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1. Introduction

Identification of export industries and forecasting growth
potentials of those industries for s specific region are the most
important procedures in the empirical analysis of a regional
eCconomy. If we have suificient data of input-output relations
as in the case of quite a few number of regions ( states ) in
Japan, the identificetion of export industries is not a formidable
task at all. However if we turn to the smaller units of regions,
e.8. ¢citles or towns, such data become out of our reach even for
the data-conscious municipalities in Japan.

As a more intuitive indicator of exportability, regionsl
economists favoured the concept of location quotients especially
because they are easily calculated with a modest degree of data
requirement. Let the share of the employment of industry i in
region j in the total employment of the same region be)\g, and
the national counterpart of the share‘be)\g, then the location

guotient of industry i in region j, qg, is simply defined by

q:ii =)\§ /)\2 (1.1).

If the valueof qg is larger than unity, it may indicate that
region j is more or less specialized in industry i so that we
can safely conjecture that industry i may be an export industry
for région j. So far so simple and so clear.

The above statement is, however, totally dependent on an
intuitive conjecture and is not based any rigorous, say neo-
classical, economic theory. Regional.economists were well aware

of this weakness of the concept of location quotients,but they



carefully avoided the discussion of theoretical foundation of the
concept perhaps being afraid of losing this all-round convenient
tool of empirical analysis under certain conditions where it is
not justifiable to use the concept.

In 1975, Mayer and Pleeter bravely broke the silence and
examined the conditions under which more-than~unity value of
location quotient for an industry exactly meant that the industry
was an export-oriented one, using a neoclassical two-region model
with three industries. In their analysis one of the industries
vas supposed to be producing a non-tradable commodity. Theixr
problem consciousness and their method of approach can be highly
appreciated,but there is a methodological drawback in their
analysis. They applied a mathematical technique of total differ-
entiation in analyzing cross-sectional difference among regions,
but this method is only justifiable for an extreme case in which
almost Infinite number of regions are scattered as a continuous
spectrum of regional characteristics, but this is certainly not
ayplicable to the case of discrete two-region economy which they
forrmulated.

In the present paper we adopt a litilec simpler two-region
two-industry model in order to aznalyze the relationships among
the exogencus conditions, the exporting or importing property of
particular industry in particular region, and the relevant value
of location guotient without methodological difficulties. Cur
two-industry assumption can be justified in an advanced economy where
almost all commodities ( even services ) are tradable through the

high technologies of transportation and communication.



In addition we discuss the relation bhetween IOCation.quotient
anal&sis and shift-share analysis by a little more specific model of
dynamic setting., Shift-share analysis is another intuitive tool used
in dynamic regional economics. Some efforts to establish theoretical
background to the shift-share analysis have been already made ( e.g.
Sakashita ( 1973 ) ), but so far they were not so successful. The

present paper could be a first step for its Ffurther theorstical

elzboration.

2. Adssumptions and Symbols

We postulate the follwing eight assumptions regarding our
theoretical model.

(1) The national economy consists of two regions, and two
factors of production, capital and labour, are immebile between
regions at least in the short run.

(1ii)Rotk regions produce two types of final commodities by
the same technologies ( i.e. by a common production function for
each of final commodities ) and consume them. Interregional
movement of final commodities and intraregional inter-indugstry
movement of factors of production are completely fres.

(iii)The national economy itself is a closed one =o that
there is no international import or export.

(iv) Labour employmert as a factor of production and the
size of population are proportional to each other by a fixed and
interregionally common ratio so that they can be treated as a
single varigzble.

(v) Each region has a specific endowment of factors in the



short run so that the regional ratios of factor endowment are
exogenously fixed at least in the short run. |

(vi} As for the mobile commodities or factors, a perfect
competition prevails interregionally and intraregionally so that
there is a full employment or full utilization of factors.

(vii) The production function of each industry is linear
homogenesous, twice continuously differentisble, and stricly
quasi-concave, In addition there will be no reversal of factor
intensities between two industries.

(viii) Per capita demand function for each final commodity
is the same among regions except for a shift parameter; and ths
argunents of the per capita demand function are relative price of

two commodities and per capita income.

The above assumptions are of course restrictive in their
nature but none of them are particularly purposeful, and altogether
they describe an ordinary world of neo-~classical econory.

Symbols in our model excent for already defined‘Ai,.Kz, and
qg are defined as follows using a and 5 as regional superfixes and
1 and 2 as industrial suffixes:

%, = capital - labour ratio of industry i ( no resgional
difference ), i = 1, 2.

fi(ki) = average labour productivity functien of industry i.

p; = price of the final commodity produced by industry i (
P, = 1 as the numeraire ).

k) = factor endowment ( regional capital - labour ) ratio

of region jy j = a, b.
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X per capita output of final commodity i in region j.

yJ per capifa income in region j in terms of the first

final commodity.

df = per capita demand for final commodity i in region j.
ei = xg - 4y = per capita export of final commodity i from
region j.
Ej = relative share of population in region j for the
national population ( n* + R0 =1 ).
af.
£1 = —2
o ak,
1
uJ = a shift parameter in the demand functions of region j.

Henceforth we call final commodities simply "commodities',

and factors of production simply "'factors'.

5. Interregional CGeneral Equilibrium

Under the set of assumptions given in section 2, we can
formulate an interregional general equilibrium by the following
gquations. First of all, we have the marginal productivity
relations between two industrics which are common for the tuwo
regions by assumptions (ii), (vi), and (vii).

hif

FU = n_ £t _
Tof2re, determination of rentzl (3.1)

£, -k £l =, { £5 = Kyfl ) deternination of wage (3.2)

Vhen P, is given as a common relative price for hoth
regions, equations(3.1) and (3.2) detcrmine Iy and k, unrich are
also common for both regions. This iz a simplest case of the
well-known factor-price-equalization theorem in international

economics. The uniqueness of the values of k1 and k2 for any

specific value of Y, 15 assured by the non-reversibility of factor



intensities in assumption (vii),

In the next place, we have the following two equations by
the definition of A:J.; (i=1,2; j=a, b):

Ad Al =2 (5.3)

A k, +)\312=Ej, j=a, b (3.4).
Since k1 and kz are pradetermined in the sense that they are given
functions of given p,, equations (3.3) and (3.4) suffice %o

determine Ag and A% in each region ( j = a, b ) as functions of Py

too.

As the third step, =zt (i =1, 25 j =a, b ) are dsternined

[ SO

by the follouing ( four ) equations again as functions of Ps*

xi =,Ai fi(ki), i=1,2; J=a, b (3.5).
These equations also determine the supply side of commodities.

Per capita income of each region in terms of the first
commodity is defined by

yj ” xg + paxg R j=a, b (3.6),
and finally ver capita demand for each commodity in each region
is determined by the following equation owing to assumption (viii):
d'j:dj.(pa,yj;qj),i=1,2;j=a,b (3.7).
In this znd the next sections, it will be assured that of = db::u,
50 that we have The completely same per canita demand functions
for the two regions for a while.

By equations (3.1) ~ (3.7), all endogenous varizbles except
p, are determined as functions of Py itself, so that our final step
is to deternine Po by either of the following two eguztions of
supply - demand balance:

;

a -
Hexc" + noxb _ '_ad
1 i

b
ngd t o dg . i=1, 2 (3.8,

(R ]

Actually since one of the two eguations in (3.0) is derived from



the other using equation (3.6) and an implicit relation

=ad +pad, j=a, b (3.9)
vehind equations (3.7), there is no redundancy of equations ( an
example of the Walrasian Law ).

The determination of p, by one of equations in (3.8)
completes our system of interregional general equilibrium in
which the regional equilibrium for each of regions a and b is
determined separately to a certain extent taking Doy k1, and k2
as "quasi-exogenous' variables for the region.

Yow let us fix j to the particular region and consider the
seven equations of (3.3) - (3.7) simultaneously. They form a
system of sirmltaneous equations for seven regional endogenous
variables, AJ AJ, qu x%, yJ, dJ and dJ and the latter
variables are determined as functions of exogenous and quasi-

5 Hovever, all functions
in that system are common for both regionsj :1.1 K 'I'f:b o)

Qunder the additionzl assumption of & =6 so tha®)
coincidence we have the same set of solutions to the seven

exogenous variables, ka, 92, k1, and k

regional endogenous variables.

Under this circumstances of fwin regions, we have the

~ . —_ . a
following two consequences. First, since )\“i = A =,\i

( i=1, 2), by the definition of equation (1.1) all of four

location guotients become unity, i.e.

J
3 )\i /\i
Gy = -, a —~by b R =hb =1,
n Ai+n N (o™ +n )Aa

i=1,2; 3=a, b (3.10).

Secondly, by equations (3.8) it is obvious that



o =1, 2 (3.11)

a _ = i
X{=x; =%, = di = di = di . iz
s0 that by the definition of e% we will have
e‘]?* = O P i = 1, 2; j = a, b (3-12).

Equations (3.12) tell us that there will be no interregional trade

of commodities ( more exactly no need of it ) under the circumstance
of twin regions. These conclusions are by no means of much interest
to us, but they form a starting point of our analysis in the following

sections.

L, Effect of a Change in Factor Endowment
Starting from the initial state of twin regions, now let us
assune that only T increased marginally. By the differentiation

of both sides of equations (3.3) and (3.4), we have

dNr R @k _ 2 2K |
(K=K =1 - Argm ~ (-AD Zza (4.1)
Ab bdKl  _ - aby %K
(Ky = Kg)%a = ~ A E'EL& e ’\’Dik’m (k.2).
Since Ai’:,k? at thg initial state, we can derive
a
b (Ag =20 1 L -
— = TT-—- (--J)
dk 1 =

from equations (4.1) and (4.2) by deduction.
If we assume that always k, > k, with assumption (vii) and

without loss of generality, eguation (4.3) inplies that

3OS =AY
> © CR N
ok
5y the definition of location quotients, it is obvious that
it _is imvoss] have

sign ( of - o5 ) = sign (A% -AD ) and tRabV( 1 = a7 )01 - a7 )>0

so that relations (3.10) and (4.4) mean that

o ~h .
ag > 1> (4.5)

after the change in 2. It iz also clear that we have

& < 1 . in words, this means that if region a becomes
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relatively more capital abundant than region b, region a will be
more or less specialized in more capital intensive industry 1 and
it will have a more~than-unity location quotient for industry 1
and a less-than-unity location quotient for indusry 2 under this
specific circumstance.

On the other hand, the effect of a change in k= on eg is
derived as follows. From eguations (3.3) and (3.5) - (3.7) ei

iz expressed as

o= A E D - do P, M Ek+ R UMD EEE.6).

dﬁ-ab
v the total differentiation of both sides of cguation (4.6) by

L

Ea, ve have i
del LY J s dk o _ AP
atE"‘ = .FT -F' d e ( ) o ‘:q,
d AA :
"?&TL'IML to+ 2/ & +C”’* U=Af ),

- P-a'z_%\aif; - ?.2.({"/\! 2 d-E“'} j=a, b (4.7)
At the initial state of k= = ":{-b, we see that ,\? =A‘2 '
am adi >dt - ; .
(GE. [9h) and (953) ( ) Therefore, the deduction of

aguation (4.7) for b from the same for a gives us

b (A -
Aed ~E0) _)p((-28y . pp 20} 250 (4.3).
Wie can safely assume that neither of two commeditiss iz an inferior
24t

1. With this =

2 ¥ <

additiongl assumption and relation (4.%), it is obvious

b
\ dfe:a""es J } _ { {/\f )\‘ } _ {tdivae (L,Q
sign { TEe = sign TE = positive (4.9).
By a similar discussion as in the case of q? and q? , Ve can say
that
(4.10)
1 >0 >-e

as well as 2 <0<L e after the change. In words, capital

abundant region a exports capital intensive commodity 1 and this



11

exactly corresponds to the more-than-unity location quotient for
industry 1 in region a under this specific circumstance. Opposite
situation emerges in labour abundant region b and it is easy to
spell out the situation in that region.

It is important to notice that we have the following
equation concomitantly in the process of deduction concerning
equation (4.7):

——-—-d'(y}—#b') = (= Patfad ctf/\?—/\?)

od B2 AR*

b
r A=A
ke = Kad F T > 0 (4.11),

H

using equations (3.1) and (3.2). Apvarently, therefore,

~a ~b . . . .

v° >» ¥  after the change in k™ , il.e. capital abundant region a
will now have a larger amount of per capita ( per labour ) income
than labour abundant region b.

In this section we have seen that, in a setting of twin
regions as the starting point, if the export of commodity 1 from
region a is initiated by a change of factor endowment ratio in
the seme region, this exportability exactly corresponds to more~
Than-unity location gquotient of industry 1 in region a, =nd the
exportability of commodity 2 from region b dees to more-than-unity
location quotient of industry 2 in region b. By our anzlysis
( particularly by relation (4.9) ), it has been clarified that the
velue of location guotient for an industry in a region and

exportability of the commodity produced by that industry for the

same region do not have any dirsct causal relationship, but they

are simultaneous outcomes of changes in the common exogenous
factors which determine the interregional equilibrium. Ve will

see, therefore, a different set of outcomes for the change of
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different factors.

5. Effect of a Change in Taste
Returning to the initial state of twin regions, we analyze the
effect of a marginal change in o from its common value & with DP .

First of all we should confirm that

d
%x“%, = - rz%‘i (5.1)

as an outcome of consistent consumer's behaviour because of an
implicit rclation of (3.9), and in addition we assume that 2% & O,
By a similar discussion as in the beginning of section &,
this time we have
d (Af=ADD
d &%

, a ks . . . .
i.e. andA, change in the same direction and in the same amount
1

=0 (5.27,

so that all location guotients will not change from the value of unity.

On the other hand, the effects of a change in  on e? can

i
be analyzed in a similar manner as done in sectlon L 2nd the result

will be

A8t - el _2d adi | d (AR=A}
Lo = [ SE) v T S R
adt _ _ 24

(5-3)-
Therefore ve will have
e 1
o> 0 > (5.4)

1%0
1
Ta b . \ , .

as well as &5 < O < &, after the change, and there is no
correspondence between the value of location guetient and erporta-
bility of particular indusiry in particular region. In addition,

72 and yD remain to be equal in this case although both of then

may change in the same direction in the same amount ( since



commodity 1 loses some of the demand for it by assumption, p, may

. 2 b . , .
rise and y~ and y in terms of commodity 1 may increase ).

€. Interregional Generzl Bquilibrium for Specific Functions

Qur analysis in sections 3, 4, and 5 was heavily dependent
on initial setting of twin regions. Instead if we have different
values between k- and Eb the calculation in the comparative statics
becomes formidable even if we assume the completely same per capita
demand functions betwesn the two regions. Because of this diffi-
culty, we introduce specific functional forms regarding production
functions and demand functions to analyze a more general case of
non-twin regions.

As for the production side, we iﬂ%roducé the fixed input
cogificients instead of flexible productién functions in assumption
(vii). m; is the capital input coefficient and n; is the labour
input coefficient for industry i. Capitzl - labour ratic of each

industry becomes a fixed coefficisnt in this case, i.o.

3
Y

! E : - . ~
By= e, i=1,2 i=1, 2 £.1)
1
and we agaln assume that

without loss of generality.

As for the demand functions, we basically assume a log-
linear utility function with allocation coefficients of & and (1-&)
for commedities 1 and 2.

low instead of sguations (3.1) and (3.2), ve have

oy 4 own, = ' {(5.3)

H]

rm, +wm, = D, (6.4

in which r and w are rental and wage in terms of cormodity 1



respectively. Solutions to r and w are

r=s(n,; - P, ) ' (6.5)

w=s5 ( m,py - My } (6.6)

in which s = ( m,n, - mon y~ » 0. e reed special condétiéns
regarding k1 and k2, and the nationzl factor endowﬁent ratio, E, to
assure the non-negativity of r and wv. YWe come back to this point
later.

By equations (3.3) and (3.4), we have the following solutions

bo,AJ yhich are independent from P> in this case:

. ...J - K
)\J = K 3 i =
I - _K = R .
Ay Pa——. , j=a b (5.9).

Here ve assume that k1 > i > k2 for botn regions. Sclutions to

xi , 79, and dg are straightforwardly celculated by equations (3.5),

(3.6), and (5.7) with the additionsl assurption in this section.

( K‘ - K.a > , Jj =a, b (5.9)
j -f
i 1 - F _ .
Xz B 'n-e ( k: - K-L ) > J =a'l b ( 010)
i = 1 [ _—_ _ .
di = «d i =a b (5.12)
d
dy < U= P =a b .
Pa g

low we are in z position to carry out the calculation of
eguation(3,7) to obtain an explicit solution to Do The solution

becomes surprisingly simple as

[ =0d n—.:, E - K_; s
p = e—— — ——————t. (‘Jo']l:‘)
2 X n; Ke -~ K

in which k is the national factor endowment ratio defined by

E = n [ + Esz:'b (6-15)-
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Equation (6.14) implies that the relative price of commodities is
independent from interregiocnal allocation of factors in this model.

k is also dafined as a doubly weighted zverage of k,] and 1{2 B8O

that we con safely say that k,1 -k >» 0 and K-k, > 0.
Coming back to (6.5) and (£.5), wo aescd
. =+ -%) i {6,165
Xk, (1 ) 5 > £.16)

the non-negativity of r, and

Hy
3

—_ t — > L (£.47)

for that cof w. These rather delicate conditions are met for the

(6.12), we f£inally obtain

2 a da= { - of it -

1

-3

KX
Fan)
N

L

I
S

wiich 1s comparable with

PO E* - E*
Ki = Ka

~1
e
0
H
=
o]
4}
s
[w}
n
o
w
[
(o]
o
Vi
Hin
W
i1
o
L]
]
1
o
5
bl
w3
L
j
=]
! ra
o
]
b

v-lu~ of location guotiznt feor industr; 7 in the grme ropicn for
tho medel of this section. Ve can say, almost i sonersl, thot

loceticn guotisnis may be tausn as the indicotors of esuportability

betyesn two regions.
As zn additionsl vropogition, we have

b

SR L k* - K Ky + (1-XIKf-K ] >0
3 ol Ny (K.“k;)ff;‘z.) [{ ‘ Ka} 1(6 20)

1.

Q - . . .
2 17 and condition (£.18) is met. Agein we find that the

[N
kh
.
€'
L4



difference in per capita incomes between the fwo regions corresponds

to the difference in factor endowment ratios.

7. 8hift-Bhare Analysis

S50 far we have been assuming that Ej and Ej are fixed
exogenous variables ( or parameters ). The labour force has,
howsver, an incentive to move interregionslly in the long run
because the levels of per capita income are not scual betwean
regions. Of course we are assuming here that 211 of {the vproduced
income iIn a region is distributed within the same region therefors

there is no transfer of Iacomes betwosn the two regions. Ir

therc is an interrogional movement of labour force, it implies changes

in the amounts of employront o

iIn this section we attempt to ferrmulatz a ghift-share
cnalysis on the basis of non-twin rogions model develoned in section
o For thet purpose, first we introduce some zbsolute-level

=]
(I) K¥ = capital ondowmen

bk

) BH A ET‘E = totel armount of amploynment in the
; i

) H = & 59 = total cmployment in industry i,

2
1
A
[\¥]

L]
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of a variable X as:

v xr=5/%.

Now let us assume that at a short run eguilibrium described
in section 6 we observe n°* » O up to the next short run
equilibrium because ya > yb owing to §3->»§P_ According to the
new assumptions (I} and (III) ( actually the capital has no incentive
to move beczuse there is no interregional difference in rentals ),

=a —a . . .
k™ and n are in a reciprocal relation so that we can ghow that

K% = - po

(7.1).

On the other hand, by equations (3.3) and (3.4) which were

also used for the model in section & we have

=

)\‘?* = ( = ) ko (7.2)
- IC
2

)\g* = = k—-k—_l:a———) T (7.3).

Since Ni = A; EaN,1using (7.1), (7.2) and (7.3) with the new

assunption (III) we Finally have the following growth ( or decline)

formula:
k
o = - 2 no* (7.4)
1 Ea -k
2z
k1
T\Ta'* _ _C'-* (
¥ = n 7-5).
e k, - &
Symmetrically we have
M’b* 1{2 'HS. ok -
k7 -k n
2
X 1{1 Ha —
Ho* == ) n y
2 T = (7.7)

for region b, andqfrom these four equations finally we see that
N.* =0, i=1, 2 (7.8)

implying that there will be no change in employment in each

industry as a whole. There will be just an across-the~border-
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type movement of labour force from industry 2 in region 2 to the
same industry in region 1 and some inter-industry reshuffle of
employment within each region.

A shift-share decomposition of regional employment growth

is something like

) - shift factor -
wd* = § z:/\‘f-, CNJ* = NFD }
- share factor -

e [Z A NE) j=a b (7.9).

Tn our case equaiion (7.9) takes a very special form of

T - - _ =2
T {_E}—-%(" E'K-&a:., R o Y me) f
+ 10+ 0f 5> (7.10)
for region a. Apparently the share factor is null and the shift
factor is composed of a negative aﬁd a positive elements which
altogether produce a positive growth for the total employment in
region a.

In this section we have examined consequences of the lazbour
force movement from region b to region a caused by the differénco
in psr capita income between the two regions and we reached a shift-
shere expression of interrelzted changes. it is important o see
that there are specific internal rclationships among different
industrial elements that construct the shift factor. By the
labour force movament which initiatss the shift-share changes,
the factor endowment ratios of the two regions,"iza and Eb, will
be converged to a common value k ultimately, and then we will see

the model of twin regions again.
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8. Conclusion

In this paper, we first examined relationship between
the exportability of a specific industry in a region and the value
of location gquotient of the same industry in the same region
using a neoclassical model of two-region and two-industry under a
special setting of the initially twin regions. We have found
that existence or non-existence of exact correspondence between
the two characteristics { exportability snd location quotient )
depends on what causes initiated the interregional trade.

In section 6 we formulated an operational general equilibri-
um model with specific forms of production and demand functions
but under a more general setting of the non-twin regions. For
this model we have established unambiguous relationships among
exportability, location quotients, regional factor endowment
ratios, and interregionel differentizls of per capita incomes.
Finally in section 7 we expolred a relation between our preceding
analysis and so-called shift-share analysis and established a
theoretically informative expression of the latter analysis.

In the light of our analysis in sections 3, 4, and S,
the conclusions which were reached by Mayer and Pleeter in 1975
can be considered generally correct for their three-industry two-
region model in spite of conceptual difficulty in their anslysis.
This means that the mathematical operations in their paver must
be interpreted differently from their own interpretation with
some additional mathematical rigorousness. Reformulation of
three-industry two-region model in this direction and some

further study of comparative statics ( concerning the behaviour
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of relative price, for example ) on our own model may be the

next task for us.
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