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A Extensions

We address several limitations of the benchmark model. First, we discuss which
other categories of shocks can generate booms and busts. We then examine alterna-
tive information structures. One extension shows how the model can be consistent
with credit-fuelled booms and busts. Lastly, we show how our mechanism extends
to a more dynamic model. The results are summarized here, but more details can
be found in the online appendix. Except for the dynamic extension, these analyses
are conducted within the simple version of the model where Assumptions 1 and 2

hold.

A.1 Alternative shocks

In this section we extend the model to accommodate other shocks. We first extend
the model to incorporate a final good sector to be able to incorporate productivity
shocks in the final good sector. We demonstrate that noisy signals about the final
good productivity can generate booms and busts originating from the intermediate
good sector. By contrast, productivity shocks in the intermediate good sector does
not generate booms and busts. Booms and busts can thus arise from optimism
about productivity but only if it concerns downstream production chains. We then
consider another category of demand shocks: shocks to government spending, and
show that noisy signals on government spending can generate booms and busts.
In order to make our analysis clearer, we focus here on the simple version of

the model, where Assumptions 1 and 2 are satisfied.

Shocks to the productivity of the intermediate good sector We assume
that the production of the differentiated goods is affected by productivity shocks

A, so that the production function is modified as follows:
Qit = ALy

We assume that the firm cannot observe a = log(A) directly. Instead, firms observe
a noisy signal of a, a; = a+ 60 + \;, and observe their mark-up at the end of period
2. One can think of imperfect information within the firm, where the manager

receives noisy signals about the firm’s productivity.!

I This is not an unrealistic assumption, as marginal costs are notoriously difficult to measure
(as opposed to the average cost).



The manager of firm ¢ sets quantities in order to satisfy:
Ei(pi —w) = —Ei(a)

To illustrate the effect of noise shocks on productivity, we consider the simple case
with n = 0. Using the individual and aggregate demand equations, the optimal
individual supply can be written as a function of expected aggregate supply and
expected shocks:

G = (L+ r0) Bi(a) — ko E(Q) (28)

The relevant information sets here are ;; = {a;} and Q;y = {a;, pn — w1 }.
In the first period, the firm’s problem with productivity shocks is strictly similar
to the firm’s problem with demand shocks solved in Section 2. We can therefore

easily derive the following:
qn = Kaai (29)

with K, = (14 ka)02/[(1+ ka)(02 4 02) +03]. As a consequence, at the aggregate
level, firms produce the following quantities:

G = Ki.(a+v) (30)

Because firms do not observe productivity, the new signal received by firms is
not their mark-up p; —w + a, but their real price p; —w, which they can filter from

the influence of their own supply:

1. oc—1. oc—1
pin —wi+ =dn =——¢ = ——K,(a +v)
o o o

Importantly, in the case of productivity shocks, both the fundamental and the
noise shocks are supply shocks, so they both affect the real price negatively, as
K, > 0. As a consequence, contrary to demand shocks, a positive noise shock
about productivity does not generate a negative signal on the fundamental through

prices. It thus does not generate boom-bust cycles.

Shocks to the productivity of the final good sector Here, we introduce a
final good sector that produces the final consumption good by using intermediate

inputs. The period-t utility is modified:

@) L™
1—7 1+n

Ut:\I]
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where @)f is the household consumption of the final good. The final good is pro-
duced and sold competitively by a representative firm with the following production

function:
Q = AQ:
where A is the productivity of the final good sector and () is defined as before,

except that it is not the consumption bundle but a partial production function that
aggregates intermediate inputs. The intermediate inputs are produced by firms as
described in the benchmark model.

We assume that there is no preference shock (¥ = 1), but there are instead
shocks to a = log(A) that have mean zero and standard error o,. a is realized at
the beginning of period 1, and is not observed by firms in the intermediate goods
sector. Instead, firms observe a noisy signal of a, a; = a+ 60+ \;, and observe their
mark-up at the end of period 2.

Since the final good sector is competitive, we have P° = P/A, where P is, as
before, the aggregate price of the intermediate inputs while P¢ is the price of the
final good. We thus have

wy—pr=0q —(1—7)a (31)

where we used w; — pf = vq; + g, pf = pr — a and ¢f = q; + a.

The rest of the model is unaffected, except that ¢ is replaced with (1 — v)a.
In the baseline model, v played the role of an unobserved negative shock to the
real marginal production cost (the real wage). Here, when v < 1, a plays the same
role. As the final good producer is ready to pay a higher price p for intermediate
goods, their real marginal production cost w — p declines. Therefore, an aggregate
noise shock about a generates the same type of dynamics as an aggregate noise
shock about .

Government spending shocks We consider the same model with the final
good sector, and assume that there are neither preference shocks (¥ = 1), nor
productivity shocks (A = 1), but there are instead shocks to government spending.
Suppose the government follows the rule: G; = gQe”, t = 1,2, where G, is the
spending of the government in final goods, g the average share of government
spending in output and v a permanent shock to the share of government spending

in total output, realized at the beginning of period 1, and not observed by firms.



In logs, we have:
9t = q + v +log(g)

Government spending affects the budget constraint of the government: M; —
M,_1 = T, + G;. We assume that v is not observed directly by firms, as be-
fore. Instead, firms observe a noisy signal v; = v + 6 + \; at the beginning of
period 1 and p;; — w; at the end of period 1.

Total output, in equilibrium, is equal to the sum of household consumption

and government spending: (), = Qf + G;. This yields, in logs:

@ =dq; + [v +log(g)]

g
l—g
The labor supply equation (10) then becomes

we—p= o~ [+ log(g)] (32)

The rest of the model is unaffected. In the baseline model, v played the role
of an unobserved negative shock to the real wage. Here, v plays the same role,
because an increase in government spending makes goods relatively more expensive
compared to leisure. Therefore, an aggregate noise shock about v would generate

the same type of dynamics as an aggregate noise shock about 1.2

A.2 Alternative information structure

Here, we consider alternative information structures. First, in order to show the
role played by dispersed information in our model, we assume that the exogenous
signal on 1 is a public signal, so that firms all observe ¥ + 6. We then come
back to our baseline information structure, but add additional signals, in order to
evaluate whether boom-and-bust dynamics are robust to alternative information
structures. This analysis is conducted within the simple version of the model where

Assumptions 1 and 2 hold in order to make it more transparent.

Public exogenous signal Suppose that the exogenous signal observed by firms
was public, so that firms, instead of observing 1);, observed vy = 1 + . As in our
main model, we would have

gi1 = Kytg

2Note that, in an open economy, foreign demand would play a role similar to g;.




with 0 < Ky, < 1 (but with a different value than in the baseline). In that case, it is
easy for firms to infer ¢;, even though they do not observe it directly, as ¢ = Kyy.
Then, as p;; —wy is a function of ¥, ¢; and ¢;1, it would be straightforward to infer
1 by combining information on p;; — wq,q; and ¢;;. It is therefore essential for the
boom-and-bust mechanism that firms initially receive a private signal that has an
aggregate error.

Of course this result is trivial since there are as many shocks to identify (¢
and 0) as signals (p; — w; and vy). However, even if p; — w; was observed
with noise, we would still not have a boom-and-bust. For example, suppose that
firms observe p;; — wy + z;, where z; follows a normal distribution with mean
zero and standard error o,. Firms can still use ¢; to clean the mark-up from 6:
Pi1 — wy + %(jl + %q} = 1 + z;. In short, following a positive shock on 6, firms
observe a decline in mark-up, but they can relate this decline to a high aggregate

supply, so they do not confuse it with a depressed demand.

Adding a public signal We have established that firms must receive a private
signal with an aggregate error for booms and busts to arise. What if firms received
other private signals that do not have an aggregate error? Or received other signals
with aggregate noise, but that are not private?

We consider first the case with a public noisy signal by supposing that, in
addition to v;, firms observed . = 1 + e at the beginning of period 1, where e
follows a normal distribution with mean zero and standard error o..

We solve this case analytically and show that the main message of the model is
not affected. In a nutshell, public signals make the forecasts of 1) more precise, and
limit the impact of 8, but do not radically change the effect of 6. In particular, the
structure of the filtered mark-up is unchanged and plays the same role as before.

The period-1 supply is affected as follows (see proof in the Online Appendix):
i = (1 — a) Kyt + are (33)

where K, is defined as before, and 0 < a < 1, with a = §/(c? + §), with 6 a
constant that is independent from o..

At the aggregate level, firms produce the following quantities:

G=[1-a)Ky+alp+(1—a)K,0+ e



As in the simple version of the model, firms under-react to the fundamental
shock ¥ and over-react to the noise shock 6. But because they receive an additional
signal on 1, they react more to ¢ and less to #, as a > 0.

At the end of period 1, firms’ mark-ups constitute a new signal. As Equation

(18) is still valid, we can derive a filtered mark-up

1 Ka

>@i1+(1 " Ra)OﬂPe = (1 — m(l - Oé)Kw> Q/J—M(l—a)&b@

pil—w1+(1 —:fia
This represents the mark-up filtered from the influence of individual production
gi1 but also from the share of aggregate production that is explained by the public
signal 1., as it is common knowledge. Note that this filtered mark-up has the same
structure as in the baseline model, up to the coefficient 1 — «, which depends on
the precision of the public signal. When the signal becomes less precise (o, goes to
infinity), o goes to zero and the filtered mark-up goes to its value in the baseline
model. With a more precise signal, « is larger and the mark-up responds less to
f and more to 1, but has essentially the same structure as in the baseline model.

Therefore, shocks on 6 still generate boom-and-bust dynamics.

Adding a private signal Suppose now that, in addition to v;, firms received a
purely private signal ¢,; = ¥ + u; at the beginning of period 1, where u; follows a
normal distribution with mean zero and standard error o,,.

Again, we show that the main message of the model is not affected. The

period-1 supply is affected as follows (see proof in the Online Appendix):
Gin = (1 — a) Ky + athy; (34)

where K, is defined as before, and 0 < a < 1, with a = 6/(62 + §), with 6 a
constant that is independent from o,,.

At the aggregate level, firms produce the following quantities:
G=[1-a)Ky+ajp+(1—a)K,0

Again, firms under-react to the fundamental shock 1 and over-react to the noise
shock 6. But because they receive an additional signal on ¢, they react more to ¥
and less to 0, as a > 0. Note that the difference with the public signal case is that

the noise averages out to zero on the aggregate.



At the end of period 1, firms’ mark-ups constitute a new signal. The filtered

mark-up is now

Ka

Pi1 — Wy + (1+—1,‘€(1)in1 = (1 — m[(l —&)Kw ‘l‘&]) ZD—

(1i—af€a)(1 —a)Ky0
This represents the mark-up filtered from the influence of individual production
Gi1, but not from the contribution of the private signals v,;, as they are not com-
mon knowledge. Note that this filtered mark-up has the same structure as in the
baseline model, but depends on «a. As in the case of public signals, when the signal
becomes less precise (o, goes to infinity), « goes to zero and the filtered mark-up
goes to its value in the baseline model. With a more precise signal, « is larger and
the mark-up responds less to both 6 and 1, but has essentially the same structure
as in the baseline model. Therefore, shocks on 6 still generate boom-and-bust

dynamics.

A.3 Credit and endogenous initial signal

We now introduce credit in order to account for the typical surge in credit that
characterizes booms and busts. To do so, we introduce a non-produced traded
good X, in fixed supply X in the country but in infinite supply from the rest of
the world. Households can exchange good X with the rest of the world and save
or borrow vis-a-vis the rest of the world. We focus again on the simple version of
the model with Assumptions 1 and 2 to better illustrate the mechanism. Strategic
substitutability still affects the nontradable sector where firms produce differenti-
ated goods as described in Section 1. In this extension, we also endogeneize noise
shocks by introducing an initial period 0, where temporary aggregate and idiosyn-
cratic demand shocks can appear. These temporary demand shocks generate noise
because firms cannot distinguish them from the permanent demand shock. There-
fore, an aggregate temporary demand shock will generate credit among households
and in the same time mislead firms about the true value of the permanent shock.

We introduce a demand for a traded good by amending the model of Section 1

in the following way. The specification of the utility (2) becomes for t = 1, 2:
U, = Wlog (Q1'X, ™) — L, (35)

with 0 < g < 1. p is the share of nontradable goods in consumption. When p =1,
the utility function boils down to (2) where v =1 and n = 0. @ now refers to the

8



consumption of non-traded goods. In the initial period ¢t = 0, utility is now:

Uy = ¥Olog (Q X, ") — L, (36)

1

with Qy = <f01 AiQil_pdi> e = log(©) is a temporary aggregate demand shock
and A\; = log(A;) is a temporary idiosyncratic demand shock for good 4, where 6
and \; have the same characteristics as described in Section 1. The household now
maximizes U = Uy + BU; + 32U, subject to the budget constraints:

1 1
/ RtQitdi—i_Mt_{—F)tht—i_rPtth—l = WtLt+/ Hitdl.‘i‘Mt_l +E+PtxX+Pt$Dt
0 0

for t =0,1,2. P is the price of good X in nominal terms and D; is international
borrowing in terms of tradable goods, which yields interest r = 1/5. Households
now can trade intertemporally with the rest of the world through D. We assume
that they start with no international debt so D_; =

The cash-in-advance constraint and the government budget constraint are the
same as before, which yields (11).

The aggregate and individual demands remain as described in Equations (8)
and (10) in periods 1 and 2, except that we have v = 1 and n = 0. In period 0,
they are additionally affected by the aggregate and individual transitory shocks 6
and \;:

dio = qo — % [pio — Po — o
wo—po=qo— ¢ —0
Ex ante, firms do not have any information, so they produce ¢; = ¢ = 0. As a

result, in period 0, they observe mark-ups, which gives the initial signal ¢);:
Vi =pio—wo =Y +0+\

Period-0 mark-ups are therefore an imperfect signal of the permanent demand
shock 1. This signal is perturbed by the aggregate and idiosyncratic demand
shocks 6 and )\;. This gives an economic significance to the initial signal 1; in the
baseline model.

We derive the following Proposition (see proof in the Appendix):

Proposition A.1 (Boom-busts and capital flows). Under Assumption 1, a positive
aggregate transitory demand shock 6 generates capital inflows in period 0 and a
boom-and-bust in period 1 and 2. A positive aggregate permanent shock 1 generates

no capital flows and a long-lived boom in period 1 and 2.

9



A temporary demand shock 6 generates a demand boom in period 0 which
makes households increase their borrowing. This same temporary demand boom
makes firms mistakenly interpret it as a permanent boom, making them over-
optimistic, which triggers a boom-and-bust dynamics in the non-tradable sector.
A permanent increase in demand does not generate a boom-and-bust dynamics
since firms are confirmed in their beliefs. At the same time, households do not

borrow as the shock is permanent.

A.4 More dynamics

A caveat to our analysis is its static nature. We consider a dynamic extension of
the benchmark model in order to study how the boom-and-bust pattern generalizes
to a more standard dynamic framework. In particular, how long do booms and
busts last? Besides, is the dynamic oscillatory, one boom generating a bust, then
the bust generating a boom, etc.?

In order to map the model to standard DSGE models, we introduce sticky
information a la Mankiw and Reis (2002). We also add noise to the observed mark-
up for information not to be trivially revealed after a few periods. In this context,
excessive optimism does not generate oscillations. It generates a temporary boom
followed by a prolonged recession: optimism is reversed quickly but pessimism is
long-lasting. More information frictions (either more sticky information of more
noisy mark-ups) make the bust milder but more protracted.

We consider the full-fledged version of the model with the baseline calibration.
There is an infinite number of periods, starting from ¢t = 1. The household has the

following lifetime utility:
> B, (37)
t=1

which is a generalization of (1), where U; follows
QL
1—y 149
¢ = log(®P,) is a preference shifter that stays constant with probability 1 — p:
¢t = ¢t—1

and follows a random walk with probability p:

Or = Q1 + Yy

Ut:q)
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In that case, firms receive the signal v;,,; = ¥ + 0; + A, + \int, that they can use
when they update their information.

Each period, a firm has a probability  to update its information, with 0 <
0 < 1, in the spirit of sticky information models. However, unlike typical sticky
information models, firms do not observe the state of fundamentals directly, but
observe the set of available signals. This implies that at period ¢, a fraction
of firms observes current and past values of 1;,;, the past sequence of mark-ups
{Pins—1 — Wns—1}s>0 and the current and past nominal wages {wy;}s>o.

Note that if we allowed firms to observe {pins—1 — Wns—1}s=1,.+ exactly, then
they could back out ¢; with only few observations. We therefore assume that the
Pins—1 — Wns_1 are observed with an idiosyncratic noise w;,;, with mean zero and
standard error o,,. Firms can then never perfectly infer ¢;, but their expectations

can get arbitrarily close to the realization of ¢, as information builds up over time.?

Expectations Mark-ups Quantities
10 e

%
%

S h A o v B o kN W A
%

Figure 4: Impulse responses - Dynamic extension
We represent the effects of a 10% shock on 6 (6 = 0.1). Expectations are the expectations
conditional on signals contemporaneously available. Variables are in deviations from the steady

state.

We simulate this model using our baseline calibration. We additionally set
d = 0.5, to match an average of two reviews per year (Blinder, 1998), and o, =
0.001 as a baseline.* We represent the impulse response functions to a demand

shock ¢, and to a noise shock 6;. Figure 4 shows the impulse response to a

3Note that the limit case where § = 1 and o,, = 0, and a 1 shock occurs in period 1, boils
down to our baseline 2-period model with additional periods. From ¢ = 4 onwards, firms can
perfectly deduce the value of 1.

4The simulation procedure is described in the Online Appendix.
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positive signal v;,; = 10% when the underlying shock is a fundamental shock
(¢ = 10%) and when it is an optimism shock (6; = 10%). Consider first the effect
of the fundamental shock. The dynamics features slow learning: expectations and
quantities converge gradually to the actual value of ;. More specifically, here
quantities rise by 8% initially then slowly converge to 10%. Mark-ups initially
increase because of the demand shock. They decrease gradually afterwards as
supply is building up slowly. Consider now the noise shock. Initially, output
increases by 6% as a result of optimism. But because of the excessive supply, the
mark-up drops. Because this is a signal of low demand, expectations are reversed
in the next period, which provokes a bust in quantities: output drops by 4%
relative to its initial level, which constitutes a cumulated decline of 10%. The
mark-up bounces back as well, which constitutes a positive signal to firms. This
helps expectations and hence quantities revert back progressively to zero in the
following periods. Note that the second reversal in information, contrary to the
first one, is not strong enough to generate oscillations.

Figure 5 represents the behavior of output and expectations for different values
of 6 and o,. Note that booms and busts do not occur when o, is large enough
(here, o, = 0.01). In that case, the mark-up signal is not reliable enough to
generate a reversal in expectations, and the economy experiences a short-lived
boom. For parameter values that generate a boom-and-bust, the peak-to-through
drop in output is inversely proportional to the length of the bust. When o, is lower,
mark-ups are observed with a higher accuracy, which generates a stronger bust.
In subsequent periods however, as the additional mark-up observations bring more
accurate information, expectations quickly go back to zero, and output recovers
faster. Similarly, when ¢ is larger, more firms observe the negative mark-ups, which
generates a stronger bust as well, while in subsequent periods more firms revise
their expectations upwards, which generates a faster recovery. Note that, with a
higher ¢, the boom is also larger, which, by generating a more negative mark-up
signal, reinforces the bust. In general, more information frictions (lower d, larger
0,) reduce the magnitude of the boom-and-bust but increase the persistence of
the bust.

12
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Figure 5: Impulse responses - Dynamic extension
We represent the effects of a 10% shock on 6 (§ = 0.1). Variables are in deviations from the
steady state.

B Model with constant terms

Here we derive the models’ equations with constant terms. Because shocks are
log-normal, we have ¢,; = fol Qintdi+ (1= p)Vit(Gine) /2 and q; = an:1 Gnt/N + (1 —
€) Vot (qnt) /2, where V,,,(.) is the variance across sectors in period ¢ and Vj;(.) is the
variance across firms within a sector in period t.

Equations (8), (9) and (11) are unchanged. However, now (10) admits a con-
stant term:

Wt — Pt = 0G + X (Gt — @) =0 — ¢ (38)

where (; is a time-dependent constant that is common knowledge to the firms,
with G = (1 = X)(1 = €)Vaur(ane) /2 + 1(1 — p)Vie(gine) /2. Similarly, (12) becomes:

E’int(pint — Wpt + £t) =0 (39>
with & = Vipe(pine) and Vipe() = Vit (\|Qne) is the variance conditional on the

13



information of firm ¢ in sector n and on period t.

B.1 The reduced-form model
As a result, the quantity-setting equation (13) is modified as follows:
(jint = (1 + Ry + Kw)Eint(¢) - /{bEint(CjO - HwEint(dnt) (4())

where we define G = 0int — G = & + @1, Gur = [y diedi and G = 32,7, Gut/N,
with ¢, = m[(“b + Kw) (1 = p)Vie(Gint) /2 + K (L — €)Vir(gne) /2.
The endogenous signals (14) and (15) become:

Wy = (1_1) Qt+X(Qnt—Qt) ¢+mt—Ct+7_1<Ct+§t_¢t) (41)

1
1+ Ky + Fu
The quantity-setting problem of the firms is exactly the same as in the paper,
where we neglect the constant terms. Equation (40) is the same as (13), and the
signals as expressed in (41) and (42) are equivalent to the signals as expressed in
(14) and (15), as they are the same up to constant terms (¢;, & and ¢;) that are

common knowledge to the firms.

Dinl — Wp1 = {1+ Ky + ) — oGt — Kwlnl — Gim } + G (42)

B.2 The solution

After solving for ¢in¢, ¢ne and §;, we can recover the constant terms

Ct = %Vnt(q}b ) + 77(202 )‘/zt(cznt)

)2 )2 R
& = Viu(my) + (102) Vint (Ge) + ( 05) Vint(Gnt) (43)
(bt = 1+Nb1+:‘iw |i<ﬁb+,$21;)2(17p) ‘/'Lt((jznt) + %anqu)

We can then obtain

Gint %(%nt + Ct + ft ¢t)
nt = %<Qnt + Ct + gt ¢t) + (1205 Vt(qznt) (44)
QG = %(% + G+ & — b)) + 202 Vnt<qnt> + (QUz)Wt(Cfmt)

14



C Main proofs

C.1 Preliminaries

Denote by &; a gaussian vector of shocks of size N, where the n first elements are
aggregate shocks and the N — n last elements are idiosyncratic shocks, and S; a

vector of signals of size K such that there exists a (NN, K') matrix H such that:
Si = H'¢; (45)

We denote by H the (N, K) matrix such that all the n first lines are equal to the
n first lines of H and the N — n last lines are equal to zero. Let P be a (IV, K)

matrix such that:
E(&]S;) = PS; (46)

The following lemma will be useful in proving several propositions:
Lemma C.1. Consider the following equation:
Gi = [(1+ ko) X'E(G]S:) — £aE(q]5;)] (47)
where X is a vector of size N. Then, if I + ko H'P is invertible, we have:
¢ = AS;
where A is a size-K row vector such that:
A= (14 ko)X'P[I + K, H'P]™? (48)

Proof of Lemma C.1. We use the method of undetermined coefficients to solve for
A. We first form the educated guess that there exist a size-K row vector A such
that

§. = AS, (49)

then, using Equation (45), we obtain
4 = AH'E;
Hence, aggregating across firms, taking expectations and using Equation (46):
E(4|S;) = AH'E(&|S;) = AH'PS;

15



Replacing in Equation (47):
G = [(1+ ko) X'PS; — (6 — 1) AH'PS;] = [(1 + ko) X'P — k, AH'P)S;
Using the guess, we can write:
A= (14 k)X'P — k,AH'P

If I + ko H'P is invertible, we can solve for A and obtain (48).

C.2 Derivation of Equations (21) and (22)

/

According to Equation (13), ¢;; follows (47) with S; = ¢, & = (77/) 0 /\i>
/ / .

and X = (1 0 0). Besides, S; follows (45) with H = (1 1 1) and H =

/

/ _ —
(1 1 o) . and E(6]S)) follows (46) with P = (1% ko 1—ky— 1%) with
ky = 03 /(0}, + 0j 4 03) and ky = 0;3/(03, + 05 + 03). Therefore, applying Lemma
C.1, we obtain:

Ky,=A

(1+l€a)k'¢ ( Iia(l —IW, —E}p))
= — = kw 1 —|— —
1+/§a<k¢+k¢) 1+/‘€a(kw+k¢)

We have: Ky = (1 + rqa)ky/[(1 + £a)(ky + ky) + (1 — ky — ky)], which implies
0< Ky <1asky+ky < 1. Besides, we have ky, + k;, < 1 and under Assumption
1HG>O,SOK¢>1€¢.

C.3 Derivation of Equation (23)

The standard signal extraction formula gives us that Ey(v) = foz; + fes with

5. = (waoy) 2 B (1+ w9)2aia§
T (0y) 2+ (weoe) P (waon)2 (L we)?0}0f + 0f 03 + whogos
(CU@O'Q)iz aiai
fs = = P

(0) 7% + (woop) > + (waon) 2 (1 +wp)’oyo] + 003 + wjojo}
where we used wy = wy/(1+wy). Obviously, 0 < f, < 1,0 < fs < land f,+fs < 1.
Besides, we can show that f, + f; > ky. Indeed, using the definitions of f,, fs and
ky, we can show that this is equivalent to: [(67 4+ 0%)(1 + wy) — o3wg|* > 0, which
is always the case. Finally, we can show that f, is decreasing in Ky as wy < 1.

Since wy is increasing in k,, then f; is decreasing in &.
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C.4 Derivation of Equations (24) and (25)

/
According to Equation (13), ¢ follows (47) with S; = <s xz> ,

(0
&= | —web

WA

/
and X = (1 0 o) . Besides, S; follows (45) with

11
H=110
0 1
and
11
o= |1
0
and E(&]S;) follows (46) with
fs Jfa
P=11-f —f.
_fs 1 - fx

with fs and f, defined as in the derivation of Equation (23). Therefore, applying

Lemma C.1, we obtain:

s _ _kafu
() -+ () - (/L
o - 1+kKa) fz - Ka(l—fe
Fx 1+Ka fo fx (1 + H(Kz—a;z))
We have 0 < f, < 1 and according to Assumption 1, we have k, > 0, so F, >

fz and Fy < f,. Besides, one can show that F, + F; > K. Indeed, using

the definitions of F,, F, K, and w), we can show that this is equivalent to:

[[(14 ka)og + 03] (1 + wg) — o3ws]?® > 0, which is always the case. Finally, we have
Fo+Fy = [fs+ (14 ka) fol/[1 = fa+(1+K,) fo]. Since fo+ fs < 1, then F,+F, < 1.
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C.5 Proof of Corollary 1

Using the definition of fs given in the derivation of Equation (23), it is straight-
forward to see that f, goes to 1 and f, goes to zero as gy goes to zero. As a result,
following the definition of F; given in the derivation of Equations (24) and (25),
we show that F§ goes to f, as gy goes to zero.

Hence, as 0y goes to zero, — Fywy goes to — fswg which goes to —ﬁaai/(ai —i—a?\).

C.6 Proof of Proposition 3

When there is both idiosyncratic and sectoral noise, the problem is more com-
plicated because the exogenous signal 1, and the endogenous signal p;,; — wy

cannot be combined into independent signals, as we have

1 Kq
Pint = W1+ 97 din ( 14k )1/1 1+ 1+
where we have used the expression for the endogenous 81gnal (15) and gin1 = Kyptin,
with 0 < Ky < 1.
The updating of expectations goes as follows:

Corr[s — Ein1(s), ¢ — Eim1 ()] s
Var(s — Eipn ()]

Kyl — Ky

Eina(¢) = Eina (V) + — Eipa (s)]

— — —Ha —
where s = ) — R Kyl — 2w

signal. We denote s = ¢ — afl — A, for snnphmty We show that the coefficient

KwAn is the normalized endogenous

of 6 in this expression is negative if and only if Condition 3 is satisfied (see the full

proof in Section D).

C.7 Proof of Proposition A.1
The proof proceeds in two steps.

Capital flows First, we show that a positive temporary demand shock generates
an increase in the consumption of tradable goods in period 0 relative to period
1 and 2. Households have then to borrow in period 0 and reimburse their
debt in period 1 and 2. On the opposite, with a positive permanent demand
shock, households consume the same amount during the three periods and

do not borrow. See Section D for details.
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Period-1 and period-2 production For periods 1 and 2 Equations (22) and
(25) of the simple model hold, so period 1 and 2 feature the same dynamics

as the simple model.

D Additional proofs

D.1 Proof of Proposition 3 (full derivations)

When there is both idiosyncratic and sectoral noise, the problem is more com-
plicated because the exogenous signal v, and the endogenous signal p;,; — Wy

cannot be combined into independent signals, as we have

1 Ka
Din1 w1+1+%Q1 ( 1+ r )¢ 1+K'a 1+
where we have used the expression for the endogenous signal (15) and g;n1 = Kytin,
with 0 < Ky < 1.
The updating of expectations goes as follows:

Corr[s — Emi(s), ¥ — Ein1 (V)]
Var(s — Ein(s)]

K0 — Kyl

EmQ(dj) = Eznl(d)) + [S - Em1<8)]

where s = 1 — KA, is the normalized endogenous

Hi—awaQ - 1R—
Ka—RKally +ka—ka K
signal. We denote s = ¢ — afl — SA,, for simplicity. We show in what follows
that the coefficient of € in this expression is negative if and only if Condition 3 is
satisfied.

Using Ein1(¢) = kytp; and Ejp(s) = (ky — aky — Bka)v;, with ky = O'i/[O'i +

05 +0x+ 03, ko = 05 /[0, + 05 + 03 + 03] and ky = 03 /[0] + 05 + 03 + 03], we get

o) = kyth + Sl BonlbBus@l g _ (1, — aky — Bhy)ui]
= k(¥ +0+ Ay + X))+
Corr[s—E;p Ein
[Vm[;( )1:5)1( 2 1(¥)] ([1 — ky + akg + Bkali+

[—k‘w — Oz(l - /{59) + Bk}/\]‘g + [—k¢, + Oék?g - ﬁ(l — ]{?A)]An—i-
[—kw + Oé/{ig + BI{ZA])\W>

The coefficient of 6 in Ej,2(1)) is thus

Corrls = Eini(s), ¢ — Eini (¢)]

Ry = Var[s — B (s)]

[—k¢ — Oé(l — kg) + 51@\]
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This term is negative if and only if
kpVar(s — Ein(s)] < [ky + a(l — kg) — Bka]Corr[s — Eini(s),¥ — Eim (¥)] (50)

Then we use

Corr[s — Ein1(s), — B (V)] = (1= ky)[1 = ky + kg + Bkalo,
—kd,[—kd, — a(l — kg) + ﬂ]ﬂA]O'g
—ky|—ky + kg — B(1 — kp)]or
—ky|—ky + ake + Bka]o3

Vis = Em(s)] = [1—ky+ aky+ pkal’0],
+[—ky — a(l — kg) + Bka]?o
+[—ky + aky — B(1 — kA)] o3
+[—k/’w + akg + ﬂk’A]
After replacing in (50), and using the definition of &y, kg and ka, we get

(1 — Ky + aky + Bkal?ky
+[—ky — (1 — kg) + Bka)?ke
+[—ky + kg — B(1 — kp)]*ka
+[—ky + ke + BEA)*(1 — ky — ko — k)
< [ky + a(l = ko) — Bka].
(1 — ky)[1 — ky + ckig + Bka]
—[—ky — (1 — kg) + Bkplke
—[—ky + aky — B(1 — kn)]ka
—[—ky + aky + Bkalky]

& [1 = X)2hy + [~ — X2ko + [—8 — X)%ka + [~ X|2(1 — ky — kg — k)

< [k + (1 = ko) — Bhal. [(1 = ky)[L = X] — [~o — XJko — [~ — XThka — [=X](1 — ky — ko —

with X = k‘¢ — ak‘g — Bk‘/\
S [1-X|[(1=kp)(a+X)—ky(1 —X)]+ (a+ X)[ko(a + X) — koo + X)]
+(B+ X)[ka(a+X) —ka(B+X)]+ X(1 —ky — kg —kr)[a+ X —X] >0

o= X]a+X —ks(1+a)
o= B)(B 4+ X)ka +aX(1—ky — kg — k) >0
Replacing X, we get:
[1 — k‘¢ + aky + 51{31\] [Oz(l — k‘¢ — kg — k’A) + (Oé - ﬁ)k/\]
+(Oé — ﬁ)[kd, — aky + ﬁ(l — /ﬂA)]kA -+ Oé<k¢ — akg — ﬁk/\)(l — kw — ko — /{IA) >0
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<=>Oz(1—kﬁl/,—k‘g—k/\)—F(Oz—ﬁ)(ﬁ—l-l)k‘A>0
Using the definition of ky, kg and ky:

aci + (a—B)(B+1)ox >0

Replacing o and (8 by their values, we obtain Condition 3, hence the result.

D.2 Additional public signal
According to Equation (13), g;; follows (47) with .S; = <1pe wl-)/,
(0
0
& =

e

%

/
and X = (1 00 O) . Besides, S; follows (45) with

11
I — 0 1
10
01
and
11
i 01
10
0 0
and F(&]S;) follows (46) with
K k;,
B -7k} (1 — k)
| 1-k —k,

—(I=m)ks (1=7)(1—k)
with k7 and k;, defined as follows:

G o
Y (o) 2 (02 o} 4 (00)2 o3, + o5 + o3+ 050 +03)/0?
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o (0) _ Ble+a)e

C(op) 2+ (02403t + (o) 2 o, +oj + o3+ 050 +03)/0?

and 7 = 03 /(03 + 03). Therefore, applying Lemma C.1, we obtain:

[1+7Ka)k:
1+Kq k% +7(1—K%)]
A/ — ¥ L ¥
(1+ka)ky,
Itralky+7(1-k)]

Al — ((1 - O‘)K¢>

with K, defined as before and a = UQLM where 0 = [1 + Tkrd]oy, (05 + 03)/[(1 +

ka)(0y, 4+ 05) 4+ 03] > 0. This yields Equation (33).

We can write

D.3 Additional private signal
According to Equation (13), §;; follows (47) with S; = (1/Jm» w,;)/,

(G
0

Uy

Ai

&=

/
and X = (1 0 0 o) . Besides, S; follows (45) with

11
I 01
10
01
and
11
i 01
00
0 0
and E(]S;) follows (46) with
p_ —7k} T(1— k)
11—k —ky,

—(L=mk, (1=7)(1—kj)
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with k7, and k7, defined as follows:

v (0 + %) _ %
(03)72 + (0 +03) 7 +(0w)72 oy + 05 + X+ 0y (05 +03) /0%
. (o) B VL

(o) 24 (05 +03) "t +(0u)™2 0l + 05+ 05+ 0. (0F+03)/02
and 7 = 03 /(03 + 03). Therefore, applying Lemma C.1, we obtain:

(14+rae)[14+TRa) S
A Itralky+7(1=k} ) +(1+7kKa) k]
- (1+ra)k},

1+K/a[k:L+T(17k;Z)+(1+THa)kZ}

A — ((1 - O‘)Kw)

with o = 2+5 where 0 = (14 #,)[147ka]o7 (05 +03) /(14 Ka) (0], + 05) + 03] > 0.
This yields Equation (33).

We can write

D.4 Proof of Proposition A.1 (full derivations)

Capital flows The housechold maximizes U = Uy + BU; + 52U, where Uy, U; and
U, are defined as in Section 4, subject to the following intertemporal budget
constraint, expressed in terms of traded goods, with the terminal condition
Dy = 0 and the initial condition D_; = 0:

Xl X2 My + WoLlo Iy +WhLy Iy + W5ls
= + +
r2 Py r Py 2Py

11\ .
+G+—+7)X
T T

As r =1/, the Euler equations for X yield:

—Qo Q — Q2+ Xo+

P* 2P*

I—pe’Xy" = (1- Xy
1—p)X5"
After rearranging, we obtain:
1
EXO =X =X, (51)
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On the other hand, using the definition of profits in the non-traded sector
I, = P.Q;—W,;L; and r = 1/, we obtain the consolidated budget constraint
for traded goods:

Xo+B8X, + 32X, =1+ 5+ )X

Replacing X7 and X, using (51), we get the consumptions of traded goods:

1 ) Xef 1 HX
x, = LB+ 5)Xel X, = x, = LE8+E5)
B+ 52+l B+ 5%+ e
It is then straightforward to derive the evolution of debt:
o (B8 1) ¢ e —1
Dy =Xo—X = X, Dy =rDy+X;—-X =p—>+—X
v B+ 3%+ ef oo Pt e

A positive aggregate transitory shock 6 > 0 therefore generates a capital
inflow in period 0 as Dy > 0. In period 1 there is a capital outflow and the
debt level diminishes 0 < D; < Dy. In period 2 the household reimburses
the remaining debt (Dy = 0).

Period-1 and period-2 production For periods 1 and 2 Equations (22) and
(25) of the simple model hold, so period 1 and 2 feature the same dynamics

as the simple model.

E Numerical simulations

We describe here the iterative procedure to simulate the T-period dynamic model
of Section 4, when normalizing initial expectations of the demand shock to zero,
and when a demand innovation 1 occurs in period 1. The 2-period model of
Section 3 is then a simulated as a special case. It corresponds to the case with
0=10.=0and T = 2.

To describe the simulation procedure for the dynamic model, we proceed in
two steps. First, we generalize Lemma C.1 to the case with sectoral noise where
quantity-setting follows (13), and where, as it is the case in sticky-information
models, firms have heterogenous information sets. Second, we describe the it-
erative procedure used to solve the model when including the nominal wage as a
signal. Indeed, in that case, the equilibrium production depends on the information

structure, but the information structure depends on the equilibrium production.
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We simulate here the dynamic economy for 1" periods. Denote by

fmz<@/) 0 mi .. mr N, N €1 - EmT>/

our gaussian vector of shocks. It is of size 27"+ 4, where the 2 + T first elements
are aggregate shocks and the next (3+7"") element is a sectoral shock and the last
T +1 elements are idiosyncratic shocks. We then define I is the matrix that selects
only aggregate shocks while I selects aggregate and sectoral shocks. Namely, I has
1 in the 2 + T first elements of the diagonal, and zeros elsewhere, while I has 1 in
the first 3 4 T elements of the diagonal and zero elsewhere.
Denote by S;,; the vector of signals available to firms that update their signal
in . We have
/
Sint = (¢m W1 Pinl — Wnp1 + €in2 Wn2 . Pint—1 — Wnt—1 T €int wnt>
our vectors of signals for the first and subsequent periods. We can write S;,; as

As before, we denote by ¥ the matrix of variance-covariance of &;,.

Consider the expectations of a firm that update her information in t. We have

with P, = ZHt(H’EHt)
Define ¢!~/ as the supply in ¢ by firms who update their information in ¢ — h.
We have

Cﬁnth = (1 + Ky + /fw)Emtfh(w) - beEintfh(th) - KvwEintfh<qAnt> (54)

with ¢; = 5(1 5)h Gt and Gnt = 2;105(1 —5)hqflth, where qu;h = fo qmthdz
and ¢\~ = Nchﬁbth.

Lemma E.1. Consider the following equation:
qunth - [(1 + KQ)X/E(fin’Sintfh) - ’ibE((jt|Sint7h> - KvwE(qAnt|Sint7h>] (55>

where X is a vector of size N. Denote by Il; the average expectations in t:



Then, if I + /{th.f + koIl I is invertible, we have:
Gt = AP Hy_yin
where A; is a size-N row vector such that:
Ay = (1 + 5) X' P[I + mpIL T + kI, 1) (56)
Then G, = AJILI and Goy = AJLI.
Proof of Lemma E.1. We use the method of undetermined coefficients to solve for

A. We first form the educated guess that there exists a size-IN row vector A; such
that

qu;th = AtEmt—h(fin) (57)
then, using Equation (52), we obtain
Qo' = AePonH{_yGin
Hence, aggregating across firms, we obtain
@ = Lhoo0(1=0)"g™"
Yoo (1 = 0) APy H]_y I€
= A (01 = 0" AP H ) T6in
= AdLI&,
Similarly,
Gt = AL TE
Taking expectations and using Equation (53):
E(G|Sint—n) = AILIPyH_y&in
E(Gnt| Sint—n) = AILIT Py Hy &
Replacing in Equation (55):
At = [(1+ ko)X — iy AL — K AL Py Hy

Using the guess, we can write:

At = (1 —|— K/a)X/ — /‘ibAth[ — HwAthI

If T + kI, + ko IT, 1 is invertible, we can solve for A, and obtain (56).
L]

Finally, define W; as the 1 x (4 + 2T) vector with -1 as the first element and 1
as the 2 + ' element.

We design an iterative procedure to solve for the model at each period.
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Period 1 Consider the portion ¢ of firms that update their information at date
1.
At each step k of the iteration, we have S;,1(k) = Hy(k)'&;, with:

1

O =

Wi(k)

0
where W (k) is such that w1 (k) = Wi(k)'&n.

Define
P1(k) = XH,; (k) (H1(k’)/ZH1(k))71

so that, for a given signal structure Hi(k), Fi,(&in|Sin1(k)) = Pi(k)Sii(k) =
Pi(k)Hy (k) &

Denote by A;(k) the solution given by lemma E.1 for H = Hy(k) and X
equal to a size-N vector with 1 as the first element and zero elsewhere. We have
aggregate output ¢ (k) = Al(k)l_hj:gm and Gi,, (k) = Ay (k) (k)& with T (k) =
SPL(R)H ()’

We update our guess for the wage as follows, using Equation (10):

g

Wik +1) = (l — 1> Ay (k) (k)T + %Al(k)nl(/{)(f ~D+W

We set our initial guess for the nominal wage as W1 (0) = Wy, which corresponds
to the value of w,; when ¢ = 1 and xy = 0, according to (10). We stop at
k = K; when A;(K;) has converged and denote A; = Ay(K;), Hy = H,(K;) and
I, =11, (KY).

We compute

1

M=
1+/€b+liw

([1 oy K] X — ry AL ()L T — ki Ay ()L T — A1>
where we used Equation (15).
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Period t > 1 Consider any period t > 1. We proceed as for period 1. At each
step k of the iteration, we have S, (k) = H; (k)& with:

Hy(k) = (Hiew Mooy Wilk))

where wy (k) = Wi(k) & and ping—1 — w1 (k) = M} &in.
We define
Pt(k) = 2Ht<k)<Ht(k),EHt(k))_l

Finally, define A;(k) as the solution given by lemma E.1 for Hy,.., H; 1 and
H, = H,(k). We obtain actual sectoral and aggregate output ¢,(k) = A,(k)IL (k)]
and qAnt(k) = At(k)Ht(k)I_ USing Ht = 5H(k)Ht(k)l + (1 — 5)Ht—1'

We update our guess for the wage as follows, using Equation (10):

1 . . _
Wik+1) = (; — 1) A (BT (k)T + gAt(k)Ht(k)(I -1+ W

We set our initial guess for the nominal wage as W,(0) = W,, which corresponds
to the value of w,; when 0 = 1 and xy = 0. We stop at k = K; when A;(K;) has
converged and denote A, = A, (K), H, = H,(K;) and IT, = T1;(K,).

We compute

1

My=—"
1+/<Lb+/£w

<[1 —|— Ry + /ﬂ}w]X, — K',bAthf — HwAth[_ — At)

where we used Equation (15).

F Additional numerical results

Existence of booms and busts Figure 6 shows how oy affects the conditions
under which booms and busts appear. A priori, it is not clear whether oy makes
booms and busts more or less likely. A higher oy lowers the first-period response
of output to the firms’ exogenous signal, and hence makes the endogenous signal
respond less negatively to aggregate noise if strategic substitutability dominates,
and less positively if strategic complementarity dominates. In the former case, it
reduces the likelihood of booms and busts, and increases it in the former. If oy
is one order of magnitude larger than in the benchmark (panels (c¢) and (d)), the
results are barely changed. If oy is one order of magnitude smaller (panels (a) and

(b)), then, for identical x, and k;, we need the ratio o)/o, to be larger. This is
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especially true for conservative calibrations, and less so for liberal ones, and does
not apply at all for calibrations that yield a positive k.

The same reasoning applies for the role of g,,. Figure 7 shows that if ¢, is one
order of magnitude larger (panels (¢) and (d)), the conditions for booms and busts
are similar to the benchmark. If ¢, is one order of magnitude smaller (panels (a)
and (b)), then the conditions become less stringent, especially for very negative
kps. Indeed, a lower o, triggers a milder reaction to the exogenous signal in the
first period, which reduces the positive reaction of the endogenous signal in the
case where strategic complementarity dominates, which generates more favorable
conditions for booms and busts.

Similarly, Figure 8 shows that a smaller non-aggregate noise o) + o requires
slightly larger ratios oy /o, relative to the benchmark for booms and busts to ap-
pear (panels (a) and (b)). A larger o) + oy, on the opposite, relaxes the conditions

for booms and busts to appear (panels (c¢) and (d)).

The role of the wage signal Figures 9 and 10 show how the preference pa-
rameters o and y affect the result, for different values of ¢,,. In Figure 9, we can
see that, as in the benchmark, for equal values of k, and kj, changing o does not
affect the second-period output in a significant way, whether o, is one order of
magnitude larger or lower than in the benchmark. For large value of o,,, the wage
signal is not used by firms to infer ¢ because it is too noisy and is not a reliable
signal of ¥. For low values of o,,, on the opposite, the wage is a good signal of 1,
so firms are not confused by # and booms and busts are negligible anyways.

In Figure 10, we can see that for larger values of o,,, x has little influence on
the outcome. For lower values of o,,, booms and busts typically do not appear
for low values of y, because the wage is a good signal. However, for larger ys,
booms and busts arise again. This is because, as apparent from Equation (14), as
X becomes larger, the wage signal is more affected by sector-specific shocks, which
are represented by the sectoral noise shocks A,, in our set-up. These sectoral shocks
then make the wage signal more noisy and less revealing of ¢, hence favoring the

occurrence of booms and busts.

Contribution to fluctuations Figure 11 represents the effect of 6 and ) shocks,
scaled by their standard deviation. The maximum contribution of # happens for

values of gy that are intermediate (around 0.01). As oy gets larger, a unitary shock
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of 0 leads to a larger decline in output, but then a typical shock is also smaller.
Therefore, when the shock is normalized by oy, its effect is smaller. As a result,
in the first period, € can contribute to up to 40% of output fluctuations. In the

second period, it can contribute to up to 9% of fluctuations.
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(a) Threshold for boom-bust in expectations, 09=0.0001 (b) Threshold for boom-bust in output, 0'9=0.0001
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(c) Threshold for boom-bust in expectations, 0,70.01 (d) Threshold for boom-bust in output, 0,70.01
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Figure 6: Thresholds for boom-bust in expectations and output - Role of gy

Each curve represents threshold values for k; for a given ratio of o)/oa. Points that are at the
north-east of the curves feature booms and busts in output. oa + oy = 0.011, o, and oy, are set

as in the benchmark calibration (see Table 1).
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(a) Threshold for boom-bust in expectations, am=0.001 (b) Threshold for boom-bust in output, a'm=0.001
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(c) Threshold for boom-bust in expectations, 0,701 (d) Threshold for boom-bust in output, o,=0.1
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Figure 7: Thresholds for boom-bust in expectations and output - Role of o,

Each curve represents threshold values for k; for a given ratio of oy /oy . Points that are at the
north-east of the curves feature booms and busts in output. oa + oy = 0.011, oy and oy are set

as in the benchmark calibration (see Table 1).
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a) Threshold for boom-bust in expectations, o’)\+aA=0.0011 (b) Threshold for boom-bust in output, 0')\+0'A=0.0011
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(c) Threshold for boom-bust in expectations, o,+0,=0.11 (d) Threshold for boom-bust in output, o,+0,=0.11
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Figure 8: Thresholds for boom-bust in expectations and output - Role of o) + o

Each curve represents threshold values for k; for a given ratio of o)/oa. Points that are at the

north-east of the curves feature booms and busts in output. oy, o, and og are set as in the

benchmark calibration (see Table 1).
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(a) First-period output, 0m=0.001 (b) Second-period output, o’m=0.001

—ma=6, nb:-1.2 (baseline)

mmm =13 k=59
a b
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mmms =20, 5k =12.8
a b

Q%)

Figure 9: Role of the wage signal for alternative o,

We represent the effects of § = 0.1. oy, oa, oy, 09, X and €/p are set as in the benchmark

calibration (see Table 1).
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(a) First-period output, am=0.001
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Figure 10: Role of the wage signal for alternative o, - continued
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(b) Second-period output, o’m=0.001
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We represent the effects of § = 0.1. o), oa, 0y, 0g, 0 and 1/p are set as in the benchmark

calibration (see Table 1).
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(a) Shock on 6
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(b) Shock on ¢

Figure 11: Effect of # and 1 - Scaled shocks

We represent the effects of § = oy (left panels) and ¢ = oy (right panels). oy, oa, oy, 0s, 0 and

1/p are set as in the benchmark calibration (see Table 1).

36



