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A (NEARLY) COMPREHENSIVE MODEL OF THE
DYNAMICS OF INTERNATIONAL ECONOMIC
INTEGRATION

M. Landesmann and R. Stehrer

1 Introduction

This paper builds on a model introduced by Landesmann and Stehrer (2000) and Stehrer
(2002) In the present paper we endogenise FDI flows and bring in a number of issues
which show how FDI flows may play an important role in codetermining international
specialisation and catching-up patterns. In fact, the causality runs both ways: the nature
of catching-up determines the overall quantity and industrial allocation of FDI across
branches of a catching-up economy and FDI in turn affects the pattern of catching-up.
The previous version of the model focussed on the endogenisation of the dynamics of
specialisation in a global economy which depended on the detailed modelling of sectoral
patterns of productivity growth as well as wage dynamics in both the (technologically) ad-
vanced and the catching-up economies. It could be shown that, adopting a Gerschenkron
pattern of catching-up at the sectoral level (i.e. industries with a higher initial pro-
ductivity gap have a greater scope for productivity growth), can turn the comparative
advantage of catching-up economies towards technologically advanced industries, even if
the absolute level of productivity of the catching-up economy remains below that of the
advanced economy. We spoke in this context of a ’comparative advantage switchover’.
The Schumpeterian feature of our model, particularly the emergence of transitory per-unit
rents allows an interesting integration of FDI flows into our model. Global investment
flows are sensitive towards the emergence of per-unit rents and hence, implicitly, to the
productivity- and wage-dynamics of catching up. Using a simple formulation for ’endo-
genising’ productivity growth as a function of FDI flows (representing the impact of FDI
on technology transfer) we show that FDI flows in turn impact upon the sectoral patterns
of catching-up and hence on the dynamics of comparative advantage.

On the technical side, the integration of FDI into our model reveals a feature of dis-
equilibrium dynamics: the building-up of capacities becomes both demand- and supply-
determined. The latter refers to the impact which high unit-rents (Schumpeterian prof-
its) have upon the attractiveness to expand capacities in particular sectors and loca-
tions/countries. The utilisation of such capacities is, on the other hand, demand-determined,
and hence a function of whether such sectors and locations are able to attract the addi-
tional demand required for such utilisation. We shall see that this opens up an additional
dynamic where utilisation patterns depend in turn on productivity-wage-price dynamics
and a number of price elasticities of demand. In the following, we shall proceed in two
steps:

(i) Endogenising FDI flows



(ii) Impact of FDI on ’endogenous productivity growth’

1.1 Endogenising FDI flows

We assume that FDI flows are reacting to the differential in per-unit rents! to be obtained
in different industrial branches and different international locations. In general, FDI
should be forward looking and not be just dependent upon current per-unit profits, but
we shall have to assume this as long as we do not implement a forward looking integral
about expected flows of returns. The chosen specification will allow us to introduce also
investment incentives which would reduce unit costs.

The next step is to allow FDI inflows to affect international market shares which
will allow those additional production capacities to be utilised as additional demand is
generated. We intend to allow FDI to also have an impact on the parameter of price-
to-cost adjustment so that (even without an impact on endogenous productivity growth)
there would also be a direct impact of FDI on international market shares as long as
there are disequilibrium price-cost margins. The rationale for this is that FDI flows
imply an opening of markets (to new entrants) and thus increase the competitive pressure
in domestic markets (leading to a faster price-to-cost adjustment). Of course, it does
not always have to work in this direction: There could e.g. be trade (and other entry)
barriers so that the foreign investor who ’jumps’ over the existing barriers would find a
rather protected domestic market and has little incentive to forego a profit margin. If
he is a 'contested’ new entrant (i.e. no entry barriers for other new entrants), then the
pressure to behave competitively will be there, but there might still be high fixed costs to
cover in the first phase of entry so that the foreign investor will have to keep the margin
to cover the fixed costs (typical situation in endogenous growth models).

In the model there is not an automatic adjustment of supply (the build-up of addi-
tional capacities through FDI and home investments) and demand (which evolves as a
function of the growth of market shares and additional income generation in the domestic
market where more workers are hired, possibly paid higher wages, etc.). In phases of ad-
justments resulting from the additional capacity-generating FDI flows there is a potential
demand-supply mismatch. The model converges to a long-run equilibrium where prices
equal (average) costs plus a (long-run) mark up and supply equals demand. We do not
however specify an immediate (and necessarily infinitely fast) price-setting mechanism
to equilibrate demand and supply, given capacities. We think that the approach taken
here is more flexible and allows us to bring in real phenomena (problems of adjustment)
which are not dealt with in neoclassical (equlibrium spot market) models. This, how-
ever, comes at the cost of temporary (supply-demand) imbalances which characterise the
model’s behaviour during transitory phases.

'In a model with circulating capital only, this amounts to the same thing as differential rates of return
on invested capital (with wages paid ex ante).



1.2 Endogenous productivity effects of FDI

The next step is to model the impact of FDI on endogenous productivity growth. We
shall assume that FDI can speed up the technology transfer in the catching-up economy
but not allow the country to shift the technology frontier itself (the latter is defined by
the productivity level of the more advanced economy). This reduces the possibility of a
cumulative process where competitiveness may be improved to a level which drives out
the advanced economy completely. If only technology transfer is speeded up, there is
a limitation of the degree to which a catching-up economy can benefit (technologically)
from increased FDI inflows (i.e. it can maximally reach the productivity level of the more
advanced economy).

There is also an empirical rationale behind this specification in that MNCs do not
set up sites in less developed economies which are technologically superior to the ones
in the home base. A real process of technological ’overtaking’ could occur if there is
a building up of human capital stock and R&D infrastructure superior to that of the
technological leader; this could occur as a function of domestic public policy and - under
certain circumstances - be the result of the ways how factor markets operate in different
economies.

Once FDI affects productivity growth, we shall have the scenario that fast learning
in the technologically advanced industries combined with moderate wage increases leads
to high per-unit rents in these industries; this makes them attractive for FDI inflows and
this speeds up productivity growth further. There will be a limitation in this productivity
growth push in that the Gerschenkron mechanism (advantage of backwardness) can be
exhausted and hence at some point productivity growth in spite of FDI inflows will slow
down as productivity levels of the more advanced economy are approached. In the long-
run we again approach a steady-state with equal unit costs in all countries (and with an
undefined specialisation structure).

Before this long-run steady-state is reached however, specialisation advantages in the
high-tech branches by the catching-up country are enforced by FDI productivity effects.
Of course, as always, productivity catching-up is only one side of the story, the other is
wage catching-up. And we know that any move in the direction of specialisation towards
high tech branches, requires an increased relative demand for skilled workers and hence
increases the pressure (given the composition of the labour force) on the wage rates of
the skilled workers.

1.3 Migration
TO BE INSERTED

2 The model

In this section we present the detailed structure of the model, which is used afterwards
in simulation studies. The model is based on a paper by Landesmann and Stehrer (2000)
and a more extended version by Stehrer (2002). The version of the model presented in
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this paper brings in the role of FDI as an important mover in the dynamics of catching-up
and in the evolution of comparative advantage.

2.1 Technology
2.1.1 Input-output matrix

We start with a matrix of technical input coefficients for each country ¢, denoted by

Cc __ aC aC aC
A _(a*1 co.oag a*N)
where .
aC ~C ~C ~C
a*j — ( alj ... ai] ... a/n] )

and the typical element af; denotes a technical input coefficient of sector j in country c.
These technical coefficients are assumed to be stable over time (i.e. determined by techno-
logical considerations). The technical coefficients must be distinguished from the demand
matrix for intermediate inputs as goods may be purchased from different suppliers; we
shall refer to this demand matrix as the 'sourcing matrix’; the elements of that matrix will
be price sensitive as we shall allow for substitution (as well as ’home’ and 'regional bias’)
effects. We denote the demand coefficients for intermediate inputs supplied by country r
to country c as

al{ ... alfy

Al‘C —
ayy,® .. ayy

These demand (or ’sourcing’) coefficients have to satisfy the technological given constraint

~C —

aj; = ), aj;i. The overall world sourcing matrix is then given by
At . Al (alr)T
A= P =(ar} ... af) = :
AC .. ACC (a$e) "

The integrated A matrix further satisfies the conditions to guarantee economically mean-
ingful solutions.

2.1.2 Labour input coefficients

Leontief production function The goods produced require different types of workers
denoted by z =1,...,Z. We denote the vector of labour input coefficients by

a; = (alci,l alci,Z)

where aj; . denotes the labour input coefficient of skill tpye z in industry ¢ in country c. We
do not allow for substitution effects between different types of labour, although we allow
for changes in the composition of labour due to technological change (e.g. skill-biased
technological change).



Technological progress is introduced through changes in labour input-coefficients as a
steady decrease to an exogenous (stationary) level, i.e.

- c __c c —c
iz = Vay; . (%‘,z - ali,z)

This simple formulation allows both for differences in the rates of productivity growth,
firstly, due to inital 'distance’ from the stationary state productivity level and, secondly,
due to differences in the speed of adjustment (parameter 73”,2) to that level. The same
distinction will be used later on to differentiate between a 'weak’ and a ’strong’ Ger-
schenkron effect when productivity catching-up processes are considered from the point
of view of a catching-up economy. Finally, we should also mention here that we shall also
employ more complicated specifications, such as a logistic formulation. These allow the
characterisation of more differentiated patterns of productivity growth across industrial
branches and also of catching-up patterns across economies.

Substitution effects We follow the following modeling strategy: As a benchmark we
model technical progress in the way that labour productivity for the skilled workers are
following an exogenous path. Connected to the level of productivity of the skilled workers
we have an unambigously defined level of productivity for the unskilled workers if the
relative wage of both types of workers reflects the relative productivity level. This means
the skilled to unskilled ratio follows an exogenous path (see figure). The curvature of the
path reflects the factor bias of the technical progress. Each point at this path reflects
the factor ratio for a Leontief production function (i.e. no substitution effects across
factors). However, to each of these points we construct a CES production function which
has its optimal point (i.e. the cost minimisation point) at exactly this point of the path
if the relative wage reflects relative average productivity of the workers. This means that
the assumption of cost minimisation given a more general production function and given
relative wage rates reflecting the average productivity we have the same outcome (factor
ratio) for both types of production functions. The latter however allows to implement
substitution effects in a well defined way. Given the relative wage rate differs from that
of the relative productivity levels, this allows for substition effects. Figure 2.1.2 shows

Skilled A

Hypothetical path of skill-biased technical change

wu/ws = als/alu

e ~
e = N
e wu/ws = als/alu ~.

.
Ll
Unskilled

Figure 2.1: Path of technical progress



the the path of one particular industry. Point A is a long-term equilibrium where relative
wage rates reflect relative productivity levels. Over time technology changes (i.e. the
production function shifts inwards); in the figure we assumed that technical progress is
biased against the unskilled workers. If relative wages are stable there is a substitution
effect towards the unskilled workers as the relative wage rates of unskilled workers do
not change accordingly to relative productivity increases. Given the flexible production
function the skilled to unskilled ratio is given by point B. If, however, relative wage rates
changes in the way to reflect average productivity levels (as would be given by the Leontief
function) the technology would shift to the hypothetical path.

2.2 Prices and rents

Prices Prices are modeled as adjustment to unit costs
pi = =0y, [pi — (1 +m)c]]

where ¢f = . piag; + vf are the costs of production and vf = wy aj; , denote the unit
labour costs in a particular sector 7.2

We assume that wage rates (by skill-types) w;, need not be equal across sectors,
although we shall assume that wage rates for each particular skill-group tend to equalise
in the long run as we shall see below. The parameter 0 < d; < 1 gives the speed of
adjustment of prices to (equilibrium) unit labour costs. There exists a long run mark-
up on prices with 7{ being the mark-up ratio. This assumption leads to equal per unit
profitability across sectors in the long run simply through the price-to-cost adjustment
mechanism.3*

Rents As there is a constant long-run mark-up ratio on prices 7§ there are long-run per
unit profits r{ defined as

As prices do not adjust immediately to unit costs plus (long-run) mark-up, there arise
transitory rents s; depending on the speed of technological progress, the price-to-cost
adjustment parameter d,e and the dynamics of wages as we shall see below:

c__ ¢ e\ .C __ ¢ c cc__ ¢ c c
s; =pf — (1 +7j)ci = pi — ¢ — mjci = pi — ¢ —1;

2The price equation could be extended to allow for an excess supply/excess demand term; we shall
not do this in this paper.

3In addition, there will be other mechanisms at work in the model which lead to long-run equilibration:
one is the pressure on wage rates when a sector has above-average unit-rents; the other is the allocation
(see below) of additional investment flows into a sector with high per-unit rents which increases labour
demand and thus provides another mechanism for wage (and hence unit cost) pressure in that sector.

4At this stage we do not introduce exchange rate dynamics and assume the exchange rates to be
constant. This means that all nominal values are expressed in a particular currency.



2.3 Labour market

Wage rates Nominal wages are growing or falling for three reasons: First, transitory
rents are partly distributed to workers; second, excess supply (demand) of workers in
the labour market drives wages up or down; and third, we assume skill-specific wage
equalisation across sectors in the long-run. These three factors are formulated as follows:

c —C

S w;, —w ;
c __ ,.C c,,.C 3% z : c _ ,.c 3%
wi,z - K/si’zi + l{/uguzwz’z + /iwgic Wlth l{/si,z - I{/Si

i
Zz alci,z wi,z zz wzc,z

c

0 < k§ < 1 is the proportion of per unit (transitory) rents si paid to workers. The
specification of the first term on the rhs of the wage equation implies that wage rates of
different, types of workers are absorbing a certain proportion of sector-specific rents (the
latter are defined per unit of output). This means that wage rates can (temporarily) be
different across sectors and skill-groups as rents are, in the first instance, distributed only
to workers in the respective sector where the rents arise.

The second term on the rhs of the wage dynamics equation reflects the impact of

unemployment on the dynamics of the wage rates (x; < 0). The unemployment rate is
defined as

Cc C (& (& Cc

c hs — Zz ap 9 h; — Zz li,z
z c - c
h’z h’z

where h¢ and [§ denote labour supply and demand, respectively.
Third, there is an impact on the wage dynamics if wage rates (for the same skill-type
of worker) differ across sectors. This reflects the common assumption that wage rates get

equalised across sectors because of labour mobility. The (weighted) average wage rate
¢ w€
S
sectorial wage wf, the wage in sector 1 will rise, in the other case fall. This term works
across all sectors. Thus in the formulation used in the simulations, there are two sector
specific terms and one economy wide term having an influence on wage rates in each
sector. Skill-specific wage differentiation can occur across sectors in the short run, but

wage rates are equalised for the same skill group across sectors in the long run.

(across sectors) is defined as w¢ = If the average wage w; is higher than the

Labour supply Skill-specific labour supply A¢ is assumed to adjust to labour demand
according to

z

he = b5, (12— hS)

where
¢ _ 6h§,IN >0 for hg > lg
hs 6h§,OUT Z 0 for h,g S lg

This formulation implies that labour supply adjusts to labour demand if there is excess
demand or excess supply of labour; adjustment occurs at different rates, however. In the
first case workers are entering the labour market, in the second case workers leave the

7



labour market in case of unemployment, so that high unemployment leads to a falling
participation rate.’

In the case of an exogenous inflow (or an exogenous constant growth rate) of workers
the labour supply equation is

hs = Ohe (I = hS) +72hs

which may reflect human capital policies of different countries. The implications for the
long term structure of the economy are discussed below. (Of course, the maximum of the
work force cannot exceed the stock of this skill type in the population times a long-term
participation rate.)

3 International economic linkages

3.1 Quantities: Demand Side

Following on from the discussion of the price system, the quantity system must be speci-
fied. Demand for goods consists of three different components which can be summarized
in the following demand equation:

g = aia+ i+ If (3.1)
s,k

The first term is demand for intermediate goods used in production, the second term is
(net) investment demand (financed - by assumption - out of profit and rent income) and
the third term reflects consumption demand (at this stage assumed to come from workers’
incomes). jf and ff therefore denote investment and consumption demand respectively
for good . We discuss each of these items in turn.

3.1.1 Demand for intermediate inputs and the ’global sourcing’ matrix

*C C.

The quantity of intermediate inputs to be purchased in one period of production is a}/q;;
its nominal value is p'a’¢qf. These intermediate inputs can be purchased from countries
r and hence the nominal share (of total outlays on intermediate goods) spent by a sector
1 located in country ¢ on an intermediate good k from country r is given by

T TrC
re _ Pk
ki ™ T a*c

P a*i

where the (sourcing) coefficients a}$ are momentarily given, but are themselves dependent

rc

on prices and may thus vary over time. The constraint is given by Y af = ag,, i.e.

5We do not, at this stage, make the labour supply a function of the real wage - contrary to a typical
neo-classical formulation - but a function of the excess-demand for labour, as we think that this mechanism
has been shown to be empirically more relevant than the neoclassical mechanism; see e.g. Elmeskov and
Pichelmann (1993).



the sourcing coefficients of intermediate inputs must sum up to aj,;, the technical input
coefficient for input & in sector ¢ of country ¢ (see also section 2.1 above).

We suggest the following modeling strategy: First, we calculate the expenditure shares
for intermediate inputs which sector ¢ of country ¢ spends on goods k from country r. We
use the following CES specification:

-1
1_ c X c X 1 c )
ko= (k) 7O (o) (E ()"~ (gl )”“”“)

S

where o7, denotes the elasticity of substitution and g7 is a parameter reflecting a
'suppliers bias’ (it can be used e.g. to include a ’home bias’ or a ’regionalist bias’ effect).
Whereas U(g)ki is the same across countries, the weighting parameter ng)ki gives weights
to different countries » which may differ for sectors 7 and k. This satisfies the condition
that > (i¢ = 1. Setting aj = (jsay,; gives the coefficients of the A matrix which have to

satisfy
2 : rexc E _
Ckzakz akz akz
r

These coefficients give the structure of purchases of intermediate input goods across coun-
tries and sectors. In fact, this defines the ’global sourcing matrix’ A introduced in section
2.1 above.

The second step is to calculate the share of the nominal value spent on goods k. Given
the expenditure structures (as we have already determined the sourcing coefficients a}5)
this is determined by

r.re
6 T *c c_ 1 pkakz T *cqc arcqc
a,,q;, = T *c a,,4; kidi

PP a;

which refers to demand for good £k in country r bought by sector i in country ¢ which
produces ¢;.

The above formulation allows for substitution across countries when buying inter-
mediate inputs. Please note that the above implies that a higher physical amount of
intermediate inputs can be purchased as expenditures are allocated more efficiently over
countries. Or, alternatively, the same bundle of technologically determined inputs can be
purchased at lower costs as expenditures are allocated more efficiently over countries. Pos-
itive values for the ’suppliers bias’ terms Q&C)ki thus imply - from the cost side - efficiency
losses.

Summing up over countries ¢ and sectors i gives the total demand for intermediate
inputs in sector k of country r:

> aisas

(X}

This is exactly the first component in the demand equation (3.1).
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3.1.2 Consumption demand

Demand for consumption goods in general depends on preferences, income and prices
(or real income). We assume a simple two-stage budgeting process. In the first stage
income is allocated across products, in the second stage the expenditures for each good
are allocated across suppliers from different countries.

Let the nominal share of expenditures for good k of country ¢ spent on goods produced
in countries r = 1,...,C be given by

r

—1
(i = (py)' 7w (szk)ff?m (Z(p;)l—% (Qgﬁ)k)”fm)

which results from a CES utility function. Similar to above o}, ; is the elasticity of sub-

stitution for goods across countries for consumption demand. The parameters Qzﬁ)k are
again parameters which should reflect ’suppliers bias’ effects. Given the nominal shares
allows to calculate the price index for each consumer in a specific country. Consumers
within each country differ as wage income differs across skill-types and industries. For
simplicity we assume that the parameters oy ; and Q’("ﬁ)k are equal for all consumers in
country ¢. The (average) price for good k in country c is then given by

1—0C

(w)

= (Z(pZ)l_”(u)(Qzﬁ)k)”(u)>

r

which results from the compensated demand function. This average price can be inter-
preted as the price of good k in country ¢.5

In general the expenditure share on a specific good k is a function of the nominal wage
income and the price vector (p§,...,p%)-

Given any specific demand system (e.g. an Almost Ideal Demand System) one can
calculate the nominal expenditure shares for good j of each skill-type of worker z in a
specific industry ¢ receiving a nominal wage of wy ,. We denote these shares by ag(i,z) with
> .y = 1 for products j.

Consumption demand for good k in country r purchased from country c is then given
by .

w-
DG
e Ph

C C
5,45

Summing up over all countries ¢ gives consumption demand for good k in country r:

we

fr:§: req, o hZac e
k M k(j,2)" & l],zq]
cirz Pk

which is the third term in the demand equation (3.1).

61f one would assume that paramters oy and p’(",f) . are e.g. different for skill groups one would have

to calculate a price pj, for each skill group.
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3.1.3 Investment demand

Finally we have to specify how income out of retained earnings is spent. We assume that
per unit profits and rents which are not distributed to workers, i.e. ((1 - ﬁsg)sf+rf) =my
are entirely used for investment. Total rents plus profits in nominal terms in the economy
¢ and sector ¢ are then given by

miql = ((1 — kye)si +75) g

In an integrated economy investors have to make two decisions: First, in which country
and sector to invest, and second in which country to buy the goods for investment. These
questions are guided by different considerations: The first one is motivated by relative per
unit rents (and profits), the second by relative prices for purchases of investment goods.

Let us adress the first question. It is reasonable to assume that investments are made
in the sectors and countries with the highest (expected) per unit rents. Second, there are
also sector specific investment patterns, i.e. profits made in a sector ¢ are more likely to be
invested in a sector which is 'closer’ in terms of sector-specific knowledge (of its technology,
its markets, types of industrial relations, etc.). To account for these considerations we
assume the following specification. A specific sector 7 in country c¢ invests in sector j of
country s the share ;¥ of total retained earnings:

¢ _ c c . -1
cs { (m;)a(l/)i 1(953)7;]')0—(1/)4' (Zt,l(mf)a(y)i I(Qg/)il)o'(y)i) fOI' mf > 0

[ i—
Y 0 for m{ <0

This again results from a CES specification. Summing up over all sectors ¢ in country ¢
gives the investment of country ¢ in sector j and country s:

CS c_cC
E :l/ij m;q;
i
Further summing up over countries ¢ gives total investment in country s in sector j:

CS c_ cC
E Vizm;q;
(X

Second, we have to specify the country where the goods for investment of country ¢ in
country s are purchased. This is in general driven by relative prices. We denote the
shares by &;¢. Again, there are various possibilities: the pattern for purchasing goods
may, firstly, be the same as that of the investing country (country ¢ above); or, secondly,
it may be the same as in the country in which the investment takes place (country s
above). The second possibility is more plausible as the investments are made in plants
operating in country s. There can be arguments in favour for the first alternative, e.g. if
a multinational keeps its structure of suppliers. But even in this case, one would consider
this a transitory phenomenon, as increasingly the sourcing structure might move towards
the new location. In the simulations reported below, we shall restrict ourselves to the
second possibility.

11



In the first case the nominal sum invested from sector ¢ in country ¢ in sector j of
country s is allocated over goods k as does sector j in country c:

Chj = &y

In the second case the nominal sum invested from sector ¢ in country ¢ in sector j of
country s is allocated over goods k as does sector j in the receiving country s:

Chj = €k
This results in different demand patterns. Let us discuss the two cases separately:

First case In the first case the nominal sum of country ¢ and sector ¢ invested in country
s and sector j is given by
virmeg;

Summing up over all countries ¢ and industries ¢ give total investment in industry j of
country s.

To calculate the demand effects we have to include the expenditure patterns across
countries which are in this case:

Ck] (VZJ my; qz)

This represents the demand in sector k and country r as country c invests in country
s and sector j. Taking sums over all investing countries ¢, across all sectors ¢, and all
receiving countries s, determines total (nominal) demand (from global profit income) for

good k in country r
Z Ck] VZ] m; qz

C,L,8

In real terms this is then given by

r § :
Jk = Ck] szm Qz

C.Sl

This is the second component in the demand equation (3.1). From a technical point of
view this would also imply that country s uses a mixture of technology of countries ¢ as
the column vectors a; would apply.

Second case In this case the expenditure patterns across countries are given by

Ck](yz]m qZ)

which gives demand in sector k£ and country r as country c invests in country s and sector
j. Again, summing up over all countries ¢ and s, and sectors ¢ give

7'_
Ic_ ZCIW Vl]mQZ

C,S,0
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3.2 Supply side: capacity effects and transitory disequilibria

In the previous section we discussed the demand side of the system. In this section we
analyse the supply side of the system. Before going to disequilibrium dynamics we look
at a special case, i.e. the balanced growth path of the world economy.

3.2.1 Capacity effects

Apart from this demand effect one can calculate the capacity effect. The capacity effect
takes place in country s, i.e. the receiving country (although the demand effect will also
be felt in other economies where intermediate goods are also purchased.) We shall look
at this from the viewpoint of country s as the receiving country and sector ¢ as the sector
in which investments are being made. What matters is that the capacities of sector
are expanding as a result of the allocation of FDI in the sector which in turn depends
on the attractiveness of that sector as a destination of rents and profits made globally.
The relative attractiveness of different destinations (sectors i in countries s) have been
specified through the 'share’ coefficients v$7. The rates at which capacities are expanding
in these sectors can be calculated by Calculatlng the physical purchases (of equipment
goods) which can be bought with a particular (nominal) FDI allocation of investments.
This in turn depends on the sourcing structure discussed earlier.

Hence, in the first place, the nominal sum which is invested (out of global profits and
rents) in sector i of country s is given by

CcS c _C
§ , Vi m;q;
¢

The physical increase in capacities is made up of the set of capital goods k = 1,...,n and
the real increase in capacity of a capital good k derived from additional investment can

be calculated as
ﬁ > viimia;
7]

Inserting for ;7 = 5 - ’“:s gives

1 plaj
k kz c c
p Z Jlqu - Ta*s ]Zm q;
*z ,j *oeg

While this is the growth rate (in real terms) of 'capacity’ for one capital good k in sector
i of country s, we have in our derivations guaranteed (see section 2.4.1) that the increase
in capacity would be proportional in all equipment goods k. Hence, the capacity effect in
equipment good k is equivalent to the overall capacity increase in sector .
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3.2.2 Balanced growth

For discussing balanced growth we use a result derived in that the allocation of the nominal
sum of retained earnings must satisfy the following condition as argued in Stehrer (2002):

s _ pladg
" pTAq

which assumes that investment behaviour is the same for all industries and countries.
Inserting in the expression for the physical increase in capacities above gives

rs rs T %8 8
Qp; cs._c.c Qp; P a,;q; c .c
Tars 2274 = ST e TAq %
p a*i c.i p a*i . p q.
7.] C7]
T o%S 8

rs
_ aki p a*iQi mcqc
- § : Jij
p'aj p'Aq 4=
S
rs

A
’ pTAq ¢,J

a;sqg ZCJ mgq]c
i 4 pTAq

c _C
m;q;

Dividing by the existing stock of intermediate inputs a}’¢’ gives the growth rate of ca-
pacities
s __ ZCJ qujc
9; = pTAq
Note that this growth rate is equal for all sectors and countries as it is just the ratio of
the sum of retained earnings and the nominal value of the intermediate inputs, i.e. g = g
for all 7, s.
The dynamics of the output of good 7 in country ¢ is modeled by:

Q= (L+g9) Y ag (G5 + f5) —a

J

-1

where @;; denotes a typical element of the Leontief inverse [I — A] In equilibrium

supply equals demand and we have
q=Aq+j+f

satisfied. Inserting gives

Further it is satisfied that
q+a=A"(j+Aq)=A""j+q

which means that the output can be produced with the available intermediate inputs Aq
and the goods demanded for investment.
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At each point in time j and f is demanded which implies that (I — A)~!(j + f) should
be available as intermediate inputs. As however j is not consumed, this investment is
additionally available for production and thus allows for a growing economy.

The stock of intermediate inputs available at the beginning of the production period
is thus augmented by the investments. This allows the economy to grow at the rate g
without constraint on the supply side of goods as at each point in time gAq is added to
capacities. The demand side is satisfied by consumption demand from either a growing
work force and/or - if labour productivity increases - from consumption spending from
growing earnings (of workers and capitalists) and the growing volume of retained profits
spent on investment goods.

3.2.3 Disequilibrium interpretations

In general it is however likely that the equilibrium behaviour is violated, especially in
the case of integrated economies. Thus there may arise excess capacities due to shifts
in consumption demand, investment demand or changes in the sourcing matrix. In the
case of excess supply being higher than demand for a particular good one could either
assume that the goods vanish or that the short-term productivity of the sector decreases
or that there is some underutilisation of capacities. On the other hand in the case of
excess demand one could either assume that the productivity of this sector increases or
that capacities get stretched which allows us to focus on the long-term behaviour of our
model rather than to focus on the detailed adjustment to short-term imbalances. Further,
as we formulate our analysis in continuous time and given the (numerical) assumptions
in our simulations on the adjustment processes, the arising imbalances are negligible.
Expressed in terms of growth rates, the growth rate of capacities is defined as

14

akz m q rsqs _ Z :] Jlm q]
T *§ z : Vji i/ ki =
a p *zQz

*7 C_]

which in equilibrium equals the growth rate of demand. However this equality need not
hold in general, i.e. there can be a capacity-demand mismatch, as the two sides are
determined by rather different variables.

We interpret the dynamics of the output system in the following manner. The equation
for output dynamics is given by

6= (L+g9) Y _as (55 + ) — &
j
which differs from the balanced growth situation only as the common growth rate is
replaced with sector and country specific growth rates gf. In fact, this gives the ’capacity’
output path which would be equal to actual output if consumption and investment demand
would also grow at this rate. However, as the latter are driven mainly by expenditure
structures which are sensitive to relative prices and relative unit rents in a global economy
this is not satisfied in general. As mentioned above we assume that if this is not satisfied
productivity of the system adjusts in a way that actual output is equal to demand.
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This does not rule out that there can be a path of overinvestment or underinvestment
in particular sectors until the system reaches a steady state. For the moment, we take
recourse to the 'productivity assumption’ (or stretching of intermediate inputs) which
requires a certain flexibility of the productive system to deal with a mismatch between
capacity output and demand.

Before coming to the discussion of catching-up patterns and the impact which FDI
has on the speed of technology transfer, we still introduce the price side.

3.3 Price convergence in the long-run

The last effect of international (market) integration we wish to introduce into our model
is the long run tendency of the prices of the same type of goods to converge to the same
(weighted) average price ('law of one price’). In the following we assume an exogenous
trend for price equalisation. This alters the system of differential equations for prices to
e _ pe

B =05, pf — (L4 m)ef] + 05, P

C

p;

where pf is a weighted average of the prices of the trading partners of c.

3.4 International convergence patterns: strong and weak Ger-
schenkron effects and the impact of FDI on technology trans-
fer

Another much discussed aspects of the linkages which emerge from international economic
integration is that countries can learn from each other, i.e. that there are ’knowledge
spillovers’. This greatly facilitates the catching-up of technologically backward countries
with more advanced countries.

3.4.1 Exogenous catching-up

The simplest modelling strategy, which will be used in this paper, is that countries are
catching-up with the leading country (or the technology frontier). Different paths of
catching-up processes were investigated in Landesmann and Stehrer (2001) and this dis-
cussion will not be repeated here. In the simulations below we assume that a (techno-
logically) lagging country will experience higher rates of productivity growth in those
industries which start off with a higher initial productivity gap relative to the leader
(this amounts to an application of Gershenkron’s famous thesis of the 'advantage of back-
wardness’ at the industrial level; see also Landesmann and Stehrer (2001) for a theoretical
discussion and empirical analysis of this use of the Gerschenkron hypothesis). The specific
equations for the catching-up processes are similar to the closed economy case:

dlci,z = f)/gli,z (alci,z - aﬁ,z) (32)

where al: denotes the labour input coefficient of the productivity leader (i.e. associated
with the global technology frontier)
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We distinguish to cases: The 'weak’ Gerschenkron effect means that catching-up for
the industries takes place at the same rate of convergence, i.e. the convergence parameter
is equal across industries. This does not mean however that productivity growth is equal.
The ’strong’ Gerschenkron effect means that the convergence parameter is higher in one or
a subset of industries. As we shall show below if the industries with the higher initial gap
show a ’strong’ Gerschenkron pattern there may a ’comparative advantage switchover’
can take place in the course of catching up.

3.4.2 Endogenous catching-up

In a more sophisticated setting, the speed of catching-up could also depend on various
proxies of ’social or technological capabilities’ in the catching-up economy (this approach
is associated with the arguments put forward in Abramovitz (1986); a formalisation and a
partial test of this hypothesis is provided in Verspagen (1992). Proxies for such capabilities
(i.e. reflecting the ability of a catching-up economy to absorb and utilise more advanced
technology) could be the country-wide or industry-specific skill-structure, exogenously
specified learning parameters, the structure and volume of imports and exports (reflecting
the embodied part of technology transfer, particularly with respect to imports of capital
goods and the incentive effects on technology up-grading which a high export orientation
provides, particularly towards high-income markets) and, finally but very importantly, the
intensity of flows of foreign direct investments, i.e. FDI. This last point will be introduced
in this version of the model by assuming that the speed of technology appropriation yg‘“,z
is a function of FDI inflows.

Thus, we endogenise productivity growth as a function of inward FDI flows. We
normalise the effect of FDI by using the physical inflow of foreign direct investment in
country ¢ and sector ¢ relative to the capacities:

1
FDIT realy — | ]7;20 Z m q] /a2§q7,c
Pk 5,

Inserting for
T TC
re __ Dy Qi

M prar
gives
. ]/‘?.cms.qs.
FD rea“—% for s # ¢
P a,4q;
which collapses to a nominal ratio. The specific formulation used in the simulations is
) L
ag; , = (’Y;, +Yep1io D ea ) (alciz alzz) (3.3)

3.4.3 Substitution effects across skill groups

Accordingly to the discussion above the industries follow a hypothetical path as shown
in figure 2.1.2 above. This means that the hypothetical skilled to unskilled ratio is deter-
mined by the level of labour productivity of the skilled workers. Allowing for substition
effects an economy may deviate from the path in the above specified manner.
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3.5 Migration (and commuting)

A third path of international integration is via migration of workers. Given the set up of
the model this can be introduced via the labour supply equations given above.
Generally, there are two important variables for migration: The first is the differential
in real wage rates (for a given skill group or even skill /industry specific) and the differential
in unemployment rates (again for a particular skill group) between two countries. Third,
one has to take into account that the migration potential in each country may differ across
skill groups. For migrants we have to determine to which country the people want to move
to (or stay); we assume the relative attractiveness of different (destination) locations s
from a host location c to be expressed by shares 6:°. Then the resulting flows determines
the changes in the labour supplies (by skill type) in the different locations accordingly to

= 05 (15— hS) + S 05k = 3 00

The shares 5° are assumed to be determined by a CES function:

—1
o = AS(@r) o (off.) - (Z(wch‘“?%z(gfg),z)“fw) T

S

-1
(1= 2@ (eff.) o (Z(a?)”fﬁv (gf@z)"f”)

S

where w}¢ and u¢ are appropriate measures of real wage and unemployment differentials
and A\ denotes a weighting parameter for the relative importance of these two variables in
the migration decision. The parameters a(cg)z are the elasticities by which migration flows
respond to differences in the characteristics across locations (they can be skill specific) and
the parameters ng)z reflect further preferences across locations (which may also include
policy measures, geographical/cultural distance, etc.).

We assume that the immigrants are immediately adjusting to the consumption be-
haviour of the host country. The number and structure of immigrants into a country then
have an effect on labour markets via the unemployment term in the wage equations and
via the demand effects on output.

4 Simulation studies
4.1 Weak and strong Gerschenkron effects
In this section we present three simulations to show the effects of
1. trade integration and 'weak’ Gerschenkorn pattern of catching-up;

2. trade integration with 'strong’ Gerschenkron pattern of catching-up;
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3. the additional impact of FDI inflows with additional ’endogoenous’ productivity
(’speeding up of technology transfer’) effects.

The simulations are undertaken in a two-sector version of our model including two coun-
tries and two skill-types of workers. Country A is the technological leader and country
B is the catching-up country. Sector 1 is the skill-intensive sector which also experiences
faster productivity growth. In all the simulations we allow for trade in intermediate in-
puts, trade in investment goods and trade in consumption goods. However no transfer
of rents (or international investments) across the countries is taking place. In the second
scenario we allow for foreign direct investment with a high sensitivity to relative unit rents
and we also introduce the endogenous productivity (speeding up of technoogy transfer)
effect.

In the previous sections we presented the model in very general terms. In the simula-
tions however we shall make some specific assumptions which allow a better understanding
of the ongoing dynamics. In most cases we let the CES-specifications collapse to a Cobb-
Douglas specification, i.e. the price elasticity equals -1 and thus nominal shares remain
invariant to changes in prices (i.e. o — 1). First, we assume fixed coefficients in the
sourcing matrix. Second, we use constant nominal shares for the demand components:
Specifically we assume that 75 % of the spending on each good for investment or con-
sumption 25 % percent is purchased abroad. The expenditure pattern for consumption
across two sectors is assumed to be aj = 0.5.

In Scenario 2 we use the CES specification for the allocation of rents given in the
equation above with a high sensitivity on relative rents. The other parameters can be
found in table 4.1. The starting values are given in table 4.2. The starting values in all the
simulations reflect a stationary state of an integrated international economy as given in
table 4.2. The simulations start in this particular equilibrium and are then subject to, at
first, exogenous productivity growth effects; these differ between countries (the aggregate
Gerschenkron effect) and across sectors (the sectoral Gerschenkron effect).

Country A succeeds in moderate labour productivity gains over time as labour input
coefficients are falling to a level of 90 per cent of the starting values. We further assume
that the parameter fygi,u is the same for all industries and skill-types which implies that
technical progress in country A is neither sector nor factor biased.

For country B we have both the aggregate and the sectoral Gerschenkron pattern of
productivity catching-up implying that rate of catching-up is considerably higher in the
sector in which the initial productivity gap is higher (sector 1); this sector is also more
intensive in the use of skilled labour.” Given the structure of the starting values and the
assumptions about catching-up this implies a sector-biased technical progress (but not
factor-biased) in country B.

"We distinguish between a weak and a strong Gerschenkron effect at the sectoral level: In the first case
productivity growth would be higher in sector 1 simply because the initial gap is higher than in sector
2 but the convergence parameters Yai themselves are the same across the two sectors. The strong
Gerschenkron effect implies that also the convergence parameter is higher in the sector where the initial
gap is higher. We shall see later on that we need the strong Gerschenkron effect in order to obtain a
‘comparative advantage switchover’. In the simulations discussed we only show the runs with the strong
Gerschenkron effect.
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Table 4.1: Parameter values used in simulations (Scenario 1)
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This results in a much faster decrease of the relative price of industry 1 in country
B than in country A which means that country B becomes more competitive in the skill
intensive sector. Due to the much faster technical progress in sector 1 per unit rents are
also higher in this sector in country B. In country A (where technical progress is not
biased) rents are almost equal in both sectors. They are a little bit higher in industry 1
which shows the effect of the price-equalisation term and the effect of lower input prices
from country B. Unemployment in country A is even negative (meaning excess demand for
labour) for both skill groups. The reason for this is that, first, technical progress (hence
the labour saving effect) is quite smooth and, second, that the growth process in country
B creates more demand from country B (mainly for investment). As mentioned above,
country B undergoes a rapid rate of labour-saving technical progress and thus undergoes
a phase of transitory unemployment at the beginning. The unemployment rate is a little
higher for the skilled workers as the rate of productivity growth is particularly high in
the skill-intensive sector and the weight of this sector increases in the economy (due to
substitution and trade specialisation effects). In both countries the relative output of
the skill-intensive industries is rising as this industry becomes relatively cheaper. In the
particular simulation selected the relative comparative advantage moves in such a way
that we observe a ’comparative advantage switchover’ around period 10.

In the second scenario in which foreign direct investment flows are endogenised, these
are set to be very sensitive to the differences in per-unit rents. Given our catching-up
assumptions (i.e. fast unit cost reductions in the skill-intensive sector in country B) this
implies very high relative unit rents in sector 1 and hence most foreign investment flows
into sector 1 of country B. Next comes the additional impact of FDI on endogenous pro-
ductivity growth. The result is even stronger productivity growth and cost reductions in
sector 1. The result is that we observe an even more dramatic improvement of the rela-
tive cost and price dynamics in favour of sector 1 and that the ’switchover in comparative
advantage’ occurs even earlier (in period 4). There is something of a ’cumulative’ process
going on: The Gerschenkron assumption on catching-up at the sectoral level leads to an
improvement in the comparative advantage position of the skill-intensive sector (the one
with the higher initial gap) and this is accentuated by the beneficial unit rent dynamic in
favour of that sector which attracts disproportional amounts of FDI and leads to a fur-
ther endogenous disproportionate productivity dynamics and thus pushes the comparative
advantage pattern forward in time.

4.2 Labour market implications

The dynamics of comparative advantages of course has impliciations on the demand for
different skill groups. In this model the demand for different skill groups is a function of

1. the skill composition of labour demand in the different sectors which are defined by
the labour input coefficients and in the more generalized model also by substitution
effects (level effect)

2. changes in the skill composition which result, on the one hand from ’skill bias’ in
the process of technical change as well from substitution effects due to relative wage
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changes (across skill groups) - the factor bias of technical change

3. the sector-bias of technical change, i.e. rates of non-skill specific rates of productivity
growth in different sectors

4. the evolution of output levels (driven by domestic and foreign consumption via
income and price elasticities, investment and trade structures) of different sectors

5. migration flows has an effect on labour demand via the wage equations leading to
effects on output structure and substitution effects

6. finally, there is an overall growth effect of output which may is stronger than the
labour saving effect of technical progress and thus hinders technological unemploy-
ment

As mentioned above, the scenarios presented in the previous section assumed that techni-
cal progress was neither factor nor sector biased in the lead country and - due to the weak
and strong Gerschenkron effects - sector biased in the catching up country. This lead to
an fall in the skilled to unskilled ratio in the catching up country as technical progress
was faster in the skill intensive sector. Although the structure of output shifted to the
skill intensive sector this effect of sector biased technical progress was stronger.

In this section we present a scenario in which technical progress is also factor biased
(i.e. against the unskilled workers).

TO BE INSERTED

5 Concluding remarks

The three simulations conducted reveal the following qualitative points:

- given particular catching-up patterns, combined with wage behaviour across sectors,
there is a whole spectrum of possible dynamics of comparative advantages. In particular,
we can distinguish two patterns: one in which - in spite of a weak Gerschenkron/Barro
pattern of catching-up which favours the industry with the higher initial productivity
gap - there is an improvement in the competitiveness of the catching-up economy in the
high-skill intensive sector, but there is no 'comparative advantage switchover’. In this
case (Scenario 0), the catching-up economy remains (relatively) specialised in the low
skill intensive branch. In the second case, we assume a ’'strong’ Gerschenkron pattern
of catching-up in which the faster productivity growth in the skill-intensive sector stems
not only from the higher initial productivity gap but also from a higher convergence
parameters 7 in this sector. In this case (Scenario 1), there is a ’comparative advantage
switchover’ i.e. the catching-up economy gains a specialisation advantage over the more
advanced economy (which still keeps its ’absolute’ productivity advantage) in the skill-
intensive (higher tech) industry. As any comparative advantage in our model is purely a
feature of transitory dynamic, there is a wage dynamic which over the longer time horizon
erodes this comparative advantage over time (differential wage growth between skilled and
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unskilled workers in the catching-up economy erode the competitive advantage of the skill
intensive sector).

- The introduction of foreign direct investment opens another channel through which
international integration affects output structures and specialisation in integrated economies.
Rather than being directly determined by comparative (relative price) advantages, as in
the case of pure trade integration, FDI flows are determined by relative unit rents. In
the simulations it is shown that the dynamics of relative unit rents introduces a shift
in specialisation which is related but not synonymous with the dynamic in comparative
cost dynamics; hence this additional determinant of international production structures
changes somewhat the extent and timing of international specialisation. This becomes
much more pronounced when we introduce the ’endogenous produtivity’ effect or the im-
pact which FDI has on speeding up the technology transfer in the catching up economy.
The ’strong Gerschenkron effect” then gets much more pronouned and the possibility of a
much faster dynamic in the up-grading process of a catching-up economy in the interna-
tional division of labour arises. This feature emerged clearly in the figure on the 'timing
of the comparative advantage switchoever’.

- The introduction of FDI also opened up an interesting dimension in our model with
regard to supply-side versus demand-side determination of production patterns.

- Lastly, the labour market implications of analysing the various channels of the inter-
national integration (’globalisation’) process are of particular interest. While the tradi-
tional approaches to this question adopted mostly a Heckscher-Ohlin framework of anal-
ysis, the set-up of our model comes to quite different insights and conclusions to this
question (see also the analysis by Feenstra and Hanson (1997), who also adopt a differ-
ent framework from an Heckscher-Ohlin analysis to analyse the impact of international
integration on labour markets.
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A Mathematical appendix

A.1 Equilibrium

Before discussing the model in disequilibrium let us first summarize the properties of the model in equilibrium. Demand is

split into three components. Demand for intermediate inputs is given by

where A denotes the global sourcing matrix and q the world output vector. In the case that prices are constant the sourcing
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A solution for the equilibrim balanced growth path in the global economy is that the total sum of profits (and rents) m " q

is allocated across countries and industris with
plalig
J
pTAq
This is not necessarily the only investment behaviour which leads to this result; but for balanced growth investment
behaviour must satisfy this condition. Inserting above gives

=
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In a compact form this can be rewritten as
T
al*q
. T -1 T .
Djq=j = (p Aq) |m ©® : q
T
aN*q
— T —1 T
= (p Aq) (m ®Aq)q
_ m'q
pTAq
= gAq

That means, that at the balanced growth path each sector (7, s) has to attract the share 75- of total world ’retained earnings’.

T *c e
This does not give a mechanism by which this is guaranteed but states only the condition. Using 'y;f =75 = % one

gets

1 aj ZPTaiqu ror_ 250 M0 mTq
ajiqf plalf <~ pTAq 7V pTAq pTAq

=9

i.e. the equilibrium growth rate (but now derived from the investment (supply) side).
We have to analyse the relationship between the demand (and supply) for investment goods j and the vector of growth

rates ¢g. In equilibrium the investment vector is given by j = p"-}Aq (in the case m§ = 0, or

n¢ =0and s{ =0foralli=1,...,N and all c =1,...,C) or is growing at

T T
= diag(q)"'A"j = = L diag(q)'A"Aq = =4
g = diag(a) 1= JTAq iag(q) 9= TAq

~

T
One can easily see that the growth rate is equal for all industries as p"}A‘; denotes a scalar. In equilibrium (i.e. with s =0

or at equilibrium prices p ") this can be reformulated as

o = r'q _r'qp’
pTAq pT T

q «c'Ilq p'q
Aq cT(I+M)gp’Aq

The economy is growing in equilibrium exactly at the rate g*.® Given preferences or a specific demand system one can
derive the nominal share a;'(wfz,p) spent on a specific good j of country c. As this can be derived for all workers one can

8In the case that there is a unique maximum profit rate, 7™%* = ﬁ — 1, and under the assumption
A
that the whole surplus is reinvested this gives

max
max ﬂ- 1 max

g = ]__|_ﬂ-maz AZU/I =m

This is a simple form of the von Neumann result in which the economy grows at the maximum rate of
profit.
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calculate the aggregate demand vector. The nominal expenditure shares of a particular worker in country r in industry 4
of skill-type 2z for consumption of goods in country s of good j are denoted a;(i, 2,T).

Demand for consumption goods can be represented by the following equation where q = (q%, .. ,q]lv, .. ,qf, o ,qg)T
denotes the world output vector:

f, = szq
aj(Lz, o, ... af(N,z, vy, ... aj(l,2,Cpf, ... a}(N,z,C)v]C\‘;,Z
a}v(l,z,l)viz a}V(N,z,l)v]lv,z a}v(l,z,C’)vfz a}V(N,z,C’)vg,z
= p-! . q
af (1,2, )01, ... af(N,z,l)v]lV,Z coaf (12,00, L a%(N,z,C)vl(\;,z
a%(l,z,l)viz a%(N,z,l)v]lv,z a%(l,z,c’)vfz a%(N,z,C’)vg,z

Using v] , = w] _aj; , and calculating the matrix product yields

Zi,r a%(i,zar)vf,qur Zi,r a%(@zﬂ‘)w{,za;‘i,zq{ Ei,r a%(i,z,r)w{,zlaz

Zi,r a}V(uZ’r)v;,qu Zi,r a}V(i’z’r)w{,za;i,qu Zi,r a}V(i’z’r)w{,zlz,z
Pf. = =

Ei,r a?(i7z’r)vzr,zq{ Ei,r a?(i’z’r)wz,zafi,zq{ Ei,r af(i,z,r)w{,zl{,z

Zi,r a%(i,z,r)v{,zq{ Zi,r a%(uz’r)w{,za;‘i,zq: Zi,r a%(i727r)w{,zlg‘,z

In the case that the nominal expenditure shares are independent of wage rates and prices and the same for all skill-types
of workers in all countries this reduces to

oy oy
ay ay
Pf, = . v.q = . wyl,
ay af
af af
Summing up over all skill-groups z = 1,...,Z then yields the final demand vector for consumption

f:P’IZfZ

In equilibrium (balanced world) growth several conditions are satisfied. First, at each point in time we have that
demand equals supply

q=Aq+j+f=(A+D; +Dy)q
from which it follows that

a=(T-A)"'(G+f)

i.e. given the demand vectors one can calculate the necessary output given the global sourcing matrix. For the second
condition let us define the ’stock’ of intermediate inputs Aq = k from which it follows that

q=A"1k
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For the third condition we can rewrite
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By definition it is satisfied that
kre
rc.c __ 1.rc c __ _Y
a;; q; = kjj or q; = e
ij
for all components ¢ = 1,..., N in countries r = 1,...,C of sector j in country c. In the equilibrium growth context we
have that the ’stocks’ k{f are rising as investment j{jc is added. Investment j{jc (i.e. the physical inflow of goods) is given
by
. 1
re __ tr cr, __c_c
ki = 7 > By midS
Py i,c
t_tr
. prLay’: .
Inserting for B} = p?-a’i’r gives
*]

[.TC
ks

Py,

>

i,c

i,c

a
T

p

>

t  tr
Pr%; er
T oxr 11
p a,
tr
kj

x7
a*]-

a

cr c _cC
Yij M4

c_c
m;q;

Dividing by the ’stock’ of intermediate inputs gives the growth rate of sector j in country r

which is the ratio of the nominal value of investment in sector j of country r and the nominal value of the ’stock’ of

intermediate inputs. This term is equal for all components of sector j. If retained earnings are allocated by <y

this term reduces to
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i.e. the world balanced growth rate. Assuming that capacities are growing at this rate output is growing as well at rate g,
(1+9)A ' k=(1+9)A" Aq= (1 +¢)q

This also implies that demand for intermediate inputs is growing at rate g. As matrices Dy, and D; are constant in
equilibrium one gets

(14+9)a=(1+g)Aq+(1+9¢)Djq+ (1 +9)Drq= (1 +g)(A+D; + Dy)q

Rearranging gives

(1+9)a—(1+g)Aq (1+¢)Dja+(1+g)Dyq
(1+9)I-A)q (1+¢)Dja+ (1+¢)Dysq
(1+g)a = (1+¢)(I-A) 'Djq+(1+g)Dyq

Setting gq = q this can be rewritten as

Interpretation may also be turned around: If demand is growing at rate g then output and capacities also must grow at
this rate.

A.2 Unbalanced growth

TO BE INSERTED

A.3 Disequilibrium

TO BE INSERTED
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Figure 3: Relative price of skill-intensive industry




SCENARIO 1 SCENARIO 2

‘—Industry 1/Industry 2 ‘—Industry 1/Industry 2
1.00 1.00
0.90 A 0.90

—— -———’———7
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
Time Time
Country A Country A

‘—Industry 1/Industry 2 ‘—Industry 1/Industry 2 ‘
1.00 1.00
0.9 0.9 l’f‘-_--——__;

~ /

0.80 0.80
0.70 / 0.70 /

0.60 / 0.60 /

0.50 0.50

Time Time

Country B Country B

Figure 4: Relative output of skill-intensive industries
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