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Abstract

This study presents a theoretical model of the role of externaities across a three
dimensional regional economy. Two decades ago Krugman (1981) developed a two
region model of uneven regiona development. He showed that initial discrepancy in
capital-labour ratios of the two adjacent, competing regions will cumulate over time,
and will inevitably lead to the division into the capital-rich and capital-poor regions.
Kubo (1995) presented an extension to Krugman's model by incorporating not only
scale economies within the regions but also regional externalities across regions. His
model provided an explanation for different regional development patterns. uneven,
joint and the mix of these two. In this study Kubo's analysis is extended to study the
dynamic properties of the development of the three regions instead of two regions.

We characterise dynamics and the stability of steady states in the three-region
model. In particular, we show under what conditions steady state is unique, and if there
can be multiple steady states. We show that the condition for even regiona
development in Kubo's model, i.e. that regional externalities are stronger than scale
economies in each region, is a necessary, but not a sufficient condition for even regional
development in a case of three regions.

Our three region model offers a potentially interesting framework to anayse
different regional development patterns and provides some new interesting results about
the role of inter-regional externalities on regiona development. Our model can be used
to analyse, how the domination of the core region affects the growth of peripheral
regions and what kind of regional policy should be implemented to promote economic

growth in the periphery.

Keywor ds. scale economies, regiona externalities, regional development
JEL classification: C61, R12



1. Introduction

The questions of the existence, the extent, and the nature of external economies of scale
have been widely investigated in the literature of economic geography and growth. In
location theory, external economies of scale (externalities) within the region have
traditionally been used to explain why firms want to be located close to each other, i.e.
to agglomerate. In growth theory, external scale economies are an engine of endogenous
growth. However, the most important point of view concerning this research is that the
introduction of external economies of scale has aso made it possible to develop
theoretical models of unequal economic development.

Krugman (1981) developed a model of uneven regiona development, where he
showed that initial discrepancy in capital-labour ratios of the two adjacent, competing
regions will cumulate over time, and will inevitably lead to the division into the capital-
rich and capital-poor countries/regions, i.e. uneven regional development. An important
assumption in his analysis was that the presence of external economies of the industrial
sector. Kubo (1995) extended Krugman's model by incorporating not only scale
economies within the regions but also regiona externalities across regions. An
important novelty in his model was to provide an explanation for different regional
development patterns: uneven, joint and the mix of these two, within the same
framework.

With Kubo’s model, we can broaden our concept of inter-regional development
and analyse how one region’s growth through externalities across the barriers of
regional economies can enhance other region’s economic development. However, if we
want to analyse more precisely how, for instance, increased networking (i.e. increased
inter-regional externalities between many regions) will affect regional development, itis
necessary to extend the analysis beyond the two-region case. Therefore, we will
formulate the most obvious generalisation of the two-region case — the three-region
model.

In this study Kubo's analysisis extended to analyse the dynamic properties of the
development of the three regions. This extension provides us a framework to analyse
such geographical issues e.g. the increased regional networking which cannot be dealt
with a two region analysis. On the other hand, it is interesting to find out whether the
results of Kubo's two-region model will remain in the three region model.

The study might also shed light on the regional development in Northern Finland.
A few years ago the idea of the regional network of Northern Finland was launched by



the Northern Finland Working Group. That idea was meant to spread the economic
growth of the city of Oulu — technologically advanced core region - to smaller
peripheral areas. This study offer potentially interesting frameworks to analyse different
regiona development patternsin Northern Finland.

The structure of this study is the following. Section 2 presents the basic structure
of the model. In particular, we show under what conditions the steady state is unique,
and when there are multiple steady states. In section 3 we study the dynamic properties
of the model. In sections 4 and 5 we examine different regional development patterns
both in cases of symmetric and asymmetric inter-regional externalities. A concluding
discussion is provided in section 6.

2. The model

The economy has three regions denoted by A, B and C (See Figure 1). Each
region has an equal amount of labour Li=L , 00 (i = A, B,C) that will not grow over
time and is immobile between the regions, i.e. Lo =Lg =Lc =L . Every region has
only two sectors, manufacturing and agriculture. The manufacturing sector uses both
labour and capital in producing good M, whereas the agricultural sector uses labour
alone. Both commodities, manufacturing and agriculture, are freely traded. The
manufacturing sector uses now fixed-coefficient, Leontief technology, but there are
increasing returns to scale in production — the accumulation of capital causes reduction
of capital and labour coefficients. The assumption of regional externalities implies that
not only capital accumulation within the region, but also in other regions, has an effect

on production efficiency.
The Leontief type of production function of the manufacturing sector (M;) in
regioniis,
(KoL
M, =(K,,L )=min| —,— | 1
=KoL (Li gi] M

Anaogous to Kubo (1995), capital (ki) and labour (7 ;) coefficients are determined

as follows;
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where;

a isthe degree of (regional) scale economiesin region A

B isthedegreeof (regional) scale economiesin region B

y isthedegree of (regional) scale economiesinregion C

Ua isthe degree of external effect from region A to region B
Mg isthe degree of external effect from region B to region A
Oa Isthe degree of external effect from region A to region C
Oc isthe degree of external effect from region C to region A
As isthe degree of external effect from region B to region C
Ac isthe degree of external effect from region C to region B.
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Figure 1. Scale economies and regional externalitiesin the case of threeregions.

We assumethat O<a, B,y<1,0< y, &, Ai<10(@(=A,BC)and a b>0.
Neutrality in the scale economies and regional externalities together with the
assumption that both regions use the same basic technology means that in each region;
ki/¢; = al b = constant. So the technologies in all regions are assumed to be the same,
but the differences in the strength of scale economies and regional economies are
possible.

Production functions in the manufacturing and agricultural sectors are; *
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When we differentiate e.g. manufacturing production of region A with respect to
Ka ,Kg Or K¢, we note that we have increasing returns to scale within the region and
positive externalities across the regions. The wage rate is unity (w = 1) and the price of
manufactured good is Py.> Both are expressed in terms of the agricultural good.
Furthermore, we assume that a constant fraction 1 of the wage income in each region is
spent on the manufacturing goods and the rest on the agricultural goods. Assuming free
and balanced trade, the price of the manufactured good in equilibrium is determined as,

P,(M,+My+M_)=3L (4)
3 3ral

=P, = = _
M+ M+ M KEPREKE +IGPKEKE +KETREKE

Now therate of profit in aregioni is given by,

_ M &M, Ry _9
! K. k '

(5)

Assuming that profit incomes are saved and reinvested in the respective
manufacturing sector to increase capital stock, regional capital stocks evolve over time

asafunction of al regions capital according to

ﬁ_p o a = -2 (6a)
Ka 7% Ky @ Ky +K@OKGPKE® +KPIKE K™ a
&_p —P_M—E— 3[[ _l_) (6b)
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The dynamic properties of the development of three regions are described by this
differential equation system. Next we will determine the number of the long-run
equilibria, i.e. the steady states of the economy.

Steady state equilibrium

The steady state of the economy is an allocation such that,

= = . =0. (7)




The relation between K4, Kg and K¢ at the steady state(s) can be expressed as®

Ksg=K,” ad K.=K,?, )
where 6 and @ denote;

- (a_luA)(y_/‘C)-'-(/‘C _6C)(6A _/JA) an — (a_ﬂA)(ﬁ_/]B)+(ﬁ_ﬂB)(ﬂA_6A)
o= o= (ﬁ_,us)(y_/]c)"'(lg_/]s)(/]c _5c) O

(8- )y =2 )+ (8- 25 JAc - &)
Substituting Kg=K,% and K.=K,? into the equation K,/K,=0and
rearranging, we get,
3ia

Z(K,) =K, +KE+KE = (10)

Level of Ka at the steady state(s) is determined from (10). Next we study how many
solutions there are for (10).

We first assume that both parameters 6 and @ are positive and study the limit of
Z(Ka) as Ka approaches zero and infinity. When both parameters are positive Z(K,) is

an increasing function of K, and it can be seen that IlimOZ(KA) =0and KIim Z(Kp) =00,

Now thereisaunique K, that satisfies eg. (10).
The steady state of our model, however, is not necessarily unique. We first
consider the case where both parameters in equation (10) are negative. Now we can

rewrite function Z(K ) to the form,

Z(K\)= Kt gt oo

Ki K2

(11)

It is easy to see that KIirrJOZ(KA)zoo and lim Z(K,)=e, which means that function

|

Kp -
Z(Ka) has at least one minimum. Differentiating Z(K ) (and setting it equal to zero) we
oet,

, _ 1 1 .1
z(KA)_1—9Ki\+€—¢Kr¢_o@1 QKT:"_(”KT;W (12)

From (12) we see that if there is a solution such that Z'(Ka) = 0, there must be
only one such solution. The left hand side (LHS) of last expression in (12) is an
increasing function of Ka (approaches - « when Ka approaches 0, and 1 when Ka
approaches ). The right hand side (RHS) of last expression in equation (12) isin turn
decreasing function Kp (@pproaches « when K approaches 0, and 0 when Ka

approaches «). Thus if both exponents in Z(K,) are negative, it is actualy a u-shaped



function, which has only one minimum where Z’(K») = 0. This means that (11) may
have O, 1 or 2 solutions, i.e. values of K where the economy isin steady steate.
When one of the exponentsin Z(K,) is negative (-08) and the other is positive (¢),
we have three cases. The function Z(K») can be written in aform,
1
Z(KA):KA'*'F'FKK- (13)

A
The function Z(Ka) approaches again « when Ka approaches 0 or . Differentiating
(13) with respect to K4 and by setting it equal to zero we get,

Z'(KA):1—6%+¢K,§H =0. (14)
KA
Wefirst assumethat @ > 1. Setting the Z' (K ) = 0, we get
l+gkoi=g 1 (15)
I<A

The LHS of (15) approaches 1 when K approaches 0, and o when K approaches co.
RHS approaches again « when Ka approaches 0, and 0 when K approaches «. This
means that function Z(Ka) has again only one minimum and thereby we can have 0,1
or 2 steady states in the economy.

In the case where < 1, Z' (Ka) = 0 can be written,

¢ _ .1
1+ < = O g (16)

Both LHS and RHS of (16) approach o when Ka approaches 0, and O when Ka
approaches . To study behaviour of Z'(Ka) we define LHS of (16) as G(Ka) and RHS
asH(Kp). Differentiating we obtain,

G'(Ka)=plp-1)K 2 :% <0 (17)
6 (k)= plp-1)p-2)k = 4o =2) a9
H'(K,)=6(-0-1)K ;7 =$ < c: (19)
(K, )= 00 -1)- - 2)k ;0 = 2020 x2) @

Signs of the first and second derivatives show that both functions G(K,) and H(K,) are
downward sloping and strictly convex. Figure 2 describes curves G(Ka) and H(Ka).

H(Ka) (or G(Ka) respectively) can have three different shapes. This means that there



can be 0,1 or 2 solutions for equation (16) depending on the relative convexity of
functions G(K ) and H(K ). In figure 2 we have described the case for afixed G(Ka).

H(£,)

G(Z,)

Figure 2. Number of solutionsfor equation (16).

Thereby we have proved that when one of the parameters of (10) is positive and < 1 and

the other is negative, thereis possibility for maximum two points of Z'(Ka) = 0.

In the case where @ =1, Z' (Ka) = 0 can be written,
1

2 =0 —— (21)
K 3"°

Now RHS of (21) approaches o when Ka approaches 0, and 0 when Ka
approaches . The LHS is a horizontal line and hence there is only one point where
function Z'(Ka)=0. So Z(Kx) is a u-shaped function and we may again have 0,1 or 2
steady states in the economy. Table 1 summarises our analysis concerning the number

of steady states of the economy.

Table 1. Sgns of the parametersin the function of Z(K,) and the number of steady states of the
economy

Signs of the parametersof |lim Z(K,) lim Z(K ) | Number of
function Z(K ) Ka- 0 Ka— steady states
Both positive 0 0 1 (unique)
Both negative 00 00 0,1o0r2
One negative and

a) Onepositiveand > 1 00 00 O0,lor2
b) Onepositiveand<1 00 00 O,lor2
c¢) Onepositiveand=1 o o O,lor2




3. Stability of the steady states

To study formally the stability properties of dynamical equilibrium, we form the

Jacobian matrix of nonlinear system (6a-6c¢).

K, 0K, oK,
oK, 0K, 0K,
K, oK, 0K,
oK, 0K, 0K,
Ko oK, oK,
K, 0K, 0K,

(22)

We evaluate the Jacobian at the steady state, i.e. we substitute K ,, K, =K% and

K.=K¢, and b/a=3/K,+K?+K? into the Jacobian matrix. After some

manipul ation we get,”

[-3A1 -31LA2 -31A3 ]|
K*—Z K*_Z K*_Z Fo Fo
| -31lB1L -31B2 -31B3 _
‘]E_ +2 «2 w2 (_ F21 Fzz
K" K K™ EoE
-3LC1 -31C2 -31L.C3 a a2
L K*2 K*2 K*2 —(KEYKE,KCD)

where,

AL= Ky +(up—a)K ) +(0p-a)k ¥

A2 =L+ B - pg Ky + (s = g JK KK,
A3=(L+y -3¢ K+ (Ac = 3 JK K TOK,
Bl=(L+a - pp)K) + (00 - ua)K PR
B2=Ky +(ug -~ B)Ka+ (A - BKY
B3=(1+y - Ac)KW +(3c —Ac K a PKAK Y
Cl=Q+a -3a)K+ (un - Ia)KAKLTKY
C2 = L+ B =g JK 7+ (Ag = wg KA K TIK Y
C3=K W+ (3c ~y)Ka+ (e -y)KY

.|) @)

(24)

K" =K+ K +K,? = Thesum of regional capital stocks at the steady state.

To study the stability of the steady state(s) we utilise Routh-Hurwitz theorem.®
First we form the characteristic matrix of the Jacobian determinant (D). The linear

homogenous system has (according to a well-known theorem of elementary algebra)

non-trivial solutions (in addition to the trivial one) if and only if its determinant is zero.

In our case this means that the determinant of the characteristic matrix of D must

vanish, i.e. characteristic matrix of D is required to be singular.” The determinant of



characteristic matrix of the Jacobian determinant will yield 3rd—-degree polynomial inr,
i.e. 3rd—degree polynomial equation with real coefficients.

aor® + agr

Z+a,r+az =0 (ap, >0) (25)
The Routh-Hurwitz theorem states that necessary and sufficient stability

conditions to have a stable root are given by the following inequalities; ®

a, >0, a,>0, a, >0, aa, —ajsa, >0, (26)
where;

a, =1

a, = —(F, +F,, + Fy

a, = FyFp +FuFyu t FuFy —FpFy —FpFy —Fyp Ry
a; = FFyFp t PRy t PRy Ry —Fu Ry Py —FpFpby —FaFg By
Next we will examine different regiona development patterns both in cases of

symmetric and asymmetric inter-regional externalities.

4. Regional development with symmetric regional externalities
First we study the case, where each regions externalities are symmetric, i.e. pa=
3, Us = Ag, Ac = Oc, and they are stronger than scale economies within the regions.’

This assumption means that 8 and @ parameters in equations (10) can be written as;

g= (a_:uA) _(a_luA)(ﬂ_/‘B) _(a_éA)

G-r) ™ =) 1)

,when , =A;and u, =9,. (27)

With these assumptions both parameters 6 and ¢ are positive, which in turn
implies that we have a unique equilibrium. Furthermore, it is easy to show that if
symmetric regional externalities are stronger than scale economies in each region, the
unique steady state of the economy is always stable. Inequalities (26) under the
assumption of the symmetric externalities are presented in appendix 1. The result isin
the line with Kubo' s two region model. Thisyields,

Proposition 1. When symmetric regional externalities are stronger than scale economies

for each three regions, there is unique steady state, which is stable.

The allocation of manufacturing production among the three regions can be presented as
a point of an equilateral ssimplex triangle, where each point in a triangle presents the
relative sizes of regional capital stocks in two dimensions (figure 3).2° In the corners of
the triangle, the manufacturing industry is totally concentrated into one region and other

10



Figure 3. The stableregional development

two regions are de-industrialised. Figure 3 presents the totally symmetric, unique stable
steady state case where parameters of the scale economies and externalities are equal in
each three regions. From any point of the simplex, system will converge towards the
unique (ergodic and predictable) outcome (Arthur 1994). As in Kubo's model, the
relative size of the regions in steady state depends on the relative magnitudes of their
net externalities. The larger the net externalities of region compared to other region’s
net externalities, the larger will be the relative size of that region at the steady stete.

Next we assume that scale economies are stronger than regiona externalities in
each region. It is easy to see that parameters 6 and @ in (10) are again positive, and we
have a unique steady state. Whether this steady state is stable or unstable is not so

straightforward to answer. However we note that;

31:3—£(K*+A)>0 it A>-K' (28)
K
—\2
a2=(_sn4') (B+A[H(*)>OifA>-K—B*
aS:—(_s;)SK*EB >0 always
a,a, - a,a, = (irg)[KAz +(kz+B)al>0 if A< —(K* +%) or A>0.

Combining the inequality conditions in (28) we see that all terms &, &, & and
a1d-ag & are now positiveif and only if term A (= the sum of net regional externalities
weighted by the capital stock of “target regions’ at the steady state) denoted in (A2) in
appendix 1 is positive. This means that if symmetric regional externalities are smaller

than scale economies for each region (i.e. A < 0), the unique steady state is always

11



unstable. In addition to the unstable interior equilibrium, we have aso three unstable
equilibria, where manufacturing industry is equally divided between two regions. In that
case analysis is similar to uneven regiona development in Kubo's model. If we are not
exactly on that “saddle path” which leads to the steady state where both regions have a
certain share of manufacturing, manufacturing sector always ends up concentrated in the
region with the largest capital stock initially (Figure 4).**

The assumption is that an increase in a capital stock increases production efficiency and
reduces production costs. This in turn increases profits and the rate of capita
accumulation in this region. In the case of unbounded agglomeration, the outcome of
the locational process will be the monopoly of one location - “Silicon Valley outcome”
(Arthur 1994).* This result is again in line with Kubo's model. This completes the
proof of Proposition 2.

Proposition 2. When scale economies are stronger than symmetric regional externalities
in each three regions, there is unique steady state, which is unstable.

Figure 4. The uneven regional development

In other words, the simplex is divided into three basis of attraction, each of which
drains to one of the corners. However, if reservoir of labour or some other factors of
production are exhausted in “the leading region” before the upper limit of the regional
capital stock has achieved, the manufacturing industry may spread to other regions also.
Now the region which will share the manufacturing industry (maybe become partialy
industrialised) with the leading region is determined by the historical choice of order. If
there are upper limits of positive agglomeration effects in each of the regions, it is
possible that the manufacturing industry is dispersed to all the regions (Arthur, 1994).

Thiskind of regional development was briefly described in Krugman (1981). 4

12



5. Regional development with asymmetric regional externalities

Next we drop the assumption about the symmetric regional externalities. This
means that externalities from each region to other two regions are no longer equal (i.e.
MaZ Oa, M #ZAg , Ac # &c). This reflects indirectly regions capability to adopt
externaities from other regions and possible “preference co-operation relationship”
between the regions. The stability conditions (26) under the assumption of asymmetric
externalities are presented in appendix 2.

In Kubo's two-region model the assumption that externalities are larger than scale
economies for each region (i.e. term in parenthesis of equation a, in (A3) > 0), implied a
unique, stable steady state in the economy. Even regional development was guaranteed,
if externalities are stronger than scale economies in each region. But is it a sufficient
condition for aunique, stable equilibrium in the three region case also?

Next we assume that externalities from region A to region C are stronger than to
region B (0a>pa), and externalities from region C to region A are stronger than to
region B (dc>Ac), respectively. Thus, there is a strong mutual co-operation relationship
between regions A and C. For simplicity, we assume that externalities from region B are
symmetric (i.e. pig = Ag) and regional scale economies are equal in all three regions (i.e.
a =B =vy). Theam isto study, how preference co-operation relationship between the
two regions of three affects to the nature of steady state(s) of the economy and thereby
development of the “regional network” (Figure 5).

Region A Region B Region A Region B

Region C Region C

Figure 5. From the symmetric externalities to the asymmetric exter nalities

The condition for the unique steady state in (10) is that both term 6 and ¢ are
positive. According to our assumptions, @ is now always positive. Respectively 0 is
positive, if

(a-w)y-A)>(@ - -) - (@) r=2)>y-A)Hr-alla-m)Ha-dl. 29)

13



Thus a unique steady state condition requires that the net external effects from
regions A and C to region B are strong and the externalities of regions A and C are
relatively small for each other compared to their external effects to region B. In other
words, the unique steady state is possible, if the co-operation between regions A and C
IS not too strong compared to their co-operation with region B.

Our assumptions imply that “the asymmetric’ term Cin (A3) is negativeif,

{[('UB _@ _(a-c _ﬂ](dA _:UA} K:\(ﬂ +{[ s _[)7 _( On —C}](O} _/1(:} K; <( O _Ac)( On _)UA) Kjf (30)

g e

This implies that if the co-operation between the regions A and C increases
sufficiently, and if at the same time the relative size of the regions B at the steady state
is large enough (and the relative size of regions A and C together is small, respectively),
the term C can be negative. This, in turn, implies that a stability condition in Kubo's
model, i.e. externalities are stronger than scale economies in each region may no longer
guarantee stable regional development in our three region model.*® Thisis an interesting
question because in Kubo's model the steady state was always unique, when symmetric
externalities were stronger than scale economies for each region. Furthermore, Kubo
(1995) argued that if the regional externalities are stronger than scale economies in both
two regions, we have inevitable the unique, stable steady state.

As a matter of fact, it is easy to show that as the asymmetry of the externalities
increases, the interior steady state is not necessarily unique and stable. However, aslong
as the externalities of regions to their neighbouring regions remains enough symmetric,
we will have a unique, stable steady state and thus stable regiona development. When
asymmetry increases, (the preference co-operation between regions A and C becomes
stronger than externalities of region B from regions A and C) the stable, unique steady
state breaks down. The preference co-operation between two regions (A and C) will
cause that one region (B) will not keep up with the growth of the other regions, unlessit
relative size compared to regions A and C is very large (Figures 6a-6c).'®

As aresult of the increased co-operation between two regions we will have two
steady states, stable and unstable. In a stable steady state, the regions having the
preference co-operation relationship are very large relative to third region. In the
unstable steady state, in turn, the relative sizes of the co-operation regions are extremely

small compared to the size of the third region (region B).'” The figures below show how

14



the number and the nature of steady states and the relative size of regions change as the
co-operation between regions A and C increases (i.e. ua and Oc increases), ceteris
paribus. This leads to the Proposition 3, which constitutes one of the most important
results of our three region model.

Proposition 3. When regional externalities are stronger than scale economies in each
three region, the preference co-operation links between two regions may increase
asymmetries in regional externalities and stable, unique steady state breaks down. As a
result we will have two steady states, stable and unstable.

According to the Proposition 3, the assumption that regional externdities are
stronger than scale economies in each region is not a sufficient condition for a unique,
stable equilibrium and hence for a stable regional development. This is a fundamental
difference to Kubo’'s model.

Figure6a. A unique steady state (Ua=0,=0.15)  Figure 6b. A unique steady state (Ua=0,= 0.195)

Figure 6¢. Two steady states (ua=0,= 0.40)

6. Conclusions

Our model provides an interesting framework to analyse the role of intra-regiona
scale economies and inter-regiona externalities in regional economic growth. Model
sheds light on the reality and makes it possible to analyse issues that cannot be
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examined with the two-region models, the increased regiona networking, for instance.
It provides theoretical aspects and explanations that are definitely relevant when trying
to analyse e.g. the development of Northern Finland and the Multipolis Network. We
have proved that much of we learned from the Kubos's model survives a relaxation of
the assumption that there are only two regions. Furthermore, we were aso able to show
some new interesting results provided by the three region case.

From the perspective of the regional policy the most important result or
implication yielded by our three region model, is the importance of inter-regional co-
operation (athough it is not explicitly presented in our model). When regiona
externalities are stronger than scale economies in each region and symmetric enough,
regiona development will be even and none of the regions will contract and stagnate. If
the case is the opposite, i.e. the scale economies within the regions are stronger than
externalities they exert on other regions, the regional development will be uneven. The
self-reinforcing mechanism will enhance the domination position of the largest region.
In the case of unbounded agglomeration, i.e. there are no diseconomies of
agglomeration or “upper limits’ for growth, the location process will lock-in to “ Silicon
Valley” outcome, the monopoly of one location.

Uneven development may be the result also in the case of regional externalities
being stronger than scale economies in core region and weaker in other, initially smaller
region(s). This may be the case if the relative size of these small regions is not big
enough to capture the benefits the core-regions spread to adjacent regions. Furthermore,
we were able to show that preference co-operation between the small regions (when
regiona externalities are stronger than scale economies in each region) may not
promote their development, if their relative size is very small compared to the core-
region. On the other hand, our analysis showed that this kind of preference co-operation
between the core-region and one of the periphera regions will be detrimental for the
development of the third region, even if it receives positive externalities from the core-
region.

Moreover, the aim of this research was to consider potential regional devel opment
patterns of the Multipolis Network of Northern Finland from theoretical perspectives.
According to our theoretica three region model, which can be thought to describe a
simplified multi-region network, the role of the Oulu region is decisive for the whole
future of the Multipolis Network. The models clearly imply that regional policy, in
which only the externalities of the Oulu region to semi-peripheral and periphera regions
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are stimulated through various development programmes, may not guarantee the even
regional development in Northern Finland. The growth of small regions requires that
their own economy is sufficiently developed and technologically advanced to adopt and
utilise the positive spread effects that the economic growth of the core region provides.
Selected policy measures which aim the stimulation of positive inter-regional
integration, i.e. externalities across regiona economies and capital formation in the
regions will help the poor, small regions nearby regional centresto get to the favourable
growth path. In some cases this may require co-ordinated policy interventions to push
the development of the Multipolis Network towards a targeted direction.

Obviously our modd of this study is fairly ssimple in many ways. The certain
phenomena like leapfrogging, mobility of labour, and equalisation of factor prices
(wages) etc., are not included in the model. These extensions would certainly bring
more redlity into the models, but also make them considerably more complex. These
restrictive assumptions (which have been made to keep the model tractable) are good to

keep in mind as we try to draw policy recommendations from the model.

Notes

! Agricultural sector uses residual labour in its production (CRS technology), where one unit of labour
produces one unit of agricultural good.

? The assumption that wage rate is set at unity is crucial. As the manufacturing sector increases its share
in a region, increased competition in the local labour market does not increase wages and thereby
production costs at the manufacturing sector. Thus one of the major shortcomings in Krugman's and
Kubo’'s modelsis not corrected in this model.

% The equations (6a-6¢) can be rewritten as,

ot ot 1 T vy to—T vy G g _ | 3la
KKA aK/B‘B Hs K(/:‘c %(Ki"a ﬂAKé’B A Kgc e +K§'ﬁ g +K2—A #AK(l:*'V /‘c)_ o =0
K Ao~ (K 1ramsn g oo i So A 4 | 1AM 4 Sntn g Br-de ) 3’:;3 ~0
K:A_JA Kéc‘V(K jA"'U‘//A Kéla‘/la Kéc‘a_c + Ké"‘ﬁ‘/ls + Kz_A‘/’A Ké"‘y‘/‘c )_ 311t;a =0

“ It is interesting to note that if we have two points where Z'(K,) = 0, the other point has to be an
inflection point. In other words the derivative does not change its sign from one side of K,=K," to the
other. If it would change its sign we would necessary have at |east three zero points of derivative that was
not possible as shown in the figure 2.

“Now Ka , Ka?, Ka? in the matrix are the values of regional capital at the steady state and parameters 6
and @ are functions of scale and externality parameters defined in (9).

® Takayama 1994; Gandolo 1980.

’ Gandolfo 1980.

8 Unfortunately as the order of the polynomial equation (25) increases, the economic interpretation of the
stability conditions (26) becomes extremely complicated. Even in our three region model, where the order
of the polynomia equation is only three, it is quite difficult to extract a clear economic meaning for
stability conditions.

® This strong assumption about the symmetric externalities is based on an idea that externality which
region exerts on one region is not excluded from the other regions. Secondly if externality from region A
to region C increases, it does not reduce the amount of externality available from region A to region B. So
we assume that externalities of regions are “pure public goods’ in a sense that eg. knowledge
externalities from the technology advanced region are nonrival and nonexcludable.
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10 Aswe move from right to left, the relative size of regional capital stock of region A increases. Similarly
as we move upwards, the relative size of regiona capital stock of region C increases. And finaly, as
move “down-right”, the relative size of regional capital stock of region B increases. See Krugman 1996
and Fujita, Krugman & Venables 1999.

' This means that due to the occurrence of different historical events, the economies with identical
fundamentals may have a completely different development path. The outcome is both non-ergodic and
(dlightly) unpredictable. A priori al steady states are attainable, but only one of them will be eventually
selected. (Arthur 1994).

121 the corners, where manufacturing industry is totally concentrated in one of the regions, the profit rate
is the highest in that particular region. Therefore manufacturing industry is locked in that region (if it is
once reached that point). See Arthur, 1994, Ch 4.

3 |n the symmetric case it is straightforward to show that capital stocks of regions B and C compared to
the capital stock of region A (and to each other) at the steady state depend only on the magnitude of
regions' mutual net scale economies. When scale economies are stronger than regional externalities in
each region (i.e. we have a unique unstable steady state), the increase in one region’s net scale economies
increases the possibility of eventua expansion of that region (as in Kubo's two-region case). There is
stronger possibility that the whole economy will converge to direction where other two regions will de-
industrialised.

¥ Equally well we could simulate the case, where we have regions with positive net externalities and
region(s) with positive net scale economies. For simplicity we may assume that symmetric externalities
are stronger than symmetric scale economies for each region (i.e. a =3 =y, ha = Oa= Uz = Ag =Ac = Oc
and Pa=0a> a, M= Ag> B, Ac= ¢ >Y). Then, say scale economiesin aregion C (i.e. y) start to increase,
ceteris paribus. This assumption means that the relative size of region C increases as y increases. As far
as scale economies in aregion C remain smaller than its externalities, we will have a unique steady state.
However, when y becomes stronger than regional externalities of region C (i.e. A\c = 8¢ <), we have two
steady states in the economy. Now when scale economies are stronger than regional externalities in some
region(s) (now region C) and converse in the other regions (regions A and B), the requirement for the
steady states to be stable, isthat term A in (A2) is positive, i.e.,

[(.UB _,B)"'(dc _y)]K;\ +[(.UA _a)"'(/]c _y)]K;g +[(5A _a)"'(/ls _ﬂ)]K:\(p >0

(/"A_a)"'(/]c _y)K*AH + (5A _a)+(AB _ﬂ)K*A¢7 > K*A.

(B-we)+(v-0c) (B-ug)+(v-0oc)

Respectively if the first expression in the above equation is negative, the steady state is unstable. Now
the steady state is stable, when the relative size of region C is large enough compared to regions A and B.
Respectively, if the size of region C is extremely small compared to regions A and B, the steady state is
unstable. In that case it might be unable to utilise externalities from regions A and B and achieve
industrialisation. This result is analogous with the case of mixed regional development of Kubo's model.
The analysis is very much the same if we assume that scale economies in region B (i.e. B) increases as
much as scale economies in a region C, ceteris paribus. However, it is interesting to notice that when
unique steady state breaks down, we have two unstable steady statesimmediately.

> As 8, and 3¢ increase, ceteris paribus, the numerators in multipliers of K, ®and K~ decrease and the
denominators increase in the last expression in 30. This in turn means that multipliers of K, ®and K~
decrease quite rapidly as &, and dcincrease.

18 |n figures 6a-6¢c we have assumed the following initial parameter values: 0=p=y=0.1, pa=Hs=0.15,
8,=05=0.15, Ap=Ag=0.15, a=b=1, 1= 0.3, L = 10 . Although we solve the model numerically, the results
strongly suggest that they can be treated as analytic ones.

" Figure 6a presents “a completely symmetric case”, in which scale economies and regiona externalities
are the same size in al three regions. There is a unique steady state with manufacturing production
equally divided among the regions. In Figure 6b regional externalities are no longer symmetric, but the
unique steady state of the economy still exists. In Figure 6c, the co-operation between regions A and C
has become strong enough to cause two steady states, the unstable and stable, to the economy. As a matter
of fact a unique steady states breaks down already with the values of pa=0,= 0.2. For simplicity, we
assumed that the growth of externalities from region A to region C and vice versa were the same size.

<
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Appendix 1: Stability conditions in the case of symmetric externalities

The assumption of the symmetric externalities implies that inequality conditions (26)

can be written as;
a, =1 >0 (A1)
at {KL+KZ€+KZ¢+[(/~IB—[?)+(5C - l-a)+ —y)1+<:f}>0

TG+ KT |46, -a)+ (1 - Bl

Al A& g -ald -1 -l -AKK i -AHE-AKK
=3 -l - Al -l l-a A o
A -dA-AK? Aol A A -d Ao
B L o L e
R LS O R NERR P, R O
K - b+l -

We can see that when regional externalities are stronger than scale economies,

Routh-Hurwitz stability conditions of terms &y, &, &, agin (28) are fulfilled, i.e. they are
positive. It is easy to show that fifth inequality aya-asap is also positive. We denote the
term inside the { }-parenthesis in equation a; by B (which is now positive). We get,
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(oL )

K*At{B-F{[(/JB _ﬁ)+(50 _y)]K; +[(/'IA _a)+(/1c _y)]K:\9 +[(5A _a)+(/]a —[)’)]K:f}K* O

=A (>0)

3

(A2)

{(?(TL (k' +A)}—(‘T’<TII2K1*{ B}
( rf

(3n')3EﬁK A2 +(B+K?)m >0

When regional externalities are stronger than scale economies in each region, terms in

SIS

B K +BIA+AK' K’ + ALK [A)- i

(A1) and also axay-agap are clearly positive. Thus, the steady state of the economy is
stable.

Appendix 2: Stability conditions in a case of asymmetric externalities
In a case of asymmetric externalities the stability conditions (26) can be written in a

form,

a, =1> 0 (A3)
_ 3L Ky +K2 + K38 + (s = B) +(3 =YK, + (s —a)+ (A =K
_(K*+K*H+K*“’)2{+[(5 -a)+(A - BIK? }> ’

T - Ao~k +o -l +la-ablg - A8 g - -k
oAy o P
ot -ﬁxm[cu -axa oAty -

SRR A ook
iAo, uA) yXJ ,uAjK e W -kl =c
)by
g Al k3,2 + oy~ alic -1+l - alig - AiGA<E
a8 g - Al 1+ o -l - i
ae (—zgfdil* R L s R P LR .

[(/‘B /3)(5 ﬂA) VX

[( B_ﬁ)( %A c)_(‘FA_”)( oA
aa, —agag >0

]KAKAB
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