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Abstract

Using US micro price data at the city level, we provide evidence that both the volatility 
and the persistence of deviations from the law of one price (LOP) are rising in the 
distance between US cities. A standard, two-city, stochastic equilibrium model with trade 
costs can predict the relationship between volatility and distance but not between 
persistence and distance. To account for the latter fact, we augment the standard model 
with noisy signals about the state of nominal aggregate demand that are asymmetric 
across cities. We further show that the main predictions of the model continue to hold 
even if we allow for the interaction of imperfect information, sticky prices, and multiple 
cities.
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Table 1: Summary statistics

Persistence measure Volatility measure

ρq SAR Largest AR root sdq mapdq

All 0.520 0.534 0.542 0.136 0.158

(0.151) (0.149) (0.147) (0.038) (0.045)

(Obs. = 63,648) [0.238] [0.244] [0.246] [0.057] [0.089]

Less than 100 miles 0.482 0.493 0.503 0.127 0.127

(0.174) (0.173) (0.166) (0.040) (0.046)

(Obs. = 624) [0.250] [0.254] [0.250] [0.056] [0.076]

More than 2,000 miles 0.563 0.578 0.585 0.150 0.243

(0.145) (0.147) (0.147) (0.045) (0.108)

(Obs. = 3,648) [0.222] [0.229] [0.233] [0.061] [0.149]

NOTES: Reported numbers are the averages of the estimated persistence and volatility measures over goods

and services where the total number of observations is denoted by “Obs.” The LOP deviations, qj,k,t(i), are

calculated as the logarithm of the relative price of a good or service in a city to the same good or service

in a different city. The sample period is over 1990:Q1 - 2007:Q4. Persistence measures are the first-order

autocorrelations (ρq), the sum of autoregressive coefficients (SAR), and the largest autoregressive root (Largest

AR root). The AR order is selected based on the BIC. Volatility measures are the standard deviation (sdq)

and mean absolute price difference (mapdq). The numbers in parentheses are the between-group standard

deviations across 48 goods and services. The numbers in brackets are the total standard deviations. The

upper panel shows statistics for all observations. The middle and lower panels show statistics among city

pairs with distance being less than 100 miles and with distance being more than 2,000 miles, respectively.

30



T
ab

le
2:

P
er
si
st
en
ce
-d
is
ta
n
ce

re
gr
es
si
on

s

D
ep

en
d
en
t
va
ri
a
b
le
s

ρ
q

S
A
R

L
a
rg
es
t
A
R

ro
o
t

R
eg
re
ss
o
rs

(1
)

(2
)

(3
)

(4
)

(1
)

(2
)

(3
)

(4
)

(1
)

(2
)

(3
)

(4
)

ln
d
is
t j
,k

0
.0
2
0

0
.0
2
0

0
.0
1
9

0
.0
1
9

0
.0
2
3

0
.0
2
3

0
.0
2
2

0
.0
2
2

0
.0
2
6

0
.0
2
6

0
.0
2
5

0
.0
2
5

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
5
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

(0
.0
0
2
)

d
is
tr
ib
u
ti
on

sh
a
re

i
0
.3
4
2

0
.2
8
0

0
.3
2
2

0
.2
5
9

0
.2
6
1

0
.2
0
2

(0
.0
0
4
)

(0
.0
0
5
)

(0
.0
0
4
)

(0
.0
0
5
)

(0
.0
0
5
)

(0
.0
0
5
)

λ
i

0
.2
0
9

0
.1
2
9

0
.2
1
4

0
.1
4
0

0
.2
1
3

0
.1
5
6

(0
.0
0
4
)

(0
.0
0
4
)

(0
.0
0
4
)

(0
.0
0
4
)

(0
.0
0
4
)

(0
.0
0
4
)

G
o
o
d
d
u
m
m
ie
s

ye
s

n
o

n
o

n
o

ye
s

n
o

n
o

n
o

ye
s

n
o

n
o

n
o

O
bs
.

6
3
,6
4
8

6
3
,6
4
8

5
8
,3
4
4

5
8
,3
4
4

6
3
,6
4
8

6
3
,6
4
8

5
8
,3
4
4

5
8
,3
4
4

6
3
,6
4
8

6
3
,6
4
8

5
8
,3
4
4

5
8
,3
4
4

A
d
j.

R
2

0
.4
0

0
.1
2

0
.0
5

0
.1
1

0
.3
7

0
.1
0

0
.0
5

0
.1
0

0
.3
7

0
.1
0

0
.0
5

0
.1
0

N
O
T
E
S
:
T
h
e
re
g
re
ss
io
n
s
a
re

es
ti
m
a
te
d
u
si
n
g
d
a
ta

fo
r
4
8
it
em

s
an

d
1
,3
2
6
ci
ty
-p
a
ir
s.

S
ta
n
d
a
rd

er
ro
rs

cl
u
st
er
ed

b
y
ci
ty
-p
a
ir
s
a
re

g
iv
en

in
p
a
re
n
th
es
es

b
el
ow

th
e
co
effi

ci
en
ts
.
T
h
e
re
g
re
ss
io
n
co
effi

ci
en
ts

a
re

re
p
o
rt
ed

fo
r
d
is
ta
n
ce

(l
n
d
is
t j
,k
),
th
e
d
is
tr
ib
u
ti
o
n
sh
a
re
s
(d
is
tr
ib
u
ti
on

sh
a
re

i)
a
n
d
th
e
d
eg
re
e

o
f
p
ri
ce

st
ic
k
in
es
s
(λ

i)
.
S
ee

th
e
fo
o
tn
o
te

o
f
T
a
b
le

1
fo
r
th
e
d
et
a
il
o
f
d
ep

en
d
en
t
va
ri
a
b
le
s.

T
h
e
n
u
m
b
er

o
f
o
b
se
rv
a
ti
o
n
s
(O

bs
.)

in
re
g
re
ss
io
n
s
a
re

6
3
,6
4
8
fo
r
a
ll
it
em

s,
a
n
d
5
8
,3
4
4
if
λ
i
is

u
se
d
a
s
a
re
g
re
ss
o
r,

b
ec
a
u
se

n
o
d
a
ta

of
th
e
d
eg
re
e
o
f
p
ri
ce

st
ic
k
in
es
s
is

av
a
il
a
b
le

fo
r
fo
u
r
it
em

s
re
la
te
d
to

sh
el
te
rs

(i
.e
.,
m
o
n
th
ly

re
n
t
fo
r
a
p
a
rt
m
en
t,
to
ta
l
h
o
m
e
p
u
rc
h
a
se

p
ri
ce
,
m
o
rt
g
a
g
e
ra
te
,
an

d
m
o
n
th
ly

p
ay
m
en
t
fo
r
h
o
u
se
).

T
h
e
“
A
d
j.

R
2
”
in

th
e
la
st

ro
w

d
en

o
te
s
th
e
ad

ju
st
ed

R
-s
q
u
a
re
d
.

31



T
ab

le
3:

C
al
ib
ra
te
d
re
gr
es
si
on

sl
op

e
in

p
er
si
st
en
ce
-d
is
ta
n
ce

re
gr
es
si
on

s

κ̂
κ̂
co
n
si
st
en
t
w
it
h
d
a
ta

0
.1
0

0
.2
0

0
.3
0

0
.4
0

0
.5
0

0
.6
0

0
.7
0

0
.8
0

0
.9
0

1
.0
0

L
B

U
B

R
a
n
g
e

A
:
T
h
e
fl
ex
ib
le

p
ri
ce

m
o
d
el

α
=

0
.9
0
,
ρ
z
(i
)
=

0
.6
0

0
.0
0
0

0
.0
0
0

0
.0
0
1

0
.0
0
1

0
.0
0
1

0
.0
0
2

0
.0
0
3

0
.0
0
4

0
.0
0
5

0
.0
0
6

-
-

-

α
=

0.
4
5
,
ρ
z
(i
)
=

0
.6
0

0
.0
0
1

0
.0
0
3

0
.0
0
8

0
.0
1
3

0
.0
1
9

0
.0
2
6

0
.0
3
3

0
.0
4
1

0
.0
4
8

0
.0
5
4

0
.4
4
9

0
.5
7
0

0
.1
2
1

α
=

0.
0
0
,
ρ
z
(i
)
=

0
.6
0

0
.0
0
2

0
.0
0
7

0
.0
1
4

0
.0
2
4

0
.0
3
4

0
.0
4
4

0
.0
5
3

0
.0
6
1

0
.0
6
7

0
.0
7
2

0
.3
1
9

0
.4
0
5

0
.0
8
6

α
=

0.
0
0
,
ρ
z
(i
)
=

0
.3
0

0
.0
0
1

0
.0
0
3

0
.0
0
7

0
.0
1
2

0
.0
1
7

0
.0
2
2

0
.0
2
7

0
.0
3
0

0
.0
3
4

0
.0
3
6

0
.4
8
3

0
.6
4
8

0
.1
6
5

α
=

0.
0
0
,
ρ
z
(i
)
=

0
.9
0

0
.0
0
3

0
.0
1
0

0
.0
2
2

0
.0
3
6

0
.0
5
1

0
.0
6
6

0
.0
8
0

0
.0
9
1

0
.1
0
1

0
.1
0
8

0
.2
5
5

0
.3
2
0

0
.0
6
5

B
:
T
h
e
st
ic
k
y
p
ri
ce

m
o
d
el

(α
=

0
.0
0
,
ρ
z
(i
)
=

0.
60

)

λ
(i
)
=

0
.3
5

0
.0
0
1

0
.0
0
5

0
.0
1
0

0.
0
1
7

0
.0
2
4

0
.0
3
1

0
.0
3
8

0
.0
4
3

0
.0
4
8

0
.0
5
2

0
.3
9
2

0
.5
0
6

0
.1
1
4

λ
(i
)
=

0
.6
5

0
.0
0
1

0
.0
0
4

0
.0
0
8

0
.0
1
2

0.
0
1
7

0
.0
2
1

0
.0
2
5

0
.0
2
8

0
.0
3
0

0
.0
3
2

0
.4
7
9

0
.6
6
9

0
.1
9
0

λ
(i
)
=

0
.9
5

0
.0
0
1

0
.0
0
4

0
.0
0
5

0
.0
0
5

0.
0
0
4

0
.0
0
4

0
.0
0
3

0
.0
0
3

0
.0
0
2

0
.0
0
2

-
-

-

C
:
T
h
e
th
re
e-
ci
ty
,
fl
ex
ib
le

p
ri
ce

m
o
d
el

(α
=

0.
0
0
,
ρ
z
(i
)
=

0
.6
0
)

(τ
1
,2
,τ

1
,3
,τ

2
,3
)
=

(0
.2
,0
.2
,0
.2
)

0
.0
0
5

0
.0
1
6

0
.0
3
2

0
.0
4
7

0
.0
6
0

0
.0
6
8

0
.0
7
3

0
.0
7
4

0
.0
7
3

0
.0
7
0

0
.1
9
7

0
.2
5
1

0
.0
5
4

(τ
1
,2
,τ

1
,3
,τ

2
,3
)
=

(0
.2
,0
.3
,0
.1
)

0
.0
0
3

0
.0
1
2

0
.0
2
4

0
.0
3
7

0
.0
4
7

0
.0
5
5

0
.0
6
0

0
.0
6
3

0
.0
6
3

0
.0
6
2

0
.2
3
4

0
.3
0
0

0
.0
6
6

D
:
T
h
e
th
re
e-
ci
ty
,
st
ic
k
y
p
ri
ce

m
o
d
el

(α
=

0.
0
0
,
ρ
z
(i
)
=

0.
60

,
λ
(i
)
=
0
.6
5
)

(τ
1
,2
,τ

1
,3
,τ

2
,3
)
=

(0
.2
,0
.2
,0
.2
)

0
.0
0
2

0
.0
0
9

0
.0
1
6

0
.0
2
3

0
.0
2
7

0
.0
3
0

0
.0
3
1

0
.0
3
0

0
.0
2
9

0
.0
2
7

0
.2
9
8

0
.4
2
5

0
.1
2
7

(τ
1
,2
,τ

1
,3
,τ

2
,3
)
=

(0
.2
,0
.3
,0
.1
)

0
.0
0
2

0
.0
0
6

0
.0
1
2

0
.0
1
8

0
.0
2
2

0
.0
2
5

0
.0
2
6

0
.0
2
6

0
.0
2
5

0
.0
2
4

0
.3
6
5

0
.5
7
0

0
.2
0
5

N
O
T
E
S
:
E
a
ch

n
u
m
b
er

in
th
e
ta
b
le

re
p
re
se
n
ts

th
e
co
effi

ci
en
ts

fo
r
th
e
lo
g
-d
is
ta
n
ce

in
p
er
si
st
en

ce
-d
is
ta
n
ce

re
g
re
ss
io
n
s
p
re
d
ic
te
d

b
y

th
e
n
o
is
y

in
fo
rm

a
ti
o
n
m
o
d
el
.
T
h
e
co
effi

ci
en
ts

a
re

ob
ta
in
ed

fr
o
m

th
e
li
n
ea
r
ap

p
ro
x
im

a
ti
o
n
of

th
e
th
eo
re
ti
ca
l
fi
rs
t-
o
rd
er

a
u
to
co
rr
el
a
ti
o
n
o
f
q t
(i
)
or

q 2
,1
,t
(i
)
=

p
2
,t
(i
)
−
p
1
,t
(i
)
ar
o
u
n
d
τ̄
=

0.
2
,
a
lo
n
g
w
it
h
th
e
p
a
ra
m
et
er

va
lu
es

d
es
cr
ib
ed

in
th
e
m
a
in

te
x
t.

L
ow

er
b
o
u
n
d
(L

B
),
u
p
p
er

b
o
u
n
d
(U

B
),
a
n
d
th
e
ra
n
g
e

of
κ̂
co
n
si
st
en
t
w
it
h
th
e
9
5
%

co
n
fi
d
en

ce
in
te
rv
al

of
re
g
re
ss
io
n
sl
o
p
e
in

T
a
b
le

1
ar
e
a
ls
o
sh
ow

n
.
P
a
n
el

A
sh
ow

s
th
e
b
a
se
li
n
e
tw

o
-c
it
y
fl
ex
ib
le

p
ri
ce

m
o
d
el
.
P
a
n
el

B
sh
ow

s
tw

o-
ci
ty

m
o
d
el

w
it
h
p
ri
ce

st
ic
k
in
es
s.

P
an

el
s
C

an
d
D

ar
e
th
e
th
re
e-
ci
ty

m
o
d
el
s
w
it
h
a
n
d
w
it
h
o
u
t
st
ic
k
y
p
ri
ce
s.

In
th
e
fi
rs
t

ro
w
s
o
f
P
a
n
el
s
C

an
d
D
,
a
ll
tr
a
d
e
co
st
s
ar
e
a
ss
u
m
ed

to
b
e
th
e
sa
m
e
a
cr
o
ss

a
ll
th
re
e
ci
ty

p
a
ir
s.

T
h
e
se
co
n
d
ro
w
s
o
f
P
a
n
el
s
C

a
n
d
D

sh
ow

th
e
ca
se

w
h
en

tr
a
d
e
co
st
s
b
et
w
ee
n
ci
ti
es

1
an

d
2
d
iff
er

fr
o
m

th
e
tr
a
d
e
co
st

b
et
w
ee
n
o
th
er

ci
ty

p
a
ir
s.

32



-2.5 -2 -1.5
0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

ln 

 q

Persistence

-2.5 -2 -1.5
0.05

0.1

0.15

0.2

0.25

0.3

ln 

sd
q

Volatility

  ̂= 0.00   ̂= 0.20   ̂= 0.50   ̂= 0.80



-2.5 -2 -1.5
0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

ln 

 q

Persistence

-2.5 -2 -1.5
0.05

0.1

0.15

0.2

0.25

0.3

ln 

sd
q

Volatility

 = 0.90  = 0.45  = 0.00



-2.5 -2 -1.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ln 

 q

Persistence

-2.5 -2 -1.5
0.05

0.1

0.15

0.2

0.25

0.3

ln 

sd
q

Volatility

z = 0.90 z = 0.60 z = 0.30


