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Online Appendix

This online appendix present proofs of the propositions in the main paper.

Proof of Proposition 1

Note from the variance of the excess asset payoff that:
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and thus the excess volatility is driven by the p3,0% term. Consider now the expression for
the less positive root of py from Proposition 3 in the special case in which there is an absence

of government intervention:

where:
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to simplify notation. Given this expression, it follows that:
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Differentiating with respect to o, we find with some manipulation that:
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which we can factorize as:
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and, since P, = ﬁ‘/iﬂ + pyNN; with V.1 and N; independent of each other, this

completes the proof. Therefore, volatility is highest close to market breakdown, when
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Consequently, the maximum conditional excess payoff variance before breakdown occurs is
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Furthermore, as ¢ — 0, and oy — =, then:

Proof of Proposition 2

In what follows, let 7 be the maximum horizon (remaining trading periods) of all investors
and T < 7 be the horizon of an individual investor. We first solve the optimization problem
of an individual investor whose current investment horizon is 7. We then impose market-
clearing, in which we aggregate the demands of 7 vintages of investors to solve for asset
prices. Finally, we consider the two cases where 7 = 2 and 7 = .

We search for a covariance-stationary equilibrium, and conjecture a price process:
Py =py Vi1 + pn Ny

it will be convenient to define the state vector W, = [1, vy, IV;] , and we search for a covariance-
stationary equilibrium. ¥, has an AR(1) law of motion and is related to investors’ returns,

R;11, according to:
Uipn = oV + Zepqa,

Riy1 = oV + ¢'eia,
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where F [R;y1 | Fi] = a¥,. In the limiting covariance-stationary equilibrium of the economy:
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As such, we can write the law of motion for an investor’s wealth with horizon T" at date t as:
Wit = RIW! + X[ (a¥, + ¢er) — CF.

Let us now conjecture that the value function of an investor with horizon T at date t,

Vi (T, Wy, U,), takes the functional form:
1
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Substituting this expression into the recursive formulation of the investor’s problem, we find

that:
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By completing the square, we can rewrite the above Bellman Equation as:
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Taking the first-order conditions with respect to X and C!, we find that the optimal

position and consumption of the government take the form:
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Substituting for X!, optimal consumption takes the form:
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Substituting the optimal policies into the maximized Bellman Equation, we find that:
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from which follows that:
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with Ap = 7.

Furthermore, B; satisfies the finite difference system of equations:
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and since they must hold for arbitrary ¥, it follows that B} is determined from Bg;—ll by:
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where e}, ; is the 3 x 1 basis vector with first entry 1 and remaining entries 0. Recognizing
that at the final date for a cohort;
BS = 03><37

it follows that one can iterate backward in time to arrive at B} . In the limit of arbitrarily
large T, one can find the stationary fixed point B; — B since all variances and covariances

governing the law of motion of ¥ and the mapping to R;,; are stationary.
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The second-order optimality condition for the investor’s problem is that, at the fixed-
point, = BI'Z + Q™! is positive definite. Given the definition of Z, this condition reduces

to:
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being positive definite, where:
A = (3522 toy ) (Bt 33 TON ) - B323Bg32a

which we will verify in the sequel that it is always satisfied.
This completes our characterization of the solution to dynamic optimization problem.

The optimal consumption and investment plans can be summarized as:
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Given the equivalence of the sequential and dynamic problems by the Dynamic Programming
Principle, the solution solves the investor’s problem.

Given our expression for (Z'Bf'= + Q_l)_l , it follows that:
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Since there are overlapping generations of investors with horizons from 1 to 7, it follows
that there is a stationary equilibrium for the asset price. Market-clearing and matching

coefficients implies that
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Conjecture a stationary solution in which:
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for each ¢, then it then follows that the lower right minor of B/ satisfies the recursion:
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since Bpy, = 0, from which follows that:
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Since the recursion for B does not depend on time-varying objects, we drop the ¢ subscript
and index B! only by the investor’s remaining horizon, BZ,. Since all coefficients on the RHS

are positive, that BJ | 33 > B{43 V t. It then follows that:
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which is always positive definite since Bl > 0.

In addition, the asset demand of investor of generation t's asset demand is given by:
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Substituting this demand into market-clearing along with the definition of B, we arrive at:
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Consider now a more conservative economy in which everyone is of the investor cohort with
the maximum horizon of 7. Then:
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This implies the market-clearing condition for /V; can be expressed as:
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Consider case that 7 = 2, then py solves the quartic polynomial:
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By Descartes’ Rule of Signs, this polynomial has zero positive real roots and either zero, two,

or four positive real roots. This quartic polynomial has no real solutions for v sufficiently

large, as the limiting polynomial as v — oo is:
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which has no real roots. Consequently, when investors have a two-period horizon, the market
can still break down if risk aversion is sufficiently large. The issue is even more severe in
the true economy, since half of the investors have a shorter one-period horizon, and less

risk-bearing tolerance than the two-period investors.



Consider instead the limit that 7 — oo, and investors have an infinite horizon. Then,
B33 can be solved as the fixed-point of the recursion for B, and py solves the fixed-point

problem from market-clearing;:
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It follows that py is then given explicitly by:
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which always exists.
Consequently, it follows that for short horizon investors, markets can break down because
investors are too risk averse, while with infinite horizon investors, a market equilibrium

always exists.

Proof of Proposition 3

We derive the perfect information equilibrium with trading by the government. We first
conjecture that, when V; ., and N, are observable to the government and investors, the stock
price takes the linear form:

P, = py Vi1 + o Ny + pyG.

Given that dividends are D, =V, + o DstD , the stock price must react to a deterministic unit

shift in V;y; by the present value of dividends deriving from that shock it follows

1
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perspective of all economic agents, the conditional expectation and variance of R, are:

that py = The innovations to V;,; and N, are the only source of risk and, from the

E [Rt+1 | ft] = _pNRth - prth;

oy

2
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Since all investors are identical when V; and N; are observable, it follows that in the CARA-

Normal environment all investors have an identical mean-variance demand for the risky
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asset:
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In the government’s intervention rule:
XtG = —ﬁNNt + IQNUNGt,

Finally, by imposing market-clearing, we arrive at:
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This confirms the conjectured equilibrium.
Rearranging this equation for py, and substituting for p,, we arrive at the quadratic

equation for py:
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from which follows that py has two roots:
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Recognizing that two positive solutions for py exist if the expression under the square root

is nonnegative, it follows that the market breaks down occurs whenever:
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Consequently, market breakdown occurs when oy is sufficiently large.

Given that:

1
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substituting for p,, it follows that regardless of whether the government is concerned with

price volatility or price informativeness, reducing the price variance from noise trading,

pAroa:, would accomplish both objectives since:
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is increasing in 0%, through py.
To establish that the linear equilibrium is the unique, symmetric equilibrium, we express

each investor’s optimization problem as:
U, = II}%XE |:€f'y(RW+Xt(Vt+1+aDsﬂ_l+Pt+17RPt)) | }—t]
For an arbitary price function P;, the FOC for the investor’s holding of the risky asset X; is:
E |:(‘/;5+1 + apef)ﬂ + P — RfPt) ¢ Xe(Verrtonel 1 +Pis1 —RP) | .7-}} =0.
Substituting this with the market-clearing condition:
Xy =—(1-9y5) Ny — InonGy,
we arrive at:
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Since P, ;1 cannot be a function of eﬂl, as P, is forward-looking for the new generation of

investors at time ¢ + 1, the above can be rewritten as:
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where we have used the properties of log-normal random variables to complete the square
in the pdf and solve explicitly for the 5{11 term. This defines a functional equation, whose
fixed point is the price functional P,. To see that the linear equilibrium we derived above

solves this functional equation, we rewrite equation (IA.2) as:

P
Pi= % 14+1+Rf 2((1 = Ix) Ny + InonGy)+ f |0ulog B [e" [ Fl|_ 1 ommisnoncn
and conjecture that P, = Vt+1 + pn Ny + pgGy, from which follows that py satisfies the
recursion:
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Suppose there is some final date 7" >> 0. On this final date, Pr = 0 since there is no salvage
value to the asset. Then, as time goes backward, this recursion converges after a sufficiently

long period of time to:

2
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which is the more stable of the two positive roots from the infinite horizon problem if:
R <2(1—=9n)7y, | |1+ I 202 o202 4+ [ 2V 202
1— 0y G DON R~y N |
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and:

otherwise. Consequently, we can interpret market breakdown as an unstable backward recur-
sion in which illiquidity is growing each period as volatility diverges. Interestingly, we obtain

the more positive root for the fixed point for py from (IA.1) from the forward recursion:

v (1—-9n) ov ? Iv \°
PNt = pr ob + R —p, i 1—dy 7 | TP |

Consequently, the more positive root is forward stable, but backward unstable.
Finally, notice from the recursion (IA.2) that, if the price at date t + 1, P4, is lin-
ear in {Vii1, Nii1,Gei1}, and therefore normally distributed, then log £ [e“P 1 Ft} =
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uE [Py | Fi] + su?Var [Py | B, or the moment-generating function for the normally

distributed price. It then follows that the only solution is

b= RfW+r+}HUD(Uf—ﬁN)N¥+ﬁNUNG9‘FE{B+1|f”

+% (1 —=9N) Ne +VInoNGy) Var [Py | Fi

and it follows that P, is linear. Consequently, the linear equilibrium with the less positive
pn root of (IA.1) is the unique, backward stable equilibrium as the limit of the finite horizon

problem.

Proof of Proposition Al

Based on Proposition A3 and Proposition A5, in the special case of no government interven-
tion, the steady-state conditional means of the Kalman Filter, <Vtﬂ\fl, NtM ) , have a law of

motion that satisfies:
5013 81 L
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where:

is the Kalman Gain, and the conditional variance ¥ satisfies the Ricatti Equation:
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From Proposition A4, we further recognize that:
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Consequently, recognizing that all four implied coefficient equations for ¥ are degenerate,

M VV

the equation that identifies reduces to:
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From Proposition A4, investors update their beliefs from the market beliefs by Bayes’ Law

in accordance with a linear updating rule. The posterior of investor i is N <‘A/ZH, 7 (z)) ,
where Vi, = E[Viyy | F/] and ¥° (i) = E [(VtH — %@1)2 ] .7:4 are given by:
o . MYV L
L=V + A — (31? - Vi%) :
and:
TS (Z.)—l _ (ZM,VV)—I 4.
This characterizes the beliefs of investors given the market beliefs.

Since the government does not trade in this benchmark, investors have no incentive to
learn about the government’s behavior, and therefore the information acquisition decision
is trivial. Given that investors each acquire a private signal s, standard results for CARA
utility with normally distributed prices and payoffs establish that the optimal trading policy
of investor i, X}, is given by:

E[Dis1 + Py — RIP, | F]
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/ i /M
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is the conditional variance of D;,; and P,;; with respect to F}. we can rewrite the above as:

~7
o 1 . . .
(1 + pv (PV_Rf) + {pv OPV kM[ ]) ( 1 _VtJJ\r/I1) — pyRIN}

Pvpy
Y’ (1)

Xi =
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Substituting for \A/tﬁrl, and recognizing from above that:
A~ pV A~
NM = N, +— <Vt+1 — Vt%) ;
PN
and therefore that:
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we arrive at:
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Aggregating over the demand of investors and imposing market-clearing, we arrive at the

two equations for py and py:

/ 1 YMVV ;
v {pvpv}EMW—W_RpV -0
Ripy _ 1
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This completes our characterization of the linear equilibrium.

We now recognize from the market-clearing condition for py that we can express py as

2 2 2
5 sM vy [ sMyv p o o
1 ) pv (1= py) 2z ( e (ﬁ) ) B (‘z]\jag) (ﬁ) pMVV

pv = + —.
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From our implicit equation for XYY" above, we can verify that the second term in paren-

theses is negative (assuming py > py ), from which follows that

- 1 ZM,VV < 1 B
by = RS — py BMVV 4770 = R — py, —he

confirming the assumption.

Finally, recognizing that return volatility from the market perspective satisfies

2
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we can rewrite the market-clearing condition for py, substituting with that of py, as

R? PN
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Notice in the special case that p;, = 0 that
MYV 1
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and the above condition for py reduces to
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since py = %. Comparing this condition for py to the perfect information case
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ST LT > 0 that the additional term from uncertainty exacerbates the

we recognize since

market breakdown problem. To see this, we fix ¥MVV and express the solution to py as
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Since (1 — z 5 T ) srvret > 0, regardless of the equilibrium value of py, it follows

nonexistence, which occurs when
1 \° 1
20% oN

must now occur at a positive value of py, and that py is higher in the presence of in-

2
formational frictions when a solution exists (by shrinking the \/ <#A> — =B term in
N N
the expression for py). From the condition for existence in Proposition 1, it follows that

market-breakdown must occur at a lower value of oy, oy > oy
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Consider the other extreme of p;; = 1, then the coefficient on V"V in the expression

for py reduces to
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1+2pv+(2pv—pv)pV—W(Rf) p%/.
M,VV

Since py < EMET’M,lpV and with py, = ﬁ, it follows that

SMVV 4 p1 )
14 2py + (2py —pv)pv — s (R))" p}

> 1+ 2py+ (pp —pv)pv —pv (1 + RY)

= 1—py (R =1)+ (py —pv) (2+pv)

7_—1

= ZM,V\j+ 1 + (p{/ —pv)(2+py)

> 0,

and consequently similar arguments establish that market breakdown occurs sooner, and py
is more positive with informational frictions. The intermediate cases (p,, € (0,1)) follow by

similar arguments.

Proof of Proposition A2

Consider now conditional price volatility
Var [APtH | ftM] =
/
(so - { (1) D oM <90— { (1) D = (Pt +2(p —pv) pvoy = (pg —pv)* (1= ) SV
—i—p%a%/ + p%a?\[.
In the special case that p;, = 0 that

Var [APuy | FM] = piot +pyox — (py —pv) &MV

2 1 2
From the market-clearing condition for py, one has that
2 2 1) Ts_l ’ MVV _ Rlpy EM’VVTs_l 2 1) 2
A= () (gmvsmm) = =5 s b ()
the above can be rewritten as

prN ZM,VVT;1 1 2
Var [AP.y | FM] = pyot + PO A s oh— | =] ot
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Subtracting price volatility under perfect information, py.o3 + p3o3;, where py is the coef-

ficient on N; under perfect information, and recognizing that
2
1 1
2 o L. oy o [ L 2
PNON = 7pNR 9D <Rf) Ivs
from its market-clearing condition, we arrive at
2 =2 2

Var [APtH | .EM] — pyoy — DnON
R! TMVV 1

S

= 7 (pN _ﬁN) - EM’VV—f-T—l

SMVV 202 1252 1 R |1 ( RI\? 2 1Y’ 2
= o} o - -0 —|—=—] o
SMVV 4 71 PyOv T PNON von \ 2 \Yon D R v

RS 1 Rf 2 ) 1 2 , , 1 2 Ts_l ZM’VVTgl
von'\| 4 \yonN oD Rf Oy RS ) SMVV L =1 | §MVV 4 -l

It then follows from a first-order Taylor expansion of —v/x — a around a = 0, (which omits

a positive residual when a is less than 1)

o
7;1 EM’VVT;1
1/ RM\? 1\? (1_ (%) zM,VV_H-S—l) SMVV T
= Vilsey) "o \wr) 7
YON 2\/l R_f)2_0_2 _ (L)QO_Q
4 \ von D RS |4

2 _ 2 _ 2
0 . 1 7ol DMV -1 |
RS YMVV 7.;1 YMVV 7.;1
and substituting it into our expression for excess volatility that

- [3]) (e [3]) -t

TM VYVl
SMVV 4 -1

1R (1 _ (L)QL
f M,VV _ -1
2voN R SMVV 1
> > —1
1(RN g2 (a_v)2
4 \ yon D Rf
1 RS MYV
20N IMVV T
> YON +7 . 1’




from which follows that it is sufficient for the difference to be positive that

2
LR\ 2 (o_v)2
YMVV 20N D Rf

SMVV 4 -1 1 RS ’

2
VG2 —ob- () o% | | |
where — < 1 when the square root is real. Notice that the RHS is

PR
decreasing in yoy, 0%, and 0%, which relaxes the sufficient condition, and increasing in R/.

Now we recognize that ¥VV is increasing in 0%;. To see this, we simplify the identifying

condition for YMVYV to

2
MYV (gﬁ—zg)
2 2 ,
Oy PNON
(PVUV> + 1
2
and see that V" is increasing in the noise-to-signal ratio, <Z1‘Z—Z§> . Recognizing that
2
sy (o)
SMVV L1 RN —
(1+3r) () +%
then, given the definition of py, we can express % as
2
DNON
PNON (pv0v>
bvov Tt PNON 2 T3t
(Le) (B22) + %
1 RN\ oy 2 1\2 YM,VV SIMVV -1
= —(—=) -2 () - [1-(=) (1- s
() o (o) (o () (i) e
1 Rf
208 7

Since the LHS is an increasing function of ZXZX (since 2% > 0), while the RHS is increasing

in o by the comparative static for py, it follows that I; C’ Zg is increasing in oy .

Since the LHS of the sufficient condition is increasing in oy through il

SV T while

the RHS is decreasing in oy, it follows that there is a critical o} such that price volatility

with imperfect information is higher.
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Similarly, one can express the deviation of the price from its fundamental value as

Var [Pt—i-l — Py Vo | FtM}
= Var [AP | FY] + (05 — 2pppv) ot — 2pg (0y — pv

= Var [APtH | ﬁM] — p%/a%/ + 2py (py — pv) yMVV

from our definition of VY. Subtracting its perfect information counterpart, p 03, we

arrive at

Var [Pu1 — poVige | FM] — pho’

MVV,_ -1
by T,

2 2
ON 2 Sy

= Var [ARH-I ‘ ftM} —P%/U%/_p?\/ 1
S

Notice when Var [APiy | FM] > plo}, + pro¥, or price volatility is higher than with

perfect information, then it also follows that

Var [Py — pyVire | ftM} > Paoy-

Proof of Proposition A3

To arrive at the beliefs of investors and the government, we first characterize the market
beliefs based on the public information set FM. To derive the market beliefs, we proceed
in several steps. First, we assume the market posterior belief of (V; 1, Ny, Gy11) is jointly
Gaussian, (Vi 1, Ny, Giy1) ~ N <<‘A/tﬂ‘fl,]\7tM, Gﬁ1> ,Zi”) , where:

Vit Vit
N gl N
GM, G L
Gt Gt
Eiw,vv Ei\LVN ZiW’VGl 0
u Ziw’VN Eiw,NN Ei\/[,NGl 0
Et = ZJM,\/Gl EM,NGI ZM,GlGl 0
t t t
0 0 0 0
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Standard results for the Kalman Filter then establish that the law of motion of the conditional

expectation of the market’s posterior beliefs (Vtﬂ\fl, NtM ) is:

Vt% pv 0 0 0 YtM D, — VM
NM | |0 000 NM, | o
e | Tlo ool e, | TR n V)
Gt 0 01 0 Gt—l t — Uitt—-1
where:
K" = CoV Gt |7 77?/[ - pvva;A_ﬁ | Fily
G, Gy — Gy
D, — UM -
<Var | | n}' —pyp, VM | | B
Gy — Gy

is the Kalman Gain, and that the conditional variance ¥ evolves deterministically according

to:
py 0 0 0 py 0 0 0 oy, 0 0 O
Mo 0 00O M 0 00O 0 o2 0 0
> = loooo|l™ | oooo|T] 0 0 oz o0
0 010 0 010 0 0 0 0
Dt_‘A/tM ‘/t—‘rl
. N,
—KiwCOV 771{\4 — pvpv‘/;M ) th»l | EJ¥1
Gt_Gt\t—l Gt
It is straightforward to compute that:
CoV Gt—&t-l ! —pvpy VM| IR
G, Gy — Gy
oIy (S o) pym
_ 0 pNJ?V 0
0 PGOE 0
L I
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and that:

D, — VM
O = Var || gM —pyp, VM | | FY
Gy — Gy
SV + 0% pvoy stV my
= | pvoy =iV Pt (/ﬂvﬁfﬂv [ 02v> +p}od +pEok pupy Sy
nhy pvpy S0 I

Since nM € FM C F;, I can express n/ as:

771{,\4 = pvVig1 + Ny + pa Gy = PV‘A/t]fl + pNNtM + pgé’ﬁl,
from which follows that:

pv (WH - ‘Zs%) +pN <Nt — NtM) + pe <Gt+1 — éﬁ1> = 0.

As a consequence, it must be that the market beliefs about V; and N; are ex-post correlated
after observing the stock price innovation process 7, such that we have the three identities

by taking its variance and its covariance with V,; — VA, and N, — NM:

M,VN Pv oM PG <M
5 WV - Vs Na PG s ,VG17
PN PN
bv ba
Eif\/[,NN _ __Ei\/[,VN _ _EiM,NGl,
PN PN
M,N Pv M PG M
uM G _ — 2y VG _ =y ,G1G1.
PN PN

This completes our characterization of the market’s beliefs.

Proof of Proposition A4

Updating the market beliefs to each investor’s private beliefs can be done in a manner similar

to that in He and Wang (1995). Note that the market beliefs act as the prior for investor

i who observes the normally distributed private signal s!. The posterior of investor i is

N (Vi Nis Gy ) o 52) s where (Vi NGy, ) = BV Ny Giga) | 7] and 35 (6) =
/

t+1)t
i i
V;H—l - ‘{;4_1 V;H-l - ‘ﬁ—&-l
E N; — N} N; — N} | F/| are given by:
i i
G — Gt+1|t G — Gt+1\t
o N
‘/tAJrl V}H g — M
i _ M / t t+1
N{ = N{ + 1 i O ,
i GM 9t t+1
t+1 t+1
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where:

Vir UM i M -1
I, = CoV N, ,[S? %H] | FM, VarH 5t ‘{t&l} |]-"tM}

7 M 7
G 9r — Gt+1 9¢ — Gt+1
MYV MYVG
X I SMVV (i ) M VG -1
_ | pmvN gMNG ¢+ (a'Ts) t
- t t M, VG M,G1G i -1
> ' T (1 —a) Tg] ’

M M
Zt VG Et ,G1G1

and: .
M M
o VV o VG

ORI HE I sk
M,VG1 M,G1G1
Et zt

Since G, is publicly revealed, it is common knowledge and speculators need not update their
beliefs about it with their private information. This characterizes the beliefs of investors

given the market’s beliefs.

Proof of Proposition A5

After the system has run for a sufficiently long time, initial conditions will diminish and
the conditional variance of the Kalman Filter for the market beliefs ¥ will settle down
to its deterministic, covariance-stationary steady-state. To see this, let us conjecture that
YM — ¥M In this proposed steady-state, I'; — I', where I is given by:

EM,VV EM,VGl ) 1
ZM,VV + (az,]_ )_ EM,VGl
= EM,VN ZM,NGl s

ZM7VG1 EM,GlGl 2M7VGl 2M7G1G1 + [(1 - a’i) Tg]_l
Consequently, since I is indeed constant, so is VY. Furthermore, the steady-state Kalman
Gain KM is given by:

,OVEM’VV Py (p%/EM,VV + 0.%/) psz,VCh

KM _ 0 PNOR 0 QM-1
0 pgdé 0 ’
EM,VGl pVIOVZM,VGl EM7G1G1
where:
ZM,VV 4 O'% prVEM,VV EM7VG1
0 = | g S (RSN R) 1 pioh 4 gt pupy SV
ZM,VGl prVZM,VGl EM,G1G1

Consequently, since we have constructed a steady-state for the Kalman Filter for the market

beliefs, such a steady-state exists.
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Proof of Proposition A6

Similar to the problem for the government, it is convenient to define the state vector ¥, =

[Vii\fp NtM, éﬁl, G| with law of motion:

U, = \Ilt—i—KMeﬁl,

cocol
coc oo
— o o o
co oo

and e}, | FM ~ N (0341, QM) is given by:
D1 — Vt%
" g
o1 = | M1 — pVPAVV;e% g

M
G — Gy

with QM given in the proof of Corollary 1.

Given that excess payoffs are normally distributed, we can decompose R;;; as:

Riyw = E[R | F)+ ¢I€ff1

iyl 1r a7
— g\pt + ¢/w |: ZM,VV + (a TS) ZM,VGl | » :| |: St . ‘/{;]—"\f[l ‘| N (b/gs’il
EM,VGl EM,G1G1 + [(1 _ az) Tg] g; _ G%.l t+
go| SO A -y mver s -
B —pMVG SMVV 4 (afry)” 9 — G, ) S
= U, + 1 ; 1 2 +¢ €tr1s
(EM,VV + (G/’L,]—S) ) (EM,GlGl + [(1 _ az) Tg] ) _ (EM,VG1)
where: o
Dy — Vi
Sio M ‘A/—Z
€1 Mep1 —PVPY Vit |
Gt+1 - Gzlf—&-l
and:
< = [1py(py—R) =R py—RIps —Ripy |,
1 pf/ —Pv
0 pé — Pa
Dy

In this decomposition, we have updated the investor’s beliefs sequentially from the market
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beliefs following Bayes’ Rule as:

E [Riy | F]
. —1 . ~
YMVV (azT >—1 TM,VGy st M
= E|[R | FY —I—gb'w{ s o ARG
Fenr | 777) ZMVG - SMGG (1 —a) | ] | g Gl
¢W{EMG”1+K1—a0u]1 e [g—vﬂa]
. _NMVG yMVV (aiTS)_l gf _ G%A

(ZMVV 4 (aiTS)_l) (ZMG1G1 4 [(1 - af) Tg]—l) — (ZMVG2

where, as in Proposition 4:

. ~ !
7 M
_ M sy — Vidh M
w = CoV €t+17|: i _ M | Fi
9y — Ui
ZM,VV EM,VGl
_ M,VV MVG
= | pvpyX pypy ST
pVZM,VGl ZMyGlGl

Similarly, by Bayes’ Rule, €7, | | Ff ~ N (0251, Q%) , where:
i —1
w[zMﬂﬂl+K1—a>u1 e _11w
0 — g SEMVG MY o (i)

B (ZMVY 4 (air,) ) (EMG1G1 4 [(1 — af) 7)) — (EMVG1)?

Standard results establish that the investor’s problem is equivalent to the mean-variance
optimization program:

sup {Rfv‘v +XIE [Ri | Fi] - %X;‘?var (Resy | F] } .

X ()

Importantly, since the investors have to form conditional expectations about excess payoffs
at t + 1, they must form conditional expectations about the government’s future trading
E[Gi1 | Fj]. Given that the investors are price-takers, from the FOC we see that the

optimal investment of investor ¢ in the risky asset is given by:

v _ Bl | F)
YWar [Rypy | F]
o e e L R N [ S R
Y MVGy YMVV (aiTS)*l gf: _ é%l
1 S + (EM,VV+(aiTS)—1)(21\4,G1G1 H(l,ai)Tg]—l),(EM,vcl)2
oy qm[ MGG 4 [(1 - gf) Tg]fl — Y MVGy ]w’qﬁ
¢/QM¢ B _ZM,VGl ZM,VV + (aiTS)—l

(SMVV i (airs) 1) (EMC1614{(1-ai)7,] 1) - (SM VG )2

This completes our characterization of the optimal trading policy of the investors.
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Proof of Proposition A7

Each investor faces the optimization problem (A1) given in the main paper. It then follows

that investor ¢ will choose to learn about the payoff fundamental V; (i.e, ai = 1) with
probability A:
1, Q<0
A= 0,1), Q=0
0, Q >0,
where:
S - 0
Q=9 (M©O)-M1)o= ¢w| =7 1 W'o.

»M,G1Gy _'_TEI
Given w, we can expand out this condition to arrive at:

2
(14 (pp — pv) K + (05 — pg) K + (pe — pa) K1) £MVE

+ (1 + (pp —pv) K% + (0 — pg) K35 + (pe — pa) K1%)
X (prVEM,VGl +pg2M7GlGl)
NM,G1G1 + T;l
(14 (py — pv) K + (05 — pg) K& + (pe — pa) K1) MYV

+ (14 (py — pv) K% + (05 — pg) K85 + (pg — po) Ki5)
% (prVEM’VV +ngM,VG1)

SMVV -1

2

Vin

Recognizing that ¢'w = CoV [RtH, [ G
t+1

} | FM } , we can rewrite the above more gener-

ally as:

 CoV [Ripr, Gt | FM]® CoV [Rysn, Vir | FM]
- MGG 4 71 N SMVV 4 -1 '

Q

Proof of Proposition 5

In the special case that p,, = 0, it follows that the Kalman Gain, the steady-state market

beliefs, and the ()—statistic for information acquisition satisfy:

pyvo
POy AP ON PTG
PNOY
p‘z/a%/-i-p?vaz\,-‘rpéaé
PGOg
POy PN ON TGO

0

KM —

o o o O
- o O O
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and:

pNO'N+pGO'G 2 o PVO'%/pNU?V o pVU%/pGUQG 0
D e ot R s e S R R s s 2
_ pvovpzva?v pVJ?/erGUG o2 PNOLPGOS 0
SV = | TRARAEE Aot ke rset N T R e} ikl :
B PVOoLpGoL, . PNIYPGTE Py oy +PNIN a2, 0
Py ot +pRoNtreos PLOvAPNONTPEOG POy tPNONtPEo C
0 0 0 0
and:
2
pf\,a?\,+p%0é+ﬁpva%/*pgpcaép <p2 + p2 ﬁ) — pvpe 9
2 5 3.0 3.3 p)
0 Py oy +HPNONTPGOG g \Fv N o3, < U%/U2G
== o2 2 2 2 2 2 -2
Pv"v+pN N O-G =+ T, Pyoy T DPNON T DGO
P\/""\/‘FPNO'N+pG‘7
2
2 2 2 2 1 2 2
P "2N t p — ININTYGTC pI v Oy PSS by 2
e R K R ( o202, )
- 2 2 2 2 2 2 )
pN”N"’pGUG V + T -1 by oy, + PNON + ydelofe]
S A A
respectively.

In a government-centric equilibrium, py = 0, and, from the market-clearing conditions,

py and pg satisfy:

p PNON p?\,a?\, 2
SEETA e A
1 PoD% 02
pe = -7 (1 _ A) #52@
R pNUN +JUGUG

from which follows that pg is given by , pZ = zp3 N o Where x satisfies:

19 2
P (1+a) = (Rf;ag) ,

where x is increasing in i—fﬁa%. It then follows that @) reduces to:

2
2 _ pf_=z 2
o — e\ ol o2

o ! >(1_%N) o | (1)

of+(1+x)7,1 of + 1! l+a

which suggests that, for () > 0, it must be the case that:

2o _GVJG+(1+$) 1—95\° 1+a
o M oy o + 75t v UQG_Rfljgﬁ

N
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Furthermore, it is straightforward to compute that:

1oz 1 .\2
X

L
g og )

1M 2 2 2 1 Uy ’ 2 2 (1 ti 2 2
P ¢ =0y +op+og 1T121-0. pNnON t 1+ PNON>
N
and therefore, from market-clearing, that py also satisfies:
2
~ e 1
0 = |e2 02G+2(1+x)791 1 Uy 2+(1+1_’9N020x) o2 2
GU2G—|—(1—|—x)T;1 l+z1—9g 1+ NEN

R’ I+x PPEI
- o o7,
1—19N0'2G+(1+SL’)7'9_1pN v b

It follows that py is given by the two roots of the above quadratic form:
1 R 1 R\? o%+0%
PN =5 + > Sl p

205c1 — Vg 205c1 — Vg oncC

2
9 . 5 14 L 14z )
. 20G+2(1+x)79 ( 1 19]\;[9 ) +< +0201719Nx -
N

_0G020+(1+a;)79—1 1421 - 14z

where:

)

and c = ¢ (19 < R, Ug) . When py exists, one consequently has that py > 0. Selecting the less
positive root, and recognizing that () > 0 whenever py > py, we can express this condition

as:

A (1w M(l WOV s, n

o2 20nc1 — Vg 20nc1 — Vg ¢
1-9 4 2
9 -
G 1-9 5

—1
\V 0'%/"1‘7_5

Notice that the LHS of equation (1) is always nonnegative, since it is ~—5——pnOon, and
Vv
that ¢ and the RHS of equation (1) is independent of {oy, 0y, 0p} since x = z (19]\7, R/, ag) )

Since it is straightforward to compute that:

2
1 RS - J%/-i-o% 1 Rf

deO'N 1 1 Rf 20nc 1=V g c 20nc1—Yg -0
vy T :

dUN 0N20N01—79N 1 RS 2_‘7%/+‘72D

20’NC 1—191\7 C
dpyon 5) -0
- ’
daD 1 RS 2 _ U%/+<72D
¢ 20’NC 1—19N Cc



it follows that the LHS is increasing in o and op. Consequently, the existence condition for

a government-centric equilibrium relaxes as oy and op increase, and therefore a government-

centric equilibrium is more likely to exist the higher are oy and op.

VOIovITs
v

Finally, with respect to oy, we recognize that, as oy — 0, pnoN — 00, and

\/0’2 ! . . .
consequently the LHS exceeds the RHS and ¢ > 0. Since #p]va N 1s continuous in
oy
V, it follows that a government-centric equilibrium exists within a neighborhood of oy = 0,

and consequently exists for oy sufficiently small.

Proof of Proposition 6

We can express the conditional uncertainty about the deviation in the asset price from its

fundamentals as:

F = Var [Pt+1—pvvt+2| ftM}

!/

1
= Var o— | 0 €ﬁ1 — Py (Vt+2 - PVV;%) | ftM
0
1T\’ 1
S\ T n)) e
, 1 / pVEM,VV
—2py o= | 0 pv (P SV 402 |,
O pVEM,VGl
which we can rewrite as:
Var [P1 — pyVies | ftM} = Var [P | ftM} —l—p%/ (p%/EM’VV +07)
1 ! pVEM,VV
—2py | o= | 0 pv (ppZMYY +0})
0 0

In a government-centric equilibrium, py = 0 and there is no learning from prices about V; 1,

so EMVV is exogenous to government intervention. Consequently, the above reduces to

2
p(/PVZM’VV)

MVV | 52
X +o0p

Vor [Puas = peVies | FM) = Var [Ps | F0) 4 2 (459 + 1) -2

and minimizing price deviation, is then equivalent to minimizing Var [Pt+1 | FM ] , Or price

volatility.
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