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A1. Employment comparisons and proof of Proposition 3

Employment relationships L̃s < N∗

s and L̃d > N∗

d stated prior to Proposition 2 follow

because N∗

s > N = L̃s and N∗

d < N = L̃d. It then follows that w(N∗

s , α) < w(L̃s, α), with

w(N∗

d , α) > w(L̃d, α) holding for city d, establishing Proposition 3 (ii). Therefore, the original

residents of city s (city d) earn a higher (lower) wage under WFH.

When the only advantage of city s is higher productivity, the previous results yield N∗

s >

Ñs < L̃s, which appears to imply that w(N∗

s , αs) could be larger or smaller than w(L̃s, αs),

and similarly for w(N∗

d , αd) and w(L̃d, αd). However, further analysis dispels this ambiguity,

as follows.

The first step is to note that the inequalities N∗

s > L̃s and N∗

d > L̃d cannot both hold

nor can the reverse of these two inequalities both hold. Either set of inequalities violates the

requirements that the city populations before WFH or the employment levels under WFH

individually sum to 2N . Therefore, the inequalities

N∗

s < L̃s, N∗

d > L̃d or N∗

s > L̃s, N∗

d < L̃d (a1)

must be satisfied. The second set of inequalities implies

w(N∗

s , αs) < w(L̃s, αs), w(N∗

d , αd) > w(L̃d, αd). (a2)

Since w(N∗

s , αs) > w(N∗

d , αd) holds when city s has only a productivity advantage, the in-

equalities in (a2) can be combined to yield

w(L̃s, αs) > w(N∗

s , αs) > w(N∗

d , αd) > w(L̃d, αd), (a3)

which violates the condition of wage equality under WFH (w(L̃s, αs) = w(L̃d, αd)). Therefore,

the first set of inequalities in (a1) must hold, establishing the claim made prior to Proposition
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1, and they imply

w(N∗

s , αs) > w(L̃s, αs), w(N∗

d , αd) < w(L̃d, αd), (a2)

establishing Proposition 3 (i).

A2. Proof of Proposition 4

Focusing first on the differential-productivity case, after substitution of N∗

d = 2N − N∗

s

and As = Ad in (2), differentiation yields ∂N∗

s /∂αs > 0, showing that higher productivity

in city s raises its population in the absence of WFH. Since the population of city s in the

WFH equilibrium (Ñs) is independent of αs, being equal to N , it follows that the change in

the population of city s with the introduction of WFH, equal to Ñs −N∗

s is smaller the larger

is αs. Thus, WFH yields a larger population decline in city s the higher its productivity. This

larger population drop in turn implies that the WFH-induced housing-price decline in city s

is larger the higher its productivity.

Turning to the differential-amenity case, after substituting αs = αd = α and N∗

s = 2N−N∗

d

in (2), differentiation yields ∂N∗

d/∂Ad > 0, so that a higher amenity level in city d raises its

population in the absence of WFH. However, in constrast to the differential-productivity case,

the population of city d is still affected by Ad under WFH, with ∂Ñd/∂Ad > 0. Although

both amenity derivatives are positive, the derivative under WFH tends to be larger, so that

∂(Ñd − N∗

d )/∂Ad > 0.44 Thus, WFH yields a smaller population decline in city d the higher

its amenity level. This smaller population decline in turn implies that the WFH-induced

housing-price decline in city d is smaller the higher its amenity level.

44 Differentiating (2) yields ∂N∗

d
/∂Ad = −1/(w′

s +H ′

s + w′

d
+H ′

d
> 0, where the subscripts denote evaluation

of the function in city s or city d and the prime on the wage functions denotes the population derivative.
Differentiation of (3) yields ∂Ñd/∂Ad = −1/(H̃ ′

s + H̃ ′

d
) > 0, where the tildes on the H functions denote

evaluation at the WFH equilibrium. The wage terms tend to make first denominator larger in absolute value
than the second, making the amenity’s effect on N∗

d
smaller than its effect on Ñd. However, the fact that the

H ′ functions in the two expressions are evaluated at different equilibria means that this conclusion is likely but
not guaranteed to hold (the likelihood grows if H ′′ is small in absolute value).
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Table A2. Change in Population Outflows, 2019-2020

Dependent variable:
Change in log USPS outflows, 2019–2020

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

Low PROD × PROD × WFHPOT 1.529 1.617
(1.139) (1.149)

High PROD × PROD × WFHPOT 1.862∗∗∗ 1.955∗∗∗

(0.483) (0.485)
Low QOL × QOL × WFHPOT −0.869

(1.797)
High QOL × QOL × WFHPOT 1.335

(1.463)
PROD × WFHPOT 1.866∗∗∗ 1.998∗∗∗

(0.477) (0.448)
QOL × WFHPOT 0.734

(1.064)
High PROD × PROD −0.023 −0.028

(0.370) (0.368)
High QOL × QOL −0.640 0.052

(0.733) (0.208)
PROD −0.390 −0.414 −0.448∗∗∗ −0.485∗∗∗

(0.326) (0.328) (0.140) (0.131)
QOL 0.141∗∗ 0.182∗∗∗ 0.198∗∗∗ 0.197∗∗∗

(0.067) (0.049) (0.060) (0.059)
WFHPOT 0.138∗∗∗ 0.134∗∗∗ 0.131∗∗∗ 0.129∗∗∗

(0.025) (0.025) (0.026) (0.026)
Pct. pop. with a college education −0.364 −0.371 −0.318 −0.318

(0.274) (0.277) (0.268) (0.268)
Pct. MSA land steeper than 15 degrees −0.011∗ −0.011∗ −0.011∗ −0.011∗

(0.006) (0.006) (0.006) (0.006)
Wharton Residential Land-Use Regulation Index −0.077 −0.063 −0.089 −0.073

(0.109) (0.108) (0.108) (0.106)

Observations 792 792 792 792
Adjusted R2 0.387 0.387 0.387 0.387
Sample metro metro metro metro
SE cluster MSA MSA MSA MSA

Note: Outcomes are county-level changes in log USPS migration outflows. USPS population outflows are estimated using county-
to-county U.S. Postal Service address changes. Control variables include census division fixed effects, WFH potential, percent of
population with a college education, MSA productivity, MSA quality of life, percent of MSA land steeper than 15 degrees, the
Wharton Residential Land-Use Regulation Index, and the 2019-2020 Bartik instrument. The metro county sample includes all
counties that are part of an MSA. Standard errors are clustered at the MSA level. ∗p <0.1; ∗∗p <0.05; ∗∗∗p <0.01.

4



Ta
bl

e
A

3.
R

ob
us

tn
es

s
C

he
ck

s

C
ha

ng
e

in
lo

g
ho

m
e

pr
ic

e
C

ha
ng

e
in

lo
g

re
nt

20
19

–2
02

0
20

18
–2

01
9

20
19

–2
02

0
20

18
–2

01
9

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

PR
O

D
×

W
FH

PO
T

−
0.

50
0∗

∗
−

0.
64

2∗
∗

−
0.

28
4

−
0.

53
5∗

∗
−

0.
65

9∗
∗∗

0.
06

7
(0

.1
98

)
(0

.2
89

)
(0

.1
80

)
(0

.2
38

)
(0

.2
41

)
(0

.1
19

)
PR

O
D

0.
12

9∗
0.

18
6∗

0.
08

6
0.

13
8∗

0.
16

3∗
−

0.
02

3
(0

.0
72

)
(0

.0
97

)
(0

.0
59

)
(0

.0
82

)
(0

.0
83

)
(0

.0
48

)
Q

O
L

0.
04

9
0.

04
7

−
0.

02
1

−
0.

09
6∗

∗∗
−

0.
17

7∗
0.

00
7

(0
.0

32
)

(0
.0

45
)

(0
.0

22
)

(0
.0

30
)

(0
.0

97
)

(0
.0

18
)

W
FH

PO
T

−
0.

05
0∗

∗∗
−

0.
04

5∗
∗

−
0.

04
9∗

∗∗
−

0.
03

7∗
∗

−
0.

03
3

−
0.

04
6∗

∗∗

(0
.0

17
)

(0
.0

22
)

(0
.0

13
)

(0
.0

15
)

(0
.0

42
)

(0
.0

10
)

Pc
t.

po
p.

w
ith

a
co

lle
ge

ed
uc

at
io

n
−

0.
06

2
0.

06
2

0.
18

0∗
−

0.
15

2
0.

09
4

−
0.

09
7

(0
.1

15
)

(0
.0

95
)

(0
.0

99
)

(0
.1

37
)

(0
.1

06
)

(0
.1

54
)

Pc
t.

M
SA

la
nd

st
ee

pe
rt

ha
n

15
de

gr
ee

s
0.

00
6∗

∗
0.

00
6∗

0.
00

3
−

0.
00

3
0.

00
4

−
0.

00
2

(0
.0

02
)

(0
.0

03
)

(0
.0

02
)

(0
.0

03
)

(0
.0

03
)

(0
.0

02
)

W
ha

rt
on

R
es

id
en

tia
lL

an
d-

U
se

R
eg

ul
at

io
n

In
de

x
0.

15
7

0.
14

9
0.

27
5∗

∗∗
0.

18
6

(0
.0

96
)

(0
.1

07
)

(0
.0

72
)

(0
.1

28
)

B
ar

tik
IV

20
19

-2
02

0
−

0.
21

2
−

0.
23

9
(0

.2
41

)
(0

.3
09

)

O
bs

er
va

tio
ns

37
8

23
6

79
2

16
5

83
26

9
A

dj
us

te
d

R
2

0.
14

0
0.

05
5

0.
23

0
0.

49
1

0.
32

4
0.

24
7

Sa
m

pl
e

pr
in

ci
pa

l-
ci

ty
M

SA
m

et
ro

pr
in

ci
pa

l-
ci

ty
M

SA
m

et
ro

SE
cl

us
te

r
M

SA
St

at
e

M
SA

M
SA

St
at

e
M

SA

N
ot

e:
O

ut
co

m
es

ar
e

co
un

ty
-

or
M

SA
-l

ev
el

ch
an

ge
s

in
lo

g
an

nu
al

ho
m

e
pr

ic
es

an
d

lo
g

re
nt

s
fo

r
al

lh
om

es
an

d
co

nd
os

/c
o-

op
s.

H
om

e
pr

ic
es

an
d

re
nt

s
ar

e
ba

se
d

on
th

e
Z

ill
ow

H
om

e
V

al
ue

In
de

x
an

d
Z

ill
ow

O
bs

er
ve

d
R

en
tI

nd
ex

,r
es

pe
ct

iv
el

y.
C

on
tr

ol
va

ri
ab

le
s

in
cl

ud
e

W
FH

po
te

nt
ia

l,
pe

rc
en

to
f

po
pu

la
tio

n
w

ith
a

co
lle

ge
ed

uc
at

io
n,

M
SA

pr
od

uc
tiv

ity
,M

SA
qu

al
ity

of
lif

e,
pe

rc
en

to
fM

SA
la

nd
st

ee
pe

rt
ha

n
15

de
gr

ee
s,

an
d

th
e

W
ha

rt
on

R
es

id
en

tia
lL

an
d-

U
se

R
eg

ul
at

io
n

In
de

x,
an

d
B

ar
tik

in
st

ru
m

en
ts

.E
xc

ep
t

fo
r

th
e

re
gr

es
si

on
s

us
in

g
th

e
M

SA
sa

m
pl

e
(C

ol
um

ns
2

an
d

5)
,a

ll
re

gr
es

si
on

in
cl

ud
e

ce
ns

us
di

vi
si

on
fix

ed
ef

fe
ct

s.
T

he
m

et
ro

co
un

ty
sa

m
pl

e
in

cl
ud

es
al

lc
ou

nt
ie

s
th

at
ar

e
pa

rt
of

an
M

SA
.T

he
pr

in
ci

pa
l-

ci
ty

co
un

ty
sa

m
pl

e
in

cl
ud

es
al

lc
ou

nt
ie

s
th

at
co

nt
ai

n
a

pr
in

ci
pa

lc
ity

of
an

M
SA

.T
he

M
SA

sa
m

pl
e

in
cl

ud
es

23
6

M
SA

s
w

ith
no

n-
m

is
si

ng
co

va
ri

at
es

.S
ta

nd
ar

d
er

ro
rs

ar
e

cl
us

te
re

d
at

th
e

M
SA

le
ve

l,
ex

ce
pt

fo
rC

ol
um

ns
2

an
d

5,
w

hi
ch

ar
e

cl
us

te
re

d
at

th
e

st
at

e
le

ve
l.

∗ p
<

0.
1;

∗∗
p
<

0.
05

;∗
∗∗

p
<

0.
01

.

5



Table A4. Intracity Zip-Code Home Price Gradients, All Metro Areas

Dependent variable: Log home price

12/2019 12/2020
(1) (2)

Log dist. to CBD −0.090∗∗∗ −0.087∗∗∗

(0.021) (0.020)
Log dist. to nearest river 0.014 0.014

(0.017) (0.016)
Log dist. to nearest lake −0.010 −0.012

(0.010) (0.010)
Log dist. to nearest coastline −0.018 −0.018

(0.014) (0.014)
Avg. annual precipitation 1971–2000 −0.0001 −0.00003

(0.0001) (0.0001)
Max temperature in July −0.035∗∗∗ −0.033∗∗∗

(0.006) (0.006)
Minimum temperature in January 0.040∗∗ 0.036∗∗

(0.016) (0.015)
Average slope 0.00005 −0.001

(0.003) (0.003)
Log population density 0.008 0.014

(0.010) (0.009)
Log avg. hhld. income 1.127∗∗∗ 1.108∗∗∗

(0.043) (0.042)

Observations 12,792 12,792
Adjusted R2 0.823 0.830

Note: The estimation equation is logPzt = αm +βt logDistCBDz + γtXz + εzt , where Pzt is the home price in-
dex of zip-code z, αm are metro area fixed effects, DistCBDz is distance from zip-code z to the central business
district, and Xz are zip-code covariates. Home price indices are based on the the zip-code-level Zillow Home
Value Index for all homes and condos/co-ops. Zip-code covariates are based on census tract-level data from
Lee and Lin (2018), which we map to zip-codes using a HUD crosswalk.
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Figure A2. Intracity Home Price Gradients, Bootstrapped Standard Errors, 2017–2020

Note: Figure plots the coefficients and 95 confidence intervals of the event study estimates. Outcomes are intracity
home price gradients based authors’ calculations. In the first stage, we estimate the intracity home price gradient
of each MSA with at least 30 zip-codes by separately regressing log zip-code-level Zillow Home Value Index on log
distance to the central business district, a set of exogenous amenities (log distances to nearest lake, river, and coastline;
the average annual precipitation 1971–2000, January minimum temperature, and July maximum temperature), average
slope, and a set of proxies for endogenous amenities (log population density and log average household income). In
the second stage, we estimate an event study equation by regressing the estimated intracity home price gradients on
the interactions of month-year dummies and principal-city counties’ WFH potential, controlling for MSA fixed effects
and month-year fixed effects. Standard errors are estimated using nonparametric bootstrap.
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