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A Macroeconomic Growth Model
: of Competing Regions

Walter Buhr*
I. Characteristics of the Model

The Problem. In the growth context, this paper' concentrates on the supply-
demand determination of regional equilibrium incomes in regional goods markets

as a framework for discussing the implications of competition among regions.

Prices at the regional and national level are fixed so that all variables are of real
magnitudes; there are no money markets. Regional factor stocks (private and
public capital, labor force in the form of human capital) and regional demand set
up the barriers to economic growth (cf. generally Barro, Sala-i-Martin (1995)).
The analysis is restricted to two regions embedded in the State. The supply side
of the model is represented by different regional production functions which gen-
erate regional factor demand. Demand-side determination of equilibrium regional
~ incomes arises from the definitions of national accounting enriched by basic be-
havioral relationships. Substantial consideration is given to the equalization of
regional supply and demand in diverging cases (e. g., excess demand in one of the
two regions). Changes in factor stocks (differential equations) maintain the dy-
namics of the model. Regional competition is expressed by variations of regional
and state parameters. Their numerical influences on growth will be dealt with in
Bobzin (2000).

We assume there are two regions R1 and -R2 comprising the State.> Figure 1
describes essential linkages: D Public resources FR' (i = 1,2) are transferred
from the public sector of region i to the State. (@ These resources F™ are
redistributed in the form F£" to the regions. @ Total private exports Ex/" (i =
1,2) of region i include goods exports Z{" and transfers of private investment £
(e. g., /) meaning transfers from R1 to R2). The link @ correspondingly sets
‘up total private imports of region i, J Im!”. ® ngratlon Li» from R1 to R2 refers
to educated and raw labor, L{4" and L$¥, respectively. :

Competition. Economic growth is taken as the result of competing intraregional
and interregional activities. Accordingly, the actors of competition are the house-
holds, the ﬁrm_s and the public sectors of the regions, on the one hand, and the

*  University of Siegen, Siegen/Germany.

! The basic idea for the present approach stems from a paper by Buhr (1995), which has been changed
in some essential aspects.

2 For a multi-area approach cf. Treyz, Rickman, Shao (1992).
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Figure 1: Linkages of the model

State, on the other hand. The instruments of competition appear in the form of pa-
rameters under the control of different institutional agents of economic activities.

For example:

e the marginal rate of consumption (households of a region),

e production parameters (firms of a region),

‘e tax rate (public sector of a region)

and

. parameter of distributing state funds among the regions.




Processes of regional competition such as interactions between economic agents
of the same region or of other regions are not discussed in this model. Here the
basis is laid to follow up numerically the immediate effects and the final results or
regional competition. ' '

II.  Supply Side of the Model

Regional Production. The analysis is based on nested CES production func-
tions, e. g. for R1 output X; is a function of the stock of human capital H,, the
private capital stock K, and the stock of infrastructure capital B,.

X, = fi(H, K,, B)
= A [ef (@ H)* +af (ki K)*' + o (b1 By )m]l/m

withaf +of +af =1and0 <af, of,0f < 1.
We assume?

a) = ay +a|.t+a,38f ‘l'd]:;Kis
ki = kio+ kit +kiaBS + k3K
by =byp+but,

all parameters being positive, except k13 < 0.
For py — 0 (i. e., the elasticity of substitution oy = 1/(1 — p;) = 1), the CES
, function becomes a linear-homogeneous Cobb-Douglas production function

X, = Ay(a )™ (ki K))F (b By )

The constants af!, af, &f here are the factor shares in output.
For py = —o0 (i. e., g; = 0) the CES function approaches a linear-limitational
production function

Xy = Ay min{a)H,, k K, b, B}

In this case the coefficients a,, k;, b; are the average productivities of the inputs.
Human capital H; is aggregated by a linear-homogeneous CES function of edu-
cated and raw labor, L{** and L**, respectively (i = 1, 2). For Rl we get

H] — g|(Lf"", Ltl'u:U)
= Afl [(ol(acl«lnLal:du)w; + (1 - ‘PI)(G;"u’Li‘lw)w']l/wl ,

3 Index § refers to supply, index D to demand.



where0 < ¢ < 1.
As long as L{? and L{* are not perfect substitutes, w; < 1 must apply.
In addition

' aedu aegu + aedu Bedu + aexlu Kdev

arl'aw —- a{‘(‘,"’ + a“w Bedu
where B:4* represents the level of education of region i and K/¢" the pool of
knowledge for research and development (R&D) of region i (i = 1,2). Itis
assumed that the outputs X; of the regions will be produced at minimum cost at
every point of time. Let us turn'to the general production case.
Taking again R1 as the reference region, the cost minimum rental rate of human
capital is given by

wy = (Wi + Lwi™) /¢

where

&= ( wi™; (@) )“'l_l"r

wedu(l — qol)(a:]'aul)a.vl
i = Af [or @™ + (1 — @) @)@y ] "

Thus w; is linear-homogeneous in the two wage rates w“’" and w{* (the function
{1 and therefore ¥, are homogeneous of degree 0 in the wage rates).

Factor Demand. The demand for the factors of production in R1 may be ex-
pressed as

ﬁzl—l/m

KP )= kn_ﬂ'("l/fxlk)ﬂ'_lv A,

(H,” a8 (w, fat P!
BP)  \bih(ifey

where (r) = rental rate of private capital in R1, r} = renta] rate of infrastructure
capital in RD)

Bi=pi/(pr—1)

N Bi ‘ B
w (HN=B [ WL K= [ 11 B\1=B
le—(al) (al) + (ay) (kl) + (@) (bl)
Moreover,

Ledu.D - HD/TII]
Lraw D __ ;lH /!/Il



Provided both kinds of ldbor are payed by their monetary marginal productivity,
total payment to human capital in R1 amounts to (P, = price level of R1)
D aX; 9H, edu,D aX, 9H, Lruw.D

vl = Pam e i+ P s

= w]d"L""“ D + wr]'awme D

The consideration of the linear-homogeneous formation of human capital, the
* adding up theorem and the regional price level lead to the cost function of R1

oy ,
ci(wy, n,ri, Xi) = X:-Z,w' = P X,
or Z,P /A, =P, '

Factor Prices. The implied rental rate of human capital turns out to be

- p \ B B
wi =a @) [(PIA,)“'—m{‘)"“* (,:—']) = () ™A (b_.) ]

Wage rate of educated labor is defined as w*:

1781

(a) Suppose that the time path of wi{*” is determined by
Wi (1) = wi™(0) + 5 1,

then the calculation of w$* from w{** and w, amounts to

- 1oy
Lt 7, 751 gy (@ '
1 = @
1= (= ) (@ e

where 7 == w, Af g, (a?)»
1
i raw eduyw w =T
and 7t2==< p1{ajt )« ) !
| (1= pn)(@F)er
(b) If we assume that the labor market perfectly adjusts the wage rates of educated
and raw labor so that
wi““ @ (af"")"’l (L;-'tlu.S)w,—l
Wi (1 — @) (@) (LS

then the two wage rates may be calculated as follows. Setting

raw.§
L |

O =

Tedu.S
L



we have, considering that w, = P,dX,/8H,

dHP
d 1
wi™ = w, 8Lf""
1=w)
= wi Af [@1(a?™) + (1 —sol)(a’“‘”c.)“"] ) (afy
OHP
raw 1
wy =Wy aL:’-aw

l—_wL
= wi A7 [o1@™)* + (1 — o) @™ ) ]™ (1 - @)@ ™) !

where all terms are known. This procedure implies that educated and raw labor
will always have the same rate of unemployment as human capital.

The rental rates r, and r} are constants. Starting with an initial value of P
the rental rate of human capital is determined. It will be changed by technical
progress, i. €. ay, k;, and b; will vary over time.

Special Aspects of Production. Under modified production conditions factor
demand and factor prices will change.

e Linear-homogeneous Cobb-Douglas producuon function:
In this case factor demand is

HID . a{’/wl X
K]D = af/r. X‘Zh
BP al/n :

where the factor shares sum up to one: af + oz" +af =1.The rental rate
of human capital is obtained as

. ’_a,l:( " -h'f’ l/a{’
W —a, a [P|A| (a%]k—) (ﬁ) :l .

The wage rate w“’“ must be calculated accordmg to case a) of the CES
function for a given wage rate wi**.

o Linear-limitational production function:
Here factor demand is

HP 1/a,
kP | = (1 /ki ;"
BP 1/,] !

The rental rate of human capital turns out to be



with factor shares w, /ay, ry/ ky, r*/b).
The wage rate wé/* must again be determined according to case a) of the
CES function for a given wage rate w{*".

Restricted Factor Supply. The labor supply barriers are intyqduced by
L[240 < [eduS | [rowD < jraw.s

Maximum supply of human capital then is
Hf = ¢ min{L{™, L;“w-s/;. b

since, as given above, L¢* = H, /¢, and L™ = S H /.
The demand for human, private, and public capital is alsorestricted by supply.

HP < Hy, KP < K}, BY < B}

Potential output (Z; and w, appropriately determined):

e CES case:

, S 4.8 KS B Bsb B
le()l —_— Al Zl]/pl min { H ay’ k] 1 }

(wi/af)Br=1" (r)/aX)Br=1" (r}/aFB)p1-]

e Cobb-Douglas case:

ler)l___ ﬂmm {u)llii9 rlKis rTBf}

Z aff 7 af ’ of

e Linear-limitational production case:
X" = Aymin {a\H}, ki K}, b\ B}}

Demand Barriers. Introducing the Hahn-Negishi rule of transactions (cf Hahn,
Negishi (1962)) we get

¢ : D pol
X:f’ < min {X, , X7 }
Factor demand with respect to realized X results from the above-mentioned re-
lationships.
With reference to the given factor supply and the derived factor demand, we are
now able to calculate the rates of factor stock idleness.



II. Demand-Side Determination of Equilibrium Regional Incomes

Regional Accounting. In order to be able to determine equilibrium regional
incomes on the demand side we apply the principles of national accounting to the
regions and the State. Each region is characterized by a private sector and a public
sector (cf. Figure 2) whose retained incomes are ¥”"" and Y, respectively (i =
1,2). Thq outputs X; of the private sectors are equal to total factor payments,
that is, w; H? + r;KP + r*BP. The private sectors must raise direct taxes T;
and interest payments for the use of infrastructure capital supplied by the public

State
A A
pu . pu 4
Fis Fg : Fys Fy
: e pu
public sector ¥ G G public sector Y/
)\ A ' ' A Y
T rt B - T rsBS
By = Im{"
. P P
private sector Y/ Exy’ = Imj private sector ¥
r2Wiz '
Xy = wyHP + r\KP + r}BP X = wy HP + oKD + 3 BY
rn Wy
Region 1 Lo g " Region 2

Figure 2: Private and public sectors of R1 and R2 and State



sectors, 17 B}. Observe that there is no capltal deprecxatlon in both sectors of
the regions. - In addition, we assume ‘balanced budgets for the public sectors of
the regions and the State. ~ An important interrelationship between the regions
is formed by interregional interest paynients on private assets held in the other
region, for example r; W, refers to the interest payments of R1 on assets owned
by R2 in R1 (r;= rate of interest in region i). The symbol G indicates public
" investment subsidies of region i granted to investors of the other region. All other
relationships shown in Figure 2 have been discussed before.

For example, for R1 we get the following basic relationships of accounting.

. RI’s income: '

h=Xi+nWo-—nWy
and factor distribution of R1’s output:
Xy =w H + K] +r B}

where

w HY = wi L P 4w L1*P  (total payment to R1’s human capital)
R1’s retained private income:

Y”” _Y| —r,BI - Ty = —-n)Y, ‘rlBs)
=Cl" + 17+ P

R1’s retained public income:

Y =Ty + B} + Fi' — FIi{ = (1 = u))(Ty +r} B) + FL!'
- C]m Spu -+ G{m

Behavioral Relationships. For R1 we introduce the following important behav-
ioral relationships. Note that the variables and parameters of R1 not yet explained
are C{" for private consumption, C/* for public.consumption, S{" for private sav- -
ings, S for public savings, I”***" for private expenditures on research and de-
velopment (R&D), #, for the tax rate, 7, for the state share in the revenue of R1’s
public sector.

Private consumption function:

Clli=clY™, 0<cl <1

.



function of private expenditures on investment and research and development
(R&D): - '

- . U

1{" = Ilpr+ llpr,dev = 7_1_ Ylpr.r_‘_ u(ltule’ u > 0, uzlml )
| .

where 1P = gdIP" with &l = &’ + MV HS < 1

- private investment function: I/" = (1 — s‘,’”")i{”
export function:

' . . :
Ex{"‘ = ler + F{;’ with le" = 112;1Y2pr'r. in>0
1

import function:
. . r . '
P =ZF 4 FP" with ZP =iy =Y, iy >0
1 2 T Iy . 2 il
public consumption function:
cHM=cyM", 0<cf <1
tax function:
Ti=tn(Y,-r{B}), 0<t <1

It is assumed that the public sector requires the payment of r} B,s' instead of r} BP
(provided B? < BY), so that the difference rf(Bf — BP) has the effect of an
additional tax.

Public investment is residually determined.

Public investment:

Ilpll —_ (1 — cfll)YI[)".r_’_ Flpsu - F:Sfflll

public expenditure on education:

Ilpu.edu = 87"" ]lpu - with ecl'du - sfi’gu + 8el»¢lluylpr.r + 8?‘21" K:lev + 87‘3!" HiS <1
public investment subsidies:
G =mI™ (h; > 0small enough to guarantee S =>0).

Investments interregionally initiated by public investment subsidies are

E =vG", vy =0,
Fy =vnGY, vp2>0.

10 . )



State revenue is by definition

PP = FlY+ B
with F,’;f‘ =1(T) + r}‘Bf). 0 < 1) < 1, for R1, for example.

State expenditures amount to
Fi'=vFM™ and FL'=(1-v)F™, 0<v<l.

Regional Equilibrium Incomes. By combining the above given relationships
we obtain a system of simultaneous equations to calculate the goods market equi-
librium incommes Y; and Y of the regions:

’

"= 8" =2 - Fy + 27"+ nWa — nWp — G
1'_{". = Szpr_ Zzpr_ szlr'l' ler+l"_)W|2 —)'|W'_)| - Gr"

or

Y, =f1(Ya)
Yo =fa2 (1))

as regional demand functions which intersect at (Y2, Y,?), cf. Figure 3, for exam-
ple. :

IV.  Equalization of Supply and Demand

Lack of Demand. Under regular circumstances regional supply and demand
will not be equal, so that we must discuss the problem of adjustment for different
cases (cf. Sneesens (1984, p. 190); Ramser, Stadler (1997, pp. 46-49)).

In the case of regional demand shortages, the regional demand functions are si-
multaneously fulfilled under the condition Y < Y?*. Excess capacities (looking
here only at R1) are eliminated by reducing potential output X; to X; so that

’ X'+ nWp—nWy=YP <Y =X\ +nWs—r Wy,

Consequently, all three factors of production are unemployed and realized output
X;? implies

Y]D = YI'"" = w|H|D +l‘|K]D +r’|"B]D‘+r,_,Wl,_, - Wy
wheie  un HP = witLD 4 w2

11
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Excess Demand in One of the Two Regions. Let us assume that the regional -
demand functions generate the following inequalities .

YP < yp

YP > Y =X, + 1 Wy —nWh= ;=v

Since Y,? cannot be realized, disposable incomes of R2 must be corrected down-
wards.

Y = (1 = p)(Ye — r3BS)
szu" =(1- Tz)[tzy';q + (- t2)r;Bg] + Ff;

With respect to R1 only exports Z”” must be adjusted, since Y/"*" of R2 has fallen.
The revised Y, can be determined by inserting Y;%into ¥, = f,(Y2). For the
lower Y7 = f,(¥,?) we get:

Y= (1= )Y = r}BY)
Y|pu'r =1 -1)n },lm/ +0-1 )r’;Bﬂ + F;‘u

Since Y continues to indicate a demand-side equilibrium for R1, residually de-
termined private investment /" according to the goods market equilibrium of R1
must be equal to the private investment demand shown in R1’s gross savings and
investment account. ' ,
Now in R2, income Y, falls if we introduce a reduced Y, (Y2 — Y;) into
Y, = f,(Y1). Suppose for this revised case Y < Yz”"’“"“’ = fa(F (¥,*)), then
the residually determined private investment IJ” according to the goods market
equilibrium of R2 is smaller by the amount T" than the private investment demand
coming up in R2’s gross savings and investment account: I' = /{"-? — I > 0.
It can be shown that excess demand is created in the private sector.

Y = I 4 I+ I+ G — AF! < CI"P 4 PP o BV 4 G — AFY

where the suri of F/ +G™ is determined by R1s public sector decision-making.

. Thus, it seems convincing to eliminate the balance I = I"-® — /" with reference

to private consumption C}" and private investment J2” = 1" + 7"/,

cr=crP- L Pr=crP1e—1t
R R U /T
-
= jrb _ 12,” r=jm%(1 __I“_
1 - il 7 "', ~_ 2 T, T,
R e P+ cpP

12
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Figure 3: Excess demand in R2

By dividing both relationships we see that the proportion of private disposable -
income dedicated to CJ" and IJ” will be spent in such a way that C}" /" temains
constant. : ' '

Then again

]2[71' = eczleuizpr and lfr.dev =(1 _ 8‘21“))]?{”
The solution (point S in Figure 3)is: _
. Y;,q < Y|pmv' er:q = szm

meaning for R1: all three factors of production are unemployed,
for R2: at least one factor is fully employed

in the framework of regional demand-supply equilibria.
Observe: '

1. The described approach can only be applied, if the slope of the line f>(Y;)
is smaller than that of f;' (Y)).

13



2. The corresponding problem Y” > Y/, ¥ < ¥* can be solved analo-
gously.

Excess Demand in Both Regions. If Y > ¥/”, Y, > ¥/, then calculate
YID > YlD.acwal — fl (szol)
Yzl.) > Yzb,actual — f2 (Ylpol)
according to the goods market equilibrihm relationships of R1 and R2.
Now three cases are possible, subject to ¥;>%"# Z yP* (j = 1, 2) (The slopes
of the curves exclude the possibility that ¥, actual” Y,.""' in both regions at the
same time.).
Case 1: In both regions we have Y”** > yP* (cf. Figure 4) so that each
region produces at full capacity. The resulting balances I'; = 17"? — 17" will be

eliminated as described before.
The solution (point S in Figure 4) is:

eq __ yypot
e = yp

meaning that in both regions at least one factor of production is fully employed in

the framework of regional demand-supply equilibria.

Case 2: Given Y>*“* > y/* and ¥,*™ < ¥P”, income Y2/ must be
corrected downWards. Substitute ype by Fa(YF) = Y proctuat,

ch Ypot < fl (fz (Ypat)) YID.actuaI = l-] = Ilpr.D _ ]lpr >0
Y;q — fz(Ylpal) = Y2D ,actual < szol — l--2 - 0

Case 3: Y™l > yP* and yP el < yP*, Here

YE = fi () < Y7 — T =0
V=Y < fa(fi (X)) = ot = = 1P 1 5 0

Calculate for both regions on the basis of ¥;?

Yi’"'r = (l - t,')(Y,-eq - r:BlS)
Yrr=(1- WY+ (1 - ti)r?Bf] + Fg_u

where FJ" is a portion of

FP =1 Y+ (1 — 1)r} Bf] + nalt Y + (1 — ,)r3 B

14
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Figure 4: Excess demand in R1 and R2

V. Dynamics of the Model

A system of differential equations describes the dynamics of the model. These
equations refer to

(a) changes of private and public capital stocks:
Ky =1"+FfY,
K5 = I+ Ff, .
BS = IM4+ FP'— P, (i=1,2);

(b) changes in the pool of knowledge for research and development and in the
level of education:

I'(;lev —_ ]ipr.dev, (i = ]’ 2)’
Blgdu = ]ilm,edu, (l = 1, 2),

15



the initial values being

ki = eeKs, G=1,2),
deu _ qfu‘eduBf, (i=12),

(c) changes in the labor force:

Li=nLiS—Li,, jel{raw, edu),
Lé' = n{L{‘S + L{v‘ j € {raw, edu},
“where total migration is Li, = L{3* + L%¥,
Lige = LA+ L 4 LS,
— A raw, B,
120 =Lt + L™
the first incentive for migration (j € {edu, raw}) is captured by
Lj"(— el (wi —whHLis, if w] < wi,
=1 - - o o -
el (w) — w{)L"s, if w{ > wj,

the second incentive (j € {edu, raw}) by

LB I (e —ew)), ifed) > eL,

2 eh(ewdh —ed), it e < ez,
" where
. LMS_iP :
LL)) = ‘LT‘ i=1,2; je {edu, raw},

and the third incentive specified only for educated labor (cf. Palivos, Wang
(1996)) by

S S ' S M
edu H. - B\ s eduS .o H H.
eC] .S — Tedu. L] K} lf s < Te fu,
L3 T IS LS = IS
edu HS HS LewS  if HS HS
ecz 1) Lzau,s - L:Zu,? 2 1) 1 Leau_ 2 L;z”j L)
1

. edu,C __
LlZ -

all migration parameters e are assumed to be positive;

(d) changes in assets:

Wia =Gy + Fiy + ZP" — ZI" + rnWyp — r Way,
Wa = G + F.



VI. Competition among Regions

Regional competition is expressed by changes of the regional and state parame-

ters. They are (i = 1, 2)
technical parameters:

H . . .
Aiv A,’ y Qi (aEOa a;, ap, aB)s afdu(afgu9 a?]du’ a:"zdu)a a:'.aw

)1 bi
(b, ), ki (kios ki, ki, kiz), af, off, ok, nfrder, ppoete
" private (behavioral) parameters:
clf, efds, efdu, eldu, eraw  glow  pedu . ptav . (i), i, U™, via(va),
S;Iev(ergv’ si_llev) .
-market parameters:
ri, rr, 8%

regional public parameters:

pu di du  ed d d
Ci s h,‘, i, 8? u(ele ", 85] “ sfgu, 8;3 u)
state parameters:

VvV, T;

The influences of these parameters on regional and national growth are of central
interest in the present context. The numerical and empirical implications of this

topic will be dealt with in Bobzin (2000).

VII. Concluding Remarks

The basic advantage of the presented approach to modelling regional economic
growth is that the static part of the model may be alternatively formulated with
respect to different aspects, such as the emphasis on economic phenomena con-
sidered for investigation or the chosen degree of disaggregation and thus the size
and details of the approach. The dynamic part of this growth model is maintained
by chapging factor stocks. Thus, regional economic growth is the result of moti-
vated and adjusted economic activities, with an important adjustment mechanism

being regional competition.

17



VIII. List of Symbols

(Index D refers to demand, index S to-supply; i =1, 2)

A;

AF?
Fip ()
FPe
Fg'

Fo
G
H;

7

pr
i

pr.dev
Ir'

e

1
pu,edu
Ii

18

absolute level of production of region i (parameter)
absolute level of human capital in region i (parameter)
stock of infrastructure capital in region i

level of education in region i

private consumption in region i

public consumption in region i

total private exports of region i (including capital exports to
the other region)

net investment of R1 in R2

transfer of private investment from R1 to R2 (from R2 to R1)
total state revenue

public resources transferred from the public sector of region i
to the State

public resources transferred from the State to regron i
public investment subsidies of region i

stock of human capital in region i

private expenditures on investment and on research and
development (R&D) in region i

private investment of region i

private expenditures on research and development (R&D)
of region i :

. public investment in region i

public expenditure on education in region i

total private imports of region i (including capital imports
from the other region)

private capital stock of region i

pool of knowledge for research and development (R&D)
in region i

~ labor force of region i

educated labor of region i

raw labor of region i

migration from R1 to R2 ,
educated workers migrating from R1 to R2



Le“A  migrating educated workers oriented to wage rate
differences between the regions

Lgw-B migrating educated workers oriented to differences
between the unemployment rates of the regions

Lggw€ migrating educated workers oriented to differences in the

' relative regional supply of human capital
127 raw laborers migrating from R1 to R2

L4 migrating raw laborers oriented to wage rate differences
between the regions

Lype® migrating raw laborers oriented to differences between the
unemployment rates of the regions

P; price level of region i

s private savings of region i

sP public savings of region i

T direct tax revenue of region i

Wia(Wp)  assets of R1 held in R2 (assets of R2 held in R1)
X; output of region i ‘

X equilibrium output of region i

xrr potential output of regioni

Y; income (net social product) of region i

Y equilibrium income of region i

Yy potential income of region i

) il retained private income of region i

) il retained public income of region i

zr private goods exports of region i

a; ‘production coefficient referring to human capital of region i

ap autonomous production coefficient referring to human capital
of region i ’

an technical progress dependent production coefficient referring
to human capital of region i ' .

ap - public capital dependent production coefficient referring to
human capital of region i

ap -private capital dependent production coefficient referring to

human capital of region i
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edu
ap

raw
a;

raw
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raw
a;
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raw
€pi

h;
i1(in)

20

educated labor parameter of aggregating human capital of
region i

autonomous educated labor parameter of aggregating human
capital of region i

educated labor parametef of aggregating human capital of
region i dependent on the level of education in region i
educated labor parameter of aggregating human capital of
region i dependent on the pool of knowledge for research and
development in region i

raw labor parameter of aggregating human capital of region i
autonomous raw labor parameter of aggregating human capital
of region i ‘

raw labor parameter of aggregatihg human capital of region i
dependent on the level of education in region i

production coefficient referring to infrastructure capital of
region i

autonomous production coefficient referring to infrastructure
capital of region i _
technical progress dependent production coefficient referring
to infrastructure capital of region i

cost function of region i

marginal (average) private propensity to consume of region i
marginal (average) public propensity to consume of region i
coefficient of migrating educated workers of region i oriented
to wage rate differences between the regions

coefficient of migrating educated workers of region i oriented
to differences between the unemployment rates of the regions
coefficient of migrating educated workers of region i oriented
to differences in the relative regional supply of human capital
coefficient of migrating raw laborers of region i oriented to
wage rate differences between the regions

coefficient of migrating raw laborers of region i oriented to
differences between the-unemployment rates of the regions
quotient of public subsidies and public investment in region i
parameters of exports from R1 to R2 (from R2 to R1)
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production coefficient referring to private capital of region i
autonomous production coefficient referring to private capital
of region i

technical progress dependent production coefficient referring
to private capital of region i

public capital dependent productlon coefficient referring to
private capital of region i

private capital dependent production coefficient refemng to
private capital of region i

rate of unemployment in region i for category of labor j

(J € {edu, raw}) ,
-growth rate of educated natural labor force in region i

growth rate of raw natural labor force in region i

rental rate of private capital in region i

rental rate of infrastructure capital in region i

time i

direct tax rate of region i

investment parameter referring to disposable private income
in region i

investment parameter referring to capital supply of reglon i
parameter of private capital attracted from R1 to R2 (from R2
toR1) ‘

rental rate of human capital in region i

wage rate of educated labor in region i

wage rate of raw labor in region i

production coefficient referring to infrastructure capital in
region {

production coefficient referring to human capital in region i
production coefficient referring to private capital in region i
variation rate in time of wage rate for raw labor in region i
quotient of private expenditures for research and development
(R&D) and private expenditures on investment and on research
and development (R&D) in region i (in short: research and
development quotient)
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gdev autonomous research and development quotient of region i

gdev human capital dependent quotient of research and
development in region i

ged quotient of public expenditures on education and public

: investment in region i (in short: quotient of education)

et autonomous quotient of education in region i ‘

godu income dependent quotient of education in region i

e quotient of education in region i dependent on the pool of
knowledge for research and development in region i

gg quotient of education in region i dependent on human capital
of region i

nP"“¢"  quotient of the pool of knowledge for research and
development (R&D) and private capital stock in region i

nP“ed  quotient of the level of education and the public capital stock
in region i

v parameter of the State for the distribution of revenues to R1

- andR2

pi production parameter of region i

o; elasticity of factor substitution for region i (o; = 1/(1 — p;))

T state share in the revenue of the public sector of region i

@i, w;  parameters of deriving human capital for region i
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