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1 INTRODUCTION

Economic activity in different industries is linkéal each other through aggregate
income (horizontal linkages) and input-output rielahips (vertical linkages). Could
such linkages give rise to vicious circles of umidselopment or virtuous circles of
development when there are increasing returnsaie st the firm level? A standard
account of a vicious circle goes as follows. Srsalife production methods in industry
A lead to low output and income. This translates iotv demand for industrg, which
therefore also ends up using small-scale productiethods and generating low output
and income. The result is low demand for indugtryhich justifies the small-scale
production methods used in this industry. Low aggte output and income are seen as
the result of a vicious circle because the samaao@ environment is thought to be
compatible with a high-income equilibrium whereiatlustries use technologies that
achieve high productivity at large scale. This kigtome equilibrium is sustained by a
virtuous circle. Large-scale production methodmaustryA are profitable because of

high income in industrig, and vice versa.

We will show that vicious or virtuous circles baseddemand linkages are subject to a
simple fallacy if increasing-returns-to-scale tealogies only differ from pre-industrial
technologies in that they are more productive rigie&cale. Still, vertical demand
linkages will give rise to vicious or virtuous des if increasing-returns-to-scale
technologies use intermediate inputs more intehsthan the technologies they
replace. And horizontal demand linkages will dof§oms adopting increasing-returns-
to-scale technologies must pay a compensating diffigeential. Moreover, when there
are both vertical demand and cost linkages, undetdpment traps can be consistent
with economic principles even if increasing-retutasscale technologies only differ
from pre-industrial technologies in that they arerenproductive at large scale. We will
first discuss the role of horizontal demand linkagben that of vertical demand

linkages, and finally turn to vertical cost linkage

Horizontal demand linkages. Imagine an economy populated by households and by
firms in different industries. Suppose that eacustry only sells to households.
Assume also that the amount households spend bnreigstry is independent of

prices (industry demand functions are unit elastitjhis case, demand linkages among



industries are said to terizontal. This simply means that economic activity in one
industry affects spending on other industries anitgugh the aggregate income of
households.

Could horizontal demand linkages lead to econotméisg trapped into a situation of
low income due to a vicious circle of low incomealautput? Rosenstein-Rodan (1943)
and Nurkse (1952) thought so. They imagined asittnavhere low aggregate income
was an obstacle to the adoption of technologigsatisieve high productivity at large
scale. But large-scale production methods wouldrbétable if all industries adopted
them, because incomes generated in one industridwoeate demand for other

industries.

The elements necessary for underdevelopment todps ¢consistent with economic
principles have always been subject to debateedsing returns to scale appeared to be
crucial. But Fleming (1956) made clear that thiswat enough. He imagined a
situation where, because of low aggregate inconakeistryA cannot make a profit from
adopting the increasing-returns-to-scale technotogythat the same is true for
industryB. Is it possible that the increasing-returns-tdestachnology becomes
profitable if bothA andB adopt it? Consider forcing to adopt. In this case, the loss
made in industrA will lower aggregate income. As a result, indug&nyill now face
even lower demand and therefore make an even gteasaif it adopts the increasing-
returns-to-scale technology. This means that aggeegcome will fall further if we

also force industr to adopt the increasing-returns-to-scale technolbignce, if the
adoption of increasing-returns-to-scale techno®geaunprofitable for any single
industry, adoption in all industries will not beofitable either. Increasing returns alone
can therefore not explain why industrialization sloet take place although it would
ultimately be profitable.

All accounts of underdevelopment traps did in faeture (several) additional elements.
In particular, Rosenstein-Rodan maintained thatdiusing large-scale production
methods had to pay a compensating wage differdipi@atly because of the higher costs
of living in urban areas, where industrial firmsre/éocated). Section 2 follows

Murphy, Shleifer, and Vishny (1989) in showing tonatderdevelopment traps may



emerge when firms adopting the increasing-retuorsctle technologies must pay a

compensating wage premium.

Vertical demand linkages. Suppose now that industries sell goods to houdslamd

each other (to be used as intermediate inputshdoa activity in one industry can

then affect demand in another industry even if aggte income remains unchanged. As
a result, there are said to Wtical linkages. For example, consider the situation eher
industryB buys fromA (industryA is upstream of B). In this case there isvartical

demand linkage as demand for the upstream indu&twill depend on the economic
activity in downstream industi®. There could also bewartical cost linkage because

the cost of production in downstream induddrig partly determined by the cost of

goods produced in upstream indugiry

While the effects of horizontal demand linkagessoanomic development have always
been subject to some controversy, there appeds doconsensus among early
contributors that vertical demand linkages can leaghderdevelopment traps when
technologies are subject to increasing returnsateqFleming, 1953; Scitovsky, 1954;
Hirschman, 1956). It is simple to show however that is not the case if increasing-
returns-to-scale technologies only differ from prdustrial technologies in that they are
more productive at large scale. To see this natewith vertical demand linkages, the
adoption of increasing-returns-to-scale technologiects aggregate income directly
and indirectly. Directly through the profits maaetihe adopting industry, and indirectly
through the profits made in supplying (upstreanmdystries. It would therefore seem
that increasing-returns-to-scale technologies cbeldnprofitable in the adopting
industry but still increase aggregate income. Big tannot happen when the
increasing-returns-to-scale and the pre-indugiighnologies use upstream inputs with
the same intensity. In this case, the increaskdrvalue of upstream goods demanded
by a firm adopting increasing-returns-to-scale texttgies is always a fraction of the
(absolute value of the) loss that it makes. Moreca profits cannot exceed revenues,
the increase in profits in supplying industriesésessarily smaller than the increase in
the value of goods they sell. It therefore follaat the increase in profits in supplying
industries (the positive indirect effect) can nesempensate for the loss made in the

industry adopting the increasing-returns-to-scaddimology.



The empirical evidence indicates that the intermedinput intensity of production
increases with a country’s level of industrialipati Increasing-returns-to-scale
technologies may therefore be using intermedigiatsxmore intensively than the
production methods they replace. Section 3 drawSiocone’s (2002) model of input
chains to show that vertical linkages can in tlaisecexplain why countries may be
trapped into a vicious circle of underdevelopmertt why escaping this trap may be
associated with large gains in aggregate incomepasdlictivity.

The interplay of vertical cost and demand linkages. The greater demand for
intermediate inputs brought about by industrial@a(vertical demand linkages) may
partly be caused by falling intermediate input @si¢vertical cost linkages). Falling
intermediate input prices, on the other hand, assiple because of the higher
productivity of large-scale production methods. fiéal cost and demand linkages
therefore feed on each other (Young, 1928; Okunjwita, 1988; Rodriguez-Clare,
1996). For example, Rodriguez-Clare considers dl srpan economy framework
where the entry of new intermediate input varieli®gers the cost of intermediate
inputs relative to labor, which leads final-goodqgucers to substitute towards
intermediate inputs. When this substitution effedtrong enough, it translates into
greater revenues and profits for intermediate-impatucers, which may validate
intermediate-input producers’ decision to starnep varieties in the first place.
Rodriguez-Clare shows that this interplay of veitibemand and cost linkages may
lead to two equilibria. A low-income equilibrium wie final-good producers use labor-
intensive production methods because of the limiéedie of intermediate inputs
available. And a high-income equilibrium where évariety of intermediate inputs
leads final-good producers to use intermediatetingansive production methods.
Okuno-Fujiwara considers a situation where vertiteahand and cost linkages interact
because greater demand for intermediate inputs lesldwer prices due to competition
among a larger number of Cournot oligopolists. filhal section of this entry uses the
model with input chains to show that the intergi@yween vertical demand and cost
linkages can result in underdevelopment traps évianreasing-returns-to-scale
technologies only differ from pre-industrial techogies in that they are more
productive at large scale.



2. A MODEL OF HORIZONTAL DEMAND LINKAGES

We will now examine the role of horizontal demaimk&ges for economic development
using the model of Murphy, Shleifer, and Vishny&2¥(for a historical and
methodological perspective on the horizontal-lirdafterature see Krugman 1993,
1994). The first step is to describe the modelsetthe household sector, the
production sector, and market structure. The sesteqlis to characterize equilibrium

prices and equilibrium allocations.

Households. There aré. households, each of whom supplies one unit ofrlabo
inelastically (labor is the only production factorthis model and serves as the
numeraire). Households spend an equal share ofitlteimes on each of tidgoods

produced in the economy.

Production. Each of theN goods demanded by households can be producedtusing
different production methods. pre-industrial method requiring one unit of labor for
each unit of output produced. And iawdustrial or increasing-returns-to-scale method,
which is more efficient at the margin but subjecatfixed labor requirement)
Formally, the increasing-returns-to-scale productieethod requires

| =f+cg (1)

units of labor to produce; units of good, where f >0 and1>c>0.

Industry wage premium. Working in the industrial sector generates atdisu v=0 for
households. Hence, relative to pre-industrial firmdustrial firms will have to pay a

wage premiunv > (as a compensating wage differential.

Market structure. Many firms are assumed to know the pre-industniethod to
produce good. As a result, the pre-industrial sector (alsoezhitompetitive fringe) will
be characterized by perfect competition. By cont@sy a single firm is taken to have
the ability to produce each good in the induss&dtor. These firms set prices
optimally, taking the prices of all other firmsgisen. The labor market is taken to be

perfectly competitive.



What keeps this model simple to analyze is thatthelibrium price of each good is
unity whether the good is produced by the pre-itrtlor the industrial sector. To see
this, note that perfect competition and constaiirns to scale in the pre-industrial
sector imply that the price of goods produced is sector must be equal to unity. A
higher price would mean strictly positive profitsdetherefore further entry of pre-
industrial producers, while a lower price would me&aat no pre-industrial producer
could break even. Now consider goods producedanrtiustrial sector. Clearly, the
industrial producer will not set a price above ynits she would lose the entire market
to pre-industrial producers in this case. Moreouretystrial producers do not have an
incentive to set a price below unity either, asdahwolds spend the same fraction of
income on their good irrespectively of the pricenide, industrial producers find it
optimal to use a limit pricing strategy, settingcps exactly equal to the marginal cost
of pre-industrial producers. As a result, the poteach of théN goods is equal to unity

independently of the production method.

Pre-industrial equilibrium. Under what conditions will there be an equilibriwhere

all goods are produced with the pre-industrial rmdthin such an equilibrium, firms
just break even and aggregate income the economy is therefore equal to aggregate
labor incomel.. Because households spread income equally ambNggalods, the
quantity of good demanded and suppliedgs= L/N . The remaining question is
whether firms in the industrial sector have an ntise to adopt the increasing-returns-
to-scale method. The potential profit of such finsgz = q™ — (f +cq™)(1+V), where

g" is the demand faced by the industrial produceyoafdi. As industrial and pre-
industrial producers set the same price, theifiduistrial producer faces exactly the
same demand as the pre-industrial producers shezespg™ = L/ N . Her profits are

therefore
7T =L/N-(f+cL/N)1+V). (2)

If 7z <0, an industrial producer has no incentive to adleptincreasing-returns-to-

scale method, and it will be an equilibrium for gdlods to be produced with the pre-
industrial method. Hence, (2) implies that therarisequilibrium where all goods are

produced with the pre-industrial method if



L{L-c@+v))<FE+v), (3)

whereF = fN.

Industrial equilibrium. What about equilibria where all goods are producsidg the
industrial method? We already know that pricesliod@ods will be equal to unity in

this equilibrium also. Moreover, households wilekespending the same share of
income on all goods. Hence, all industries will émyghe same amount of labdt,/ N,

in equilibrium. (1) therefore implies that the valof production in each industry is

(L/N - f)/c. Summing across thé industries in the economy yields a value for gross

domestic product, and hence aggregate househadcmofY =(L-F)/c (recall that
F=1fN).

Do firms make the profit necessary to sustain mlideistrial production method when all

production takes place in the industrial sectoi®rof firms in the industrial sector
arez =q" —(f +cq™)(@+v) = 0, whereq" is the demand faced by the industrial
producer of good, ¢" =Y /N = (L -F)/cN. Hence, there will be an equilibrium

where firms using the increasing-returns-to-scad¢hmd make a profit if

L-c@+V))=F. (4)

Efficient allocation. When is the adoption of increasing-returns-to-stedénologies
efficient? The aggregate value of productiotYis (L —F)/c when industrial
production methods are used and L with pre-industrial methods. The amount of
goods necessary to pay the compensating wageatitfat when all workers are
employed in the industrial sectorvk . Hence aggregate welfare will be higher with

industrial production methods if and onlylif-F)/c-vL =L, or
Ll-c@+Vv))=F. (5)

Note that (4) and (5) coincide. Hence, an indulségauilibrium exists if and only if it is
efficient.



Multiple equilibria and underdevelopment traps. Only one of the two inequalities in (3)
and (4) can hold if there is no industry wage prem{v = 0). Hence, the equilibrium is
unique in this case and, as a result, there cdyndevelopment traps. Moreover,

because an industrial equilibrium exists if andyohit is efficient, economies in a pre-

industrial equilibrium actually do the best theygaven the economic environment.

But when there is an industry wage premiuny( ) tfere may be multiple equilibria as
the inequalities in (3) and (4) can both be sa&isfWhen this is the case, economies
may be stuck in a pre-industrial equilibrium altgbuhe same economic environment
would be compatible with an (efficient) industreajuilibrium. To understand why,
suppose the economy is in a pre-industrial equilfbrwhen we force an industry to
adopt the increasing-returns-to-scale technoldgig) lholds, then the adopting firm

will make a loss. Still, its contribution to aggegg income is strictly positive. To see
this, note that demand for this industryLigN , and that this is also the amount of labor
required to produce the amount of goods demanded tlse pre-industrial production
methods. Production with the increasing-returnsdale technology requires

cL/N + f units of labor, which is strictly smaller than/ N if (4) holds. Hence, the

adoption of the increasing-returns-to-scale teabgybkaves labor in the adopting
industry, and therefore increases aggregate oatplitncome. This increases demand
faced by other industries and therefore raiseptbftability of further adoption of the
increasing-returns-to-scale technology. Eventuatigyustrialization raises aggregate
income enough for increasing-returns-to-scale itvéessto break even. Hence, the
industrial equilibrium can be seen as the resu#t wirtuous circle. The adoption of
increasing-returns-to-scale technologies raiseseggte income and therefore the
profitability of adopting increasing-returns-to-gc#echnologies. At the same time, the
economic environment also allows for a developnieqmt where low aggregate income
is both the cause and the consequence of theddduadopt increasing-returns-to-scale

technologies.

3. VERTICAL DEMAND LINKAGESIN AN INPUT CHAIN MODEL



The economic activity of different industries isked to each other because the output
of some industries is used as input in other imgesstCan such vertical linkages give
rise to vicious circles of underdevelopment oruods circles of development when
there are increasing returns at the firm level?Wlleshow that—just as for horizontal
linkages—this cannot happen if increasing-retumseale technologies only differ

from pre-industrial technologies in that they arerenproductive at large scale.

Chenery, Robinson, and Syrquin’s (1986) comparatiudy of industrialization shows,
however, that the industrialization of countries hgpically been accompanied by an
increase in the intermediate-input intensity ofduction. This suggests that industrial
technologies may use intermediate inputs more &ntety than the technologies they
replace. We will therefore start by analyzing a elaaf development where increasing-
returns-to-scale technologies use intermediatetgnmore intensively than pre-

industrial technologies.

It will be useful to analyze the consequences diiced linkages for industrialization in
a framework that is as close as possible to theshrmfchorizontal linkages of Murphy,
Shleifer, and Vishny. In particular, the aggregateunt of labor supplied by
households continues to beand households spend an equal share of their iexom
each of theN goods produced in the economy. On the productas sve continue to
assume that each good can be produced using tfeoedif production methods, a pre-
industrial method and an industrial (increasinghnes$-to-scale) method. The pre-
industrial method requires one unit of labor fockeanit of output. The increasing-
returns-to-scale method will turn out to be cheatehe margin but subject to a fixed
labor requiremenrit Many firms know the pre-industrial method, but éach good

there is only a single firm with the ability to phace in the industrial sector.

Input chains and industrial production. The key difference with the horizontal linkages
model is that now the increasing-returns-to-scad¢hiod is taken to be more
intermediate-input intensive than the pre-indubtriathod. One way to model the
intermediate-input structure of the economy ishiak of goods being produced $h
different locations along a river. Each locationgucedsH different goods (the total
number of goods iN = HS). Goods at location 1 are produced using laboy.dabods

at any locations > 1on the other hand, are produced using all goblixations— 1



This implies that all goods at locatiossx S may face intermediate-input demand from
downstream industries in addition to consumptionetppdemand from households (the
exception are thel goods furthest downstream, at locat®nvhich face consumption-
goods demand only). In particular, we assume #fter having incurred the overhead
labor cost, one unit of any goptbcated ats > Ican be produced withunits of an

intermediate-input compositg, ; that combines all goods produced at locatisr- , 1

H 1/H
ZivS = rlizl(Hqi,s—l) ) (6)
where(q ., is the input of good at locations— 1 This formulation implies that

industrial firms spend the same amount on all easirinputs. As a result, the marginal
cost of the intermediate-input composite necestarydustrial production at location

s>1is simply a geometrically weighted average ofgsip, ., of theH upstream

goods,
H 1
MCS = I_1I pi|,-|s—1 . (7)

Industrial production for goods at locatie relquired units of overhead labor ard
units of labor for each unit of output. (The asstiorpthat the industrial overhead
requires labor only while production at the manggquires intermediate inputs only
simplifies the analysis considerably. Ciccone, 2@0falyzes the case where production
of the overhead and at the margin use both labsdirdarmediate inputs.)

Just as in the horizontal linkages model, indulstfirias find it optimal to use a limit
pricing strategy for consumption goods vis-a-vis tompetitive fringe. Their
intermediate-input pricing strategy is potentiatipre complicated but also simplifies to

a limit pricing strategy vis-a-vis the competitifrenge whenH is sufficiently large.

Pre-industrial equilibrium. When will there be an equilibrium where all goads
produced with the pre-industrial method? It turostbat ifH is sufficiently large the

condition is
L{l-c)<F, (8)

which coincides with the condition for a pre-indiadtequilibrium in the Murphy,

Shleifer, and Vishny model of horizontal linkag&s. see this, suppose that all goods

10



are produced with the pre-industrial technology #r&ir price is unity. When (8) holds,
any single firm adopting the increasing-returnstale method to produce consumption
goods will make a loss. Moreover, whidns sufficiently large, (7) also implies that
single industrial firms are unable to generatermtdiate-input demand for their good
even if they lower their price to the marginal cosproduction. To see this, suppose
that one industrial firm at locatio8 — & considering selling its good at marginal cost
to firms at locationS in order to generate intermediate-input demanthiBicase, one

of theH inputs of potential industrial firms & would become available at priceand

(7) implies that the marginal cost of productionulebtherefore fall fromc to

c®™"'™ (recall that the remainingl —1 inputs are available at price of unity). Goods at
S face demand./ N, which comes exclusively from households as tlheeeno

upstream industries. Hence, profits of the potémaustrial firm atSproducing at
marginal costt®™"™’" would be(l—ca“”“* )L/ N — f , which is strictly negative if (8)
holds andH is large enough. Potential industrial firms atation Swould therefore
find it unprofitable to start production even aftiee price cut, which implies that
potential industrial firms at locatioB — rhust break even on consumption-goods
demand only. Applying the same argument sequeyntialpotential industrial firms in
locationsS—- 2 S-3, ..., 1 yields that pre-industrial production of gtlods is an

equilibrium when (7) holds and is sufficiently large.

Industrial equilibrium. To determine the conditions for the existencaroindustrial
equilibrium, it is necessary to determine aggregateme when all goods at locatian
and upstream of locatioor are produced with the increasing-returns-to-scale
technology. This turns out to be straightforwafdaggregate income ¥, the quantity
of each good demanded by households i3\ . The intermediate-input structure
implies that industrial production &f / N units of each of thel goods at locatiow
requirescY / N units of each of thel goods at locatiow — .IJHence, asy / N units of
good o — lare demanded by households, production of eactt gbw — 1 must be

Y/ N+cY/N. Production of this quantity of goods at- rdquiresc(Y/ N+cY/ N)
units of each good at — .2Adding theY /N units of goods av — 2lemanded by
households, yields that productionat nist beY /N +cY/N+c?Y/N.
Continuing all the way upstream yields that thaltptoduction of each of tHé goods

at location 1 must be

11



1-¢¢

g =Y/N+cY/N+c?Y/N+..+c Y /N= .
—-C

YIN. (9)

Turning to the labor markeftunits of labor must be used as overhead in theyastmn
of each good produced with the industrial technpldgoreover,Y /N units of labor
are required for the production of each good predweith the pre-industrial
technology. Hence, the amount of labor availabiepfoduction at the margin of thé

goods ats= lIs L-oHf —(N-oH)Y/N. Labor market clearing requires
cHg =L—-oHf —(N-0oH)Y/N . Substituting (9) yields aggregate income in an

economy where the industries furthest upstream have industrialized:

Y(0) = L-F(ogH/N) _ L-F(ogH/N) . (10)
cf[o](gH IN)+(1-(gH IN)) 1-(oH IN)(1-c8[o])
where
9[0_]5 1_CU
(l-c)o

c@[a] has a simple interpretation. It is the amountabbr required to produce one

additional unit of goods located at if all industries upstream of (includingy have
adopted the industrial technology. Note that theam of labor required to produce
one additional unit of goods at location falls the longer the industrial input chain

(9[0’] is strictly decreasing ior).

The intermediate-input structure implies that teendnd for goods is greater the further
upstream they are located. Hence, profits from adgphe increasing-returns-to-scale
technology fall the further downstream industrieslacated. An equilibrium where all
industrial firms make a profit will therefore exisgoods produced furthest
downstream (at locatiof can be produced using the increasing-returnsaes

technology without a loss. Because firms furthestrstream sell to households only,

their sales are equal to aggregate income divigeatidonumber of goodé{[S]/ N

(recall that all firms set prices optimally at y)itAs a result, their profits are positive if
and only if 775 = (1—c)(Y[S]/ N) - f =0 or, making use of (10),

12



(1-c)L = (cH[s]+ @-c))F . (11)

Multiple equilibria and under devel opment traps. Comparison of (8) and (11) yields that
with input chains §> 1}, it is possible for the pre-industrial equilibmuand the
industrial equilibrium to exist side by side. (Wh8m=1 then d = 1and the model is
that of Murphy, Shleifer, and Vishny without an ustry wage premium.) This is
because the adoption of increasing-returns-to-sealanologies now has a direct and
indirect effect on income. The direct effect isevoy the profit or loss in the adopting
industry. The indirect effect is equal to the piofienerated upstream of the adopting
industry. When the indirect profits generated iy increased intermediate-input
demand more than offset direct losses of indudtinologies, then industrialization
increases aggregate income. As a result, furtltrsinialization becomes more
profitable. When (7) and (10) hold simultaneousitys effect is strong enough to ensure
that all industrial firms make a profit once allogls are produced with increasing-

returns-to-scale technologies.

The pre-industrial and industrial equilibrium caase side by side even if aggregate
income is much greater in the industrial equilibrilNote that aggregate income in the
industrial equilibrium isY[S] =(L- F)/cH[S], see (10). As intermediate-input chains
become Iongerﬁ[S] in (10) tends to zero, and aggregate income innithestrial
equilibrium increases. Aggregate income in theipdetstrial equilibrium, on the other
hand, is independent &fas production does not rely on intermediate indutsreover,
the range of parameter values for which the incalgtquilibrium exists increases.
Hence, long input chains imply that equilibrium tiplicity is more likely and also that
the aggregate income difference between industndlpre-industrial equilibria may be

very large.

Vertical linkages and equilibrium unigueness. To see that the equilibrium is unique
when increasing-returns-to-scale technologies nigemediate inputs as intensively as
pre-industrial technologies, note that costs oflpmion plus profit must add up to the
value of firms’ salesCOST + 77 = q. Suppose that intermediate inputs are a shracd
costs of production for both the pre-industrial émel industrial production method. In

this case, the demand for goods producesi-at is efjual toaCOST, = a(q, — 77, )

13



Now suppose that all goods upstreanvofire produced with the increasing-returns-to-
scale technology. Is it possible that aggregaterirecincreases with the adoption of the
increasing-returns-to-scale technologyateven if the adopting firm makes a loss? A

switch to industrial production at does not affect the value of goods produced at thi

location (g, is unchanged). Hence, the adoption of the incngasgturns-to-scale
technology ato increases demand for each good produced-at by d1arm, /H .
Loss-making industrialization at therefore leads to greater deman@at . But the
profits generated by this input demand can nevereater than the initial losg, . To

see this, notice that total profits at locatior+ intrease by- (1-c)ar, . Total profits

at o - 2 increase by- (1-c)a’cr,, where—a’cr, /H is the increase in demand for
each good produced at— . Zhe general formula is that total profits at kbma o — i

increase by- (L-c)a'c' ™, . Summing profits across all locations yields
- (- c)nga[1+ ac+(ac)® +..+ (ac)"‘lj, which is smaller than
—(1—c)ﬂga[1+ ac+ (ac) + } =-1m, (@ —-ac)l(l-ac). Hence,a < limplies that the

sum of profits generated upstreansdly loss-making industrialization ais always

smaller than the initial loss4,). Loss-making industrialization necessarily lowers

aggregate income. The aggregate demand externatigssary for multiple equilibria is
therefore absent when increasing-returns-to-sealenblogies are no more

intermediate-input intensive than pre-industrighi@logies.

4. VERTICAL DEMAND AND COST LINKAGESWITH INPUT CHAINS

So far firms adopting increasing returns to scatdmologies did not have an incentive
to cut prices. This eliminated virtuous circledefzelopment where lower intermediate-
input prices (vertical cost linkages) and greatézrmediate-input demand (vertical
demand linkages) feed on each other. A simple wagapture the interplay between
vertical demand and cost linkages is to suppogdithss in the competitive fringe can
produce one unit of goods at locatie with 1+ & > 1 units of the intermediate-input
composite in (6) or one unit of labor. That ispfg have access to two modes of
production, a labor-intensive mode and an interatedinput intensive mode. The

14



exception continues to be goods at location Iwkuch there is a labor-intensive mode
of production only. Industrial firms at locatiorss> al4o have access to a labor-
intensive and an intermediate-input intensive mafdaroduction, but are more efficient
than pre-industrial firms at the margin. Once thaye incurred the overhead labor

requirement, industrial firms can produce one unit of outputtmc(1+ £) <1 of the

intermediate-input composite in (6) ok uhits of labor. Industrial firms producing
goods at location 1 have access to the labor-imemsode of production only. The
assumption that the overhead is produced using [adg continues to simplify the
analysis considerably. A new by-product of thisuaggtion is that industrial firms now
actually use intermediate inputs less intensivieintpre-industrial firms at the same

factor prices—the opposite of what we assumederptievious section.

Pre-industrial equilibrium with labor-intensive production. Can there be an equilibrium
where all goods are produced with the pre-indugezhnology using labor only? The
marginal cost of production with the pre-industtedhnology in the labor-intensive
mode is unity. Hence, the price of all goods wdagdequal to unity. To see that these
prices make it optimal to use the labor-intensiv@mof production, note that they
imply that the marginal cost of intermediate-inpamposites in (7) is unity. The
marginal cost of production using the intermediafait intensive mode compared to
the labor-intensive mode is therefdreé £ > (il the pre-industrial as well as the
industrial sector). Hence, all firms will find iptimal to use the labor-intensive mode of

production.

In a pre-industrial equilibrium, the adoption oétimcreasing-returns-to-scale
technology by a single firm must lead to lossesdiistrial firms can count on
consumption-goods demand only, this will be th&adfask(l—c) < F . But an industrial
firm may be able to generate additional demandétijrgy industries just downstream to
switch to an intermediate-input intensive mode raidpiction. While this can happen in
principle, it will not happen iH is sufficiently large. To see this, consider thse

where a single industrial firm supplies its goodltavnstream industries at marginal
cost. In this case, (7) yields that the marginak @ the intermediate input-intensive

mode of production relative to the labor-intengivede becomes”" (1+ & ,which

will be greater than unity whet is sufficiently large (recall that+ & > )1Hence, a
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single industrial firm cannot generate downstreatermediate-input demand even if it
reduces its price to marginal cost. Fbsufficiently large, a pre-industrial labor-

intensive equilibrium will therefore exist lf(1-c) < F .

Industrial equilibrium with intermediate-input intensive production. When is there an
industrial equilibrium where all firms use the imtediate-input intensive mode of
production? To simplify the analysis, suppose thdtistrial firms can price
discriminate between households and industrialsusitheir goods. As before,
industrial firms will find it optimal to follow aiiit pricing strategy when it comes to
sales to households. Industrial firms will therefprice consumption goods at unity.
When it comes to intermediate-input sales to domast industries, industrial firms
must also take into account that users will switcthe labor-intensive mode of
production if the cost of the intermediate-inputngsite is greater thabl(1+¢ .)

Hence, each industrial firm will find it optimal &t a limit price ofl/(1+ ¢ )for

intermediate inputs if other industrial intermediaput suppliers do the same.

Aggregate income in the industrial equilibrium wdeall firms use the intermediate-
input intensive mode of production can be deterchilotdowing the argument that led
to (10). The only difference is that an additionait of all goods at locatios > fdow

translates into a demand ofL+ £ ujits of each good at locatis+ . Aggregate
income when all goods are produced with the intalggchnology in the intermediate-
input intensive mode is therefofé[S] =(L- F)/cé[S] where

CE 1-(c@+e))®

"~ (l-c(l+¢€)S’ (1)

An industrial equilibrium exists if the firm furtsedownstream can break even given
the demand for consumption goods, = (1-c(1+ e))(Y[S]/ N)- f =0 or, making use
of the expression for aggregate income just above,

AL-ca+e)L = (cf[s]+ @-ca+e))F .

Multiple equilibria with vertical demand and cost linkages. There will be multiple
equilibria if both L(1~c) < F and (1—c@+ &)L = (cf[S]+ @~ c(L+£))JF . This implies

that thepre-industrial equilibrium with labor-intensive phaction and the industrial
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equilibrium with intermediate-input intensive pration may exist side by side if and only if
there are input chainsé[S] <1). The virtuous circle sustaining industrial equilébriow

consists of an interplay between vertical demarticarst linkages. The increase in the
intermediate-input intensity of production necegdar increasing-returns-to-scale technologies
to be profitable (vertical demand linkages) comeasud because the adoption of increasing-
returns-to-scale technologies translates intorfglintermediate-input prices (vertical cost
linkages). Note that for this virtuous circle todygerative, the elasticity of substitution between
intermediate inputs and labor in industrial prodarcimust be greater than unity (our model
assumed that this elasticity is infinity for singay). In a pre-industrial equilibrium, on the

other hand, pre-industrial technologies are bothcduse and the consequence of labor-

intensive modes of production.

5. CONCLUSION

Neither horizontal nor vertical demand linkagesasrindustries lead to
underdevelopment traps if increasing-returns-tdesthnologies only differ from pre-
industrial technologies in that they are more potide at large scale. Nevertheless,
theories of underdevelopment based on viciousesrof low demand and low
productivity are consistent with economic princgpl&or example, in the case of
vertical demand linkages, there can be developtnaps if increasing-returns-to-scale
technologies use intermediate inputs more intehsth@an the technologies they
replace. More generally, multiple equilibria in ounodels exist under assumptions that
do not appear to be in contradiction by empiricédlence. The exception is that all our
model economies were taken to be closed to intermalttrade, but we could have
assumed instead that only some goods are non-teadiathat all goods are tradable at
some cost (e.g., Okuno-Fujiwara, 1988; Rodriguer<;11996; Krugman and
Venables, 1996). Still, it remains to be seen vaat of international income
differences can be attributed to development t(egrssteps in this direction, see
Fafchamps and Helms, 1996, and Graham and Ten(é).2
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