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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.! 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

I Estimation for 1995.



and Robert-Nicoud (2006), regarding free mobility of capital and human capital.?
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.



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.® 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:

(1) U=MFA"" 0<pu<l,

where M represents a sub-utility from the consumption of manufactures, A is the
quantity of the homogenous agricultural good, and p the share in private expendi-

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

n

1/p
(2) M= [Z(mi)p] L 0<p<l.

=1

x; 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, p,
needs to be smaller than “1°. If we set 0 = 1/(1— p), the sub-utility is characterized
by a constant elasticity of substitution, and Equation (2) becomes:

n o/(c—1)
3) M= [Z (mi)@’—l)/"] o> 1.
i=1

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.



of available product sorts.* The love of variety becomes weaker, as varieties become
more homogenous in consumers’ eyes (going along with an increase in o).

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

(4) @ =pY (o) P,
where p is the price of manufactures, and puY denotes the share in income of the

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

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

becomes:
(6) P= pnie.

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.%

Via differentiation, the most important characteristics of the demand function (4)
can be described.” 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 o
(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 (1Y) (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 = xn/(@=1),

5See Appendix 6.1.

6 A 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.
"See Appendix 6.2.



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:

(1) &=y [pn/ ) =y [P

An increase in o reduces demand by the negative exponent of p. The terms in
brackets represent the price index, which rises with o. In the case of identical prices,
these effects compensate for each other, such that (7) ultimately is independent of
o.

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

given by:

(8) MR= (“_1);3.

g

It can be shown that the marginal revenue curve is the (inverse) demand function,
compressed by the factor (o — 1)/o; thus, it is constant-elastic, as well.®

Turning to the supply side of the model, the technology for consumer good produc-
tion is given by:

(9) [ =F+ax,

where [ 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:

o—1

(10) 7 =pr —wl = [;LYP"_l}l/U.:ET —w (F +ax),

Profit maximization yields:

) (T4 )p=un

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:

(12) =" = (o —1) g.

8See Equation (71) and (72).




At equilibrium, the average cost is:

wkF wWa

o
(13) AC—?—%wa—<0_1>—|—aw—aw<a_1),

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.? For summary, Figure 1

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

ACD

aw MC
MR

X =(a—1)%

Source: based on Neary (2001)

Figure 1: Equilibrium in the Dizit-Stiglitz Model

the stability of equilibrium can be proven by the total differential of the profit, 7:°

on on D
4 = — —_— = — .
(14) dn apdp—l— axda: OTdcc

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:
(15) = f(x), f(0)=0, 9f/0m > 0.

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

o-171/0
for w and supplemented by the demand function (4) yields: w* = % [%} . As can be

seen, the wage rate increases with rising income and price index.
10See Appendix 6.2, Equations (73) and (74).



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:

(16) wY =n*p*z*.
Using (11) and (12), the equilibrium number of firms can be expressed as:

Y
a7 nt =

wFo’

where Fo is equal to the equilibrium labor input of each firm, [*, which can be
derived from (9) and (12). The term Y /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*.!* Hence, (17) becomes:

L
Fo I*’

(18) n* =
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 | On* Ol* OL* 0Ox* O(n*z*) Op*
oF - + 0 + 0 0
da 0 0 0 - - +
dc - 0 - 0 - +
oo -+ 0 + + -
oY) | + 0 4+ 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.

" The labor supply is assumed to be wage-inelastic and equal to labor demand.



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.'? 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.!?

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

. . -1
12The price index becomes, as with (6): 2 = uYp~—° (pnl/(l“’))a =pYZ.
13The effects become apparent via differentiating Equation (17), with respect to o: %—TZ =

— (pf)gz* % - p*g;y %—”f:. Expressed by exogenous parameters and factored out, the derivative is
given by: 2 = =y, [1 — 1] < 0, where the term in brackets is the price change on the left and

the output change on the right hand side.



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):
(19) I*=F"+a"z",

where the superscripts v 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:

(20) Fd _|_ adl'd — Z (ld>1—04 ]—Oc‘

The right hand side of Equation (20) represents the input composite of labor and
intermediates in order to produce one unit of downstream output, 2%, which involves
a fixed cost, F¢, and a variable cost, a?, on the left hand side. Z controls the output
level; and « is the partial substitution elasticity of the intermediate aggregate, I,
that is:

n ¢/(s—1)
(21) 1= [Z (sc?)“”“] .

=1

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 ¢ corresponds with ¢.'* The common pattern
involving downstream and consumer preferences implies a price index for interme-

diates that is similar to the one for consumer goods:

n 1/(1—¢)
zw)“] |

=1

(22) P" =

14 An 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,
¢ 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.



By applying two-stage-budgeting again, we obtain the cost function for a down-

stream firm:
(23) C* = (F*+ a%2a®) w' ™ (P")".

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:'
(24) @ =aC’(p") " (P
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: w!'~* (P*)* so that the downstream profit function is given by:!

(25) 7t =pla? —w' (P [F? + a’2].

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

(26) 7 =p'uY (p*) " Pt —w'(PY)° [Fd +a’uy (p*) 7 P”_l] :
From profit maximization we obtain the first order condition:

d
(27) Z_Zd =(1—o)uY () " P +ow' ™ (P")* anY (p?)”

o—1

Pl =0.

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

@) () = e (7)),

oc—1

where the cost rate, w!= (P*)“ 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:

Fd
29) (+9) " =(o0—1)—

ad’

15See Appendix 6.3 for a detailed derivation.
16The consumer good price, p, becomes p?.

10



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:

(30) 7 =p'z" —w(F"*+a"z").

The profit maximizing upstream price is:

1) () =t ()

and from the zero profit condition the equilibrium output is:

(32) (") =(c—1)

au

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 —«) in total turnover, n*p*z*,
is spent on labor:

(33) wL = (1—a)n"p*z”.

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

wl

(34) n* = W.

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:

ntaC?

(35) n" = Gy

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

11



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

1/(1—¢)

index becomes p* (n") . Thus, Equation (36) can be expressed, by using (31),

as:

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 n¢, is denoted by N“:

gF“ S — 1 o l1-¢—a
38) N"= n%) 1< .
) N= 2 () e
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:

ON® __ (l—g—oc) Nu (nu)—l >0

(39) (ZTZLjvu l_g ONU —1
a(ne)? (%) Gor (") > 0.

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

nd=_—" .
(0 %= Gy (aay

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

NG
wl= (Pv)* o F4’

(41) n?=

which, after substituting the cost rate, w!=* (P*)®, 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:

(42) nt— M (ﬂy (n")< = N

woFd \ avg

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:

oNe _ () N4 ()" > 0

(43) szvd g_olrl*l* ON? -1
8(nu)2:( g_1§)an_u<nu) §O v a%(g—l)

Because of the ambiguous sign of the second derivative, industrial dependency be-
comes stronger with an increasing number of upstream firms, for a« > (¢ — 1). This
case differentiation stems from the dependence of the (intermediate) price index ef-
fect on technical substitution elasticity. The lower ¢ 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.'”

With (37) and (42), we obtained a system of simultaneous equations. Setting
N* = N yields equilibrium at:*®

sk opY anrx SFY (¢ —1\" [ auY =
44 = =
(44) (") wekv (%) acFd ( avs SwF

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.!® 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), (n*)" can be expressed as (n*)" = L%/ (I*)*, where L* is the number of
workers employed in the upstream industry as a whole, resulting from the proportion « of total
downstream turnover spent on intermediates and the wage rate. (I*)" is the equilibrium labour

requirement of one upstream firm.
19Gee 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, Y. 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 Fatended Model

Respect to | 9 (n")” 9 (n?)"

o (F?) 0 -
da" 0 -
ow = =

0 (nY) + +
oF N -
da + n)' 'z < a(gi)* =0
S — )z e 6(’;?* < 020

The influence of the intermediate intensity in downstream production ,a, and the
technical substitution elasticity, ¢, on the equilibrium number of upstream firms
again can be traced back to the forward linkage. While an increasing « 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 §2; and €2,. 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 a.?! 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-

w \S—1 (=D ((n¥)*) T 1.
00, =1 <?—§) S =e FT T

1 1
219P" __ _1 . was ng =< 2Py S % wa's pnY 1=
o — I<* " (=1 Swkv <0, %7 = -7 " e SwF™ >0
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ity. With increasing ¢, 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 2s.

For stability analysis of the equilibrium, it is important to note that N¢ intersects
N* always from above. This may be demonstrated by differentiating Equations (42)
and (38) at equilibrium. The resulting derivative for N* always is greater than the
one for N¢.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:

nv = f(x%) , af /o >0

(45) .
nd = f(z?) , 0f/ox? >0, f(0)=0.

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):

(46a) T = awF?? ( - g1> (nu)atzl n® —wF" = K, (nu)atzl n® —wkF"
S \S—

o

Y s\ a -
(46b) 7! = 2 wF ( . ) (") = K, (nf) ' Ky (n")T=,

where K3, Ky and K3 > 0. Totally differentiating profit functions (46a) and (46b)
yields:

amo)ant = | (2222

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, N*, 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 ¢ > 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 a < (¢ — 1).

nd

/\ Nu

(nd)* ________________ N¢

\ 4
S

Source: author

Figure 2: Equilibrium Number of Upstream and Downstream Firms

3.3 The Strength of Vertical Linkages

Considering the zero-profit isoclines, N* and N¢ 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:

atl—g o
u_@n“ d\* _ d I—¢ a'c \ ¢ [¢F*\ 1 Py \ 1<
(48a) S _8nd|(n) =oF (1_g_a>(§_1) (a) (w)
1) (apY )T pru) ST
(48b) 51 = Oy — (50)" (*45) 7 («F)
on (c—1)oFd

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:

1—-¢

(49a) e* , 0<et <1

:1—§—a

(49b) 4 = Ll > 0.
g_

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.?? 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 — &%) /e, for
the forward linkage and ¢ for the backward linkage. This means that, to maintain
a certain level of linkage strength, an advance of ¢ must go along with an « 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, ¢ 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 4: Strength of Backward Linkage

. 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, ¢, is independent of location and, hence, is an industry-specific

parameter.

A connected issue considers the nature of the cost share, a. 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, . 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.?*

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:

e To a relatively large extent, the cost share, «, differs from country to country,
and this cannot attributed to measurement errors only; in fact, it may be

evidence of country-specific technologies.

e 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.?®

e 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.

2>The 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 ¢ and falling «; 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

gd /ANANNWAVAWAY A

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,

20



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:
n n /(o—1)
(50) min. Zp,wi st. M= [Z ($i)(al)/g]
=1 i=1
The resulting Lagrangian is:
o/(o-1)

(51) £ = Zn:pi:ci +A| M- [Zn: (xi)(g—l)/a]

i=1 i=1

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

n —0

(52) pi =\ [Z (xi)(al)/o] (xi)fl/a‘

i=1
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Similarly, it follows for a particular variety j:

n —0

(53) pj=A [Z (wj)(”_l)/”] (:cj)_l/"_

i=1

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

(54) ; = (%’)U .

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

compensated demand for variety j:

n

o/(1-0)
(55) @) = [Z m-f*] ()" M.

i=1

The minimum cost for a given sub-utility, M, follows from (55):
(56) > pjz; = MP,
i=1

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

(57) o= (&

)U/(J—l) i
2 )

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 p? for a
given price of the agricultural good, the income of the households, Y, is given by:

(58) Y =p?A+4 PM.

With (58) the optimization problem is:

(59) mazx. U= M'FA"™ st. Y =p*A+ PM,
and the associated Lagrangian:

(60) £=MrA""+X(Y —p*A—PM).

From (60), first order conditions are:

(61) (1—p) MIA™ = \p?
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(62) uM AT = \P.

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

v p ptA
6) M=0=37
(- MP
(6) A==

Substitution of (63) and (64) into the budget constraint (58) yields the optimum
levels of A and M:

(65) A= — P
. WY
(66) M =75

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

Oz, o
(67) %{ = —ouY (p;) " P71 < 0
J

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

9z pj

(68) o= |5 0 |= |[—ouY ()7 P ()| = |—ow; (a) | =0
J 7
axj —0 po—2
(69) —p =(o=1)pY (p;) " P77 >0
ox,; o o
(70) 5y =n(p) " P '>0

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

inverse demand:

-1/
0 =] " e
py Po-
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From (71), marginal revenue can be written as:

12 208) _ (a - 1) Ly P gl (0 - 1) )

ox o o

Totally differentiating profit 7 and using pricing rule (11) yields:

(73) dr = Py 1 Py — <x— -DF _ <"_1>x) dp+(p—w) dz.

aga o o

By factoring out, (73) becomes:

(74) dr = ~dp+ Ldz — Zdp = Lda.
g g g g

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 I is to minimize:

n n s/(s—1)
(75) min. Z :p?x;‘ st. I = [Z (mg)(cl)/cl .
=1

i=1

The associated Lagrangian is:

=1

n n </(s—1)
(76) £= play+Ar|I- [Z <xg)<<—1>/<]
i=1

From the first order conditions, we obtain :

[ n

(77) Pt = Z(;ﬂ;)(ﬂ)/c] (a1

L =1

[ n

(78) #} = Z(x;‘)(“”/‘] G

i=1

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

U\ S
(79) xf =} (&) :

P}

24



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

for intermediate variety j:

()" .
(80) 2% = —— 1
[, () <]

J

The minimum cost for intermediates results from (80):

=1

n n 1/(17§)
w0 Y -1 [0 =i
=1

where P“ is the intermediate price index. The compensated demand for intermedi-
ates (80) can be written with (22) as:

u pu T
(82) zf = (P_]“> I

On the upper stage of optimization, the minimum total cost is to determine. In this
context we minimize cost, constrained by the production function:

(83) min. C%= P'I+wl st. F'tala® =27 (19" "1
with the Lagrangian:

(84) £ =PI +wl+ ) [Fd +atat — 7 (1) " Iﬂ .

From the first order conditions, we obtain:

(85) P*=aZ (1%) " o

(86) w=A(1—a)Z (%) "I

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

derived:
(87) I? = (d-a) Pl
oaw
alw
&) [ = —-—.
(88) (1—a)P
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Inserting (87) and (88) in the production function, delivers the optimum quantity
of labor and intermediates:

—_
|
e

) 1= (P atad) 27w (|

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

91) C?= (F'+a’z?) Z7'w' = (P")"

1—a\*! Lo -
e! l—a '
Equation (23) results from normalizing Z by (1 — a)* " a~®. For determining the

demand function, labor has to be replaced by (87) in the general cost function.
Solving for the intermediate aggregate yields:

aC?
Pu

(92) I* =

Equation (92) delivers the value for the placeholder I, so that the uncompensated
demand function (90) becomes (24).

6.4 Simulation Results

The substitution elasticities, ¢, 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,
«, the upstream and downstream strength, €% and ¢, as well as the sums of the
sectoral strengths arranged for the relevant upstream industries (the average cost
share, «, 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
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Table 3: Parameter Settings

Industry 4 NACE SITC Note
Agriculture 523 A-01 00-11 Average Vaue
Chemicals 5.28 DG-24 51-56 Average Value
Coke/ Cod 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, «, 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.

27



1€90°0 T0000 0S000 0€000  STT00 00000 +T000 #1000  €500°0 T0000 2E000 TEO00  GETOO 00000 67000 6T000 29000 G5000 9€200 T8TO0 66600 S
608T'0 TO00T 86000 €0660 G/E00 0000T GS000 9¥660  0T20'0 0000T GS000 9660  ¥EC00 TO00T OTTO0 98860  9.€00 0STOT ¥82T'0 S9880 <Ze¥S0  obekay
52220 TO00T 96000 S0660  L9E0°0 0000T /9000 €E660 85200 0000T SY000 GS66'0  Z6TO0 TO00T TZI00 08860 E€6£0°0 ¥ITOT  ¥ZIT0 06680 VS.b0  USPOMS
SE60°0 0000T +9000 LE660 ¥¥200 0000T /2000 €660 €0T00 0000T 68000 T966'0  69T00 TO00T /6000 #0660 9TE00 8ETOT S¥eT'0  €6880 L9250  Puejod
18720 0000T 99000 ¥E66'0 €5200 0000T 69000 TEE6'0 L9200 0000T 2v00'0 85660  Z8T00 T000T ¥TT00 /8860 2LE00 99TOT 9/ET'0  06/80 T28S0  SPURLRUIN
12120 2000T SYIO0 2S86'0  €SS00 0000T 2S000 8¥66'0 TOZ00 0000T 6v000 TS66'0 01200 2000T OVIO0 29860 +S¥00 T800T 88600 FI60 OL6ED  BILAOKS
LEST'0 T000T /6000 #0660 T.E00 0000T 95000 ¥¥660 LT20'0 0000T TEO00 69660 ZETO0 2000T 2ET00 69860 OEV00 Z620T 6S8T0 CE¥80 S98L0 ARl
20TT0 2000T GETO0 29860 GISO0 0000T +9000 96660 87200 2000T €ET00 69860 0.S00 2000T OVIO0 29860 ¥S¥00 0STOT €0ST0 /880 TISS0  Arebuny
2LTO 0000T /9000 ¥E66'0 SG5200 0000T 09000 O¥66'0 E£20°0 0000T /2000 €660 9TI00 T000T GTTO0 /8860  €LE00 ¥ETOT G2eT'0 60680 TI8IS0  Auewseo
€LET0 2000T ZETO0 0860 ¥0S00 0000T #9000 LE660 S¥20'0 0000T €¥000 /S66'0 ¥8T00 TOO0T €8000 8I660 0,200 [ZT0T  0BIT0 /€680 ¥E0SO
19ST'0 TO00T 6L000 22660 20E00 0000T 8S000 29660 L¥I00 0000T +S000 9¥66'0 TEC00 T000T 8TTO0 8860 €8E00 6ETOT TSCTO 88380 06250
89620 TO00T  00T00  TO66'0  E£8E00 0000T  /b0O'0  €S66'0  E£8T0'0 T000T #8000 /T66'0  8SE00 TO00T 96000 S066'0  ZIE00 9STOT  626T0 /2880  €295°0
Lodui| 35 b2 n? 14 kg 2 n? n kg b2 02 n 3K 02 0?2 14 Exd 02 02 0 £1unod
solse|d S3njejnue N P N S[e2IWeYD Jaded 2.n3no1IBY
SPooJ ¢ 319DJ,
S790°0 00000 #2000 €2000 T¥IO0 T0000 S#O00  ¥¥000  2ZT00 62000 T6200 29200 08v0°0 €0000 T800'0 8000 60£00 'AS
6€27'0 0000T SPOO0  SS66'0 69200 TO00T 88000 €I660 6€E0°0 0T00T 26700 81860  LTE00 €000T 6VI00 75860 69500  ebesAy
82I7'0 0000T 05000 0S66'0 TOEO'0 0000T 2S000 6V66°0 66100 TOOOT 90T00 G6860 SLT00 TO00T 8ITO0 #8860 6VY00  USPemS
8y 0000T 69000 TE660 ZIYO0 0000T Ov00'0 09660 9SIO0 2000T 8STO0 S¥86'0 09200 9000T 2v200 €9/60 92600  Puejod
¥0TH'0 0000T €€000 19660 L6T00 0000T 2S000 8660 00200 0000T 92000 ¥.660 2v000 0000T 69000 TE66'0 S9200  SPUelRUIBN
60150 0000T 8T000 28660 90T00 T000T #8000 LT66'0 ¢2€00 TOOOT 00T00 TO660 S9T00 2000T +2T00 8860 2W00 LIS
0£SE0 0000'T 29000 8€66'0  TLEOO TO00T 68000 <ZI660  THEO'0 €600T €TOT0 08060 T9TO 0T00T +TE00 96960 00ZT0 ARl
¥€05°0 T000T 6000 22660 69Y0°0 TO00T 98000 GIE60  2€€0°0 0000T 69000 2€66'0 +TTO0 2000T GETO0 29860 9IS00  «ArBunH
12/€0 0000T 25000 87660 TIEO0 2000T 0STO0 2S86'0 8500 T000T TITO0 06860 €8T00 T000T TOTO0 00660 /8E00  Auewlo
¥8T€0 0000T 0€000 0660 8LI00 €000T 08T00 #2860 T690°0 €000T 99T00 €860 €200 S000T GT200 6860 22800  @oueld
€027'0 0000T #5000 9¥66'0  SZEO0 TO00T /8000 V1660  SEL00 T000T 6000 S066'0  8STO0 TO00T 6000 22660 <20S00  puejuld
YESK'0 0000T #0000 96660 12000 0000T T9000 6E66°0 SEZO0 TO00T 6000 12660 TETOO TO00T €6000 80660 SSE00  wnibpg
1i0dw| < p? n? ? 5 p? n? ° < p? n? 2 % p? n? ? Anuno)
Sseulyoe SaInjpejnue N ep N S3.njoejNuUe | 91|[eIBWUON solse|d
62000 /9200 €¥Z00 L0600 T0000 #5000 €5000 T120°0 €0000 #6000 06000  S0S00 TI000 #9700 ¥SI00  TOVO'0 ¥0000 82100 ¥2I00 06500 'AS
2200T 80VO0 €T960  88ET0 T000T S9000 SE66'0 5200 €000T 9STO0 Y860 90500 9000T 86700 80860 82v0°0 2000T €6000 60660 82v00  ebeAY
0T00T +2€00 /8960 O00TTO 0000T /bOO0 €S66'0 €8I0 T000T 60T00 €6860 €SE00 TOOOT 86000 €0660 SEZO0 0000T 0000 €666'0 VEOD'O  USPeNMS
€000T 2/TO0 TE860  €8S0'0 0000T 68000 T966'0 ZSTO0 TO00T €6000 80660 €0S0°0 T000T ¥TT00 /8860 €200 0T00T #2600 98960 26YT0  Puejod
9Y00T 2000 t¥EE'0  98€Z0 2000T TETOO T/860 90500 0000T 85000 €660 /8I00 2000T GETO0 /9860 #2€00 0TO0T 8TE00 26960 S9YT0  SPURlRUIBN
0000T G9000 9€66'0 02200 0000T 9¥000 ¥S66'0 6LT0°0 L000T /9200 OV/60 69800 - - - 00000 0000T €E000 /9660 0OSIO0  BILAOIS
¥100T LLE00 LE96'0 28ZTO €000T 88100 9I86'0  62.00 0T00T G2€00 S8960  SSOT'O ¥E00T 00900 VEVE'0  BEVTO 0000T +T000 98660 99000 ARl
8/00T TZ600 LST60 TETED 0000T €T000 /8660 0S00°0 0000T 29000 6€66'0 TOZOO 0000T /bOO0 €S66'0 €ETTO0 2000T 9STO0 9860 T2.00  «Arbuny
1000T €/200 VEL60 12600 0000T €2000 /660 88000 2000T 2STO0 1IS86'0  26V00 9000T 25200 V560  S090°0 0000T /€000 €9660 TLI00  Aveweo
G000T €€200 2L.60 €6L00 0000T TS000 67660 00200 2000T 8YTO0 5860  Z8v0'0 €000T /8T00 91860 600 0000T 97000 ¥866'0 GL000  8oueld
€T00T 99600 Y960 9¥2T0 TO00T €8000 81660 TZE00 9000T €S200 €S/60 22800 G000T #6200 TLL60 29500 0000T T2000 6660 66000  Puejuld
0F00T  TS90'0 68860 1220 0000T #8000 99660  €EETO0 TO00'T 26000 80660  TOEO'0 TO00T  STT00 98860 2200 0000T  TOOO0 66660 #0000  wnibpg
37 o2 .2 0 37 o3 e » X 02 02 0 X p? n? v < p? n? » A1unod
[0D /%00 Bunutid »oded Spoo4 [019d
sponuay) 1 919D,

28



Y0TZ0 00000 TE000 16000 /8100  1/100 18500 <2100 OLVTO 02200 22600 000 62510 10000 GE000 ¥E000 8¥I00  dS
€9520  0000T 09000 T¥660 [SE00  6620T 66GT0 Op980 OyOyO  T/00T O0B€00 06960 82900  TOOOT €8000 JT660 LSE00  obelny
/SITO  0000T 65000 T¥660 500  €TT0T +eIT0 06680 2v8z0  0000T GS000 Sv66'0 16000  TOOOT 8/000 22660 GEE00  Uopams
92€20  TOO0T Y6000 J0B60 T9SO0  66I0T EISTO 98980 628€0  S000T 922000 6L60 €/600  TOOOT LTT00 S8860 0000  PUejod
€520  0000T 6Y000 TS660 €6200  S/IOT GIPTO 09/80 T8SE0  0000T Y000 S660 22000  0000T SHOOD GS66'0 €600  SPURLRUBN
Teyz0 00007 TT000 68660 €9000  80EOT JI6T0 T6E80 0S8Y0  0000T 000 99660 €000  0000T €£000 /9660 E¥IO0  BIOAOIS
0900  0000T 89000 €v660 PVEOD  G990T ZE6Z0 <ZELLO 6TFLO  O00T 26T00 21860 JTE00  TOOOT ZTT00 8860 T0S00  ARM
02860 TOOOT €000 /2660 LEYOO  €/€0T €020 TIEG0 TYISO  0000T GE000 G966'0 8S000  0000T +9000 [€660 2/200  Aebuny
0GET'0  TOOOT 28000 61660 88Y00  90TOT €80T0 €2060 66,20  TOOOT 08000 TZ660 <ZETO0  0000T S9000 OS660 9/200  Auewes
S9ZT0  TOO0T 6000 22660 OO0  9800T 0/600 OTT60 GSGbZO  0000T L0000 €6660 <ZI000  Z000T GSPTO0 /S860 61900  @oueld
68YT0  TOOOT 68000 TI660 PESO0  €220T 609T0 1980 0000  T000T 60T00 26860 T8T00  TOOOT €8000 8I660 SE00  PUeuld
Y660 _0000T €0000 /6660 12000  T/I0T 96ET0  G//80 TESE0 96907  OTOSO  /89/0  996v0 _TOOOT /8000  +I660  T/E00  unibpg
yiodu| M p?  lf ° pf __ n? ° K pf o ° < pf W7 2 fnunoo
saulyoe W uoIPNPoId [eP N S INjoejnue |\ 01| [eIBWUON )
SoUNIODINUD P 1DPON (L 219D
GEET0 10000 S¥000 S000 GZZ00 00000 82000 82000 G€200  dS
TEBED  0000T SWOOD 95660 SPZ00  0000T ZvO00  6G66'0 ZSE00  abeloAY
08260  TOOOT 2000 62660 8EvO0  TOOOT G000 GZ660 GE90'0  UGpams
¥¥050  0000T 6E000 T9660 8EZ0D  0000T POOO0 96660 8E000  wPURlod
1870 0000T SZ000 G660 €STO0  TOOOT TB000 61660 /8900  SPUELUBN
96010 - - - 00000  0000T TSO00 6V660 6200 BIeAO|S
/S6T0  0000T €000 /8660 08000  TOOOT 2000 62660 90900 ARl
29550  0000T €2000 /660 TPTOO ~ 0000T SEOOD G966 G6200  »AeBunH
99TZ0  0000T 90000 6660 GE000  0000T EE000 [9660 O/Z00  Auewseo
Z2/£0  0000T €0000 /6660 02000  0000T TvOOO 65660 6YEDD  9oueld
05620  2000T TYTOD T986'0 €9800  0000T TTO00 68660 96000  PUeluld
£5650 _TOOOT 08000 TZ660  98Y00  _0000T €T000 /8660  J0T00  .wnibpg
1i0dw| < p® n® ? = p? n? ? Anuno)
SODIURA peoy U017e0IUNLILLOD P |
T0000 /€000 9E000 15200 16000 G9200 S€c00 Tc0T0  SE000 G6200 19200 ZpI0OO 10000 €000 Zv000 ¥OI00 00000 O0E000 62000 92100  dS
T000T $TT00 88860 2800  GSZ0OT 600 L9560 99/T0  THOOT 80900 VEYGO BESTO  TOOOT ZOTO0 66860 T6E00  0000T 65000 Tv660 G200  sbesony
T000T /6000 POG6O 99900  OTOOT 8200 28960 G9ZT0  STOOT 68600 92960 8600  TOOOT /000 /2660 28200  0000T 8E000 29660 HOTO0  UOpows
T000T GTT00 98860 €600  €I00T /900 Ov960 TIPTO  S900T 66800 92260 €2I20  TOOOT S8000 GI660 92600 0000 T9000 6E660 19200  sPUejod
0000T 8G000 E¥660 96500  SIOOT ¥BEO0 Te960 OISTO  8T00T E5v00 S8560 S60TO  0000T 9S000 660 GIZ00  0000T 22000 8/660 €6000  SPURLBUBN
Z000T 6ST00 P8GO 2Z60T0  /Z00T 8ESO0 O06YE0 TL0Z0  €200T 98Y00 9ES60 O0EZT0  2000T GKTO0 /G860 €9500  TOOOT TOTO0 00660 IEYO0  BIOAOS
Z000T TETO0 T/860 16800  60T0T 660T0 OT060 2eevO  €600T <ZIOT0 18060 719520  YOOOT 66100 0860 19/00  0000T 69000 TE660 26200 ARl
2000T 6ET00 €986°0 29600  €000T L9T00 9E86'0 EYO00  L600T 9EOTO T9060 Teog0  TOOOT 6000 L0660 BSE00  TOOOT 90TO0  G6860 SSYO0  «ARBUNH
T000T TTI00 06860 €900  OTO0T TZE00 68960 9EZT0  OTOOT [ZE00 8960 92800  TOOOT [6000 #0660 2LE00  TOOOT G000 92660 1200  Auewso
0000T /G000 Y660 68€00  G200T 0TSO0 GSTS60 G96T0  0€00T 89500 TL¥60  E€IPT0  T000T SOTOO /6860 66E00  0000T SHOOO GS6610 26700  eouesd
T000T TTT00 06860 2900  S000T €200 2./60 86800  0900T €080°0 /G260 <ZE0Z0  0000T 8S000 2v660 22200 00007 12000 6660 88000  Puejuld
€000T 29100  Ov860  GITTO /E00T 0E900  /OW60  SzvgO  $000T  SG6TO0 60860  €6v00 TOOOT OTIO0 6860  T2v00 0000 GS000 9v66°0  ¥EC00  wnibpg
37 o2 2 » 37 o3 3 » e n? » i p? n? v s p? n? ° A1unod
"UOE N "USS MO S INIEINUE N BB I U0ONPOJd BB N SOIseld S[EOIBUD

SOUIYIDJN 9 919D],

29



8ETT'0 00000 8T000 8T000 OTI00 10000 TYOO'0 OVOO0  9STO'0 /S000 0.200 ¥T200 ¥SITO T0000 99000 #9000 €£1200 TO000 €5000 2¢S000 61200 'AS
LVEE0 0000T /€00'0 €966'0 (0200 TOOOT 8/000 22660 TOEOO CTT0T €60T°0 6T06'0 6970 TOOOT €800°0 8T66'0 69200 TOOOT 69000 ¢2€66'0 S820°0 abe BAY
€T.E0 0000T 95000 G¥66'0 €EEE00 0000T €9000 /€660 1200 0S00T 0€.00 0C€6'0 ZCTE0 ¢000T OPT0'0 2986'0 ¥S00 0000T 60000 16660 LEOO'0 USpBMS
orTe0 0000T +2000 9660 2¥I00 2000T OVIO0 29860 LESO'O €800T 2S600 TET60  SLOVO 0000T TSO00 6¥66°0 99100 TO00T 96000 S066'0 L6EOO  Puelod
89870 0000T +2000 9660 EYI00 0000T 82000 €660 90TO0 GITOT OETTO S868°0  LE8FO TO00T €000 /2660 8E200 0000T 9€000 #9660 6YT00  SPUElRURN
YOrE0 0000T /S000 E€¥66'0 ¥YEDOD T000T GITO0 98860 SP¥00 €800T +S600 62160 €80V0 0000T ST000 §866'0  0S000 ¥000T T6TO0 €T860 /800  BILAOKS
009T'0 0000T 92000 ¥/660 ¥SI00 2000T GETO0 29860  6IS00 ¥S5¢0T  G2LT0 82580  G8ELO 2000T 8ETO0 €986'0 0SY00 TO00T 6000 T266'0 200 AR
80870 0000T €000 €9660 22200 TO00T €6000 20660 09E0'0 8rI0T ¥62T0 75880 LESSO 0000T OVO00 09660 OETO0 TO00T €TT00 68860 +9v00  ArbunH
19220 0000T <2S000 6¥66'0 60€00 0000T GE00'0 S966'0 9ETO0 ¢600T ¥00T'0 88060 G670 0000T TEO000 6966°0 TOTOO 0000T €€000 /9660 9€T00 Avewen
2wz0 0000T /S000 €¥66'0  2¥E00 0000T €Y000 85660 ¥9T0'0 G600T +20T0 TZ060 EBEVO 0000T TIOO0 68660 LE00O 0000T 25000 8¥e6'0 GT200  Soueld
26920 0000T TEOO0 69660 88I00 0000T 29000 8E66'0 6£20°0 1800T +¥600 LET60  TYOFO T000T 8TT00 €8860 ¥8E00 0000T 2¥000 89660 ¥.T0°0
89570 00007 €0000 26660 12000 0000T 69000 2€66'0 #9200 ¥ZI0T  9LTT0 8680  EE0S0 #000'T 80200 9660 22900 00007 6£00°0  T966'0  09T0'0
1i0dw | 5 p? n? v < p? n? 2 = p? n? » s p? n? 2 e p? n? ? Anuno)d
SauIyoe N S3Injoenue N e N S[ea1weyd Joded SPqI4 3| .L
$2U1SD]d 6 219D
9T0T'0 T0000 6V000 67000 TEE00 T0000 6v000 8¥000 €6200 AS
6/8€°0 0000T 66000 T966'0 2200 T000T TOTO0 TO66'0 20900  ebeleAy
8IrE0 0000T 87000 28660 €ZT00 TOOOT TOTOO 00660 L0900  UGPems
91620 €000T ¥9T00 8€86'0 8ZIT0 2000T +2T00 8860 Ty.00  Ppuejod
89/50 0000T 80000 26660 85000 TOOOT ZITO0 68860 €900  SPURBUBN
88870 - - - 00000 ¥000T 90200 8660 ¥ECT0  ElLAOS
YELED 0000T 65000 V660  20v0'0 TO00T 20T00 66860 80900 ARl
86L7°0 0000T 87000 28660 SZTO0 TO00T €8000 81660 S6v00  ArbunH
669€°0 0000'T G2000 S/66'0 S.TO0 TOO0T 90TO0 S6860 +€90°0 Auewoo
862€°0 0000T #6000 99660 SEZ00 0000T 69000 2€66'0 ZIYO0  8ouelq
95€2°0 0000T /0000 €6660 8v000 TO00T +6000 20660 09500  Puejuid
V16€0 0000T _ 6TO00  T866'0 82100 0000T _ OTOO'0 06660 2S00°0 wnibpg
1i0dw| < p? n? ? < p® n? Anuno)
‘Yoe |\ "UeD Bmod saulyoe N
G0000 66000 6000 18800 TE000 68200 85200 /Y00 80000 TSTO0 EYIO0  S¥90'0 10000 TYI00 V¥EIO0 6.40°0 €565°0 G960 S6.T0 93800  'A'S
G000T 9T200 6860 TES0'0 ¥T00T #8200 TEL60 89Y0'0 G000T 99700 6£86'0 60,00 G000T G6TO0  TISE'0  2990°0 ¥€9.T €9/2T T/8r0 T20T0  ebeleAy
G000T 67200 9860 2800 T000T 8TT00 #8860 ¥6I00 TO00T S6000 90660 80V00 TO00T 6TT00 28860 SOVO0 ¥296T 8ELST GBBE0 ¥ISTO  UBpems
2000T 92TO0 G/860  /8v0'0 L000T  9/200 TEL60 95700 TO00T TZIO0 18860 LTSO0 2000T 8YIO0 V5860 €0S0°0 - - - 00000  Puejod
€000T 08700 €286'0 26900 0000T ¢¥000 8966'0 0000 0000T €S000 8¥66'0 92200 0000T 2€000 89660 60100 - - - 00000 *Spue|RyPRN
2000T 6ST00 Y860  TT900 ¥000T 00200 0860 O0EE00 0000T 20000 86660 80000 TOO0T 08000 02660 #2000 €120T T.STO 2980 /SI00  elenoss
0T00T G2€00 S8960  €SCTO €0T0T 690T0 SGE060  €9LTO0 G200T 80S00 LIS6'0 €120 6T00T SW00 ¥.560 ETSTO 02ZST 2620T 826V0 620T0 ARl
€000T ¥9T00 6€86'0  0E€90°0 0T00T  9TE00 #6960  T2S0°0 TO00T OTTO0 16860 €400 8T00T GEVO0  €856'0 6LYTO TES0C  0089'T TELE0 089T0  AmbunH
TO00T #6000 L0660 09800 9000T THZ00 ¥9.60 86£0°0 €000T T9TO0 T¥86'0 06900 9000T 2v200 Y960 €280°0 0T65T T6ITT 6I70 6ITT0  Avewso
¥000T /6T00 20860 6S.00 1000T €9200 V¥.60 YEVOO €000T 69700 V€860 2200 €000T 98700 8I86'0  TE900 ¥6/CT G989°0 0£6G0 98900  Soueld
L000T  ¥/200 VEL60 ¥SOT'O T000T /6000 #0660 6ST00 ZI00T 9¥€00 99960  08YTO 2000T 9200 9/860 8Zv00 00867 GOTLZ G690 OT.C0  puejud
/T00T _ TZr0'0  9656'0 22910 G000T  ST200 6860 9S€0°0 T000T  €6000 80660 86800 2000T _ ¥ET00 /9860  /Sv00 0869T ¥¥ScT 9Evb'0  ¥SeT0  wnibpg
o? 3 » Ed o2 03 » o? 3 » x4 o2 3 » fd o? 3 » A1nunos
S2.njejnue N PN S3.njejnue N 31| [PWUON SETEe) [e0D /%00 .10

U0ONPOLT DI ‘8 2]19D],

30



8SET'0 00000 92000 92000 T.T0O T0000 +S000 €S000 90200 Y7000 2IE00 69200 VEETO T0000 /€000 L€000 TZIO0 60000 09T00 TSTO0 ¥/900 'S
S0 0000T 8Y000 2S66'0 85200 T000T ZL000 ¥2660 ¥620'0 9¥00T +¥900 20¥6'0  SS.C0 T000T 0000 0€66'0 82200 G000T S9T00 O¥86'0 L2900  dberay
86850 0000T 98000 #9660 91200 T000T 66000 20660 0SE0'0 2200T /YO0 S¥S6'0  TYOCO T000T TITO0 06860 T9E00 0000T 22000 8660 G6000  USpems
0£25°0 0000T GY00'0 SS66'0 L9200 2000T 8YI00 ¥S86'0 G9S0°0 €€00T T6S00 W60 TESCO 2000T ¥ET00 89860 9EVO0 ¥000T €T200 2660 66800  «PUelod
79€5°0 0000T €2000 2660 OFI00 0000T €9000 8€660 OF20'0 /00T  9/900 99660 G6820 0000T €¥000 2S66°0 OVTO0 0000T 60000 T6660 OFVOO0  »SPUElRURN
168€0 0000T +E000 99660 TOZ00 0000T 91000 #8660 65000 G000T G2200 0860 29600 0000T #8000 99660 OTTO0 2000T ¥ST00 87860 2S00  EBlLAOIS
18ST'0 0000T 85000 2660 6YE00 0000T 6v000 TS660 68100 09T0T O0SET'0  TT880  9L.50 TO00T 8000 €2660 €5200 6200T ¥S500 GLV60 ShEZ0 AR
95850 0000T 89000 2€66'0 8OVO0 2000T 6YI00 €S860 0.500 8T00T O0EY00 88560 T¥8TO 0000T SPOO0 SS66'0  9YTO0 2000T 8YTO0 §S86'0 #2900  «Arebuny
SI87°0 0000T T9000 6E660 S9E00 0000T €E000 29660 92I00 TS00T 2v.00 60860 9LTE0 T000T G000 S¢66'0 S¥200 2000T TYTO0 19860 L6S00  Auewwo
G9EE'0 TO00T S6000 90660 69500 2000T 9VIO0 99860  LSS0'0 ¥T00T +/800 66960 209T0 0000T 2Zv0O'0 85660 8ETO0 2000T 8ETO0 €986'0 98500  eoueld
0S'0 0000T 0T000 06660 6S000 0000T S2000 G660 S6000 /S00T 2800 G260 LYEEO TO00T OTT00 26860 9S€0°0 - - - 00000  pued
EEVED - - - 00000 0000T  Tr0O'0 65660  /ST0'0 8500T 0600 8926'0  BLEE0 0000T 08000 0/66°0 86000 T000T 20100 66860 Tev00  wnibpg
1i0dw | 5 p? n? v < p? n? 2 = p? n? » s p? n? 2 e p? n? ? Anuno)d
SouIyoe N soliseld S[edIWdYD Joded 2.n3no1IBY
542qq 1ML IT 2190.L
€0LT0 20000 85000 95000 G6£00 'AS
6970 2000T ¥PTO0 65860 88600  ebelAy
ZT0£0 TOOOT 98000 GT66'0 26500  USPems
67070 T000T GTTO0 98860 €600  Puejod
12290 €000T G9TO0 8E86'0 PEITO  SPURIBUBN
9670 €000T 09T00 ¢¥860 00TT0  ElLAolS
2L07°0 2000T ¥ST0O0 8¥860 8S0T0 ARl
GY8E0 2000T 2STO0 05860 /pOTO  AmbunH
2L020 2000T OETO0 2/860 716800  Auewso
¥952°0 2000T 8vTO0 ¥S86'0 020T0  8ouelq
0£92°0 0000T +S000 9¥66'0 E€LE00  «Pueud
#8250 L0007 2/200 GEL6'0  T/BTO0  wnibpg
1iodw | < p? n? ? A1uno)p
“YoB N "D JOMOd
10000 9€TO0 62100 €T80°0 92000 95200 T€200 G860°0 GT000 0/T00 9ST00  OEV00 92000 ¥¥200 8T200 €£60°0 00000 2€000 TE000 9ET00  'AS
¥000T €ST00 15860 SI60°0 T200T TOVOO 61960 PYSTO 2200T 2SV00 0.S60  EVTTO GI00T 6TE00 S6960 6TZT0 0000T +9000 9€66'0 G.200  ebeleAy
2000T SPTOO /G860 29800 6000T ¥0€00 S0/60 TLITO 6000T CIE00 86960  68.00 ¥000T S0Z00 6660 ¥8L00 0000T 6Y000 TS66'0 60200  USPeMS
TO00T T8000 02660  28v0'0 T900T €T800 87260 TEIE0 0200T GSY00 S9S6'0  OSTTO ¥000T €T200 660 E€T800 TO00T 06000 TT660 9800  Puejod
2000T 8ZT00 ¥/860 €9.00 2200T /YO0 S¥S6'0  SGEBTO TI00T 2€E00 6.960 6E80°0 G000T 2€200 €60 /8300 T000T +6000 20660 TOYO'0  «SPUBIBUBN
0000T +S000 9¥66'0 S2E00 1000T 99200 T¥.60 €20T0 9€00T 81900 8IV60  €9ST0 6800T 88600 TOT60 GLLEO 0000T #0000 96660 8T000  ElLAOIS
2000T TFTOO 09860 9800 7/00T 00600 ¥.T60  99YE0 6Y00T 6200 TZ€60 €8I0 TIOOT OVEOD T.960 862ZT0 TOOOT 96000 S0660 OTY00 ARl
¥200T L0S00 LTIS6'0  2EOE0 6000T S0E00 ¥0.60  9LITO ZT00T #5600 85960 96800 €000T 88100 91860 LTLOO 0000T 6€000 19660 89100  AmbunH
TO00T #6000 L0660 (09500 8000T #8200 V260 €60T°0 6T00T THO0 8.560 STTTO L000T 69200 8EL60 L20T'0 T000T 66000 20660 Gev00  Avewso
0000T 2v00'0 85660 #5200 0T00T 8TE00 26960 222T’0 GE00T 90900 62760  2EST0 TI00T ¥EE00 1/960 +.2T°0 TO00T 8000 22660 9E800  8ouelq
G000T 96200 6960 ETFTO 2000T 9E€TO0 99860 2S00 G200T TISO0 €IS6'0 #6210 2000T 62ZI00 €/860 T6V00 0000T 0S000 0S660 #1200  «Puejud
T000T _ TOTO'0  0066°0  9090°0 ¥000'T 60200 9660 €080°0 €000T _T9T00  Z¥86'0  L0v00 8000T 56200 ¥I.60 SZITO 0000T _ E€v000  /S66'0  +8I00  wnibpg
o? 3 » Ed o2 03 » x4 o? 3 » o2 3 » fd o? 3 » A1nunos
sauIyoe S3INjoeNuR N [eB N uo1PNPo.Id PR IN soise|d S[eaIuRyQ

SoPUo Pvoy ‘0T 219DL

31



References

Baldwin, Richard, Forslid, Rikard, Martin, Philippe, Ottaviano, Gianmarco, and
Robert-Nicoud, Frederic (2003). Economic Geography and Public Policy. Prince-

ton University Press, Princeton and Oxford.

Dixit, Avinash K. and Stiglitz, Joseph (1977). Monopolistic Competition and Op-

timum Product Diversity. American Economic Review, 67, 297-308.

Ethier, Wilfried J. (1982). National and International Returns to Scale in the Mod-
ern Theory of International Trade. American Economic Review, 72 (3), 389-405.

Fujita, Masahisa, Krugman, Paul M., and Venables, Anthony J. (1999). The Spatial
Economy. Cities, Regions and International Trade. The MIT Press, Cambridge,
MA.

Hummels, David (1999). Toward a Geography of Trade Costs. Mimeo, Purdue

University.

Hummels, David, Ishii, Jun, and Yi, Kei-Mu (2001). The Nature and Growth of
Vertical Specialization in World Trade. Journal of International Economics, 6,

75-96.

Hummels, David, Rapoport, Dana, and Yi, Kei-Mu (1998). Vertical Specialization
and the Changing Nature of World Trade. Economic Policy Review, 6, 79-99.

Krugman, Paul (1991). Increasing Returns and Economic Geography. Journal of
Political Economy, 99, 483-499.

Krugman, Paul and Venables, Anthony J. (1995). Globalization and the Inequality
of Nations. The Quarterly Journal of Economics, 110, 857-880.

Markusen, James R. (1989). Trade in Producer Services and Other Specialized

Intermediate Inputs. American Economic Review, 79, 85-95.

Midelfart-Knarvik, Karen H., Overman, Henry G., Redding, Stephen J., and Ven-
ables, Anthony J. (2000). The Location of European Industry. Economic Papers
142, Furopean Commission.

Neary, Peter J. (2001). Of Hype and Hyperbolas: Introducing the New Economic
Geography. Journal of Economic Literature, 39, 536-561.

Ottaviano, Gianmarco I.P. and Robert-Nicoud, Frédéric (2006). The “Genome” of
NEG Models with Vertical Linkages: a Positive and Normative Synthesis. Journal
of Economic Geography, 6, 113-139.

32



Rivera-Batiz, Francisco L. (1988). Increasing Returns, Monopolistic Competition
and Agglomeration Economies in Consumption and Production. Regional Science
and Urban Economics, 18, 125-153.

Venables, A. (1996). Equilibrium Locations of Vertically Linked Industries. Inter-
national Economic Review, 37, 341-359.

Yeats, Alexander J. (1998). Just How Big is Global Production Sharing? World
Bank policy Research Working Paper 1871, World Bank Policy Research.

33



Working Paper Series in Economics

(see www.uni-lueneburg.de/vwl/papers for a complete list)

No.28:

No.27:

No.26:

No.25:

No.24:

No.23:

No.22:

No.21:

No.20:

No.19:

No.18:

No.17:

No.16:

No.15:

No.14:

No.13:

No.12:

No.11:

Thorsten Schank, Claus Schnabel and Joachim Wagner: Do exporters really pay higher
wages? First evidence from German linked employer-employee data, June 2006
Joachim Wagner: Markteintritte, Marktaustritte und Produktivitat

Empirische Befunde zur Dynamik in der Industrie, Marz 2006

Ingrid Oftt and Susanne Soretz: Governmental activity and private capital investment,
March 2006

Joachim Wagner: International Firm Activities and Innovation:

Evidence from Knowledge Production Functions for German Firms, March 2006

Ingrid Ott und Susanne Soretz: Nachhaltige Entwicklung durch endogene
Umweltwahrnehmung, Marz 2006

John T. Addison, Claus Schnabel, and Joachim Wagner: The (Parlous) State of German
Unions, February 2006

Joachim Wagner, Thorsten Schank, Claus Schnabel, and John T. Addison: Works
Councils, Labor Productivity and Plant Heterogeneity: First Evidence from Quantile
Regressions, February 2006

Corinna Bunk: Betriebliche Mitbestimmung vier Jahre nach der Reform des BetrVG:
Ergebnisse der 2. Befragung der Mitglieder des Arbeitgeberverbandes Liineburg
Nordostniedersachsen, Februar 2006

Jan Kranich: The Strength of Vertical Linkages, July 2006

Jan Kranich und Ingrid Ott: Geographische Restrukturierung internationaler
Wertschopfungsketten — Standortentscheidungen von KMU aus regionaldkonomischer
Perspektive, Februar 2006

Thomas Wein und Wiebke B. Réber: Handwerksreform 2004 — Riickwirkungen auf das
Ausbildungsverhalten Luneburger Handwerksbetriebe?, Februar 2006

Wiebke B. Réber und Thomas Wein: Mehr Wettbewerb im Handwerk durch die
Handwerksreform?, Februar 2006

Joachim Wagner: Politikrelevante Folgerungen aus Analysen mit wirtschaftsstatistischen
Einzeldaten der Amtlichen Statistik, Februar 2006

Joachim Wagner: Firmenalter und Firmenperformance

Empirische Befunde zu Unterschieden zwischen jungen und alten Firmen

in Deutschland, September 2005

Joachim Wagner: German Works Councils and Productivity:

First Evidence from a Nonparametric Test, September 2005

Lena Koller, Claus Schnabel und Joachim Wagner: Arbeitsrechtliche Schwellenwerte
und betriebliche Arbeitsplatzdynamik: Eine empirische Untersuchung am Beispiel des
Schwerbehindertengesetzes, August 2005

Claus Schnabel and Joachim Wagner: Who are the workers who never joined a union?
Empirical evidence from Germany, July 2005

Joachim Wagner: Exporte und Produktivitat in mittelstandischen Betrieben

Befunde aus der niedersachsischen Industrie (1995 — 2004), June 2005



No.10:

No. 9:

No. 8:

No. 7:

No. 6:

No. 5:

No. 4:

No. 3:

No. 2:

No. 1:

Joachim Wagner: Der Noth gehorchend, nicht dem eignen Trieb.

Nascent Necessity and Opportunity Entrepreneurs in Germany.

Evidence from the Regional Entrepreneurship Monitor (REM), May 2005

Gabriel Desgranges and Maik Heinemann: Strongly Rational Expectations Equilibria with
Endogenous Acquisition of Information, March 2005

Joachim Wagner: Exports, Foreign Direct Investment, and Productivity: Evidence from
German Firm Level Data, March 2005

Thomas Wein: Associations’ Agreement and the Interest of the Network Suppliers — The
Strategic Use of Structural Features, March 2005

Christiane Clemens and Maik Heinemann: On the Effects of Redistribution on Growth
and Entrpreneurial Risk-Taking, March 2005

Christiane Clemens and Maik Heinemann: Endogenous Redistributive Cycles — An
overlapping Generations Approach to Social Conflict and Cyclical Growth, March 2005
Joachim Wagner: Exports and Productivity: A Survey of the Evidence from Firm Level
Data, March 2005

Thomas Wein and Reimund Schwarze: |Is the Market Classification of Risk Always
Efficient? - Evidence from German Third Party Motor Insurance, March 2005

Ingrid Ott and Stephen J. Turnovsky: Excludable and Non-Excludable Public Inputs:
Consequences for Economic Growth, June 2005 (Revised version)

(also published as CESifo Working Paper 1423)

Joachim Wagner: Nascent and Infant Entrepreneurs in Germany.

Evidence from the Regional Entrepreneurship Monitor (REM), March 2005



Universitat Luneburg
Institut fir Volkswirtschaftslehre
Postfach 2440
D-21314 Lineburg
Tel: ++49 4131 677 2321
email: brodt@uni-lueneburg.de
www.uni-lueneburg.de/vwl/papers





