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Abstract. This paper focuses on both the positive and negative consequences of reductions in
costs of trading information services for economic development, with a special focus on less
developed countries. We develop a workhorse model that captures the key characteristics of
trade and production of information services. We subsequently modify and extend the model in
several ways to study various aspects of trade in information services and the consequences of
lower transaction costs for economic development. First, we consider the consequences of
non-unitary income elasticities for the demand for services for economic development. Second,
we analyse the consequences of declining transaction costs for the relative wealth of nations in
various trade regimes. Finally, we study the first-best supply and demand for information
services and policy measures that can be employed to decentralise the first-best social
optimum.
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1. Introduction
Information plays a crucial role in modern economic life. It is, in the words of Evans and
Wurster (2000) ‘…the glue that holds value chains and supply chains together’ and one of the
key strategic inputs in production processes. One of the most important developments in the
information industry is the drastic decline in the costs of exchange and gathering of information
that has taken place over the last decade. The invention of the microprocessor and the
possibilities it created for the widespread use of the Internet has evidently enabled this
development.2 For less developed countries, these developments have taken place at a breathtaking pace. They create opportunities and challenges as well as risks and problems.
Information services have several stylised characteristics. First, considering their
production, they are costly to produce but cheap to reproduce. Or, stated differently, the initial
(fixed) cost of developing a particular service is high (and to an important extent sunk) but the
(variable) costs of reproduction are low. An implication of this characteristic is that the
industries producing information services are characterised by imperfect competition. Second,
both production of information services and the use of information in producing and marketing
final products are relatively intensive in human capital. Furthermore, information services are
essential intermediate inputs in the production and marketing of final products. Third, the
efficiency with which information services can be used depends strongly on the available
infrastructure that is required to transport the services (think of the Internet and the cables
needed to cheaply transport information from one place to another). Furthermore, information
is often of a strategic and time-sensitive nature; a factor that underlines the importance of
effective infrastructure. The infrastructure has important characteristics of a public good and
requires government intervention for its provision. Fourth, the demand for final products that
are intensive in information services depends on the level of development of the country or
region under consideration. More specifically, information intensive products have an income
elasticity of demand exceeding unity implying that the relative demand for these goods
increases as a country grows rich (see, for example, Deaton, 1980, Maddison, 1991). Finally,
over the last decade the costs of transporting information services have declined dramatically
and these developments are foreseen to continue over the next decade with the arrival of new,
2

In many popular contributions to the literature on the role of information services, the central role of Internet
has been emphasized. In the end, however, this development was only made possible by the invention and
widespread application of the micro processor which can be labeled the ‘general purpose technology’ that
underlies the recent developments.
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faster and more efficient microprocessors and transmission networks. These developments
have articulated the importance of the role of trade in information services in the process of
economic development.
This paper explores the impact of lower transaction costs of information and better
access to information services for economic development, with a special focus on lessdeveloped countries. The rest of the paper is organised as follows. In Section 2, we discuss
and present a simple workhorse model capturing the essential characteristics of information
services, being the high set-up costs of production and the low variable costs of reproduction.3
Subsequently, we extend this workhorse model in various directions to analyse the other issues
raised before, one at a time. Section 3 focuses on the typical development of the demand for
information services during the development process of countries. It emphasises the relevance
of non-unitary income elasticities for the demand for goods with different information
intensities. Section 4 extends the basic model to a multi-sector two-country model in which
there is trade in information services. The comparative static characteristics of this model are
explored in Section 5, emphasising the determination and development of relative wages, the
allocation of labour and welfare. In Section 6, we elaborate on the patterns of specialisation
that can emerge once we allow for trade in both final goods and information services. The
first-best welfare characteristics are the topic of discussion in Section 7. We determine the
first-best social optimum and discuss policy measures that allow for the decentralisation of this
first-best optimum. Section 8 concludes.

2. A simple model on the role of information services in economic development
We model an economy consisting of two sectors: a final goods sector (which can be thought of
as an assemblage industry) in which final goods are produced (assembled) under perfect
competition and an intermediate goods sector in which information services are produced. The
final goods sector is composed out of a given number of sub-sectors (indexed j=1, …, J). Each
sector produces a homogeneous consumption good (Yj) using labour (LYj) and a composite
(Mj) of information services as inputs:
(1)

β

1− β j

Y j = LYjj M j

,

3

The aim of this paper is not to address and incorporate all characteristics of information services in one single
encompassing model. This would, in our view, add little to the understanding of the mechanisms that are
crucial when studying the role of information services in economic development.
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where β is allowed to differ between the various sub-sectors. This captures in a stylised way
the fact that the information intensity (1-β) of final consumption goods may differ. The
composite of information services is defined as:
(2)

1
Mj =N 
N
κ

∑ (HI )
N

( ε −1) ε

ij

i =1





ε /( ε −1)

in which N is the number of information services (indexed i=1, …, N) used in production, Iij is
the amount of intermediates of variety i used in sector j, H captures the productivity of
information services4 (HI represents information services in efficiency units), κ represents the
returns to diversity of information services, and ε is the elasticity of substitution between any
pair of information services (in efficiency units). We assume that the elasticity of substitution
between information services is larger than one (ε>1). An important characteristic of this
aggregator of information services is that it exhibits returns to variety. This is a characteristic
that seems to fit well with modern conceptions on information (for example, Shapiro and
Varian, 1999). Note that we explicitly single out returns to diversity from the elasticity of
substitution.5 We will return to the importance of this distinction in Section 7.
Maximisation of profits gives rise to cost shares of labour and information services
equal to β and 1-β, respectively:
(3)

M j PMj
LYj W

=

1− β j

βj

and a downward sloping demand curve for information services:
(4)

P
I ij = M j  Ii
 PMj

−ε

1

N
1−ε
ε

 H ε −1 , where PMj = 1 N ε −1 −κ  PIi1−ε  .

H

 i=1


∑

Producers of information services produce under increasing returns to scale due to the
presence of a fixed cost (which we will express in terms of labour). This is a characteristic of
4

We think of this productivity of information services (H) as essentially being endogenous. It crucially depends
on the infrastructure through which information can be exchanged. For the aim of this paper, we just assume it
to be constant and exogenously given. In future research, we intend to focus in more detail on the determination
and importance of this infrastructure, where this infrastructure should be thought of in a broad sense. It can
also include, for example, human capital that is crucial for being able to process information services in an
effective way.
5
We refer to, for example, Benassy (1996) and de Groot and Nahuis (1998 and 2001) for a discussion on this
way of modeling and generalizing the concept of ‘taste for diversity’ as pioneered by Dixit and Stiglitz (1977)
and Spence (1976).
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information services that fits well with modern conceptions on information according to which
information services are expensive to produce, but cheap to reproduce (see, for example,
Shapiro and Varian, 1999, for a characterisation of information services). The relevance of this
characteristic will become clear later. The (marginal) labour requirement to produce one unit
of information service is equal to γ. The fixed cost is taken to be equal to Lf. Maximising
profits (πi =IiPIi − W(LIi+Lf)) subject to the demand curve for information service i gives rise to
mark-up pricing:
(5)

PIi =

ε
γW .
ε −1

Firms thus put a mark-up of ε/(ε-1)(>1) over unit costs of production (γW). The mark-up
negatively depends on the elasticity of substitution: the better information goods can be
substituted, the less market power the producers of information services have and the lower
the mark-up that they can put on unit costs will be. To close the model, we specify demand for
the final consumption goods, impose labour market equilibrium and assume that all firms
producing information services exactly break even. We assume that consumers maximise a
Stone-Geary utility function:

(6)

max U =
Yj

J

∏

(Y j − Y j )

σj

J

s.t.

∑ Y P ≤ WL,
j

j

j =1

j =1

in which Y reflects a subsistence requirement. This formulation is an analytically attractive
way to introduce the empirically relevant phenomenon of non-unitary income elasticities of
demand for different goods to which we will return in Section 3. For the time being, we
assume the subsistence requirements to be equal to zero resulting in the familiar Cobb-Douglas
utility function. Performing optimisation then results in consumers who spend fixed shares of
their income on the final consumer goods that are available:6

(7)

W
Y j Pj = σ jWL , where Pj ≡ 
β
 j






βj

 PM 


1 − β 
j 


6

1− β j

.

This is evidently a strict assumption in a context in which goods differ in terms of their information intensity.
We discuss a more realistic version of the model in this respect in Section 3, where we solve the model for the
more general case of a Stone-Geary utility function and analyze the development of the demand for information
services as an economy matures.
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Furthermore, we assume that the labour market always clears and that labour is in fixed supply
(equal to L):
(8)

J

N

j =1

i =1

L = ∑ LYj + ∑ ( LIi + L f ) .

Free entry and exit of firms producing information services results in zero (excess) profits and
determines the size of firms producing these services:
(9)

π i = PIi I i − W ( L f + γI i ) = 0 ⇔ I i =

(ε − 1) L f

γ

.

The production of information services thus positively depends on the fixed costs and the
elasticity of substitution. These comparative static characteristics are easily understood. High
fixed costs require – ceteris paribus – a large production to recover the fixed costs. A large
elasticity of substitution implies low market power, a low price and a huge required production
volume to recover the fixed costs. From this relationship, we derive employment per
information service firm as LIi = L f + γI i = εL f . The model is now closed and we can determine
the number of information services that is supplied and the allocation of labour over the two
sectors of the economy. This yields

(10)


L 1 −
N= 

J

∑β σ
j

j =1

εL f

j



, L = L
Y

J

∑β σ
j

j

.

j =1

The number of service-producing firms that can be sustained in equilibrium thus positively
depends on the size of the economy and negatively on the elasticity of substitution, the fixed
costs and the labour-intensity of the sectors in the economy (weighted with their respective
shares as represented by σ). The last result is understood by the fact that the number of firms
that can be sustained is constrained by the demand for information services. This completes the
workhorse model, and we now turn to extensions of it.

3.

Demand for information services and economic development

When comparing developed with less developed countries, the assumption of similar and
homothetic utility functions is evidently too simple. Income elasticities for different groups of
consumer goods are well-known to be a function of average income per capita, where the
general tendency is that income elasticities are low for traditional agricultural goods while they
are high for information intensive service goods (for example, Deaton and Muellbauer, 1980).

5

As a result, countries tend to spend an increasing share of their income on informationintensive final goods, as they grow rich at the expense of more traditional labour intensive
goods. We capture this stylised pattern of consumer behaviour by using the general StoneGeary utility function (6) where we now set Y ≥ 0 for all goods, with inequality for at least
j

one good. This results in non-unitary income elasticities in a mathematically tractable way (see,
for example, de Groot, 1998). Equation (7) now modifies to:
J


σ j WL − ∑ Y i Pi 
i =1
.
Yj = Y j + 
Pj

So expenditures on goods from sector j are equal to expenditures that are required to fulfil
subsistence requirements plus a share σ of the income that is left after all subsistence
requirements have been fulfilled. Income elasticities of demand are a negative function of
subsistence requirements. Hence, the larger the subsistence requirement, the lower the income
elasticity of demand will be.
An important implication of this generalisation of the model is that the number of hightech goods that can be sustained in equilibrium becomes dependent on the stage of
development of an economy. This is easily understood by looking at 10. The introduction of
subsistence requirements essentially endogenises the spending shares describing how much of
income consumers spend on goods from different sectors. If - as seems to be empirically
relevant - spending shares at low (high) levels of development are high for those goods with a
low (high) information intensity (a high (low) value for β), the number of firms that can be
sustained declines. The relevance of this will recur later in the analysis.

4.

A two-country version of the model

Let us now turn to a two-country version of the workhorse model. The two countries are
denoted home and foreign. Variables related to the home country are represented by upper
cases, while variables related to the foreign country are represented by lower cases. Input of
information services in foreign production of final goods is denoted with a star. We start with a
market structure where there is trade – subject to transport costs – in information services,
while there is no trade in final goods (compare, for example, Markusen, 1989, and Francois,
1990). Of course, this is a highly simplified representation of reality. However, developments
in world trade and investment patterns have moved into the direction of increased trade in
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intermediate goods and services, and production of final goods near the home markets (for
example, Reich, 1991, and Porter, 1990). In our first analysis of trade in information services
we thus develop a stylised model capturing this stylised development pattern. We aim at
pursuing the consequences of these developments for economic development, relative welfare
and real wages, specialisation patterns, etc.
Let us now briefly characterise the equations as they apply in the foreign country,
referring to Section 2 for discussion. Final goods are produced according to the production
function (compare equation 1):
(11)

λ

1− λ j

y j = lYj j m j

.

The aggregate of information services in the two countries now constitutes of services
produced locally as well as imported services (compare equation 2):
(12a)

N +n
 1  N
(ε −1) ε
( ε −1) ε
M j = (N + n ) 
+ ∑ (Hiij )
 ∑ (HI ij )
i = N +1
 N + n  i =1

(12b)

 1  N
m j = ( N + n) 
 ∑ hI ij*
 N + n  i =1

κ

κ

( )

( ε −1) ε

+

N +n

∑ (hi )

* ( ε −1) ε
ij

i = N +1









ε /( ε −1)

,

ε /(ε −1)

.

The corresponding price index for the M-aggregate in the two countries equals (compare
equation 4):
1

(13a)

N +n
ε
N
 1−ε
1
PMj = (N + n )ε −1 −κ ∑ PIi1−ε + ∑ ( pii t )1−ε  ,
H
i = N +1
 i =1


(13b)

N
N +n
1−ε
ε
1
−κ 
1−ε
1−ε 
ε −1
N
n
P
t
p
= ( + )
(
)
+
Ii
ii
∑
∑

 .
h
i = N +1
 i =1


1

p Mj

Transport costs are assumed to be of the iceberg type so t ≥ 1. So foreign goods essentially get
an 'additional mark-up' on their unit cost due to the fact that only a fraction of the goods
shipped arrives and can effectively be used in production at home. The productivity parameters
h and H capture differences in economic fundamentals of technological capability with which
intermediates (either produced at home or abroad) are transformed into final consumption
goods.
The utility function in the foreign country reads (compare equation 6):
u = ∏ (y j − y j )ϕ j .
J

(14)

j =1
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We set Y j = y j = 0 ∀ j in this section so preferences are of the Cobb-Douglas type. When
imposing symmetry among the goods produced in either the home or the foreign country, the
number of services produced in each country can be determined by the simultaneous
equilibrium in the final goods market and the labour market in the same way as in the closed
economy case:
J

(15)

n=

l (1 − ∑ λ j ϕ j )
j =1

εl f

.

Relative wages and relative prices of information services in the two countries can be found
from the balance in the information service market stating that total consumption of
information in the two countries should equal total production of information services in the
country of origin (which is derived from the zero-profit condition):7

(16)

−ε

 (ε − 1) L f
(
P −ε
Pt )
Q
+
qt
,
 1−ε
=
1− ε
1−ε
γ
N (Pt ) + np 1−ε 
 NP + n( pt )

 (ε − 1)l f
( pt )−ε
p −ε
Qt
+
q
,
 1−ε
=
1− ε
1−ε
γ
N (Pt ) + np 1−ε 
 NP + n( pt )

where Q and q are total expenditure on information services in the home and foreign country,
respectively. For the time being, we assume that the technology for producing information
services is the same in both countries implying equal fixed costs and labour productivity in the
information-service sector. The relationship between relative prices of local and foreign
differentiated information services (which is equal to relative wages) and the transport cost
parameter then reads:
~
~
W −ε − τ ~
1 − W −ε τ
Q,
= ~~
(17)
~~
NW 1−ε τ + 1 NW 1−ε + τ
where a tilde represents the value of a variable at home relative to its value abroad (for
example, W~ = W / w , etc.) and τ ≡ t 1−ε (0 < τ < 1) . The last expression has merely been
introduced for presentational convenience. At the one extreme of no transport costs (t=1), τ

7

Note that demand for information services in a country other than the country of origin of the service should
be pre-multiplied by t in order to account for the amount of information services that is lost during transit.
Furthermore, note that the marginal productivity of labor in producing intermediates is assumed to be equal to γ
in both countries. The only difference in the production structure of the two countries is in terms of the fixed
cost requirement.
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equals one, whereas at the extreme of infinite transport costs (t→

LW HTXDOV ]HUR QRWH WKDW

ε>1). Expenditures on information services are given by:
(18)

Q = ∑ (1 − β j )Pj Y j = ∑ (1 − β j )σ jWL and q = ∑ (1 − λ j ) p j y j = ∑ (1 − λ j )ϕ j wl .
j

j

j

Equations (10), (15), (17) and (18) constitute a uniquely determined system of equations. The
system cannot be solved analytically, and comparative static characteristics of the model will
therefore be analysed by means of numerical examples in Section 5.

5.

Comparative static characteristics8

In this section, we discuss the comparative static characteristics of the two-country model
presented in the previous section. We present a three-sector version and focus the attention on
the role of transportation and transaction costs. We start with a base line scenario where the
countries are symmetric in all respects. In this case, declining transaction costs affect the two
countries in the same way and do not affect their relative positions. The output of final goods
and the real wage increase in both countries as transport costs decline. The price-deflators used
3

for determining real wages are

∏ ( Pj / σ j )

3

σj

and

j =1

∏(p

j

/ϕ j )

ϕj

for the home and foreign

j =1

country, respectively, which are the true price indices (in the absence of subsistence
requirements as we assume in the analysis in this section).
We next introduce asymmetries between the two countries, one at a time and analyse
the impact of declining transaction costs in each case. Table 5.1 presents the parameter values
and the levels of the exogenous variables in each case.9

8

All numerical results presented in this and subsequent sections have been obtained by solving the model with
a numerical solver (GAMS). Details and listings are available upon request from the authors.
9
In all scenarios, γ=0.01 and Lf = 1. Furthermore, κ=ε/(ε−1) so we have the Dixit-Stiglitz case for returns to
diversity. We return to this in Section 7 when we discuss the welfare characteristics of the model.
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Table 5.1 Parameter values, comparative statics
Variable/parameter
L
l
β1
β2
β3
λ1
λ2
λ3
σ1
σ2
σ3
ϕ1
ϕ2
ϕ3

Base line
100
100
0.925
0.9
0.85
0.925
0.9
0.85
0.333
0.333
0.333
0.333
0.333
0.333

Asym. labour
150
100
0.925
0.9
0.85
0.925
0.9
0.85
0.333
0.333
0.333
0.333
0.333
0.333

Asym. Techn.
100
100
0.9
0.875
0.825
0.925
0.9
0.85
0.333
0.333
0.333
0.333
0.333
0.333

Asym. pref
100
100
0.925
0.9
0.85
0.925
0.9
0.85
0.2
0.3
0.5
0.333
0.333
0.333

We start with the base line scenario where two countries that are equal in every respect trade
in information services. Figure 5.1 depicts real wage in the two countries as a function of τ.
The real wage increases monotonically as transaction costs decline (moving from the left to the
right on he horizontal curve), but at a declining rate.

0.4

real wages

0.398

0.396

0.394

0.392

0.39
0

0.2

0.4

0.6

0.8

1

tau

Figure 5.1 Real wage, symmetric countries

We now turn to the asymmetric cases. We leave the parameters and exogenous endowment
related to the foreign country remain constant, while varying the endowment and the
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parameters related to the home country, one at a time. We start with two countries that are
different in market size, represented by different sizes of the labour force. Alternatively, these
may be interpreted as different productivity levels when interpreting labour as measured in
efficiency units. Figure 5.2 below depicts the real wage in the two countries (left hand vertical
axis) and relative real wages (right-hand vertical axis) as functions of τ in the case when the
home country has a 50 percent larger labour force than the foreign country. For comparison
we have also included the autarky real wage in the symmetric case (that is, the base line
scenario when τ = 0).

0.41

1.05

real wages

0.4

1

0.39

0.38

0.95
0

0.2

0.4

0.6

0.8

tau
Home

Foreign

Autarky

Relative wage (right axis)

Figure 5.2 The home country has a larger labour force

As expected, the larger country has the highest real wage as long as there are transaction costs
related to trade in information services. This is due to the relatively large number of
intermediates that can be sustained in the large country that gains most from this in the
presence of transaction costs. This is caused by the presence of returns to diversity of
intermediates that characterises the model. However, as transaction costs decline the real
wages converge and relative real wages reach unity when transaction costs are eliminated
altogether despite the fact that the countries are different in size: in the absence of transport
costs, the size of the integrated market is all that matters for real wages. Thus, given that the
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two countries have the same technology and the same preferences, the smaller (or poorer)
country gains the most from declining trade barriers in information services, whether these are
political or technical. Note that the real wages are always higher in the foreign country than in
autarky: it also gains from the increased diversity of intermediates that is available.

0.43

1.074

0.42

Real wages

1.073

0.41
1.072
0.4

1.071
0.39

0.38

1.07
0

0.2

0.4

0.6

0.8

tau
Home

Foreign

Autarky

Relative wage (right axis)

Figure 5.3 The home country has a more information-service intensive technology

Figure 5.3 depicts the case when the home country has a more information-service intensive
technology in all final goods sectors than the foreign country. Again we show the foreign
country autarky real wage for comparison. We note that both countries gain from declining
transaction costs related to trade in information services, and that the real wage gap narrows as
transaction costs come down, but the home country earns higher real wages even when
transaction costs are totally eliminated. Producing the intermediate-intensive goods is
attractive because of the larger use of intermediates that are characterised by increasing returns
to diversity. The foreign country will also gain in this scenario compared to autarky due to the
larger number of intermediates that can be sustained.
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0.45

1.107

0.44

Real wages

0.43

0.42
1.106
0.41

0.4

0.39

0.38

1.105
0

0.2

0.4

0.6

0.8

tau
Home

Foreign

Autarky

Relative wage (right axis)

Figure 5.4 The two countries have different preferences

Finally, figure 5.4 presents the case where the consumers in the home country have a stronger
preference for information-service intensive goods. This induces a higher real wage in the
home country, everything else equal. This reflects the market-size effect that is associated with
the change in preferences: stronger preferences for intermediate goods imply a relatively large
market for information services and an associated large number of services that can be
sustained. Again both countries gain from declining costs of trade in information services, and
again real wages converge, but not fully.
We also ran the model with different productivity levels of information services (that is,
H). As expected, the country with the highest productivity level has the highest utility level,
but relative productivity levels do not change with declining transaction costs, since these
affect both countries proportionally.
If we interpret the foreign country as a developing country facing the choice whether to
and to what extent it should liberalise its trade in information-intensive services, the results of
the comparative static analysis can provide some guidance in this respect. If transaction costs
stemming from technical barriers to the transmission of information services are high, the gains
from liberalisation for the less developed country are minor. This is further reinforced if these
countries have relatively information extensive production processes and small preferences for
information intensive final goods. If, on the other hand, transaction costs are mainly politically
13

determined and can relatively easily be lowered, the prospects of liberalisation are more
promising. A proper further analysis of these issues would require us to further endogenise and
model (changes in) transaction and transportation costs which is beyond the scope of the
current paper and is left for future research.

6.

Trade in goods: an analysis of possible trade regimes

So far, we have assumed trade in information services only. In this section, we turn to a
discussion in which we also allow for trade in final goods. We limit the discussion to the simple
case where there is only one final product sector (J = 1), and both countries have the same
technology in both sectors. Trade is in this case driven by returns to diversity; the larger the
number of differentiated information services the lower the price index of intermediate inputs.
Producers of final goods will consequently distribute their procurement on all available
varieties, including foreign varieties when they are tradable. We have a model of one primary
factor of production and two sectors, which means that the pattern of specialisation and trade
is indeterminate in the model. The discussion therefore starts by deriving the equilibrium
conditions in the market for intermediate services, the market for final goods and the labour
market under the following trade regimes:

R1. Both countries produce both goods;
R2. The foreign country is specialised in intermediate services while the home country
produces both goods;
R3. The foreign country is specialised in final goods while the home country produces both
goods;
R4. The foreign country is specialised in intermediate services and the home country is
specialised in final goods.

Full specialisation in one or both countries is a feasible trade regime only for a limited range of
relative endowments of labour, since intermediate information services account for a relatively
small share of total expenditure on inputs by producers of final output. We therefore derive the
feasibility constraints related to each trade regime and compare the level of welfare measured
by consumption of final goods per capita, for each trade regime. These are also compared to
the results of the comparative static exercises of the previous section where only intermediate
services were traded.
14

Free trade in final goods implies that the final good fetches the same price in both
countries. Equilibrium in the market for final goods is given by PY (Y + y ) = WL + wl , while
labour market equilibrium requires:

βPY y
βPY Y
+ NεL f = L and
+ nεL f = l ,
W
w
for the two countries, respectively. These two market equilibrium conditions can be combined
~ ~
~
and reduced to one equation in three variables ( W , Y and N ), which represent relative wages,
relative production of final output and relative number of information service firms,
respectively:
~~
~
WL + 1  Y
~
~ ~
 ~ − N  β = L − N , or, equivalently
(19)
~


Y +1 W


~~
w
l +1 ~
y
~

 ~ − n~  β = l − n~,
~
y +1  w


~ = w / W , etc.10 Equation (17) representing the equilibrium condition in the
where w
~ = Y~ 11 and equation (19) constitute a system of two
information service market, where Q
equations in three unknowns, and the system is indeterminate as already mentioned. We
therefore present numerical solutions to all conceivable trade regimes using the following
parameter values: ε=5 reflecting a relatively high elasticity of substitution between different
varieties of information services, β=0.9 reflecting the relatively small share of information
services in final goods producers’ cost function, and Lf=1 and γ=0.01, reflecting economies of
scale with small marginal costs relative to the fixed cost (which are equal in both countries).
The values also correspond to the base line scenario in the previous section. Our focus is on a
developing country trading with a more developed country. We set labour endowments to
L=900, l=100 (note that the labour endowments should be interpreted in terms of efficiency
units).12 Again this corresponds to the foreign country’s endowment in the previous section.
Finally we set H=h=1, since this section focuses on additional gains from opening to trade in
final goods compared to trading in intermediate services only. We start by analysing trade
regime a) where both countries produce both goods.

10

It is useful to express the equations both in terms of home relative to foreign (uppercase letters with tildes)
and the inverse (lowercase letters with tildes), since trade regimes R2-R4 result in production being equal to
zero in one sector (in one country which can be either home or foreign).
11
From equation (18) we see that when both countries have the same technology in the production of final
goods and final goods are freely traded, relative expenditure on information services corresponds to relative
output of the final goods sector.
12
We set this labor endowment such that all the feasibility constraints can be satisfied. This eases the
comparison between the various regimes.
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R1. Both countries produce both goods
When final goods are produced in both countries, the unit production costs (see equation (7))
must be the same in both countries. From setting unit cost of production in the final goods
sector in each country equal to each other and using (13) we get:
(20)

~W~ 1−ε τ + 1  (1− β ) /(1−ε )
~ ~ 1−ε
N
~
β
~ β =  1 + n w τ

W =  ~ ~ 1−ε
or w
 τ + n~w
~ 1−ε
 NW + τ 






(1− β ) /(1−ε )

.

This equation closes the model for the trade regime of incomplete specialisation in both
countries. Notice that factor price equalisation need not occur when τ < 1. A lower price index
of information services in the largest country, which imports a smaller number of services and
therefore incurs lower transport costs, allows for higher wages in that country. Notice also
from (17) that the location of the sectors becomes indeterminate when τ = 1. In that case we
essentially have one integrated market. The trade regime is feasible both for symmetric and
asymmetric countries. In the case of symmetry (that is, the countries also have the same
endowments of labour), welfare in terms of output of final goods per capita is the same
whether final goods are traded or not. Turning to the case with asymmetries, Figure 6.1 below
presents real wages in the two countries as a function of τ. For comparison we have also
included the foreign real wage in the case with trade in information services only, and the
autarky real wage of the foreign country in order to assess gains from trade, both estimated
with the same parameter values and endowments as those used for the trade in both goods
regime.13

13

The trade in services only case is run with only one final goods sector.
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Figure 6.1. Real wages when both countries produce in both sectors

As expected, the largest country has the highest real wage level when transport costs are
present, since the unit cost of intermediate services is lowest in this country. Real income
converges as transport costs decline and reaches the same level when the two economies are
fully integrated as far as the service market is concerned. Compared to the trade regime where
only services are traded, there are no additional gains to the foreign country from opening to
trade in final goods when τ < 1. Compared to autarky, however, both countries gain from
trade. Before markets are opened to trade in final goods, the price of final goods is highest in
the largest country. Yet, the real wage is higher in the larger country because the higher wage
reflects higher productivity due to a lower price index of intermediate information services as
discussed above. When markets open to trade in final goods, the relative number of
information services is no longer uniquely determined by the relative endowments of labour
(see equations (10) and (16)). The price of final goods will settle somewhere between the
home and foreign price, and thus increase in the smaller country, while it declines in the larger
country. The general equilibrium effect is a reallocation of labour from the final goods sector
to the intermediate services sector in the largest country in order to bring costs of final output
~
down, while the opposite happens in the smaller country. For the parameters chosen here, N
increases steeply as transaction costs come down, and very little production of intermediate
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services is left in the small country when τ has reached about 0.2, moving from left to right in
Figure 6.1. The fact that more intermediate services is produced in the largest country in this
trade regime means that total transport costs in the world economy, and total world output is
higher, but less equally distributed in the trade regime compared to the regime where services
only are traded.

R2. Foreign country specialised in intermediate services, home country produces both goods
Since intermediate information services account for a small share of total costs in the
production of final goods, a trade regime where one country is completely specialised in
intermediate services is only feasible when that country is small relative to its trading partner.
y = 0 in the
For this trade regime it is possible to find an analytical solution. Inserting ~
~ = τ 1 / ε and n~ = l~ [1 − β (τ 1 / ε ~
l + 1)] . The
equilibrium conditions (17) and (19) yields w
~
solution is feasible (that is, n~ > 0 ) whenever l < (1 − β ) / βτ 1 / ε . The feasibility constraint
implies that full specialisation in information services may occur in the foreign country when
the relative size of the labour force is smaller than the ratio of expenditure shares in production
of final goods, adjusted for transport costs. As before, relative wages are unity when transport
costs are eliminated, while relative wages approach zero when transport costs approach
infinity. For all values of τ < 1, the smaller country earns the lowest wages.
Figure 6.2 depicts real wages as a function of transaction costs in the same way as
figure 6.1. Clearly, the smaller country gains substantially as transport costs come down, while
the larger country gains only marginally. It is also clear that complete specialization in
information services on the part of the small foreign country leaves it at a lower income level
than in autarky, except for very low levels of transaction costs.
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Figure 6.2 Real wages when foreign is specialised in information services

For the parameter values chosen here, the home country produces only a few varieties of
information services. Thus, a large proportion of the services produced in the world economy
is traded and a significant share is lost in transit, accounting for the lower absolute level of real
wages in this trade regime compared to the previous one.

R3. The foreign country is specialised in final goods, the home country produces both goods
The next conceivable trade regime is the case when the foreign country is specialised in final
goods while the home country produces in both sectors. Setting n = 0 in equations (17) and
(19) yields:
~ −ε
~ −ε τ = (w − τ ) ~
y,
1− w
τ
and
~
y=

~~
w
l
,
~~
β − (1 − β ) w
l

respectively. These combine to give relative wages as a function of the parameters as follows:
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(21)

~ −ε τ
~~
w
l
1− w
=
.
−ε
~
~~
w − τ τ β − (1 − β )w
l

(

)

An analytical solution cannot be found to this system, so we explore its properties by means of
a numerical example. First, we note that the left-hand side of the equation is positive for
~ < τ −1 / ε , while the right-hand side is positive for ~
~ . Combining the two
l < β /(1 − β ) w
τ 1/ ε < w
~
yields the feasibility constraint l < βτ 1 / ε /(1 − β ) . Notice that the feasibility constraint of this
trade regime is the inverse of the feasibility constraint for one country being completely
specialised in intermediate services in section b) above. The results are presented in figure 6.3.
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Figure 6.3 Foreign country specialised in final goods

Also in this trade regime the small foreign country gains the most from declining transaction
costs. As opposed to trade regime b), the foreign country is better off in autarky only at very
high transaction costs when the alternative to autarky is trade regime c).
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R4. The foreign country is specialised in intermediate services and the home country is
specialised in final goods.
Finally we analyse the trade regime where both countries are fully specialised, the home
country in final goods and the foreign country in intermediate services. The combined labour
market and final goods market equilibrium given in (19) now reduces to:
(22)

~ = 1− β ,
w
~
βl

which uniquely determines relative wages. Note that relative wages are independent on
transaction costs in this trade regime. There is in other words no convergence of relative
~ >1 if ~
l < (1 − β ) / β . However,
income as trade costs come down. Note also that w
entrepreneurs could establish service firms in the home country and undercut foreign
~ >1, so the trade regime is not
producers’ prices even in the absence of transport costs when w
~ ≤1. The relative endowments and β we have applied throughout
commercially viable unless w
~ =1.
this section is such that w

The number of services produced in the foreign country depends on the endowment of labour
in the foreign country such that n = l / εL f . Inserting this in equation (11) using (9) and (12)
when N = 0 and dividing by t in order to account for the services lost in transition, yield final
output in the home country as follows:
ε − 1  1

(23) Y = Lβ l ε (1− β ) /( ε −1) 
 εγt  εL f







1 /( ε −1)






1− β

.

This output is distributed to consumers in the two countries according to relative wages given
in equation (22), which in our numerical example is unity. Figure 6.4 depicts consumption per
capita in the two countries.
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Figure 6.4 Complete specialisation

The findings of Section 6 are summarised in Table 6.1. We present the welfare level as
measured by consumption per capita of each country in each trade regime for an intermediate
level of transport costs τ = 0.5, and for τ = 1.

Table 6.1. Consumption per capita
Trade regime

R1. Both countries produce
in both sectors
R2. Foreign specialised in
services, home not
specialised*
R3. Foreign specialised in
final goods, home not
specialised
R4. Both specialised

Feasibility constraint

Consumption per capita,
Home

Consumption per capita,
Foreign

τ =0.5

τ =1

τ =0.5

τ =1

None

1.207

1.207

1.176

1.207

~
l < (1 − β ) / βτ 1 / ε

1.206

1.206

1.051

1.201

~
l < βτ 1 / ε /(1 − β )

1.207

1.207

1.184

1.207

~
l < (1 − β ) / β

1.186

1.207

1.186

1.207

1.206

1.207

1.180

1.207

Only services are traded
Autarky

1.204

1.139

* The feasibility constraint does not hold when τ=1. The relative labor force is equal to the relative cost shares

in that case. We therefore present consumption per capita at τ=0.98 for this trade regime.
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7.

First-best welfare analysis14

The model that we have discussed so far is characterised by two market distortions that result
in the decentralised market equilibrium that we have focused upon so far being inferior to a
first-best social optimum. These two market distortions are (i) mark-up pricing by the
producers of information services which distorts the price of information services relative to
the price of labour and (ii) sub-optimal entry due to the fact that firms do not take into account
the effect that their entry decision has on productivity which is associated with the returns to
diversity. The aim of this section is to derive the first-best social optimum and to show that a
combination of an output subsidy and a lump-sum tax levied on producers in the information
sector can be used to decentralise the first-best social optimum.

7.1

The first-best social optimum

In this section, we simplify the model by assuming two fully symmetric countries producing
one final good and a planner maximising utility in each country.15 The problem for the planner
in this case looks like

[ {

ε −1
ε −1
ε −1

κ− ε
max Y = (2 N ) ε −1 Nh ε I ε + i ε


}]

ε
ε −1





1− β

[L − N (I + ti ) − NL ] .
β

The first-order conditions for an optimum are
∂Y ∂Y ∂Y
=
=
= 0.
∂I
∂i ∂N
Performing optimisation yields
LYFB

Lf
βL
(1 − β )(κ − 1) L
=
, N FB =
, LFB
,
I =
[1 + (1 − β )(κ − 1)]L f
κ −1
1 + (1 − β )(κ − 1)

I FB
= tε .
FB
i

These results reveal that the optimal amount of labour to be employed for assemblage
negatively depends on the returns to diversity, while the optimal number of brands of
information services depends positively on the returns to diversity. Finally, the optimal amount
of information services produced at home and used in production relative to the amount of
information services produced abroad depends positively on both the transport cost of
information services and the elasticity of substitution between different brands of information
14

This analysis closely resembles the analysis in Benassy (1996) and de Groot and Nahuis (1997 and 2001),
but now in the context of a two-country model.
15
There are evidently more interesting settings that can be thought about in which there is strategic interaction
between the governments in the two countries. These extensions will be left for future research.
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services. Comparing the first-best solutions with the outcomes in a decentralised market
equilibrium (as given in equations 9 and 10) reveals that there is no value for the parameter
capturing the returns to variety for which the decentralised equilibrium replicates the first-best
social optimal. With low returns to diversity, the market sustains too many brands of
information services being produced in too small amounts, while the reverse holds when
returns to diversity are large. In intermediate cases, the produced amount of information
services can be too low, while the amount of brands is too low as well.

7.2

Decentralising the first-best social optimum

Having determined the first-best social optimum, we can now turn to a policy that can support
the first-best social optimum as a competitive equilibrium. We introduce two policy
instruments, namely an output subsidy on information services and a lump-sum tax levied on
firms producing these services. We assume that the revenues that are needed to finance the
subsidies are generated in a non-distortionary way. After the introduction of these instruments,
the profits of the firms that produce information services are equal to
IPI (1 + s ) − ( LI + L f ) − T .
Following the procedure for solving the model as in Section 4, the optimal output subsidy and
lump-sum tax can straightforwardly be derived
s=

1
 ε
 Lf
−κ 
, T =
.
ε −1
ε −1
 κ −1

The output subsidy basically corrects for the price-distortion that results from mark-up pricing
while the lump-sum tax corrects for the inefficient entry of firms in the information services
producing sector. The results reveal that the lump-sum tax negatively depends on the returns
to diversity and changes into a subsidy when returns to diversity become large (that is, when
κ>ε/(ε−1)).

8. Conclusion
The diffusion of information and communication technology has reduced cost of information
substantially in recent years. Even in the poorest countries in the world, the share of the
population with access to telecommunications and the Internet has increased at double-digit
growth rates during the last few years. Privatisation, deregulation and liberalisation of trade
and investment in the service sectors have further contributed to this development. This paper
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has analysed the impact of better access to information services on development. For this
purpose we developed a model of trade in differentiated intermediate services, which captures
some of the most significant properties of information services, and explored the effects of
better access to information services under various assumptions on technology, preferences
and relative size of the two countries.
Our results suggest that there are significant welfare gains from liberalisation of trade
and investment in information services, and that small, poor or labour-intensive countries gain
the most in all our scenarios. Small developing countries will benefit a lot from better access to
information services, while developing countries in which consumers have relatively low
preference for information-intensive goods are less likely to obtain large benefits. We have
further shown that improvements of infrastructure and increases in human capital in one
country improve welfare in both countries. Thus, investments in rich countries to some extent
spill over to poorer countries, which get access to a broader variety of services. We finally
derive the welfare optimum and the taxes that reproduce the social optimum as a competitive
equilibrium.
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