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1 Introduction

The mainstream macroeconomic literature considers technological change to be
balanced a¤ecting sectors of the economy evenly. In recent years the most
visible example of unbalanced growth has been the rise of the information and
communications technology (ICT) sector in which MFP growth can exceed the
economy�s average by order of magnitude. This paper studies the implications of
sector-speci�c technological change in the Finnish economy which has in relative
terms one of the world largest ICT sector. The economic growth is mainly based
on technological change in a narrow segment of the economy which provides
interesting insights to the economy-wide impacts of ICT and a test ground for
studying stuctural change.
Despite the huge unbalance in technological change, the economy has de�ed

the most famous and ominous prediction of the structural change literature.
Baumol and Bowen (1966) �rst predicted that unbalanced technological change
leads the resources of the economy gradually to support inelastic demand of
the low productivity sectors and results in a declining aggregate growth rate of
the economy. The disease may have been avoided, because technological change
doesn�t just drive aggregate growth through reallocation of resources, but also
a¤ects terms-of-trade and availability of the factors of production. Even though
Baumol�s disease has not been experienced, the Finnish economy is su¤ering
from persistent �xed capital investment drought which gradually has eroded the
production capacity of the economy. Whether it is a �rst symptom of lowering
productivity growth rate and marks the beginning of more pronounced phase of
structural change, is still an open question.
This paper constructs a three-sector neoclassical Ramsey model to capture

several key features needed to understand the Finnish structural change. The
model has detailed input-output structure, realistic consumer preferences and
uses the Eaton & Kortum (2002) approach to model international trade. The
paper studies the model behaviour over the period 1995-2008. The representa-
tive household has perfect foresight and the expectations follows a growth path
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consistent with concensus long-term expectations1 . Simulations until 2018 are
used to study the long-term dynamics of the model.
The results suggest that the fears for the declining economic growth are un-

founded. The �rst message of this paper is that uneven productivity growth
can be consistent with balanced economic aggregates in an open economy neo-
classical framework. The paper considers three measures of structural change:
changes in the sector shares of nominal output, nominal consumption and hours.
The model estimates a considerable shift of consumption towards the services,
but at the same time the share of the service remains constant in the nominal
production and aggregate hours. These features are consistent with the ob-
served structural change dynamics in Finland. Also, the benchmark simulation
shows, how there is only modest increase in the service employment share in
the near future, while the role of ICT sector is increasing in the expence of the
traditional manufacturing industry. The employment shares thus indicate that
relative advantage drives the structural change, not the growth disease: the
sector with highest productivity growth increases its share of labour the most.
In a counterfactual scenario the economy is made considerably less open. The

economy is subjected to a 20 percentage point increase in the iceberg trade costs
of transporting goods to and from Finland. The most noticable di¤erence, of
course alongside huge drop in the real GDP growth, is that the drift of resources
towards the ICT sector is much weaker, as domestic demand and deteriorated
terms-of-trade drives the economy�s resources to be distributed more evenly
across the tradable sectors. However, in the counterfactual scenario the share
of services remains stable which can be seen as an indication of the stabilizing
role of the input-output structure of the economy.
In the benchmark model the real GDP growth rate decreases only by 0.08%

(of average 2.5%) in the �rst ten years of simulation, so signi�cant growth disease
is not observed. The same number in the closed economy is 0.22% which implies
that openness have a considerable e¤ect on the growth disease.
The investment drought is then studied. A unique feature of the Finnish

economy after the mid 1990�s has been the low rate of investment which has led
the real capital stock to decrease 18% relative to the real GDP. This feature of
the economy is often linked to the supply side and the emergence of knowledge
economy which uses less traditional capital and more intangible assets. The
Finnish economy does not, however, di¤er from other countries considerably
with respect to the complementary investments which could verify the o¤ered
explanation. Furthermore, the decline in the capital stock is economy-wide, not
just a¤ecting the ICT sector (Berghäll, 2009).
This paper provides a demand side explanation. The neoclassical structural

change model is consistent with the investment drought when the intertempo-
ral elasticity of substitution (IES) is signi�cantly less than 1, as the growth
literature suggests. Then, the income e¤ect from the future bene�ts of the
technological change dominates the substitution e¤ect caused by the technology

1This means that 2009-2011 are replaced with long-term expectations, as the model is not
currently equipped to analyze the short-term �uctuations during the �nancial crisis.
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driven increase in the real interest rate. That will leave the representative agent
to invest less. The behaviour is consistent with the Finnish data which shows
substantial decline in the private savings rate since the mid 1990�s, while the
internal rate of return for capital has increased. In a counterfactual scenario
the IES is increased to 1.01 in which case decrease of capital stock relative to
real GDP disappears.
The model calibration is tightly linked to empirics. Each sector produces

with a unique Cobb-Douglas production function for which the industry speci�c
cost shares as well as multi-factor productivities are taken from the National
Accounts. The sectors produce intermediate goods and two capital goods, ICT
and non-ICT which allow studying the implications of vertical integration. The
service sector has been the classical source of economic stagnancy and thus the
subject of the reallocating resources, but at the same time it is an important
provider of intermediate goods. As Oulton (2001) argues, the structural change
dynamics are crucially dependent on, how much services are used as interme-
diaries. Furthermore, this paper takes stock of the recent international trade
literature. Similarly to Yi and Zhang (2010), this paper uses sector speci�c het-
erogeneous goods model by Eaton & Kortum (2002) to quantify international
trade patterns. Finally, the paper follows Buera & Kabolski (2009), who use
�exible utility function to provide a quantitative multi-sector model for the US
economy.

2 Related literature

The approach of this paper has its foundation in two important strands of eco-
nomic literature. The �rst seeks the reason for the structural change from do-
mestic causes. Pioneered by Baumol and Bowen (1966), Baumol (1967), Kaldor
(1966) and Fuchs (1968) the literature emphasizes sectoral productivity di¤er-
entials as the source of structural change. Sectors with low productivity growth
have to compete for the same inputs, especially labour, with the progressive sec-
tors which will cause their product prices to rise relative to the overall price level.
Given that consumption is inelastic, the nominal share of the low productivity
good will increase over time. In the traditional view such sector is considered to
be the service sector. Recent papers (see, e.g., Ngai & Pissarides, 2007) suggest
that labour productivity growth di¤erentials across the sectors leads to struc-
tural change and outcomes where the economy is devoted to support inelastic
demand with resulting to lowering aggregate productivity growth.
Over the years critique towards the supply side argumentation and its pre-

dictions for the aggregate economic growth has been raised. First, it is argued
that demand, rather than supply, drives the structural change. The structural
change is a symptom of increasing income and consumption capacity and the
demand patterns are caused fundamentally by hierarchical needs and their sat-
uration (Lorentz and Savona, 2007). Another strand of critique suggests that
the role of intermediate production in structural change. Growth of the ser-
vice sector can be explained partially by the expansion of �nancial and business
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services. As Oulton (2001) shows, the aggregate productivity growth rate will
in fact rise in the case that resources are shifting to industries producing only
intermediate inputs. However, given that there is �nal demand in stagnant
sectors deindustrialization will still occur, but possibly with lower rate (Sasaki,
2007). From the perspective of understanding the role of ICT intermediates
are important, because the new technology is widely used in all sectors of the
economy.
Not surprisingly, there exists some evidence to support both the supply

and the demand side arguments. Studies �nd typically a modest increasing
pattern in real consumption towards services, which is a sign of changing demand
patterns. At the same time, relative prices re�ect di¤erences in TFP growth and
real consumption varies a lot less than the nominal consumption. (Kravin et. al.,
1983) Recently, Nordhaus (2008) distinquishes between supply and demand side
e¤ects in structural framework and con�rms that industries with relatively lower
productivity growth show higher growth in relative prices and there is a negative
association of productivity growth with the growth in nominal output (but only
marginally signi�cant). The e¤ect of productivity growth to employment shares
is however mixed being decreasing in the service industries and increasing in
manufacturing.
The second strand relates to international trade. While a large literature

exists on the structural change, researchers have turned the focus on its con-
nections with international trade only recently. This is somewhat surprising as
both are fundamentally determined by relative di¤erences and changes in pro-
duction capabilities and thus closely interlinked. Indeed, as Matsuyama (1992,
2009) shows with a theoretical model, for an open economy the relative advan-
tages across countries are key factors in determing the direction of structural
change. Empirically, Buera & Kabolski (2009) shows that neither demand or
supply side can explain the structural change patterns in the US, which leaves
the door open for alternative explanations.
Taking stock from the previous literature, this paper uses the Eaton & Ko-

rtum (2002) model (EK) for international trade. The framework is based on
the Dornbusch et al. (1977) in which producers are subjected to idiosyncratic
productivity shocks. Users of the goods will search for the lowest price and
buys the good from the most e¢ cient producer, while taking into account trade
barries in the global market. EK has many nice properties. Whereas many ri-
cardian models such as the one used by Matsuyama (2009), the model does not
lead to full specialization and thus helps to analyse gradual shifts in production
patterns. It incorporates intra-industry trade and allows to analyse the impact
of intermediate goods, both which are important features of the observed trade
�ows. Whereas the "new trade theory" models intra-industry trade with �xed
costs and monopoly rents, it is based on competitive markets. While the former
might be closer to reality, the latter is easier to calibrate and permits the use
of a large body of general equilibrium theory (Alvarez and Lucas, 2007). As
EK shows, the model can explain trade gravity, the positive relationship be-
tween the size of the trading partners on the size of the trade. Sensitivity of
trade on barriers and costs are not due to preferences (or competition) as in
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the monopolistic case, but depends on the variance of technology. Furthermore,
allowing separate production of di¤erent kinds of intermediate and �nal goods,
the model allows analysing the impacts of o¤shoring and outsourcing as di¤erent
components of production, which can be used as a result of changes in relative
advantage. These features have been shown to be important in explaining the
trade patterns.

3 Model

In grounds of the previous discussion, the model extends a traditional neo-
classical model with features which allows to analyse the decomposition of the
technological change. Its foundations are in the Ramsey model and the decisions
of agents who maximize their utility over time.
The �rst modi�cation of the traditional open-economy model is that produc-

tion is allocated to three di¤erent sectors, a non-tradable service sector and two
tradable sectors. The latter two are chosen to be the traditional manufacturing
sector and the ICT sector.2

In each sector pro�t maximizing �rms produce consumption goods and fac-
tors of production in competitive markets. The tradable sectors produce invest-
ment goods, which, as usually, have a dual role in the economy. An investment
good is both a carrier of household savings and an instrument to accumulate
capital, which is strictly domestic in the model. Investments in manufacturing
goods and ICT goods transform into individual stocks of capital in the next
period and depreciates over time. In addition, all sectors provide intermediate
goods, which, unlike capital, have to be used at the period of their production.
Consumer, investment and intermediate goods can be traded across countries
and are perfect subtitutes. Finally, all sectors use labour force provided exoge-
nously by the domestic workers3

The second modi�cation relates to the way the model is made open. The
traditional way to impose the openness is to assume that each country produces
a di¤erentiated good (Armington model) and the international trade patterns
are dependent on their substitutability in di¤erent countries. Instead, in this
paper the tradable sectors consist of heterogenous �rms producing a variety of
similar goods in each country. The allocation of production and the following
trade patterns are contingent on the relative productivities of the �rms rather
than the rather abstract concept of substitutability. The most important gain
from the modi�cation is that information on the relative output prices and unit

2 In the actual data these sectors re�ect: ICT = ICT related manufacturing and services,
traditional manufacturing = all other manufacturing industries, services = private and public
services. The model currently omits the housing sector and the primary sector.

3Keeping the labour stock exogenous is a choice which can be justi�ed by the focus on
the long-run behaviour of the economy. Basu & Fernald (2009) argues that the choice can
be motivated by the observation that labor productivity has risen dramatically over the past
two centuries, whereas labor supply has changed by much less. Thus, omitting labour choice
should not greatly a¤ect the results.
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costs can be better used in the calibration of the model, while maintaining its
analytic tractability.

Firms

In each sector the production technology is described with a constant returns
to scale Cobb-Douglas production function. There are 6 factors of production.
The �rst two factors are the capital stocks, kIT and kNIT , which �rms rent from
the representative household. The third factor is the labour, l, while the rest of
the three are intermediate products of the sectors.
The service sector is assumed to produce a homogenous good in competitive

markets. The representative �rm maximizes pro�ts with respect to the factors
of production. As a result of the maximization, the production in optimum is
described with the unit cost function:

log(UCS) = �S + �IT;S log(RIT ) + �NIT;S log(RNIT )

+�S;S log(pS) + �IIT;S log(pIT )

+�INIT;S log(pNIT ) + �W;S log(W );

where �S = log(
1
As
); As being the multi-factor productivity term and ��;S the

output elasticities.
In the tradable sectors q 2 fIT;NITg the output is heterogenous and pro-

duced by a continuum of �rms zq 2 [0; 1]; indexed by the type of the good they
produce. The production functions are Cobb-Douglas and identical for each
�rm, expect for the multi-factor productivity term. The �rms are either lo-
cated in the home country or operates abroad and their production is combined
symmetrically to a composite good (�q < 1)

fq =

0@ 1Z
0

f
�q
zq dz

1A
1
�q

;

which is then used for consumption or investments purposes.
The model is based on the Eaton & Kortum (2002) framework in which the

multi-factor productivity distributions across countries in tradable sectors are
realizations of random variables. It is assumed that productivity Aq(z) is drawn
in each time period from a cumulative distribution function �iq(z) = Pr(Ziq �
A): When the distribution is chosen to be Frechet �q(z) = e�TqA

��q
; where

Tiq > 0; �q > 1, the randomization has clear economic interpretiation. The
draw is maximum of a set of productivity draws, which represents the best new
idea from an underlying distribution of ideas. Being proportional to the mean
draw from the F distribution, T measures the absolute advantage of the sector
in production. However, each country will have some production in each sector,
as good productivity outcomes will be realized in each country. Their frequency
is governed by �; which can be interpreted as relative advantage.
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Production of each class z is fully competitive and the similarity of the
production makes it possible to obtain an aggregate unit cost function. It can
be expressed by integration as

log(UCq) = �q + �IT;q log(RIT ) + �NIT;q log(RNIT )

+�S;q log(pS) + �IIT;q log(pIT )

+�INIT;q log(pNIT ) + �W;q log(W );

where �q is the inverse of aggregate mean multi-factor productivity for the

tradable sector, given by �q = 
�1
q T

1
�q
q ;  = (�(1� �q

1��q
) 1�q )

1��q
�q ; while �i;q are

the sector-speci�c elasticities. It is noticable that the higher the variance, �;
becomes, the less the fundamental drivers of unit costs, T and the factor prices,
matters for the allocation of production. Thus, � is one of the key parameters
of the model.

Consumers

The consumers receive wages and rental income from capital. In each time
period the consumer either consume or invest the received income. The deci-
sions are driven by maximization of inter-temporal utility determined by the
combination of consumption of the three types of goods.
Following the Eaton and Kortum (2002) model (EK) the consumers compare

prices across countries and buys goods from location where price is the lowest.
The purchased goods are transported to the home country and combined to a
composite good, which is then either consumed or invested. The transportation
generates an iceberg cost � q;i;j , when the good q is shifted from country i to
country j (=1 if i = j). Formally, the good is purchased from country j if

� q;i;jPq;j = min
k2CN

[� q;i;kPq;k] ;

where CN is the set of all country indices.
In the EK framework the behaviour of the price minimizing purchasers can

be described with tractable analytical expressions. Given the distribution of
the multi-factor productivity, the composite good q�s relative price in a country
(omitting the country index)

Pq = �
� 1
�

q

where �q =
P

k2CN
���q;FIN;kUC

��
q;k ; as EK shows.

Similarly, trade patterns can be expressed as a function of wages and relative
productivities. Under the Fréchet distribution, the probability that the lowest
price in the country is o¤ered by the vendors in other countries can be derived
from the distribution of prices. In the EK model this probability is also be the
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expenditure share of goods bought from other countries. For the sector q, again
omitting the country index, the expenditure share is:

�q =
UC��q
�q

While the geographical origin of purchased goods is denominated by the
EK model, consumer preferences determine their amount. The preferences are
assumed to be tiered in such a way that the felicity function for the aggregate
�nal consumption is

U(cS ; cIT ; cNIT )

= N
�
!S(

cS
N
� �cS)

"�1
" + !IT (

cIT
N

� �cIT )
"�1
" + !NIT (

cNIT
N

� �cNIT )
"�1
"

� "
"�1

where �C�s are subsistence parameters, " < 1;! > 0, N is the size of the
population, and

X
! = 1: The CES

Intertemporally the household has CRRA preferences with the total in-
tertemporal utility being:

1X
t=0

�t
U1��t � 1
1� �

is assumed to provide work inelastically and consumes or invests in capital
all income X

i2fIT;NIT;Sg

pici +
X

i2fIT;NITg

piii =Wl +RIT kIT +RNIT kNIT

Equilibrium

Equilibrium conditions are then collected. As shown in the appendix, the nec-
essary conditions for the optimal consumption yields the static conditions

pj
pk
=
U[j]

U[k]

and the dynamic conditions

U[q]

U
0

[q]

= �(
R

0

q

p0q
+ (1� �q))
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where [] denotes derivative, q refers to tradable sectors and indices j and k
correspond to all sectors. 4

As discussed above, the international trade model posits the relationships
between unit costs and prices:

pq = �
� 1
�

q

as well as unit costs and domestic shares:

�q =
UC��q
�q

In the service sector the zero pro�t condition implies prices as usually:

pS = UCS :

In the tradable sectors the domestic aggregate consumption and investment
�ows can be disaggregated:

iq = �qiq + (1� �q)iq = idomq + iimq

mq = �qmq + (1� �q)mq = m
dom
q +mim

q

cq = �qcq + (1� �q)cq = cdomq + cimq ;

where DOM denotes domestic �ow and IM imports. Relative unit costs
also denominates exports as the Finnish exports of good q are

iexq =
X

i2fCNnFINg

(1� �q;i;FIN )(ci + ii):

where �q;i;FIN is the share of the Finnish good q in country i. Trade is
assumed to balance in the equilibriumX

q

pq(i
ex
q � cimq � iimq �mim

q ) = 0

The production side of the economy uses the domestic resources; labour,
capital stocks and intermediates as the factors of production. In the equilibrium
supply meets the demand, which after using the Shephard�s lemma yields the
following equilibrium conditions all sectors i (k):

4 It is worth noting that the two conditions yield a natural zero-arbitrage condition. The
real interest rate of the economy is

1 + r =
R
0
NIT + (1� �NIT )p0NIT

pNIT
=
R
0
IT + (1� �IT )p0IT

pIT
:

The relative prices in the current period re�ect the ratio of the future streams of rental
income.
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X
i

UCi[Rq ]fi = kqX
i

UCi[W ]fi = lX
i

UCi[pj ]fi = mj

where the last equation holds for intermediates of all industries. Further-
more, the feasibility constraints for the use of domestic products are

fq = cq + i
dom
q +mdom

q + iexq

fS = cS +mS

which together with the balanced trade condition guarantees that the house-
hold budget constraint holds. Finally, both capital stocks accumulate according
to

k
0

q = (1� �q)kq + iq

4 Quantifying the model

The calibration of model is a combination of collecting parameter values from the
previous literature and estimating others using them. The model is calibrated
to initiate from 1995 and the existing data is used to measure the evolution of
the exogenous variables between 1995-2035.

Parameters and observed exogenous variables

The Eaton-Kortum model is used heavily in the calibration. The reason is
that it yields consistent estimates of both unit cost di¤erences and prices across
countries. In their paper Eaton & Kortum (1999), they show a way to estimate
both price indices and relative unit costs. The paper shows, how implied relative
prices can be estimated from the data up to the parameter � and similarly
relative unit costs are found. The parameter value of � is set to 8.3, which is
the standard choice. Since Finland has not yet implemented quality adjusted
de�ators of ICT capital, one of the main advantages of using the international
trade model is that quality adjusted de�ators of the US (P̂ 1995=1q;US

5) economy
can be used (breferring later to quality adjustment).
The estimated quality adjusted price of the Finnish good can be expressed

the product of relative prices of Finnish ICT and the US quality adjusted prices:

5NAICS, EU-KLEMS
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P̂ 1995=1q;FIN =
�̂
� 1
�

q;FIN

�̂
� 1
�

q;US

P̂ 1995=1q;US

in which case the price index is no longer dependent on ; an unobserved
variable in the Eaton-Kortum model.
The following graph illustrates the evolution of prices in all sectors (1980=1).

.5
1

1.
5

2
2.

5
3

1980 1985 1990 1995 2000
year

PS pit
pnit

Prices in other sectors re�ect the general increase in prices, albeit the increase
in service sector is the highest, but the output price in the ICT sector (Pit) falls
at high rate. While there seems to be a noticable price di¤erence between the
US and Finland, it should be noted that the trends in prices are very similar to
the ones observed in the US. International trade patterns are described with two
graphs. The share of domestic production (DS) is captured well by the model
as the predicted values indicate (described by the variables with _mod su¢ x).

.4
.5

.6
.7

.8

1994 1996 1998 2000 2002
year

DS_NIT DS_NIT_mod
DS_IT DS_IT_mod

Similarly, the predicted quantity of overall exports follows closely to the
actuals, although the model for traditional manufacturing slightly exaggerates
their size:
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The estimated international trade models yield average unit cost estimates
for the sectors, which are however measured in relative terms across countries.
They can be transformed to levels by �rst reordering the terms

P̂ 1995=1q;i = �̂
� 1
�

q;i

P̂ 1995=1q;US

�̂
� 1
�

q;US

and after recalling that

�q;i =
X
k2CN

UC��q;k�
��
q;i;k

it can be seen that re-normalization of the empirical unit cost estimates by
(P̂ 1995=1

k;US )

�̂
� 1
�

k;US

, will return prices in all countries back to levels. Trade data lasting

until 2001 is then extended by approximating changes in the average unit costs
in other countries but Finland by the changes in the sector-speci�c price indices
until 2008. After 2008 evolution of unit costs in other countries is assumed to
follow the long-term pattern of the sector-speci�c US investment de�ators. As
a �nal note, since the model does not have measure of in�ation, all exogenous
nominal variables are de�ated by the US GDP de�ator.
The parameter values for the utility function are then calibrated. First, the

intertemporal elasticity is set to 0.25 similarly to Acemoglu & Guerreri (2008),
while the substitution elasticity parameter is 0.5 following the speci�cation in
Buera & Kabolski (2009). The subjective discount factor, �; is set out to be 0.04
as commonly suggested in the literature. The rest of the parameter values are
found by �tting the utility function to consumption data. First order conditions
for marginal productivities yield two estimable equations:

P̂ 1995=1i;FIN

P̂ 1995=1j;FIN

= (
!i(

Ci
N � Ci)

!j(
Cj
N � Cj)

)
1
"

to approximate the subsistence parameters �C and and the consumption shares
!.
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The following table summarizes the calibration of the utility function:

Utility function

parameters
!IT !NIT !S cIT cNIT cS � " �

values: .062 0.190 0.748 0 5650 6474 0.5 0.25 0.96

In the calibration it is noticable that the benchmark weight of !NIT is fairly
low, while the subsistence parameter is high. As a result, increasing income will
decrease the role of the traditional manufactured goods in consumption. As
the subsistence parameter for services is also high, the combined e¤ect of the
subsistence parameters is to increase the role of ICT on the long-run. However,
the weight of services, !S ; is fairly high which indicates that they will dominate
consumption on the long-run.
Parameterization of the production side is then discussed. The elasticity

parameters are calibrated by using the year 2000 nominal share estimates for
the sectoral use of inputs:

Factor shares in the

production functions
ICT -sector non-ICT -sector Service sector

ICT capital 0.060 0.013 0.016

non-ICT capital 0.137 0.087 0.074

Labour 0.143 0.207 0.370

Interm. services 0.302 0.240 0.404

Interm. ICT 0.307 0.016 0.046

Interm. non-ICT 0.051 0.438 0.089

Multifactor productivity level in 1995 is measured as the residual of unit
cost equations, when the rental rate estimates, observed (sector speci�c) hourly
wages and unit prices of the intermediates are installed in the equation. They
are taken from the National Accounts and the EU-KLEMS data (rental costs
of capital). Output based multi-factor productivity growth for service and non-
ICT sectors are taken from the National accounts. They mainly re�ect average
growth rates (1995-2009, 0.8% and 0% for non-ICT and service sectors, respec-
tively), but for 2006-2009 the MFP slowdown in non-ICT sector is included.
In absence of ICT de�ators, the MFP for ICT sector is calibrated by mea-

suring the residuals of unit cost equations in 1995-2001 and using the US growth
rates for the ICT sector afterwards. The �rst period re�ects period before the
ICT boom and bust, while the latter periods takes into account gradual decline
in the rate of productivity growth experienced in the sector. The long-term
prospects are based on the long-run average (1980-) of the US ICT sector.
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MFP growth Periods:

ICT 1995-2001 2002-2008 2009-2035

11% 5% 2.5%

non-ICT 1995-2035

0.8%

Service 1995-2035

0%

Finally, as set of other exogenous variables are needed to close the model:

Variable Periods: Data

Finland 1995-2008 2009-2035

Population (growth) 0.34% 0.29% Pro jection, data

StatFin

Hours (growth) 1.34% -1% working aged / all

StatFin

World markets: Size 1995-2008 2009-2035

ICT - US GDP def. Data for 2% CEPII,

growth 19 largest OECD Stan

non-ICT- US GDP def. Data for 2% CEPII,

growth 22 largest OECD Stan

World markets: Unit costs 1995-2001 2002-2008 2009-2035

ICT Trade model US ICT 1980-2005 CEPII,

de�ator US aver. EU-KLEMS

non-ICT Trade model non-ICT 1980-2005 CEPII,

de�ators US aver. EU-KLEMS

Numerical solution method

The steady state is �rst solved in a stationary future state, where growth stops.
The period is chosen to be in distant future, so that the mid-term dynamics
of the model are not dependent on the assumption. The steady state is solved
in Mathematica by �rst substituting equations as long as possible and then
solving the remaining non-linear system of equations. Dynamics of the model
are solved using Matlab / Dynare, and in particular the deterministic solution
library, simul.

5 Results

This section reviews the results. First, the structural change dynamics are
studied and then the focus is turned on the investment behaviour.
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Structural change and openness

The model is simulated with the baseline calibration which re�ects the mod-
els capacity to explain the structural change dynamics. As a counterfactual
scenario, an alternative speci�cation is studied, where there is a 20 percentage
point increase in the trade costs.
Next, the three stuctural change measures are studied. The model predict

fairly well growth in the nominal output in the sectors. These changes involve
growth especially in the ICT sector and continuing decrease in the share of the
traditional manufacturing sector. Importantly, in the baseline scenario the ser-
vice sector does not increase its production share over time as the traditional
growth disease argumentation would suggests. Closing the economy only af-
fects the tradable sectors, the economy produces more traditional manufactured
goods to ful�l the domestic demand.

Nominal output shares

The shares hide substantial movements in the real production shares. Real
production in the ICT sector, traditional manufacturing and services are in the
year 2008 11.11, 1.33 and 1.07 times higher than in 1995, respectively. Thus, the
ICT sector is despite its relatively small share a signi�cant source of real GDP
growth which for the economy is on average 5.4 %, higher than what is actually
observed for the economy (3.9% 1995-2007 (IMF economic outlook)), partly
explained by omission of the residential and the primary sector in the model. In
the closed economy the aggregate growth rate is much smaller, 2.5%. Over the
preceding 10 year the implied real GDP growth rates of the economy are 2.5%
for the open and 2.1% for the closed economy, respectively. In the simulated
period in which exogenous variables grow at constant rates there is little sign of
signi�cant growth disease, the benchmark case the economic growth rate falls,
but very modestly, 0.08% in 10 year. In the closed economy the drop is higher,
0.22% indicating that international trade diminishes the growth disease.
While in the output shares the increase in the role of services does not show

up, the consumption patterns capture the increase in the relative consumption
of services, even exaggerates them modestly. Especially, in the open economy
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benchmark the share grows rapidly. In the closed speci�cation the growth pat-
tern is less present. The share of ICT remains in both cases small which may
result from changes in preferences after 2001, a time period for which de�ators
does not currently exist.

Nominal consumption shares

Finally, patterns in the labour shares follows the nominal output shares.

Shares in aggregate hours

The labour share of services remains constant while the share of ICT (man-
ufacturing) increases (decreases) in hours. It is noticable that the labour share
of services is lower than in the data. Arguably, this is because wages equalize
in the model, but in the actual data the average wage in the service sector is
much lower. This re�ects both labour market rigidities and di¤erences in hu-
man capital across the sectors. While the labour markets have importance, their
omission should not change the major implications of the model. Nevertheless,
inclusion of the markets is work in progress.
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The Finnish investment drought

During the years 1995 to 2007 the volume of the Finnish aggregate capital stock
relative to real GDP declined gradually by substantial amount, according to
OECD estimates roughly by 16% (OECD economic outlook). An immediate
reason for the dynamics is still open. While immaterialization of investments
(R&D and other intangible investment) due to the knowledge economy and out-
ward FDI plays a role, no obvious explanation from the MFP growth and coun-
try risk relative to other countries can be found, as Berghäll (2009) concludes.
Rather, the Finnish economy seems in any standards a good place to invest and
the decrease in investment is wide-spread not just a¤ecting ICT sector.
The model is stylized in many important respects, but it can replicate the in-

vestment drought. Explanation, although indirectly linked to high productivity
growth in ICT sector, is the saving behaviour of the representative household.
Growth literature widely suggests that IES is below 1 indicating that increase
in real interest rate will decrease savings, as the income and wealth e¤ects of
future production dominates the substitution e¤ect caused by higher price of
current consumption (Obstfeld and Rogo¤, 1996). Because high rate of produc-
tivity growth in the ICT sector pushes real interest rate up (the Finnish data
suggests that real return to capital increased from the previous trend level of
7% 1985-1995 to a new trend level 14% 1995-2005 (Oulton and Ricon (2009))),
the expected productivity growth results in the investment drought. Indeed, the
data suggests that household saving rate in the Finnish economy plummeted in
the years following 1995 and stepped up only in the face of the �nancial crisis
and much weaker prospects of economic growth. When the IES is raised to
1.01 as a counterfactual scenario, the drought disappears which can be seen as
evidence for the advocated mechanism.

Real Capital / GDP

Similarly, evolution of the interest rate can be studied in the two cases.
When the IES is 0.25, the real interest rate grow after the :
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Real interest rate

Of course it can be argued that the private sector is not the only supplier
of capital, as in the model, but recent study by Sauramo (2008) suggests that
real domestic �xed investments are intimately related to domestic conditions:
outward FDI decreases real domestic �xed investments one-by-one.6 It is also
worth noting that the government ran budget surplus during the time period.
(More discussion to be added)

Conclusions
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7 Appendix

7.0.1 Consumer�s optimization problem

The corresponding lagrangian with constraints for resources, balanced trade and
income are (�refers to next period, t+1) with fk = ck + ik + iexk (intermediates
cancel out)

L =
X
t

�(U(c1 + c
im
1 ; c2 + c

im
2 ; c3)

+�1

 
wL+R1kIT +R2kNIT �

X
k=1::2

pk(ck + ik + i
ex
k )� p3c3

!
+�2(

X
k=1::2

pk(i
ex
k � cimk � iimk ))

+1(k
0

IT � (1� �IT )kIT � iIT � iimIT )
+2(K

0

NIT � (1� �2)KNIT � iNIT � iimNIT )

giving the following FOC�s for consumption

(c:1) : cimj : �tU[j] � �2pj = 0jj = 1; 2
(c:2) : cj : �

tU[j] � pj�1 = 0jj = 1; 2; 3

investment:

(i:1)iimj : ��2pj � j = 0jj = 1; 2
(i:2)ij : ��1 � j = 0jj = 1; 2
(i:4)iexj : ��1pj + �2pj = 0jj = 1; 2

and capital (k�)

(k:1)k
0

j : �
0

1R
0

j + j � (1� �j)
0

j = 0jj = 1; 2

First, the lagrange multipliers are solved as a function of marginal utility:

�1 =
�U[j]

pj
jj = 1; 2; 3

�2 = �1

j = ��2pj jj = 1; 2
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Static optimality conditions for consumption follows from (c:2) :

pj
pk
=
U[j]

U[k]

The dynamic optimality conditions are

�
0

1R
0

j + j � (1� �j)
0

j = 0

, �
0

1R
0

j � �1pj + (1� �j)�
0

1p
0

j = 0

, �
0

1R
0

j � �1pj + (1� �j)�
0

1p
0

j = 0

,
�
0
U

0

[j]

p
0
j

R
0

j �
�U[j]

pj
pj + (1� �j)

�
0
U

0

[j]

p
0
j

p
0

j = 0

, �
0
U

0

[j]

 
R

0

j

p
0
j

+ (1� �j)
!
� �U[j] = 0

,
U[j]

U
0

[j]

= �(1)

 
R

0

j

p
0
j

+ (1� �j)
!

Furthermore (c.2) and (i.2) combined yield k = ��tU[k] and with (c:2)
euler equation w.r.t each capital stock k and user j becomes

�t+1U
0

[k]

p
0
j

R
0

k + �
t+1U

0

[k](1� �k) = �tU[k]

U[k]

U
0

[k]

= �(
R

0

k

pk
+ (1� �k))

Especially, there are 2 euler equations, one for each capital type.

Quantifying the international trade model

(More details to be added)
The quanti�cation of the trade model is based on the estimation of the

bilateral trade equations. Their estimation closely follows Eaton & Kortum
(2001) and thus its details are omitted here. The set of variables to model trade
barriers is based on the gravity dataset by Head et al. (2008) provided by CEPII.
The variables include tari¤ levels, RTA dummies, distance (6 classes), common
o¢ cial language, border and colonial background, WTO and EU membership
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status as well as an importer �xed e¤ect. The equations are estimated yearly
1995-2001 and the 2001 estimates are then used for the preceeding years.
Production and bilateral trade data for the years 1995-2001 are taken from

the TradeProd dataset, also available in the CEPII homepage. ICT sector is
de�ned as the industry 383 in the industry classi�cation and the rest of the
industies as the traditional manufacturing.

22


