observed consumption growth ( gfl)*% around the point Cf,; = Et[é't+1] and
C? = E,_1[Cy]

—0/¢ o

C 1 0 ° ~—2 0 -~ 2_1 o
& oty (Cesr = G2 + CLi (G (G = CP)
t t Ct v (CtoJrl,Cf) (Cto+1!C )
11 ,6.,0 =L o
+ 5 -2 (@)(a +1)C, 4 (Ciy1 — Ct+1)2
Ct B (Ct+1 CO)
1--2 6 6 -8 _2 o
+§Ct+1f(@)(@—1)ct+f (G —Cp)?
(C741,67)
0, ~—2-1, O ~-2_1 ~ -5 ~ -5
+ (J)Ct Y (_J)Ct-&-dlj (Ce1 = CPp)(Cr = CF)
(Ct+17 )
~ -0/ o=f_1 >
C g 9 C v ~o 0 C d ~ ~o_—6+1 ~ ~0
& e e G - G+ (5 G — GLT (G- CY)
t t o
1.0 0 Cto%‘2 1,0 0 T
+ 5(@)(@ +1) Olw (Crrr = CPr)* + 5(@)(@ -1 Ot%lJrQ(Ct - C7)?
G G
o=—>2-1
0.,C ~ ~o ~ ~o
~ () (Cun = €)= ) (31)
c, "
Similarly, expand the actual consumption growth ¢g;11 = (Cé—tl)*% around the point Cf , =
Et[ct-H] and Cf = Et_l[Ct]
C RN 0. ’
o—=+1 ~o
o o~ () e (G = Ol + ()= (Con = G4 (G =€)
t c.” t
0o=2_2 o=t
1,0 0 Ct+1§ o 2 1.0 0 Ot—‘—ﬁ 012
+§(¥)(E+1) Co% (Coyr — CP1y) 5(@)(¥—1)C0%+2(Ct—@)
Co:ffl t
9 (o] [e]
— () o2 (G = CE)(C = 67) (32)
c, v
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Plug equation (31) in the Euler Equation with measurement error (30).

—0 —1 0o=2
A o C? 0 C 52 ~ ~ 0 C. v . ~o*9 -
~ (SQE t4+1 t+1 t+1 Ao v t+1 _ o
p t{( " ) Ce (¢) CtTQ (Cit1 t+1)+(w) o (Cey1 — Criy )(Ct Cy)
O SR G MO -0 S, ey
(=)= = (Cr1 = Gy 5= —1)—= t — Cy
2 7 ) 2 c 5 T2
0 4
0,0 .
(P Crnn = C)(Cr = C) PR Rag| (33)
Ct
Similarly, we have
0o=2_1 o=t
Ai1e [CP o Cov g o7 ozt 41 N
1~ GE t41 t+1 Y t+1 __ (o e t+1 _ & __ o
o t{( s ) Ce (1/1) C:%e (Cry1 t+1)+(¢) ce (Cit1 Ct+1 )(Cy Ct)
LA 1)057_2@ O RILAL /s S
S\ )\ t+1 — t+1 S\ I\ T ° t t
2 Ct > 2 c 242
—1
( ) CtJrl (C C° C C° Rafl R, 34
" C —9+1 t+1 t+1>( t t) a,t+14t,t+1 ( )

Subtracting the Euler equations with and without measurement error (33-34) gives us,

-1

A 90 -
p—1=8E|( ;\H) Ry R, t+1{¢ ttl [Civ1 = CPp1 — Crpr + Cpy]
t Ct 11)
0. Co .
+(E) t_+el+1[ct+1 Cy — G+ C7]
c, v
o—2_2
16,6 Cry” o o
+§E(E+1) g;l z [(Ct—H Ot+1)*(ct+1fct+1)2]
t
0 b
T A A A (e e (e L
2079 29y pemg e
012 Cont” C, — C°)(C ° C, —Co(C ce
_(*) — 0 [( t t)( t+1 — t+1)_( t t)( t+1 — t+1)} (35)
» c’ 11

Substituting the expressions ét+1 = Cii1+&41, C, = C, +¢&; in the above expression (35), we get

o6 _
910 0 Ct+1¢ ’ )\t+1 0 po—1 o 02 2
p—1~ §¥(@+1) = E:|( "y ) R i1 Rii1 | B | 26041 (Cryr — CPq) + CPir i
o
o b
16,6 Crpt” A o o
5(95@(@—1) oi+dil+2Et [( ;\H) ROV R, t+1}Et [2&( Ct)"'ctzﬁf}
c, v
o O
6 4 2 Ct+1w )\t+1 0 po—1 ) o o
() g B | () Raa Riern | Be | €41.(Cr = CF) + &(Crr — Cipy) + Grern
d) Ct P t
o—2_9
160 6 Ci i’ At+1 60— o
p—l%éaia(@ ) é;—w Et[( N )ORa,tilRi,t+1:|U?Ctz1
t
o O
0.0 Cit At4110 10— o
+$(E_1)CO_%+2Et ( " ) Ra,t};-lRi,tH ol CP?
t
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oL
1.6.CL"° A _ 0 0
~ 597(7) t+1 Et |:( ;\-:1 )GRzytilRi,t—H] O’?(J + 1 + @ - 1)

A _
p—1~08(—)%2E, {( ;\H )9R27t_1i_1Ri7t+1:|
t

(36)
Therefore, from the expression (36), we get the term p as
0 A _
p~1+ 59( )202E, [( s )ORZ tilRi,tﬂ}
(U At ’
~ 1 + H |:Q, Ri,t+1:| (37)

where €2 is a function of the utility parameters As, 6, and the aggregate wealth portfolio return
Rg ++1. Thus the modified Euler equation is given as

A _ Cii1._ o 9 A B
50Et[( HLYORIT Ry ()] & 1+ 6%(—)202E, [( YR Rivn (38)
)\t Ct ?ﬁ )‘t
A i Cis1. o
50Et [( ;:1 )GR?,t—&lRi,t+1( gi ) 5} ~1+11 |:Q7 Ri,t+1:|

t

A.2.2 Representation of Risk free rate

Et[Mt+1Rt+1,f] =1+ 10, Ry t41]

where M, contains the measurement error.

1+ 1[Q, Ry y41] = Ey | exp{0Ind + gt 0

A, wgtJrl + (0 — Draper + 741}
- A 0
14+ 1I[Q, Ry 141] = exp{ E[Ind + 0in -

A, wgt+1 +(0—Draee1 + Tf,t+1}

1 A 0
+ §Va7"[6)ln j\:l - Egt+1 + (0 — Dree41]}

Taking log on both sides and using the approximation In(1 +II(Q, Ry +41)) ~ II[Q, Ry 141], we get

0 A 1
H[Q, Rf’t+1] ~ 0lnd — aEt(giH,l) + 9Etln ;+1 + (0 - 1)Et(ra,t+1) + Tf’t + §Var(mt+1) (40)
t

Ey(ra,t+1) = ko + k1 Ao + K1 A1 Ey(ve,041) + k1 A2 By (zi 1) + k1AsEy(02, 1) + k1AsE (03 41 1)
— Ao — Alwx,t — Agxé\ — Ago'it — A4O‘i7t —|— Et(gt—i-l)
Ei(ra,t +1) = ko + kiAo + K1 A1pxeys + k1 Aspax) + k1 AsEy(02 1)) + k1 AsEy (02 1 11)

A 2 2
— Ao — A1xgp — Aoy — Azoly — Agoyy + Tt + pe

(41)
_ Aiy1 0
Var(miy1) = Var[flné + 0in S Egtﬂ + (0 — Drgv1]
t

0
=0*Varaz}, + (J)2Var(gt+1) + (0 = 1)*Var(rq 1) (42)
Put equation (41) and equation (42) in equation (40)
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At

6
rre = —0Ind + —(uc + zet) — Opaln — (0= 1){k + 0+ kiAo + k1 A1 pxes + ki Aoppzy

(4
+ k1 ASE (02 111) + k1 AsEL(03 141) — Ao — Aoy — Aoy — Agol, — Asol  + Tey + pie)

)\tJrl

0
— 0.5{02Va7'a,2\ + (E)Q(ﬂ'i)\ + crit + (60— 1)2Var(ra,t+1))} —I0[Q, Ry 441] (43)

The risk free rate is thus linear in the state variables S; = [zc; x o3, O’?)t].
The variance of the stochastic discount factor can be decomposed into variances of the state

variables.

0
Var(miyq) = Var [Qxé\ﬂ — —gir1+ (0 — 1) (ko + k12¢41 — 2¢ + gt+1)]

(4
A 0
=Var I:th—&-l - Egt+1 + (0 — ].)Zt+1 + (0 - 1)9t+1]
0
= V(lT' [9%2\_,'_1 —+ ((9 — ].) — a)gt_‘_l —+ kl(e — 1)(A0 —+ Alxc,H_l -+ Agx{&_’_l -+ A3037t+1)

+ A4Ui7t+1}

0
=Var[fzi, + (0 —1) - a)gt+1 + k(0 — D) Az g1 +Eki1(0 — 1) Asapy

+ kl (9 — 1)A3J§,t+1 + ]ﬂl (0 — 1)A40—923,t+1]

= [0+ k14500 — D)*Var(zy,) + [(0 - 1) - %]QVCW(%H) + k1AL (0 = D)Var(ze )+

[k1A45(0 = D*Var(oZ,41) + [k1Aa(0 = 1)*Var(o7 141)

This can be written as,

Var(miy1) = )\%%nVar(gtH) + )\fn}AVar(:Eé\H) + )\?n@Var(mc,tH)

+ >‘12’n,,ac V‘”“(Ug,tﬂ) + )‘En,az Var(%%,tﬂ) (44)
where we define the \’s as,
0
)\m,,,:(ﬁ—l)—E

Ama =0+ k1 Ax(0 — 1)
Am,z = ki1A1(6 — 1)
Am,o. = As(0 — 1)k
Ao, = As(0 — 1)k
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A.2.3 Deriving Risk Premia

Ey[My1 Ry 1] = 1+ T[Q, Ry 4 44]

R | = I+ H[Q’ Rf,tJrl]
fag = — oAl
e Ey[My1]
InRy i1 = In[l +T[Q, Ry 111]] — InEy My
rrie1 = [Q, Ry 1] — InEtel™Mee
rpoe1 = H[Q Ry yyq] — InePelmeniltzVartmen)
1
T = H[Q, Ry = Er(mygr) — 5Var(mesr) (45)
2
Et[Mt"rlRa,t-‘rl} =1 + H[Q, Rf,t_i'_l]

eEt(Mt+1)+Etra,t+1+%var(mt+1+Ta,t+1) =14 H[Q, Rf,t+1]

Taking log on both sides and using the approximation In(1 + II[Q, Ry +1]) =~ II[Q, Ry 41], we get

1
[, Ry t41] = Ey(miy1) + Ey(rae1) + QVGT(th + Tat+1)

1
-3 [Var(mt+1) +Var(re+1) + 2Cov(my1, ra7t+1)]

+ H[QvaﬂH-l]

Ei(mig1) = —Ei(ra,i11)

1 1
Ei(mys1) + iVar(rm7t+1) =—FEi(rai+1) — 3 [Var(r%tH) + 2C’0U(mt+1,7‘a7t+1)}

(46)
From equation (45), we get
Et(ra,tJrl - Tf)) = H[Q Rf,t+1] 9 [VC”“(Ta,tH) + QCOU(th,Ta,tHﬂ
Ei(rat+1 —15)) +0.5Var(ra,ee1) = [Q, Ry 141] + Cov[(miy1 — Ey(mes1)), (ai+1 — Ee(ra41))]
(47)
Asset returns follows the process,
Tat+1 = ko + K12ze41 — 2 + Ge1
= ko + Fki1[Ao + A1zc 1 + A2171[5\+1 + A303¢+1 + A4U§,t+1]
- Ao - Alxc,t - Ag.]?? - AgO’it - A40’i7t + Jt+1 (48)

Ey(rg,t+1)=ko+ kiAo + KiA1Ey(xc41) + k1A2Et(33?+1> + k1A3Et(Uat+1) + k1A4Et(o§,t+1)

— Ao — Alxat — Agx? — Ago'gﬁt - A4092:,t + Et(gt+1) (49)

Pags1 — Bi(raps1) = kiAi[zesgr — Bi(@ei)] + kidolady, — Ev(t )] + kiAs[o? o — Ei(02,41)]
+ k1 Aalod o1 — Bi(03 )]+ ges1 — Bi(gis1)
=k1A1peoserp1 + k1A~ 2UA€?+1 + k1 Azwe s 1 + k1 Aswe 41 F Oy + 7Tc7>\6f+1

= k1 A19e0p reri1 + (k1 Aoon + mep)ery ) + ki Aswe i1 + k1 Aawg 11 + Ot
(50)
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2 2
note that we 1 =07 441 — Ey(02,41)

Recall equation (26)

0
my — Et(mt_,_l) = 0[0-1\61/5\4_1] - - I:Trc,)\ei\_;,_l + Utnt+l] + (9 - 1)[Ta,t+1 - Et(rﬂqt‘f'l)]

(G

Substitute equation (50) in equation (26),

0
me — By(myi1) = 00p€ly — —[Terérys + Oeati1] + (0 — 1) [k1A1pe0g teiq1 + (k1Agon + Ten)€rt

(0
k1 Aswe i1 + k1 Aswg 41 + Oc it ]
0 0
= [GUA — Ewc)\ + (6 — 1)(k1Agop + 7Tc7,\)]6?+1 + [(9 -1)- Eac’tntﬂ
+ k1A —e(0 — 1oy ery1 + k1 As(0 — Dwepr1 + k1 As(0 — 1)wz,t+1]
6.7 o 6
= UA(Q + (9 - 1)k1A2) + 7707)\[(9 - 1)@] €t+1 + [(9 - 1) — i} Oc,tTt+1
+ k1 A1(0 — 1)peopeir1 + k1 Az(0 — Dwe g1 + k1 A4(0 — D)wa 41

Comparing with the A’s from equation (44), we can write the innovation to the stochastic discount

factor in the above equation as as,

A
m¢y — Et(mtJrl) = [0A>\m,)\ + ﬂ-c,)\)\m,n] €1 + )\m,nac,tntJrl + )\m,zweam,tetJrl

+ )\m,acwc,t+1 + )\m,azwm,t+1

We notice that the proportion of 6?+1 (noise in the time preference variable) that gets attributed
to innovation in stochastic discount factor is the weighted average of A, , and A, » with weights
Te,x, and oy respectively. This is because eé\ﬂ enters both the time preference dynamics as well
as the consumption growth process. We can define A, ;o = [ x + %)‘mm] and rewrite the

innovation to stochastic discount factor as
m¢ — Et(mt—i-l) = >\m7zAUA€?+1 + Am,nac,tnt—&-l + Am,x@egw,tet—&-l + Am,ocwc,t+1 + )\m,amwx,t (51)
Recall equation (47)

Et(ra,t+1 - Tf)) + 0-5VGT(Ta,t+1) = I1[Q, Rf,t+1} + Cov[(mig1 — Er(myy1), Tat+1 — Et(ra,tJrl)]

Et(Ta,t+1 - T’f) + 0-5VGT(Ta,t+1) = COU{ (Am,zAUAE?_H + )\m,nac,tnnH_l + A2 P20z 16441 + Ao, We,t4+1

+ /\m,oxw,”l), Tat+1 — Et(Ta,t+1)} +11[Q, Rap41] — II[Q, Ry ¢ 41]

(52)
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Let 741 = Ta 41 — Ee(raet1)
Ei(rai+1 —75) +0.5Var(rei41) = —{AmxACOU(O'AG?_’_l, Tat+1) + Am.nCov(0c i Mit1, Tai+1))
+ Am,zCov(peoz tet1, Tat+1) + Am,o. COV(We, 41, Ta,t+1)
+ Mo, Cov(Wa 411, fa,tﬂ)} +11[Q, R p41] — TI[Q, Ry 41]
(53)

This forms the basic testing equation for cross sectional asset returns in the case of omitted factors.
Note that the bias induced from the measurement error enters this testing equation, which may bias
the risk premia estimates if not accounted for. The corresponding first stage estimation equation

is the given by

A
Ta,t+1 = CONSq + /Ba,./\et+1 + 6a7170-t77t+1 + 6(1@3050-75675-&-1 + ﬁa,wcwc,t-l-l + 6a7wwwm7t+1 (54)

where the 8’s are the covariance of the corresponding factors with the innovation in asset returns.
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A.3 Empirics

A.3.1 News Index
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Figure 7: Word Cloud: Words the occur at least 150 times in all articles combined. Bigger size

implies higher frequency.
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Figure 8: Consumption growth predictability
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A.3.2 Machine Learning model performance

Table 3: Model Performance comparison

Test Sucess Rate

Training Sucess Rate

Ridge 7% -
Lasso 78% -
Classification Tree 2% 75%
Bagging 7% 79%
Random Forest 81% 82%
Support Vector Machines | 70% 1%
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A.3.3 Predictability Results

The predictability regression equation is given by

K
th+7¢ = By + f1NewsIndex; + ;1 x, K =1,2,...,100
i=1

where K indicates the months and g,y represents the consumption growth between periods ¢ 4 ¢

and t +14 — 1.
Table 4: Simple Regression
Time Horizon 1 20 40 60 80 100
Slope: Index  -0.0005*** -0.011%%*  -0.02%**  -0.03***  -0.04***  -0.06***
Adj R2 3% 30% 42% 52% 57% 56%

***p < 0.01, **p < 0.05, *p < 0.10

The multivariate regression includes the price dividend ratio, real labor income growth, and

realized industrial production variance as controls. The equation is given by

i gi+i = Bo + f1NewsIndex; + Controls; + €+, K =1,2,...,100
i=1
Table 5: Multiple Regression

Time Horizon 1 20 40 60 80
Slope: Index -0.0007*%FF  -0.013%F*  -0.02%¥**  -0.03***  -0.04%**
Slope: Dividend Price Ratio 0.001*** 0.0097***  0.011***  0.013%**  0.009*
Slope: Labor Income 0.08*** 0.18* 0.20 0.15 0.23
Slope: Industrial Production Variance -0.03 -0.09 0.87 4.85 7.3
Adj R2 % 32% 43% 53% 58%

***p < 0.01, **p < 0.05, *p < 0.10
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A.3.4 Fitting consumption growth

I ! ! I I I
1960 1970 1980 1990 2000 2010

Figure 9: Consumption growth against persistent components
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A.3.5 Measurement Error

Measurement error (0.05% error volatility)

|
0.08 |

0.06

Error

0.04 |

0.02
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) |10
Risk Aversion

P - .

Figure 10: Measurement error with variance of 0.005%. Risk aversion is increasing from top to

bottom, IES is increasing from right to left.
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Measurement error (0.5% error volatility)
|

Error

Figure 11: Measurement error with variance of 0.05%. Risk aversion is increasing from top to

bottom, TES is increasing from right to left.
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A.3.6 Three pass Estimation: Second stage Results

Model 1
(Intercept) 1.53***
(0.29)
PC1 0.13
(0.07)
PC2 —0.03**
(0.01)
PC3 0.01*
(0.01)
pPC4 —0.04***
(0.01)
PC5 —0.02*
(0.00)
PC6 0.02**
(0.01)
PC7 —0.01
(0.01)
R? 0.79
Adj. R? 0.75
Num. obs. 45
RMSE 0.12

***p < 0.001, **p < 0.01, *p < 0.05

Table 6: Stage 2 results

Step 2 (CSR): Obtain the risk premia of estimated factor scores by running a cross sectional
regression of average asset returns onto estimated factor loadings B The risk premia of the

estimated factor returns is given by

P e (50,77 = (un B (o - 6)>_ (i : B)TF

The cross sectional regression of asset returns on the estimated factor scores provide an R-squared
of 75%. Such high R-squared is not surprising since the factor scores are obtained from the

statistical decomposition of the asset returns in the first place.
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