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Abstract Public infrastructure has a positive effect on
labour productivity and growth. However, different types
of infrastructure produce different magnitudes of effects.
This article contains an analysis of the stock of hydraulic
capital and investments in Catalonia and provides empirical evidence of its effect on productivity and growth. It also
compares the magnitude of this effect with the magnitude
of other types of public and private capital. The research
shows that hydraulic capital and investments have a positive and significant effect on economic growth. However,
this effect may be lower than that resulting from other
forms of public or private capital.
Keywords Hydraulic infrastructure  Production
functions  Productivity  Growth

Introduction
The accumulation of hydraulic capital over time has effects
on business productivity and on the growth of the aggregate output of an economy in the long term. Economic
theory has developed models that determine the impact of
public capital on economic growth (Arrow 1970; Baier and
Glomm 2001; Barro 1990; Futagami et al. 1993; Ghosh and
Roy 2004; etc.). These models can be used to obtain
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empirical evidence of the effects of different types of
infrastructure—roads, railways, ports, airports and so on—
on the growth of the aggregate output and labour productivity in an economy (for example, Calderón and Servén
2003; Chude and Chude 2013; Demetriades and Mamuneas
2000; Esfahani and Ramirez 2003; Röller and Waverman
2001; Sanchez-Robles 1998; etc.). A survey of empirical
studies using different methods can be found in Romp and
de Haan (2007).
The estimation of the effects of infrastructure or capital
stock on growth is based on Aschauer (1989). This seminal
work analysed the impact of public infrastructure on economic growth. After it, several other studies appeared, such
as Munnell’s (1990) and Lynde and Richmond (1992).
However, as Gupta et al. (2014) state, the elasticities
reported in this first wave of papers were questioned on the
grounds that they were fraught with methodological and
econometric problems (Gramlich 1994). The main problems were reverse causation from productivity to public
capital, and spurious correlation due to non-stationarity of
the data. Bom and Ligthart (2010) used meta-regression
analysis from results of previous studies, finding an average output elasticity of public capital positive and significant of 0.15, but heterogeneous across countries.
The empirical definition of public capital differs across
studies along several dimensions (Bom and Ligthart 2010).
Baldwin and Dixon (2008) distinguish three categories of
infrastructure assets: (1) infrastructure assets that combine
with labour to produce capital or intermediate goods; (2)
infrastructure capital that combines with labour to produce
final goods and services; (3) infrastructure capital that
combines with other forms of capital and improves their
productivity. Prud’homme (2004) defines infrastructure as
capital goods which are not consumed directly. In his view,
they provide services only in combination with labour and
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other inputs. Regarding hydraulic capital, he distinguishes
between: water supply (dams, reservoirs, pipes, treatment
plants, etc.), water disposal (sewers, used water treatment
plants, etc.) and irrigation (dams, canals). Another category
could be added in relation to the water distribution facilities. A detailed analysis of the effects of each type of
growth and productivity would help reduce uncertainty and
improve the adjustment of the models, if empirical data are
available.
This paper aims to provide empirical evidence of the
effects of the hydraulic infrastructure on the growth of the
Catalan economy. Firstly, a description of the stock of
capital of the public hydraulic infrastructure in Catalonia is
presented, comparing it with other types of public capital
and with the rest of Spain. Then, an econometric model is
specified and estimated. This model tries to estimate the
effects of the stock of hydraulic capital on the growth of the
aggregate output and on the productivity of the economy.
This includes the estimation of aggregate production
functions for the Catalan economy. Moreover, a second
model estimates the effects of investment in the hydraulic
infrastructure on the productivity of the Catalan economy.

Structure and composition of the stock of public
capital in Catalonia
This section contains a brief analysis of the structure and
composition of public capital in Catalonia, focusing on the
evolution of hydraulic public capital. The BBVA Foundation and the Valencian Institute of Economic Research
(IVIE) have elaborated a series of the stock of capital in
Spain for economic sectors, regions and provinces for the
period 1964–2011 (Mas et al. 2013). The series are disaggregated by types of public infrastructure, including the
hydraulic infrastructure. These data represent an important
source of information with which to perform empirical
studies of productivity and growth in Spain.
The capital stock is calculated from the permanent
inventory model, which uses historical series of investment
and assumptions about the useful life of infrastructure
assets.1 A series of public capital stock are calculated in
current prices and in constant prices using 2000 as the base
year. The following magnitudes are calculated2:
•

Gross capital stock: the result of the accumulation of
gross fixed capital formation flows (GFCF), that is,
investment minus the ‘‘retreats’’ that have taken place
during the period. The gross capital values assets ‘‘like
new’’.

•

The stock of productive capital (in constant prices): this
is an indicator of the quantity of services provided by the
different assets. It is a quantitative concept that takes into
account the loss of efficiency of the asset. This variable
represents an ‘‘indicator of the volume of the capital services’’, which is the relevant variable in the analysis of
productivity. This is because, from the perspective of the
production theory, what matters is the flow of services
provided by the different types of capital assets and the
market value of these assets.3
Table 1 shows the relative importance of each type of
capital.
In 2006, the real net capital stock in infrastructure in
Catalonia was 227,240 million in 2000 euros, representing
18.18 % of the net stock of infrastructure in Spain for the
same year. Regarding the hydraulic infrastructure, the real
net stock in Catalonia in 2006 was 5523 million in 2000
euros, representing 9.33 % of the net stock in Spain for the
same year. In 2006, the percentage of the population of
Catalonia in relation to Spain was 15.95 %, the employment was 17.31 % and the gross domestic product (GDP)
was 19.94 %.
Considering the analysis by provinces, the net stock of
infrastructure in each province in relation to the total net
stock of Catalonia was, in 2006, 70 % in Barcelona, 10 %
in Girona, 7 % in Lleida and 13 % in Tarragona. The same
percentages for the stock of the hydraulic infrastructure
were 49.3 % in Barcelona, 11.3 % in Girona, 26.3 in
Lleida and 13.1 % in Tarragona. The percentages of the
population for the same year in relation to Catalonia were
74.4 % in Barcelona, 9.6 % in Girona, 5.7 % in Lleida and
10.2 % in Tarragona.

Effects of the hydraulic infrastructure
on the growth of the Catalan economy
The dominant economic theory states that the provision of
infrastructure in a region affects positively the economic
growth in the aggregate output of the economy, acting as

3
1

The details of the methodological criteria for the preparation of the
series can be found in Mas et al. (2013).
2
Idem.

123

Net capital stock: this is the market value of the assets,
under the assumption that this is equal to the current
value course of the future incomes that is expected to
be generated. Capital assets are valued at market prices.
This is the relevant variable when measuring the
provisions of economies from the perspective of the
value of their ‘‘wealth’’.

There is a broad consensus that this is the relevant variable in
studies of productivity, occupying a prominent place in the studies of
the OECD. The pioneering contribution in this field is by Jorgenson
and Griliches (1967).
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Table 1 Percentage and total of the net real stock of each type of infrastructure in Catalonia and Spain (year 2006)
Infrastructure

Barcelona

Girona

Lleida

Tarragona

Catalonia

Spain

Road infrastructure

6.27 %

12.61 %

18.97 %

11.94 %

8.54 %

11.93 %

Public hydraulic infrastructure

1.72 %

2.77 %

9.00 %

2.43 %

2.43 %

4.74 %

5.42 %

2.62 %

7.01 %

6.57 %

5.41 %

4.59 %

Railway infrastructure
Airport infrastructure

1.40 %

0.37 %

0%

0.19 %

1.04 %

1.23 %

Port infrastructure

1.16 %

0.47 %

0%

2.46 %

1.18 %

1.27 %

Urban infrastructure of local authorities

2.42 %

1.74 %

0.86 %

0.97 %

2.05 %

2.48 %

Othera

81.62 %

79.42 %

64.15 %

75.44 %

79.35 %

73.75 %

Total (%)

100 %

100 %

100 %

100 %

100 %

100 %

Totalb

158,854

22,533

16,105

29,747

227,240

1,250,287

Source: Mas et al. (2013)
a

This category includes both public infrastructure investments not included in other categories and other private investments in infrastructure

b

Millions of 2000 euros

an additional productive factor that increases the productivity of labour.
In this context, there is a distinction between private and
public infrastructure. Among the latter, there is infrastructure that is considered ‘‘productive’’ and others considered ‘‘non-productive’’ (Aschauer 1989). The productive
infrastructure includes transport, electricity, gas, hydraulic
and so on. The non-productive infrastructure consists of
schools, hospitals, public parks and so forth. It is considered that the first has an effect on the growth and productivity of an economy, while the latter does not.
The analysis of the effects of public capital on the
growth and productivity in an economy has been the object
of many empirical studies over the past 25 years. Most of
these have been oriented to show the effects of the transport infrastructure, which in most countries is the main
capital public stock (Nombela 2005), or, given the availability of data, confined to show the effects of public
capital stock together, without the possibility of disaggregating it into types of public investment.
Only one empirical work has been found that specifically analysed the effects of public capital on the hydraulic
infrastructure: Garcia-Milà et al. (1996). However, several
studies have provided estimates for Spain and other regions
regarding the effects of a set of infrastructure, including the
hydraulic infrastructure. An overview of this extensive
literature was provided by De la Fuente (1996), Draper and
Herce (1994), Gramlich (1994) and, with particular application to the case of Spain, Álvarez et al. (2003). Some
works that have made empirical estimates of the effects of
public capital in Spain are the following: Argimón et al.
(1994), Arslanalp et al. (2010), Avilés, Gómez and Sánchez
(2001), Boscá et al. (2002), Dabán and Murgui (1997), De
la Fuente and Vives (1995), Delgado and Álvarez (2000),
Garcı́a-Fontes and Serra (1994), Gomez-Antonio and Fingleton (2009), González-Páramo (1995), Márquez et al.

(2011), Moreno et al. (2003), Pedraja et al. (1999), Pereira
and Roca-Sagales (2003) and Raymond (1989).
This section aims to determine empirically the effects of
the public hydraulic infrastructure in Catalonia on the
growth of the Catalan economy.

Econometric model and data
The econometric model specified to assess the impact of
hydraulic infrastructure capital on the Catalan economy is
presented below. This model is based on Aschauer (1989),
who developed it in his seminal work on the impact of
public infrastructure on economic growth.
Aschauer assumed a regional aggregate production following a Cobb–Douglas function (Cobb and Douglas
1928), in which the aggregate production of the economy is
the endogenous variable, and the public capital stock, the
private capital stock and the level of employment are
exogenous variables:
Yt ¼ At Lat Ktb Kpct ;

ð1Þ

where Yt is the total output of the economy, At represents
the total factor productivity or the technological level, Lt is
the employed population, Kt is the private capital stock and
Kpt is the public capital stock of the economy.
Parameters a, b and c are the product elasticities of
labour, private capital and public capital, respectively.
These elasticities measure the percentage change in the
aggregate output of the economy when there are percentage
changes in employment, private capital or public capital,
respectively. If the sum of these three parameters is equal
to unity, there are constant returns to scale in the economy;
if it is less than unity, there are decreasing returns to scale;
if it is greater than unity, there are increasing returns to
scale.
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To perform the analysis, we obtained data on public and
private real productive capital stock at 2000 prices. This is
the variable that should be used to estimate the effects on
productivity according to the OECD (Mas et al. 2013) and
has been widely used in such studies.4 These data are
available for the provinces of Barcelona, Girona, Lleida and
Tarragona, by type of capital, for the period 1964–2006,
from the BBVA foundation and the IVIE (Mas et al. 2013).
We also obtained data on employment from the four
provinces for the period 1977–2008 and data on the GDP
for the period 1980–2006 from the National Statistics
Institute of Spain (INE). Since there is not a long enough
homogeneous series for the GDP, two adjustments were
made. The first one was to link the series in the base year
1986 with the series in the base year 2000. This is the usual
methodology adopted by organizations such as the Statistics Institute of Catalonia (IDESCAT) and the National
Statistics Institute of Spain (INE). The second adjustment
was to transform the series at constant prices (base year
2000) to ensure that the GDP and capital stock series are in
the same monetary units.
Having both cross-sectional data from the four Catalan
provinces and temporary data allowed us to perform the
regression analysis with econometric panel data estimation
methods, using simultaneous equations that provide estimators that are more robust than the traditional methods of
estimation, using either temporary or cross-sectional data
only.

Estimation of regional aggregate production
functions
To estimate the model and differentiate the effects,
hydraulic capital stock was added to Eq. (1), including it
separately from the other infrastructure:
Yt ¼ At Lat Ktb Khdt Kpct :

ð2Þ

This model (2) was transformed to express the equation
in logarithms and per worker. Thus, the model adopts a
functional form that allows the contrasting, in a simple
way, of the hypothesis of increasing returns to scale:




ln Yit=Lit ¼ a þ ða þ b þ d þ c  1Þ ln Lit þ b ln Kit=Lit




þ d ln Khit=Lit þ c ln Kpit=Lit þ uit ;
ð3Þ
where Yit is the GDP of province i in year t in constant
euros of the year 2000, Lit the number of workers in province i in year t, a the technology coefficient, which reflects
the total factor productivity or the current state of
4

See Jorgenson and Griliches (1967).
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Table 2 Estimation of the aggregate production function for Catalonia adding the hydraulic capital stock
Variables

Coefficient

Std error

t statistic

Prob.

a

4.553

0.152

29.86

0.0000

aþbþdþc1

0.065

0.011

59.97

0.0000

b

0.186

0.014

12.98

0.0000

d

0.053

0.008

6.70

0.0000

c

0.177

0.019

8.92

0.0000

Weighted statistics
R2

0.9997

Mean dependent
var.

Adjusted R2

0.9997

SD dependent var.

150.28

SE of regression

1.0106

Sum square resid.

105.21

F statistic

1.3 9 10-223

606.72

 
Dependent variable: ln Y=L ; method: GLS (cross-sectional SUR);
sample: 1980–2006; included observations: 27; cross sections included: 4; total pool (balanced) observations: 108

technology, Kit the private capital stock of province i in
year t, Khit the hydraulic capital stock of province i in
period t, Kpit the public capital stock in infrastructure
excluding the hydraulic capital of province i in year t and
uit the error. Table 2 shows the results of estimating the
model shown in Eq. (3) by the method of generalized least
squares (GLS) cross section seemingly unrelated regression
(SUR).
All the production factors specified in the estimated
production function have a significant positive impact on
the aggregate output of the economy. All the estimated
parameters have the expected sign (positive), meaning that
an increase in the exogenous variables leads to an increase
in the endogenous variable and are significant at the confidence level of 99 %. The GLS method provides a very
high adjusted coefficient of determination (adjusted R2).
The coefficient relevant to our analysis is d, since this is
the coefficient that accompanies the capital stock in the
hydraulic infrastructure. The estimated value for this
coefficient is 0.053. This means that a 1 % increase in the
stock of the hydraulic infrastructure in Catalonia would
increase the GDP by 0.053 %.5 This shows that the stock of
the hydraulic infrastructure is a relevant productive factor
with a positive impact on the economic growth in Catalonia. However, both the stock of private capital and the
stock of other public infrastructure have a greater impact
on GDP growth, adopting values of 0.18 and 0.17,
respectively. Moreover, the fact that the coefficient a þ

5

These findings are for GDP and not for GDP/L specified in the
function, because a transformation was applied to the original
equation (note that the explanatory variable is also Kh/L).
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b þ d þ c  1 is positive indicates that there are increasing
returns to scale. This model shows the long-term effects.
To verify the existence of unit roots and therefore to
evaluate the cointegration of the series and distinguish
between the effects in the short and the long term, another
transformation was made to convert this model into an
error correction mechanism model (ECM). This is the
highest generalization of a dynamic model:




Dln Yit=Lit ¼ ða þ b þ d þ c  1ÞDlnLit þ bDln Kit=Lit




þ dDln Khit=Lit þ cDln Kpit=Lit


þ hDln Yit1=Lit1 þ suit1 þ eit

ð4Þ

where the symbol D represents variables in differences and
uit1 represents the error term delayed by one period,
resulting from the estimates in Table 2. This model (4) was
also estimated by GLS cross-sectional SUR. The results are
shown in Table 3.
In this case, the estimated coefficients are not significant
at the 95 % confidence level, except for the coefficient that
accompanies the error term of the previous estimation
delayed by one period (s), although the hydraulic capital
coefficient (d) is significant at the 90 % confidence level.
The estimated parameters in Table 2 are the long-term
effects, while Table 3 shows the short-term effects.
The low level of significance of the parameters could
indicate that the capital stock has no significant effects in
the short term on the aggregate output in the economy.
Despite the parameter a þ b þ d þ c  1 having a low

Table 3 Estimation of the ECM model of an aggregate production
function in Catalonia adding the hydraulic capital stock
Variables

Coefficient

Std error

t statistic

Prob.

aþbþdþc1

-0.042

0.099

-0.42

0.6743

b

0.136

0.112

1.21

0.2263

d

0.218

0.134

1.63

0.1058

c

0.173

0.154

1.12

0.2632

h

0.027

0.080

0.34

0.7310

s

-0.233

0.070

-3.33

0.0012

Weighted statistics
R2

0.4609

Mean dependent
var.

0.2565

2

0.4322

SD dependent var.

1.3539

SE of
regression

1.0202

Sum square resid.

F statistic

2.00 9 10-11

Adjusted R

97.839

 
Dependent variable: Dln Y=L ; method: GLS (cross-sectional SUR);
sample: 1982–2006; included observations: 25; cross sections included: 4; total pool (balanced) observations: 100

level of significance, the fact that it has a negative sign
indicates, unlike the estimates in Table 2, the possibility of
decreasing returns to scale in the short term.6
One of the main criticisms of growth models based on
the estimation of aggregate production functions, apart from
the implicit assumptions of substitutability between factors,
is the possible existence of endogeneity between the
explanatory variables and the error term. This is mainly
because the growth of the capital stock affects the output
growth, but at the same time, the output growth affects the
growth of the capital stock. This problem can be solved by
analysing the cointegration between variables. The high
level of significance (99 % confidence) of the coefficient s
that accompanies the error term of the previous estimate
delayed by a period, also called the error correction term,
implies that the series are cointegrated and therefore there is
no endogeneity bias.

Effects of investments in the hydraulic
infrastructure on the labour productivity
in Catalonia
To obtain more empirical evidence and compare the results
of the estimates in the previous section, an analysis of
labour productivity was performed on the investments in
infrastructure, as proposed by Nombela (2005).
In this case, an estimate of the effects on labour productivity caused by investment in the hydraulic infrastructure in the Catalan economy will be developed, based
on the data used in the previous sections. The investments
considered will be those made in the previous periods.
Using these investments avoids the possible endogeneity
problem between economic growth and investment in
infrastructure, because the current economic growth cannot
affect the investments in previous periods. This exercise, in
addition to the estimates of aggregate production functions
performed in the previous section, can be useful because
infrastructure requires some years after the investment is
accounted in the statistics for it to be put into operation and
fully used, thus improving the productivity of the economy.
The specified model to estimate is shown below:



ln VABit=Lit ¼ a þ l lnðInKhitQ Þ þ b ln InKpitQ
þ u lnðInKitQ Þ þ uit

ð5Þ

where VABit is the gross value added of province i and year
t; Lit is the number of workers in province i and year t;
6

Decreasing returns to scale occur when an increase occurs in all the
production factors of the same proportion, leading to an increase in
the total production of a smaller proportion, while increasing returns
occur when there is an increase in the production of a higher
proportion.
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Table 4 Estimates of the effects of investments in the hydraulic
infrastructure on the labour productivity in Catalonia

Table 5 Estimate of the effects of investments on labour productivity
in Catalonia with individual effects for the hydraulic infrastructure

Variables

Coefficient

Std error

t statistic

Prob.

Variables

131.0

0.0000

a

Coefficient

Std error

t statistic

Prob.

0.220

34.78

0.0000

a

8.672

0.066

l

0.053

0.008

6.175

0.0000

b

0.087

0.039

2.223

0.0291

b

0.012

0.034

0.358

0.7206

u

-0.020

0.027

-0.781

0.4369

u

-0.016

0.030

-0.549

0.5844

l1

0.041

0.019

2.204

0.0305

l2

0.056

0.017

3.362

0.0012

l3

0.050

0.019

2.683

0.0089

l4

0.062

0.019

3.336

0.0013

Weighted statistics
R2

0.9999

Mean dependent
var.

Adjusted R2

0.9999

SD dependent var.

SE of
regression

1.00399

Sum square resid.

F statistic

2.9 9 10-182

63.937
187.79
80.639



Dependent variable: ln VAB=L method: GLS (cross-sectional SUR);
sample (adjusted): 1986–2006; included observations: 21; cross sections included: 4; total pool (balanced) observations: 84

InkhitQ is the average of investments in the hydraulic
infrastructure of the 5 years prior to year t in province i;
InkpitQ is the average of investments in other public
infrastructure in the 5 years prior to year t in province i;
InkitQ is the average of private sector investments in the
5 years prior to year t in province i; and uit is the error term.
Similarly to the previous section, the hypothesis that the
elasticity is positive is verified. A measure of the effects of
the hydraulic infrastructure on the labour productivity in
Catalonia is also provided.
Table 4 shows the estimates of Eq. (5) using panel data
by the method of GLS cross-sectional SUR.
There is a positive and significant effect of investments
in the hydraulic infrastructure on the labour productivity in
Catalonia. This coefficient l has the same value of elasticity as the estimates made from the productive capital,
that is, 0.053, which reinforces the results. The other
coefficients differ in their estimated value and sign, but
they are not significant. The high value of R2 could indicate
statistical problems.
Table 5 shows the estimation of the same model for
GLS cross-sectional weights (6), but with specific coefficients for investments in the hydraulic infrastructure in
each province:



ln VABit=Lit ¼ a þ b ln InKpitQ þ u lnðInKitQ Þ
þ l1 lnðInKhBarcelona tQ Þ
þ l2 lnðInKhLleida tQ Þ
þ l3 lnðInKhGirona tQ Þ 
þ l4 ln InKhTarragona tQ þ uit
ð6Þ
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7.680

Weighted statistics
R2

0.9997

Mean dependent
var.

Adjusted R2

0.9996

SD dependent var.

2.5185

SE of regression

0.0440

Sum square resid.

0.1493

F statistic

2.2 9 10-134

9.8573



Dependent variable: ln VAB=L ; method: MQG (cross-sectional
weights); sample: 1986–2006; included observations: 21; cross sections included: 4; total pool (balanced) observations: 84

This estimate, unlike the previous ones, allows us to see
the effects of the infrastructure investments made in each
province on the labour productivity in the same province.
The individual coefficients for each province are significant
in all cases. The estimated elasticities are 0.042 for Barcelona, 0.057 for Lleida, 0.050 for Girona and 0.063 for
Tarragona. Accordingly, the hydraulic investments in the
provinces of Tarragona and Lleida have a slightly higher
impact on productivity than those made in Girona or
Barcelona.
When specifying the individual effects, that is, a coefficient for each province, investments in other public
infrastructure gain significance but provide an estimated
coefficient that is significantly lower than the estimates of
productive capital stock of 0.087 (b coefficient) compared
with 0.18 from the estimates in Table 2.

Conclusions
The aim of this paper was to provide empirical evidence of
the impact of the hydraulic infrastructure on the economic
growth in Catalonia. One of the main results is that the
elasticity of the current stock of the hydraulic infrastructure
in Catalonia is 0.053, meaning that an increase of 1 % in
the current stock of the hydraulic infrastructure in Catalonia entails an increase of 0.053 % in the economic output
in the long term. Other public and private capital elasticities are higher, 0.17 and 0.18, respectively.

Sustain. Water Resour. Manag.

The short-term effects, based on the estimation of an
ECM model,7 are not significant, which could indicate that
the hydraulic capital stock does not affect the growth in
output in the short term, but nor do other public and private
capital stocks.
Analysing the effects of investments in the hydraulic
infrastructure on productivity in the Catalan economy, we
found estimated elasticities for some investments in Catalonia (the same value of 0.053 was obtained). The elasticities in each province are 0.063 for Tarragona, 0.057 for
Lleida, 0.050 for Girona and 0.042 for Barcelona; therefore, investments in the hydraulic infrastructure in Tarragona and Lleida have a higher effect on the aggregate
labour productivity of the Catalan economy.
These results are consistent with the empirical literature on
estimates of the effects of public capital and hydraulic capital
on economic growth. Garcia-Milà et al. (1996) obtained an
elasticity of 0.069 for hydraulic capital for the US.
Additionally, several studies8 have shown that when
extending the geographical scope of the analysis, the estimated elasticities are higher, since there are spillover
effects. That is, the provision of infrastructure in a region
affects the growth of the output of the adjacent regions, so
the effect of the hydraulic infrastructure in Catalonia may
have effects on the growth of the output in other regions of
Spain, especially those that are geographically closer, and
vice versa. Further research should analyse and quantify
these effects, considering the basin level when relevant,
and when specific data are available.
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