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Abstract
How does telecommuting affect urban structure? This paper presents a new economic geography (NEG) model
with inter-regional commuting. In a two-region model, workers choose their regions of residence and workplaces.
Residing outside of the working region increases commuting costs, but reduces housing costs. The widespread
use of telework reduces inter-regional commuting costs, which disperses the distribution of residents and
promotes the concentration of employment. Such a change in labor distribution can improve social welfare.
Applying the model to the Urban Employment Areas in Japan, the following simulation analysis is conducted.
First, the values of commuting and transportation costs are calibrated to explain the actual distribution of workers
and employment between core and suburban regions. Then, the impact on urban structure of lower commuting
costs due to the widespread use of telework is simulated. In addition, the impact of changes in productivity due

to the introduction of telework is also examined.
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1 Introduction

During the COVID-19 pandemic, new workstyles such as telework and telecommuting have
rapidly penetrated economic activities in urban areas. With fewer opportunities to commute to
work, more workers are leaving office towns and working from home. While there is a concern
about the removal of office space, some IT companies are expanding their workplaces in urban
centers. In New York City, for example, Amazon has purchased the Lord & Taylor building
on Fifth Avenue building, and Apple, Google, and Facebook have also expanded their office
space'. Such trends can indicate that the competitiveness of large cities has not been lost but
strengthened by teleworking and telecommuting.

The spread of teleworking has also been observed in the COVID-19 pandemic in Japan. As
reported precisely in the Population Survey of telework in Japan (2022), the share of employees
who introduce telework and telecommuting has increased to 27.3% in 2021 from 14.8% in
2019, and 94.4% of them work in their home office.

This change in working style affects their choice of residence. The percentage of people
who have changed or plan to change their place of residence is 16.0% for teleworkers, while
only 4. 3% for nonteleworkers. Regarding the place of residence, more than 80% of them
seek the same metropolitan area where they are employed, but half of them permit to reside in
suburbs with a longer commute.

During this period, Tokyo’s population concentration has been slowing down. Figure 1
shows the transition of net migration to Tokyo prefecture and the Kanto area. The increase in
population growth in Tokyo prefecture remained high through 2019, but slowed dramatically
after 2020, especially in 2021. In contrast, the number of residents in Kanto area’s suburbs
continues to increase’. People may be avoiding COVID-19 infection as one of the reasons
for the sharp decrease in Tokyo, but the change in working styles described above has also
contributed to the dispersion of residents.

Figure 1: Transition of net migration
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There have been media reports of IT companies, known as GAFA, taking advantage of the trend toward vacant
buildings in urban centers. See Haag (2020), for example
2Kanto area consists of Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, and Kanagawa.



Source: Annual report on internal migration in Japan

Such a residential change of workers could affect housing prices. According to the Ministry
of Land, Infrastructure, Transport and Tourism of Japan, the average land prices in Tokyo had
continued to increase since 2014, except for 2021, as shown in Figure 2.

Figure 2: Percentage change in housing prices in Tokyo
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Source: Ministry of Land, Infrastructure, Transport, and Tourism of Japan

The location of companies can be changed during this period. According to the Trend
survey on head office relocation in the Tokyo metropolitan area (2021) conducted by Teikoku
Databank, the number of companies increasing the Tokyo metropolitan area will increase in
2021. The number of firms relocating from a metropolitan area to a local area increased the
most, and for the first time in the past 11 years, the net change in the number of firms began to
decline.

In considering whether or not these trends will continue, this paper focuses on a positive
aspect of telework. The relationship between agglomeration economies and the dispersion force
of a rise in housing rent determines urban structure. Due to the fact that teleworking encour-
ages suburban residence, a small increase in housing rents in the core area can strengthen the
employment concentration.

As one of the most important topics in urban economics, urban land use patterns resulting
from workers’ commuting behavior in city centers have been analyzed by many studies led by
Alonso (1964), Fujita (1989) and others.

In the new economic geography (NEG) focusing on the formation of cities, the cost of com-
muting is considered a dispersion force of economic activities. Tabuchi (1998) and Murata and
Thisse (2005) present two-region models with intraregional commuting structure and explore
the connection between commuting costs and worker concentration. Monte et al. (2018) de-
veloped a large model of an urban system in the United States that incorporated interregional
commuting behavior and analyzed the effect of regional productivity shock on employment
distribution.

Regarding studies on the spread of telework, Delventhal et al. (2022) have analyzed the
impact of telecommuting on the Los Angeles metropolitan area using a model that incorporates



externalities of agglomeration and endogenous traffic congestion. The results showed that jobs
move to the urban core, residents move to the periphery, traffic congestion is reduced, and real
estate prices increase in the periphery.

In addition, Safirova (2002) focused on the relationship between CBD workers who con-
tribute to agglomeration economies but cause congestion effect and teleworkers who do not.
Moreover, they analyzed the urban land use patterns in a general equilibrium model of a mono-
centric city. Meanwhile, Brueckner et al. (2022) and Brueckner and Sayantani (2022) con-
structed a two-region model and showed that the spread of telework and work-from-home
prompts workers to move from high-productivity city to low-productivity city. Gupta et al.
(2021) also demonstrated empirically that cities with higher (lower) productivity lead to a de-
crease (increase) in housing prices .

To examine the effect of telework on urban concentration, this paper constructs a two-region
NEG model with interregional commuting and applies it to urban areas in Japan. For instance,
the regional data is maintained in the form of the Urban Employment Areas (UEAs) presented
by Kanemoto and Tokuoka (2002) which link center and suburban regions through interregional
commuting of workers. This paper explores how the prevalence of telework affects the distri-
bution of workers in cities.

The remaining sections of this paper are as follows. Section 2 presents the model frame-
work, and Section 3 analyzes the effect of a decrease in commuting costs on the distribution of
employment and residents. Section 4 shows the effect of expanding telework and remote work
on worker distribution through the adaptation of the model for UEAs of Japan. Section 5 finally
concludes the paper.

2 An NEG model with interregional commuting

In this section, an NEG model with interregional commuting is presented. The basic structure
follows a standard type of the NEG with land consumption.

Each worker consumes differentiated consumption goods and homogeneous housing land.
The utility of each worker residing in region r is given by

U, =H'M™, (1)
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where H, is land consumption, M, denotes a composite of the differentiated goods, m, (i) rep-
resents the consumption of the variety i produced in region s, ny is the number of them, and «
denotes the ratio of housing expenditure.

Assuming that workers consume the differentiated goods and the housing land in their resi-
dential region, the budget constraint is expressed as

2 g
D fo prDms, ()di+ RY' H, = s, (3)
s=1



where p,(i) is the price of the variety i produced in region s and consumed in region r, R
denotes the housing rent, and y represents the income earned in region s.

Consumption goods are produced by firms under Dixit-Stiglitz type monopolistic competi-
tion. The production function of a firm in region r is described by

kY (U)'"F = F + ¢,q,. 4)

The left-hand side is a composite of inputs in a Cobb-Douglas form, where &, is capital, [, is
labor, and 3 is capital intensity. On the right-hand side, g, is the number of goods, and F ¢, are,
respectively, fixed and marginal requirements of inputs.

The interregional shipment of consumption goods is assumed to incur transport costs of the
following iceberg form. A unit of goods dispatched from the producing region will be reduced
to T € (0,1) in the arrival region. As T increases, transport costs decrease. Therefore, T is
interpreted as an index of the freeness of trade. The costs of iceberg transportation mean that
the price of goods delivered is 1/7 times the shipping price.

Although capital is immobile between regions, workers can choose the place of work and
commute between regions. The interregional commute reduces labor amount in an iceberg
form. When workers reside outside the region of employment, interregional commuting de-
creases their labor amount (i.e., commuting time reduces working hour). Concretely, the ratio
7 € (0,1) of the amount of labor can be used as an “effective” labor input in the workplaces.
In the same way as the transportation costs of goods, the commuting costs mean that the wage
firms pay for the workers commuting from the other region becomes 1/7 times the wage the
workers actually receive. On the contrary, the wage income of commuter workers is 7 times the
wage that firms pay.

Let L, be the number of workers employed in region r and A, be the share of workers who
reside in the same region as they work. Because the “effective” labor amount of the interregional
commuting workers is reduced by the commuting costs, the total “effective” amount of workers
in region r is given by

LE = AL, +1(1 - A,)L,. (5)

The housing land and capital are assumed to be owned by immobile landlords who are
equally dispersed among regions. Recalling that workers consumed goods and housing land in
their residential region, the market size of each region is given by

Y, = WAL, + tW,(1 — AL + RT /2, (6)

2
RT = » (R"H, + R¥K,). (7

s=1

where W, is the wage that firms pay for each worker, R denotes land revenue, RX is capital
revenue, and H, and K, are, respectively, the total amounts of housing land and capital. Noting
that capital and housing land are assumed to be immobile between regions, the factor prices are
given by R = aY,/H, and R = BLEw,/((1 - B)K,).



At a stage where the distributions of residents and jobs are taken as given, the wage equation
is given by
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Note that ¢ is an index of freeness of trade. See Fujita et al. (1999) for a basic derivation of
these equations.

The indirect utility of workers who are employed in region r and reside in region s is given
by

W, r

Vrs = G e R

(14)

Finally,let L, =1-L;, Kb =1-K|,Hy,=1-H|,F=1,ci =cy=1,andw, = 1.

3 Choosing regions of residence and employment

In this study, it is assumed that workers select their region of employment, that is, workplace,
and then their region of residence. The analysis of locational decisions is performed in reverse.
Thus, we first consider the residential choice, assuming the employment distribution, L1, is
given. Then, we investigate employment locations or workplaces.

To focus on the feature of the distribution of workers, this section omits capital input in the
production sector, i.e., 5 = 0.

3.1 Numerical examples

Before the precise analysis of the model, it is helpful to see some numerical examples. Figure
3 presents the differences in utilities V| — Vo, Voo — Vay, and V| — Vay, with three different
values of ¢.. Other parameters are givenas o =4, o = 0.2, 7 = 0.9.

The three panels on the top explain the residential choice of workers employed in each
region. When ¢ = 0.2, i.e., transport costs are high, workers choosing to reside and work in
the same region enjoy higher indirect utilities compared to workers who live in the suburb and



commute to the working region. As a result, all workers decide to reside in the region where
they work: A, = 1 for both regions. When transport costs drop, as shown in the panels of
¢ = 0.32 and ¢ = 0.4, some workers working in the core region begin to reside in the suburb
to avoid paying a high housing rent. In these cases, A, < 1 for the core region. The states of
residential choice are illustrated in the three middle panels.

The bottom panels show the interregional differences in utilities. If Vi, — Va, > 0, workers
have an incentive to work in region 1, and the employment share of region 1, L; increases. This
process will continue until there is no longer a difference in utilities or until all employment
is concentrated in one region. Note that the relative utility curves are discontinuous due to the
fact that the residential distribution varies with employment. The interregional distribution of
workplaces varies as follows in this diagram: When transportation costs are sufficiently low
(¢ = 0.2), every worker resides and works in either of the two regions. When transportation
costs are moderate (¢ = 0.32), there are three possible scenarios: either a complete concentra-
tion of employment in one region or an equal distribution among regions. Note that even when
all the employment concentrate in the core region, some workers reside in the suburb region in
this figure. When transport costs increase sufficiently (¢ = 0.4), workers are evenly distributed
among regions.

In summarizing the above discussion, Figure 4 shows the bifurcation diagram of the dis-
tribution of workers. The solid line and broken line, respectively, indicate stable and unstable
equilibrium of employment distribution.

Figure 3: Differences in Utilities
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Figure 4: Bifurcation diagram



3.2 Stability of the symmetric equilibrium

Analyzing the distribution of workers focuses on the symmetric structure and the concentration
structure in order.

Let us start with the residential choice of workers in the symmetric structure. The symmetric
structure means that the jobs are equally distributed among the two regions: L; = 1/2. In this
case, workers apparently reside in the region where they work because V,../V,.; = 1/t > 1.
This is because the land rents in the two regions are the same, while the interregional commute
declines the wage income. Thus, A7 = 1.

Second, the stability of the symmetric equilibrium is investigated by the differentiation of
indirect utilities, V;/Van.

i(@)_ (Y
dL; \Vy _1+¢ o-1
N (1-¢9)2¢ +a(l - ¢))2¢ —a(l + ¢)) —4a(]l —a)¢( - ¢)0)

2020 — 1+ ¢) + a(1l — ¢2)

15)

If the sign of equation (15) is positive (negative), the symmetric equilibrium is unstable (stable).
The sign is checked by the following method.

Focusing on the ratio of housing expenditure, we observe that the symmetric equilibrium
becomes unstable when « is sufficiently low:

d (Vii\| _ 4Qo-1)(1-¢)
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Similarly, focusing on the level of transport costs of goods, the symmetric equilibrium be-
comes unstable when ¢ is sufficiently low:

d V11 4(1—(1’0')

— = =—>0 wh 1/o, 18
dLl(V22)¢:O p— >0 when a<l1/o (18)
d Vll)

—|— = —4a(l —a) <0. 19
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As discussed by Helpman (1998), a decrease in transport costs leads the economic activities to
dispersion. Intuitively, this case suits the urbanization of a city as a result of the progress in
transportation technology?.

3.3 Sustainability of the concentration structure

Next, consider a case where all workers are employed in region 1: L; = 1. When is this
concentration structure sustainable?

3.3.1 Residential choice

Taking the residential distribution, A;, as given, the wage of workers are given by

2¢(A1 +7(1 = A1) e

Al +¢? = (1 —a)(1 =¢?) +7(1 - A1 + ¢ + (1 —a)(1 - ¢%))

Wilpi=1 = (
(20)
The residential distribution of workers is derived from the equation of indirect utilities. That
is, solving V| = Vp, for 4, yields
T ((2 — q)p~(-@fa@=1) _ aTl/a)
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Note that the numerator and the first term of the denominator are the same and positive. There-
fore A7 < 1 when the second term of the denominator is positive. Now the following proposition
is derived:

3More precisely, note that

d{d (Vi

dp \dL; \ Vx
In this case, the symmetric equilibrium may be unstable when ¢ is in the middle range. This result is explained by
combining the findings of Helpman (1998) and Fujita et al (1999). While housing consumption results in a dispersion

as transport costs decrease, a constant income of landowners residing in each region results in a concentration as
transport costs decrease.
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Proposition 1. A part of the workers working in core region reside in the suburb region when
the cost of interregional commuting is sufficiently low.

Contrarily speaking, all the workers reside in one region when the loss of commute is high
enough that 7 < 7*. In addition, Appendix 1 shows dA4}/dr < 0.

3.3.2 Choice of workplace

To see the sustainability of the concentration structure, let us compare the indirect utilities of

workers residing in core region 1 and periphery region 2 (i.e., the suburb of region 1). Note

that there are two cases about the residential choice of workers employed in core region 1:

(i) 4] < I: Part of the workers reside in the suburb, region 2, and commute to the region of

employment, region 1. (ii) 4] = 1: All workers reside in the region of employment, region 1.
The relative indirect utility in the case of A7 < 1 is obtained as

Vil (1 +¢(1—(la')/[(l(a'—l)]+l7.l/a)]/‘7
LS R

Vi o+ ¢(1—a/a')/[a/(a'—l)]7-l/a/ -
(1 _ ¢)(1 _ ¢(1—(¥(T)/[(l(0‘—1)])7_1/(l 1o ( )
= T(l + ¢ + gli-an)lae—Dlz1/a ) = Ve,
and that in the case of /l’f = 1 becomes
Vil (@ \@ 2 Ve 1 ~
Vo (2 - a) (a/ Q- Feolieen - N (23)

Taking into account the effect of the cost of commute on the sustainability of concentration,
a simple calculation yields V¢l.—9 = 0 and V¢|=1 > 1 when @ < 1/0. Thus, the following
proposition is obtained:

Proposition 2. The concentration structure with an interregional commute is sustainable when
the cost of the interregional commute and the ratio of housing expenditure are sufficiently low.

Intuitively, the outflow of residents will drive down housing rents in core areas and encour-
age firms to concentrate in core areas to the extent that the cost of interregional commuting
decreases as teleworking becomes more common®. Note that Vyy is independent of 7, because
no workers commute between regions.

In addition, focusing on the level of freeness of trade, ¢, the concentration structure is sus-
tainable when the freeness of trade is sufficiently low (i.e., when transport costs are sufficiently

4The impact of telework on centralization increases when production sector land inputs are taken into account.
Consider, for instance, a case in which g is positive and k, is reinterpreted as land for the production sector. If the
land is also suitable for housing, then the spread of telework will lower land costs for both workers and firms, thus
promoting production concentration.

10



high), since

¢li%l+ Ve =00 when a <1/o, Vclp=1 =7 <1, (24)
¢lir(r)1+ Vy =00 when a <1/o, Vylg=1 = (@/2 —a)* < 1. (25)

This feature is basically consistent with the result of Helpman (1998).

3.4 The effect of telework on social welfare

As investigated previously, the decrease in commuting costs caused by widespread telework
disperses residents and encourages workplace concentration in the core region. This section’s
final analysis examines the impact of telework on social welfare.

The social welfare function is supposed to be the sum of the indirect utilities of workers and
land owners:

SW =Li(\1Vi1 + (1 = A)Vi2) + (1 = L1)(A2 V2 + (1 = A2)Va1)

N RT/2 . RT/2 (26)
(G R (G- (R

Figure 5 shows numerical examples of the levels of social welfare as a function of L;. The
basic structure is common to Helpman (1998). That is, the efficient distribution of employment,
Ly, is 1/2 when ¢ is sufficiently large, while it is 0 or 1 when ¢ is sufficiently small. This
characteristic is basically explained by the utility of workers who change their job location. As
shown in the above analyses of the employment distribution, the utility of workers employed in
a larger region falls (raises) when transport costs are low (high), that is, ¢ is high (low).

Although the social welfare function is too complicated to be fully analyzed, we can in-
vestigate the following three cases. SWs, SW¢, and SWy are, respectively, the levels of social
welfare in the symmetric structure, in the concentration structure with interregional commuting,
and in the concentration structure without interregional commuting. The precise form of each
is shown as

o 1 (1-a)/(c-1) o—1 I-a (1 +¢)(1—a)/(0’—1) .
s = 5 oo /c=1) a,(y(l_a)l—a ’ ( )
1 [(c-ao=D)]/(c-1) (1- a,)(l—a)/(a'—I)T(l—(t)O'/(O'—l) o—1 l-a
SWe —(5) a® (0-0'/(0'—1))
(1 r-oagl-a/la@-DI) (] Tl/a¢(1—@)/[a(0—1)l)(l_a)/(o-_l) (28)
[(2 = a(1 + )tV eg-llo@-D] 4 (2 = @) — )] "0/’
o—1 l-a (2_0)1 @y ol a¢(1 )/(c-1)
SWy = (O.(r/(a—l)) 20%(1 — @)~ ’ (29)

The investigation in Appendix 2 derives the following proposition:

11



Proposition 3. Social welfare is maximized in the concentration structure when transport costs
and commute costs are sufficiently low.

Figure 6 shows the above three equations as functions of 7. Other parameters are set as
o =4,a=0.2,and ¢ = 0.5. Note that the commute’ behavior of workers changes at 7 = 7*. In
the range of T < 7%, there are no interregional commutes in the concentration structure. When
commute costs drop such that T > 7%, some workers start to live in the suburb.

Compared with the dispersion structure, in this case, the concentration structure with no
interregional commute worsens social welfare due to the increase in housing rent in the core
region. However, if interregional commuting costs are sufficiently low, a part of workers em-
ployed in the core region choose to reside in the other suburb region, which lowers housing rent
and improves welfare.

Appendix 2 also shows that the line of SWy in Figure 6 moves above that of SWg, when
¢ gets sufficiently low. This means that the benefit of agglomeration exceeds the increase in
housing cost.

Figure 5: Social welfare
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4 Applying the model to the UEAs

The results obtained in the above section are summarized as follows. The spread of teleworking
causes a concentration of employment in urban centers and decentralization of residential areas
to the suburbs. These results are consistent with those of Delventhal et al. (2022) studying the
change in urban structure of the Los Angeles metropolitan area.

This section applies the NEG-based model to UEAs in Japan. Classifying each UEA into
the core and suburb regions, this study performs the simulation analysis in the following two
steps. (i) Calculate T and ¢, which explain the real distributions of population and workplaces
in each urban employment area. (ii) Analyze the effect of telework which decreases workers’
commuting costs.

4.1 Modification of the model

Prior to initiating simulation analyses, certain model assumptions are modified to reflect the
actual situation. First, this section considers capital input: 8 > 0. Second, both housing land
and capital are owned equally by workers °.

Let us refer to the model analyzed in Section 3 as Model A and the model modified for sim-
ulation as Model B. Figure 7 demonstrates the bifurcation diagram for Model B. The parameters
aresetaso =3, =0.2,6=0.1and 7 = 0.95.

Figure 7: Bifurcation diagram of the modified model
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The difference between Models A and B is explained as follows. First, the introduction of
immobile capital leads to a more dispersed employment among regions. Second, the effect of

5Tn Section 3, housing land and capital are owned by landlords who are immobile and evenly distributed across
regions. This assumption is necessary for the derivation of Propositions, but it is inappropriate for this section.
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changing the ownership of housing land and capital is as follows. The difference in the size
of the regional market in Model B (equal ownership by workers) is greater than in Model A
(ownership by immobile landlords), in an asymmetric distribution of L;. Since the residential
choice is affected by the size of the regional market, Y,, Model B provides a greater incentive
to reside in the suburb, which expands the areas of L, < 1. ©

The social welfare characteristics of Model B can basically apply the discussion of Helpman
(1998). If transportation costs are sufficiently low and symmetric equilibrium is stable, any
concentration will reduce their utility. In other words, symmetric distribution of employment is
efficient. However, when transport costs are sufficiently high, the asymmetric equilibria become
stable. In this case, social welfare improves when employment is concentrated in a core region.
Recalling the effect of interregional commuting, the dispersion of residents lowers housing land
rent in the core region, thus promoting the concentration of employment and improving the
social welfare.

4.2 Regional data

The UEAs with a population over 1 million are analyzed in the simulation. The regional data
are obtained as follows.

From the input—output table of Japan 2015, the housing expenditure ratio, @ = 0.219, is
given by the ratio of the house rent and the imputed house rent in the household consumption
expenditure; the capital intensity, 8 = 0.456, is given by the ratio of the operating surplus and
the consumption of fixed capital to the total of gross value added sectors minus indirect taxes
and current subsidies.

The fundamental data of the UEAs of Japan are maintained by the Center for Spatial In-
formation Science at the University of Tokyo. Using the 2015 population census and the 2014
economic census of Japan, the distribution of employment, L, is given by the ratio of the day-
time population in the center region to the total population of the UEA. The share of workers
who are employed and reside in the center region, A, is given by the ratio of the nighttime
population to the daytime population of the EMA.

The capital distribution, Kj, is given by the ratio of the number of offices located in the
center region(s) to the total number of offices in the UEA. The distribution of housing land, H,
is given by the ratio of the land use zone of the center region to that of the UEA.

The elasticity of substitution between varieties, o = 4, is from the existing empirical lit-
erature: e.g., Monte et al. (2018). The regional data of each UEA needed for the simulation
analysis are shown in Table 1.

6Compared with Models A, the stability of the symmetric equilibrium of Model B with 8 = 0 is confirmed by

the following equations.
d V“ 4(1—(1'0') d V“ d d V11
— | = = — | —4a, and —|—|—
dL] V22 o-1 dL] V22 d¢ dL] V22
Therefore, the symmetric equilibrium is unstable when @ < 1/0 and ¢ are sufficiently small.
"The UEAs of Utsunomiya, Nagoya, Osaka, Okayama, and Toyama are omitted from the list since the employ-

ment share of core cities, L, is less than 0.5. Hamamatsu UEA is also excluded since the share of residents in the
core city, 4, is greater than 1.

8 —
:_M <0'
4=l o-1

¢=0 g=1
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Table 1: Regional data of the UEAs

K1 H1 lambdal L1 (Population)
Sapporo-Otaru 0.890 0.392 0.995 0.882 2,362,914
Sendai 0.716 0.351 0.942 0.712 1,612,499
Maebashi-Takasaki 0.575 0.426 0.970 0.577 1,263,034
Tokyo 0.575 0.250 0.885 0.552 35,303,778
Niigata 0.763 0.495 0.985 0.776 1,060,013
Kyoto-Kusatsu 0.650 0.309 0.919 0.627 2,801,044
Kobe 0.695 0.418 0.978 0.649 2,419,973
Hiroshima 0.858 0.672 0.986 0.846 1,431,634
Kitakyushu 0.758 0.477 0.977 0.748 1,314,276
Fukuoka 0.687 0.320 0.903 0.664 2,565,601
Kumamoto 0.695 0.338 0.979 0.681 1,111,596

4.3 Calibration

The parameters on commute costs and transport costs, 7 and 7, are calculated to explain the
real distributions of workers in each UEA, L; and A;. The calibration result is shown in Table
2.

Table 2: Calibrated values of T and T

tau T
Sapporo-Otaru 0.856 0.776
Sendai 0.968 0.896
Maebashi-Takasaki 1.010 1.051
Tokyo 1.067 0.480
Niigata 0.990 0.882
Kyoto-Kusatsu 0.942 0.725
Kobe 0.910 0.999
Hiroshima 0.922 0.921
Kitakyushu 0.972 0.989
Fukuoka 0.936 0.864
Kumamoto 0.995 1.088

Before evaluating the results, it is helpful to see the state of working hours and commute
time in Japan. Monthly Labor Survey of Japan reports that the weekly average number of days
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worked in offices is 4.26 in 2018 and 4.07 in 2020®. The average commute time is around 1.19
hours a day, as reported in the 2017 survey on time use and leisure activities . Suppose that the
statutory working hour in a week is 40 hours in Japan, the actual efficiency of commuting labor,
7, calculated as the ratio of working hours to the sum of working hours and commuting time, is
0.888 in 2018 and 0.892 in 2020°.

The calibrated values of 7 in Table 2 are higher than the actual work styles, and some UEAs
have unsuitable values of 7 and 7. One of the reasons is that the scale of the center region of
the UEAs is too small compared to the suburb regions. The share of housing land of the central
regions, Hj, is below 0.5 in most UEAs, and the share of capital, K1, is also not large enough.
These characteristics of UEAs result in a low degree of agglomeration in the core region'”.

In addition, note that 7 and 7 in some UEAs are larger than the definition range. This may
be because the this paper’s model does not consider any urban problems such as congestion,
urban pollution, deterioration of public safety, etc. For example, the increase in effective labor
through interregional commute is interpreted to make the suburb region attractive relative to the
center region.

4.4 The effect of introducing telework on urban structure

Finally, the effect of the spread of telework on the equilibrium is analyzed. The introduction of
telework is supposed to have the following three effects.

The first effect is the reduction of commute costs. Recalling the change in the actual value
of T from 2018 to 2020, in Case 1 we examine the effect of a 0.004 increase in 7 on 4, L;, and
SW.

The second effect is negative. Introducing telework could worsen the productivity of firms
because, for example, a decrease in face-to-face communication can harm the operation of
firms!!. Therefore, Case 2 considers the impact of an increase in 1% in the marginal require-

8There are several reasons for the decrease in office work hours. For example, the diversification of work styles
and employment contracts has increased the proportion of part-time workers and liberated workers from offices.
During the COVID-19 pandemic, the widespread use of telecommuting was especially indicative of this trend.. In
addition, the vital statistics of telework in Japan reports that the share of employed workers who have introduced
telework has increased from 14. 8% before 2019 to 23.0% in 2020. The average number of days of telework in a
week has increased from 1.9 days before 2019 to 2.4 days in 2020.

9The weekly working hours are supposed to be constant because the impact of teleworking on total working
hours is negligible. According to the Japan Telework Population Survey (2022), 30% of Teleworkers report that
their working hours have decreased by 79 minutes on average, while 26% report that their working hours have
increased by 63 minutes on average. Considering that the increase in the number of telework days per week is only
0.5 days, the decrease in weekly working hours is considered small compared to the total weekly working hours.

10The structure of an urban area depends on how central and suburb areas are defined. For example, the suburbs
and the city centers are linked by a commuting rate above 10% in Kanemoto and Tokuoka (2002) who developed
the UEA of Japan. Meanwhile, the Functional Urban Areas (FUA) of the OECD presented by Dijkstra et al. (2019)
sets the commuting criterion at 15%. Additionally, due to the different criteria for core regions, the share of core
regions in FUA is basically greater than that of UEAs

"Regarding the impact of telework on productivity, both the positive and negative effects are observed. For
example, Bloom et al. (2015) showed that working from home increases the performance of call center employees
by 13%. Meanwhile, Morikawa (2022) surveyed the working environment and the effect of introducing work-from-
home in Japan, and showed that the share of workers who have introduced work-from-home is 35. 9% and their
subjective productivity decreases by 30%—40% compared to work in an office.
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ment of factors in region 1, ¢y, in addition to the increase in 7 examined in Case 1.

The third effect is a positive effect on the suburbs. Workers flow out of the city centers can
raise the productivity of the suburban areas, through the spread of knowledge, customs, and
cultures accumulated in CBDs. This effect of teleworking is examined in Case 3, which is a
counter-example to Case 2, with a 1% decrease in the marginal requirement of factors of region
2, ).

Table 3 summarizes the percentage changes in the equilibrium values. In Case 1, the value
of A; falls, and that of L; increases in many UEAs. For example, in Sapporo-Otaru UEA, the
improvement in the efficiency of commute efficiency (the decrease in commute costs) decreases
A1 by 0.172% while it increases L; by 0.111%. This means that, since interregional commuting
becomes easy, more workers working in the center region start to reside in the suburb region.
In contrast, the working place concentrates in the center region because a part of the negative
effect of concentration, i.e., the increase in land rent, is reduced by the outflow of the residents.
Social welfare of each UEA is rising, albeit on a small scale.

In Case 2, the above effect is suppressed by the decline of productivity due to the telework
and remote work. The signs of change in most variables are reversed. Social welfare shows
a significant decrease in all UEAs, which unfortunately suggests that the negative effect of
telework may be much larger than the positive one.

Case 3 shows that spreading knowledge from the center region makes the suburb region
attractive. As a result, the tendency for workers to concentrate in the center region is reduced,
and the social welfare is improved.

Table 3: Percentage changes in labor distributions and social welfare

Case 1 Case 2 Case 3

lambdal L1 SwW lambdal L1 SW lambdal L1 SW
Sapporo-Otaru -0.172 0.111 0.000 -0.024 -0.086 -0.695 -0.023  -0.088 0.080
Sendai -0.412 0.238 0.009 -0.026  -0.237 -0.547 -0.405 0.234 0.009
Maebashi-Takasaki -0.649 0.371 0.005 0.099 -0.317 -0.440 -0.635 0.364 0.005
Tokyo -0.195 0.221 0.014 -0.155  -0.554  -0.398 -0.182 0.215 0.014
Niigata -0.305 0.183 0.003 -0.002 -0.185 -0.599 -0.301 0.181 0.003
Kyoto-Kusatsu -0.400 0.272 0.012 -0.118 -0.357 -0.484 -0.382 0.264 0.012
Kobe -0.587 0.351 0.002 0.002 -0.240 -0.517 -0.578 0.346 0.002
Hiroshima -0.240 0.143 0.002 -0.008 -0.112 -0.661 -0.238 0.141 0.002
Kitakyushu -0.388 0.225 0.004 0.019 -0.190 -0.579 -0.384 0.222 0.004
Fukuoka -0.480 0.279 0.014 -0.071  -0.281 -0.511 -0.468 0.273 0.014
Kumamoto -0.512 0.293 0.004 0.078 -0.230 -0.524 -0.507 0.290 0.004

S5 Conclusion
The COVID-19 pandemic has greatly changed work styles in Japan. In particular, the spread of

telework and remote work has allowed workers to live in suburb areas. This paper demonstrated
in the NEG model that a decrease in commuting costs encourages the suburbanization of cities,
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whereas a decrease in land rent will attract businesses to city centers. As a result, the prolif-
eration of telework and remote work improves to the concentration of firms and the dispersion
of workers, while enhancing social welfare. Applying the model to the UEAs in Japan, the
effect of telework on urban structure is examined. The results show that the change in worker
distribution improves social welfare, although the effect is not large compared to the negative
effect of telework on firms’ productivity.
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Appendix 1

This appendix shows that A} is decreasing in 7 in the concentration structure, Ly = 1.

iy d(A)

1 _ , 30
dr ~ afa(l +7)(1+A) - 27A - 2] (30)
O(A) = —*(2 — a)(1 + A)? — 4A(1 - 2a), (31)
A= ¢—(1—(1)/(1(0’—1)/T1/a. (32)
Since the denominator of equation (30) is positive, we focus on the sign of ®(A).
First, we can confirm that ®(A) is negative when A = 0:
D) = —a’2-a) <0 (33)
Then, by solving d®/dA = 0 for A, we find that @ is maximized at
b d
o W=0a-2d"+4a-2. (34)
22 - a)

Noting that @ € [0, 1], the maximum of @ is negative at A = 0 if A* < 0. The denominator of
A* is positive, and the numerator ¥ is increasing in a:

d¥/da = 3a® +4(1 — ) > 0. (35)
In addition, we can see
Wlo=12 = -3/8. (36)

Therefore, when @ < 1/2, the sign of W0 (and A*) is negative, indicating that ®(A) is maximized
atA =0.
When a > 1/2, substituting equation (34) into ®(A) yields
41 - a)(1 —a + a®)(1 - 2a)
22 - a)

Consequently, we can confirm the negative sign of dA;/dr.

DA*) =

<0 when a>1/2. 37

19



Appendix 2

The social welfare functions in the three cases described in equations (27)—(29) are examined
in the following four stages.

First, let us start by identifying the form of SW¢ as a function of 7. Differentiating equation
(28) with respect to 7 and substituting 7 = 1 yields

dSWe
dr

¢(l—d)/[a(0'—l)]

=1 _21—<la(z(] _ a,)l—wo-(l—my)/(a'—l)(o- _ 1)(1 (1 + ¢(1—(z)/[w(0'—1)])1_“

1
X (2 - “(1 T g et ))

which is positive when ¢ > ¢* = (a/(2 — @))le@-Dl/(-0) Meanwhile, the denominator of the
second line of equation (28) increases to infinity in the range of 7 € (0, 1), because the first term
is positive and the second term can be negative as 7 increases. Thus SW¢ has a U-shaped curve
as a function of 7.

Second, the slope of SW¢ at the intersection with SWy is confirmed in the following way.
Substituting 7 = 7* into the derivative of equation (28) with respect to 7 yields

(38)

dSWe
dr

Q2= )= (2(1 - @) + o (@ + 2722 - @)~V D))
S 8a2(1 — a)l-(o — 1)2g(1-@)o/(e-1) (39)

N T e a(l,(l—a)/(a—l)
a b

which is negative as long as ¢ > ¢*. Note that, when ¢ < ¢*, 7 > 1 thus SW¢ does not intersect
with SWy.

Third, we compare the values of SW¢ with SWs and SWy. Although the equations are
complicated, the relation at 7 = 1 can be grasped by the following equations:

(1-a)/la(-D1)*
SWel  _ 2(1—&0’)/(0—1)(1 +9 )
SWs |1 (1 + ¢)(1-@)/(@=D

= Bl. (40)

We can see that SWe > SWy at T = 1 because Bjlg-o = 2U-an)/(e=1) Bilg=1 =1, and

2(1-a0)/(@=D (] _ q) (1 — ¢(1—arf)/[a(rr—1)])

dBy/dg = - 1 (1)
(O’ _ 1) (1 + ¢(l—(w')/[a/(a'—l)]) —a (l + ¢)(0'—a/)/(0'—1)
Thus SW¢ > SWy at T = 1. Similarly, we have
l-a (1 + p(1-®)/lac-D)*
SW, 2 ¢
A0 [ ( ) ( - ) = B,. (42)
SWile=t \2-a) |, (2%1) g1
Substituting ¢ = 0 or ¢ = 1, this equation becomes
o) 1-a
Baly—o = (m) > 1, (43)
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2
Byt = Gy 7 1 (44)

In addition, dB;/d¢ = 0 yields ¢ = ¢* and Bs|s=¢. = 1. This means SW¢ > SWy at 7 = 1.
Finally, we compare SWy with SWs. In the same way as above, we have

SWy (Z—Q)l_“ +a]_a¢(1—0[)/(0—1)
SWs |2 - 21—(1—01)/(0'—1)(] + ¢)(1—(1)/(0'—1) = Bs, (45)
_ Q- 2-a)In@) - (1 - ) In@2 - @)
B3|¢:O - 21—(1—0)/(0'—]) > 1 when o < 1[1(2) _ (1 _ (Z) 1H(2 _ (Z) ’ (46)
(2 _ a)l—a + al—a
B3|¢:] = 3 < 1. 47)

Therefore, SWy < SWs when ¢ is sufficiently large.
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