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Optimal Subsidization, Crowth and Structursl Chenge in a North—South Model with

W
Technical Progrees & la Ethier

THOMAS ZIESEMER University of Limburg, Faculty of Economice and Maastricht

Economic Research Institute of Innovetion and Technology (MERIT), The Netherlands

Abgtract., The North produces differentiated imtermediate factors in monopolistically
competitive firme. North and Scuth produce consumption goods using the finite number of
factors. The world optimum can be reached through a combination of ad valorem end
epecific subsidies, which comverges to a simple rule of thumb for large numbers of firtne, A
widening of the market leads to & higher mumber of firme, & higher ad valorem subeidy and
a lower specific subsidy and hes no impact on the optimal eize of the firm. If population
growth in the South is higher than in the North, & higher share of intermediates will be
exported from North to South, production of comgumption goods will grow fagter in the
South than in the North and employment in the North will ehift to the monopaligtic sector,
If the Horth payve the subcidies slone there is & redistribution from North to South which

may make subeidies & subject in internationsl negotiations.

W

I would like to thank Theon van Dijk, Michael Kohlhaas, Rob Massen, Ulkich K.
Schittko, Johannes Schneider and Christine 588 for helpful comments without implicating
them in any opinione expressed in the paper. JEL—Class.: 110, 410, 621. Kevwords: growth,

gtructural change, technology.



(2]

1. Introduction

There ie a sirong view now that the beet rule of thumb for nationsal trade policy ls free
trade (see Helpman/Krugman, 1989). The argument is that there is & large variety of
imperfect competition modele vielding different x—beet trade policies and the government
cannet know which model is the correct one. Modern trade policy hae been developed from
the point of view of national welfare,

However, if one holds the view tha$ national welfare in the present real world of
international institutione like the JATT can only be maxzimized within a framewark that
cares for world welfare, conditione for & world optirnum becoms relevant. From the point of
view of world welfare the wide spread notion in the literature, that & world optirnwm
requires prices which equal marginel costs becomes relevant, This is the only robust remlt
from all increasing returne models, This ie not neceesarily meant to say thal infernational
metitutions should try to implement thie optimum, but it may serve as a good benchmark

for policy purposes,

The purpose of thie paper if to provide & model that consders such an optimal policy. The
follewing basic aseumptione sre made to capiure the most interesting features for sch

maodeal:

a) Differentiated producte can be held to be the more general cage if compared to
homogeneaus products. Thie i viewed here as being the most nteresting case under
certainty (for an interesting case under uncertainty ees Groesman/Helpman, 1983¢).

b) In a general equilibrium model with market access zero profife are likely to ocour

approzimately, except for markete with very emell numbere of firtae which had been the
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mbject of etrategic trads policy.

¢} If the mero profit condition is sccompanied by the equality of prices and marginal

coete, a policy variable must cover fized coste. Thus, thie mwuet be some form of

mbeidization,

With the exception of Markugen (1988), who treats subeidies in & migration context
there exiete no analyeie which considers this case of free trade under optimal subsidies. In
the North—South context of thie paper migration 1s not allowed to exist.

Qf course the imposition of an exactly optimal subeidy mav be & difficult practical
tack., However, this assurnption is not more unreslistic then the sesumption of "small doge"
tariffe or tazes usually inveetigated in the literature [see Flam/Helpman (1987) and

Helpman/Krugman (1989)] although realistic values might be far from "small doses".

Asg the aim of policy anelyeie under cerfainty is to derive rules of thumb, It may be
comgidered an interesting question, in which way optimal subeidies, firm size and the
mnmber of firme and the struciure of production, trede and employment behave in & growth
context,

This paper provides a North—South model to analyee this question, The comparative
siatic method of growth ie ueed to investigate the effects of & widening of the world market

through population growth,

The more detailed etructure of the model ie determined by the followng further
asgnmptions:
d) There ie a differentiated factor and an oufside factor both used to produce a

confnmption good in both countries. The South is defined to be unable to produce the



differentinted intermediates for exopenous veaeome, thus North—Bouth trade  is
inter—induetrial which i in cloeed accordance with the etylized facts [see Markusen (1926)].
Meoreover, the Bouth ig lese productive in the production of the consumption goods. A
larger variety of differentiated factors is aseumed to produce technical progrese & la Ethier
(1982).

¢) The number of varieties, each produced by one firm, may be emall or large. In the
literature this posed some problemes o solve the modele becanse the formuls for the price
elasticity contained the number of fitme. The firet "way cut' of this problem was to simply
drap the elagticity term that contained the number of firmes [see among others Dixit (1984),
Flam/Helpmen (1287)]. In more recent pepers there is & second 'way out'
Grossman/Helpman (19898, b, ¢ and 1930a) use the assumption of a continuum of varieties
thus distinguishing between the infinitely large number of firms and the measure of the
integral of the continuum. In this peper we don't restrict the number of firms. The probler
of golving the model iz avoided because in an optimal model & solution can eacily be
derived ae prices become equal fo marginal coste end subsidy payments equal to fized
coete.

To keep the model ae simple as pogeible, absence of any coste of producing blue printe

before going to produce the differentiated varieties s agsumned.”

The reeulte obtained with this model are ae follows.

(1) Growth of all central variables except for the quantity of & variety depende on the
mumber of veristies.

(ii) The optimuwm cen be brought sbout by some combinstion of ad valorem and
specific subeidies.

(iii) If population of whichever couniry grows, the outcome is & larger tmmber but



conebant sige of firme and the optimal ad velorem subsidy mereases, whereae the optimal
gpecific subeidy decrenses,

(iv) If population growth in the South iz higher than in the North, a larger share of
all intermediates will be exported from North to Bouth; employment of the North will be
shifted to the monopolistic sector and supply of consumption goods will grow fagter i the
Scuth.

(v) Whether or not it paye for the North o finence the subsidies alone depende on the
relative gize of the countries. If the North ie sufficiently large (small) it will (not) pay to
finance the eubeidy slone, The possibly redistributive effects of financing the mbadies pose

a tagk for international negotiations in this model.

The peper iz organized ae follows. In section 2 the model is presemted. Section 3
conteing the optimum vereion of the model and ite eolution in growth rafes, In section 4 the
dependence of the number of firme on the gize of the market is shown and the resulte for
struchural change in trade, employment and production are derived. Section 5 compares
market equilibrivm and optimum and showe thet optimelity may be derived under some
comabination of ad valorem and specific subsidies. Section 6 discusses result (v), some rule
of thumb policy, fixed cost covered thromgh mbsi_cﬁes and geing from trade. Sectiom 7

conteing some considerations concerning the implementation of such subsidies.
2. The Model
Clemgumphion goods in country i sre aseumed to be produced through n differentisted

intermediates ), labor L'C, where ¢ indicates "competitive sector”, nnder Harrod neutral

technological parameatere Al by the following production fanction
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Clountry 1 ie called Sonth and country 2 is called North, Setiing A% =1, A' < 1 indicates
the exogenous degree of backwardneee of the production of consumption goede in the Houth,
For the mere sake of gimplicity these technology parametere are held cometant throngh the

entire analysis. The production function can aleo be written as
U U A FURL B A PR | (1"

Dividing by nx' and rearrsnging, the function can be written as cutput per unit of

intermedistes depending on efficient labor per unit of mbermediates
e Ay o pof 8=y paledege dvl=r o an
Y /(nz')=[n AL f{nx')] i=1,2 (1

The ezogenous mumber of intermedistes n now worke like a Hicke neutral technology
parameter with level n"y/ §=7i§ 1. The production function (1") is deawn in Fignre 1,
panel ().

In the monopolictic eector the quantity of each variety ie produced with labor requiremente
f+ard j=1,.,n (2)

f indicetes fixed labor requirements. In Flam /Helpman (1987) they are interpreted a6 labor

for Recearch and Development. In Markusen (1988, 198%) they are interpreted as labor for

education, because ) ave interpreted ae gervices provided by ekilled workers.
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Ths laber conetraint, with labor eupply L in the North, 18

The equilibrium valus 7! will be either exported or used domestically, so that we have
i ] 23 . N
o =z 4 5% j=1,..n . (4)

Labor market equilibrium in the South requires that labor demand in (1), L,]‘Ci equals

labor supply Llﬁ which in turn ie given by population:

For the sake of simplicity we assume that individuale do only have preferences for

congumption,
2. Optimal growth and the constant optimal size of the firm

The simplest way to derive all results of growth and structural change is to start from the
centrsl optimum &nd shift the question of subeidies which can bring it about to a later
section, We use the same symbels for shadow prices ae for market prices mm the later
gections. The objective function is the sum of consumed goode, Production functione and
conditions of full resource uss (1), (3) — (5) are the constraints of the optimum, Then, the

Lagrengean for the world optimum of the model may be written as
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=1 =1

First order conditiong are
ey =1-31 =0 snd OL/EY =1-2%=0

The shadow price of goods equale unity because the objective function is formulated in

terme of goods.
. 11 _ <1 1} j_ - e
ﬁL/&X = ?Y !(m )—P) =0 1= 1h ‘ (6&)
oL /ox%) = 4 ) —pl = 0 j=1,..m (6b)

The marginal product of intermediates in both countries must equal the shadow price for

intermediates in terms of goods,
aL/aL% = (1 - AT ALY —w® =0 (72)
aLeLte = (1 — palylaltti—w! =0 | (7h)

The marginal product of labor muet equal the shedow price of labor in terme of goods.
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i fem = 3 A1 (/a8 - w4 axd) = 0 (a)

The eum of the marginal producte of the number of vareties n must aqual the value of

labaor demand for one variety in the monopolistic sector,
. 2 j . »
Ljgr =—wa+p' =0 j=1l..,0 (3)

Prices of imtermediates chould equal marginal ceste in their production. and mmst be

identical for all §. Therefore the indez j is dropped henceforth.

The growth procees can now easily be characterized. From (9) we find

=]
¥

we =1 (10)
Where a " " " denotes "growth rate”. Dividing equations (6) and (7) yields
/(wl/Al) = 1AL - ] i =1,2 (11)

Constant technology parameters A! therefore imply & constent labor intermediate ratio.

Together with (6), (7) and (1") we therefore {ind

" "9
1_ o2

Wt s
]

=Y - =¥ -l =(y/f—n (12)

This formulation ehows most clearly that & greater veriety of intermediates for § < 1 takes

aver the rale of technical progrese via an increased division of labor e in Romer (1987)
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where U—shaped coet curves are uped, whereas here average cogte will be falling due to (2).
Thue technical progreee ie transfered to the LDQe by monopolistic firme. If § = 1, this
technical progrese vanishes, becauss then the number of intermediates does not exhibit a
larger elasticity of production then the quantity of the intermediates, which can be direcily
geen from (1) snd (1'').

The comeequences of higher n are summarized by broken lines in Figure 1: The
production fanction is shified upward at a constent level of AiLiC/ (mtij)p The zero profit

line
v /x)) = p + (w'/AD[AL/(nr)

it & straight line with vertical intercept p and slope WI/ A' which rotates sround ite
horizontal intercept {— A'L'’/(nx') = v/(w'/A"), thus increasing the wertical intercept p

end the elope of the zero profit line w/ Ai.
To determine the optimal value of xj; 8L /én is mulﬁplied by n which vields
(--';l/r.f)[‘f'-l + ‘Yg] - wz(f + &}:j)n =0 (13)

If § were equal to unity the value of the intermediates would have to equal the sﬁm‘& of
intermediates in final output, Due to the increasing returne induced by 6 < 1 the value of
output must be higher.

Ingerting the sum of equations (6) for identical zj due to identical prices and production

techmiques
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AY! + ¥ = prz!
inta (13) we find

(1/ r)'}pm:j - wg(f + a.:{jjrl =0 (14)
The equahity &.wg = p then implies
(1/§—1)pz = wi
Bolving for x and using w [r = 1/5 again yields

x=1/[a(1/§ - 1)] (15)
The optimeal quantity of each variety z it constent and inciapendgnt of exogencus variables.
Ag each variety in this type of modsl is produced by one firm this moedsl does not support

the view that firms have to grow during the growth process under imcreaging retumne to

scale.
4. The widening of the market increases the division of labor and induces structural change
in trade, emplovment and production.

The model is well explained now up to the growth of the number of varieties which drives

the whole procese. This can only be done through the growth of population which is
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exogenoue heve, [nsertion of the value of x into the labor market condition (3) yielde:
L% =L 4+ nf/{1 - §) D!

The lagh term ie the empleyvment in the monopolistic sector, which grows et the rate n.

Replacing labor inputs in the second squation of (11) according to (5) yields:

't = A L {a(1-)] (16)
(3")in (11) yields
nx® = 7AZ[L? — af/(1 - §)]/[a(1—)] (17)

(4), (16) and (17) are three equations for n, " and x°. Insertion of (4) for 2% end then (16)

for nz! mto (17) and then replacing z by use of (15), provides the solution for n:

w1 - a(a%L? +alth
(1 - W+ 1A%

n (18)
Higher population of whichever country widens the market and leads to o higher number of
firms. The comsequences of higher number of firmes had slready besn demonstrated n
Figure 1. If § hypothetically spproaches 1 the impact o population on the number of firms
approaches zero. The higher the fixed cost term f the emaller the number of firms which

goes to infinity i { goes to zero. The closed ecomomy cese for country 2 can easily be
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) R T e ,
congidered f L* 18 pub to zerc in (18), which ehowe that n would be emaller o,

squivalently, that trads leads to & greater variely of intermediates.

Structurel change of the trade in intermediates can be analysed ae follows. Inestiing (18)

inte (16) vielde the quentity exported by each firm of the monapolietic sechor:

npa B2 1.1
w1 — H(AL® +A°L) _ . .
g = —— - vy Al a1 - )]
(1 — 7)é + A1

or after doing the multiplication by 1!

- s(a%L? /it al
¥ =
Y1 - )5+ 9A%

YAl et - )] (19)

If population in the South grows faster than in the Nowth, then the share of
intermediates sxporbed, xl Jx, will increase whils z is constent. Reletively more people
working in southern comsumption goods production requires larger chares of the
mbermediates.

Structural change of émplczymen‘c. can caeily be snalysed. Dividing (3") by L2 we find

directly the sheres of the sectors in the labor force.
L¥/L% = 1- (L8 at/(1 - 9) (3")

Insertion of the optimal number of varieties yields
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- . 1,12
. (1 — §XA" + ALY/ o
1%L =1 - _ _ £/(1 - 8) (20)
(1— 9)6 + 7A°f

If the Bouth grows relatively faster then the North the share of employment of the
monopolistic sector will incresge and the share of employment of the competitive sector will

decrzage,

The analyses of structural change in production follows from that of employment., If

o 2¢ 2 . 1 2
the South growe fagter then the North we found dL €/dL° ¢ 0 and that %! grows and x
decrensee. Thus, both factors in production of country 1 grow faster than the respective

factore of the competitive sector of country 2. Thus, we must have

~

vy v? gLty 1? (21)

In sum, if LDCe have higher population growth then DCs, the latter increasingly specialize
in their innovative momopolistic sector, whereas the supply of the consumer goods is

provided by the LDOe at an increseing rate,

5. Optimal subsidization in a market equilibrivm

Which subsidy eystem can bring about the optimum? It ie clear that equations (6a) — (7b)
would result from & price taking profit meximization of the consumption goode industry.
(%) has been trancformed into (12) and up to the expression 1/§ it would equal the zero

profit condition of & monopolietic firm in & pure merket economy. Moreover, (9) would not
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b the result of & pure market aquilibrinm but inetead marginal revenue aqual to marginal
cogt would be obeerved, containing the price elseticity of demand for intermediates which
cen be derived from the firet order conditione of unit cost minimization of the congumer

goode firs a8
(@v/ex)(a/p)= = [(2/(1= 1) + §)fn - (1=F) | (22)

The term including the number of firme ie put to sero in Dixit (1984) and Flam/Helpman
(1287) and others by assumption of & large number n and in Grossman/Helpman (1989, b,
¢ and 1990) by assumption of & continuum of intermedistes. In the optimal model we had
no problem with it due to the eimplicty of (3). The question is now which gubeidy can
bring ebout the equivalence of (9) and (14) from the optimum with merket equilibrium. To
enalyge that we write down the zero profit function for a combingtion® of ad valorem (1)
and specific (se) subsidies and then compere these with (9) and (14). The smero profit

condition then is:
[Iis(l + 51) + E'g] - Wg(f + a}[) =0 (23)

Making use of the elagticty (22) the equality of merginal revenue and marginal cost may

now be written as:
Q+edpil —[¢/(Q-5+ /-0 -8} 48— awe =0 (24)

Equality of the zero profit (23) condition with (14) requires
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p/i=p(1 +8)+ea or ea=[1/I—(1+e)p (25)
Equality of {24) with (9) requires
ol +ea-{7/(1-2+8m-(1-8+ap+mn=0
Ingertion of s from (25) yields
o1+ e){~{7/(1 -9+ da-1-+ap+ [1/i-(1+e)lp =0
Dividing by p after cancelling sip yields
L+ ef{~{r/Q-n+ /-0 -+ [1/6-1] =0 (26)

In (26) 1 is given from (18). For (26) to hold, higher n requires higher sy, impyling lower 6s

from (25). As n spproaches infinity the ad valorem subsidy approaches

lim (1 + 61) = 1/§ implying ea=1/§—1 (27)
N+
In this limiting case the specific subsidy is zerc which can be seen from (25)., The &ad
velorem subsidy should be equal to the measure of incressing refurne or to the rate of

technical progrees divided by vn.
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6. Rule of thumb policy, fized coet covering, inbernational digtribution of eubsidy fmancing

end gaine froma trade

If (27) metead of (26) were veed ae a rule of thumb the economy would converge to
an optiraum in the long run.

Panel {b) of Figure 1 summarizes the behaviour of the moneopolistic firm wnder
optimal subsidies: At & constant value of x the marginel cost curve shifts up &6 n increases
and is elwaye intersected by demand ai the same x. The marginal cost curve equaling the

price is drawn ag cc in Figure 1, panel (b).

From the zerc profit condition (23) one can direcily see that subsidies equal fized

coete:
. % i .
(sip + 82)x = w™f . (28)

If fized costs are nterpreted as R&D coste as in Flam/Helpman (1987) this implies that
the sun of optimal subsidies equals K& D costs. If fixed costs are interpreted as edncation
cogte 65 in Markusen (1988, 1989), thie implies that the education costs are coverad by the
gubsidies although it ie payed &s & preduction subsidy.

As countriee face the same prices for the intermediates, and heve the same number of
intermediater available, the model contains relative wages identical to the ratio of labor
angmenting technological coefficients. Total wage income — net of taxes to be paved for the
subeidies n the developed country — will be consumed. Asmmé for & moment that Al =
A%, In thie cae wages net of taxes would be lower in the North than in the South if the

North pavs the taxzes alone, wherese without subsidies and taxation wages would be eqnal.



Thie ehowe that the gaing from eubeidization ave predominantly captured by the HSouth,
becauge they have the advantage of lower prices if they den't contribute to financing the
gubgidies which moeke intermediates chesp. In this model subsidies clearly raise a prablem
for internstionsl negotistions in regard of financing subsidies and defermining the
distribution of the efficiency gains, becanse if the non—confributing Seuth were very small,
this problem would not exist, but if the country is relatively large, and Lgc were gmall

there it no gnarantee thet the net wages of the North would be higher under the subeidy.
The gains from trade are the increasee in real wages net of ebsidies which equal:
2 . ; 3 i .
w22 — (pss + sa)x = woL? — fw? = wi(L? — 1)

To derive the firet equation we have made use of (28). As higher n through population
growih Increases Wg? gaing from frade are positive for the North under opbimal subsidies
even if they pay for them slome. For the Scuth weges are increasing as the market it

widened, improving their eitustion inepite of falling terms of trade.
7. Conclusion

The asgumption of optimal subsidies allowed %o solve the model without any resort to
artificial asewmptions like infinitely many products or even dropping terme which produce
comgtant elagticity demend functions although it is much more plausible that the
elasticities depend on the number of firme. As & consequence 1t was poesible to analyee the
reaction of size and number of firms and the optimal subsidies on the widening of the

market and the siructural change induced by population growth on production, trade and



ernployment.
In thiz model the higher number of firme and therewith intermediates ie identical to higher

productivity through en increased divieion of labor.

The normative implications for practical policy are much less clear.

On the ome hand subsidier are optimal. As a rule of thumb, it is therefore puggestive
to mdviee sd valorern and epecific eubsidiss whose sum shonld equal fized coets or an ad
valorem subsidy payed &t the level of the mearure of incressing refurne,

On the other hand one might be afraid of such alarge role for the government. The
costs of government sdminietration and democratic comirol (see Krueger, 1990) have not
been incorporeted into the model and may well be high. Here the experience of some of the
developed countries like the Scandinavian ones snd the Metherlande with sales faxes of
roughly 20% are more encouraging to undertake such government action than the
experiences of many underdeveloped countries. The relation between wealth, democracy
snd democratic control coste might be an intereeting subjeck for future resesrch and the
question whether largenese of the government correlates negatively with efficiency may be
&n inberssting part of it. A bagic problem here is thet the temptation of corruption as well
af the profitability of ineurring control costs mey increase with the sum handled by civil
servante,

Besider the political and administrative aepecte it should be kept in mind that the
finencing of optimal output subeidies through taxation will vaise excess burdens in more
genersl modele, which had been the subject of optimal texation theory. It is unclear
whether thees exzcess burdens are larger or emeller than the gains from optimal

gubsidizetion.
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The objections menticned so far of course are ales valid for all the trade policy
mengures in the literature (see Flam/Helpman, 1987, and Helpman/Krugmen, 1982) and

the subsidies in Markusen (1988).

The likelihood of achieving such an optimal subeidy may be reduced by the fact that the
North cannot recsive all the gaine ae was ehown above. Payments of the South to subsidize
intermediates production in the North are rather unlikely, st least if one allowe for broader
preferences than those of the model. I, however, the current trend of decreasing shaves of

the third world in world trade is continned, eubeidizetion for the North slone may well pay.

Perhaps the most relevant aspect for practicel purposes is thet the reduction of subsidies
sirived st in recent policy will be much lese beneficial in view of an Increasing returne
model than in view of constani—returns /firsi—best models which somefimes seem to be the
basis for the expectations of returns to reduced subsidies. Of course, this is no argument
againet the reduction of export subsidies which produce prices that sre higher af home than
on the world market. But the gain here comes from dropping messures thet produce blases
end not from subsidy reduction in general. The whole guestion has, of courge, to be
geparated from other problems like gusranteed prices for agricultural products.

Perhaps thie snalysie of optimal eubsidies is & more velueble contribution %o the
literature on technicel progress and new growih theory mentioned in Footnote 1 because
there increasing returne which deperve pubsidization here are alweys essentisl to the

enalyeis, whichever specification s veed.

Whichever the preferred view, it seems to be clear that optimal output subsidies in fized

cogt models produce & further argument in favor of government action which have to be
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weighed againet ite cogh. Therefore thie weighing ghould be done in the framework of the
more realistic increasing returns models.
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Footnotes

1 Thie haz the additiomsl sdvantage thet no decieion hae to be made on the
epecification of the production function for the number of varisties, In regard to thie latier
point it might be interesting to note that Crossman/Helpman (1980b) use & production
function similar to that of Phelps (1966) where the time derivative of the (messure of) the
number of intermediates (the stock of knowledge) is made dependent on & linearly
homogeneous production function, Thie leads to & venishing of technical progress — in the
steady state if populetion does not grow — ae it did in Phelps model. In Komer (1590) and
Cirossman,/ Helpmen (19908, 1989, b) the rate of growth of the {measure of) the number of
intermediates (the stack of knowledge) is made dependent on & linearly homogeneous
production function as it is in Shell (1967). This leads to & rate of growth of knowledge that
it growing itself if primery resources grow as they do in Shells model. Both outcomes are
counter—intuitive and the latter held to be undesirable by Aghien/Howitt (1988) but not
by the other anthors using it. Forraulations nsed by Uszawe (1965), Lucas (1988), Neumann
(1989) and Ziesemer {1991) make the rate of growth of knowledge dependent on variables
that are constant in the steady state of neoclassical growth modele, ¢.g. the share of labor
in the educational sector in Uzawa's paper. This is held to be the best one here because it
reproduces the Solew results without any resort to fixed factor supply assuraphions.
However, to make the model simple and let it not depend on issues wpon which the views
currently diverge so much, we aggume that there are no cogtly blue printe. Therefore the

effects of technical progress & la Ethier can be considered isolated from this isene.

2 Neither of the two subsidize alone can bring sbout the optimum (which the interested
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reader may check himeelf), becauge there would alwaye vepult & pscond determination of o

or other contradictions.
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