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Abstract

This paper discusses the interdependencies that exist between vertically-
linked industries in the (Spence-)Dixit-Stiglitz model of monopolistic compe-
tition. The main objective is to develop a concept for quantifying the mag-
nitude of sectoral coherence in models of the New Economic Geography. It
is motivated by the suggestion, by Venables (1996), that ’strategic industries’
be identified in terms of their agglomeration potential.
Using a partial-analytic approach, we focus on inter-industrial relations in a
closed economy to draw conclusions regarding international trade. We ascer-
tain that two factors have an impact upon the strength of industrial linkages:
1) the monopolistic scope of intermediate suppliers, in terms of (technical)
substitution elasticity; and the share in downstream costs for intermediates.
Within a simulation study, this paper applies this new theoretical concept to
eight basic industries across ten European countries.
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1 Introduction

The New Economic Geography (from now on NEG), initially introduced by Krugman

(1991), provides explanations for industrial agglomeration based upon increasing re-

turns and imperfect competition. As summarized by Baldwin et al. (2003), three

effects determine the spread of industries: i) the market-access effect, that reflects

the tendency of firms to locate their production in a larger market and export to the

one that is smaller; ii) the cost-of-living effect, that describes how the local firm num-

ber influences the consumer price index (therefore, also called the price-index effect);

and iii) the market-crowding effect, that is the preference of firms for locations with

low competition. While the market-crowding effect counteracts industrial cluster-

ing, the market-access and cost-of-living effects imply agglomeration and, combined

with labor migration, so-called cumulative causality – also known as forward and

backward linkages. This means that the firm number responds positively to market

size, and market size positively to firm number, due to lower costs of living, rising

wages and implicit labor migration.

The observation that agglomeration also is present in regions with relatively low

labor migration has challenged the application of forward and backward linkages

to inter-industrial trade, which is referred to as vertical linkages. In their analysis

of European industries, Midelfart-Knarvik et al. (2000) point out that forward and

backward linkages have become increasingly significant since 1980, in terms of inter-

industrial trade. Hummels et al. (2001) estimate that about 30% of world exports

account for inter-industrial trade.1 This share has grown by 40% since 1970, which

emphasizes the increasing role of what the authors call vertical specialization. These

results consistent with those Yeats (1998), who considers the exports of the OECD

countries within the classification group SITC-7 (key machinery and transportation

equipment). In 1995, the share of components and parts was about 30%, which

approximates 132 billion US-$. Characterizing the relevance of vertical linkages

in expanding international trade, Hummels et al. (1998) come to the conclusion

that the nature of international trade ’has changed to the point where countries

increasingly specialize in producing particular stages of goods, rather than making

a complete good from start to finish’.

Based upon the seminal works of Ethier (1982), Rivera-Batiz (1988) and Markusen

(1989), Krugman and Venables (1995) implement vertical linkages into the core-

periphery model from 1991, where the upstream industry provides differentiated

intermediate products to the downstream industry, that produces differentiated con-

sumer goods once again. For simplification, both sectors are integrated into one so

that one firm is producing its own intermediates. Venables (1996) separates the

sectoral structure and considers the particular spatial distribution of both, the up-

stream and the downstream industry. Further work has been done by Ottaviano

1Estimation for 1995.
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and Robert-Nicoud (2006), regarding free mobility of capital and human capital.2

In the context of existing NEG literature considering vertical linkages, the dimen-

sion of industrial agglomeration depends upon three categories of factors: i) trade

costs; ii) the conditions of production and consumption at each location (factor

cost, productivity, income); and iii) the strength of vertical linkages. The impact of

trade costs has been fairly intensely discussed as the main concern of NEG models.

The characteristics of the second category imply further dispersal or agglomeration

forces, and can be quantified without major problems. Although the strength of

vertical linkages is attributed to be an important factor for industrial clustering,

it only is discussed casually. For quantification, a frequently used reference is the

share of downstream costs for intermediate products. This approach raises certain

questions: Is the strength of linkages an endogenous or exogenous factor? Can the

sectoral coherence be described as one pooled measure, or does it require a separate

analyses dealing with forward and backward linkages? What are the main factors

controlling industrial interdependencies, and is the strength of linkages fixed or vari-

able?

Against this background, the objective of this paper is to suggest a concept for

quantifying the strength of vertical linkages in models of the NEG, and to make a

contribution for a classification of industries in terms of their implicit potential for

agglomeration, as demanded by Venables (1996). To avoid the analytical problems

of NEG models (non-closed solutions, bifurcations and ambiguous equilibria), we

consider a separated input-output structure, in accordance with work by Venables,

in a closed economy. Using this approach, we can analyze the interaction between

vertically-linked industries intensely, and develop an adequate measuring concept

for sectoral coherence, also with respect to international trade.

The basic idea is to identify a set of inter-sectoral allocation functions and an associ-

ated equilibrium. We arrive at the conclusion that, with respect to the sectoral firm

numbers, the zero-profit isoclines can be interpreted as such forward and backward

linkages. The corresponding elasticities, evaluated at equilibrium, provide informa-

tion about the strength of these linkages. We ascertain that these values only depend

upon two exogenous factors: 1) technical substitution elasticity (or the monopolis-

tic mark-up of intermediate producers); and 2) the share in downstream costs for

intermediates. Based upon these results, we apply the theoretical concept to ten

European countries, and compute the strength of linkages for several exemplary in-

dustries. From the simulation outcomes, we can derive the major implications for

economic policy and its efficiency: for the majority of industries, the forward linkage

is much stronger than the backward linkage. This means that, for regional growth

strategies based upon vertical linkages, promotional activities primarily should be

initiated at downstream industries. Furthermore, a projected industrial develop-

ment should incorporate not only bilateral input-output relationships, but also the

2Their work is based on earlier papers as discussed in Baldwin et al. (2003), Chapter 8.
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interaction of multi-industrial supply networks and their role in international trade.

The paper is structured as follows: Section 2 introduces the basic model of monop-

olistic competition in a closed one-sector economy. This framework is extended by

vertical linkages in Section 3, including equilibrium analysis and comparative statics.

Based upon these results, we develop the measuring concept and discuss its proper-

ties. Section 4 represents the application in simulation; and Section 5 summarizes

the main findings and implications for international trade and economic policy.

2 The Basic Model of Monopolistic Competition

In this section, we reconstruct the basic model of monopolistic competition, as

developed by Dixit and Stiglitz (1977), later labeled by Fujita et al. (1999) as being

the ’workhorse model’ of the NEG. In the first step, we consider the demand side,

represented by private households that consume differentiated manufactures and

a homogenous agricultural good.3 Further on, in the second step, we inspect the

supply of consumer goods and the resulting market equilibrium.

Starting from consumer preferences, private households face a linear–homogenous

utility function in the form of:

U = MµA1−µ , 0 < µ < 1,(1)

where M represents a sub-utility from the consumption of manufactures, A is the

quantity of the homogenous agricultural good, and µ the share in private expendi-

tures for manufactures. The sub-utility, M , is given by:

M =

[
n∑

i=1

(xi)
ρ

]1/ρ

, 0 < ρ < 1.(2)

xi is the quantity of a particular variety, i, out of all available varieties, n, that are

produced by the consumer good industry. For concavity, the preference parameter, ρ,

needs to be smaller than ´1´. If we set σ = 1/(1−ρ), the sub-utility is characterized

by a constant elasticity of substitution, and Equation (2) becomes:

M =

[
n∑

i=1

(xi)
(σ−1)/σ

]σ/(σ−1)

, σ > 1.(3)

Equations (2) and (3) reflect consumer preference for a wide range of differentiated

products. This is due to the increasing marginal sub-utility from a rising number

3For definition, we refer to the differentiated manufactures as consumer goods – excluding the
(traditional) agricultural good.
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of available product sorts.4 The love of variety becomes weaker, as varieties become

more homogenous in consumers´ eyes (going along with an increase in σ).

The demand for manufactures can be derived by applying the two-stage budgeting

procedure:5

x = µY (p)−σ P σ−1,(4)

where p is the price of manufactures, and µY denotes the share in income of the

private households spent on consumer goods. P is the consumer price index, defined

as:

P ≡
[

n∑
i=1

(pi)
1−σ

] 1
1−σ

.(5)

Under the assumption that all varieties again have the same price, the index (5)

becomes:

P = pn
1

1−σ .(6)

Because the first derivative, with respect to n, is negative, an increasing number

of available varieties implies a reduction in the consumer price index. This results

from the diminishing marginal (sub-)utility, so that a given level of utility can be

achieved with a lower quantity of each product sort.6

Via differentiation, the most important characteristics of the demand function (4)

can be described.7 The demand curve decreases monotonically, as indicated by the

negative derivation with respect to price (see Equation (67)). Because of the specific

assumptions of the sub-utility function, the substitution elasticity is constant at σ

(see Equation (71)). The first derivative, with respect to the price index P , exhibits

a positive sign, signifying that an increase in the price of all alternative product va-

rieties goes along with a rising demand for one particular sort (see Equation (69)).

In terms of changes in Y , the demand rises with an expanding income spent on

consumer goods (µY ) (see Equation (70)). Finally, an increase in the elasticity of

substitution reduces the demand, as a consequence of rising substitutability and,

4This easily can be seen, assuming identical demand for all varieties. Consequently, what follows
from (3) is: M = xnσ/(σ−1).

5See Appendix 6.1.
6A higher substitution elasticity makes the price index rise, which can be explained by inter-

preting the price index as the minimum expenditure for gaining one unit of sub-utility M . An
increasing substitutability requires a higher product variety for the same sub-utility level. This, in
turn, increases the associated consumer expenditure.

7See Appendix 6.2.
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thus, decreasing monopolistic scope (apparent at the negative exponent of p). How-

ever, this effect is constrained by a simultaneous change in the price index. This

can be seen by substituting (6) into (4). Hence, private demand becomes:

x = µY p−σ
[
pn1/(1−σ)

]σ−1
= µY p−σ

[
pσ−1n−1

]
.(7)

An increase in σ reduces demand by the negative exponent of p. The terms in

brackets represent the price index, which rises with σ. In the case of identical prices,

these effects compensate for each other, such that (7) ultimately is independent of

σ.

For completing the demand side of this model, the marginal revenue function is

given by:

MR =

(
σ − 1

σ

)
p.(8)

It can be shown that the marginal revenue curve is the (inverse) demand function,

compressed by the factor (σ − 1)/σ; thus, it is constant-elastic, as well.8

Turning to the supply side of the model, the technology for consumer good produc-

tion is given by:

l = F + ax,(9)

where l is the amount of labor as the only input factor necessary to produce the

quantity, x, of one variety, whereas a denotes the corresponding production coeffi-

cient. F is a fixed factor requirement that consequently causes diminishing average

cost. The resulting (internal) economies of scale and consumer preferences for dif-

ferentiated products imply that one firm produces only one variety. With (9), (71)

and the wage rate, w, the profit of such a firm is given by:

π = px− wl =
[
µY P σ−1

]1/σ
x

σ−1
σ − w (F + ax) ,(10)

Profit maximization yields:

(
σ − 1

σ

)
p = wa,(11)

which means that, at maximum profit, marginal revenue is equal to marginal cost.

Because of free market entry, the equilibrium profit is zero. Using (11), the equilib-

rium quantity supplied is:

x∗ = (σ − 1)
F

a
.(12)

8See Equation (71) and (72).
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At equilibrium, the average cost is:

AC =
wF

x∗
+ wa =

wa

(σ − 1)
+ aw = aw

(
σ

σ − 1

)
,(13)

which is equal to the profit-maximizing price. This implies that, at equilibrium,

the average cost curve intersects the demand curve. Equation (12) shows that, at

equilibrium, firm size is determined by the technological parameters, F and a, as well

as by substitution elasticity. If they are assumed to be fixed, the level of output x∗

is totally independent of income, wage rate and price index.9 For summary, Figure 1

shows the equilibrium according to Neary (2001). In accordance with Neary (2001),

MC
MR

( )1* F
x

a
σ= −

x

1
p aw

σ
σ
 =  − 

*

aw

DAC

p

Source: based on Neary (2001)

MC
MR

( )1* F
x

a
σ= −

x

1
p aw

σ
σ
 =  − 

*

aw

DAC

p

Source: based on Neary (2001)

Figure 1: Equilibrium in the Dixit-Stiglitz Model

the stability of equilibrium can be proven by the total differential of the profit, π:10

dπ =
∂π

∂p
dp +

∂π

∂x
dx =

p

σ
dx.(14)

Equation (14) shows that firm profit responds only to changing demand. Taking

an adjustment process into account, the interdependence between firm number and

profit can be expressed generally as:

ṅ = f(π) , f(0) = 0 , ∂f/∂π > 0.(15)

An increase in the firm number reduces the price index and, as demonstrated above,

the consumer demand for manufactures. As shown in Equation (14), the decrease

9In addition, the wage rate where firms break even is left unstated. The pricing rule (11) solved

for w and supplemented by the demand function (4) yields: w∗ = (σ−1)
σa

[
µY P σ−1

x∗

]1/σ

. As can be
seen, the wage rate increases with rising income and price index.

10See Appendix 6.2, Equations (73) and (74).
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in demand accompanies a decline in firm profits and, due to (15), with a market

exit of firms. Hence, the equilibrium is prove to be stable.

The attendant question is: what is firm number at equilibrium? It is obvious that

total expenditures for manufactures must be equal to the total turnover of the

consumer good industry:

µY = n∗p∗x∗.(16)

Using (11) and (12), the equilibrium number of firms can be expressed as:

n∗ =
µY

wFσ
,(17)

where Fσ is equal to the equilibrium labor input of each firm, l∗, which can be

derived from (9) and (12). The term µY/w represents the ratio of total expenditures

on consumer goods (and, thus, the total costs of the whole industry at equilibrium)

to the wage rate. This ratio reflects the total labor input of the economy, and may

be defined as L∗.11 Hence, (17) becomes:

n∗ =
L∗

Fσ
=

L∗

l∗
.(18)

To complete the picture, Table 1 shows the comparative statics for the equilibrium

values of firm number, input and output of each firm and the whole industry, as well

as the price for manufactures. In the first row, it is shown that an increase in the

Table 1: Comparative Statics of the Basic Model

respect to ∂n∗ ∂l∗ ∂L∗ ∂x∗ ∂ (n∗x∗) ∂p∗

∂F – + 0 + 0 0

∂a 0 0 0 – – +

∂c – 0 – 0 – +

∂σ – + 0 + + –

∂ (µY ) + 0 + 0 + 0

fixed factor requirement affects (besides the factor usage of each firm) the number

of firms and the output of each firm only, while overall industrial output remains

unchanged. This results from higher procurement costs, thus reducing profits and

market exits. The residual firms expand their output at constant prices (because

of unchanged marginal costs). This implies that higher procurement costs are com-

pensated by higher economies of scale.

11The labor supply is assumed to be wage-inelastic and equal to labor demand.
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An increase in productivity, expressed as a lower production coefficient, a, decreases

marginal costs and price. This raises consumer demand and the output of each firm.

The output of the whole industry rises but without increasing the number of firms.

A rise in wages leads to higher marginal costs and manufacture prices. This, in turn,

likewise reduces demand and total manufacturing output. Because the production

of each firm is independent of factor costs, the only possibility for supply adjustment

is a decrease in the number of firms.

Rising substitution elasticity requires a higher consumption of manufactures to at-

tain the same sub-utility level, which increases demand and, hence, the output of

each firm. At the same time, the price index declines and restricts the growing

demand. In the case of identical prices, these effects compensate for each other,

such that the demand is independent of the substitution elasticity.12 As can be seen

from Equation (8), marginal revenue declines and forces the producers to cut their

prices. This step must go along with higher firm output to compensate losses by

sinking average cost. Overall, the firm number decreases, because the quantity effect

exceeds the price effect.13

Finally, a larger market, by increasing consumer expenditures, leads to the entry of

new firms as a consequence of resulting profits, until the old output level of each

firm (and zero-profit) again is achieved. The outcome is a higher quantity of firms

and proportionally-higher industrial output.

In the next section, we extend the basic model by implementing a second industry

as an intermediate supplier. The emerging linkages between sectors and their basic

characteristics are the object of further investigation.

3 Vertical Linkages

3.1 Extensions of the Basic Model

First shown by Ethier (1982), intermediate inputs included in the Dixit-Stiglitz

framework induce additional agglomerative force. At this stage, we maintain the

assumptions of a closed economy and an exogenous labor market, with the aim

of focusing on inter-sectoral dependencies. The supply chain is structured as fol-

lows: an upstream sector producing intermediate goods for the downstream sector

(the consumer good industry from the previous section), and private households as

the final consumers. The upstream industry produces differentiated products using

12The price index becomes, as with (6): x = µY p−σ
(
pn1/(1−σ)

)σ−1
= µY p

n .
13The effects become apparent via differentiating Equation (17), with respect to σ: ∂n∗

∂σ =
− µY

(p∗)2x∗
∂p∗

∂σ − µY
p∗(x∗)2

∂x∗
∂σ . Expressed by exogenous parameters and factored out, the derivative is

given by: ∂n∗
∂σ = n∗

(σ−1)

[
1
σ − 1

]
< 0, where the term in brackets is the price change on the left and

the output change on the right hand side.
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economies of scale, as does the downstream industry. The only input requirement

for intermediate production is labor, so that the technology is the analogue of (9):

lu = F u + auxu,(19)

where the superscripts u and d denote upstream and downstream, respectively. De-

mand for intermediates comes from the downstream industry (and from consumers

indirectly). As opposed to the previous section, consumer good producers combine

labor and intermediates, both as essential factors. The representing production

function is of the Cobb-Douglas type, and given by:

F d + adxd = Z
(
ld

)1−α
Iα.(20)

The right hand side of Equation (20) represents the input composite of labor and

intermediates in order to produce one unit of downstream output, xd, which involves

a fixed cost, F d, and a variable cost, ad, on the left hand side. Z controls the output

level; and α is the partial substitution elasticity of the intermediate aggregate, I,

that is:

I =

[
n∑

i=1

(xu
i )

(ς−1)/ς

]ς/(ς−1)

.(21)

Because the downstream and upstream industries, are in a 1:1 supply relationship,

Krugman and Venables (1995) relegate them to one sector. This approach enables

analysis of input-output-structures without introducing an extra industry. The basic

principle behind this simplification is that the aggregated industry produces varieties

for consumption, while a certain proportion of output again is used as an (intermedi-

ate) input. As opposed to this approach, we follow the example by Venables (1996)

and analyze both sectors separately, with the aim of considering forward and back-

ward linkages explicitly.

Production function and intermediate aggregate are structurally the same as utility

and sub-utility functions in which ς corresponds with σ.14 The common pattern

involving downstream and consumer preferences implies a price index for interme-

diates that is similar to the one for consumer goods:

P u ≡
[

n∑
i=1

(pu
i )

1−ς

]1/(1−ς)

.(22)

14An issue of particular importance is the economic motivation for the love of intermediate va-
riety. Fujita et al. (1999) consider it to be a matter of technology, but assume, for simplification,
identical substitution elasticities in downstream industry and consumer preferences. Alternatively,
permutations of intermediates may be a source of final product variety. From this point of view,
ς tends to be a consumer-driven parameter which, in turn, argues for the simplification described
above. For now, we refrain from equating the substitution elasticities with the objective to distin-
guish the different interdependencies of variables.
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By applying two-stage-budgeting again, we obtain the cost function for a down-

stream firm:

Cd =
(
F d + adxd

)
w1−α (P u)α .(23)

The downstream cost depends positively on wage level, on fixed and variable factor

requirements, and on the intermediate price index. The latter responds to changes

in the number of upstream firms in the same way as the price index for consumer

goods. This implies that increasing the number of suppliers will cut down the cost

of the downstream industry, via a decreasing price index for intermediates. From

the cost function (23), the demand for intermediates can be derived:15

xu = αCd (pu)−ς (P u)ς−1 .(24)

One can see that the pattern of demand for intermediates is the same as for consumer

goods. If we look at equation (23), the cost rate of a factor composite of labor and

intermediates is: w1−α (P u)α so that the downstream profit function is given by:16

πd = pdxd − w1−α (P u)α [
F d + adxd

]
.(25)

Including consumer demand (4), Equation (25) becomes:

πd = pdµY
(
pd

)−σ
P σ−1 − w1−α (P u)α

[
F d + adµY

(
pd

)−σ
P σ−1

]
.(26)

From profit maximization we obtain the first order condition:

∂πd

∂pd
= (1− σ) µY

(
pd

)−σ
P σ−1 + σw1−α (P u)α adµY

(
pd

)−σ−1
P σ−1 = 0.(27)

After simplification, the profit maximizing consumer good price can be written as:

(
pd

)∗
= w1−α (P u)α ad

(
σ

σ − 1

)
,(28)

where the cost rate, w1−α (P u)α, is the equivalent to the wage rate in (11), so that the

monopolistic pricing rule remains valid. The equilibrium output of a downstream

firm ultimately is:

(
xd

)∗
= (σ − 1)

F d

ad
,(29)

15See Appendix 6.3 for a detailed derivation.
16The consumer good price, p, becomes pd.
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which, again, is identical to (12).

Similarly, firm profit, price and equilibrium output of the upstream industry can be

derived. The corresponding sector is technologically the same as the manufacturing

industry from the previous section. The only difference is that private demand for

manufactures is now the intermediate demand (24), so that the upstream profit

function becomes:

πu = puxu − w (F u + auxu) .(30)

The profit maximizing upstream price is:

(pu)∗ = wau

(
ς

ς − 1

)
,(31)

and from the zero profit condition the equilibrium output is:

(xu)∗ = (ς − 1)
F u

au
.(32)

3.2 The Equilibrium Number of Firms

How does an input-output structure change the number of firms? At equilibrium,

total turnover is equal to total cost; thus, the share (1−α) in total turnover, n∗p∗x∗,
is spent on labor:

wL = (1− α) n∗p∗x∗.(33)

Using (33)to solve for n, we obtain:

n∗ =
wL

(1− α) p∗x∗
.(34)

Alternatively, we can separate the sectors again, and the number of upstream firms

is equal to the ratio of intermediate market size and turnover per firm:

nu =
ndαCd

(pu)∗ (xu)∗
.(35)

Combining (31), (32) and (23), Equation (35) can be expressed as:

nu = α
σ

ς

F d

F u

(
P u

w

)α

nd.(36)

11



Assuming identical intermediate prices and quantities per firm, the upstream price

index becomes pu (nu)1/(1−ς). Thus, Equation (36) can be expressed, by using (31),

as:

nu =

[
α

σ

ς

F d

F u

(
auς

ς − 1

)α

nd

] 1−ς
1−ς−α

.(37)

It is evident from Equation (37) that the number of upstream firms depends posi-

tively upon the number of downstream firms. This interdependence is called forward

linkage, meaning that the size of the upstream market responds to the size of the

subsequent industry. Equation (37), solved for nd, is denoted by Nu:

Nu ≡ ςF u

ασF d

(
ς − 1

auς

)α

(nu)
1−ς−α

1−ς .(38)

As is apparent from the derivatives of (38), the progression of the curve is con-

vex, which implies that sectoral coherence diminishes with an increasing number of

downstream firms:

∂Nu

∂nu =
(

1−ς−α
1−ς

)
Nu (nu)−1 > 0

∂2Nu

∂(nu)2
=

(
α

ς−1

)
∂Nu

∂nu (nu)−1 > 0.
(39)

Similarly, the number of downstream firms can be stated as:

nd =
µY

(pd)∗ (xd)∗
.(40)

Using (28) and (29) to insert values into (40):

nd =
µY

w1−α (P u)α σF d
,(41)

which, after substituting the cost rate, w1−α (P u)α, for the wage rate, w, from Section

2, is nothing else but Equation (17). The intermediate price index can be written

as above, and the number of downstream firms becomes:

nd =
µY

wσF d

(
ς − 1

auς

)α

(nu)
α

ς−1 ≡ Nd.(42)

Equation (42) characterizes the so-called backward linkage. The number of down-

stream firms depends upon the number of upstream firms via the intermediate price

index effect. The more firms produce in the preceding market, the lower the inter-

mediate price index and, therefore, the lower the procurement cost for the consumer

good industry. Because of rising profits new downstream firms enter the market,

12



until the zero profit condition holds. Hereby, an increasing number of upstream

firms implies that there is an increasing number of downstream firms.

Via differentiation of (42), we can describe the basic characteristics of the curve

progression:

∂Nd

∂nu =
(

α
ς−1

)
Nd (nu)−1 > 0

∂2Nd

∂(nu)2
=

(
α+1−ς

ς−1

)
∂Nd

∂nu (nu)−1 ≶ 0 ∀ α ≷ (ς − 1)
(43)

Because of the ambiguous sign of the second derivative, industrial dependency be-

comes stronger with an increasing number of upstream firms, for α > (ς − 1). This

case differentiation stems from the dependence of the (intermediate) price index ef-

fect on technical substitution elasticity. The lower ς is, the greater the price index

reduction induced by an increase in the number of upstream firms. This price index

effect can become so strong that the backward linkage escalates.17

With (37) and (42), we obtained a system of simultaneous equations. Setting

Nu = Nd yields equilibrium at:18

(nu)∗ =
αµY

wςF u
,

(
nd

)∗
=

ςF u

ασF d

(
ς − 1

auς

)α (
αµY

ςwF u

) 1−ς−α
1−ς

.(44)

Because of parameter settings the existence of a positive equilibrium firm number

always is given, which explicitly excludes equilibrium at the origin. Table 2 shows

the comparative statics for the equilibrium number of firms. Because an increase

in fixed cost of downstream firms results in a change in equilibrium output only,

the total factor requirement of the downstream industry remains unchanged, while

the number of downstream firms declines.19 If fixed cost rises during the upstream

production, the same mechanism works except for the impact on the downstream in-

dustry. Via the intermediate price index effect, the production cost for downstream

firms increases, which creates losses and accompanying exit of firms.

A change in productivity causes an adjustment in the output of both sectors, while

firm number is unaffected – in contrast to the inter-industrial effect. An increasing

upstream production coefficient implies higher intermediate prices and a reduction

of downstream profits, and, hence, an exit of firms.

A rise in wages leads to higher marginal cost and a diminishing firm number. In

addition, the increase in downstream cost is strengthened, via the price index effect

that is generated by the shrinking intermediate product range.

17This marginal case may be excluded, like the so-called no-black-hole condition; see Fujita et al.
(1999).

18Similar to (18), (nu)∗ can be expressed as (nu)∗ = Lu/ (lu)∗, where Lu is the number of
workers employed in the upstream industry as a whole, resulting from the proportion α of total
downstream turnover spent on intermediates and the wage rate. (lu)∗ is the equilibrium labour
requirement of one upstream firm.

19See Table 1 for the intra-sectoral changes.
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The effect of the forward linkage becomes apparent in the derivatives, with respect

to consumer expenditures for downstream products, µY . Because of a greater con-

sumer market, the number of downstream firms increases, which, in turn, increases

the number of upstream firms.

Table 2: Comparative Statics of the Extended Model

Respect to ∂ (nu)∗ ∂
(
nd

)∗

∂
(
F d

)
0 –

∂au 0 –

∂w – –

∂ (µY ) + +

∂F u – –

∂α + (nu)∗ ≷ Ω1 ⇔ ∂(nd)
∗

∂α
≷ 0

∂ς – (nu)∗ ≷ Ω2 ⇔ ∂(nd)
∗

∂ς
≶ 020

The influence of the intermediate intensity in downstream production ,α, and the

technical substitution elasticity, ς, on the equilibrium number of upstream firms

again can be traced back to the forward linkage. While an increasing α enlarges the

upstream market and, thus, the number of intermediate suppliers, higher interme-

diate differentiation leads to a higher equilibrium output for each firm, and ceteris

paribus to a firm reduction in the upstream industry.

The response of the downstream sector to changes in the preceding industry via the

forward linkage is a bit more complex. The direction of change among downstream

firms follows the exponential functions Ω1 and Ω2. An increasing intermediate share

in downstream cost results in a higher number of upstream firms, as shown above.

This lowers the intermediate price index consequently. Finally, the number of down-

stream firm rises, if the price index effect exceeds the higher cost for intermediate

products. This can be shown with the derivatives of the intermediate price index,

with respect to α.21 They describe a progressively declining function, meaning that

the higher the share of upstream products, the weaker the intermediate price index

effect. Along with high marginal upstream cost and consequent high intermediate

prices, the price index effect is compensated by higher procurement cost within the

downstream sector.

Similarly, the downstream firms respond to changes in technical substitution elastic-

20Ω1 = 1
e

(
auς
ς−1

)ς−1

,Ω2 = e
(ς−1)((nu)∗)

α
1−ς

ςF u + 1−ς
ς

21 ∂P u

∂α = 1
1−ς α

ς
1−ς

(
wauς
ς−1

)(
µY

ςwF u

) 1
1−ς

< 0, ∂2P u

∂α2 = ς
(1−ς)2

α
2ς−1
1−ς

(
wauς
ς−1

)(
µY

ςwF u

) 1
1−ς

> 0
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ity. With increasing ς, the number of upstream firms declines; thus, the intermediate

price index rises. Otherwise, the marginal upstream cost decreases with increasing

output of each firm, and so do upstream prices. These contrary forces compensate

for each other at Ω2.

For stability analysis of the equilibrium, it is important to note that Nd intersects

Nu always from above. This may be demonstrated by differentiating Equations (42)

and (38) at equilibrium. The resulting derivative for Nu always is greater than the

one for Nd.22 The stability of the equilibrium can be analyzed by the same approach

as above. We assume an out-of-equilibrium adjustment process with the following

characteristics:

ṅu = f (πu) , ∂f/∂πu > 0

ṅd = f
(
πd

)
, ∂f/∂πd > 0 , f(0) = 0.

(45)

The relative profit functions subject to the number of upstream and downstream

firms can be derived from (30) and (26), using profit maximizing prices (31) and

(28), as well as downstream cost (23) and intermediate demand (24):

πu = αwF d σ

ς

(
auς

ς − 1

)α

(nu)
α+ς−1

1−ς nd − wF u ≡ K1 (nu)
α+ς−1

1−ς nd − wF u(46a)

πd =
µY

σnd
− wF d

(
auς

ς − 1

)α

(nu)
α

1−ς ≡ K2

(
nd

)−1 −K3 (nu)
α

1−ς ,(46b)

where K1, K2 and K3 > 0. Totally differentiating profit functions (46a) and (46b)

yields:

dπu =

[(
α + ς − 1

1− ς

)
K1 (nu)

α+ς−1
1−ς

−1 nd

]

︸ ︷︷ ︸
<0

dnu +
[
K1 (nu)

α+ς−1
1−ς

]

︸ ︷︷ ︸
>0

dnd(47a)

dπd =
[
−K2

(
nd

)−2
]

︸ ︷︷ ︸
<0

dnd +

[(
α

ς − 1

)
K3 (nu)

α
1−ς

−1

]

︸ ︷︷ ︸
>0

dnu.(47b)

As apparent as the sign of the partial derivative in (47a), an increase in the number

of upstream firms out of the zero-profit isocline, Nu, generates losses in this industry

that are caused by the intermediate price index effect. Via the assumed adjustment

process given by (45), the number of upstream firms decreases again, until they

break even. A secondary effect works in the downstream sector. The decreasing

22Evaluation of the first derivatives with the equilibrium number of upstream firms and compar-
ison of the resulting values leads to ς > 1 fundamentally being assumed.
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intermediate price index reduces procurement cost for downstream firms, and make

them realize profits, which, in turn, attract more downstream firms. The entry

of new firms into the downstream industry reduces their profits, again, via the

price index effect (see Equation (46b)), which retracts the number of downstream

firms back to the zero-profit isocline (42). The overall result is a globally stable

equilibrium. In Figure 2, the mechanism behind these interactions between forward

and backward linkages is illustrated for the case of α < (ς − 1).

dN

uN

un

dn

( )*un

( )*dn

Source: author

dN

uN

un

dn

( )*un

( )*dn
dN

uN

un

dn

( )*un

( )*dn

Source: author

Figure 2: Equilibrium Number of Upstream and Downstream Firms

3.3 The Strength of Vertical Linkages

Considering the zero-profit isoclines, Nu and Nd, as forward and backward link-

ages provides information about the mutual coherence between the upstream and

downstream sectors. The basic idea of this paper is that the slope of the isoclines

represents the strength of the relative linkages. Assuming an infinitely fast adjust-

ment process, the derivatives evaluated at equilibrium are:

Su =
∂nu

∂nd
|(nd

)∗
= σF d

(
1− ς

1− ς − α

) (
auς

ς − 1

)α (
ςF u

α

)α+1−ς
ς−1

(
µY

w

) α
1−ς

(48a)

Sd =
∂Nd

∂nu
|(nu)∗ =

(
ς−1
auς

)α (
αµY

w

) α
ς−1 (ςF u)

α−ς+1
1−ς

(ς − 1) σF d
.(48b)

The derivatives quantify the change in the number of firms in one sector, in response

to changes in the quantity of firms in the other sector. The concept of derivatives
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raises some fundamental problems. First, derivatives are quite abstract and difficult

for economic interpretation. Second, these values are scaled according to firm num-

ber. Third, the comparative statics overflow in the context of changes in sign and

associated nonlinear functions. Finally, empirical values for some parameters (fixed

cost, for instance) are difficult, if not impossible to estimate.

The average change in firm numbers may provide a superior solution. If we choose

the point elasticities at equilibrium, we obtain:

εu =
1− ς

1− ς − α
, 0 < εu < 1(49a)

εd =
α

ς − 1
> 0.(49b)

The only parameters affecting sectoral coherence are the intermediate differentiation

and the intermediate intensity in downstream production, inasmuch as the elastic-

ities are positive, constant and independent from exogenous parameters as market

size or technology.23 In this context, the strength of vertical linkages can be mea-

sured as the percentage change in the quantity of firms in one industry, due to a one

percent change in the number of firms in the other industry. The major advantages

of this approach are the availability of the parameters from official statistics and

econometric estimations respectively, the potential to compare industrial linkages

beyond particular supply chains, a dimensionless measure, and an ultimately intu-

itive economic interpretation.

Figures 3 and 4 represent the graphs of Equation (49a) and (49b), wherein the right

hand side illustrates the respective isoclines. We see that the dependence of up-

stream firms on the downstream industry increases, the lower that the intermediate

differentiation and the intermediate share in downstream cost. The backward link-

age and, in this context, the dependence of downstream firms on their suppliers,

intensify with increasing intermediate differentiation and expanding intermediate

share. The isoclines for a given elasticity are linear, with a slope, (1− ε̄u) /ε̄u, for

the forward linkage and ε̄d for the backward linkage. This means that, to maintain

a certain level of linkage strength, an advance of ς must go along with an α that is

adjusted using the appropriate slopes.

4 Simulation

In this section, we adapt the theoretical concept to real economic data. For this pur-

pose, we need to set parameters for substitution elasticity, ς and for the cost share,

23This outcome can be attributed to the specific CES-typed factor demand and increasing re-
turns. This, once again, illustrates the convenient characteristics of the Dixit-Stiglitz framework.
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Figure 3: Strength of Forward Linkage
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Figure 4: Strength of Backward Linkage

α. While the latter can be ascertained from official input-output-tables, substitution

elasticity is left to be appraised by means of econometric estimations. In this con-

text, a commonly-used analysis has been made by Hummels (1999), who estimated

trade cost and substitution elasticities for 61 2–digit SITC–classified commodities,

by using data from seven countries in 1994, including the U.S., New Zealand, and

five Latin American nations. This approach indirectly assumes that technical sub-

stitution elasticity, ς, is independent of location and, hence, is an industry-specific

parameter.

A connected issue considers the nature of the cost share, α. Although assumed

to be exogenous, the parameter could be differentiated not only with respect to

industry, but also with respect to location. This might be a result of industries

with different national product foci, which ultimately depend upon the respective

aggregation level. Consequently, the German chemicals industry, for instance, might

be aligned to pharmaceuticals stronger than the Hungarian chemicals sector, and

this eventually could lead to different intermediate cost shares. One may ask if the
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same reasoning could hold for substitution elasticity that is considered to be inde-

pendent of location. Although this assumption challenges criticism, it is the lack

of econometric estimations that reduces national differentiation of each industry to

only one degree of freedom – the cost share, α. The assumption of a closed economy

provides another dilemma. Contrary to the increasing role of international trade in

intermediates, we neglect foreign upstream supplies and, therefore, assume that the

cost structure for imported intermediates is the same as for domestic.24

Tables 4 – 11 in Appendix 6.4 show the simulation results for several European

countries, using EUROSTAT data from 2000. Some of the main findings shall be

summarized here:

• To a relatively large extent, the cost share, α, differs from country to country,

and this cannot attributed to measurement errors only; in fact, it may be

evidence of country-specific technologies.

• For nearly every case, forward linkages generally are much stronger than back-

ward linkages. This result is not really surprising, if we compare the effective-

ness of market size and price index effect. The only exception is the coherence

of Metal Production and Ores in Table 8. In this case, except from Slovenia

(the relationships for Netherlands and Poland being non-existent), the down-

stream strength exceeds the upstream strength, which can be attributed to

extremely low substitution elasticity.25

• A further noticeable issue is that most values for upstream and downstream

strength are relatively close to the overall averages of 0.9690 and 0.0454, respec-

tively. Against this homogenous industrial picture, Metal Production and Ores

form an example of definite outliers, followed by Foods and Agriculture, and

then by Metal Manufactures and Metal Production. For illustration, Figure

5 shows the distribution of the average values (cross–national) for upstream

and downstream strength. For almost all cases, the summed upstream and

downstream strength approximately yields 1.0.26 This might be utilized for

attribution of total sectoral coherence (sum function) to the separate linkage

strengths in terms of percentage.

24Critical country-oriented values are indicated by an asterisk. See Appendix 6.4 for further
explanations.

25The OLS-estimated value by Hummels (1999) is not significant, as opposed to the nonlinear
estimation value 0.8, which is out of the parameter domain of this actual model.

26This appearance can be ascribed to the attributes of the sum function, which decreases
monotonically with rising ς and falling α; the asymptotic limiting value is 1; for the majority
of real observations, the sum function, as well as (49a) and (49b), are relatively inelastic.
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Figure 5: Average Values of Sectoral Strength
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5 Concluding Remarks

As determined in the previous section, the most real industries create sectoral

strength that is in a comparatively inelastic domain. This requires that many

branches are relatively homogenous in terms of sectoral linkages, and respond to

changes in substitution elasticity and intermediate cost share to a minor degree.

Furthermore, the forward linkage is much stronger than the backward linkage and

close to its upper limit. This implies that economic policy, in terms of location

development, should promote downstream industries utilizing sectoral linkages for

agglomeration. Although downstream elasticity has a (positive) infinite codomain

and, hence, greater inherent potential than upstream elasticity, the simulation out-

comes for downstream strength are close to the lower bound. Due to the response

duality of sectoral linkages, with respect to substitution elasticity and cost share, a

strong intermediate industry implies a weak subsequent industry, and vice versa.

Another issue is the evaluation of supply networks rather than of supply chains.

Regarding the industries in Section 4, the input-output inter-relationships are not

1:1, as with n:m. This implies that any sensitivity analysis at a macroeconomic level

requires computations within an input-output matrix, instead of single supply chain

vectors, as performed above. In this way, the impact of changes in an exogenous

parameter can be traced through all sectors. For determination of sectoral coherence

at the macro-level, an adequate output variable is needed. This could be the change

in the whole economy relative to changes in firm number in a particular industry,

for instance.

If we extend the model to refer to international trade, the convenience of the quan-

tifying concept for sectoral coherence elaborated in this paper is lost. In the first

instance, the complexity increases by means of location-based differences in con-

sumer preferences, income, technology and factor prices. Furthermore, spatial dis-

tance is implemented by trade costs that are incurred for goods shipped between

locations. The problem now involves not only the distribution of firms with respect

to different sectors, but also to different locations. Venables (1996) shows that the

spatial distribution of an industry, quantified as the ratio of the total production

values at each location, depends positively on the distribution of the upstream and

downstream sectors. Similar to upstream and downstream elasticity in this paper,
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the sectoral coherence can be quantified using the elasticities of those distribution

functions evaluated in the equilibrium state. Following this principle, the potential

to have multiple equilibria (as one of the major investigation objectives of the NEG-

literature) comes into play. Consequently, the existence of multiple equilibria implies

multiple elasticities for the same industry – dependent upon output level. For the

determination of elasticities, we must access numerical methods, due to non-closed

solutions, which lead away from the simple measuring concept for sectoral strength

in a closed economy.

But is this approach of evaluating open-economy industries really necessary? In

the context of agglomeration, the main concern related to identifying ’strategic’ in-

dustries, as required by Venables, may be the derivation of adequate criteria. The

concept discussed in this paper provides information about the potential impact of

the implicit agglomerative force. Combined with data on the macroeconomic im-

portance of particular industries and supply chains, it enables one to define sector

classification in the context of an industry´s applicability within location develop-

ment strategies.

6 Appendix

6.1 Derivation of Private Demand

The optimization problem of the private households is characterized by the nested

utility function (1) and (2). Applying the two-stage-budgeting procedure, the utility

maximization, subject to the budget constraint, has to be solved stepwise. Starting

on the lower stage (the sub-utility), the minimum cost for a given level of M are to

determine:

min.
n∑

i=1

pixi s.t. M̄ =

[
n∑

i=1

(xi)
(σ−1)/σ

]σ/(σ−1)

.(50)

The resulting Lagrangian is:

£ =
n∑

i=1

pixi + λ


M̄ −

[
n∑

i=1

(xi)
(σ−1)/σ

]σ/(σ−1)

 .(51)

Differentiating (51), with respect to xi ,and solving for its corresponding price, yields:

pi = λ

[
n∑

i=1

(xi)
(σ−1)/σ

]−σ

(xi)
−1/σ .(52)
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Similarly, it follows for a particular variety j:

pj = λ

[
n∑

i=1

(xj)
(σ−1)/σ

]−σ

(xj)
−1/σ .(53)

Dividing (52) by (53) and solving for the quantity of variety i, results in:

xi = xj

(
pj

pi

)σ

.(54)

After substitution of (54) into constraint (2) and solving for xj, we obtain the

compensated demand for variety j:

xj =

[
n∑

i=1

(pi)
σ−1

]σ/(1−σ)

(pj)
−σ M̄.(55)

The minimum cost for a given sub-utility, M̄ , follows from (55):

n∑
i=1

pjxj = M̄P,(56)

where P is the consumer price index (5). Via substitution of (5), we obtain for (55)

:

xj =
(pj

P

)σ/(σ−1)

M̄.(57)

At the second stage of the optimization, we turn to the maximization of the utility

function (1), subject to the budget constraint of private households. With pA for a

given price of the agricultural good, the income of the households, Y , is given by:

Y = pAA + PM.(58)

With (58) the optimization problem is:

max. U = MµA1−µ s.t. Y = pAA + PM,(59)

and the associated Lagrangian:

£ = MµA1−µ + λ
(
Y − pAA− PM

)
.(60)

From (60), first order conditions are:

(1− µ) MµA−µ = λpA(61)
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µMµ−1A1−µ = λP.(62)

From the proportion of (61) and (62), we derive:

M =
µ

(1− µ)

pAA

P
(63)

A =
(1− µ)

µ

MP

pA
.(64)

Substitution of (63) and (64) into the budget constraint (58) yields the optimum

levels of A and M :

A∗ =
Y (1− µ)

pA
(65)

M∗ =
µY

P
.(66)

Equation (66) delivers the general optimum level of M and, herewith, the value for

the placeholder M̄ at the lower stage of the optimization. By inserting into (57)

and assuming identical prices for all varieties, we obtain the demand function (4),

finally.

6.2 Further Supplements to Section 2

∂xj

∂pj

= −σµY (pj)
−σ−1 P σ−1 < 0(67)

From (67), elasticity of substitution can be determined:

σ =

∣∣∣∣
∂xj

∂pj

pj

xj

∣∣∣∣ =
∣∣−σµY (pj)

−σ P σ−1 (xj)
−1

∣∣ =
∣∣−σxj (xj)

−1
∣∣ = σ(68)

∂xj

∂P
= (σ − 1) µY (pj)

−σ P σ−2 > 0(69)

∂xj

∂Y
= µ (pj)

−σ P σ−1 > 0(70)

For determination of the marginal revenue, we obtain the revenue function from the

inverse demand:

p =

[
x

µY P σ−1

]−1/σ

−→ px =
[
µY P σ−1

]1/σ
x

σ−1
σ(71)
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From (71), marginal revenue can be written as:

∂ (px)

∂x
=

(
σ − 1

σ

) [
µY P σ−1

]1/σ
x−1/σ =

(
σ − 1

σ

)
p.(72)

Totally differentiating profit π and using pricing rule (11) yields:

dπ =
∂π

∂p
dp+

∂π

∂x
dx =

(
x− (σ − 1) F

σa
− (σ − 1) x

σ

)
dp+

(
p− (σ − 1) p

σ

)
dx.(73)

By factoring out, (73) becomes:

dπ =
x

σ
dp +

p

σ
dx− x

σ
dp =

p

σ
dx.(74)

6.3 Cost and Demand Function of a Downstream Firm

Similar to the utility maximization of households, the cost function and demand for

intermediates can be determined in two steps. Again starting from the lower stage

, the cost for a given intermediate aggregate Ī is to minimize:

min.

n∑
i=1

= pu
i x

u
i s.t. Ī =

[
n∑

i=1

(xu
i )

(ς−1)/ς

]ς/(ς−1)

.(75)

The associated Lagrangian is:

£ =
n∑

i=1

pu
i x

u
i + λ


Ī −

[
n∑

i=1

(xu
i )

(ς−1)/ς

]ς/(ς−1)

 .(76)

From the first order conditions, we obtain :

pu
i = λ

[
n∑

i=1

(xu
i )

(ς−1)/ς

]−ς

(xu
i )
−1/ς(77)

pu
j = λ

[
n∑

i=1

(
xu

j

)(ς−1)/ς

]−ς (
xu

j

)−1/ς
.(78)

Setting (77) in proportion to (78) and solving for the quantity of intermediate sort

i yields:

xu
i = xu

j

(
pu

j

pu
i

)ς

.(79)
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From substitution of (79) into the constraint, we obtain the compensated demand

for intermediate variety j :

xu
j =

(
pu

j

)−ς

[∑n
i=1 (pu

i )
1−ς]ς/(ς−1)

Ī .(80)

The minimum cost for intermediates results from (80):

n∑
i=1

pu
j x

u
j = Ī

[
n∑

i=1

(pu
i )

1−ς

]1/(1−ς)

≡ ĪP u,(81)

where P u is the intermediate price index. The compensated demand for intermedi-

ates (80) can be written with (22) as:

xu
j =

(
pu

j

P u

)−ς

Ī .(82)

On the upper stage of optimization, the minimum total cost is to determine. In this

context we minimize cost, constrained by the production function:

min. Cd = P uI + wld s.t. F d + adxd = Z
(
ld

)1−α
Iα,(83)

with the Lagrangian:

£ = P uI + wld + λ
[
F d + adxd − Z

(
ld

)1−α
Iα

]
.(84)

From the first order conditions, we obtain:

P u = λαZ
(
ld

)1−α
Iα−1(85)

w = λ (1− α) Z
(
ld

)−α
Iα.(86)

From the ratio of (85) and (86), the quantities of labor and intermediates can be

derived:

ld =
(1− α) P uI

αw
(87)

I =
αldw

(1− α) P u
.(88)
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Inserting (87) and (88) in the production function, delivers the optimum quantity

of labor and intermediates:

(
ld

)∗
=

(
F d + adxd

)
Z−1w−α (P u)α

[
α

1− α

]−α

(89)

I∗ =
(
F d + adxd

)
Z−1w1−α (P u)α−1

[
1− α

α

]α−1

.(90)

With (89) and (90) total cost is:

Cd =
(
F d + adxd

)
Z−1w1−α (P u)α

[(
1− α

α

)α−1

+

(
α

1− α

)−α
]

.(91)

Equation (23) results from normalizing Z by (1− α)α−1 α−α. For determining the

demand function, labor has to be replaced by (87) in the general cost function.

Solving for the intermediate aggregate yields:

I∗ =
αCd

P u
.(92)

Equation (92) delivers the value for the placeholder Ī, so that the uncompensated

demand function (90) becomes (24).

6.4 Simulation Results

The substitution elasticities, ς, in Table 3 are taken from Hummels (1999), Table

4 (OLS-estimates). Because the simulation aims to quantify sectoral coherence in

European industries, substitution elasticities, estimated by Hummels, are combined

with the cost share of several industries derived from the input-output-tables of

EUROSTAT for 2000. This procedure raises the problem of different categoriza-

tion systems: i) the product classification system SITC (United Nations Statistics

Division), used by Hummels; and ii) the activity classification NACE, used by the

European Community. Table 3 shows the proposed translation of classification codes

for several industries.

The Tables 4 – 11 provide simulation results for the respective downstream indus-

try named in the title of the tables. The columns reflect the computed cost share,

α, the upstream and downstream strength, εu and εd, as well as the sums of the

sectoral strengths arranged for the relevant upstream industries (the average cost

share, α, is larger than 0.02). The last column displays the import share of the re-

spective downstream industry, where the asterisk behind the country name indicates

an associated value larger than 0.5. The rows show the outcomes for ten European

26



Table 3: Parameter Settings
Industry ζ NACE SITC Note
Agriculture 5.23 A-01 00 - 11 Average Value
Chemicals 5.28 DG-24 51 - 56 Average Value
Coke / Coal 4.40 DF-23 32
Foods 3.40 DA-15 06 - 11 Average Value
Machines 6.98 DK-29 74
Metal Manufactures 4.85 DJ-28 69
Metal Production 3.53 DJ-27 67
Nonmetallic Manufactures 2.65 DI-26 66
Ores 1.10 CB-13 28
Paper 4.25 DE-21 64
Petrol 5.61 CA-11 33
Plastics 4.82 DH-25 57, 62 Average Value
Power Generating Machines 7.87 DL-31 71
Printing 4.88 DE-22 89 Subordinated to SITC-89
Road Vehicles 7.11 DM-34 78
Telecommunication 9.44 DL-32 76
Textile Fibers 5.12 DB-17 26

countries, the overall average and standard deviation. For computation of the cost

share, α, some necessary adjustments of the official data have to be made. First,

we limit the activities to NACE A 01 – DN 36 for an improved model adaptation.

This excludes services, trade, transportation and the homogenous products energy

and water. Furthermore, intra-industrial trade is ruled out by model specification,

so internal activities of the accounted downstream sector are also subtracted. The

denominator for the appropriate cost share of a downstream industry are the inputs

described above in terms of their acquisition costs and the sectoral wage bill finally.

Another issue for confusion are potential bilateral input-output relationships, which

inevitably arise from highly aggregated sectors (see chemicals and plastics, for in-

stance). We ignore this appearance and compute twofold values, according to the

direction of relations.
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