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1 Introduction

An easy beginning for this paper could highlight the impact of information and
communications technologies (ICT) on economic growth. Indeed, the U.S. has ex-
perienced a robust acceleration in its productivity growth rate during the 1990s,
compared to that of E.U. This episode has taken place in a context in which the
U.S. investment in ICT has been much higher than that of the E.U. Particularly,
Jorgenson and Stiroh (2000) and Jorgenson (2001) have related the increase in the
U.S. productivity growth since the mid-1990s to the growth rate of investment in
ICT and the rise in total factor productivity (TFP) growth, mainly in IT produc-
tion. Oliner and Sichel (2000) and Baily and Lawrence (2001) have extended these
positive effects to the non-IT production sector of the U.S. economy. By contrast,
investment in ICT appears to be less growth-enhancing in a number of countries
where the levels of ICT investment are smaller (Colecchia and Schreyer, 2002; Dav-
eri, 2002; Vijselaar and Albers, 2002).

But things are more complex than a first sight might guess. The measured
impact of ICT on aggregate productivity has been very limited so far and their
effects take long to become visible in the macro-economic aggregates. Even for
the successful cases, a number of papers have found that the positive impact of
ICT on growth is not so straightforward as expected, but a set of issues appear
as necessary conditions to be hold (Wolff, 1996; Samaniego, 2006). In this regard,
the statement by Robert Solow is probably one of the most categorical: "You can
see the computer age everywhere these days, except in the productivity statistics"
(New York Times Book Review, July 12th 1987). Henceforth, we will refer to the
case where investment in ICT does not seem to be reflected in productivity as the
productivity (or Solow) paradox.

In this context, Spain is an interesting case to be studied. Its high growth
rates of output since 1995 (above 3.5 per cent a year as average) contrast to the
small contribution of ICT to growth and labor productivity (the smallest within
the EU-15). Moreover, this situation is compatible with higher rates of growth
in ICT capital assets than in non-ICT capital and a negative growth rate of the
TFP. Mas and Quesada (2006) detect that the behavior of ICT intensive sectors in
terms of growth rates of output is better as relative to the non intensive ICT sectors.
However, they also find negative TFP growth rates even in the ICT intensive sectors.

This paper tries to shed light on the effect of ICT expansion on output and labor
productivity growth in Spain. With this aim, we have used a computable dynamic
general equilibrium (DGE) model. Papers by Greenwood, Hercowitz and Krusell
(1997, 2000), Kiley (2001), Pakko (2002a, 2005) -all of them calibrated to the U. S.
economy-, Carlaw and Kosempel (2004) for the Canadian economy and Bakhshi and
Larsen (2005) for the U.K. economy, provide examples of this methodology applied
to technological changes. To the best of our knowledge, this is the first paper dealing



with a DGE model for capturing the impact of ICT on Spanish economy and the
first paper calibrating a DGE model with six types of capital and considering the
technological change specific to each type of capital. Moreover, regarding the data
used in the calibration, we follow the main branch of recent literature of growth
accounting and the recommendations of OECD (2001a and b; Mas and Schreyer,
2006), which focus on the concept of capital services, instead of gross or net capital
stocks.

On the basis of model calibration over the period 1995-2002, our main results
show that Spain may be placed in the productivity paradox. Despite the relatively
high growth rates of ICT investment, we find a negligible impact on productivity of
the traditional capital assets while the ICT capital inputs have a positive influence
on productivity. The growth of the TFP has a negative dominant effect on this
dynamics. Though striking, these results are consistent with the evidence found by
other papers for the U.S. economy (Hornstein and Krusell, 1996; Greenwood and
Yorukoglu, 1997; Pakko 2002a and b; Samaniego, 2006) or the Canadian economy
(Carlaw and Kosempel, 2004) and highlight the relevance of changes in the orga-
nizational capital, training of labor forces and efficiency or markets to capture the
full benefits of new technologies. Spain still has a way to walk in the direction of
improving these conditions.

The paper is organized as follows. Section 2 presents a conventional growth
accounting exercise in the EU-15 countries and the U. S. economy, as an attempt to
place the Spanish economy in an international and historical perspective. Section
3 presents the theoretical model, in which six types of capital are considered, with
the characterization of its balanced growth path. Section 4 shows the calibration
exercise. Section 5 presents the results and makes an interpretation using the related
literature. Finally, Section 6 concludes.

2 International evidence

Table 1 reports calculations of labor productivity growth in hours worked (A(Y/L)),
total factor productivity growth (AT F P), and the ratio of ICT capital over the sum
of all asset types of capital (ICT/K), for the EU-15 countries and the U.S., over
four subperiods from 1980 to 2004, as measured by Timmer et al. (2003). Countries
in this table are ordered according to the ICT-capital deepening (/CT/K) during
the last period 2000-2004. Some statistics are calculated in the lowest rows of the
table.

The ratio of capital deepening ICT/K has had a continuous growth from 1980
to 2004, indicating that the proportion of this capital stock accumulated by these
economies is on average four times in 2004 than that in 1980 (measured by the
mean). According to this criterion for the period 2000-2004, five countries can be



considered as intensive ICT users: Belgium, Finland, United Kingdom, Sweden and
the United States. The ratio corresponding to the U. S. economy in 2000-2004 is
well above the mean (9.67% over 5.4%). France and Spain appear as non-intensive
ICT wusers (see also Daveri, 2000; and Colecchia and Schreyer, 2002). Interestingly,
the heterogeneity in the ICT use has increased across the total period, as shown by
the standard deviation, from 0.6% to 1.6%.

On the other hand, Table 1 also shows a labor productivity slowdown during the
last period 2000-2004 for the non-intensive ICT users (the average falls from 2.4% to
1.2%). For the intensive ones, there is an upwards trend in productivity beginning
in 1990. A similar pattern is also worth noticing for the dynamics of efficiency, as
captured by the TFP growth.

The lowest panel of this table calculates the correlation matrix of ICT deepening,
productivity and TFP. Correlation of ICT deepening with the two other variables
is rather low and negative. However, such correlation becomes positive for the
period 2000-2004. The correlation between productivity growth and TFP growth
is interestingly high for all periods, indicating that these countries are following
a balanced growth path, as predicted by the neoclassical model (i.e., productivity
tends to grow parallel to the technological change).

Relative to its E.U. partners, Spain exhibits a poor performance in productivity
growth and a negative TFP growth during 2000-2004. Spain is a low intensive
ICT user but there is an interesting dynamics to be interpreted. While the values
corresponding to the ratio of ICT capital assets over total capital and productivity
and TFP growth were not so far away from the international average during the
eighties, things dramatically change since the mid of nineties. Negative rates of
growth for TFP and productivity are found, and ICT capital deepening decreased
below reference values. At the end of this paper, we shall offer an explanation of

this striking issue, once we calibrate a model for the Spanish growth over the period
1995-2002.

[Table 1 here]

3 The model

Following Greenwood et al. (1997) we use a neoclassical growth model in which two
key elements are present: the existence of different types of capital and the presence
of technological change specific to the production of capital. We incorporate two
new features. First, while Greenwood et al. (1997) disaggregate between structures
and equipment capital assets, we distinguish among six different types of capital
inputs. This implies a larger disaggregation of capital inputs than the one used in
previous similar works. Therefore, our production function relates output with seven
inputs: L is labor in hours worked; K constructions and non residential buildings;
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K5 transport equipment; K3 machinery and other equipment; K; communication
equipment; K5 hardware; and Ky is software. The first three types of capital are
grouped into non-ICT capital inputs, whereas the remaining three ones are ICT
inputs.

Second, we consider the investment-specific technological change associated to
each capital input. Denote (); as the price of asset 7 in terms of the amount of
which that can be purchased by one unit of output. This price reflects the current
state of technology for producing each asset. Greenwood et al. (1997) consider that
this price is constant for structures, but is allowed to vary for equipment assets.
Note that, according to this definition, equipment embodies both ICT and non-ICT
inputs.

3.1 Household

The economy is inhabited by an infinitely lived, representative household who has
time-separable preferences in terms of consumption of final goods, {Ci};2,, and
leisure, {O:};-,. Preferences are represented by the following utility function:

> B log G+ (1= 7)log O, (1)

t=0

where £ is the discount factor and v € (0, 1) is the elasticity of substitution between
consumption and leisure. Private consumption is denoted by C;. Leisure is O; =
N{H — L;, where H is the number of effective hours in the year (H = 96 x 52 =
4992), times population in the age of taking labor-leisure decisions (V;), minus the
aggregated number of hours worked a year (L; = N;h;, with h; representing annual
hours worked per worker).

The budget constraint faced by the consumer says that consumption and invest-
ment cannot exceed the sum of labor and capital rental income net of taxes and
lump-sum transfers:

6 6

(L+7)Co+ > Lio= (1 =) Wil + (1= 7)Y Ry Koy + T, (2)
i=1 i=1

where [; = Z?:1 I;; is total investment in the six types of capital, 7} is the transfer

received by consumers from the government, W, is the wage, R, is the rental price

of asset type i, and 7¢, 7!, 7%, are the consumption tax, the labor income tax and

the capital income tax, respectively. Note that capital income has six components,

each of them with a different rental rate, R, ;.

A key point of the model is that capital holdings evolve according to:
{Kity1=(1-6;) Kir + Qi,t]i,t}?zl ; (3)
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where ¢; is the depreciation rate of asset i. Following Greenwood et al. (1997),
Qi+ determines the amount of asset ¢ than can be purchased by one unit of output,
representing the current state of technology for producing capital i. In the standard
neoclassical one-sector growth model Q;; = 1 for all ¢, that is, the amount of capital
that can be purchased from one unit of final output is constant. Greenwood et al.
(1997) consider two types of capital: equipment and structures, where structures can
be produced from final output on a one-to-one basis but equipment are subject to
investment-specific technological change. However, in our model, @);; may increase
or decrease over time, representing technological change specific to the production
of each capital. In fact, an increase in @);; lowers the average cost of producing
investment goods in units of final good.

The problem faced by the consumer is to choose C;, Oy, and I; to maximize the
expected utility (1), subject to the budget constraint (2) and the law of motion (3),
given taxes {TC, T, Tl} and the initial conditions {Ki,()}?:l-

3.2 Firms

The problem of firms is to find optimal values for the utilization of labor and the
different types of capital. The production of final output Y requires the services of
labor L and six types of capital K;, i = 1,...6. The firm rents capital and employs
labor in order to maximize profits at period ¢, taking factor prices as given. The
technology is given by a constant return to scale Cobb-Douglas production function,

6
=1

where A; is a measure of total-factor, or sector-neutral, productivity and where
{0<a; < 1}?:1, 2?21 a; <1,and ap =1 — 2?21 «;. Final output can be used for
seven purposes: consumption or investment in six types of capital,

6
}/t - Ct + Z-[i,t7 (5)
=1

where both output and investment are measured in units of consumption.

3.3 Government

Finally, we consider the existence of a tax-levying government in order to take into
account the effects of taxation on capital accumulation. For simplicity, we assume
that the government balances its budget period-by-period by returning revenues
from distortionary taxes to the agents via lump-sum transfers 7;. The government



has no role in our model and obtains resources from the economy by taxing con-
sumption and income from labor and capital. Consequently, the government budget
constraint in each period is:

6
TcCt + TthLt + Tk Z Ri,tKi,t = ﬂ (6)

i=1

3.4 Equilibrium

The first order conditions for the consumer are:

1
1o T MAET) =0, (7)
—(1=9) —=———+ N1 -"HY W, = 0, 8
( V)NtH—Lt (=T W, (8)
1—0; At i
B8 Neyr | (1= 7°) Rigyn + ( )| - A gt =0, 9)
Qi,t-H Qi,t

for each « = 1,...6. )\; is the Lagrange multiplier assigned to date’s t restriction.
Combining (7) and (8) we obtain the condition that equates the marginal rate of
substitution between consumption and leisure to the opportunity cost of one addi-
tional unit of leisure:

| B C e A1
NH — L (I=7)(A+7¢) C
Equation (9) is a set of Euler equations that equate the marginal cost of additional

capital with the expected return to the investment for each type of capital. Com-
bining (7) with (9) yields:

(10)

1C i
10 Q b (11)
B C; Qi1

Condition (11) implies that marginal rate of consumption equates the rates of return

of the six investment assets.
The first order conditions for the firm profit maximization are given by

= (1 — Tk) QitRiri1+ (1 —9;)

6
A TT s Y
{Ri,t = Ki,t Ly* H Kz’,t = aiK_u B ) (12)
and
‘ Y,
Wt = O[LAtL?L_l H Kzo’lg = OZLE, (]_3)

=1
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that is, the firm hires capital and labor such that the marginal contribution of these
factors must equate their competitive rental prices.
Additionally, the economy satisfies the feasibility constraint:

6 6
Codt Y Lip=> RisKip+ WL =Y. (14)

=1 i=1

First order conditions for the household (10) and (11), together with the first
order conditions of the firm (12) and (13), the budget constraint of the government
(6), and the feasibility constraint of the economy (14), characterize a competitive
equilibrium for the economy.

Definition. A competitive equilibrium for this economy is a sequence of con-
sumption, leisure and private investment for the consumers {Ct, N:H — Ly, {Ii,t}?zl }zov
a sequence of capital and labor utilization for the firm {{Ki,t}?zl ,Lt}:io, a se-
quence of the state of technology for producing each capital asset {{Qi.}._,},,
and a sequence of government transfers {7;}:°,, such that given a sequence of prices
{w,, {Riﬂf}?:l}zo and taxes {7¢, 7%, 7'}

i) The optimization problem of the consumer is satisfied.

i1) The first order conditions of the firm hold.

i11) The sequence of transfers is such that the government constraint is satisfied,
and

iv) The feasibility constraint of the economy holds.

3.5 The balanced growth path

Next, we define the balanced growth path, in which the steady state growth path of
the model is an equilibrium satisfying the above conditions and where all variables
grow at a constant rate. The balanced growth path requires that hours per worker
must be constant. Given the assumption of no unemployment, this implies that
total hours worked grow by the population growth rate, which is assumed to be
Zero.

According to the balanced growth path, output, consumption and investment
must all grow at the same rate, which is denoted by g. However, the different types
of capital would grow at a different rate depending on the evolution of their relative
prices. From the production function (4) the balanced growth path implies that:

6
gngHgiai’ <15)
=1



where g, is the steady state exogenous growth of A;. Let us denote g; as the steady
state growth rate of capital 7. Then, from the law of motion (3), we have that the
growth of each capital input is given by:

{9: = Uig}?:1 ) (16)

with 7, being the exogenous growth rate of @); ;. Therefore, the long run growth rate
of output can be accounted for by neutral technological progress and by increases
in the capital stock. In addition, expression (16) says that the capital stock growth
also depends on technological progress in the process producing the different cap-
ital goods. Therefore, it is possible to express output growth as a function of the
exogenous growth rates of production technologies as:

6
g=gi{* T n. (17)
i=1

Expression (17) implies that output growth can be decomposed as the weighted
sum of the TFP (neutral technological progress) growth and embedded technological
progress, as given by {771‘}?:1- Along the balanced growth path, growth rate of each
capital asset can be different, depending on the relative price of the new capital in
terms of output. A particular capital asset with decreasing prices (specific techno-
logical progress) will display a growth rate higher than the output growth rate. On
the contrary, capital assets whose relative prices increase, will grow over time at a
lower rate than output.

On this basis, the following steady state ratios can be defined:

_ Y

(é)ss €(0,1), (19)
c = (%)ss €(0,1), (20)

where the subscript ss denotes its steady-state reference.
The balanced growth path is finally characterized by the following set of equa-
tions:

Si

{mg=8[(1—)ap,+1-08]} . (22)

{nig=pisi +1— 5@'}?:1 ) (23)



and

1 = c+Zs,~, (24)

1 = CYL+Z%‘~ (25)

¢ = ap ) 1T (1—1). (26)

I—vy1+7\v

The system of 15 equations composed by (22)-(26) is the one used in the cali-
bration exercise.

4 Data, parameters and calibration

Series of productive capital have been drawn from the data base elaborated by Mas,
Pérez and Uriel (2005, 2007), who provide an estimation of eighteen assets for Spain
for 1964-2002.1 Non-ICT series have been grouped into three assets: constructions
and non residential buildings (n.r.b.), transport equipment, and machinery and other
equipment, whereas ICT series have been grouped into three assets: communication
equipment, hardware and software. These ICT series have been quality-adjusted by
adapting the hedonic prices of the BEA through the law of one price (see Mas et al.,
2005, pp. 71 and 168-173). Assets have been aggregated using a Tornqvist index.
This data base also provides series for (nominal and real, gross and net) investment.

Series for Gross Value Added (GVA), inputs compensation and total hours
worked have been retrieved from Instituto Nacional de Estadistica (INE).? Since
residential capital does not belong to the concept of productive capital, we do not
consider it into the values of GVA and, consequently, nor into analogous measures
of remuneration of employees, those referred to rents from dwellings and incomes
from private households with employed persons.

Prices of assets {Qit}?zl have been elaborated on the basis of deflators provided
by Mas et al. (2007) and following the procedure that the OECD recommends to
overcome the deficiencies of Spanish statistics. Price Q);; represents the amount of
asset ¢ that can be purchased by one unit of the consumption good at time t. We
proxy these prices as Q;; = C'PI;/q;, where C'P1, is the (non durable) consumption
price index (downloaded from INE), and ¢; is the deflator of asset ¢ calculated as
nominal investment relative to real investment ratio.

IThis data base is available on the web site of Fundacién BBVA: www.fbbva.es.
2See http://www.ine.es/



Table 2 reports information on relevant parameters used in the calibration. The
second column shows the average price changes of the six assets (7, = T Y, Qit/Qit—1)-
It is worth noticing that price changes of the three non-ICT assets are found negli-
gible for this particular period. The amount that hardware equipment that can be
purchased by one unit of output has increased by 22 percent per year. This increase
is of about 5 percent per year for communication equipment, and about 2 percent
for software. Implicit technological change, as measured by the evolution of the )y,
seems to be specific of these two ICT equipment.® The estimates of the deprecia-
tion rates ¢; are collected in the third column of table 2, and have been computed
as the ratio of investment resources devoted to depreciation over the gross capital
stock. Table 2 also reports the investment ratios of expression (19) averaged over
1995-2002 (s;). Note that the highest ratio is associated to constructions (assets
with null implicit technological change), that with a ratio of 0.0936 represents a half
of total investment. A quarter of investment is devoted to machinery equipment
(with an investment ratio of 0.0443). Hardware only represents a 3.7 per cent of
this portfolio, which is the asset with the highest implicit technological variation.

[Table 2 here]

The average labor productivity growth in the period 1995-2002 for the Spanish
economy was -0.39 per cent. Using the notation of our model, that means that ¢ is
equal to 0.9961. According to (21), the average working hours ratio is v = 0.2819. In
order to take into account the distortionary effects of taxes, particularly on capital
accumulation, realistic measures of tax rates are needed. Agents’ decisions depend
on marginal tax. However, as pointed out by Mendoza et al. (1994), the estimation
of marginal rates is often an impractical task given limitations imposed by data
availability and difficulties in dealing with the complexity of tax systems. They
proposed a method to estimate effective average taxes and show that their estimated
average tax rates are within the range of marginal tax rates found in previous works
and display very similar trends. In this paper we use the effective average tax
rates, as estimated by Boscé et al. (2005), who follow the methodology proposed
by Mendoza et al. (1994) for the period 1964-2001. These rates are: 7¢ = 0.110,
8 =0.220, 7' = 0.340.

Mas et al. (2005) follow the recommendations of OECD (2001a and b) for
constructing the series of capital assets, based on the concept of capital services.
The idea is to capture the productive services embedded into the stock of capital.
This concept of productive capital can be seen as a volume index of capital services.
The expression driving the concept of capital services for the asset ¢ is as follows:

3For the period 1970-2003, the annual growth rates of the technological progress for machinery
and transport equipment were, respectively, 1.75% and 1.30%. The evolution of these prices, how-
ever, have been much more modest during the period 1995-2002, but the results of our calibration
do not hinge on it.
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VOSy = py K-, (27)

where p,, is, in turn, the user cost of capital and is defined as

tis = Gig—1 (i + 6; — Alngy) (28)
with ; being the depreciation rate. #; is the nominal interest rate, calculated as the
sum of the rate of return (exogenously fixed at 4%, as Mas et al. (2005, 2007) do)
and the inflation rate, computed as the three year centered moving average of the
CPI. Finally, Aln¢;; measures what extent the prices of assets vary and has been
calculated as the three year centered moving average of the variation of prices of
assets.

Let RE; be the remuneration of employees.” Consequently, the cost shares of
productive factors are given by the following expressions:

4

CSH,, = RﬁEt : (29)
RE,+ 30 VCSy
CSH; = VOS5 (30)

RE,+ 3% VCSy'

with CSHy; + Z?:l CSH;; = 1. These cost shares are used in growth accounting de-
compositions for weighting the contribution of the different inputs to output growth
and productivity growth, guided by microeconomics foundations. Therefore, on the
basis of expression (29), we select a value for labor share of ay = 0.7450, which
seems to be very stable across the period under analysis.

Finally, the rest of parameters will be adjusted given these economic conditions
of productivity, investment decisions, taxes and technological change. Thus, expres-
sions (22) to (26) define a complete system of fifteen equations in fifteen unknowns,
{ai,pi}le, B, v, and ¢, for given {5i,5i,77i}?:1, ar, g, v, and {TC,Tk,Tl}. Once we
determine {a;}°_,, expression (17) will be used to evaluate the sources of technolog-
ical change, and their contribution to productivity growth, under the conditions of
period 1995-2002. The results we obtain are: a; = 0.1396, ay = 0.0253, ag = 0.0570,
ay = 0.0134, a5 = 0.0088, ag = 0.0107, 8 = 0.99, and v = 0.4580.°

5 Investment-specific technological change in Spain

Using the parameters calibrated in the previous section, we proceed to study the
quantitative importance of investment-specific technological change in explaining la-

4Mixed incomes are reassigned into labor and capital according to the weight of remuneration
of employees over the GVA.

5The values for {pi}f:1 are not reported here but they are available upon request.
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bor productivity growth in Spain over the period 1995-2002, following the strategy
proposed by Greenwood et al. (1997). However, instead of using a disaggrega-
tion into two assets, structures and equipment, we use six different capital inputs.
As explained before, asset prices as relative to the CPI will be our measure for
investment-specific technological change. This will allow us to quantify the contri-
bution of the different ICT inputs to productivity growth.

Table 3 reports the growth rates for output, labor (in hours worked) and capital
assets across 1995-2002, and within two subperiods, 1995-1998 and 1998-2002. It
is worth mentioning the weak evolution experienced by labor productivity growth
over the sample. While real GVA grew at a yearly average rate of 3.41 per cent,
labor did at 3.80 per cent, which yielded an average productivity growth of -0.39
per cent per year. This rate was also negative during the first and second half of
the sample. Regarding the growth rates of capital assets, a clear difference appears
when ICT and non-ICT capital inputs are distinguished. While the later showed
growth rates around 4 percent a year, the former experienced annual increases by
more than 10 percent. Specifically, investment in hardware grew at a stable rate
greater than 20 percent over the period, and communication and software inputs
increased their stocks at growth rates of 8 and 10 per cent by year, respectively.
These two ICT assets also experienced an acceleration in their growth rates when
both subperiods are compared. These facts are consistent with the intense declining
trend in (nominal) prices, as compared to the CPI.

[Table 3 here]

Expression (17) is used to decompose the long-run growth of labor productiv-
ity into contributions from neutral technological progress and from technological
progress from specific use of the six capital assets. Results are reported in Table 4.
While the actual observed growth rate of productivity is -0.39 percent (taken from
Table 3), our calibration reports a value of -0.71 percent a year for this variable.
This slight difference between both growth rates comes from the fact that we cali-
brate the balanced path of the Spanish economy, which is unlikely to be the same
than the actual one. Considering the period as a whole, it should be mentioned
that technological change coming from the non-ICT capital assets had a poor effect
on productivity (a negative contribution of -0.08 percent), while the technological
change from ICT capital inputs had a substantial positive impact. Of special in-
terest is the case of hardware equipment, with a positive effect of 0.24 percent,
while the software exerts a negligible impact on productivity growth (0.03 percent).
Communications also plays a small role of 0.09 percent.

With respect to technological change implicit from the non-ICT capital assets,
the calibrated model gives a negative impact coming from capital accumulation in
constructions and n.r.b. Transport equipment and machinery and other equipment
showed a positive modest impact on productivity growth.
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Neutral change has a negative impact on the observed productivity across the
entire period (-0.99). The observed productivity growth worsens in the second sub-
period, from -0.15 to -0.56 percent. The calibrated results expand this difference
between subperiods (-0.03 vs -1.22). This is a result that combines the weaker posi-
tive impulse of the investment-specific technological change in the second sub-period,
from 0.57 to 0.06, with an increase of the negative contribution from the neutral
change, from —0.60 to -1.28 percent. Therefore, implicit technological change rep-
resents a minimal impulse of total productivity growth. Neutral technical change
seems to dominate the evolution of productivity during the period.

[Table 4 here]

The phenomenon of slowdown in TFP growth has been already found in previous
contributions and linked to an increase in the rate of capital-embodied technical
change from ICT adoption in U.S. (Greenwood and Yorukoglu, 1997; Gordon, 1999).
Carlaw and Kosempel (2004) for the Canadian economy and Bakhshi and Larsen
(2005) for the U.K. obtain similar results. Additionally, it should be taken account
that as we consider different types of capital in the production function instead of
only one aggregated, the magnitude of the downturn appears as more relevant, as
was shown by Greenwood et al. (1997).5

In terms of TFP and ICT, Spanish economy in 2000 performs like U.S. economy
in the late 70s and early 80s. Figure 1 illustrates the evolution of the deepening
in ICT as a fraction of the total stock of capital, ICT /K, for both the U.S. and
Spain during 1980-2004. In 2004 this ratio was 3.7% for Spain and 10.21% for the
U.S. The ratio of this last country reached a 3.7% in 1991. Hence, ICT penetration
presents a delay of about 13 years in Spain as compared with that of the US.

Spanish economy follows here a different path than that corresponding to the
most advanced countries in terms of new technologies. In the second half of the
nineties, nations such as U.S., Sweden, Finland and U. K. experienced an upsurge of
their productivity growth (see Table 1). Hence, the question is: why this decreasing
trend in productivity levels when Spain is increasing its ICT capital stocks at two-
digit rates?

[Figure 1 about here]

TFP suffers a decrease below its long-run value during the periods in which
the investment in ICT is more intense. This issue is illustrated in Figures 2 and
3. Figure 2 presents the growth rates of TFP in Spain and the U.S. as calculated
by the growth accounting exercise of Timmer et al. (2003), and Figure 3 collects

6Particularly, they show how considering equipment and structures capital stocks in the pro-
duction function (instead of an unique broad concept of capital) increases the slowdown in the
TFP.
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the ICT growth rates in these two countries. Both figures represent quinquennial
averages starting on 1980. The dynamics of TFP in Spain is asymmetric to that of
the US. Until the mid of the nineties, Spain showed a positive growing trend in its
TFP, while that of the US was negligible. In 1995, things changed and this rate has
become negative for Spain and positive for the US ever since.

[Figures 2 and 3 here]

Spanish case also replicates the U.S. example regarding the dynamics of ICT
and non-ICT investment. U.S. economy began its ICT revolution in the early 70s
with increasing investment rates in the new capital assets (Wolff, 2006). But since
the late 70s and during a significant part of the 80s, a deceleration in the (ICT
and non-ICT) investment growth rates is appreciated (Wolff, 1996). In Figure 3,
the ICT capital growth rate evince an important contraction from 1985 to 1995
in the US. This contrasts with the rapid acceleration of this growth rate in Spain
during this period. According to Pakko (2002a) and Samaniego (2006), this fact
can be viewed as an anticipation of the organizational shock which took place at
the beginning of the eighties. Spain seems to have followed a similar pattern but
15 years overdue: the Spanish ICT revolution starts in the mid of eighties, suffers
a deceleration in early 90s and TFP growth shows its declining trend since that
moment. Accordingly, Spain would be now facing the organizational changes in the
production process, capital factor adjustment and learning process, to absorb the
challenges of new technology.

In the related literature, several arguments can be found that help to explain
this apparent coexistence between technology progress and productivity slowdown.
For instance, according to Hornstein and Krusell (1996), an increase in the techno-
logical change can produce a temporary productivity slowdown given that average
knowledge goes down because relatively more resources are allocated to the new
capital (see also Greenwood and Yorukoglu (1997) and Yorukoglu (1998)). Closely
related, a number of papers have emphasized that the answer might be related to
changes in new forms of organization at plant level which are required to obtain
the full benefits from ICT. In fact, this historical episode has already taken place
in other economies (see Kiley, 2001, for a synthetic survey). Many of them present
the adoption of ICT as a technological revolution with substantial short-run nega-
tive effects until the new equipment have been completely adapted. The transition
dynamics from a change in technological progress leads to a slowdown in capital
accumulation and thus in productivity during the transition period. According to
this line of research, Pakko (2002a and b) using a model with stochastic growth
trends, shows that changes in the growth rate of technological progress may not
affect productivity contemporaneously, but with a lag. Basu, Fernald, and Shapiro
(2001) suggest that factor adjustments implied by technological progress play an

14



important role in the timing of productivity changes. They conclude that factor ad-
justments can explain the contemporaneous differences between productivity growth
and technological change.

Alternatively, Hornstein and Krusell (1996) argue that the slowdown can be due
to an inappropriate or noisy perception of the quality embedded in the production of
final goods (see Baily and Gordon (1988) and Griliches (1984)). To the extent that
quality improvements can be non appropriately measured, this may cause serious
downward biases in the measures of productivity.

On the basis of Table 1 we think that this complementary strategy to ICT adop-
tion can be explained combining these previous arguments, which can be proxied in
our case by the ICT'/K ratio. The higher the ICT capital deepening, the more likely
to adopt the required changes for obtaining the full returns from ICT investment.
Therefore, we think that this tentative interpretation is well suited to the Spanish
experience, which has low levels of ICT in relation to the total capital services.
Viewed in this manner, the economy needs a period for adapting its production
process to the new equipment and organizational requirements and consequently
the positive effects of ICT is being delayed.

6 Conclusions

This paper has tried to shed some light on a difficult issue to be explained: to
what extent have the ICT influenced labor productivity and TFP dynamics over
the recent years in Spain? This question is a non trivial one and has been labeled as
the productivity paradox. The case of U.S. is the most useful one to illustrate this
point. Since the mid of nineties, the U.S. economy has experienced an acceleration
in its productivity and TFP growth rates, which many authors attribute to the
substantial efforts made in ICT investment. But things have not been always so
clear. In fact, during at least a couple of decades, U.S. productivity remained below
its long-run value precisely when the "New Economy" revolution began and several
organizational challenges had to be faced to adapt the new equipment.

Spain is an interesting case to be studied. The dynamics of its productivity
has showed a negative pattern since the mid of nineties until now. TFP presents
a worse behavior. This has occurred in a context where the investment in ICT
assets is increasing at high growth rates. Given these coordinates, the productivity
paradox arises as long as the bigger resources devoted to new technologies do not
lead to higher growth rates of productivity. In this context, we have carried out
a growth accounting exercise in an attempt to make clearer the forces driving the
labor productivity growth, particularly those related to ICT inputs.

We have built a dynamic general equilibrium model which has been calibrated
for the Spanish economy over the period 1995-2002. This approach allows us to gain
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some insights about the long-run growth pattern which Spain would follow in the case
of using the conditions of the late 90s as a starting point towards the steady-state.
Hence, our research has to be seen as a tentative exercise aimed at assessing the role
played by the ICT in a dynamic context. We provide an alternative framework to
study the sources of growth, beyond the conventional growth-accounting exercises,
and based on the standard ideas of dynamic equilibrium.

In addition, we have defined a production function with six different capital
inputs, three of them corresponding to non-ICT inputs (constructions, machinery
and transport equipment) whereas the other three correspond to hardware, software
and communications equipment. Additionally, we have used series of capital assets
based on the concept of capital services, following recent recommendations of OECD.
To the best of our knowledge, this paper is the first one which employs this new
data methodology in this context.

The results provide revealing indications. On the basis of the model calibration
over the period 1995-2002, the steady-state of Spanish economy is characterized by
a negative productivity growth rate, despite an increasing effort in ICT investment.
When the dynamics of productivity is decomposed into implicit and neutral tech-
nological progress, the former exerts a positive impact while the latter has a clear
negative dominant effect. Behind the small contribution of implicit technological
change, we find a modest negative impact coming from the traditional capital in-
puts, while communications and mainly hardware equipment appear as significant
growth-enhancing assets. These results remain even when different subperiods are
taken as basis of model calibration.

As happened in other past technological revolutions, it seems to be clear that the
relevant (but potential) benefits of ICT need time to come true. Adjustments costs
and inefficiencies derived from inappropriate qualifications in labor force lead to a
transitional dynamics in which productivity suffers low and even negative growth
rates. New organizational forms at level-plant and a renewal of labor training and
human capital accumulation adapted to the new equipment have to be carried out.
Moreover, as the U. S. case shows, the existence of competitive factors, services and
goods markets also appears as a necessary condition for the optimal development
of ICT because this environment minimizes the adjustments costs. Precisely, the
experiences of other countries can make easier and less time-consuming the adoption
of ICT in Spain.
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A Tables and figures

Table 1: ICT-capital deepening, productivity and TFP growth: An
international comparison

1980-1990 1990-1995 1995-2000 2000-2004

AY ATFp 1| AY  ATFP L£L ] AY  ATFP LT | AY ATFP L1

EU-15 23 115 155| 24 118 232| 18 086 330| L1 036 4.99
France 29 137 1.06| 1.3 001 161| 25 145 232 15 045 347
Spain 30 195 126| 23 094 202| -01 -035 257| 0.1 -0.54 3.60
Netherlands 20 107 083| 13 064 141| 08 059 225| 0.7  0.16 3.90
Ireland 37 271 068| 36 299 087| 60 445 185| 42 198 4.17
Greece 0.1 050 122 04 001 1L73| 29 191 259| 29 180 4.27
Austria 1.6 049 1.94| 18 065 260| 30 172 331| 14 018 474
Luxemburg 36 213 204| 23 098 3.04| 27 163 340 | 02 -0.95 476
Germany 26 154 192| 31 184 270| 22 128 337| 12 061 476
Portugal L7 157 1.67| 36 158 232| 25 10l 33L| 05 -0.35 5.32
Denmark 22 095 126| 26 144 227| 24 082 358| 14  -0.08 5.41
Italy 1.9 086 1.81| 22 100 295| 13 024 412|-04 -1.19 592
Belgium 20 079 101| 23 124 197] 29 170 336| 06 027 6.16
Finland 27 147 1.01| 20 087 192| 34 332 356| 28 201 6.68
UK. 23 117 135| 29 160 250| 22 106 437| 20 151 7.03
Sweden 14 040 1.86| 20 095 2.74| 26 134 442| 26 192 717
US.A. 15 061 278| 12 055 427| 23 114 633| 28 172 9.67
Average: 2.2 12 15| 22 L1 23| 25 15 34| 15 06 5.4
Low intense | 2.3 1.3 14| 22 L1 21| 24 1.3 30| 12 02 4.6
High intense | 2.0 09 16| 21 1.0 27| 27 1.7 44| 22 15 73
Std.Dev.x100 | 0.9 08 06| 09 07 08| 13 1.1 11| 13 1.1 16
Corr. coeff. | AY  ATFP XL | AX ATFP LT | AYX  ATFP €L | AT ATFP L

AX 1 1.00 1.00 1.00 1.00
ATFP | 093  1.00 0.90  1.00 0.94  1.00 094  1.00

11024 -025 1.00]-011 -0.22 1.00|-015 -0.25 1.00|027 040 1.00
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Table 2: Parameters values

Asset Prices Changes Depreciation Investment ratios
Constructions and n.r.b. n; = 0.9919 0, = 0.0145 s1 = 0.0936
Transport equipment 1, = 1.0070 9 = 0.1375 s9 = 0.0197
Machinery and other equipment ns = 1.0070 93 = 0.0906 s3 = 0.0443
Communication equipment n, = 1.0485 94 = 0.0917 s4 = 0.0104
Hardware and other office equipment 75 = 1.2253  §5 = 0.1567 s5 = 0.0069
Software ng = 1.0192 g = 0.4142 s¢ = 0.0083
Table 3: Output, labor and capital growth rates
1995-1998 1998-2002 1995-2002
Real GVA 3.56 3.30 3.41
Labor (hours) 3.71 3.86 3.80
Productivity —0.15 —0.56 —0.39
Non ICT 3.91 4.35 4.16
Constructions and n.r.b. 4.28 491 4.64
Transport equipment 3.50 4.44 4.04
Machinery and other equipment 2.83 2.89 2.86
ICT 9.92 13.64 12.04
Communication equipment 5.99 9.21 7.83
Hardware equipment 20.92 21.31 21.14
Software 11.38 10.35 10.79
Table 4: Sources of average productivity growth
1998-1998 1998-2002 1995-2002
Productivity growth (observed) — —0.15 —0.56 —0.39
Productivity growth (calibrated) —0.03 —1.22 —-0.71
Investment-specific: (a) + (b) 0.57 0.06 0.28
Non ICT (a) 0.15 —0.25 —0.08
Constructions and n.r.b. 0.06 —0.31 —0.15
Transport equipment 0.01 0.03 0.02
Machinery and other equipment 0.08 0.03 0.05
ICT (b) 0.42 0.31 0.36
Communication equipment 0.07 0.09 0.09
Hardware equipment 0.29 0.21 0.24
Software 0.06 0.01 0.03
Neutral —0.60 —1.28 —0.99
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Figure 1: ICT deepening 1980-2004
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Figure 3: ICT growth rates 1980-2004
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