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Introduction

▶ Goal: Study linear dynamic SOE models with “Diagnostic Expectations” (DE)

▶ What are diagnostic expectations?
▶ Based on “representativeness heuristic” (Kahneman & Tversky)
▶ Tendency to exaggerate how representative a small sample is
▶ Informed by human memory studies, addressing memory flaws

(Gennaioli & Shleifer 2010; Kahana 2012)

▶ Dynamic settings: Impact overreaction & extrapolation
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Why Diagnostic Expectations?

1. A well-established psychological foundation
▶ Both in psychology and economics

2. Consistent with individual survey forecasts
(Bordalo, Gennaioli, Ma & Shleifer, AER 2020)

3. A portable, tractable model of beliefs
▶ In closed economy linear DSGE models

(Bianchi, Ilut & Saijo 2023; L’Huillier, Singh & Yoo 2023)

4. A micro-founded model of beliefs
▶ Survives Lucas critique

2/30



DE can deliver useful insights in dynamics open economy models

A) Theoretically, address 3 issues
1. Countercyclical impact trade balance
2. Endogenous, repeated booms and busts in capital flows
3. Investment channel for stronger countercyclical trade balance

B) Empirically
▶ DE increase the impact of temporary TFP shocks
▶ DE generate endogenous demand shifter
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Outline

1. Introduction

2. Preliminaries: Overview of Diagnostic Expectations

3. Theoretical: Endowment economy

4. Empirical: Quantitative SOE-DSGE models
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Representativeness Heuristic
▶ The distribution of Irish hair color (Bordalo, Gennaioli & Shleifer 2020)

T=red T=blond/light brown T=dark brown
G≡ Irish 10% 40% 50%
G≡ World 1% 14% 85%

▶ Idea: Agents tend to react more to representative attribute
▶ “An attribute is representative of a class if the relative frequency of this

attribute is much higher in that class than in the relevant reference class”
(Kahneman & Tversky)

▶ The most representative Irish hair color is red as

h(T = t|G)
h(T = t| −G)

=
Pr(red hair|Irish)
Pr(red hair|World)

=
10%

1%
= 10
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Diagnostic Expectations
▶ Consider the process

xt = ρxxt−1 + εt, εt ∼ N(0, σ2ε)

▶ Diagnostic pdf is defined as

fθt (xt+1) = f(xt+1|Gt)︸ ︷︷ ︸
true pdf

·
[
f(xt+1|Gt)

f(xt+1| −Gt)

]θ
︸ ︷︷ ︸

distortion

·C, θ > 0

▶ Information sets:
▶ Gt: current state t
▶ −Gt: reference state, here t− 1.

θ: degree of diagnosticity
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Formula for Univariate Case and Example

▶ Diagnostic expectation is:

Eθ
t [xt+1] = Et[xt+1] + θ(Et[xt+1]− Et−1[xt+1])

(Bordalo, Gennaioli & Shleifer 2018, henceforth BGS)

▶ We have that:

Et[xt+1] = ρxxt and Et−1[xt+1] = ρ2xxt−1

▶ So:
Eθ
t [xt+1] = ρxxt + θ(ρxxt − ρ2xxt−1) = ρxxt+θρxεt

=⇒ excess volatility in beliefs on impact
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DE with distant memory
▶ DE when reference period is in distant past

Eθ,J
t [xt+1] = Et[xt+1] + θ

Et[xt+1]−
J∑

j=1

αj,JEt−j [xt+1]


︸ ︷︷ ︸

weighted average of forecast revisions

;

J∑
j=1

αj,J = 1

▶ For J = 1, 2, ...

Eθ,1
t [xt+1] = Et[xt+1] + θ (Et[xt+1]− Et−1[xt+1])

Eθ,2
t [xt+1] = Et[xt+1] + θ

Et[xt+1]−
2∑

j=1

αj,2Et−j [xt+1]


θ = 0 corresponds to Rational Expectations (RE) Diagnostic PDF with distant memory
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DE formula with distant memory

▶ With equal weights to the past:

Eθ,J
t [xt+1] = Et[xt+1] + θ

(
Et[xt+1]−

1

J

J∑
j=1

Et−j [xt+1]

)

= Et[xt+1]︸ ︷︷ ︸
RE

+θρ

J−1∑
j=0

(
J − j

J

)
ρjεt−j

▶ Agents extrapolate past shocks into the future
▶ Impact of past shocks decaying over time

9/30



Endogenous extrapolation

▶ Diagnostic expectation is given by

Eθ
t [xt+1] = ρxxt + θ(ρxxt − ρ2xxt−1) = ρxxt + θρxεt

▶ With an i.i.d. shock, no (exogenous) extrapolation:

Eθ
t [xt+1] = ρxxt + θ(ρxxt − ρ2xxt−1) = ρxxt + 0× ρxεt = ρxxt

▶ (Endogenous) extrapolations delivered with endogenous state variable
▶ Extrapolation triggered even with i.i.d. shocks
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When does DE on endogenous variables matter?
yt = a Eθ,J

t yt+1 + c yt−1 + ϵt; ϵt ∼ iid N(0, 1)

Assume a = 0.5, c = 0
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When does DE on endogenous variables matter?

yt = aEθ,1
t yt+1+c yt−1+ϵt; ϵt ∼ iidN(0, 1)

Eθ,1
t yt+1 = (1 + θ)Etyt+1 − θEt−1yt+1

Assume a = 0.5, c = 0.4, J = 1
RE (θ = 0):

yt = ϕyt−1 +
1

1− aϕ
ϵ1

DE at J = 1:

yt = ϕyt−1+
1

1− (1 + θ)aϕ
ϵ1

where ϕ ≡ 1−
√
1−4ac
2a
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General Model

▶ Exogenous process

xt = Axt−1 + vt

▶ Recursive model:

Eθ
t [Fyt+1 +G1yt +Mxt+1 +N1xt] +G2yt +Hyt−1 +N2xt = 0

▶ Question: How to compute the equilibrium Eθ
t [Fyt+1 + . . .]?

1. Equilibrium yt?
2. Combinations of future and contemporaneous variables?

Loglinearization
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Existence of Rational Expectations Representation

Proposition (Multivariate RE Representation)
The model admits the following RE representation:

FEt[yt+1] +Gyt +Hyt−1 +MEt[xt+1] +Nxt

+Fθ
(
Et[yt+1]− Et−1[yt+1]

)
+Mθ

(
Et[xt+1]− Et−1[xt+1]

)
+G1θ

(
yt − Et−1[yt]

)
+N1θ

(
xt − Et−1[xt]

)
= 0

▶ We can take standard steps to solve.
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An endowment economy
▶ Households:

1. maximize quadratic utility s.t. the sequential budget constraint:

ct + (1 + r)dt−1 = yt + dt

2. have access to international bond with exogenous interest rate r

▶ Rest of the model:
1. Endowment (income) is exogenously given:

yt = ρyt−1 + εt

2. Trade balance: tbt = yt − ct

▶ Implications:
▶ A random walk consumption path
▶ Under RE, an initial TB surplus following temporary income shock
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Representative Household Problem
▶ Consider household optimization under DEs:

max
dθt

u
(
cθt

)
+ Eθ

t

[
v
(
dθt

)]
▶ Selective memory recall based on distant past: time-inconsistency
▶ Naı̈veté: from t+1 onwards, the agent assumes future herself operating with RE

v
(
dθt
)
= max

dRE
t+1

u
(
cRE
t+1

)
+ Et+1

[
v
(
dRE
t+1

)]
▶ In the PIH model, consumption optimization under DE becomes:

cθt = Eθ
t

[
cRE
t+1

]
where

Eθ
t

[
cRE
t+1

]
= Et

[
cRE
t+1

]
+ θ

(
Et

[
cRE
t+1

]
− Et−J

[
cRE
t+1

])︸ ︷︷ ︸
memory distortion
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Overreaction and endogenous extrapolation

Figure: Implications of an i.i.d. income shock
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Countercyclical trade balance under DE

Figure: Implications of a persistent income shock
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Endogenous, Repeated Booms and Busts

Figure: Implications of an i.i.d. income shock with distant memory (J=5)
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Garcia-Cicco, Pancrazi & Uribe (GPU), 2010

▶ A Quantitative SOE-DSGE Model with multiple shocks and frictions

▶ Consider household optimization under DE:

max
{Ct,ht,Kt+1,Dt+1}

νtU(Ct, Xt−1ht) + Eθ
t

[ ∞∑
s=t+1

νsβ
s−tU(Cs, Xs−1hs)

]

subject to

Dt+1

1 + rt
= Dt −Wtht − utKt + Ct + St + It +

ϕ

2

(
Kt+1

Kt
− g

)2

Kt −Πt

Kt+1 = (1− δ)Kt + It
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Rest of the Model

▶ Production

Yt = atK
α
t (Xtht)

1−α

Mt ≥ ηWtht

▶ Interest rate

rt = r̄ + ψp(d̃t+1) + µt

▶ Implications under RE:
▶ Trend shocks not the primary source of excess consumption volatility
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Estimation

▶ Reference distribution is the weighted average of lagged RE expectations
(Bianchi, Ilut & Saijo 2023)

Eθ
t [z

RE
t+1] = Et[z

RE
t+1] + θ(Et[z

RE
t+1]− Er

t [z
RE
t+1])

where

Er
t [z

RE
t+1] =

J∑
j=1

αjEt−j [z
RE
t+1]

▶ The same data as in GPU: gY , gC , gI , and TB/Y for Argentina (1900-2005)

▶ Structural parameters using Bayesian method
▶ (η, ϕ, ψ) + (shock parameters) + DE parameters (θ, αj)
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Estimated DE Parameters

▶ Estimated θ̂ ≃ 0.6 is consistent with existing literature
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Model Fits: Second Moments
gY gC gI TB/Y

Data (STD × 100) 5.3 7.5 20.4 5.2
RE 5.9 8.0 18.4 4.8
DE 6.1 8.0 17.9 5.8

Corr w/ gY
Data 0.72 0.67 -0.04
RE 0.78 0.53 -0.14
DE 0.78 0.66 -0.20

Corr w/ TB/Y
Data -0.27 -0.19
RE -0.36 -0.31
DE -0.30 -0.35

First-order autocorr
Data 0.11 0.00 0.32 0.58
RE 0.01 -0.06 -0.12 0.52
DE -0.03 -0.14 0.06 0.70
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Variance Decomposition

▶ Negligible role for TFP trend shock (in contrast to Aguiar and Gopinath 2007)
▶ Highlighting the role of temporary TFP shock in fluctuations
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Robustness: Misspecified environment

▶ Consider GPU without preference shocks
▶ GPU model already fine-tuned to best explain data under RE
▶ Adding DE onto it with same data unlikely to yield significantly different results

▶ ... RE doesn’t work effectively!
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Whole Sample
Model Fits: Second Moments

▶ Much better fit with DE

Variance Decomposition

▶ Trend shocks dominate with RE
▶ Temp. shocks important with DE

Post-1945 sample
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Endogeneous demand shifter in DE

▶ Linearized consumption Euler equation under RE:

λ̂t = R̂t − γĝt + Etλ̂t+1, λt = νt

(
ct −

hωt
ω

)−γ

▶ Under DE:

λ̂θt = R̂θ
t − γĝθt + Eθ

t λ̂
RE
t+1 − θγĝ∗J,t

ĝ∗J,t ≡
J∑

j=1

ĝt−j+1 −
J∑

k=1

J∑
j=1

αjEt−j [ĝ
RE
t−k+1]

▶ ĝ∗J,t acts as an endogenous demand shifter (as opposed to νt under RE)
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Summary

▶ Incorporating DE into a dynamic open macro model

▶ Rich theoretical/empirical insights in the context of open economy models

30/30



Diagnostic PDF with distant memory

▶ Diagnostic pdf (with distant memory) is defined as

fθ,Jt (xt+1) = f(xt+1|Gt)︸ ︷︷ ︸
true pdf

·
[
f(xt+1|Gt)

f(xt+1|Gt−1)

]θα1,J

· · ·
[
f(xt+1|Gt)

f(xt+1|Gt−J)

]θαJ,J

︸ ︷︷ ︸
distortion

· C

where θα1,J + · · ·+ θαJ,J = θ

▶ Information sets:
▶ Gt: current state t
▶ Gt−j : reference state with information available at t− j.

Back
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Loglinearization Matters...
Consider household optimization under diagnostic expectations (J=2):

max
{Ct,Dt+1}

logCt + Eθ
t

[ ∞∑
s=t+1

βs−t log(Cs)

]

subject to a resource constraint:

Ct +
Bt+1

(1 + it)
= Yt +Bt, Yt = At, logAt = logAt−1 + εt

First-order condition:(
At

Ct

)(
At−1

At

)(
At−2

At−1

)
= β(1 + it)Eθ

t

[(
At+1

Ct+1

)(
At

At+1

)(
At−1

At

)(
At−2

At−1

)]
Back
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Post-1945

Model Fits: Second Moments Variance Decomposition

Back
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