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The Law-of-One-Price and Purchasing Power Parity

I LOP deviations (or good-level RER)

StP∗beer,t

Pbeer,t
= 1

where St is the nominal exchange rate, ∗ denotes ”foreign”

I PPP deviations (aggregate RER)

StP∗t
Pt

= 1

where Pt and P∗t are CPIs of home and foreign countries

I In reality, LOP & PPP do not hold
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PPP puzzle 1

I PPP deviations are extremely persistent
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I too high to be explained by reasonable degree of nominal price
rigidities (Rogoff 1996)

I The first-order autocorr. = 0.86



PPP puzzle 2

I LOP deviations are much less persistent than PPP deviations
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I The 1st-order autocorr. (' 0.6) is lower than that of qt (0.86)
I Imbs, Mumtaz, Ravn and Rey (2005), Crucini and Shintani

(2008), Carvalho and Nechio (2011)



Research questions

Q1: Does the behavioral inattention model help to solve the PPP
puzzle?

I We consider a behavioral model of rational inattention
(“sparse-based model”) by Gabaix (2014, 2020)

I Gabaix (2014, 2020) discusses models with attention
parameter m:

m = 1 (if agents are fully attentive)

m < 1 (if agents are inattentive)

I We introduce m into the model of LOP deviations used in
Crucini, Shintani and Tsuruga (2010a, 2010b, 2013, 2015)

Q2: Do micro price data support the behavioral inattention?



Theoretical finding

Q1: Does the behavioral inattention model help to solve the PPP
puzzle?

A1: Yes

I We derive the relationship between LOP deviations and PPP
deviations

I If m = 1
ln qit = λ ln qit−1 + et + eit

(λ: the degree of price stickiness, e: iid shocks)

I If m < 1

ln qit = λ ln qit−1 + (1−m) (1− λ) ln qt + et + eit

I Complementarity generates persistence of qt and qit
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Pricing complementarity

ln qit = λ ln qit−1 + et + eit

qit

qt

𝑚𝑚 = 1

I No complementarities if m = 1



Pricing complementarity

ln qit = λ ln qit−1 + (1−m) (1− λ) ln qt + et + eit

qit

qt

𝑚𝑚 < 1

I Compelementarity generates slow aggregate real exchange
rate if m < 1



Empirical findings

Q2: Do micro price data support the behavioral inattention?

A2: Yes

I We test the model of LOP deviations with behavioral
inattention

I Competing Hypotheses

H0 : m = 1 (fully attentive)

H1 : m < 1 (inattentive)

I H0: m = 1 is strongly rejected by the data

I Our estimates of m are m = 0.11− 0.23

I Under the estimated m, the model explains the PPP puzzle



The persistence of the PPP and LOP deviations

I With m = 1 (full attention)

Model (m = 1) Model (m < 1) Data
Aggregate real exchange rates (PPP deviations)
1st order autocorr. 0.34 0.75 0.79-0.87
Good-level real exchange rates (LOP deviations)
1st order autocorr. 0.34 0.48 0.51-0.65

I Note: The unit of a period is year



The persistence of the PPP and LOP deviations

I With m = 0.11 (behavioral inattention)

Model (m = 1) Model (m < 1) Data
Aggregate real exchange rates (PPP deviations)
1st order autocorr. 0.34 0.83 0.79-0.87
Good-level real exchange rates (LOP deviations)
1st order autocorr. 0.34 0.58 0.51-0.65

I Note: The unit of a period is year



Overview of the model
I Follows Kehoe and Midrigan (2007), Crucini, Shintani and

Tsuruga (2010, 2013)

I Households

I U (ct, nt) = ln ct − χnt max. problem

I Firms

I Set prices in monopolistically competitive market (Home and
Foreign, local currency pricing) CES

I Calvo pricing with its parameter λ

I Use technology: yit(z) = aitnit(z)

I Must pay trade cost to send goods from a country to the other
resources

I We introduce Gabaix’s behavioral inattention to price setting

I Governments

I Control money supply



Rational firms’ pricing: step 1

I Home firm’s pricing under full attention

p̂Hit(mH) = (1− λδ)Et

∞

∑
k=0

(λδ)k(mHm̂cHit+k)

p̂∗Hit(m
∗
H) = (1− λδ)Et

∞

∑
k=0

(λδ)k(m∗Hm̂c∗Hit+k)

where all variables are the log-deviations, pHit: relative price of good i,
ait: productivity, δ: discount factor,

I p̂∗Fit and p̂Fit are analogously derived



Behavioral firms’ pricing: step 2

I Home firm’s pricing under behavioral inattention

p̂Hit(mH) = (1− λδ)Et

∞

∑
k=0

(λδ)k(mHm̂cHit+k)

p̂∗Hit(m
∗
H) = (1− λδ)Et

∞

∑
k=0

(λδ)k(m∗Hm̂c∗Hit+k)

I p̂∗Fit(m
∗
F) and p̂Fit(mF) are analogously derived

I The optimal (relative) prices are insensitive to the aggregate
shocks price index



Proposition 1

Under the preferences given by U(c, n) = ln c− χn, the CIA constraints,
the stochastic processes of money supply, the stochastic processes of the
labor productivity, and the Calvo pricing with the degree of price
stickiness λ ∈ (0, 1), the stochastic process of the good-level real
exchange rate is given by:

ln qit = λ ln qit−1 + (1−m)(1− λ) ln qt + λεn
t + ψεr

it

where

I m ∈ (0, 1]: the degree of attention, m = ωmH + (1−ω)mF

I ψ: param. for real frictions (> 0 with trade cost)

I εn
t : nominal shock, εn

t = ∆ ln St ∼ i.i.d.(0, σ2
n)

I εr
it: real shock, εr

it = (εit − ε∗it) ∼ i.i.d.(0, σ2
r )

Takeaway: Direct relationship between ln qit and ln qt



Testable implication of behavioral LOP

I We define modified LOP deviations q̃it and PPP deviations q̃t

ln qit − λ ln qit−1 − λεn
t︸ ︷︷ ︸

ln q̃it

= (1−m) (1− λ) ln qt︸ ︷︷ ︸
ln q̃t

+ ψεr
it︸︷︷︸

uit

where we replace εn
t by ∆ ln St

I We can use this regression as a test for full attention

ln q̃it = α + β ln q̃t + uit,

I The null hypothesis of full attention (H0 : m = 1 or β = 0) is
significantly rejected in favor of behavioral inattention



Data

I We use the annual micro price data of US and Canadian cities

I The Worldwide Cost of Living Survey by Economic Intelligence
Unit

I Our regression has variations in three dimensions

ln qijt

I 274 goods (i)

I 17 US cities and 4 Canadian cities = 68 city pairs (j)

I 26 years from 1990 to 2015 (t)



Test for behavioral inattention

ln q̃ijt = αij + β ln q̃t + uijt

(1) (2) (3) (4)
ln q̃t 0.843*** 0.844*** 0.806*** 0.802***

(0.030) (0.030) (0.027) (0.028)
# of Obs. 389,500 389,500 389,500 389,500
good FE N Y N Y

city-pairs FE N N Y Y
m̂ 0.157 0.156 0.194 0.198

Note: *10% significance level, **5% significance level, ***1% significance level. For λ, the median value of the

degrees of price stickiness (λ = 0.34) is used. The standard errors are clustered by goods.



Test for behavioral inattention: Summary

I The null hypothesis of m = 1 is significantly rejected and
robust to various specifications

I The estimated degree of inattention ranges between 0.11–0.23

I Median estimate = 0.17

I Minimum = 0.11 when λi is heterogeneous

I What are the implications for PPP puzzle?



The persistence of the PPP and LOP deviations

I With m = 0.11

Model (m = 1) Model (m < 1) Data
Aggregate real exchange rates (PPP deviations)
1st order autocorr. 0.34 0.83 0.79-0.87
Good-level real exchange rates (LOP deviations)
1st order autocorr. 0.34 0.58 0.51-0.65

I Note: The unit of a period is year



Propositions 2 & 3

Under the same assumptions in Proposition 1,

ρq > λ (PPP puzzle 1)

ρq > ρqi (PPP puzzle 2)

provided m ∈ (0, 1), λ ∈ (0, 1), τ ∈ (0, ∞), and σr/σn ∈ (0, ∞)

I Eq Prop 2

I Eq Prop 3



Conclusion

I Two puzzles on PPP and LOP deviations

I The behavioral model by Gabaix (2014, 2020) could explain
these puzzles

Model (m = 1) Model (m < 1) Data
Aggregate real exchange rates (PPP deviations)
1st order autocorr. 0.34 0.83 0.79-0.87
Good-level real exchange rates (LOP deviations)
1st order autocorr. 0.34 0.58 0.51-0.65



Households

I Domestic household solves

max E0

∞

∑
t=0

δt(ln ct − χnt)

s.t. Mt + Bt = Wtnt + Rt−1Bt−1 + (Mt−1 − Ptct−1) + Tt + Πt

Mt ≥ Ptct

Mt: nominal money holding, Bt: nominal bond holding, Wt: nominal
wage, Rt: nominal interest, Pt: price level, Tt: transfers, Πt: profits, δ:
discount factor

I Foreign household’s problem is analogously defined except for the budget
const.

s.t. M∗t +
B∗t
St

= W∗t n∗t +
Rt−1

St
B∗t−1 + (M∗t−1 − P∗t−1c∗t−1) + T∗t + Π∗t

M∗t ≥ P∗t c∗t

St: nominal exchange rate



Households (2)

I FOC

Wt

Pt
= χct,

W∗t
P∗t

= χc∗t

Mt = Ptct, M∗t = P∗t c∗t

1
Rt

= δEt

[(
ct+1

ct

)−1 Pt

Pt+1

]
= βEt

[(
c∗t+1
c∗t

)−1 St

St+1

P∗t
P∗t+1

]

qt
Uc,t

U∗c,t
= qt−1

Uc,t−1

U∗c,t−1
= · · · = q0

Uc,0

U∗c,0
= 1

back



CES aggregators
I Home and Foreign (*)

I Consumption of good i

cit =

[∫
cit(z)(ε−1)/εdz

] ε
ε−1

, c∗it =
[∫

c∗it(z)
(ε−1)/εdz

] ε
ε−1

I where z denotes the brand z of good i

I z ∈ [0, 1/2] is produced in home and z ∈ (1/2, 1] is produced
in foreign

I Aggregate consumption

ct =

[∫
c(ε−1)/ε

it di
] ε

ε−1
, c∗t =

[∫
c∗(ε−1)/ε

it di
] ε

ε−1

back



Resource constraint
I Production function

yit(z) = aitnit(z)

I z ∈ [0, 1/2] are domestic firms

y∗it(z) = a∗itn
∗
it(z)

I z ∈ (1/2, 1] are foreign firms

I Resource constraint

cit(z) + (1 + τ)c∗it(z) = yit(z) for z ∈ [0, 1/2]
(1 + τ)cit(z) + c∗it(z) = y∗it(z) for z ∈ (1/2, 1]

I Firms supply their goods to home and foreign cities back



Price indexes for good i

I Under Calvo pricing,

p̂it = λ(p̂it−1 − πt) + (1− λ)p̂opt
it (mH, mF)

p̂∗it = λ(p̂∗it−1 − π∗t ) + (1− λ)p̂opt∗
it (m∗F, m∗H)

I p̂opt
it (mH, mF), p̂opt∗

it (m∗F, m∗H) are the weighted average of reset
prices:

p̂opt
it (mH, mF) = ωp̂Hi(mH) + (1−ω)p̂Fi(mF)

p̂opt∗
it (m∗F, m∗H) = ωp̂Fi(m∗F) + (1−ω)p̂Hi(m∗H)

where 1/2 < ω < 1 is the degree of home bias as a function
of trade costs τ back



Proposition 2

Under the same assumptions in Proposition 1,

ρq ≥ λ

provided m ∈ (0, 1] and λ ∈ (0, 1).

I Aggregate the LOP deviations

ln qit = λ ln qit−1 + (1−m)(1− λ) ln qt + λεn
t + ψεr

it

to get
ln qt = ρq ln qt−1 + ρqεn

t ,

where

ρq =
λ

1− (1−m)(1− λ)

I back



Proposition 3

Under the same assumptions in Proposition 1,

ρq ≥ ρqi

provided m ∈ (0, 1], λ ∈ (0, 1), τ ∈ [0, ∞), ε ∈ (1, ∞), and
σr/σn ∈ [0, ∞).

I The relationship btwn ρq and ρqi is

ρq =

[
1

1− (1−m) (1− λ) A
1+A

]
ρqi

where

A = ψ2 1− ρ2
q

ρ2
q(1− λ2)

(
σr

σn

)2

I back
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