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This paper generalizes the simple two-city work-from-home model of Brueckner et al. (2022) by adding a
group of non-remote workers, who must live in the city where they work. The results show that the main
qualitative conclusions of BKL regarding the intercity effects of WFH are unaffected by this modification,
with WFH yielding the same aggregate population and employment changes in the two cities and the same
house-price and wage effects as in the simpler model. Even though the aggregate population effects are the

same, the population relocation of non-remote workers is in the opposite direction to that of remote workers,
which matches the direction in BKL. These conclusions are useful because they establish the robustness of
BKL’s highly parsimonious model. The paper also contains material surveying other theoretical research on
WFH as well as empirical work in the area, including BKL’s empirical findings in support of their model.

1. Introduction

Work-from-home (WFH) has increased since the onset of the coro-
navirus pandemic. Before the pandemic, 17 percent of U.S. employees
worked from home 5 days or more per week, a share that increased to
44 percent during the pandemic.> Within a given city, WFH enables
residents to work without physically traveling to their offices, thus
reducing commuting cost and making suburban residential locations
more attractive. Looking across cities, WFH enables employees to re-
locate to a different city while continuing to work remotely in their
original city. Breaking the connection between residence and employ-
ment location offers an opportunity to rethink urban spatial models,
which otherwise assume that people work in the city where they live.

Brueckner et al. (2022) (henceforth BKL) explore the intercity ef-
fects of the introduction of WFH, using a variant of the Rosen (1979)-
Roback (1982) model. They analyze the patterns of WFH-induced
changes in employment levels and populations as well as wages and
housing prices across cities, exploring how two city characteristics
affect the outcomes: productivity and amenities. When cities differ in
productivity, BKL find that a shift to WFH causes some workers to
relocate from high-productivity cities to low-productivity cities, which
have cheaper housing, while maintaining their jobs in the original city.
When cities differ instead in amenities, WFH leads to the opposite
relocation pattern, with some workers relocating from low-amenity to

* Corresponding author.

high-amenity cities despite their expensive housing, while keeping their
original jobs.

While the model used by BKL attempts to capture the shift in
the spatial equilibrium arising from the introduction of WFH, it un-
realistically assumes that all workers are able to work remotely. The
purpose of the current paper is to extend BKL’s model to incorporate
two kinds of workers, those who can work remotely and those who
cannot. In the paper, only remote workers, whose jobs offer the option
to telecommute, can now relocate to cities with better residential
advantages while maintaining their jobs in other cities. Non-remote
workers still have to live in the city where they work, implying that
if they wish to relocate, they would need to change jobs. The research
question that the current paper attempts to answer is how the intercity
impacts of WFH differ in this more realistic scenario while keeping the
other elements of BKL’s model.

Their model has two cities, San Francisco (s) and Detroit (d), with
city s having either higher productivity or higher amenities than city d.
When city s has higher productivity, the movement of workers under
WFH from city s to city d (where housing is cheap) pushes down the
price of housing in city s while raising it in city 4. Employment rises in
city s despite the drop in its population, while employment falls in city
d despite the increase in its population. With workers able to work in
either city regardless of residential location, wages must be equalized
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between cities, and this new common wage is lower (higher) than the
original wage in city s (city d).

The reverse patterns emerge when the advantage of city s lies in
higher amenities. Relocation to city s raises its (already high) housing
price and depresses the price in city d. Employment falls (rises) in city s
(city d), and the new common wage is higher (lower) than the original
wage in city s (city d).

While BKL’s model is highly stylized, its assumption that all workers
have the ability to work remotely can be viewed as especially unreal-
istic. As a result, introducing a second class of non-remote workers,
who must live in the city where they work, is a high-priority modifi-
cation of their model. The present paper investigates the effects of this
modification, and the findings are noteworthy.® In particular, adding
non-remote workers to the model has no effect on the main theoretical
conclusions of BKL. In the differential-productivity case, WFH again
leads to an decrease (increase) in the population and housing price in
city s (city d), and an increase (decrease) in employment. In addition,
the new common wage for remote workers is lower (higher) than their
original wage in city s (city d). The spirit of BKL’s conclusions is
violated in only one respect: relocation of non-remote workers under
WFH is in the opposite direction to the movement of remote workers,
with the non-remote population rising in city s and falling in city d.
These changes oppose those for remote workers but are not strong
enough to the reverse the aggregate shift of population toward city
d, thus maintaining BKL’s result. The differential-amenity case yields
parallel conclusions. Preservation of BKL’s main results is an important
conclusion because it shows that a simple model is robust to changes
that make it more realistic.

It is important to note that since cities in the model have no
internal spatial structure, the analysis does not focus on the intracity
impacts of WFH. These impacts have been studied in much of the WFH
literature (also in BKL), and they consist of population decentralization
in response to a reduction in commuting cost for workers who remain
in the same city but commute to the workplace less often. This decen-
tralization is predicted to raise suburban housing prices while putting
downward pressure on prices near the city center, leading to a rotation
of the urban price gradient.

BKL carry out an empirical test of their model’s intercity predictions,
focusing on the case where cities differ in productivity. They find
evidence of downward pressure on housing prices in high-productivity
cities during the first year of the pandemic (when WFH increased),
as predicted by the model. Since the present model yields the same
housing-price predictions, BKL’s empirical results can be viewed as
affirming the current model as well. A fuller explanation of BKL’s
empirical results, along with a discussion of other empirical papers in
the WFH literature, is contained in Section 5 of the paper.

The few other theoretical WFH models written in response to the
pandemic are considerably more complex than the present model. For
example, the model of Delventhal and Parkhomenko (2021) has two
types of jobs, “telecommutable" and not, and two types of workers, high
and low skill, whose preferences include idiosyncratic random terms.
Workers with telecommutable jobs choose the division of their time
between home and office work (which entails commuting costs), and
their effective labor supply depends on floor space inputs at both sites,
which they also choose. The model has mostly an intracity rather than
intercity focus, and a calibrated version shows that a counterfactual
decrease in the aversion to WFH causes workers with telecommutable
(non-telecommutable) jobs to move away from (toward) dense loca-
tions in the city. As mentioned above, this net movement causes floor
space prices to fall (rise) in locations with high (low) density. Welfare

3 The analysis in this paper summarizes results presented in Sayantani
(2021).
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calculations show gains for all groups except for low-skill workers in
non-telecommutable jobs.*

As in Delventhal and Parkhomenko (2021), the high-skill workers
in the WFH model of Gokan et al. (2021) split their time between
office and less-productive home work, with office work generating a
demand for “local consumption services" at the CBD (restaurant food,
for example), which are produced by low-skill workers. In addition to
working in this sector, low-skill workers also collaborate with high-skill
workers in producing a tradable good. The analysis shows that, when
the (exogenous) WFH share of high-skill labor is high, that group lives
in the suburbs while residing in the city center when the WFH share
is low.> The analysis also considers the effects of adding a second city
to the model, with intercity commuting possible for high-skill workers.
However, since this group must work in the office part of the time,
physical and virtual intercity commuting then coexist, in contrast to
the present case, where intercity commuting is entirely virtual.®

The rest of the paper proceeds as follows. Section 2 presents a gen-
eral version of the model without imposing functional forms, yielding
equilibrium conditions with and without WFH. Section 3 introduces
explicit functional forms and derives closed-from equilibrium solutions.
The analysis in Section 4 then derives the changes in populations,
employment levels, housing prices, wages and welfare levels in the two
cities under WFH. Section 5 discusses the empirical WFH literature,
and Section 6 presents conclusions. Derivations of most results are
contained in the online appendix.

2. The model
2.1. Setup

The model has two cities, denoted s (San Francisco) and d (Detroit),
with equal fixed land areas but different amenity levels and different
worker productivity levels. Both amenities and productivity are higher
in city s than in city d. The economy has two types of workers, denoted
type 1 and type 2, which differ in their ability to work from home.
Type-1 workers are remote workers who can live and work in different
cities with the introduction of WFH, while type 2 consists of non-
remote workers who must live in the same city where they work. The
employment of type i workers in city j is given by L;;, while their
population in the city is given by N;;. A city’s type-2 population and
employment must be equal, but this equality is not required for type-1
workers. The total population of type-i workers is given by N,, which
must equal both the sum of the type-i populations and the sum of the
type-i employment levels across cities.

Workers consume land, denoted ¢, and a numeraire non-land good,
denoted e, and they also value city amenities, denoted A. The common
utility function is quasi-linear, given by u(e;;, q;, Aj) = A; + ¢;; + v(g;)
for a type-i worker living in city j, where A; is the city’s amenity level,
with A; > A,. Note that because of quasi-linearity, land consumption
is independent of income and is thus the same in city j for both
worker types. Observe also that the units of amenities and non-housing

4 Davis et al. (2021) study the impact of WFH in a closely related model,
which is also calibrated for simulation. Delventhal et al. (2022) use a simpler
version of the Delventhal and Parkhomenko (2021) model without skill
differences and focus the counterfactual analysis on Los Angeles rather than
the entire country.

5 Behrens et al. (2021) develop a related model that pays greater atten-
tion to the production of office and home workspace, as in Delventhal and
Parkhomenko (2021). They show how the WFH share affects wages, real estate
prices, and inequality within the city. Agrawal and Brueckner (2022) extend
BKL’s model to embrace public finance, exploring the impacts of state income
taxes in a WFH setting.

¢ For theoretical work on telecommuting that preceded the pandemic, see
Safirova (2002), Rhee (2008), and Larson and Zhao (2017).
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consumption are chosen so that their linear utility coefficients are same
and equal to unity.

A worker’s wage depends on type and on city of residence, both
of which may influence productivity, although remote work does not
reduce productivity. The wage of a type-i worker in city j is given by
w;;(Ly;, Ly;), with the employment levels of both types affecting each
type’s wage. Higher worker productivity in city s, which is assumed
to apply only to type-1 (remote) workers, is captured in the levels of
the type-1 wage functions, with w,,(-) > w,4(-). By contrast, w,,(-) =
wyy(-) = wy(+), so that, with employment levels held fixed, type-2
wages would be the same across cities. Once explicit functional forms
are imposed, the type-1 productivity difference will be captured by
different values of an intercept parameter in the wage function.

Denoting the unit housing price in city j by p;, the budget constraint
for a type-i worker in city j is e;; +p;q; = w;;(Ly;, L,;). Eliminating e;;,
consumer utility can then be written as A; + w;;(Ly;, Ly;) + v(q;) — p;q;-
The first-order condition for choice of g; is V'(q ;) = pj, confirming that
land consumption in a city is the same for both worker types. But with
the city’s land area fixed at unity, g; then equals 1/(N,; + N;), the
reciprocal of the total population. Net housing utility, which equals
housing utility minus housing expenditure, is given by v(g;) — p;q; =
v(g;) — V'(q 1145 and the q; solution then allows net utility to be written
as a decreasing function of total population, H(N,; + N,;).” Utility can
then be written as

wility, = A; + wy(Ly;. Lyy) + HN+ Ny, i=12 j=sd. (1)

2.2. Non-WFH equilibrium

In the equilibrium without WFH, employment levels equal popula-
tions for each worker type, with L;=N;,i=12 j=sd.In addition,
consumer utility in (1) is equalized for each type of worker between
the two cities via migration. The non-WFH equilibrium condition for

remote (type-1) workers is then

A, + wi (N, Ny + HIN + Ny) = Ay + w,(N, = Ny, Ny = Ny

+ HN, - N+ N, - Ny, (2)

where N,; = N, — N, i = 1,2 has been used to eliminate the
city-d populations. The non-WFH equilibrium condition for non-remote
(type-2) workers is

Ay + wy(Ny. Nyy) + H(Nj+ Ny = Ay + wy(N, = Ny, Ny — Ny)
+ H(N, = Ny, + N, - N,).
3

Note that the type-2 wage functions in (3) lack a city subscript, as noted
above. The city-s population levels for the two worker types in the
non-WFH equilibrium, N;; and N,,, are determined by simultaneously
solving (2) and (3), and those solutions then give the types’ city-d
population levels.

For comparison purposes, the single non-WFH equilibrium condition
in BKL’s model, where workers are all identical and able to work
remotely, is given by

A, + w(N,) + HN,) = A, + wy(N-N,) + HN-N,), (4

where w,(-) > w,(-), N, is the population of city s, and N is the
economy’s total population.

7 The net housing utility expression v(g;) = V'(q;)g; is increasing in g;, with
the derivative equal to —u”(qj)qj > 0, given v < 0. Since ¢;=1/(Ny; + Ny)) it
then follows that net housing utility is decreasing in N,; + N,;, with H’ <0.
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2.3. WFH equilibrium

Since type-1 workers can work from home in the equilibrium with
WFH, they no longer need to reside in the city where they work. Hence,
while type-2 employment equals the population of type-2 workers in
each city, both cities can have unequal employment and population
levels for type-1 workers.

The WFH equal-utility condition for non-remote (type-2) workers is
the same as condition (3) from the non-WFH model, except that type-
1 employment levels, which are no longer equal to populations, are
replaced by the employment variables L;; and L, inside the type-2
wage function. The type-2 equal utility condition is then

Ag + wy(Ly;, Ny + H(Ny+ Ny = Ay + wy(Ny = Ly, Ny = Nyy)
+ H(N| = Ny, + N, — Ny),
Q)

where L, inside the RHS wage function has been eliminated using
Lig+L;=N,.

Being free to work in either city regardless of where they live, type-
1 workers must be indifferent between work locations in equilibrium.
This indifference requires equalization of wages for type-1 workers
across cities, yielding

wig(Ly. Nyy) = wig(N| = Ly Nyy). (6)

The wage expression appearing on the LHS of a type-1 equal-utility
condition could be either w, (L, Ny,) or w,4,(N | —Ly,, Npy), depending
on where this city-s resident works, with the same statement applying
to the RHS of the type-1 condition. But since these expressions are equal
by (6), they cancel from the equation, regardless of which expression
appears on a particular side of the equation. With the wage terms
dropping out, the type-1 equal-utility condition becomes

A, + HIN,+N,) = A; + HIN, =N, + N, — N,,). )

Regardless of where they work, (7) ensures that the type-1 residents of
the two cities have equal utilities.

Egs. (5), (6), and (7) jointly determine the values of N, , N,,, and
L,, in the WFH equilibrium. The population constraints then determine
the corresponding city-d values. One implication of the equilibrium
conditions, which also holds in BKL’s model, is that, when the cities
have the same amenity levels, housing prices are equalized under WFH.
This conclusion follows because amenities then cancel in (7), which
implies that city populations (the arguments of H) must be equal,
which in turn implies equality of housing prices.

Another more remarkable implication of the equilibrium conditions
concerns type-2 wages. While type-1 wages are equalized across cities
under WFH, the equilibrium conditions imply that the same conclusion
applies to type-2 wages, which are also equalized. This conclusion follows
because using (7), the non-wage terms in the equilibrium condition (5)
then cancel, so that the condition yields type-2 wage equality. Thus,
while the ability to work remotely implies indifference across worksites
(and hence equal wages) for type-1 workers, this condition in conjunc-
tion with utility-equalization for type-2 workers (via (5)) requires that
type-2 wages must also be equalized even though indifference across
worksites is not an original equilibrium condition for these workers.

For comparison with the previous conditions, the equilibrium con-
ditions under WFH in BKL’s identical-worker model are®

wy(N = Ly) ®
Ay + H(N) = Ay + H(N-N)) 9

wy(Ly)

8 While cities in the current model and that of BKL have no internal spatial
structure or intracity commuting costs, BKL show how such costs can be added
without altering the rest of their model’s structure.
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3. Explicit functional forms and solutions

In this section, explicit functional forms for wages and utility from
housing consumption are introduced. In order to derive the wage
function, the following production function is assumed:

F(LyLy) = ayly — Ly, + ayly; — L3, + clyLy, j=sd,  (10)

where ¢ is a parameter capturing the degree of complementarity across
worker types. The type-1 productivity parameters a;, and a,, satisfy
a;, > a4, indicating higher type-1 productivity in city s, while type-2
productivity parameter a, is the same across cities.

Normalizing the output price to 1, the wage functions are given by
the marginal products of the two worker types i:°

j=s.d an
j=s,d 12)

wlj(Llj,sz) = a); — 2L1j + csz,

J
wy;(Lyj, Lyj) = ay — 2Ly; + cLyj,

The wage of a worker type is decreasing in its own employment level
and increasing in employment of the other type via complementarity.

The utility from housing consumption is assumed to have the fol-
lowing functional form:

v(qj) = o - ﬂ/qp j=s.d, 13)

where «a, § are positive (note that g is otherwise unrestricted in mag-
nitude). This assumption implies p; = v'(q;) = # /qj? from the first-order
condition for housing consumption, yielding p;q; = f/q;. Consequently,
net housing utility is v(q;) —p;q; = a —2f/q;. Substituting q; = 1/(N,; +
N,;) yields

H(Nyj+Ny) = a — 2B(Ny;+ Ny, Jj=s.d, a4

so that the H function has a convenient linear form. In addition, the
housing price p; is given by #(N,; + sz)2 = p(Ny; + Ny)), j = s,d, s0
that housing prices are increasing in the city populations (a result that
holds generally).

3.1. Equilibrium non-WFH solutions

Substituting the wage functions from (11) and (12) and the H
function from (14) into the non-WFH equilibrium conditions (2) and
(3), and then solving these equations for N, and N,, yields

A — Ay (@, —a)1+p Ny

N = Sapr2-0 T Wprz—ow+d T 2 L as
LA A @ —a)c=2p) N, .
Ny = 24p+2—-¢)  24p+2-c)c+2) 2 L (6

where the asterisks denote non-WFH equilibrium values and where the
equality of populations and employment levels is noted. From (15) and
(16), the total equilibrium population of city s without WFH equals

17

Ni, + N} = 4AA'_A‘1 bl N
B+2—c  2@4B+2-¢) 2
where N = N, + N, is the total population of the economy.
At this point, a parameter restriction must be imposed to generate
further results. In particular, the complementarity parameter c¢ is as-
sumed to be small, satisfying ¢ < min{2,2p}. Without this assumption,
few comparative results can be derived. Under this assumption, the
denominator expressions in (15)-(17) are positive, implying that city
s contains more than half of the type-1 workers and more than half
of the economy’s total population. However, the distribution of the
non-remote, type-2 population depends on the source of the city-s
advantage. If the advantage is only in amenities, with A, > A, and
a;; = a4, then city s contains more than half of the type-2 workers. But

9 Parametric restrictions required for positive wages are assumed to hold.
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if the advantage of city s is only in type-1 productivity (4, = A;,a;, >
a,4), then city s contains less than half of the type-2 workers. Even in
this case, though, the type-1 concentration in city s dominates, making
its overall population larger than that of city d. With city s larger, its
housing price is then higher than that of city d, with p > p}. These
results are summarized in the first two columns of Table 1.

Wage levels in the two cities, denoted w’i‘s, w’l* - wzs, and w; 2
are found by substituting the population (hence employment) solutions
from (15) and (16) (along with the corresponding solutions for city d)
into the wage functions in (11) and (12). See the online appendix for
explicit formulas.

3.2. Equilibrium WFH solutions

Substituting the wage functions from (11) and (12) and the H
function from (14) into the equilibrium conditions (5), (6) and (7), and
then solving these equations for N,,, N,,, and L, yields the following
population solutions:

~ A, — Ay clays — ayy) N,

Ny, = - i} 18
s 4 0+oe-o | 2 (18)
My = Stw—da) T (19)

22+092-¢) | 2
where the tildes denote WFH equilibrium values. In addition, the total
population of city s equals
N, + Ny = AS4—ﬂAd +
Eq. (18) shows that, under WFH, more than half (less than half) of
type-1 workers live in city s when the city has an amenity (type-1 pro-
ductivity) advantage. From (19), exactly half (more than half) of type-2
workers live in city s when it has an amenity (type-1 productivity)
advantage. From (20), more than half (exactly half) of economy’s total
population lives in city s when it has an amenity (type-1 productivity)
advantage, with the type-1 and type-2 differences exactly canceling in
the latter case. Since the population of city s is then at least as large
the population of city d, housing prices satisfy p, > 5.

Turning to the type-1 employment solution from (5), (6), and (7),
it equals

(20)

S{EY

45— A4 E
2+c)2-c¢) 27
so that exactly half (more than half) of type-1 workers are employed
in city s when it has an amenity (type-1 productivity) advantage. Total
employment in city s equals,

L, = (21)

415 —dig % (22)

L] s T st = m +
which is equal to (greater than) half the economy’s population when
city s has an amenity (type-1 productivity) advantage.

These conclusions, along with a comparison of housing prices, are
summarized in the third and fourth columns of Table 1, which also
show employment and population comparisons (which were moot with
WFH). Comparing (20) and (21), the population of city s is greater than
(less than) its employment level when the city has an amenity (type-1
productivity) advantage. Using (19) and (20), these same comparisons
also hold for the city’s type-1 (as opposed to total) population and
employment level.

Wage levels, which are uniform across cities for each type of worker,
are denoted i, and i, and are found by substituting L, from (21) and
N,, from (19) (along with the corresponding solutions for city d) into
the wage functions in (11) and (12).

4. Comparing the WFH and non-WFH equilibria

This section derives the changes in populations, employment levels,
housing prices, wages, and utility levels for each type of worker in each
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Table 1
Intercity comparisons for both the non-WFH and WFH cases.
Non-WFH WFH
City s advantage: Productivity Amenity Productivity Amenity
. . . N N — — 5
City-s populations NI > 3 Ni o> 2+ Ny <3 Ny > 3
. N N — N — N
N <3 Ny >3 Nopg > 3 Nyg =3
N +Nj>N N +Ni > Ny+N, =N Ny+N, >N
Housing prices > pi>p; Py =Py Dy > by
Type-1 employment in city s Same as population Fh > IFVT FM < TVT:

Type-2 employment in city s Same as population

Total employment in city s Same as population

Same as population

Fls + ﬁ; > city s population I: s+ ﬁ; < city s population

Table 2
Formal Statements of Propositions 1 and 2.

City s has higher type-1 productivity* City s has higher amenities*

() Ny +Ny <N +NJ Ny, + Ny, > Ni o+ N2,

() Ny, <Nj, Ny>Nj Ny > Ny", Ny < Np*
Gi) 5, <, Bp>0) P> D} Pq<py
Gv) Ly, +Ny >N} +N;, Lig+ Ny < NJ + N3,

W) Li;> Ny, Ny>Nj Ly <Ny, Ny <Nj

(vi)  Lj;> Ny L, <Ny,

*

Vi) wi, > w; > wi,, w; >w,>w;, wi < Wy <wy,, Wy <w, <ws,

() A+ +Hyo=Ag+wl, +H, A+ + H o= Ay +wi, + H

* For parts (i), (ii), (iv), (v), and (vi), the reverse statements apply in city 4. In part
(ix), H = H(N,; + N,,), with H,, H*, H,* defined analogously. Amenities, which are
equal across cities, cancel in part (ix).

of the cities with the introduction of WFH. If city s is assumed to have a
dual advantage, better amenities as well as higher type-1 productivity,
many comparisons are ambiguous, as in BKL. However, assuming that
city s offers only a single advantage, either in amenities or productivity,
unambiguous comparisons can be made. The details of the calculations
are presented in the online appendix.

4.1. City s has higher type-1 productivity

It is helpful to first review the main results of BKL for the case where
city s has higher productivity for type-1 workers, who are the sole type
in the economy. Without WFH, city s has a higher housing price and
wage, as well as a higher population, than city d. When WFH becomes
possible, workers relocate from city s, which has the higher housing
price, to city d while keeping their city-s jobs, so that employment
exceeds population in city s, falling short of population in city d. These
population changes lead to a decrease in the housing price in city s
and an increase in city d, while wages fall in city s and rise in city-d
(becoming equal across cities).

In the current model, when city s has higher productivity than city d
for type-1 workers, the following conclusions, which are stated formally
in Table 2, can be established. In the proposition, when “(BKL)" appears
following a statement, the same (or an analogous) conclusion pertains
in BKL’s model.

Proposition 1. When city s has a type-1 productivity advantage, intro-
duction of WFH has the following effects:

(i) Total population falls in city s and rises in city d. (BKL)

(ii) Underlying these population changes are a decrease (increase) in
the type-1 population and an increase (decrease) in the type-2
population of city s (city d).

(iii) As a result of these total population changes, housing prices fall in
city s and rise in city d. (BKL)

(iv) Total employment rises in city s and falls in city d. (BKL)

(v) Underlying these employment changes are increases in employment
for both type-1 and type-2 workers in city s and corresponding
decreases in city d.

(vi) The employment of remote workers exceeds (falls short of) their
population in city s (city d). (BKL)

(vii) The drop in type-1 employment and the increase in type-1 population
in city d means that some original type-1 residents of city d switch
to remote employment in city s, helping to explain its higher type-1
employment. (BKL)

(viii) Type-1 and type-2 wages decrease (increase) in city s (city d). (BKL)

(ix) The welfare of both type-1 and type-2 workers remains unchanged
with the introduction of WFH.

Part (i) of the proposition says that, relative to the non-WFH equilib-
rium, total population decreases in city s under WFH while increasing
in city d, a result also derived in BKL’s model, where all workers are of
type 1. Intuitively, some type 1 workers move to d to enjoy its lower
housing prices while keeping their original jobs. From part (iv) of the
proposition, these population changes are accompanied by opposing
changes in total employment, which rises under WFH in city s and
falls in city d, a result also present in BKL’s model. It is crucial to
understand that employment in city s consists of both resident workers
and workers commuting remotely from city d, some of whom are new
type-1 residents and others original type-1 residents of city d switching
to remote work in city s (see below).

The changes in total population mask opposing changes population
for the two types of workers, as seen in part (ii) of the proposition.
While type-1 population in city s falls (mirroring the change in the to-
tal), the city-s population of type-2 workers increases, with the reverse
changes occurring in city d. By contrast, the employment changes for
both worker types mirror the changes in total employment, as seen in
part (v) of the proposition, with employment for both types rising in
city s under WFH and falling in city d.

With the population of type-1 workers falling in city s under WFH
(part (ii)) and their employment rising (part (v)), it follows that type-1
employment exceeds type-1 population in city s, as seen in part (vi) of
the proposition. Since the reverse statement applies in city d (a drop
in type-1 employment and an increase in type-1 population), it follows
that some original type-1 residents of city d switch to remote employ-
ment in city s under WFH, as stated in part (vii) of the proposition. The
same conclusion is derived in BKL, where all workers are of type 1.

Turning to the price and wage effects of WFH, the drop in the
population of city s leads to a corresponding drop in the housing price,
as stated in part (iii) of the proposition, with city d experiencing a price
increase. The same price impact is present in BKL’s model. As for wage
changes, the original type-1 wage is higher in city s than in city d, and
the uniform type-1 wage under WFH lies between these values. Thus,
as stated in part (viii) of the proposition, the type-1 wage decreases
(increases) in city s (city d). As explained earlier, the type-2 wage is
also uniform across cities under WFH, and exactly the same statement
applies to changes in type-2 wages across the cities. Wage changes in
BKL follow this same pattern.
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With the housing price and wages for both worker types falling in
city s and rising in city d, the change in worker welfare is ambiguous a
priori, as was true in BKL’s model. But under the adopted functional
forms, the price and wage effects exactly cancel for both types of
workers, leaving welfare unchanged under WFH, as stated in part (ix)
of the proposition.'°

The conclusions in Proposition 1 show that the main results of BKL
also emerge when a second group of non-remote, type-2 workers is
added to the model. Changes in total populations, total employment
levels, housing prices, and wages in the two cities are qualitatively the
same with or without the presence of a non-remote worker group. This
is an important conclusion because it shows the robustness of results
from a model much simpler analytically than the current one. The
one pattern in the current model that runs at variance to the spirit of
BKL findings concerns the relocation of type-2 workers under WFH. In
particular, instead of following type-1 workers by moving from city s
to city d under WFH, type-2 workers move in the opposite direction, from
city d to city s. This movement, however, is not sufficient to offset the
opposing movement of type-1 workers, so that total population falls in
city s and rises in city d.

4.2. City s has higher amenities

In BKL, if city s has higher amenities than city d, then without
WFH, city s has a higher housing price and lower wage, as well as a
higher population, than city d. When WFH becomes possible, workers
relocate from city d to city s, consuming its amenities while keeping
their city-s jobs. Employment then falls short of population in city s,
while exceeding the population in city d. These population changes
lead to an increase in the housing price in city s and a decrease in city
d, while wages rise in city s and fall in city d (becoming equal across
cities). As can be seen, these changes under WFH are the reverse of the
changes when the advantage of city s lies in type-1 productivity instead
of amenities.

In the current model, when city s has higher amenities than city d,
the following conclusions, which are stated formally in Table 2, can be
established:

Proposition 2. When city s has higher amenities than city d, introduction
of WFH has the following effects:

(i) Total population rises in city s and falls in city d. (BKL)

(ii) Underlying these population changes are an increase (decrease)
in the type-1 population and a decrease (increase) in the type-2
population of city s (city d).

(iii) As a result of these total population changes, housing prices rise in
city s and fall in city d. (BKL)

(iv) Total employment falls in city s and rises in city d. (BKL)

(v) Underlying these employment changes are decreases in employment
for both type-1 and type-2 workers in city s and corresponding
increases in city d.

(vi) The employment of remote workers falls short of (exceeds) their
population in city s (city d). (BKL)

(vii) The drop in type-1 employment and the increase in type-1 population
in city s means that some original type-1 residents of city s switch
to remote employment in city d, helping to explain its higher type-1
employment. (BKL)

10 Welfare gains from WFH would be expected in a standard urban model
with intracity spatial structure, where workers would not relocate across cities
in response to WFH but would instead commute less frequently to the CBD.
Fewer commute trips would imply a reduction in the model’s commuting-
cost parameter, which raises utility in the closed-city version of the model.
By contrast, there is no analogous cost reduction associated with WFH in the
current model and thus no similar source of welfare effects.
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Table 3
Comparative Statics.

City s has higher type-1 productivity

Ni,=Ny, Npyy—=Njo Ny-Nj, Ny =Ny Liy=Ni  Nj-Ly
a;—ay + + + + + +
c + + + + + +
City s has higher amenities
N,-N; Nj-Ny N, -N, Ny-N; Ni-L, Lg,-N;
A, - A, + + + + + +
c - + - + 0 0

(viii) Type-1 and type-2 wages increase (decrease) in city s (city d). (BKL)
(ix) The welfare of both type-1 and type-2 workers remains unchanged
with the introduction of WFH.

By comparison, it can be seen that the conclusions of Proposition 2
are the reverse of those in Proposition 1 while also mostly matching the
main conclusions of BKL. Total population rises and total employment
falls in city s under WFH, with the reverse changes occurring in city
d. Despite the increase in total population, the type-2 population of
city s falls under WFH, but the change is offset by a gain in the type-1
population, with the opposite changes occurring in city d. Intuitively,
no longer facing a wage sacrifice, type-1 workers have an incentive to
move to city s to enjoy its amenities while keeping their city-d jobs.

Employment changes for both worker types mirror the changes in
total employment in the two cities. With its type-1 population rising
but type-1 employment falling, some original residents of city s switch
to remote employment in city d. Housing prices rise in city s and fall
in city d, while wages both types rise in city s while falling in city d
(original city-s wages are lower than city-d wages for both types). WFH
leaves the welfare of both worker types unchanged.

As in Proposition 1, the results of the current model contradict the
spirit of BKL’s results only in the relocation of type-2 workers, who
move from city s to city d under WFH, in the opposite direction to
the movement of type-1 workers. The broad similarity of results again
shows the robustness of BKL’s results to a major change in the model,
an important conclusion.

4.3. Comparative statics

Explicit model solutions allow direct computation of comparative-
static results, which are shown in Table 3. The parametric changes
of interest are changes in the intercity type-1 productivity difference,
a;,—a,4, the amenity difference, A;—A,, and the labor-complementarity
parameter, c. First focusing on the case where city s has a type-
1 productivity advantage, the analysis computes the effects of these
parametric changes on the absolute non-WFH/WFH difference in the
city-s populations of both types, equal to N ;"S—ﬁ 15> 0 and IVZS—N,Z >0
for city s, and the same differences for city-d, N, — N, > 0 and

_ 1d
NZ* — N,; > 0. Also of interest are parametric effects on the absolute

nozg-WFH/WFH employment gaps for type-1 workers in both cities,
equal to L, — N >0and N}, - Ly >0.

The signs of the effects are shown in the first two rows of Table 3.
The first row shows that both non-WFH/WFH population gaps and
the employment gaps are larger the higher is the type-1 productivity
difference between the cities, a natural conclusion. The second row
shows that the effect of a higher complementarity parameter is also
positive in each case.

The next two rows of Table 3 pertain to the case where city s has
an amenity advantage, showing the effects of the amenity difference
and ¢ on the non-WFH/WFH population and employment gaps. The
previous absolute gap expressions are all multiplied by —1 to retain
their positivity. The third row shows that all the gaps are larger the
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higher is the amenity difference between the cities, again a natural
conclusion. The fourth row of the table shows that an increase in ¢
reduces the type-1 population gaps in both cities, while raising the
type-2 population gaps. The employment gaps are unaffected, however.

5. WFH empirics

In addition to theoretical work, recent empirical studies also focus
on WFH. Brueckner et al. (2022) contains an empirical component, and
other papers with related empirical results include Althoff et al. (2022),
Bloom and Ramani (2020), and Gupta et al. (2020).

BKL’s main empirical work tests the intercity predictions of their
model, focusing mainly on house-price effects of WFH in high-
productivity cities. As explained above, their model (as well as the
current one) predicts a drop in population and house prices in high-
productivity cities under WFH as remote workers relocate to cheaper,
low-productivity cities. These hypotheses are tested using regressions
that relate the county-level change in house prices from Zillow between
2020 and 2019 (when WFH surged) to county-level productivity, which
is measured using an index computed by Albouy (2016). Since the
potential for relocation depends on whether a county’s jobs can be
done remotely, the work-from-home potential of these jobs is computed
using information from Dingel and Neiman (2020). The two result-
ing variables, measured at the county level, are denoted PROD and
WFHPOT, and since both variables matter in generating the predicted
relocation pattern, the main independent variable in the regression is
the interaction variable PROD x WFHPOT, which is supplemented by
various controls.

The regression results indeed show that the 2020-2019 house-price
change is decreasing in the magnitude of the interaction variable, as
predicted, and the same result emerges when the dependent variable is
the 2020-2019 change in rents. To look for the underlying population
change that is predicted to drive these price effects, BKL use US Postal
Service address-change data, computing the change in USPS outflows
at the county level between 2020 and 2019. As predicted, the regres-
sion shows that the change in the USPS outflow is increasing in the
magnitude of PROD x WFHPOT.!!

Although their model focuses on intercity effects of WFH, BKL also
test for an intracity WFH effect by looking for changes in housing-
price gradients. For workers who do not relocate between cities, WFH
reduces commuting costs, making suburban locations more attractive.
The resulting incentive for intracity relocation should then push up
house prices in the suburbs (on a per square foot basis) while reducing
them near the city center, thus flattening the urban price gradient,
as explained in the introduction. BKL estimate monthly zip-code-level
price gradients for a large number of metro areas. The estimated gradi-
ents, which are negative, are then used as the dependent variable in a
second-stage regression that relates the gradient’s monthly magnitude
to the work-from-home potential of jobs in the metro area’s central
county as well as controls, with the WFHPOT coefficient allowed to
vary by month. The monthly coefficients are insignificant during 2019,
but they turn positive in 2020, showing the predicted flattening of
the price gradients under WFH (the positive coefficient means that the
gradients become less negative).

BKL do not test one implication of their model, intercity wage
equalization for remote workers, leaving that test for future work.
Interestingly, the current model’s implication that wages are equalized
across cities for both remote and non-remote workers under WFH suggests
a broadening of that empirical test to include all types of workers.

11 BKL present additional regressions relating the monthly level of house
prices (or rents) to the interaction variable, with its coefficient allowed to
vary by month. The monthly coefficients are insignificant during 2019 but turn
significantly negative in 2020, providing additional evidence for the predicted
price and rent effects.
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The paper by Gupta et al. (2020) presents results similar to BKL’s
evidence on changes in urban price gradients, making it the empirical
paper most closely related to BKL. Also using Zillow data, the paper
shows a flattening of both price and rent gradients between December
2019 and December 2020. As in BKL, the paper shows that the extent
of flattening is positively related to the work-from-home potential of a
metro area’s jobs.

Bloom and Ramani (2020) also present related intracity results.
They do not estimate price gradients but instead regress the February
2021-February 2020 change in zip-code populations, house prices and
rents on distance to the CBD, metro-level WFH potential, and other
controls. The distance effect is positive in each case (consistent with
a flattening of price gradients), while WFH potential has a positive
house-price effect and negative population and rent effects.'?

Althoff et al. (2022) explore the effect of zip-code-level employment
in industries with high WFH potential on monthly zip-code changes in
population, rents, and foot traffic over the period from February 2020
to September 2021, showing negative effects in each case. This paper
differs from those discussed previously by measuring WFH potential at
a very disaggregated spatial level (zip codes as opposed to counties or
metro areas).

Brynjolfsson et al. (2020) and Stanton and Tiwari (2021) explore
issues farther afield from those studied in the previous papers. Bryn-
jolfsson et al. (2020) present the results from individual-level surveys
on the employment effects of the pandemic, distinguishing between a
switch to remote work and layoffs or furloughs. They show that workers
in states with high-WFH-potential jobs were more likely to switch to
remote work than to lose employment. Bartik et al. (2020) present
complementary findings from a firm-level survey showing the patterns
of remote work early in the pandemic. Stanton and Tiwari (2021),
recognizing the need for a home office under WFH, use American
Consumer Survey data to explore the effect of remote work on the
prices and sizes of the houses consumers choose, using the results to
infer the extra income required to cover higher housing costs from
switching to WFH.

In more recent papers, Mondragon and Wieland (2022) and Gamber
et al. (2022) argue that a need for home office space raises the demand
for housing, leading to higher prices. These papers show that a greater
share of households working remotely in a metro area leads to higher
county-level house prices after 2019. These findings may seem at odds
with those of BKL, but the papers measure actual remote work rather
than WFH potential, and they do not focus on high-productivity metro
areas, as do BKL. In the first study of WFH and the office-space market,
Gupta et al. (2022) predict that a lower demand for space due to WFH
will depress the long-run value of New York buildings by 28%.

6. Conclusion

This paper has summarized the results from generalizing the simple
two-city WFH model of Brueckner et al. (2022) through the addition
of a group of non-remote workers, who must live in the city where
they work. The new results show that the main qualitative conclusions
of BKL regarding the intercity effects of WFH are unaffected by this
modification, with WFH yielding the same aggregate population and
employment changes in the two cities and the same house-price and
wage effects as in the simpler model. This conclusion is useful because
it establishes the robustness of BKL’s highly parsimonious model.

The paper has also discussed in detail the features of several other
theoretical WFH home models as well as the findings of empirical
papers focusing on WFH, including those of BKL. As a result, it is hoped

12 The absence of a uniform effect of WFH potential on rents and house
prices is puzzling. Perhaps a regression specification that better captures
gradient changes (where WFH potential is interacted with distance) would
have led to different results.
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that the paper will give the reader a good sense of the contributions of
current theoretical and empirical research on WFH.
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