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Three facts: 1. Returns are predictable

Horizon kb t(b) R* o[E(R®)] Zet)
Tyear 38 (26) 009 546 0.76
5years 206 (3.4) 0.28 29.3 0.62
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Three facts — 2. Dividend forecasts

> DP does not forecast dividend growth. The sign is “wrong”

. D
Horizon k Rf . =a+bpi+emy  “hE=a+bp +ey
(years) b b t(b) R?
1 4.0 0.07 0.06 0.0001
5 20.6 242 111 0.02
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Three facts. 3. Prices seem awfully volatile
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Three facts - Shiller equations

1
P;‘:Z*-Dtﬂ'
=l
> 1
Pt:Et(P?):Et ZﬁDt"rJ
i=1
P{ = Pite
02(P;‘) = 0'2(Pt)+0'2(€t)

Uz(P?) > 02(Pt)

» Our task: tie all these ideas together. Along the way, develop some
very useful tools — dynamic present value identity



Present value identity: One period version

Return and present value identity in logs

Dyt 11
Py

Rii1 =

re+1 = log(Re) = dry1 — pr

pr — dr = (drp1 — dt) — resa
pde = Adpy1 — req1

pde = Et(Adri1) — Ee (re41)



Regression identities: One period version

dpt = rey1 — Adpyq
Regression identity.

rev1 = brdpr +er4
Adry1 = bddpt+€?+1

dpe = [brdpr +e7y1] — [bddpt + E?H}
Result:
1= b, — by.
d
0=ér1 — €4
Tie volatility to predictability.
cov(rey1, dpt)

br = var(dpt)
var(dpt) = cov(rey1, dpt) — cov(Adyy1, dpr)

> Which is it? A:all E (r)
» Agenda: do this for multiperiod securities.



Campbell-Shiller Return Identity

re41 R P(Pry1 — dry1) +Adey1 — (pr — dt)

Derivation. This is just the definition of return:

Pt+1 Dt+1
Pti1+Dry1 (1 + Dm) D:

Ret1

P
Pt Dii
req1 = log (1 + epdt“) + Adpy1 — pd;
ePd

rey1 ~ log (1 + epd> +

1

P=1+D/P

———  (pds 41 — pd) + Ady 11 — pd
(1+epd)(Pt+1 pd) + Adpi1 — pd;

~ 0.96 (Annual, with D/P = 0.04; P/D=20)



Campbell-Shiller Present Value Formula

> From return identity

re1 R P(Pey1 — dry1) + Adey1 — (pr — dt)

Solve forward to present value formula.

pde = p X pdey1 + Ader1 — reqn

pd: ~ Z oA — iPilfﬁj + 0% (pdess)
j= J=
when ¥ (pdyy ) — 0
pd; ~ Zp/ Adtﬂ ipjilrtﬂ- = long run Ad - long run r
j=1
» Ex-post; definition of long run return. Also ex ante E¢(-)

pd: ~ E; ij_lAdtJrj —E ij_lrt+j
j=1 j=1

> A present value formula.



Volatility

>

o . 0 .
pde ~ E Y 0 A — Er Y oy
j=1 j=1

P/D ratio moves iff news about Ad or r |

» Run
o I d
Y o/ tAdy; = blidpi+e
j=1
Py = bfdpet e’
j=1
Identity:

1~ bl — blr

Or, b = cov(x,y)/var(x), so
o0 oo

var (pt — di) = cov {pt — dt, Z plede} — cov {pt — dt, 2 pf'fer
j=1 j=1

> Volatility = regression coeffs, which must add up. bﬂ', bg Which is
it?



Volatility facts

Coefficient
Method and horizon b£k> b(Akd) pkbc(il;)

Direct regression , k =15 1.01 -0.11 -0.11
Implied by VAR, k=15 1.05 0.27 0.22
VAR, k=00 135 0.35 0.00

SIS (k)
1pl_ rt+j:a+br dpt+€’£+k
j=

» “Rational Bubbles”

k . k .
dpr =Y 0/ rej— Y 0 Ay + N dprk
=i =i

1= % — b + pkblk)

» Fama / Shiller debate?



Campbell-Ammer Return Decomposition

0 .
(Ety1— Et) : pde = Z O A = Y 0y
Jj= Jj=1
o0 ) [ee]
0~ (Err1—Er) Y 0 'Adpyj— (Eep1 — 2 ey
J=1 Jj=1

o . o .
AEy1 (r1) = AEr 1 Adey1 +AEr 1 Y 0/ Adp 14— AE1 Y 0/ rei1yj
p=i =i

» 02 [AE; 1 (re11)] =About 50% Ady, 1, 50% future returns, 0%
future dividends.

» Not inconsistent with o2 [dp;] = 100% future returns.



Vector autoregression

» The basic VAR

rev1 = brdpr +ep44
Adiy1 = bgdp: + efﬂ
d
dpty1 = ¢dp: + stil

» Estimates, round numbers

e s. d. (diagonal)
Estimates and correlation.

b, ¢ r  Ad dp
r|01 20 +big -big
Ad |0 14 0()

dp | 0.94 15




Vector autoregression

» The basic VAR

rer1 = brdpt+€tr.+1 ~ 0.1 x dpt+€’£+1
Adiy1 = bydp +ed. 1 ~0x dpr+ed 4
dpri1 = ¢dpr + sf_’il ~ 0.94 x dp; + s?ﬁl; cov(sd, sdp) ~ 0

» Identity constrains coefficients and shocks: Really 2 variables,
shocks.
re+1 & —pdpi+1 + Adpy1 + dpe.

by 1—p¢+ by
01 = 1—-096x094+0

rooa dp d
€41 N —P€4 1 T €y



Using the VAR — Connecting long and short horizons

rey1 = brdpr +epy
d
dpty1 = ¢dpr + etil.

» Coefficient rises with horizon

& rey1 + reg2 = b (14 ¢)dpr + (error)
S 1t rnootris=b(1+¢+ (pz)dpt + (error)

& reyo = begpdpy + (error); reys = by¢?dp: + (error)

» Long horizon R?

R _ bp? (dpt)
=L o2 (res1)

R2 . _ b7 (1+¢)0?(dpe) _ b7 (1+¢)*c?(dp) _ (1+¢)°
k=2 = ~ =

o2 (rt+1 + rt+2) 202 (rt+1) 2

2
Ric—1



Using the VAR — Connecting long and short horizons

Why D/P forecasts long horizon returns

High D/P today is persistent,
so return forecast will be high in the future

e

D/P

“\

High D/P today forecasts
high returns for many future (Iays Forecasls
Return L/y
A/‘\Mﬂ

LAY

Add these up to get large long-horizon return forecast




Volatility in the VAR

> Recall
o .
Y. o/ 'Adey; = bljdpe+¢f
j=1
Y. 0ty = bldpe e
j=1
1= b — bl
> In the VAR -
L b
b/r _ pjfl(ijlb _ r
’ J; " 1-p¢
b b
i l—dp</> — b} — blj < by = 1— p+ by!

You can get here much more quickly, but lose interpretation
» Simplified numbers, nice units

0.1
b= =1, b=0
T 1-094x09 9



Impulse-Response Function

» Recall
re+1 ~ —pdpry1 + Adey1 + dpr.
~ d d
5§+1 ~ _Pstﬁl &y
» My choice.
Ad shock: [gi ef gfp}:[l 1 0]
“Er" shock : [ei ef g‘ljp } =[-p 0 1]

Simulate forward

rt+1 = 0108 X dpt + Sg—&-l
Adri1 = 0.015 x dpy +¢d, 4
dp

dpt+1 = 0.0937 x dpt + St—l—l



Impulse-Response Function

Response to Dd shock
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Impulse-Response Function

1. Interpretation: how news about the future changes prices today.

1.1 ¢, dividend shock with no dp change is a pure expected-cashflow
shock with no change in expected returns

1.2 &%, dp shock with no change in dividends is (almost) a pure
discount-rate shock with no change in expected cashflows.

2. There is a "temporary component” to stock prices. You need to
look at both prices and dividends to see it.



Univariate vs multivariate responses

re+1 = 0.1 X rt +€&r41

Resporsetoretumshock Cumaiveresparsetoretum shock

1 B 1F [—
08 B 08 F
06 [ 1 06 |
04 1 04 |
02 B 02 4

o k o ——un

0 5 10 15 20 0 5 10 15 20

Response function ry41 = 0.1 X rt + €441

Similarly, 02 (rs41 + rego + ..+ repx) & ka?(r). Stocks really are not
“safer in the long run.”



Univariate vs multivariate responses

1. Puzzle: predictable from DP, but nearly a random walk on their own
— not “safer in the long run?

2. The univariate return process implied by the VAR is very close to
uncorrelated over time.

rey1 = brdpr tepyg

re2 = br (‘Pdpt +€gi1) +etio
so
cov(rey1, reyn) = cov [brdpt +e, 1, br (([)dpt + s?f_l) + £§+2]
cov(rer1,rey2) = b2po?(dpe) + brcov(es, 1, e )

2.1 Intuition
2.2 Algebra: if p = ¢ with cov(e?, &%) = 0, then cov(rei1, ren) = 0.



More variables

Riy1=a+bXdpr +cxt + €417

Example (“Discount rates”) cay helps to forecast returns!

Left-hand Variable

o [Ee(yt+1)] %

re+1
Adpy1
dpt i1
Ca}’t+1

0.26
0.05
0.91
0.43

8.99

2.80

ft = —1PJ Ft+j
Ad{r: lep] LAy

0.51
0.12




More variables—cay

Figure: Forecast and actual one-year returns.



More variables — identities, variance, etc.

00 .
dt — pt = Et 2‘0171 (rt+j — Adt-‘rj) .
j=1

o0
Yoty = ar+ bl" x dpt + ¢ x z¢ + €]
j=1
0 .
prﬁlAdH_j = ag+ bg X dpt +Ccljr X Z¢ +€(tj
=1

b —plr = 1

c,/r—cclf =0



More variables — identities, variance, etc.
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More variables — VAR

Response to Dd shock

Response to dp shock

Responseto1 s cay shock
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Pervasive predictability: a preview

1. More variables:
Rit1+a+b(D/P)¢+c xtermy +d X defy + f x | /K, + g x cay; + h X 11y
2. Individual stocks? (Pay attention)

R{'H = a+ bx| +££+1? - E(R{;H) is higher when x| is higher

3. Bonds
I
RO =Rl = a+1x (3" =y + e
RI,i—Rl = & +0x (Ytlong — yghorty el

4. Foreign exchange.. rY> = 1%, rfY = 5% Implication?

RE =iy = a+1x (' —rf) +ern
Aeffr’l/$ = ae+0><(rtE”—r;$)—|—e‘§+1

5. Credit spreads do not mean (much) higher chance of default, do
mean higher expected return.



Pervasive predictability: a preview

Houses
Houses: ‘ b t R? Stocks: ‘ b t R2
re41 012 (252) 0.15 013 (261) 0.10
Adii1 | 003 (222) 0.07 0.04 (0.92) 0.02
dpss1 | 090 (16.2) 0.90 094 (23.8) 0.1



Pervasive predictability/ time varying risk premiums

» Many questions!

Do the variables that forecast one thing forecast another?

v

What is the factor structure of expected returns across markets?

v

v

Correlation with business cycles / financial crises / economic
explanation?



