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The Law-of-One-Price and Purchasing Power Parity
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The Law-of-One-Price and Purchasing Power Parity
» LOP deviations (or good-level RER)
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where S; is the nominal exchange rate, * denotes " foreign”

» PPP deviations (aggregate RER)

SiPy

where P; and Py are CPls of home and foreign countries

» In reality, LOP & PPP do not hold



PPP puzzle 1

» PPP deviations are extremely persistent

Nominal exchange rate and aggregate real exchange rate
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» too persistent to be explained by reasonable degree of nominal
price rigidities (Rogoff 1996)
» Half-life = 3-5 years



PPP puzzle 2

» LOP deviations are much less persistent than PPP deviations

Nomlnal exchange rate, aggregate real exchange rate and good-level real exchange rates
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> Half-life (~ 1.2 year) is lower than that of g; (3-5 years)
» 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?

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

> Gabaix (2014, 2020) discusses models with attention

parameter m:

m=1 (if agents are fully attentive)
m <1 (if agents are inattentive)

» 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?
Al: Yes
» We derive the relationship between LOP deviations and PPP
deviations
> Iftm=1
Ingir = Alngir—1 + e + et

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



Theoretical finding

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

Al: Yes

» We derive the relationship between LOP deviations and PPP
deviations

> lfm=1
Ingy = Alngip—1 + et + e

(A: the degree of price stickiness, e: iid shocks)
> Iftm<1

Ingy =Alngy 1+ (1 —m)(1—A)Ing; +e + e

» Complementarity generates persistence of g; and g;;



Complementarity

Ingy = Alngj;_1 + et +e;

of

it

» No complementarities if m =1



Complementarity

Ingy =Alngy1+ (1 —m) (1 —A)Ing; + e + e

on

m<1

Qit

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



Empirical findings

Q2: Do micro price data support the behavioral inattention?

A2: Yes

» We test the model of LOP deviations with behavioral
inattention

» Competing Hypotheses
Hp : m =1 (fully attentive)
H; : m <1 (inattentive)
» Hp: m =1 is strongly rejected by the data
» Our estimates of m are m = 0.11 — 0.25

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



The persistence of the PPP and LOP deviations

» With m = 1 (full attention)

Model (m =1) Model (m < 1) Data

Aggregate real exchange rates (PPP deviations)

Half-life 0.6 2.4-49
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.2-1.6

» Note: The unit of a period is year
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The persistence of the PPP and LOP deviations

» With m = 1 (full attention)

Model (m =1) Model (m < 1) Data

Aggregate real exchange rates (PPP deviations)

Half-life 0.6 2.4-49
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.2-1.6

» Note: The unit of a period is year



The persistence of the PPP and LOP deviations

» With m = 0.1 (behavioral inattention)

Model (m =1) Model (m < 1) Data

Aggregate real exchange rates (PPP deviations)

Half-life 0.6 2.5-3.7 2.4-4.9
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.0-1.2 1.2-1.6

» Note: The unit of a period is year



A simple model of inattention
» 2 steps
1. Rational firm's profit function (log-approximated to the second
order)

A sopt _ _E A aopt 2
max 77(p, p7") m;X[ S (=)’

p: firm's actual price, P°Pt: the optimal price (in terms of
P sa P p p p
log-deviations), ¢: constant

» The rational agent's optimal price

A A

p=p"



A simple model of inattention
» 2 steps
1. Rational firm's profit function (log-approximated to the second
order)

PN c . 2
max 7e(p, p¥") = max |2 (p—p™)’|
p P
p: firm's actual price, p': the optimal price (in terms of
log-deviations), ¢: constant

» The rational agent's optimal price

p=p"

2. Behavioral agents replaces 7 (p, p%') with “attention
augmented profit function”
e Cn opn2
max 7(p, p",m) = max |~ (p — mp™")’|
p p

> In a special case with m =1, 7T (p,p%',1) = 7t (p, p°%")
» The action becomes

plm) = mp”'



Choice of attention

» How do firms determine m?

» The degree of attention can be endogeneized by solving

max E [7(p(m), p7") - C(m)]

me[0,1]
_ —Ss0m) — poPt\2 _
= max |~ (p(m) — ") = COm)|

where C(m) is a cost of paying attention

» Trade-off
» Benefit: correction of distorted action

» Cost: paying attention



Overview of the model

» Follows Kehoe and Midrigan (2007), Crucini, Shintani and
Tsuruga (2010, 2013)

» Households
> U (c,n) =1Ine — xny
» Firms

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

» Calvo pricing with its parameter A
> Use technology: y;:(z) = ayni(z)

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

» We introduce Gabaix’s behavioral inattention to price setting
» Governments

» Control money supply



Rational firms’ pricing: step 1

» Home firm's pricing under full attention

PHit = (1= A8)E; Y (A)*( epirsk)
k=0

Phiit = (1=A8)E: Y (A ( mCigyis)
k=0

where all variables are the log-deviations, pp;;: relative price of good i,
aj;: productivity, J: discount factor,

. X .
» pr;,; and pPr;; are analogously derived



Behavioral firms’ pricing: step 2

» Home firm's pricing under behavioral inattention

o]

prit(mp) = (1 — A8)Ey Y (AS)* (mummcyipy)
P

Pri(mip) = (1= AS)E: Y (AS)* (mjyiciy )
P

» pr,(my) and pry(mp) are analogously derived

» The optimal (relative) prices are insensitive to the aggregate
shocks



Proposition 1

Under the preferences given by U(c,n) = Inc — xn, 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 A € (0,1), the stochastic process of the good-level real
exchange rate is given by:

Ingyy = Alngip—q + (1 —m)(1 = A)Ing + Aef + ey
where
» m € (0,1]: the degree of attention, m = wmy + (1 — w)mg
» . param. for real frictions (> 0 with trade cost)
» &: nominal shock, &/ = AlnS; ~ i.i.d.(0,02)

» £ -

"+ real shock, €}, = (e — €};) ~ 1..d.(0,07)

Takeaway: Direct relationship between Ing;; and Ing;



Testable implication of behavioral LOP

» We define modified LOP deviations g;; and PPP deviations g;

Ingy — Alngy_1 — Aef = (1 —m) (1 = A)Ing; + e,
—_— =~

Ing; Ing; Uit

where we replace €} by AlnS;

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

Ingy = o+ BIng; + uy,

» The null hypothesis of full attention (Hy:m =1or B =0) is
significantly rejected in favor of behavioral inattention



Data

» We use the annual micro price data of US-Canadian city pairs
and UK-Euro city pairs

» The Worldwide Cost of Living Survey by Economic Intelligence
Unit

» Our regression has variations in three dimensions

In g;;

> 274 goods (i)
P 17 US cities and 4 Canadian cities = 68 city pairs (/)
» (or 19 Euro cities and 2 UK cities = 38 city pairs (j))

> 26 years from 1990 to 2015 (1)



Test for behavioral inattention (US—Canada)

» Modified RER with common A

InGij = oy + BInGe + v Xije + wijr

(1) (2) (3) (4)

Ing; 0.844***  0.802***  (0.812*%**  (.806***
(0.030) (0.028) (0.029) (0.029)
# of Obs. 389,500 389,500 389,500 389,500
city-pairs FE N Y N Y
Control for productivity N N Y Y
! 0.156 0.198 0.188 0.194

Note: *10% significance level, ¥*5% significance level, ¥**1% significance level. For A, the median value of the
degrees of price stickiness (A = 0.34) is used. All specifications include the fixed effect at the good level. The

standard errors are clustered by goods.



Test for behavioral inattention (UK-Euro)

» Modified RER with common A

InGij = oy + BInGe + v Xije + wijr

1) () ) (4)

Ing; 0.856***  0.851***  (.853*** (.868***
(0.042) (0.043) (0.042) (0.042)
# of Obs. 214,115 214,115 213,064 213,064
city-pairs FE N Y N Y
Control for productivity N N Y Y
m 0.144 0.149 0.147 0.132

Note: *10% significance level, ¥*5% significance level, ¥**1% significance level. For A, the median value of the
degrees of price stickiness (A = 0.34) is used. All specifications include the fixed effect at the good level. The

standard errors are clustered by goods.



Test for behavioral inattention (US—Canada)

» Modified RER with good-specific A;

InGi = oy + BInGie + ' Xije + e

(1) (2) 3) (4)

Ing; 0.894***  (0.862***  (.883*** (.880***
(0.029) (0.028) (0.032) (0.033)
# of Obs. 389,500 389,500 389,500 389,500
city-pairs FE N Y N Y
Control for productivity N N Y Y
! 0.106 0.138 0.117 0.120

Note: *10% significance level, ¥*5% significance level, ¥**1% significance level. For A, the good-specific values of
the degrees of price stickiness (A;) are used. All specifications include the fixed effect at the good level. The

standard errors are clustered by goods.



Test for behavioral inattention (UK-Euro)

» Modified RER with good-specific A;

InGi = oy + BInGie + ' Xije + e

1) (2) ©) (4)

Ing; 0.866***  0.834***  (.864*** (.840***
(0.047) (0.049) (0.048) (0.049)
# of Obs. 171,606 171,606 170,750 170,750
city-pairs FE N Y N Y
Control for productivity N N Y Y
! 0.134 0.166 0.136 0.160

Note: *10% significance level, ¥*5% significance level, ¥**1% significance level. For A, the good-specific values of
the degrees of price stickiness (A;) are used. All specifications include the fixed effect at the good level. The

standard errors are clustered by goods.



Test for behavioral inattention: Summary

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

» The estimated degree of inattention ranges between 0.11-0.25

» Baseline estimate m = 0.106 for US-Canada

» Baseline estimate m = 0.134 for UK-Euro

» What are the implications for PPP puzzle?



Propositions 2 & 3

Under the same assumptions in Proposition 1,

HLy > HL,),,—; (PPP puzzle 1)

HLg > HL,; (PPP puzzle 2)

provided m € (0,1), A € (0,1), T € (0,00), and 0+/0, € (0,00)



The persistence of the PPP and LOP deviations

» For US-Canada with m = 0.106

Model (m = 1) Model (m < 1) 95% Cl  Data

Aggregate real exchange rates (PPP deviations)

Half-life 0.6 3.7 [2.5,7.6] 4.9
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.2 [1.0,2.1] 16

» Note: The unit of a period is year



The persistence of the PPP and LOP deviations

» For UK-Euro with m = 0.134

Model (m = 1) Model (m < 1) 95% Cl  Data

Aggregate real exchange rates (PPP deviations)

Half-life 0.6 2.5 [1.7,49] 24
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.0 [0.8,1.5 1.2

» Note: The unit of a period is year



Conclusion
» Two puzzles on PPP and LOP deviations

1. The persistence of the aggregate RER is too high to be
explained by reasonable degree of nominal price rigidities

2. The good-level RER is less persistent than the aggregate RER

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

Model (m = 1) Model (m < 1) Data
Aggregate real exchange rates (PPP deviations)
Half-life 0.6 2.5-3.7 2.4-49
Good-level real exchange rates (LOP deviations)
Half-life 0.6 1.0-1.2 1.2-1.6




The way forward

1. Roundabout production

» It may also generate the feedback effect from the aggregate
RER to the good-level RER

» The model with roundabout production function generates
complementarity
1—
Yir(z) = aynig(z)"“Tiy(2)"
where T'(z) is the intermediate input demand

» The marginal cost of production is affected by the general
price index

P> Pricing complementarity generates the link btwn Ing; and Ing¢



Behavioral attention VS. Roundabout production

» Comparing half-lives

» Behavioral inattention based on the estimated m VS. Extreme
case of roundabout production (¢ = 0.99)

1 Tn T T T
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» Much powerful in generating persistence



Thank you!



Households

» Domestic household solves

oo
max Eg ) St (Inc; — xmy)
=0
st. Mi+By = Wpy + R 1By + (My_1 — Prey_1) + Ty +TT;

Mt > PtCt
M;: nominal money holding, B;: nominal bond holding, W;: nominal

wage, R;: nominal interest, P;: price level, T;: transfers, I1;: profits, J:
discount factor

P Foreign household's problem is analogously defined except for the budget

const.
* B;k _ * ok Ry 1 * * * * * *
st. Mi+ o~ = Winf+——B;_; + (My_1 = Pi_qcf1) + Tf +11;
¢ t
My > Pic

S¢: nominal exchange rate



Households (2)

» FOC
Wo o Wi
P, XCt, P = XCt
Mt = PtCt, M? = P;gkC;gk
1 -1 P c¥ -1 S P
— = SR (Ct+1> Ll = BE; (tﬂ) — =t
R; Ct Piq C St41 Py
gt uc,t = g 1uc,t71 _ Ouc,O -1
Uz, Uz q Uz



CES aggregators

» Home and Foreign (*)

» Consumption of good i
€

Cit = {/Cit(z)(el)/gdz} ﬁ, cp = [/ CZ(Z)(El)/Sdz] o

» where z denotes the brand z of good i

» z € [0,1/2] is produced in home and z € (1/2,1] is produced
in foreign

> Aggregate consumption

€ €

e=1 e—1
= [ clemn/ Sdz} , = [ / c;<€‘1)/€di]



Resource constraint

» Production function
]/it(Z) = ﬂit”z’t(z)
» z € [0,1/2] are domestic firms

Yir(2) = ajmiy(2)

> z € (1/2,1] are foreign firms

» Resource constraint

cir(z) + (1+71)cii(z) = yi(z) forz € [0,1/2]
(1+7)cit(z) +cii(z) = yi(z) forz € (1/2,1]

» Firms supply their goods to home and foreign cities



Price indexes for good 1

» Under Calvo pricing,

pir = AMpi—1—m) + (1= AP (mp, mp)
b o= APy — )+ (1= MpY (mf, miy)

> fo?tpt(mH, me), f??ft*(m;, my;) are the weighted average of reset
prices:
Lopt . .
piy (mp,mp) = wppi(my) 4+ (1 — w)pri(mr)
P (mi,miy) = wpri(m) + (1= w)ppi(miy)

where 1/2 < w < 1 is the degree of home bias as a function
of trade costs T



Proposition 2

Under the same assumptions in Proposition 1,

0g = A
provided m € (0,1] and A € (0,1).
» Aggregate the LOP deviations
Ingy = Alngy_q + (1 —m)(1 — A)Ings + Ae + el

to get
Ing: = pgIng; 1 + pget,

where

B A
PI= 1A —m@a—»r




Proposition 3

Under the same assumptions in Proposition 1,

Oq = Pyi

provided m € (0,1], A € (0,1), T € [0,00), € € (1,00), and
or/ 0y € [0, 00).

» The relationship btwn p; and pg; is

1
pq:[l—(l—m)(l—/\)lﬁfl]pqi

where

A= lpzi <Jr>2
p3(1—A2) \ oy
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