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Abstract

In this document we prove three results discussed in the main text without proof. Section
A1 considers the variant in which entrepreneurs receive multiple private signals with correlated
errors. Section A2 considers the variant in which the entrepreneurs’ cost of investment is subject
to idiosyncratic shocks. Section A3 considers the variant in which aggregate investment is

observed with noise.

A1l. Multiple private signals with correlated errors

Consider the following variant of the baseline model in which each entrepreneur receives two private

signals

i =0+e1+& and y; =0+ e+,

where £; and ey are independent common noises, Normally distributed with variances 1/m; and
1/mo, whereas & and 7); are private noises, Normally distributed with variances 1/7¢ and 1/7,, in-

dependent and identically distributed across agents, and independent of any other random variable

in the economy.

Let mp = mime/(m1 + mg), my = mamy/(m2 + ™), ™ = Wg + T + Wy, dg = W/, 01 = Wy/m, and

dy = my/m. The posterior about 6 of an entrepreneur with signals = and y is Normal with mean

E 0|z, y] = dop + 61 + day



and variance 1/m. His posterior about the common noise components satisfies
Eleilz,y] = p1[z —E[0|z,y]] and Eles|z,y] = p2ly — E[0]z,y]]

where

s s
— e — _:L‘ e Tn — _y
PL=FeFm = m and s = ™t oy

are the correlations of the errors across the entrepreneurs, i.e. p; = Corr(e; + &,e1 + §;) and
p2 = Corr(ea + n;, €2 + n;),for all 4, j with i # j.
In any linear equilibrium, there exist coefficients (fy, 31, 2) such that individual investment

satisfies
k(x,y) = Bo + frx + B2y, (1)

in which case aggregate investment is given by

K (0,e1,e2) = Bo + (51 + B2) 0 + Bre1 + Paco.

It follows that, from the perspective of the uninformed traders, observing K is equivalent to ob-

serving a Gaussian signal

K — B B1 B2
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It is then immediate that the equilibrium price satisfies

with precision

Ty =

=" +nkK,

with 71 > 0 if and only if 81 + B2 > 0. By implication, a = Avy; > 0 if and only if 31 + G2 > 0, as

in the baseline model. It follows that, an entrepreneur’s best response satisfies
k(z,y) = (1 — ) E[s(0)|z, y] + oE [K]z,y] (2)

where k(0) = ko + k16, with
Mo andﬁlzl_)\.
-« 1 -«

Ry =



Substituting

E[K|z,y] = Bo + [B1 (1 = p1) + B2 (1 = p2)| E [0]z, y] + Brprx + Bap2y
into (2)) we have that

k (Ll',y) = (1 - Oé)E [’%0 + Kle‘xvy] +oE [K’xay]
=(1—-a)ky+ (1 —a)kEf|z,y]
+aBo +a[B1 (1= p1) + B2 (1 — p2) E 0]z, y] + afip1z + af2p2y

For the above to coincide with () for all  and y, the coefficients (G, 81, F2) must solve the

following system:

(Bo — ko) (1 —a) ={(1 —a) k1 + a[B1 (1 = p1) + B2 (1 — p2)]} dop (3)
Br(1—ap1) ={(1-a)r1+a[Bi(1—p1)+ B (1—p2)l}d (4)
B2 (1—ap2) ={(1—-a)k1+a[Bi(1—p1)+F2(1~—p2)]}d (5)

It is then immediate that
fBa o2l —ap

G &l—apy

Hence, as in the benchmark model, a positive complementarity amplifies the relative impact of the

signal with the higher correlation of errors across agents (in other words, the piece of information
with the higher “commonality” across agents).

In the remainder of this section, instead of solving for the equilibrium degree of complementarity
a, we illustrate directly the effect of  on the ratio of non-fundamental to fundamental volatility.
This permits us to illustrate the robustness of our key positive and normative predictions to the
more general information structures considered here. We thus proceed as follows.

First, we solve [B))-(B]) for 41 and (B2, which gives

f1 = kK1 1)~ ap2) me (7)
(1 —ap1) (1 —ap2)mo + (1 —a) (1 — ap2) T + (1 — ) (1 — ap1)m,
(1-a)(1—ap)m,
= 8
B M e - ap)ma+ G- a) (- ap)m + (=) (1 - ap) ¥
Next, we define fundamental and non-fundamental volatility as follows:
FV = E[Var(Klei,e)] = (81 + B2)> Var (0) = (B + £2)° 7, (9)

NFV E[Var (K|0)] = (61)" Var (e1) + (82)* Var (e2) = (81)% p1 /72 + (52)° pa/my. (10)



The former measures the variation in K that is due to variation in 6, whereas the latter measures
the variation in K that is due to variation in the common errors.

Substituting the equilibrium values of 31 and (32 into (@) and (I0]), we then get that

K3 (1 — a)2 [(1—ap2)me+ (1 —apr) 7Ty]2

FV = 5
(denom)” my

)

k(1 —a)? |(1 = ap2)? prme + (1 — ap1)? pamy
NFV = S .
(denom)

where denom = (1 —ap1) (1 —ap2) mg+ (1 —a) (1 — aps) mp + (1 — @) (1 — ap1)my. It follows that

the ratio of non-fundamental to fundamental volatility is given by

NFV _ (1—ap)* pime + (1= ap1)? pamy

R = 0>
FV (1 —ap)me+ (1 —apy) w2
and hence that 2
OR _ 2mamyTo (P1 — p2) (11)
9o [(1-apy)m, + (1 —apy)m,°

Hence in any equilibrium in which o < min{p;*, p; '}, necessarily 9R/da > 0 (with strict inequality
except in the degenerate case in which p; = po). The result actually holds true more generally for
any equilibrium in which (1, 82 > 0. To see this, suppose, towards a contradiction, that Gy, G2 > 0
and that OR/J0a < 0, or equivalently that (1 — aps) 7, + (1 —api) 7, < 0, which requires that
a > 1. Because 31, 2 > 0, from ([7l) and (8) we then have that sign(1—ap;) = sign (1 — aps). But

then necessarily
(I—ap)(I—ap2)m+ (1 —a)[(1—ap)my+ (1 —api)m,] > 0.

Because k1(1 —a) =1—X >0, from (7)) and (8), we then have that (1 —ap;) >0 and (1 — ap2) >
0, in which case necessarily OR/0a > 0, a contradiction. Hence, in any equilibrium in which
investment responds positively to both sources of information, an increase in the complementarity
perceived by the entrepreneurs necessarily leads to an increase in the non-fundamental volatility of
aggregate investment relative to its fundamental volatility.

We conclude that the main positive prediction of the benchmark model (Corollary 1) extends
to these more general information structures. Furthermore, because the efficient strategy is always

k; = E;[0] for all 7, the main normative prediction (Corollary 2) also extends.



A2. Heterogeneity in the entrepreneurs’ cost of investment

Next, consider a variant of the benchmark model in which each entrepreneur receives only a private
signal z; = 0 + & about the fundamental . The cost of investment for entrepreneur 7 is now
kf /2 — w;k;, where w; is a random variable reflecting a shock to the marginal cost of investment.
Assume that w; = w + (;, where the common shock w is Normally distributed with mean 0 and
variance o2, while the idiosyncratic shocks ¢; are independent of w, Normally distributed with mean
0 and variance ag and independent across entrepreneurs. Each entrepreneur observes w;, but not
w.

This environment differs from the benchmark model in two ways. First, there is no piece
of information that is commonly known by the entrepreneurs but not by the traders. Second, the
problem is no longer one of pure common values: the shocks w; introduce a private-value component.
At the same time, the role of the aggregate shock w is similar to the role of the expectational shock
€ in the benchmark model: it is an unobserved random variable that is uncorrelated with 6 and
that moves aggregate investment.

In this environment, the price continues to satisfy p = E[f#|K], but now an entrepreneur’s
investment depends on his private signal z; and on his private cost w;. Following steps similar to
those in Proposition 10 in the main text, we can establish the following result.

Proposition. (i) In any equilibrium in which high investment is good news for 6, there exist a

scalar a > 0 and a function (0, w) such that
E(z,w)=E][(1—-a)k(0,w)+aK (0,w) | z,w]. (12)

(ii) A\ small enough suffices for the equilibrium to be unique and for investment to increase with
both 0 and w.

(iii) The efficient investment satisfies
E(z,2w)=E[0+w |z,w]. (13)

(iv) In any equilibrium in which investment increases with both 6 and w, investment underreacts
to 0 and overreacts to w.

Proof. Part (i). The best-response condition is now given by
k@, w) = 0+ E[(1 = X) 0+ Ap (6,) |z, w] (14)

It follows that, in any equilibrium in which p (6, w) is linear in (0, w), there are coefficients (g, 51, 52)
such that k (z,w) = By + f1x + Pow and therefore K (0, w) = By + 416 + Bow. The equilibrium price



then satisfies p (0,w) = 0 + K (0,w), where

T, 1
T + 7 B1

0 b T, @
T + T, wy + 7, B1

Yo = and v =

with 7, = (61/ 52)2 0,2 Hence, 41 > 0 if and only if 3; > 0. The result then follows by letting

W (1= X0+ M0
1=

decisions, while k(6,w) is the equilibrium investment in the game among the entrepreneurs, when

a = Ay and k(0,w) = , where a = A1 is the degree of complementarity in investment

they all receive a shock w, 6 is common knowledge, and the price function is p = v9 + 11 K.
Part (i1). This follows from the same steps as in the benchmark model.
Part (iii). The result is immediate.

Part (iv). By ([I4), in any linear equilibrium,

=w+E[(1—=XN)0+X(y0+m (Bo+ 516 + Bow)) |z, w]
=w+E[(1 =)0+ Mo+ M6 + A B8] + E [My1 Bawlz, w] .

Since E [f|z,w] = E [f]z] = —2—p+ 22—z and E [w|z, w] = E [w|w] = nw, where n = 0,2/(0;% +

To+7a To+Tx

0,2) > 0, we have that
E(z,w) = f(z) 4+ (1 + M1Ben) w

where f(z) = E[(1 —X)0 4+ Mo+ M1 8o + Ay16160|z] . Tt follows that S must equal 1 + A\vy3027,
or equivalently 2 = 1/(1 — Ay17). In any equilibrium in which 3; > 0 and (2 > 0, we have that
v > 0 and Ay < 1. But then o > 1. Furthermore, 51 must equal [(1 — \) + Ay1 1] =22— or

To+Ta

equivalently
8 = Ty (1= < M
T+ e \ 1= A o + Ty

because vy, = [610;2} / [522779 +5%‘7;2} <1

In contrast, in the efficient allocation, k (z,w) = w + E [f|x], which gives the result. m

As in the benchmark model, whenever high investment is “good news” for 6, the equilibrium
price increases with aggregate investment, inducing complementarity in investment decisions. In
fact, we can now guarantee that this is the case in every equilibrium. Once again, this complemen-
tarity is unwarranted from a social perspective and it now amplifies the response of investment to

the common cost shock w.



A3. Optimal release of information

Finally, consider a variant in which traders observe aggregate investment with noise, as discussed
in Section 5.3 in the main text. That is, assume traders observe K = K + 7, where 7 is aggregate
measurement error, independent of all other shocks, with mean zero and variance 1/m,. The
following result was claimed in footnote 18 without proof.

Claim. Any (B1,02) that can be sustained with a stabilization policy T(p) = T1p, with 11 €
[0, +00), can also be sustained with a policy that control the quality of information m, € [0, +00)
about K.
Proof. First, consider the game in which the policy maker stabilizes prices with a tax 7(p) = 7ip.
An investment strategy in which the sensitivity to private and common information is (81, f2) can
be sustained as an equilibrium if and only if there exists a 71 € [0, 4+00) such that

(1 —X)oy

. v N AL (15)

[1 = X+ Aa(7i; B, B2)B1]02

S e VIS
where
(s, ) = 20 )
and
b=
with )
m=mum = (222

To see this, note that when the entrepreneurs follow a linear strategy k(x,y) = By + S1z + PBoy
the price is equal to

1
- K
P=T Yo + 1 K]

where 99 = 70(B0, 51, B2) = 7 — 7252, 1 = 1(B1, B2) and K = By + 510 + fay. The
best response for each entrepreneur then consists in following the strategy k (x,y) = o+ f1x + B2y
given by

Go = 117071 + (1= X) Gop + Ad [Bo + B1op]

B = (1-X\)d1+rapid

Bo = (1 —=X)da+ Aa[B162 + (o]




For this strategy to coincide with & (z,y) = By + 12 + B2y, (51, F2) must satisfy (I5]) and [y must

solve
Mo (Bo, B, B2)
147

Because ([I0]) is linear in fy, a solution to (I6) always exists. We conclude that (I3 are both

Bo = + (1 = X) bop + Aa(B1, B2; m1) [Bo + Bidop] (16)

necessary and sufficient for the existence of an equilibrium in which the sensitivity to private and
common information is (01, 32).

Next, consider the game in which the policy maker controls the quality of information 7, about
K. A (linear) strategy in which the sensitivity to private and common information is (31, 32) can
be sustained as an equilibrium if and only if there exists a 7, L€ [0, +00) such that

pr = a __f\)él (17)

1= Myi(my s B, B2)61
[T =X+ 2My(mts B, B2)B1] 02

o= 1— M (w8, B2)
where
(m, " B, Be) = 7T97_T:7TZ ) j_@
and
. _ B\ 1N\ B
T, = my(m, ;ﬁl,ﬁg):<<ﬁl+ﬁ2> ™, +<ﬁ1—|—ﬁ2> ™, > . (18)

To see this, note that if k(x,y) = By + 1z + P2y can be sustained in equilibrium, then the price
must be equal to p = v9 + 11 [K + 7], where K = By + 3160 + [y, 11 = 71(61, f2; ™) and

u o T Bo
o + T, o + T, B1 + B2

Yo = Y0(Bo, B, B2y ™) =
with 7, as in (I8)). Replacing K and p into
k(z,y)=E[Q -0+ p[2,y]. (19)

we have that the entrepreneurs’ best response consists in following the strategy k (z,y) = Bo +

Bix + fay given by

Bo = (1—\)dop+ Mo+ M1 [Bo + Bidoul
Bio= (1=X)é& +IMbidy
Bo = (1= N3+ \y1 [Brds + o]



For this strategy to coincide with k(x,y) = By + f12 + oy it must be that (01, 52) satisfy (7)) and
that Gy solves

)y Y0(Bo, Br, P25 ™) (1= X)dop ) Y1(Bt, Ba; )
bo 1 — M1(B1, Bo;my) * (1= A1 (B, B2 my)] AT 1B, B2; )

Broop (20)

Because (20) is linear in [y, a solution to (20) always exists. We conclude that (I7]) are both
necessary and sufficient for the existence of an equilibrium in which the sensitivity to private and
common information is (81, 32).

The result then follows from the fact that, given any (1, 02), the functions &(-; 31, 32) and

1 (+; B1, B2) are continuous over [0, 4+00) with the same range. m



