-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Academic Research Repository at the Institute of Developing Economies

On the sustainability of a monocentric city :
lower transport costs from new transport
facilities

00O Gokan Toshitaka

00O Copyrights 000D 0O00O0O0OOOOOOODOO
OoOood / Institute of Developing
Economies, Japan External Trade Organization
(IDE-JETRO) http://www.ide.go.jp

journal or IDE Discussion Paper
publication title

volume 548

year 2016-01-01

URL http://hdl._handle.net/2344/1493



https://core.ac.uk/display/288456453?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

INSTITUTE OF DEVELOPING ECONOMIES

. IDE Discussion Papers are preliminary materials circulated
to stimulate discussions and critical comments

IDE DISCUSSION PAPER No. 548

On the sustainability of a
monocentric city: Lower transport
costs from new transport facilities

Toshitaka Gokan*

January 2016
Abstract
This paper proposes a general equilibrium model of a monocentric city based on
Fujita and Krugman (1995). Two rates of transport costs per distance and for the
same good are introduced. The model assumes that lower transport costs are
available at a few points on a line. These lower costs represent new transport
facilities, such as high—speed motorways and railways. Findings is that new
transport facilities connecting the city and hinterlands strengthen the lock—in
effects, which describes whether a city remains where it is forever after being
created. Furthermore, the effect intensifies with better agricultural technologies
and a larger population in the economy. The relationship between indirect utility
and population size has an inverted U-shape, even if new transport facilities are
used. However, the population size that maximizes indirect utility is smaller than
that found in Fujita and Krugman (1995).

Keywords: Urban system, Monopolistic competition, Transport facilities
JEL classification: R12, F12, 014

* Research Fellow, Economic Geography Study Group, Inter-Disciplinary Studies
Center, IDE (Toshitaka_Gokan@ide.go.jp)



The Institute of Developing Economies (IDE) is a semigovernmental,
nonpartisan, nonprofit research institute, founded in 1958. The Institute
merged with the Japan External Trade Organization (JETRO) on July 1, 1998.
The Institute conducts basic and comprehensive studies on economic and
related affairs in all developing countries and regions, including Asia, the
Middle East, Africa, Latin America, Oceania, and Eastern Europe.

The views expressed in this publication are those of the author(s). Publication does
not imply endorsement by the Institute of Developing Economies of any of the views
expressed within.

INSTITUTE OF DEVELOPING ECONOMIES (IDE), JETRO
3-2-2, WAKABA, MIHAMA-KU, CHIBA-SHI
CHIBA 261-8545, JAPAN

©2016 by Institute of Developing Economies, JETRO
No part of this publication may be reproduced without the prior permission of the
IDE-JETRO.



1 Introduction

New transport facilities such as high-speed motorway and railways connect points on a
continuous space, providing a better transport service than in the case of ordinary trans-
portation. Users decide whether to use a new transport facility based on its quality and
location, including the entry and exist points of the high-speed motorways and stations.
As the result, there are multiple transportation routes. For example, users’ goods may
pass their final destination on trains or high-spead motorways, but then return to the same
route to reach their destination using local streets after exiting the high-speed motorway
or train station. Thus, by introducing new transport facilities, geographic distances can
differ from route distances, based on the lowest transport costs.

Building railroads or highways is regarded as a policy measure to change the spread of
economic activity. The location of new transport facilities changes location advantages.
Routes that do not run directly between an origin and destination may be chosen because
they provide a better (e.g., quicker and/or cheaper) transport service. Thus, an area
around a new transport facility may enjoy lower transport costs than those areas between
two points of new transport facilities do.

After industrial agglomeration occurs, policymakers may choose to support rural areas
or to narrow the gap between the core region and the periphery. This paper examines
such cases. We clarify the impact of new transport facilities that connect two points of
hinterlands or connect the city and its hinterland, as well as the impact of these facilities
on the relocation of industries. As a result, we determine which options work best in
certain situations.

New transport facilities mean cheaper transport routes are chosen. Fujita and Mori
(1996) introduced two port cities in an urban model of new economic geography. This
paper is similar to that of Fujita and Mori (1996). In Fujita and Mori (1996), port cities
connect a point on a river bank with the opposite side of the river bank. However, Fujita
and Mori (1996) uses only one transport cost per distance for a product, which makes
clear the impact of hub effect. In this paper, two rates of transport costs per distance for
the same good are introduced. Thus, Fujita and Mori (1996) consider that a hub, such as
a port city, provides a gateway to additional demand. Here, the proposed model considers
new transport facilities with lower transport costs that provide better access to the city
or to its hinterland.

Our purpose is to clarify how new transport facilities that connect points on a line,

offering lower transport costs, affect sustainability of a monocentric city. Under a mono-



centric equilibrium, new transport facilities make a qualitative difference to the city. Thus,
we examine two cases: (1) two points with new transport facilities in the hinterland are
not connected to the city by new transport facilities; and (2) two points with new trans-
port facilities in the hinterland are connected to the city by new transport facilities. For
our purpose, we simply add lower transport costs between the points on a line to Fujita
and Krugman (1995) and Fujita, Krugman and Venables (1999; Chapter 9). Because we
focus on the relative location of the city, as in Fujita and Krugman (1995), rather than
the absolute location, as in Behrens (2007), we also examine the size and the shape of
a hinterland. With regard to the emergence of new city, we use a numerical analysis to
examine whether it is profitable for a manufacturing firm to deviate from the monocentric
city.

The remainder of this paper is organized as follows. Section 2 introduces the proposed
model. Then, the case where new transport facilities connect two points in the hinterland
is analyzed in Section 3. The case where new transport facilities connect the city and two

points the hinterland is analyzed in Section 4. Lastly, Section 5 concludes the paper.

2 The model

The underlying structure of this paper’s model is closely related to that of the models in
Fujita and Krugman (1995), Fujita and Mori (1996), Fujita and Mori (1997), Mori (1997)
and Fujita, Krugman and Venables (1999). Hence, we only briefly describe its formal

structure.
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Figure 1: Monocentric spatial structure

Imagine a long, narrow economy, in which the domain is represented by a bound-
less, one dimensional location space, X, along which lies land of homogeneous quality,
with one unit of land per unit distance. The economy has an agricultural sector and a
manufacturing sector, which supply an agricultural good and a continuum of differen-
tiated manufactured goods, respectively, to consumers (see Figure 1). The agricultural
good production is subject to Leontief technology, using labor and land in a fixed pro-
portion. Land use in the agricultural sector implies that it is necessarily dispersed in

space, [—f,0) U (0, f] € X. The production activity of the manufacturing industry ex-
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hibits scale economies, using labor only. We assume that the manufacturing industries
are concentrated at a point (a city), 0 € X.

The economy has a continuum of homogeneous workers with a given size, N. Each
worker is endowed with a unit of labor, and is free to choose both the location and the
sector. Consumers consist of workers and landlords. All landlords are attached to their
land, and consume the entire revenue generated from their land.

There are two types of transport systems: (1) traditional transport systems can ship
an agricultural good or manufactured goods between any locations; (2) new transport
facilities can ship an agricultural good or manufactured goods between given fixed intervals
only such as high-speed motorways or railways. As in Fujita and Krugman (1995), goods
melt away at a constant proportional rate per unit distance in any transport system.
If one unit of an agricultural good or manufactured goods is shipped a distance d by
traditional transportation, exp(—74d) or exp(—7d) units arrive. However, if one unit
of an agricultural good or manufactured goods is shipped a distance d only via the new
transport facilities, exp(—774d) or exp(—7T*d) units arrive. We assume that the rate of
melting away is smaller when using the new system: 74 > 774 and ™ > 77M,

Every consumer shares the same Cobb-Douglas utility tastes:
n 1/p
U=A"FM" M= l/ m(z')ﬂd@']
0

where 0 < p < 1. The intensity of the preference for varieties in manufactured goods is

expressed as p and the elasticity of substitution between any two varieties is expressed as
oc=1/(1-p).

Given nominal wage rates w, and a set of prices, p4 and p™ for each variety i of
manufactured goods, the budget constraint of a consumer is p*A + ["p™ (i)m(i)di =
w. Utility maximization subject to this budget constraint yields the following demand

functions:
A= (1—puw/pt
m(i) = pw™pM (@) °G7t for i€ [0,n]

where G is the price index for manufactured goods given by

n —1/(c—1)
G = [ / pM<z'>—<"—1>dz‘] ,
0

where w? is the nominal wage rate of the agricultural sector and w™ is the nominal wage

rate of the manufacturing sector. Hence, the indirect utility function is as follows:
U= (1= p) ey Gt
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One unit of an agricultural good is produced using ¢ units of labor and one unit of
land. The production technology used by manufacturers is the same as in typical NEG
models (Fujita, Krugman and Venables, 1999), such that producing quantity ¢(i) of any
variety requires labor input [, given by | = F + ¢M¢(i) where F and c are the fixed and
marginal labor requirements, respectively.

We assume that all manufacturing firms are in a single city, located at site r = 0.
Agricultural production extends around the city. We express the f.o.b. price of an agri-
cultural good at each r € X as pA(r), the f.o.b. price of a variety of manufactured goods
at 7 as pM(r), the nominal wage rate of the agricultural sector at each 7 as w”(r) and the
nominal wage rate of the manufacturing sector at each r as w(r).

We assume that ¢ = p and F = /o to normalize the units of output ¢(i) and the
size n. Thus, expressing the number of manufacturing workers as L™, the number of
firms and the number of varieties become n = L™ /u as Fujita, Krugman and Venables
(1999). Furthermore, the optimal f.o.b. price is obtained as p*(r) = w™(r). We choose
manufactured goods in the city as the numéraire. Thus, we set p™ (0) = w*(0) = 1.

In what follows, we first assume that all manufacturing firms are located within the
city. Then, we derive the condition in which no manufacturing firms deviate from the

city.

3 New transport facilities connecting two points of

hinterlands

In this section, we focus on the case where new transport facilities connect two points
within the hinterland or outside the hinterland, but the facilities are not connected to the
city. We suppose that the points are located at 7 € X and —r € X. An agricultural good
is produced and exported to the city using only traditional transportation outside the city.
Thus, expressing the delivered price of an agricultural good at the city as p* = p(0), we
obtain the f.o.b. price of an agricultural good at location r € X: p?(r) = pAe_TAM, as in
Fujita and Kruguman (1995).

S

=it

I
=3
|
~
e

Figure 2: Monocentric spatial structure and the point of new transport facilities outside
the hinterland
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Figure 3: Monocentric spatial structure and the point of new transport facilities within
the hinterland

Then, setting the land rents to 0 at the frontier f € X yields the nominal wage
rate of agricultural workers at the frontier: w?(f) = pAe~™"/ /¢, Because manufactured
goods are produced in the city and exported to the hinterland using only traditional
transportation, we have the price index G(r) = (L™ /)~ De™ " as in Fujita and
Krugman (1995). Because an agricultural good is supplied from the hinterland to the city
by traditional transportation, the supply of food to the city is S4 = 24 fof e~ Islds. Thus,
using the full employment condition, which yields the city population LM = N — 2¢f,
the same market clearing condition of an agricultural good in the city is obtained as
Fujita and Krugman (1995). The equality between the real wage rates of an agricultural
worker at the frontier and the real wage rates of a manufacturing worker in the city yields
pd = cAent+m0f . which enables us to determine the equilibrium p# and f with the
market clearing condition of an agricultural good in the city.

We use the market potential function of Fujita, Krugman and Venables (1999): Q(r) =
wM (r)° JwA(r)” where wM (1) and w?(r) express the real wage rate of manufacturing work-
ers and that of agricultural workers, respectively, at location r. Since the equality between
the real wage rate of agricultural workers at location r and the real wage rate of manu-

facturing workers in the city yields w?(r) = G(r)*pA(r)}=#, we obtain:

Q(T‘) = wM<7a)O'€O'[(17u)TA7’uT]\/I”

" (1)

By introducing new transport facilities, the difference between Fujita and Krugman (1995)
and the model in this subsection is only in the nominal wage rate of manufacturing workers
w(r) at large 7, as shown in Appendix A. That is, there is no difference between Fujita
and Krugman (1995) and this model in terms of the nominal wage rate of manufacturing
workers in the city and around the city. Thus, solving 02(0)/0r < 0, a necessary condition
for a monocentric city to be possible becomes (1 — p)74 — (1 + p)ur™ < 0, as in Fujita
and Krugman (1995).

The difference between Fujita and Krugman (1995) and the model in this subsection

becomes clear in the market potential function shown in Figure 4. The slopes of the

IFigure 4 is constructed using the following set of parameters: ¢* = 0.5, ¢ = 4, u = 0.5, 74 = 0.8,
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Figure 4: Market potential functions: FKV and the case with new transport facilities

connecting two points in the hinterland

market potential functions around the city, which show the necessary condition for the
existence of a monocentric city, are the same in both curves in the figure. However, a
new city can emerge at the point of new transport facilities, » = 0.3, even if a new city
does not emerge in the case of Fujita, Krugman and Venables (1999). Note that a market
potential function has a cusp around r = 0.3, such as the case after the bifurcation in
Fujita and Mori (1997), and the cusp implies that the lock-in effect works at that point.
In other words, new transport facilities create a shadow around the point where they are
located, similarly to the agglomeration shadow around a city center.

When the point of new transport facilities is located between the city and the frontier,
the gap between the two market potential functions shows the impact of the new transport
facilities. Subtracting the nominal wages without new transport facilities from those with
new transport facilities, denoted as Wi(r) and focusing on the area between the city and
the location of the new transport facilities, we obtain W7 (7)/dr > 0, as in Appendix A.
Likewise, subtracting the nominal wages without new transport facilities from those with
new transport facilities, denoted as Ws(r), and focusing on the area between the location
of the new transport facilities and the frontier, we obtain OWs(r)/0r < 0, if the distance
between the city and the frontier is large enough, otherwise we obtain 0Ws(r)/0r > 0, as

in Appendix A. If the market potential function without new transport facilities is almost

™ = 1,774 = 0.08, and 7™ = 0.1. The value of f is calculated as f = 1.32126227386 by the numerical

verification method.



flat around 7, we can say that the market potential function with the new transport
facilities has a cusp at the point where the new transport facilities exist from the result
we obtained on Wy(7) and Wy(r). 2

Since the new transport facilities do not connect the city and the hinterland in this
section, we can focus on using the new transport facilities to transport manufactured
goods. We obtain that the nominal wage rates at » = 7 increase as the transport costs
of manufactured goods decrease because of the new transport facilities, as shown in Ap-
pendix A. Thus, we find that the market potential function at r = 7 shifts upward after
lowering the transport costs by means of the new transport facilities, which will support
the emergence of a new city at r = 7.

If the location of the new transport facilities shifts slightly towards the frontier, the
value of the market potential function on the city side of the area where new transport
facilities are used decreases. In contrast, the value of the market potential function on the
frontier side of the area increases if the distance between the city and the frontier is large
enough as shown in Appendix A. The value of the market potential function increases as
we get closer to the point of the new transport facility, if the distance between the city and
the frontier is large enough. If the distance between the city and the frontier is short,
locating between the location of the new transport facilities and the frontier is not as
attractive, even if the new transport facility is closer.

Furthermore, when the new transport facilities are located outside the frontier, the
value of the market potential function in the area where the new transport facilities
are used increases as the distance between the new transport facilities and the frontier
decreases, as shown in Appendix A. Thus, we find that we do not need to have the
new transport facilities outside the frontier to increase the value of the market potential
function, because the choice to locate the new transport facilities at the frontier provides

a higher value of the market potential function.

2Since the initial condition of each location on the emergence of a new city in the case without new
transport facilities is not the same in the hinterland, a before and after comparison of the impact of the
new transport facilities is not enough to assess whether manufacturing firms relocate or not. In other
words, we need to focus on the initial condition and the impact of the new transport facilities at the same

time.



4 New transport facilities connecting the city and

two points in the hinterland

In this section, we focus on the case where the new transport facilities connect the city
and two points in the hinterland. We suppose that the point is located at ¥ € X and
—-reX.

For simplicity, we suppose that the impact of the new transport facilities is the same
on the agricultural good and the manufactured goods, such that 774 /74 = 7TM /7M

To derive the lowest transport costs for manufactured goods sent from the city, solving

—74r = —7TAF — 74(r — 7), we obtain:
M|y if 0 < |r| < by,
T = 7™Mr 4 7M(r —|r|) bl <|r| <7 @

TIME - 7M(|p| —7) if 7 < |r|

where b}, = %F? The threshold b}, € r, which shows whether the new transport
facilities are used, exists between the city and the location of the new transport facilities.
The transport costs of an agricultural good from r to the city are expressed as T%. Since
7TA A = 7TM 7M | we have b}, = b}. Furthermore, we find that the users of the new
transport facilities in this case are located in b}, < |r|.

Expressing the price of the agricultural good in the city as p* = p*(0) and minimizing

the agricultural transport costs, we obtain the agricultural price at r:
pi(r) = ple T (3)
Similarly, we obtain the price index of manufactured goods as follows:

Ly 1/(1=0) M
G(T) = (7) BTTO (4)

Since w?(r) = wM(0) which means that the real wage rate of agricultural workers
currently prevailing at each r is the same as the real wage rate of manufacturing workers

in the center, we obtain the nominal wage rate of agricultural workers at each r:

wi(r) = erTro —(=mT5 (5)

3Transport rout on T is drawn as the following figure:
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Given the location of the closest frontier from the center, f™", which is the smallest
r such that rent becomes zero, R(r) = maz{p?(r) — c*w?(r),0} = 0, the equality of
the real wage rate of the frontier farmer and a worker in the city yields the price of an
agricultural good in the city center:

A cAenrM T if 0 < f™n < b} case 1 ©)
p = .
AT AT AT (N o< fmin: cage 2
Note that (6) is a strictly increasing function of f™".

Then, given the location of the closest frontier to the city, we can examine the char-
acteristics of land rent. If um™ — (1 — )74 > 0,* from (3) and (5), we obtain p”(r)’ < 0
and w?(r) < 0if r € (0,b%) V# < r, but pA(r)’ > 0 and w(r) > 0 if r € (b}, 7). Thus,
we obtain R(r) > 0 if r € (b},7), but R(r) <0if r € (0,0}%) V¥ <.

Now, we derive the domain of arable lands from the condition of R(r) = 0 and
R(r) = 0, with given f™":

TA = {[—fmm,()), (O’fmm]} if 0 < fmm <Py OF gy < fmm (7)

ra= {[_fmam7 _fmid]7 [_Jc'mm7 0)7 (07 fmzn]7 [fmid7 fma:p]} lf ol < fmln < bjg (8)
where ™4 =y 7 — fmin, fmar = fmin 45 e opg = (M> Fe=TolF= T
+ > — — — —l—TTA/TA
o =by +7—19 =0y +7and by =7—-5"—.

In other words, the hinterland region occurs around r = 7 if rg < f™" < b}, otherwise

no hinterland region emerges. Note that the price in (6) becomes the same among the six
frontiers that emerge when rg; < f™" < b}, asin (8). Using the conditions in (8), we can
explain why the hinterland regions emerge. As a thought experiment, we consider that the
location of 7 is far from the city center and then decreasing gradually. The new transport
facilities are not used when ry > f™" & 7747 > 74fmin hecause of the significant
distance between the city and the location of the new transport facilities. Then, shifting
the new transport facilities toward the city, the new transport facilities can be used for

TA

the first time when 7747 = 74 f™"_ because the transport costs of sending goods to the

city are the same between 7 and f™". 3 Then, locating the new transport facilities much

4This condition holds when the necessary condition for the existence of monocentric city in Fujita and

Krugman (1995) is satisfied.
5This figure will be helpful:

/\

. :
0 fmin r
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closer to the city, condition ry < f™" is satisfied, which means the additional transport
costs in hinterland regions can be covered under 7747 < 74 fmin,

After a hinterland region emerges, condition f™" < b% which corresponds to 74 fmin <
7TA7 4 74(F — fm™n) s satisfied. The condition implies that the transport costs using the
new transport facilities from the frontier located closest to the city among six frontiers are
larger than the transport costs when using traditional transportation from the frontier.
After locating 7 closer still, the locations f™™ and f™ provide the same transport costs
to the city. Thus, we obtain fmin = fmid if fmin — pt  The transport costs from ™ to
the city become the same as the transport costs from f™" = f™d to the city. ¢ Under
this condition, f™%* in the case of hinterland regions changes to f™" when the hinterland
regions dissolve into a continuous hinterland. This is why the discontinuity of f™" in the
conditions of (7) and (8) exists.

The shift to a continuous hinterland can be seen from the condition in (7). The
condition r, = f™" corresponds to (27 — f™") 74 = 7A(fmi" — ) 4 7747, The breaking
point at which a continuous hinterland separates into hinterland regions and a remaining
area occurs at 27 — f™" € X, which is located between 7 and the city. In other words,
the distance between the breaking point and the city is 27 — f™". The distance from the
breaking point to the new transport facilities and the distance from the frontier to the
new transport facilities are both f™" — 7. Thus, the condition 7, = f™" means that
the transport costs by traditional transportation from the breaking point to the city are
the same as: (1) the sum of the transport costs by traditional transportation from the
breaking point to the new transport facilities and those using the new transport facilities
from the location of the new transport facilities to the city: or (2) the sum of the transport
costs by traditional transportation from the frontier to the new transport facilities and
those using the new transport facilities from the facilities to the city. If ro < f™", the
transport costs from the breaking point to the city are lower than the transport costs
from the frontier to the city. That is, land rent at the breaking point is positive if land
rents at the frontier is 0.

Figure 57 shows how to determine the size and shape of arable lands when 7, <

6This figure will be helpful:

—

@ ]

1 I
0 fmm: fmid # f””‘baﬂ?

"Figure 5 is constructed using the following parameters: 7 = 1.6, ¢ = 0.5, u = 0.5, 74 = 0.8,
™ = 1.0, 774 = 0.6, 7T = 0.75, N = 4.36 and p?* = 1.61405. The value of f™" is calculated as
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fmin < bk, The dotted and bold curves in the figure show p(r) and cAw?(r), respectively.
Both curves kink twice where there is no difference between using the traditional or new
transport systems, and where the new transport facilities exist. The vertical line in the
figure shows the location of three frontiers in » > 0. Thus, the area between the two
vertical lines and p?(r) > c?w?(r) can be a hinterland region. The shape of p?(r) is

simply affected by the transport costs of an agricultural good.

‘‘‘‘ the price of an agricultural good ||
=== the labor costs

Rent Rent

i 05 10 15 20 25

Figure 5: Determining the size and shape of arable lands

From (3), (7) and (8), the supply of agricultural goods to the city becomes:

% (1)
if 0 < fm™" <rgy
ey {1 — e T 9T [1 _ effﬂfmmfrsl)} }
if rgg < fm™n < b}
T_ﬁ {1 R W [1 e O e_TA(fmm_f)} }

if o < f7

7

N

Sa =X

N

From (7) and (8), the labor in the city becomes:

N — 2¢A fmin if 0 < fmin < orreg < fmn
Ly — f | f = 1 2 < f (10)
N =26 (3fmin — 2py) ifry < f7in < bt

fm™in =1.30210707971 by the numerical verification method.
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Because the demand of an agricultural good in the city is Dy = (1 — p)w™ LM /pA
from (9) and (10), the market clearing condition for an agricultural good yields the price

of an agricultural good in the city:

( A rmin) A )
A—p)(N=2c"f )T : min .
zu(ke—rf‘fmin ifo< f < rg: case |
(1—p)[N—2¢4 (3™ —2r1 ) |74 . ' .
A L ] min .
p = < 2[},{1—@77Afm7’n+26*TTAFI:l_e—‘rA(fmzn—rsl)]} if Ts1 < f < bA. case I1

1— N—2cA fmin) A X .
Apt s CAJi +)T : if rgo < f™: case 111
\ 2/14{17677 by +€_TTA; |:17€77' <beA>+1—e*TA(fm”L7F):| }

(11)

Note that (11) is a strictly decreasing function of f™".

""" the market clearing condition
— the equality of wage rates

Figure 6: Determining the equilibrium of p#* and f™" under Fujita, Krugman and Ven-
ables (1999; Chapter 9)

The values of f™" and p# are derived from the equality of p# in case I of (11) and
that in case 1 of (6) if 0 < f™" < ry, as shown in Figure 6%; from case IT of (11) and
case 1 of (6) if rg < f™" < b}, as in Figure 7%; and case III of (11) and case 2 of (6)
if 7o < f™7 as in Figure 8.1° In the first case, new transport facilities are not used,

because the new transport facilities are too far from the city. In the second case, the

8Figure 6 is constructed using the following set of parameters: ¢4 = 0.5, u = 0.5, 74 = 0.8, 7™ = 1.0,
T4 =06, 7™ = 0.75, and 7 = 2.

9Figure 7 is constructed using the following set of parameters: ¢* = 0.5, u = 0.5, 74 = 0.8, 7™ = 1.0,
7TA = 0.6, 7T = (.75, and 7 = 1.6.

0Figure 8 is constructed using the following set of parameters: ¢* = 0.5, = 0.5, 74 = 0.8, 7™ = 1.0,

T4 =06, 7™ = 0.75, and 7 = 1.
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— the equality of wage rates
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Figure 7: Determining the equilibrium p# and f™" in the case with hinterland regions
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Figure 8: Determining the equilibrium p# and f™" in the case without hinterland regions
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new transport facilities are used and the hinterland regions emerge. In the last case, the
new transport facilities, but hinterland regions do not emerge because the new transport
facilities are close to the city.

The first case can be used to determine the impact of the new transport facilities.
Comparing case I of (11) with case II by using a simple calculation, we find that the
curve of case I of (11) is lower than the curve in case I of (11). Comparing case I of (11)
and case III of (11) by using a simple calculation, we find that the curve of case III of
(11) is lower than the curve of case I of (11). Likewise, comparing case 1 of (6) with case
2 of (6), we find that the curve of case 2 of (6) is lower than the curve of case 1 of (6).
Thus, both p* and f™" decrease from the existence of new transport facilities connecting
the city and two points in the hinterland when hinterland regions emerge. However, when
hinterland regions do not emerge, p?* decrease from the existence of new transport facilities
connecting the city and two points in the hinterland. In the latter case, the impact of the
new transport facilities on f™" is ambiguous.

Next, we examine the effect of a marginal increase in each parameter on the major
variables of the monocentric equilibrium, as shown in Appendix B. Table 1 summarizes
the results. The parameters p, ¢, 7, and N affected similarly as in Fujita and Krugman
(1995). That is, the impact of 7% has been changed by introducing the new transport
facilities.

The new parameters are 7 and 774. The case with hinterland regions is simple. If the
transport costs from the new transport facilities decrease, the size of arable land increases,
the population in the city decreases, and the price of an agricultural good decreases. If
the location of the new transport facilities shifts away from the city, the size of arable
land decreases, the population in the city increases, and the price of an agricultural good
increases. The case without hinterland regions is not as simple because the value of u
changes the result. If the value of p is large, a decrease in the transport costs from the new
transport facilities or an increase in the distance between the city and the new transport
facilities results in a larger hinterland and a smaller population in the city. Otherwise,
a decrease in the transport costs from the new transport facilities or an increase in the
distance between the city and the new transport facilities has the opposite impact on the
size of the hinterland and the city population. However, if the new transport facilities
are close to the frontier, more distance between the city and the new transport facilities
causes a larger hinterland as in Appendix B. A larger value of i means that, in contrast to
the market clearing condition, the equality of the real wage rates between manufacturing

workers in the city and workers on the frontier is relatively important as a determinants
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Table 1: Effect of a marginal increase in each parameter on the monocentric equilibrium

With hinterland regions No hinterland regions
f™n  Hinterland regions f™"+Hinterland regions L™ p4 frin M pA
wooo= - - + - 4+ +15
CA _ _ _ _4 :|:6 _ _ 4 :|:16
7_A :|:1 +3 +3 _3 :|:7 j:9 :':12 :|:17
™ - - - + + -+ +
N o+ + + + + + 4 +

Ly if 2“0Af:me pr T DI (1 = e ™ 4267 ) 4 3] 4 6eA f™in < N, otherwise

2_ if the necessary condition of the monocentric city holds.

3if N is large.

4if M is large.

4 if 2¢4 (3,uf"”” (PMpr ) frin A fmin g pmin _ 3, pmin _ 2cAfTTA/TA) > N, otherwise
6+ if afmm e u)(%\C/IAJrTA)TA > N where W = p(t™ + TA)e“(TM”A)fmm(l + 2T
3¢~ g 3raen(rt 4T 3—/}7 > 0, otherwise —.

T4if N > 3Tt ( et HI™ 1) | otherwise —.

fmin e_,7_A fmin

TA+TM 1— u
g ) TA [ef(TTA#»TA)'F/Z A (fmzni,’:)] —TTA |:2efTTAF_ef(TTA+TA)'7/2_677'TA'777'A(fmin777)j|
+ lf (TAiTTAJrTMiTTM)[17267(TTA+TA),,:/2+26_TTA,:7€,TTA;,TA(fminif):l < ,LL) Oth—
erwise —
9+ lf 2 CA(fmzn,f) eu[(TM—‘rTA)f"”n—(TA—’T'TA-FT]M—TT]W)F]
— i
_(+TA = _TA%= _ L TA=__A(fmin_= ; .
[1 — 2e (T T2 | 9=t AT _ pmrtAr—rA(S T)} + 2cA fmin < N, otherwise —.
TA - TA AN TAf A min _ —
10 2¢ T T (7T THTIT/2 -7 (£ —7)
if < - — . otherwise —
+ ILL (1+TM/7-A)[1_267(TTA+TA)T/2+267T Ar —e —TAp_fA(gmin_ )]
" _ TA[ef(TTA+7‘A)f/2_efTA'FfTA(fminf'F)]_TTA [QeffTAr o~ (T A4 Ayr/2_, TTA'FfTA(fminff)]
- if (TAfTTAJrTMfTTM)[1726—(TTA+TA)’:/2+2e*"'TAFfe—"TAF—TA(fmi”—F)] < M
otherwise —.
12_ 1f 2#26A(fmi"*77) e,u,[(TMJrTA)f"”‘"f(TAfTTA+TMfTTM)f]

1-p
Az TA=

[1 — 2~ (TTAHTI/2 4 9Tt _ ooT T*TA(fmm*f)} + 2cA fmin < N, otherwise +.

2677'TA_ef(TTAﬁ»TA)'F/?_efTTA'FfTA(fminf'f')

(1+TM/TA)[1—26*("'TA+"’A)F/2+26_TTA;—6*TTAF*TA(fmi"*f)]’ otherwise +.

B_ifu<

“The result is ambiguous.
TA+TTM

B if 2pr4 [(T—A+—M> T frn — f] [pAe_TAfmmHTA_TTA)f + CAl_T“] > N, otherwise —.

T

s > N, otherwise —.

164 if 22 apt A 17 A‘fMe#[(TTA+‘rTM)f+(rA+7-M)(fmmff)]+

1—pt M f ].6
4 if N> 22 (TTZ::Mf ) otherwise —.

c
TALT




of the locations of the frontiers.

Examining the relationships between real wage rates in manufacturing sector and the
location of the frontier, as shown in Appendix C, we find that the relationship between
the population size in the economy and the real wages in the city has an inverted U-shape,
under the no-black-hole condition, as in Fujita and Krugman (1995). In other words, the
scale economies of the population N dominate when N is small, but the scale diseconomies
of N dominate when N is large.

Furthermore, by using the new transport facilities, the critical population level NN,
such that Ow(0)/ON = 0, with or without hinterland regions, becomes smaller than the
critical population level of Fujita and Krugman (1995), as explained in Appendix C. In
other words, the new transport facilities connecting the city and the hinterland decrease
the size of the population in the economy which maximizes indirect utility.

Using the lowest transport costs from r to s, s # rtl:

;

™|y — 5| if r <randby <s
TIMp 4 Mg M (p —7) if 7 <rand0<s<by
™M (r —7) + 7TMFp - 7M 4] if 7 <rand —bj;, <s<0

™M (r —7) +27TMF 4 7M(F —|s]) if T <rand —T < s < —b},

™M@ —7)+ 2rTMp M (5| —7) ifr<rand s < -—T

™| — g if by, <r<randr—bj <s
™M — )+ 7TMp 4 M if by, <r<rTand 0 <s<r—by,
- M(F — ) 4 7TMF 4 M) if o, <r<rand —bj, <s<0 (12)

M7 —r) +27TMF 4 7M(F —|s]) if b}, <r <Tand —T < s < —b},
™M —r)+ 2" Mr 7 M(s| —7) if b, <r<Tand s < —T

™| — g if by, <r <bj;and 0 <s

My 4 M| if 0 <r <bj, and—bj; < s <0
TMT+TTMf+TM(77+s) if0<r<bj4and—f<s<—b]\+4
My 7T 4 2 M (g ) if0<r<bjand s < —r

™y — g if0<r<byand0<s<r+b}
My 4 7T™ME 4 7 M|F _ | if0<r<byandr+bl, <s

\

' The derivation process of T, is in Appendix D.
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the market potential function can be expressed as:

Q(r) = wM(r)ae—o[uT%—(l—u)T,%] (13)
where
w' (r)7 = (Y(O)e_("_l)T%I G(0) + / Y(s)e TG (s)7! ds) (14)
TA
wM(s) LM if s =0 thus Y(0) = LM
Y(s) = (15)
p(s) if s#0

More details on the components of w™ (r) can be found in Appendix E.
Solving 0€2(0)/0r < 0, the necessary condition for sustaining a monocentric equilib-

rium is derived, as follows:

(1—wrt = (p+ D™ <0 if 0< f™<ry (16)

p(1 — )
1—€7TA fFmin

I+ TAr

2e—T1 A% [173*TA(f"”'"*Tsl>]

i org < f < b

(1= w7t = (p+ ur™ - <0 (17)

p(1 — p)r

(1= =(p+ Dur™ - e
1 + 1—e

<0 (18)

A
e_.,.TA; |:2_677-A(F7bjg)_e,TA(fmin,;.):|

if rgy < fmin

Since the first and the second terms of (17) or (18) are the same as in (16) and the last
term of (17) or (18) is negative, we find that the ezistence of the new transport facilities
connecting the city and a point in the hinterland makes the lock-in effect stronger 2 than
in an economy without new transport facilities. Furthermore, it is possible to sustain a
monocentric city by connecting the city and a point in the hinterland with new transport
facilities, even if a monocentric city is not sustainable without new transport facilities.
In Fujita and Krugman (1995), the first and the second terms are explained as a
wage-pull towards the fringe and a demand-pull of city workers towards the center, re-
spectively. The additional new term shows a decrease in demand from the hinterland

when a manufacturing firm moves a short distance away from the city.

12The strength of lock-in effect is measured as Q(r)’, as in Fujita, Krugman and Venables (1999, p.164).
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In the cases with and without hinterland regions, the new term becomes smaller with

a decrease in ¢

or an increase in N, which we derive using a , shown in Appendix F.
This is because the expansion of the hinterland increases the demand from the hinterland.
Thus, the lock-in effects become stronger with better agricultural technology and a larger
population in the economy. Note that agricultural technology and the population size in
the economy do not affect the lock-in effect in the case without new transport facilities,

as shown in (16).

45 0.2 01 0.6 08 10 12 11 15 T8

Figure 9: Market potential function when new transport facilities connect the city and
the hinterland

Next, we compare the market potential functions for the case when the new transport
facilities are located within the city and outside the city and for the case when the facilities
are only outside the city. Figure 9 3 illustrates the market potential function when the
new transport facilities lie inside the city. The value of parameters are the same as in
Figure 4. However, we obtain different values of f™", which is shown as the bold line
on the horizontal axis of Figure 4 and Figure 9 with Q(r) = 1. Comparing Figure 4
and Figure 9, we find that (1) the hinterlands expand by connecting the city and the
hinterland with new transport facilities and (2) the value of the market potential function
at r = 0.2 in Figure 4 is almost 0.75, but becomes about 0.6 in Figure 9, which suggests

that the lock-in effect becomes stronger after connecting the city and the hinterland with

I3Pigure 9 is constructed using the following set of parameters: ¢4 = 0.5, 0 = 4, u = 0.5, 74 = 0.8,
™ =1, 774 =0.08, and 7™ = 0.1 as used for constructing Figure 4. The value of f™" is calculated

by the numerical verification method.
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new transport facilities.

Both Figure 4 and Figure 9 have a cusp in the hinterland. However, Figure 4 shows
that monocentric equilibrium may not be sustained if some manufacturing firms move at
7 = 0.3, whereas Figure 9 shows that monocentric equilibrium is sustained. Under our
parameters, we find that new transport facilities connecting only points in the hinterland
support the emergence of a new city more than new transport facilities connecting the

city and the hinterland.

5 Conclusion

In this paper, two transport costs for the same goods are introduced to the model of
Fujita and Krugman (1995), which is a general equilibrium model of a city as a point on
a line. We examined the conditions under which all manufacturing firms agglomerate in
a city and the comparative statics of the monocentric equilibrium.

Of the two transport costs, one is lower than the other. Furthermore, the lower
transport cost is available only at a few points on a line, whereas the higher transport
cost has no restriction on its usage on a line. We suppose that the lower transport costs of
sending between points represent new transport facilities. Then, we supposed two cases
of connections to the new transport facilities. In the first case, points in the hinterland
are on each side of the city and the same distance from the city. Goods are sent from one
point to the other. In the second case, we set the lower transport costs to send goods to
and from one point in the hinterland to the city, and also to and from the other point in
the hinterland to the city.

In the first case, we find that it is better to locate the new transport facilities at the
frontier than outside the frontier for the emergence of an additional city. Furthermore,
the lower transport costs offered by the new transport facilities shift the market potential
function at the point of the new transport facilities upward. Thus, an additional city
may emerge at the new transport facilities if the transport costs of the facilities are low
enough.

In the second case, we find that the location of the new transport facilities determines
the size and the shape of the arable land. If the new transport facilities are not located
near the city, hinterland regions may emerge. The lock-in effects from the existence of the

new transport facilities become stronger in the second case than in the first case. '* In the

14 As IDE-GSM, a multiple-region NEG model with modal choice is used to derive the impact of lowering

transport costs numerically. Some regions have transport hubs such as airports and stations in IDE-GSM,

20



second case, the lock-in effects become stronger with better agricultural technologies and
a larger population in the economy. This result may provide an explain on the history of
Chicago which became a megalopolis after the railroads (Cronon 1991). As in Fujita and
Krugman (1995), we found that an inverse U-shape relationships exists between indirect
utility and the population, even if new transport facilities exists. However, the critical
level of the population that maximizes indirect utility is smaller in the second case.

Comparing the two cases, the first case supports a rural area more by the emergence of
new city containing the manufacturing sector because the connection between the city and
the hinterland via the new transport facilities intensifies the lock-in effect. This makes
the monocentric city sustainable and impedes the impact of better access at the new
transport facilities for the emergence of a new city. A larger population in the economy
and labor-saving agricultural technology intensify this tendency. However, new transport
facilities are used to send an agricultural good in the second case, even if a firm in the
manufacturing sector does not emerge in the hinterland. However, new transport facilities
are not used until a firm starts operating around the new transport facility.

As an extension of this paper, it is natural to examine the emergence of new cities or the
emergence of a port city because Fujita and Krugman (1995), as are the studies of Fujita
and Mori (1996, 1997), Fujita, Krugman and Mori (1999), and Mori (1997). Another way
to extend this model is to introduce realistic transport costs, such as increasing returns

to scale in transport sector (Mori 2012).
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whereas others do not. Thus, our results show that by lowering transport costs, stronger lock-in effect in

the city with new transport facilities may emerge, and may sustain firms in the city.
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Appendix A Nominal wage rates when two new trans-

port facilities exist

Depending on the relationship between the location of the frontier and the new transport
facilities, we have three cases on the nominal wage rate of manufacturing workers.

The four route choices are important. The first and second route is the case when the
new transport facilities are located outside the frontier, whereas the third and the last
route are the cases when the facilities are located inside the frontier.

The following figure is useful for the explanation of the first and second cases.

Foor

Expressing the location of dispatching goods as r € X and the destination as s € X,

s N

the first case is when transport routes are limited to the direct link between r and s,
whereas the second case is when goods are transported from r to 7, from 7 to —7, and
from —7 to s.

First, the condition when new transport facilities are never used in any r is derived
under f < 7 by solving 7™ (7 —r)4+27™Mr4-7M(F4+5) > M (r—s) & s > r—r—pr™ |7M
where 7 > 0 and s < 0. Since —f < s < 0, we set —f > r — 7 — M /M &
r <74+ rrtM /™ — f and then, since 0 < r < f, weset f <7+ rriM/mM — f & f <
(147TM /7M)F /2. Thus, new transport facilities are not used when f < (14+77M /7M)F /2.

Second, new transport facilities may be used depending on r under (1+77% /7M)7 /2 <
f < 7. Since new transport facilities are used if s + 7(1 + 77 /7™) < r and not used if
s+ 7(1 4+ 7™ /7M) > r new transport facilities are not used if 0 < r < (1 + %)f — f
otherwise the facilities are used.

Third, the transport route is such that goods are transported from a point inside
the location of the new transport facilities, r, to a point inside the location of the new

transport facilities s via the new transport system.

—_——

—f _
Under f < 7, solving 7™ (F—r)+ 27T Mr+7M (7 4s) < 7M(r—s) & s < r—r—prt™ /7™M

where r > 0 and s < 0, setting 7 < r — 7 — 7'M /7™M yields r > 777 /7™ as when the

féﬁr%}
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route in the above figure is used instead of the direct link between r and s.
Last, the following figure explains the case when goods are transported from a point
outside the location of the new transport facilities, r, to a point inside the other location

of the new transport facilities, s, via the new transport system.

o F 4 0 For g
Solving 7™ (r — s) > 7™ (r — 7) 4+ 27" M7 + 7M(F + 5) yields s < ="M /7™ as when

the route in the above figure is used instead of the direct link between r and s.

The first case is when 0 < f < (1 4 S5 "7)7/2. In other words, the location of the
new transport facilities is far from the frontier. Since nobody use the new transport
facilities, we obtain the same nominal wage rate for manufacturing workers as in Fujita

and Krugman (1995), as follows:

0
[wM(T)} T _ Y(O)e—(U—I)TMrG(O)U—l + / Y<S)e—(0—1)TM(T—S)G(S)a—lds
-f

r f
—l—/ Y(s)e 0= G (s) s +/ Y(s)e ™G (s) s (19)
0 T
The second case is when (1 + T )r /2 < f < 7. Here, the new transport facilities are
located outside the frontiers, but they are used if manufacturing firms are located near
the frontier. Otherwise, manufacturing firms use only traditional transportation. These

manufacturing firms increase when the transport costs of the new transport facilities

T]L];/I)F_f7

become much lower than the costs of traditional transport. If 0 < r < (
the nominal wage rate of manufacturing workers becomes:

0
[wM(r)r = Y(O)e_("_l)TMTG(O)”_1 +/ Y(s)e_(U_I)TM(T_S)G(s)”‘lds
-f

(e—1)TM (r—s) o—1 d —(o—=1)TM (5—1) o—1
Y G(s)? "ds+ [ Y(s)e G(s)7 "ds
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M )

whereas, if (14 = — f <r < f, we obtain

[w ()] =Y (0)e "=V G(0)7 !

r—7(147TM 70
+ / Y(S)e—(a—l)['rM (f—r)—i—TTMQF-‘,-TM (F+s)]G(S)U—1d8
=f

—i—/ Y(s)e_(“_l)TM(’"_s)G(s)“‘lds
r—7(147TM /7 M)

/ Y (s MG (s) s (20)

The third and fourth cases are when 7 < f, which means that the new transport
facilities are located between the city and the frontier. Depending on the location of
the manufacturing firms, we have three types of firms: (1) firms close to the city use
traditional transportation; (2) firms near the city and near the new transport facilities
and (3) firms near the frontier and near the new transport facilities use both traditional
and the new transport facilities The last two types differ in terms of the direction of

transportation. If 0 <7 < T3 7" the nominal wage rate becomes:

0
[w (1)]7 =Y (0)e~ D G(0)7 ! + / Y (s)e @ =06 (5)7 s
-f

r . 7
+/ Y (s)e 1T (T_S)G(S)U_ldsjt/ Y(s)e D™ NG (s) s
0 T

TM _ _ .
If 577 <r < T, the nominal wage rate becomes:

[wMO,,)} T _ Y(O)e—(a—l)TMrG<O)U—l + /f Y(S>€—(U—l)[TM(F—r)—i—TTM2F+TM(—s—F)]G<8)J—1d8

F(147TM /M)
/ Y (s)e~ @ DI ron+r M 2rer M 9] G gy -1 g

7

+ / Y(s)e_(”_l)TM(T_S)G(s)"_lds
(14rTM /M)

+/ Y (s)e DM G(5)7 s (21)
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If 7 <r < f, the nominal wage rate becomes:
[w"(r)]” =Y (0)e "I G(0)

+ /T Y(S)67(0'71)[TM(T7F)+TTMQF+TM(757F)]G(S)oflds

n /_ = Y (s)e @ DT @AY 4] G 67

-

0
+ / Y(s)e D=9 G (5) 7 ds

T

L TM _
"
" M f M
—l—/ Y (s)e~ o7 (T_S)G(s)”_lds—l—/ Y (s)e” VTG (5)7 s (22)
0 T

Note that we obtain the same nominal wage rates for manufacturing firms around the
city as in Fujita and Krugman(1995).
From (20),
olwM(r)]e A1+ 7T MY -y
or 2 1—e ™

e[—(a—l)TM—‘rTA}r—TA(1+TTM/7'M)F

X
—

M
Ty 2(01_) 1A)4T Ae("1>TM1”2<01)(TM+TTM)”[2("UTMTA]f} <0 (23
c—L)T" —T

Thus, we obtain 0€(r)/0r < 0 when (1 + %)f —f<r<fand f<r.
From (21),

a[wM(T)]U _ I 1T—p (o—1)7Myp

or 21 — e f

. 2(0 — 1) AF A
. TM —2(0’—1)TTM7" —747 _ _—14f
X {[2(0 7" ]e (2(0 — )M — TAe € )
. 200 = DA™y
20 — )M — 74
QTA(l + TTM/TM)KO- - 1>TM - TA] e[—2(0—1)TM+TA]r€—TA(1+7'TM/TM)F (24)
20 — 1)TM — 74

yields d[w (r)]°/Or < 0 under TTTTJIMF <r<7if (0 —1)7™ — 74 > 0. Thus, we obtain
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M

O0(r)/0r < 0 under Ty < r < 7 if (0 — 1)7™ — 74 > 0. Likewise, from (22),
a[wM(,r.)]G _ - 1% e—(o‘—l)TMT
or 2(1 — e=1)

a1y oMy [2(0 = DM [2(0 = D)(rM = 7TM) — 7] 4l
x e
20 — )M — 74

—2(c — 1)(7M — TTM)e_TAf}

TATTM 2[(0’ — 1)7’M — TA] 7TATTJVI1:/TM
™  2(c—1)TM — 74

becomes at least positive if the first term in braces becomes positive. The first term in

(25)

braces becomes positive if

TM[2(0—1)<TM—TTM)—TA])+f (26)

>

1> 100 (T e =ty

holds. Thus, O[w™ (r)]? /0F > 0 under ¥ < r < f if f is sufficiently large.
From (19) and (21), subtracting the nominal wage rates without new transport facili-

ties from those with the new transport facilities, which is expressed as Wi (r), yields

WD _ Lo 1)1 - [1 o =t (1 B QQ[EZ - 3:5 = j]”’)}
A

1 1-— 1% Ae[i(o.il)T]bfiTATTA/TM]F2[(0- — 1)7’M — T
T
21 —e 7 20 — )M — 74

1 1- 12 M 2((7 - 1)7’M 1N Mi_9(g—1)\ TMz [ _ Az _ A
I -1 (o—D)mM7=2(c—1)7*MF ( TAF T f> >0
+2 1—e ™/ (0 =1)r 2(0 — 1)TM — 7A¢ c ¢

(27)
Likewise, from (19) and (22), subtracting the nominal wage rates without new transport

facilities from those with the new transport facilities, which is expressed as Wy(r), yields
8W2(r> . (U - 1)(]‘ - ILL) TAef(afl)‘er

or 2
x| 1= ; {62(0_1)(TM_TTM)7’ 2<U - 1)7-M —rAF e_TAf
1 — e 20 — 1)7M — 74
2(0 — )M — 7] _eacmu,
Thus, we obtain
aWQ(T)
or =
SATM _
£ < log [ 2o DB 2o - et - e
’ = T
> 109 [2(c — 1)TM — TA](62(0-—1)(TM_7—TM)T )
(29)
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7
]7

Substituting r = 7 into (22), which is the case when 7 < f, yields Q(7) = w(F)7el(1=m7" ~u

where

% |:e(a—1)‘er ( ( 2(0 B 1)TM e—'rAf _ e—TAf) (1 + 6—2(0—1)TTMF>
2

2(0‘ — 1)7‘M 7[(0_71)7_]\/I+TATTM/T]\/I]f 2[(0 — 1)7’M — TA} 7(071)71»17;
20 — )M — 74 20 — )M — 74

(30)

Solving dw(7)? /O™ yields Ow(7)° /O™ <0 <= A < 1if 2(c —1)7™ — 74 > 0 and
ow(r)?/or™ <0 <= A > 1if 2(c — 1)7™ — 74 < 0 where
7_A 67[2(0’71)7']”7TA](17TTA/I/T]M)f _ efTA(fff)

A
2(c — 1)TM 1 — e (-7

Thus, we obtain dw(7)? /0™ < 0. Note that f is not affected by 77,

Appendix B Derivation of the comparative analysis

on the monocentric equilibrium

B.1 The case with hinterland regions

B.1.1 The impact on the location of frontiers

Rearranging the equality between case II of (11) and case 1 of (6), we obtain
Z = eHm T <1 — 3T 4 26_TTA’:>

REVFR

cA

— G fmingA 4 4TTA7=> =0

Then, we obtain:

07

G A (1 +2e T 3e—T“‘f’”"">

+3TAeu(TMJrTA)fmine_TAfmm + 31 — /’I/TA > 0

a_% _ _27_TA€/L(TM+TA)fm"L"—TTAF . 2(1 — lLL) TTA < O
or 1

6?A _ _2776“(7_M+7_A)fmm77_TAf B M_ 0
or p
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8_2 :(TM + TA)fmineu(T]W_;’_TA)fmin (1 . 36_7_Af7nin + 26_TTA7:>

o
1 (N74 ,
+2_,u2 < CZ — 6fmm7"4 + 4TTAT’> >0
aai _ ufmineu(TAI+TA)fmin (1 B 367TAfmin _'_ 2€7TTAF) > 0
T
o7
or4
; min min = 1 - ; 1 - N
frinen(rt+rs [u (1 — 3T 4 26*7“’“) + 3} +3—Lpmin - B >0
1 2u ¢
QMCAfmin
©—

= et T [u(l — 3¢ T 4 26_TTA’7) + 3] +6cAfmin = N

0z _1—MNTA>
dcA  2u (A2

Thus, combining the derived results with the implicit function theorem yields 0 f™" /Or >
0, Of™n /0rTA > 0, df™n /Op < 0, Of ™" /orM < 0, f™" /dcA < 0 and df™™/ON > 0.
We obtain 9f™" /074 > 0 if N is large, otherwise we obtain 9 f™" /914 < 0.

B.1.2 The impact on the size of hinterland regions

Since the size of hinterland regions, EL, is expressed as 2f™" — 27745 /74, we obtain

=2 ol ZT g A

0
1 - TA - ™ = min 1 - min
% { ( IU’)T HT (1 + 2677-TAT . 3677'Af ) 1= /’Leflu,(TM+TA)f } 2 0
T u

TA

Since (1 — u)T ur™ < 0, under the necessary condition for the monocentric city,

using the assumption 774 /74 = 77 /7M ' we obtain OEL/0F < 0.

Similarly,
OFL 0z r o0z B
97 TA 20 _QaTTA - 27—_Aafmin =-2r

= min min TM TA
(142077 = 3o T e TS (—1 + MTLA) } 20
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Since (1 — pu)74 — ™ < 0 under the necessary condition for the monocentric city, we

obtain % < 0.

Since EL = 2f™n—27TAF /74 9 f™n /9 < 0 and Of™" /0™ < 0 imply OEL/0u < 0
and OFL/0t™ < 0 respectively.

Since EL/Ot4 = 20f™n /914 + 27745 /(74)2, as in the case of 9f™" /074, large N
provides OEL/0t4 > 0.

We obtain EL/dc* = 20 ™" /dcA < 0 and OEL/ON = 20 ™" /ON > 0.

B.1.3 The impact on the size of arable land

From f™in + EL = 3f™in — 27747 /74 we obtain 9(f™" + EL)/0F =2 0 < —307/0F —
QTTT—:(?Z/Ofmm = 0. Since
A

_38_Z . 2i 8Z _ e'LL(TA_,'_T]M)fmin

or TA  fmin

X {—6[(1 )T TA g TMY (T ooty g TA | T () e*f”f)} <0

we obtain 9(f™" 4+ EL)/dr < 0.

We obtain d(f™" + EL) /0774 2 0 & —30Z/0r™* — 25:0Z/0f™™ 2 0. Since

oz B i 82 _ _QGM(TA‘FTM)JCW"
aTTA 7—A 8fmm

i = M A = min
« {3(6_7Afmzn B 6_7_TAT.) " MT —;T (1+ 9= _ Se_TAf )} <0
T

-3

, we obtain 9(f™" + EL)/0tT4 < 0

We obtain d(f™" + EL)/0t* 2 0 & —30Z/0r™* —25,0Z/0f™™ = 0.

We obtain d(f™" + EL)/or4 = i’)aaTZA/aj‘?,fm + 37147 /T A% Since 07 /07 < 0 under
large N, we obtain 9(f™" + EL)/0t* < 0 if N is large.

From O(f™" + EL)/0u = 30f™" /0, O(f™" + EL)/oct = 30f™"/0ch, o(f™n +
EL)/0t™ = 30 ™" /orM and O(f™"+EL)/ON = 30f™"/ON, We obtain 9 f™" /0u < 0,
afmin /oct < 0, dfm™n /orM < 0 and 9f™"/ON > 0 respectively.

B.1.4 The impact on the number of manufacturing workers

From LM = N — 2¢4(3f™n — 27747 /74), we obtain % s0<e —3%—? — 2= e J‘?fm = 0.
Since —30Z/0F — 274 dZ/Df™i" < 0, we obtain that ALy /OF > 0.

Similarly, since g =M <0< 3867{, ’:4 afmm = 0. Since —307/07T4—~ 25 L0Z/0fm <
0, we obtain that OLy; /0774 > 0.
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From LM /014 = —6c40 f™in [o74 — 4cA774F /74% and 9™ /o4 > 0 if N is large,
we obtain LM /014 < 0 if N is large.

Since OLM /O = —6cA0 ™" /Oy and O™ /Ou < 0, we obtain LM /Ou > 0.

Since LM /oM = —6c20 ™ /9™ and Of™" /oM < 0, we obtain LM /oM > 0.

We obtain LM /ON = 0 < 0Z/0f™" +6c20Z/ON = 0. Thus, we find that large 7
provides LM /ON > 0.

Since OLM /Ot 2 0 & fmndZ/0fmin+-27TAF 374 —cA0Z /0c* < 0, large 7™ provides
OLM /oA < 0.

B.1.5 The impact on the price of an agricultural good

From p? = et D™ e obtain OpA/afmin = p(rM 4+ 7A)eAerATNIM S ),
Thus, we find that dp?/0F, dpt/0rT4 and OpA/ON has the same sign as 9f™™"/dF,
ofmin /orTA and 9 f™" /ON.
A simple calculation yields
apA 8fmm
ol ol
<:>2CA 3Mfmin€u(TM+TA)f’”m—TAfmm + 6fmm . 3Mfmzn . QCAFTTA/TA] 2 N

_ (TM +7-A)CA€M(TM+TA)fmm(fmin U ) 2 0

op”
OcA

= et {1 +p(rM 4 ) et gCA } 20

oz 2c4

p Ae,u(‘rMJrrA)f |:fmm+ (TM+TA) gTA :| >0

3 M pmin A min
o LT (e )

A simple calculation yields

apA A (TM+7_A)fmin min M A aZ aZ
aT—M = uc et f — (T + 7 )87'_M afm“"”
Since
af ‘ fmzn . (TM + TA)a — = BfmlnTAe,LL(TMJrTA)f —TAf +3 luTAfmm >0
min - —

we obtain dp? /9™ > 0.
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B.2 The case without hinterland regions
B.2.1 The impact on the location of frontiers
Rearranging the equality between case 111 of (11) and case 2 of (6), we obtain

Y = ehlrM ) frin— (A T A Mg T
12—“,u (i\i Qfmzn) A_0
Then, we obtain:

oY

:ILL(TA + TM)eu[(TM-‘rTA)fmin—(TA—TTA+TM—TTM)'F}

x <1 . 267(TTA+TA)77/2 + 2@7TTAF . 67.I.T = A(fmzn T‘))

M Ayfmin_ (~A__TA M__TM\=1 _Afmin A_
+TA€“[(T +rNf (7 =71 441 T )T]e TAf +(rA—TTA)F

]_ _
—l——'LLTA >0
1
v,
or
STA LA o An_ Al rmin_ = A _TA- (- TA L _A\zjo_—rLlAr_sAgmin_g
TA[e +r /2 e’rr’r(f r)i|_7_T |:2€’T T_ e (Tt A4+rM)7/2—e ]
(7— — 7TA + M _ TTM) [1 _ 267(7TA+TA)F/2 + 267TTA77 _ 677TAF77'A(f"”'"777)]
2

Since the sign of the first term of the numérater becomes negative if 274 /(374 — 774) <
7/ f™n we obtain O f™n /OF > 0 if 274 /(374 —7T4) < 7/ f™in. We find that ™" /oF > 0
if 11 is sufficiently large, otherwise 9 ™" /0r < 0.

From the condition 77M = 7747M /74 we obtain

aY
g7 2

2€_TTAF _ e_(TTA+TA)7:/2 _ e_TTA,F_TA(fmin_F)

>
<:>H < (1 + TM/TA) [1 _ 26_(TTA+7_A);/2 + 26_7_TA7: _ e—TTAf—TA(f"”‘”—f)}

Thus, we find 9f™" /90774 > 0 if u is small, otherwise 9 ™" /orT4 < 0
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A simple calculation yields

g—i = [(PM 7 = (74 = A M — 7T

% eu[(TM+TA)fMi"—(TA—TTA-i-TM—TTJ\/I)F]

X (1 _ 26*(TTA+TA)F/2 + 2€7TTAF _ e*TTAffTA(fm’Lnff))
1 N min A

+2_M2 <C_A —2f ) 77 >0

Thus, we obtain 9 ™" /du < 0.

A simple calculation yields

oY
orM

_ M(fmln . f)elu[(T]Mﬁ*TA)fmin*(TA7TTA+T]M*TTM)F]
% <1 _ 267(TTA+TA)77/2 4 267TTA7—, _ 7TTA7;7TA(fmin77—,)> -0

Thus, we obtain df™" /oM < .

A simple calculation yields

Y

min _ FM Ay pmin_( A__TA __M__TM)z
= ulf )T + )]

X <1 _ 267(TTA+TA)1:/2 + QefTTAF o e*TTAF*TA(fmm*f)) + 1— lufm’m, - (]' - MA>N 2 0
7 2uc

2,LL2 A(fmm 77) 6#[(TM+TA)fmin7(TA7TTA+TM77.TJ\/I)F]
L —p

% [1 o 26—(TTA+7—A)F/2 + 2€_TTAf _ e—TTAf—TA(fmz‘n_f)] + 2CAfmin 2 N

Thus, large N implies ™" /974 > 0. Otherwise, we obtain 9f™" /94 < 0.
Furthermore,

0z oy 1—puNt4
dcA  Ocr 2u A?
07 Y  1—prh
DI AR I
yields 9f™" /9c? < 0 and 9f™"/ON > 0 in both cases.

>0

B.2.2 The impact on the number of manufacturing workers

From LM = N — 2¢4f™" since LM /of™" < 0, the signs become opposite between
afmn /9F and OLM /OF.

From LM /9 fm™™ < 0, the signs become opposite between 9™ /9774 and OLM /orT4.
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From LM = N — 2¢4 f™" we obtain LM /9 f™"™ < 0. Thus, we obtain L™ /Ou > 0
and OLM /oM

The large N implies LM /974 < 0. Otherwise, we obtain LM /o4 > 0.

From LM = N — 2¢A ™" we obtain LM JON = 0 < 9Y/0f™" 4 2¢20Y/ON = 0
Since f™" > 7, we also find that large 7™ provides L™ /ON > 0.

Furthermore, since LM /0c* = 0 & —df™"dY /0 f™n + cA9Y /Ot Z 0, using fm™" >
7, large 7™ provides LM /0c* < 0.

B.2.3 The impact on the price of an agricultural good

From p? = ¢Aerl" A DA (0] e obtain

op? ) 1) 4
= A T (A P ) - a4 G 20
7TA 4 7 TM ) Apmin | (~A__TA\. 1—pu
=9 A = min = A —14f +(rA—=rt N7 A >N
() e e ]
apA - 8fmzn
s = (L4 7 (4 WA
Y
(z)afmmr(l—l—TM/T ) — (T + T )87'TA 0
Since
ay M/ _A A amy Y
afmmr(l—i—T /%) — (74T )87'TA
_ (TA + TM>f { 1-— 12 B eu[(TM-‘rTA)fmm—(T 7TA LM _TTA)T]
L
X [e—“”““)f/? - ze—f“f] } >0
we obtain dp”/0rT4 > 0.
A simple calculation yields
apA A min — A M fmin
&_—M:,up f —T—f—(T + T )TM 20
oY min - A M oY
Since
oY min = A M Y
S =) = (A + )
_ (fmzn - f) (TAeH[(TTA+7_TM)F+(TA+TJVI)(fmi7z_7:)]6_7_Afmin+(7_A_7_TA),,: + 1 — [LTA) > 0
1
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we obtain dp? /0™ > 0.

A simple calculation yields

apA TTA+TTM)7;+(7_A+TM)(fmm_F)} A A M 8fmm
@:e"[( 1+ pc (7 + 7 )acA Z
oY oY
(:)Gfmm — et (4 + TM)@ =0
A
/LQ i A M CA u[(TTA—i-TTNI)F-‘r(’TA+7‘M)(fm'm—f)] C >
P + (& + —— =z N
1—pr4 l—prd+7M A+ M
and
apA A min - A M afmnl
904 = M fr—r+ (4T )8TA 20
oY , oY
g (=) = () 20
QCA(TA,': + TMfm'm)
SN 2
< TA + 7-M
Since
op?

o frin pw(rt+Mpt >0

and df™"/ON > 0, we obtain dp”/ON > 0.

Appendix C The population and the real wage rates

of the manufacturing sector in the city

The result in Fujita, Krugman and Venables (1999) is as follows:

aw(()) B (O)/“L(TM + TA) ©w—p A efTAfmm (31>
Similar relationships on f™" are derived in the case with hinterland regions:
Ow(0 ™ 4 A — T4 e~ TAfm
—8f§1 ) _ oy : ) Bl — (32)
o p T T e — e—TAf
and in the case without hinterland regions:
aw«)) B (O)M(TM + TA) w—0p N A —rA frmin
af'mm - o—1 1— p 7-M + 7-A 1_877Abjg+e,TTA;[2_677—A(f7bi§)] —rA fmin
e;(.,.A,TTA> — €
(33)
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Thus, introducing new transport facilities does not cause qualitative changes to the jus-
tification of Henderson’s assumption of an inverted -U relationship between city size and
the utility of the city’s residents.

Comparing (31) and (32), or (31) and (33), we obtain the result on the critical
population level. Since the relationship between the different parts of (31) and (32)
is (1427 7) /(1427 ") < 1 & 1 < 7, and also since the relation-

—rAE-v)

AT _TTAf
ship between the different parts of (31) and (33) is *—=——+< _TL?;;’ <ls&

e'F(TA

L TAL A TA, A

e" T2 TlemT 2 T —2) < 1—e 77, the value of f™" such that dw(0)/df™" = 0 in
(31) is larger than the value of f™" such that dw(0)/0f™" =0 in (32) or in (33).

Appendix D Derivation of the lowest transport costs
when three new transport facilities ex-
ist

Here, we examine the lowest transport costs, T, under the existence of new transport

facilities between 0 € X and 7 € X, as well as between —7 € X and 0 with 77" instead

of ™M > 7TM
° j } }
0 s T

Focusing on the cases in the following figure: , setting 0 < 5 <
7 <r,since TM(F — 5) 2 7TMF 4 M5 & b, = s, we obtain T,, = 7™ (r — s) if ¥ < r and

by <sand Try = 77Mr 4 7Ms 4 7M(r —7) if F <7 and 0 < s < by,

e

—

% % ° % —t

—7 S — ¥ T
0 bus

Focusing on the cases in the following figure:
setting 7 < r and —7 < s < 0, since 7™M (r — 7) + 77MF 4 7M|s| Z TM(r — 7) + 27TMF 4
™(F —|s|) & —bi, = s, we obtain T,, = 7™ (r — 7) + 77MF + 7M|s| if 7 < r and
—b}, <s<0and T, = 7™ (r — 7) + 27TMF 4 7M (7 — |s]) if 7 < r and —7 < s < —b},.

Setting ¥ < r and s < —7, since 7'M < 7™ we obtain T, = ™™ (r — 7) + 277My 4
g

¢444¥r////¢——\\\\x////’——\\\\‘44,
7M(|s|—7), which is depicted in the following figure. - 0 rot
Focusing on the cases in the following figure: 0 S rer , setting 0 <
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s <r <7, weobtain T™™(r —s) = ™M@F —r) + 7™Mr + ™5 & r — b}, = s. Since
r—>bi; >s>0<«r>bl, weobtain Ty = 7™ (F —r) + 7™M7 + 7Ms if b}, < r <7 and

O0<s<r—by,and T, =7"(r—s)ifr—bj, <s<r<r.

o 1
@

Focusing on the cases in the following figure: 0,5 , setting s = 0,

we obtain 0 < r < 7, ™My = 7M(F — 1) + 777 < r = b},. This result is used for the

initial setting of some of the following cases.

]
T T

oe
—
=+

Focusing on the cases in the following figure: 5

setting bY <r <7 and -7 <s <0, T™M(F —r) + 7MiM |s| = 7M(F — r) + 277 M7 +
™(]s| = r) & —b}; = s. Thus, we obtain T, = 7 (7 — r) + 77MF + 7M|s| if Y <r <7
and —7 < s < —=b},, and T, = 7™M(F — 1) + 27TMF + 7M(|s] — 1) if b], < r < T and
—bi, <s<0.

Setting b}, < r <7 and s < —7, we obtain T, = 7™ (¥ — r) + 2777 since 77M < 7M

=
-7

Valand
ce

—
=i

which is depicted in the following figure:

Il
T

Focusing on the cases in the following figure: r

C,JA._
L o
=+

0
setting —7 < s < 0 <r < bi,, T™™Mr+7M|s| =2 TMp + 7TM7 4 7M (7 4 5) & —b}, = s yields
Trs = mMpr + 7M|s| if —b}, < s < 0and 0 <r <bi, and T,, = 7r +

if —F <s< —=bj,and 0 <r < by,

7IMp 4 7M (7 4 5)

Setting 0 < r < b}, and s < —7, we obtain Tp,s = 7Mr4+7TM7F4-7M(—s—7) since 77M <
_F 0 r

A

e

Cl:)a.—
=it

M which is depicted in the following figure:

Il
T

T

e
-t
=i+

Focusing on the cases in the following figure: , setting 0 < r <

s < 7, we obtain (s —r) = My + 7TMF 4 7M(F —5) & s = r +b},. Since T > s >
r+by, &by >, T =1"(s—r)if0 <r < s <r+b},, and Tps = TMr+7TMr 4 7M (7 —5)
if0<r<byandr+bl <s<r.
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A

—_—
Il 1
T T

0 ' 5 , setting 0 < r <

S+

Focusing on the cases in the following figure:
r<s,™(s—r)ZMr4+r™Mi4 M (s—F) by, Z2r. T,=7"(s—r)ifby, <r <7 <s
and T,s = TMpr + 7TMp + 7M(s — 7) if 0 < r < by; and 7 < s.

Summarizing the above results yields (12).

Appendix E Components of market potential func-
tions when transport facilities are con-

nected to the city

A simple calculation yields

pe =D | if 0 < |r| < by
Y (0)e @ DTo(0)7 " = { e (e MG g bho<|r| <7 (34)
pe @ DET M (=P <
and
2o e (@ Dlsl =" if 0 < |s| < by
Y(s)G(s)7 " = { Bppuelr DI Golsl=r TGl < || < 7 (35)
2L o DT E (IR = TAT=TAsl=7)if < ||
Then, from (12) and (35), we obtain, if 0 < r < by,
(e(rA—rTA)f—(a—l)ereTAs if s < —7
e (AT (=) M r o= s if -7 <s < —bj;
(=DM s if —bi, <5 <0
Y (s)G(s)7 e~ (0= DT e~ (0= D)TMr (o= =7 s if0<s<r
pAu/ LM ) el nrtrerts if r < s < b,
o= DTV 47M) 7 TA_rApy (o 1)rMr [-2(0-1)rM474]s  p bJJ\r/I <s<r+b
e~ (T A= (e=)rMroris if r 40y, <s<T
\e(*TTA*TA)’L("*UTMTG*TAS if 7 <s
(36)
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Similarly, we obtain, if by, < r < b},

(

p(TA=TTA) = (0= 1) M7y 1A ifs< —F
o= (T AT A= (- 1)rMr ,—1 s if —7 <s< b},
o~ (=17 Mr 745 if —bf, <s<0
Y(S)G;sj;—/lLe]\;(a—l)Tm D S TR S if0<s<r
plo—1)mMr —74s if r <s<by,
ello= DT M) s TA—r At (o= 1)rMr o [-2o-DrM4rdls jf pt < g <
ello=D (T =r M) —rTA4r A7t (0 —1)rMr =74 if ¥ < s
) (37)
Likewise, if b}, < r <7, we obtain
[ (oD M) e A Al (o 1)r M s if s < —7
el=(e=D)(ETM M) —rTA—7Alrt (o—1) My 745 if -7 <s<—by,
e~ (=DM 4rTM )it (0 —1)rMr 745 if —b}, <s<0
Y (5)G(s)7 e~ (0D Trs e~ (D EN TP (1) rMr g7 s if0<s<r—by
pAu/ LM T ) emlo-r M 2 (- 1)~ it r— b, <s < b,
ello=D)(r M4 7 TA Al —(o—1)rMr o745 ifby, <s<r
ello= )™M M)—rTA 7 Al (o) Mr [~2o DM ri)s ip oo < F
ello=1) ("M = M) = TALr Al (o 1) Mr =745 if 7 <s
) (38)
Lastly, if ¥ < r, we obtain
ello=)(=rTM M) s TA L7 Al — (o —1)7Mr 7 s if s<—7
el (="M M) =T A7 Al (o 1) M1 =74 if —7<s< by,
e (DT = M)r (o 1)rMr s if —bj, <s<0
Y (5)G(s)7 e~ (01T e~ (o= DM —rM)i—(o-1)rMr—14s if 0 <s<by
pAp /LM T ) e lom DM g 2lo— 1M —r s if by, < s < b,
6[(071)(TTMHM)7TTA77A]7L(071)TM7~67A3 if b?\} <s<TF
@1 (M = M) TA LAY (1) M1 20017 —74]s  if = <s<r
ello=1)(rTM M) s TALr Alpp (o —1)7Mr -7 s ifr<s
) (39)
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From (11), we obtain:

( —(I_M)TA 3 min
' if
2(1_677.Afm2n) f < 7”51
A A .
up i (A=p)7 _ lfT' < fmin - b+
L_ — 2{176_7-Afmzn+2€_.,.TAF[17677.A(fmzn,,rsl)]} sl f A
Y (1—p)r4
2k i min
- - if Tgo < f
\ Q{I—E_TAbX +e,TTAf |:1_e—TA(r—bX)+1_e,TA<fmzn7;):| }

Furthermore, we need to clarify the ranges of s € X that depend on f™".

(40)

For this

purpose, we obtain 0 < rg < b}/2 < by, <bj =0bj, <7if 0 <774/74 < 1/3, whereas
we obtain 0 < by, < b/2 < ryq < b =0bf, <7if 1/3 <774/74 < 1. Thus, six cases
emerge, depending on 774/74 and/or f™". From (8), (34), (36), (37), (38), (39), and

(40), we can derive a part of the nominal wage rates of the manufacturing sector at r € X

as follows.

First, in the case of 0 < 774/74 < 1/3 and f™" < rgy, or 1/3 < 774/74 < 1 and

Jmm < by, if 0 < r < f™" we obtain:

M(.\o __ —(o—1)Tro o—1 0
w (7") Y(O)e G(O) _ e(crl)TMr/ eTAS ds
pAp/ Ly

f’min

_i_ef(ol / 2(c—1)7M 7T]Sd8

’nL in

(o—1)7M / —7' $ds

If fm™in < r < b}, we obtain:

wM (r)o _ Y(O)e—(a—l)TTOGm)o—l 0

T Sds
pAu/ Ly

fmzn

/ 2(0 1)7M_74]s ds
0

If by, <r < f™" 4 b7, we obtain:

M o —(oc—1)T o—1 0
w?(r)” — Y(0)e oy "G(0) = 6(01)(7'M+TTM)7“+(01)7'M’"/ eTAS ds

PAM/ Ly

_fmin

r—b
(e M___TM\my (5 _1)-M M 4
+e (o—1)(*M+7 ' MYt (o—1)7 r/ e T8 ds
0

min

+ e(o’l)TMr/ 6[27'”[(0'71)77'/1]5 ds
T bXI

39
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If fm + bt <r <7, we obtain:

wM(T)J _ Y(O)e_(a_l)TTOG(O)U_l
P/ L

+e

If 7 < r, we obtain:

UJM(T’)U . Y(O)G_(U_l)TTOG<O)U_1
A/ Lar

+e

Second, in the case of 1/3 < 774 /74

=€

= e

0
(Ul)(TMJrTTM)rJr(Ul)TMr/ eTAS ds
_fmin
fmin
—(o—1)(TM7TM)5q (o—1)7 My / e—'rAs ds (44)
0
—(o=1)(7TM M7 (6—1)7Mp /0 eTAs ds
_fmin
fmin
—(o—1)(7TM M5 (g—1)7Mp / efTAs ds (45>
0

<land by < f™" < rg,if 0 <r < f™" we

obtain (41). If f™" < r < b}, we obtain (42). If b}, < r < 7, we obtain (43). If ¥ < r,

we obtain:
wM(T)U o Y(O)e—(o—l)TTOG(O)a—l
P/ Ly

0
— e—(J—l)(TTM—TM)r—(J—l)TMT/ eTAs ds

o
+6_((;_1)(TTM_TM)f_(o_1)TMr/ M

0
+ e—(a—l)'er /
b

M

A
e " *ds

fmin

6[2(0—1)7'M—TA]5 ds (46)

Third, in the case of 0 < 774 /74 < 1/3 and ry < f™" < bl /2 < by, if 0 <r < fmin,

we otain:

wM(T)U _ Y(O)e_(o_l)TTOG(O)"_l

pAu/ Ly

_ e(TA—TTA)F—(a—l)TMr/ " €TAS ds
,fmaac
7fmid
+€(TTA+TA)F(01)TMT/ efrAs ds
-7
0
+ 6—(0—1)7Mr/ eTAS ds
r
+ 6—(0’—1)TMT'/ 6[2(0—1)TM—TA}S ds
0
M fmln A
+€(U—1)7’ r/ e 7% ds
r
+€(TTA+TA)T(0'1)TMT/ eTAs ds
re1+T— fmin

fmaz

te e " ds (47)

(—TTA+TA)77—(U—1)TMT /
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If fmn < r <bi, — f™" we obtain:

wM(r>U - Y<O)67(071)TTOG(O)071 . (TAfTTA)Ff(afl)TMT - s
DA T =e e” *ds

_fmaz

_fmid

+ e(TTA+TA)r(Ul)TMr/ 677"45 ds

_i_ef(o' 17 r/ Tsds
fmzn

7(0' l)TMr/ 2(0’ 1T 77"4]5 ds

+€(TA+T) r/ €TAsd5
rg1+7—fmin
fmﬂ..’l)

T R GVt / e ™ ds (48)

If b}, — f™ < r < bj,, we obtain:

,wM(T.)a _ Y(O)e_(a_l)TTOG(O)U_l _ (TA—TTA)F—(U—l)TMr - TAs d
pAH/LM =€ e S

_f‘"L(l(L’
_fmid

+ e—(TTA—‘rTA)T‘—(O'—l)T]M’I’/ e—TAS ds

T

0
+ e (e=Drr / e™s ds
,fmin

min

+ e—(O’—l)’TMT/ 6[2(0—1)7'M—TA]5 ds
0

(o—1)(7TM 47 M) 7TA_7 A7 (0—1)7Mr /T+b7\_/[ [—2(c—1)TM+7r4]s
+e e ds
. ro1 7 fmin
+ e(TTA+TA)T(Gl)TMr/ eTAs ds
r+bJ]cI
fmaz
4 T T = (o= / e ™ ds (49)

41



If by, < r < b}, we obtain:

UJM(T)U — Y(O)G*(Ufl)TroG«))afl AT Ay o1y _F n
pAM/LM =€ - (& ds

fmaz
_fmid

+ e(TTA+TA)r(0'l)TM1“/ efTAs ds

T

0
A M A
+€(01)T r/ e 5 ds

P / p2(o-1)rM —rAs
0

+ e[(o'fl)(TTM+TM)7TTA7TA]F+(O'71)T]VIT / e[*Q(O’*l)TMJrTA}S ds
mid
fmaz

+ 6[(071)(TTM*TM)*TTAJrTA]H(Ufl)TMT e*TAs ds

=0

(50)

If bi, < r < f™" + b}, we obtain:

wM (T)U — Y(O)e_(o_l)TTOG“))U_I o [—(U—l)(TTM+TM)—TTA+TA]F+(0'—1)TM7‘ - FAg d
P/ L —° o

,fmax
mid
+ 6[(01)(TTM+TM)TTATA}T’Jr(Gl)TMr/ 677—‘43 ds

T

0
+6—(o‘—l)(TM—i-TTM)F—i-(U—I)TMT/ eTAs ds

_fmin
_pt
(o) (M +7TM)pt(o—1)7 M7 o R
+e e ds
0

min

+ 6—(0’—1)7'M7"/ e[QTM(U—l)—TA]s ds
r—b

- XI
F
+ 6[(071)(TTM+TM)’TTA*TA]%L(U*UTMT el2(e=D)mM 4745 4o
ra17— fin
max

[(a—l)(‘rTM—TM)—TTA—i-TA]f—i-(O'—l)TMr e—TAS ds

S

+e
(51)

42



If fmin + bX/[ <r<rg+7r-— fmin, we obtain:

wM(T)U _ Y(())e—(a—l)Troc;(O)a—l
pAp/ Ly

— ol eV M) = T AL Al (o 1) My /T em's ds
_fma:v
_ fmid
[7(0’71)(TTM+TJ\/I)7TTA7TA}’F+(O'7].)TMT ! 677’45 ds

+e

0
+ e(01)(7'M+TTM)T+(0'1)TM7“/ eTAs ds
_fmin

min

+ e(dl)(TMJrTTM)rJr(O'l)TMT/ e*TAS ds
0

4+ llo=D) T4 M) —rTA—r A7 (o 1) M7 / T 2017V 47 A)s g
r1T— i
fmaz

+ el = M) =7 T A4 r At (o 1)7Mr / s 4

T

(52)

If rgg + 7 — f™n < r <7, we obtain:

UJM (T>O' . Y(o)e—(a—l)T,«oG(O)U—l

pAu/ Ly

[7(0’71)(TTJVI+TM)7TTA+TA]f+(O'7l)TMT /T eTAs ds

_fmu,z

=e
_fmid
+ 6[—(0—1)(7'TM+7'M)—TTA—TA]F-‘,-(U—l)TMr e—TAS ds
—F
0
+ e—(o—l)(TM—i-TTM)r-i-(O'—1)TM7“/ 6TAS ds

_fmin

min

+ 6—(0—1)(TM+7'TM)1"+(U—1)TM7“/ e—TAS ds
0
4 el DM M) S TA Al (17 / e™s ds
TS}+1:—fmin
4 ello=D)(E"M M) 7T A Al (o —1)7 M r / ' o200 =DM 74 4

fmaac

4 el ETM = M) 7 T A7 At (o —1)7Mr / o 4

T

(53)
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If ¥ <r < fm™n 47 —ry, we obtain:

wM(r)U - Y(O)ei(oil)TroG(O)ail _ 6[(0—1)(—TTM+TM)—TTA+TA]F—(U—1)TMT /—77 eTAS ds
7fmid

[(o—1)(=7TM 7MY _7TA_+ A7 (0—1)7Mp 677‘43 ds

+e

0
+ 6(01)(TTMTM)'I’(01)TM7“/ eTAs ds
_fmzn
+ 6(01)(TTMTM)T(01)TM7"/ e*‘rAs ds
0

+ llo=D)(ETM 4 —rTA—rA)r— (o 1) Mr / ™% ds

mid

+ e[(o—l)(TTM—TM)—TTA—H'A]F—(O'—I)TMT /T 6[2(0—1)7M—TA]5 ds

T
max

4 elle=DETM = M) =7 T A4 r At (o 1)7 M r / o5 4

(54)

If fmn 47—, <r, we obtain:

wM(r>U B Y(O)e_(U_I)TTOG(O)U_l o [(J—1)(—TTM+TM)—TTA+TA]F—(J—l)TMT’ - TAs d
pA/_L/LM =€ e S

_f'mar
__ fmid
+ e[(a—l)(—TTM—f—TM)—TTA—TA]F—(U—I)TMT/ ! e—TAs ds

T
0

+ 6—(0—1)(7'TM—7'M)77—(0—l)TMT/ GTAS ds
,fm'in

+e—(cr—l)(TTM—TM)'F—(a—l)TMT/ 6—7—‘43 ds
0

4 elle=DETM M) =7 TA—r i (o —1)7Mr / ' e ds
fmid
fmaar

+ 6[(0—1)(TTM—TM)—TTA—FTA]F—(J—I)TMT/ e[Q(U—I)TM—TA]s ds

T

(55)

Fourth, in the case of 0 < 774 /74 < 1/3 and rg < b} /2 < fm™ if 0 < r < bf, — fm™",
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we obtain (47). If by, — f™™ < r < f™" we obtain:

UJM(T)U — Y(O)G*(Ufl)TroG«))afl AT Ay o1y _F n
pAM/LM =€ - (& ds

fmaz
_ fmid
4 e (A= (o—1)rMr / ! e ™' ds

T

0
+ e(al)TMr/ eTAs ds

fmin

+ e(al)TMr/ 6[2(0'71)TM77'A]3 ds
0
fmin

+ elo= D / e ™' ds

[(o=1)(rTM4rM)—7TA -7 At (o= 1)7 M r /T+b7\_/[ [2(c—1)7M 4745
+e e ds

ro1+7— fmin

7
_(+TA ANz (4 M A
+€(T +7rN)7F—(0c—1)T r/ e ds
r+b;\r/1

fmaa:

L T A1)y / e ds (56)

If fmin < r < by, we obtain (49). If by, < r < b}, we obtain (50). If b}, < r <
re + 7 — f™" we obtain (51). If 7y +7 — f™n < p < f™n" 4 bt we obtain:

wM(T)U _ Y(O)e_(U—I)TrOG<O)U—1 _ o) T M) g TA Al (o 1) M /—7‘ o

pAu/ Ly _ fmaz
_ prmid
L ol D) A A (g 1) / T g
. —
+ 6—(cr—l)(TM—i-TTM)T'+(¢7—I)TMT/ eTAS ds
_fmin

_pt
(-1 (M 4rTM)pt(o—1)7Mr o —74s
+e e ds
0

min

+ ef(Ufl)TMT' / e[QTM(Ufl)fTA]s ds
r—b?[l

+ 6[(0_1)(TTM+TM)—TTA—TA]F—(U—I)TMT / eTAs ds

re147— fmin

+ e[(a'fl)(TTM+TM)7TTA77'A]77+(071)7'M1" / e[*Q(O‘*l)TMﬁ*TA}S ds

4 elle=)ETM = M) =7 T A7 At (o —1)7M 7 % s

il

If fm™in 4+ b, <r <7, we obtain (53).
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Fifth, in the case of 0 < 774/74 < 1/3 and b < f™" < bf,, or 1/3 < 774/74 < 1
and rg < f™" < b, if 0 < r < by, we obtain (56). If by, < r < f™" we obtain:
wM(T,)O' _ Y(O)ef(afl)TroG«))afl (rA_aT Ay (g 1)r M, /7‘

T =T TAS d
=e e s
pAu/ L

fmaz

_fmid

+ e(TTA+TA)r(0'l)TMr/ efTAS ds

T

0
+ e(al)TMr/ eTAs ds

+ e(al)TMr/ e[2(0'71)7'M7‘1"4].9 ds
0

+ e(o’—l)TM’f’/ e—TAS ds

oM M)A A g1y / T oAy
fmid

fmll:l?
1 oD@ M M) T A Al (o 1) M r / =45 4

(58)
If fm" < r < b}, we obtain (50). If b}, < r < rg + 7 — f™" we obtain (51). If
re + 7 — fM < < f™n 4 bt we obtain (57). If f™" 4 b, < r < 7, we obtain (53). If

F<r<fm™n 4§ —rg, we obtain:

wM(r)U - Y(O)ei(ail)TroG«))gil _ e[(U—l)(—TTM-FTAJ)—TTA+TA]F—(O’—l)TMT /T eTAS ds
pAM/LM _fma:r_‘
_fmid

+ e[(al)(TTMJrTM)TTATA}r(U1)7'Mr/ e*TAS ds

-r

0
+ e(al)(‘rTM‘rM)r(al)‘er/ eTAS ds

_fmin

b
(o TM__M\a_ (1M Mo 4
+€(01)(7’ TMYr—(o—1)T r/ e T 5 ds

0

+ e(al)TMr/ 6[2(071)7M77'A]s ds

b 7
el T A A g1y / et ds
fmid
i

(o—1)(7TM —7M) _7TAL 7 A7 (6—1)7Mr 2(0—1)TM —74]s ds

+e el

MIN | & g
(o= D)(TM = M) Tt gyt [T g
+e e ds

—

(59)
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If fmn 47 —ry <7, we obtain:

wM(r)U - Y(O)ei(oil)TroG(O)ail _ 6[(0—1)(—TTM+TM)—TTA+TA]F—(U—1)TMT /—7“ eTAS ds
7fmid
+ 6[(0‘71)(7TT]M+TM)7TTA7TA}1:7(0'71)TM’I‘ 677‘43 ds

-r

0
+ 6(01)(TTMTM)'I’(01)TM7“/ eTAs ds

_fmin

—(o—1)(7TM M5 (g—1)7Mp bar _ Ag
+e e ds
0

+ e(ol)TMr/ e[?(U*l)TMfTA]S ds
b
+ e[(o'fl)(TTM+TM)7TTA7TA]f7(O'71)TMT /‘T eTAs ds
fmid
fmin“!‘f_rsl

(o—1)(7TM —7M) _7TAL 7 A7 (6—1)7Mr e

+e [2(0—1)TM—TA]S ds

—

(60)
Finally, in the case of 7 + b < f™" if 0 < r < by,, we obtain:

'lUM(’r)U - Y(())ei(oil)TroG(O)Gil o (TA—TTA)'F—(U—I)TMT - 7_ASd
pA[I//LM =e€ - e S

fmin
+
_bM

+ e(TTA+TA)r(0'1)TMr/ ef‘rAs ds

T

0
+ e(01)7'M1"/v eTAs ds
_bx/[
+ e(ol)TMr/ 6[2(071)TM77'A]5 ds
0

+
(o—1)7Myp i —rAs
+e e ds
T
+
r+by,

4 elle=DETM M) =7 TA—r At (o —1)7M 7 / o245 g

+
bas

7
_(+TA AVm (4 M A
+€(T +7rN)7F—(0c—1)T r/ e ds

r+b$[

fmin

g e )

7
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If by, < r < b}, we obtain:

wM (T,)o' _ Y(())e—(a—l)Troc;(O)a—l

pAp/ Ly

If b}, < r < T, we obtain:

wM (r)a - Y(O)e_(U_I)TTOG(O)U_I

pAu/ Ly

—F
A_TA\&_ (~__ M A
:e(T T NF—(o—-1)T r/ e 5 ds
_fmin

+ e—(a—l)TMr/ 6[2(0—1)TM—TA]S ds
0

+
(o—1)7Myp Par —rAs
+e e ds
T
7

+ e[("1)(TTM+TM)TTATA]H(crl)TM”/ e S P
bir

+ e[(afl)(TTMfTM)fTTAJrTA]FJr(o‘fl)TMT €7TAS ds

il

(62)

— e[—(a—l)(TTM+TM)—TTA+TA]F+(J—l)TMT’ / eTAs ds

+ 6[—(0—1)(TTM+TM)—TTA—TA]F—F(U—I)TMT / M e—TAS ds

-r

0
+e—(U—l)(TM—‘rTTM)'I_‘-‘r(O'—l)TMT/ eTAS ds

7b1\+4
r—bl

+ e(al)(TM+TTM)T+(0'1)TM7“/ M ef‘rAs ds

0

—(o—-1)TMp /bxj 2rM(c—1)—14]s
+e e ds
T—b&
+ 6[(01)(TTM+TM)TTATA]7"(crl)TMr/ e‘rAs ds
bir
+ e[(al)(TTM+TM)TTATA]TJr(Ul)TMr/ 6[72(0’71)TM+TA}5 ds
fmin

+ llo=D) (T =) —r T A4 r At (o 1) My / o5 4

(63)
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If # < r < f™" we obtain:

wM(r)U - Y(O)ei(oil)TroG(O)ail _ 6[(0—1)(—TTM+TM)—TTA+TA]F—(0—1)TMT /—7“ eTAS ds

+ e[(a—l)(—TTM-i-TM)—TTA—TA]F—(U—I)TMT /_ M G_TAS ds

0
+ e(al)(TTMTM)r(al)‘er/ e‘rAs ds

+
bar

—(o-1)(#7TM —7M)p—(o—1)7Mr *u —74s
+e e ds
0

bis
+ e—(a—l)’er/ 6[2(0—1)7'M—TA}5 ds
bas i
+ e[(a—l)(TTM+TM)—TTA—TA]F—(J—1)TMT/ eTAS ds
bir

[(o—1)(zTM -7 M) _7TAL 7 A7 (0—1)7 My 2(0—1)7TM 7475 ds

+e el

(o) TM M) 5T e oty [

_ LA
+e e " ®ds

If f™n" <y, we obtain:

wM<T)U — Y(O>6_(U_1)TTOG<O)U_1 _ e[(o'fl)(*TTMJFTM)fTTA‘FTA]Ff(U*l)TM’I“ /T eTAS ds
pAu/ L

_fmaz

+ e[(U—l)(—TTM—H'M)—TTA—TA}f—(a—l)TMr /_ Me—TAs ds

0
+ e—(a—l)(TTM—TM)r—(U—1)TM7“/ GTAS ds

+
bM

b=
+ 6—(U—l)(TTM—TM)’I_’—(O'—l)TMT/ M e_TAS ds
0
by
4 (oD / p2(0-1)rM —r s g
b i
+ 6[(0’1)(TT]M+TM)TTATA]T(UI)TMT/ eTAS ds
bir
fmin
+ 6[(071)(TTMfTM)fTTAJrTA]Ff(Ufl)TMT 6[2(071)7Mf'r‘4]s ds

il

(65)
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Appendix F Derivation of the comparative analysis
on the necessary condition for sustain-

ing monocentric equilibrium

Expressing the last term of the left-hand side of (17) as Cs, we obtain

a0y p(1 — )™ T4
afmln 1 l—efTAfmin 2 26_7"41: |:1 _ G—TA(fmin_Tsl)} 2
+ QE—TTAF[1—6*"A<fmm*7'51)]
. LA TA
x e (1 et ) <0 (66)

Likewise, expressing the last term of the left-hand side of (18) as Cj5, we obtain

oCs p(1 — w7
afm'm 1_E,TAbX 2
1 + e_TTA; |:27677'A(F7bj;)7€,7_A(fmin,;):|
]- - 7TAbX 7 min __ =
X ¢ Jrie T g (67)

{e—TTAF [2 L emTAbY) _ e—TA(fmm—F)i| }

Since ¢ and N do not appear in (17) and (18), from ™" /dc* < 0 and df™" /N > 0,
we obtain 0C,/dc* > 0, 0Cy/ON < 0, 0C3/dc* > 0 and dC3/IN < 0.

50



References

Behrens K (2007) “On the location and lock-in of cities: Geography vs transportation
technology.” Regional Science and Urban Economics 37: 22-45.

Cronon W (1991) Nature’s metropolis: Chicago and the great west. New York: Norton.

Fujita M, and Krugman P (1995) “When is the economy monocentric?: von Thiinen and
Chamberlin unified.” Regional Science and Urban Economics 25(4): 505-528.

Fujita M, Krugman P and Venables A J (1999) The spatial economy: cities, regions, and
international trade. Cambridge, MA: MIT Press.

Fujita M, and Mori T (1996) “The role of ports in the making of major cities: Self-
agglomeration and hub-effect.” Journal of Development Economics 49: 93-120.

Fujita M, and Mori T (1997) “Structural stability and evolution of urban systems.”
Regional Science and Urban Economics 27(4-5): 399-442.

Fujita M, Mori T, and Krugman. P (199) “On the evolution of hierarchical urban sys-
tem.” European Economic Review 43(2): 209-251.

Mori T (1997) “A modeling of megalopolis formation: The maturing of city systems.”
Journal of Urban Economics 42: 133-157.

Mori T (2012) “Increasing returns in transportation and the formation of hubs.” Journal
of Economic Geography 12(4), 877-897.

51



	Title page3
	3stations_Dec(DPtitlecut2)
	Rev+3.+List+of+back+issues
	番号取得リスト




