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This paper focuses on the impact of the public sector capital on private sector
productivity in Finland. The majority of previous contributions support the pub-
lic capital hypothesis, i.e. that public capital plays an important role in enhanc-
ing private sector productivity. However, the contribution of Tatom (1991a) sheds
new light on this issue. He shows that by correcting the previously used models
of some of their most serious deficiencies, the impact of public capital is no longer
significant for private sector productivity. We have applied Tatom’s approach to
Finnish data, and our results are similar to his findings. However, our results
concerning the precedence between public capital and private sector output pro-
vide some evidence of causation running from public capital to private sector
output, i.e. our results indicate that, if correctly targeted, public capital invest-
ment could affect private sector performance (JEL: E6, E62, H5).

1. Introduction

The public capital hypothesis which was sug-
gested by Arrow and Kurz (1970) and has been
developed by e.g. Ratner (1983), Aschauer
(1989), Tatom (1991a, b) and Munnell (1992),
states that the stock of public capital raises pri-

vate sector output both directly and indirectly.
The direct effect follows from the provision of
intermediate services to the private sector.1 The
indirect effect arises from the complementarity
of the flow of services from private and public

* We are grateful for help received by Paul Wilkinson,
Ilmo Pyyhtiä, Mikko Puhakka and for the valuable com-
ments of two anonymous referees.

1 An increase in the public capital stock implies then an
increase in the marginal productivity of private capital. This
should result in an increased demand for services of pri-
vate capital goods and of private assets producing them,
thus increasing output.
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capital stocks, as noted by Munnell (1992).2

Public capital investments will thereby increase
the economic growth of a region.

Public capital relates to economic issues in a
number of ways. However, let us first have a
look at what public capital consists of. The in-
frastructure capital constitutes the most impor-
tant part of the public capital formation in Fin-
land, which includes roads, other networks of
communications, military capital, educational
and hospital facilities, power and water supply
systems etc. One can hardly stress enough the
importance of a well functioning infrastructure
for the smooth functioning of an economy. To
quote a metaphor from the World Bank (IBRD
1994 p.14):“Infrastructure represents, if not the
engine, then the ‘wheels’ of economic activity.”
Perhaps the best way of recognizing the impor-
tance is to assess the effects of natural disas-
ters that seriously damaged the infrastructure of
an economy e.g. Honduras 1998. The quality of
life and the productivity are also vulnerable to
civil disturbances eroding the infrastructure. In
this study we are not making any attempt to iso-

late the effects of the various components of the
public capital stock on private sector perform-
ance. Instead the public capital is considered at
the aggregate level.

The public capital hypothesis suggests that
the stock of public capital increases the private
sector output both directly and indirectly. Fig-
ure 1 shows that the business sector output per
business sector worker, and public capital stock
per business sector worker, are highly correlat-
ed (correlation coefficient of 0.98), which may
lead one to conclude that there exists a causal
relationship between these variables. The pur-
pose of this paper is to investigate how the pub-
lic sector capital formation really affects the pri-
vate sector performance.

A common approach is to treat public capi-
tal as an input that enhances the productivity of
both capital and labour. We will apply the ap-
proach suggested by Tatom (1991a) and try to
avoid the statistical problems. However, empha-
sis will be put on the causal relationship be-
tween public capital and private capital. Is it so
that you first need a strong private sector that
can generate the resources needed for public
investments, or will public investment spur pri-
vate sector performance?

The paper proceeds as follows. In the next
section we will have a look at previous studies
and the criticism raised against these studies. In

Figure 1: The relation between public capital stock (right scale) and private sector output (left scale) in Finland 1970–97.
Source: Statistics Finland.

2 It is a rather strong assumption that the flow of serv-
ices from private and public capital are just complements.
In some cases they may be substitutes as well. In that case
an increase of public capital stock would tend to reduce pri-
vate sector output.
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Chapters 3 and 4 the data and model specifica-
tions will be addressed. The tentative results
will be presented in Chapter 5 and the correc-
tions for the main deficiencies in Chapter 6.
Chapter 7 provides an indication of the direc-
tion of the causality between public capital
stock and the private sector. Finally, the major
conclusions are presented.

2. Previous studies and major
criticisms

A number of studies on returns on infrastruc-
ture have been carried out. The results of some
time series analysis show a strong positive re-
lationship between spending on infrastructure
and GDP growth. Much of the debate has its
origins in Aschauer (1989) arguing that much
of the decline in the US productivity that oc-
curred in the 1970s was precipitated by declin-
ing rates of public capital investment. This view
was shared by Munnell (1992). With reference
to the Greek economy, Mamatzakis (1997)
found support for the positive effect of the pub-
lic capital stock on private sector productivity.3

In a study of 26 Mexican three digit industries
Shah (1992) finds evidence that public infra-
structure has a small but positive multiplier ef-

fect on output. His results also indicate that in
the long run there exists a small degree of com-
plementarity in production between infrastruc-
ture and capital (pp. 32– 33).4

Lynde and Richmond (1992) (henceforth
L&R) examine the effect of public capital on
the production of aggregate output regarding
the United States non-financial sector between
the years 1958 and 1989. They find evidence
to support the proposition that public capital
infrastructure is of significant importance in the
productivity of the private sector. L&R’s (1992)
findings correspond to those of Shah (1992), in
that the services of public capital are more com-
plementary than substitutes for services of pri-
vate capital.5

Referring to several studies made at the na-
tional level, Munnell (1992) finds the impact of
public capital to be too large to be credible. This
is evident as the public capital sometimes has
greater impact on output than private invest-
ments. On the other hand, she argues (Munnell,
1990b) that public capital has a positive impact
on several measures of state level economic ac-
tivity, such as output, investment and employ-
ment growth. Moreover, the coefficients of elas-
ticity tend to be the same across studies, which
is shown in Table 1.

3 In fact, Mamatzakis focus is set on a broad definition
of infrastructure, instead of measuring the effect of the en-
tire public capital. (pp. 4–5).

Table 1: Production function estimates of the output elasticity of public capital by level of geographic aggregation.

Author Level of aggregation Specification Output elasticity
of public capital

Holz-Eakin (1988) National Cobb-Douglas; Log levels 0.39
Aschauer (1989) National Cobb-Douglas; Log levels 0.39
Munnell (1990a) National Cobb-Douglas; Log levels 0.34
Ford & Poret (1991) National Cobb-Douglas; Log levels 0.39*

Tatom (1991b) National Cobb-Douglas Log levels Not significant
Mamatzakis (1997) National Cobb-Douglas, Log levels 0.25
Costa et al (1987) States Translog; Levels 0.20
Eisner (1991) States Cobb-Douglas; Log levels 0.17
Mera (1973) Japanese regions Cobb-Douglas; Log levels 0.20
Munnell (1990b) States Cobb-Douglas; Log levels 0.15
Duffy-Deno and Eberts (1989) Metropolitan areas Log levels 0.08
Eberts (1986,1990) Metropolitan areas Translog; Levels 0.03

* The elasticity in United States. Ford & Poret (1991) study several other OECD countries.
Source: See Munnell (1992, p. 194) and Ford & Poret (1991), Tatom (1991b) for references.

4 Shah (1990) uses the cost function approach as does
Lynde & Richmond (1992).

5 However, they do state that most of the public capital
stock is investment in infrastructure facilities (p. 43).
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Munnell (1992) describes the main features
of the criticism concerning the general approach
applied in previous studies. The criticism can
be divided into the following four sub areas:

1. Common trends in the output and public
infrastructure data have led to spurious
correlation.

This criticism relies on the argument that
these equations should be estimated using first
differences. This is due to non-stationary data.
The drift over time imposes the need to remove
the trends. According to Munnell (1992), this
leads to small effects of public capital invest-
ments. The effects are sometimes negative and
generally not statistically significant.

2. The wide range of estimates of the impact
of public capital investments on output
makes the empirical linkages fragile at
best.

Almost all studies report a positive and sta-
tistically significant output elasticity. To quote
Munnell (1992, p. 193) this is: “ ,..., amazing,
as public capital spending contributes little to
national output as conventionally measured.”
However, the contribution of Tatom (1991a)
sheds new light on the issue. His results imply
that, after addressing the main deficiencies of
the earlier contributions, the public capital stock
effect on private sector output is not statistical-
ly different from zero.

3. The direction of causation may run from
high levels of output to greater public
capital investments, rather than the other
way around.

Munnell (1992) finds this criticism legiti-
mate, but adds that further capital investments,
both private and public, goes hand in hand with
economic activity.6 However, this mutual influ-
ence may exist without tainting the coefficient
on public capital. In their study, Eberts and Fog-

arty (1987) examined the problem of causality,
using public and private investments data from
1904 to the year 1978 for 40 metropolitan are-
as. The results implied the existence of a cau-
sation running in two directions. Public capital
investments affected private investments main-
ly in cities that experienced most of their
growth in the1950s. In southern cities that grew
faster since the 1950s, the causation ran from
private to public capital investment.

Aschauer (1989) tried to solve this problem
of causality by: a) using lagged infrastructure
investment as an instrument for contemporane-
ous investments in his regressions, b) splitting
infrastructure investments into components
judged ex ante to be important and those not
important.

Ford and Poret (1991) criticise this Aschau-
er’s method, especially regarding the use of
lagged infrastructure variables. They find it un-
likely that this technique could successfully
deal with simultaneity bias. On the other hand,
Ford and Poret give Aschauer some credit for
his splitting of the infrastructure group. Espe-
cially as the group considered important ex ante
was found more important in explaining the
deceleration in total factor productivity (TFP).
Moreover, they conclude (p. 65) that: “This is
a more convincing control for reverse causali-
ty than the use of instrumental variables.” De-
spite the criticism, Ford and Poret (1991) carry
on their own analysis using the Aschauer ap-
proach on a broader range of data, still aware
that the problem of reverse causation is hard to
overcome.

4. The production function framework is
inadequate.

The critics of the production function ap-
proach argue that the omission of input prices
in the production function framework will bias
the estimated coefficients. It is also argued that
this framework involves too many restrictions
on the technology and behaviour of firms. As a
solution to this problem, the critics suggest that
one should estimate cost functions, which allow
one to disentangle the effects of infrastructure
investments. As reported by Munnell (1992),
the cost function approach has been adopted by

6 Compare with the results of Blomström et al. (1993).
They find that economic growth induces capital formation
more than capital formation induces growth.
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a few authors. However, in this study we will
proceed along the lines of Tatom (1991a). We
seek to apply this methodology on a set of Finn-
ish data during the period 1970–1997. Further-
more, we wish to focus on the issue of direc-
tion of causation.

3. The data

The data has mainly been supplied by Statis-
tics Finland. The variables that we are using are
the following:

Qt = Business sector output in FIM (1990)
Million

Kt = The net non-residential stock of private
capital at year (t) in FIM (1990) Million.

KGt = The public net non-residential capital
stock at year (t) in FIM (1990) Million.

ht = Business sector hours in year (t) ex-
pressed in units of 100000 hours.

t = a time trend (t =1,...,28), which also can
be seen as capturing the technological
development

ct = capacity utilisation rate7 of the manufac-
turing industry at each year (t)

kt = ct*Kt, where ct is the capacity utilisation
rate

The net public and private non-residential
capital stock between 1970–1997 is presented
in Figure 2.

Figure 2. shows that the total net non-resi-
dential capital stock has grown steadily until
years 1989–1990. After this, the private net cap-
ital stock has declined.

Figure 2: The net public and private non-residential capital stock in Finland between 1970–1997 in constant 1990 prices.
Source: Statistics Finland.

7 The capacity utilisation rate (c) was provided by the
Bank of Finland and Statistics Finland and the values for
the aggregate manufacturing industry are used in the cal-
culations. The values for the period 1975 to 1992 were cal-
culated as annual averages from observations made twice
a year by Bank of Finland. The values from 1993 to 1997
were calculated as annual averages from monthly data, pro-
vided by both Bank of Finland and Statistics Finland. The
capacity utilisation rates for years 1970 to 1974 had to be
estimated. Ford and Poret (1991, p. 84) measure the ca-
pacity utilisation rate by using the percentage of firms op-
erating at full capacity. This variable has been indirectly
used to estimate the capacity utilisation rate used in this
study. The relation between the percentage of firms oper-
ating at full capacity and the capacity utilisation rate is log-
arithmic, but using e.g. 10 + c

i
* /100 for the base year 1975

and using it as an index to estimate the measured capacity
utilisation rate, yields satisfactory results (c* is F&P’s,
1991, measure of capacity utilisation for Finland and
subindex i denotes year in question). The correlation be-
tween the actual series and the one predicted by the for-
mula above is 0.996 for the period 1975 to 1997 and even
higher for some subperiods. However, this new series tends
to slightly overestimate the fluctuations in the observed ca-
pacity utilisation rate, but should not lead us too far astray.
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Figure 3: Constant FIM (1990) business sec-
tor output, Qt (left axis) and its ratio to the flow
of services from net private non-residential cap-
ital stock, Qt/kt (right axis)

Figure 3 shows the business sector output and
the impact of the changes in net non-residen-
tial private capital stock. This ratio, which is
also the dependent variable in regressions be-
low, reveals that the slowdowns, especially in
the mid-1970s but also in the early 1990s, have
seriously affected private sector productivity.
Whether the reason to these slowdowns is the
inappropriate or excess formation of public cap-
ital will be answered below.

4. The model

The conventional model, focusing solely on
infrastructure8, is similar to that of F&P (1991).
A Cobb-Douglas technology is assumed to pro-
duce private sector output (Q), using private
sector inputs (PIN) and infrastructure capital
(INF). Denoting this in logs:

(1) q = a + b · inf + c · pin

Since the total factor productivity (TFP) can
be measured as a difference of the growth rate
of the output (q) and of the private inputs (pin)
we may write:

(2) TFP = q – pin = a + binf + (c – 1)pin

This is equivalent to equation (1.7) in As-
chauer (1989, p. 183), which is used in estima-
tions. The parameter estimates should be inter-
preted as the following:

b = The elasticity of output(and TFP) with re-
spect to infrastructure

c = The elasticity of output with respect to the
private-sector input bundle

c = 1 implies that there are constant returns to
scale in the private-sector and thus pin
drops out of Equation 4.2.

According to Tatom (1991a), the essential
shortcomings of models similar to this are:

a) The omission of a trend
b) That they contain non-stationary variables
c) The ignorance of the effect of relative price

of energy on productivity

The shortcomings a) and b) will be dealt with
in this study. The authors are aware that the
omission of energy price effects on productivi-

Figure 3: Business sector output, Qt (left axis) in FIM (1990) and its ratio to the flow of services from net private non-
residential capital stock, Qt/kt (right axis).

8 See Madden (1998) for the effect of telecommunica-
tions investment on economic growth.
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ty may bias the coefficients. There exists a cer-
tain risk that possible productivity losses, due
to changes in the price of energy, can be false-
ly attributed to the changes in public capital.9

According to his critics on the previous contri-
butions, Tatom (1991a) starts with a slightly dif-
ferent model, which we are going to apply:

(3) Q = Aht
α kt

β kgt
δ e(rt+εt)

with A representing a scale parameter, ht denot-
ing business sector hours. kt is the flow from
services from Kt , the constant FIM net non-res-
idential stock of private capital at the end of the
previous year. kgt is the flow of services from
KGt , the net non-residential public capital stock
at year t. r is the rate of disembodied technical
change and t is the time trend. εt is a normally
and independently distributed random distur-
bance term.10 Assuming constant returns to
scale11 allows us to write:

(4) ln(Qt/kt) = ln A + αln(ht/kt) + δln(KGt/Kt)
               + rt + εt

5. Estimation results

Table 2 shows three estimation results. Model
Specification (1) corresponds to Equation (4).
In Specification (2) a quadratic time trend is
added12 and under the assumption that evidence
of serially correlated errors reflect truly auto-
correlated residuals, this model is further cor-
rected for serial correlation and these results are
shown as specification (3). Specifications (1)
and (2) are estimated using the White’s heter-
oskedastic-consistent covariance matrix.

A specification similar to that of (2) was es-
timated without the heteroskedastic consistent

9 See Tatom (1991b, p. 7–8) , especially footnote 13, for
an explanation on this.

10 The same capacity utilisation rate, c
t
, is applied for

both public and private capital i.e. k
t
 = c

t
K

t
 and kg

t
 = c

t
KG

t
.

The assumption that the capacity utilisation rate is the same
for private and public capital is made due to lack of suffi-
cient data of public sector utilisation. We are aware that
the capacity utilisation level in the public sector could be
lower than in the private sector. However the capacity uti-
lisation rates do not need to be equal for the analysis to

Table 2: The results of the estimations.

Specification (1)* (2)* (3)

Variable estimate t-ratio estimate t-ratio estimate t-ratio

Constant 1.514 8.69 0.946 5.10 0.980 4.76

0.365 2.82 –0.066 –0.64 –0.03 –0.26

0.793 9.38 0.700 9.06 0.699 7.56

t 0.028 7.28 0.017 4.49 0.017 3.50
t2 0.0004 5.40 0.0004 4.54
Rho (1) 0.778 5.27
Rho (2) –0.624 –4.22

F 48.22 57.25
R2 adj 0.84 0.89 0.96
DW 0.74 0.85 1.56
Jarque-Bera 1.978 1.136 7.435

* Specifications (1) and (2) were estimated using a heteroskedasticity consistent covariance matrix.

ln
KGt

Kt

ln
ht

kt

proceed. Such a scenario then requires an assumption that
the relation between these utilisation rates is constant over
time. In the equations used a proportionality assumption of
public and private utilisation rates would lead to a situa-
tion where the proportionality is included in the constant
term (A).

11 I.e. α + β + δ = 1, implying that a proportional rise
in each resource raises private output (Q) by the same pro-
portion.

12 Tatom (1991b, p. 7) argues that omission of a signifi-
cant time trend can bias the the coefficients and standard
errors of the estimates, which is verified in ourthe estima-
tions below.
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covariance matrix (not shown (2’ )), and it for-
mally passed the diagnostic checks. The cumu-
lative sum of recursive residuals stays well in-
side the boundaries at the 5% level, as does the
cumulative sum of squared recursive residuals.
The recursive residuals (rr) show two sets of
positive values. Firstly, between observations
11 (year 1980) and 14 (year 1983), and second-
ly, between years 1994 and 1997. At years 1991
and 1992 there are two negative rr-values.13

This might reflect the difficulty in catching the
more dramatic fluctuations in the dependent
variable at the end of the period. Heteroskedas-
ticity does not seem to be a problem with this
specification. The value of Harvey’s (1982)
Equation 2.12 ~ F(7,7) is 2.9446 which does not
exceed the critical value at the 5% level (3.787)
The heteroskedasticity test where the errors
were regressed on the dependent variable sug-
gests homoskedasticity, but the Breusch-Pagan-
Godfrey test statistic survives at the 5% level
but not at the 10% level. This also holds for the
ARCH-test. Harvey’s test survives only the 1%
level and the Glejser-test suggests homoskedas-
ticity only at the 0.5% level.

These results suggest that the possible heter-
oskedasticity is associated with one of the in-
dependent variables. Having plotted the resid-
uals from Specification (2’ ) against the inde-
pendent variables14, no evident relationship be-
tween error variance and level of independent
variables can be found. We tried to run a
weighted regression using 1/ln(KGt/Kt) as a
weight, but this did not significantly alter the
coefficients. Therefore, the White’s heteroske-
dastic-consistent covariance matrix was used in
estimating (2). It was also obvious from the plot
of residuals from Specification (2), that (2) suf-
fered from serially correlated errors (see Figure
A6 in the Appendix).

In specification (3) we have corrected for a
second order autocorrelation (AR(2)) in the er-
ror term. It should be noted that the coefficient
for public capital is not significant in specifi-
cation (2) so this correction could at least im-
prove its parameter estimate. The AR(2) model
for the error term results in a stationary model,

but in complex roots the autoregressive proc-
ess displays pseudo periodic behaviour with a
damped sine wave. This correction does not
materially alter the coefficient estimates of
specification (2). We also tried to remove the
significant quadratic time trend from Specifica-
tion (3). However, this only verified the concern
of Tatom (1991a) that excluding a significant
time trend from a model may bias the estimat-
ed coefficients, especially those of the variables
which are correlated with the omitted time
trends.

The estimation results imply that the effect
of the aggregate net non-residential public cap-
ital is not significantly different from zero. The
significant parameter estimate of t reveals that
the effect of the disembodied technical change
has been significantly positive. The significant
quadratic time trend implies that the productiv-
ity (growth) is accelerating.

6. Test of stationarity, further
estimation results and
co-integration?

The stationarity of variables removes the pos-
sibility of getting spurious results from the re-
gressions.

Test equation for the levels of each variable
Y is:

(5) ∆Yt = α + βYt–1 + δt +     γj∆Yt–p + εt,

where p was automatically set by the SHAZAM
software and is reported in Table 6.1.

The relevant statistic for this unit root test is
the t-statistic for the lagged level of the varia-
ble. If β is significantly less than zero the vari-
able in question is stationary. For this sample
size (N = 28) with undifferenced variables, the
asymptotical critical value of the t-statistic for
β is about –2.95 when the time trend is not in-
cluded, and about –3.58 when the trend is
present (5% level of significance).15 The criti-

13 See Figures A.1 and A.2 in the Appendix.
14 See Figures A.3 to A5 in the Appendix.

Σ
p

j =1

15 These t-values were calculated using the Table 7.2. in
Banerjee, A., Dolado, J. J., Galbraith, J. W. and Hendry,
D. F. (1992) Co-integration, Error Correction, and Econo-
metric Analysis of Non-stationary Data. The critical val-
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cal values for the once and twice differenced
variables were calculated after dropping the
undefined observations, which caused only mi-
nor adjustments.

The results in Table 3 above indicate that all
the variables above have to be differenced twice
in order to achieve stationarity. In Section 7
these stationary variables were used in a new
estimation of the original model

Further estimation results

Table 4 shows the estimation results using
stationary transformations of the independent
variables. Since the variables were differenced
twice, the sample period was adjusted to re-
move undefined observations. These specifica-
tions are also estimated using White’s heter-
oskedastic-consistent covariance matrix.

Specification (4) above reaches a rather mod-
est adjusted R2 and has, according to the Jarque-
Bera statistic, normally distributed residuals.

Table 3: The results from testing for non-stationarity.

Variable t-statistic critical value z-test crit-value p
(5%-level) (10%-level)*

–0.470a –2.95 1

–2.86a –2.97 –13.24 –11.2 0

–4.09a –2.98 1

1.46a –2.95 2.08 –11.2 0

–2.31a –2,97 1

–3.51a –2.98 2

–2.59a –2.95 –1.36 –11.2 0

–2,48a –2.97 2

–4.78a –2.98 2

* This critical value was given by the statistical software. a=constant, no trend.

ln
qt

kt

(1–B) ln
qt

kt

(1–B)2 ln
qt

kt

ln
KGt

Kt

(1–B) ln
KGt

Kt

(1–B)2 ln
KGt

Kt

ln
ht

kt

(1–B)2 ln
ht

kt

(1–B) ln
ht

kt

Table 4: The new estimation results.

Specification (4) (5)

Variable estimate t-ratio estimate t-ratio

Constant 0.0004 0.05 0.0003 0.07

–0.034 –0.16 –0.004 –0.03

0.529a 5.90 0.507a 7.25

–0.32c –1.92

0.092b 2.35

t 0.11 · 10–4 0.02

F 7.706 8.579
R2 adj 0.45 0.55
DW 2.23 Durbin’s h 0.844
Jarque-Bera 0.861 0.609

a, b and c indicate significant estimates at the 1%, 5% and
10% level.

(1–B)2 ln
KGt

Kt

(1–B)2 ln
ht

kt

(1–B)2 ln
ht–1

kt–1

(1–B)2 ln
Qt–1

kt–1

ues for the estimate of β at 1% and 10% levels, using a con-
stant without a trend were about –3.685 and –2.62 respec-
tively. Including a time trend yielded the critical values of
about –3.224 (10% level) and –4.323 (1% level).
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The result regarding serially correlated errors
suggests that the errors are not serially corre-
lated. Therefore, the estimates can be judged to
be rather efficient and consistent with Tatom’s
(1991a, Equation. 7, p.11) results. The ratio of
business sector hours to flow of services from
private capital clearly dominates the model,
while leaving no significant effect of the pub-
lic capital at the 5% level of significance. The
time trend is not significantly different from
zero. In Specification 5 we have added two
lagged variables; the dependent variable and the
ratio of business sector hours to flow of serv-
ices from private capital. This was performed
in order to further lessen the possibility of serial
correlation in the error term resulting from an
autoregressive process. The additional explan-
atory variables improve the adjusted R2.
Durbin’s h statistic and Jarque-Bera indicate
that there is neither evidence of serially corre-
lated residuals nor of inefficient parameter es-
timates. Again, there is some evidence that ag-
gregate public capital has no significant role to
play in determining the private sector output.
Adding a (statistically not significant) time
trend to Specification 5 did not dramatically al-
ter the results. The effect of public capital stock
still remained highly insignificant (t-statistic =
0.02). This was also the case when only t2 was
added.

The tests for heteroskedasticity and Ramsey’s
specification error test (RESET) do not suggest
any problems of either heteroskedasticity or

misspecification. In Figure 4 we have plotted
the recursive residuals together with the ols-re-
siduals. The recursive residuals seem to follow
the ols-residuals well enough to remove any
doubts of misspecification. The cusum and cu-
sumsq tests (Tables A7 and A8 in the Appen-
dix) show that both model specifications also
pass this formal test.

Are the variables co-integrated?

Model specifications (1) to (3) could be ap-
plied in this context provided the variables used
are co-integrated. However, the results from
cointegration regressions and from the Dickey-
Fuller tests on the residuals reveal that the un-
differenced variables are not co-integrated,
which also holds for the first differences. The
first differences provide significant t-test-statis-
tics, but the z-statistics are still too small in ab-
solute values to allow one to reject the null hy-
pothesis of a unit root. Moreover, the condition
of a high R2 statistic and a Durbin-Watson sta-
tistic close to 2 is met neither by the levels nor
first differences of the variables.

Table 5 clearly indicates that the estimates in
models (1) to (3) are results of spurious corre-
lations and that the results from Specifications
(4) and (5) are more reliable. Due to the better
performance and as a result of the diagnostic
checks of Specification (5) we argue that it is
to be preferred to the more parsimonious Spec-
ification (4).

Figure 4: Test of misspecification with ols- and recursive residuals.
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7. The problem of precedence

The framework developed by Hsiao (1981),
formerly applied by Madden et al. (1998), was
used to test for direction of causation between
the public capital stock and private sector out-
put.16 The summary of the results from testing
the precedence between the ratio of public to
private capital and private sector productivity
are reported in Table 8. Table 6 shows the
Akaike (1969) Final Prediction Error (FPE) of
the one-dimensional autoregressive processes
for the two variables being tested. At this stage
only four lags were considered, because of the
small sample size. Due to the differencing and
the lag structure, initial observations were

dropped in order to avoid undefined observa-
tions. The results show that one lag is enough
to minimise the FPE for ln(Qt/kt), while two
lags are required for ln(KGt/Kt). These lags cor-
respond to m lags for variable y in the contri-
bution of Hsiao (1981).

The next step is to regress the variable x on
y, with an optimal lag length n, which is per-
formed in Table 7. Treating ln(Qt/kt) as y, sug-
gests that four lags of ln(KGt/Kt) are needed to
minimise FPE. Only one lag is needed when
ln(KGt/Kt) is treated as the dependent variable.

The FPE statistic from the unrestricted re-
gressions is then used to determine whether
there is at least weak evidence of precedence
running from x to y. If the FPE is larger in the

Table 5: Test of co-integration of levels and first differences.

Variables in Test-statistic Critical value (10%) R2 DW AIC SC

Levels
Cointegrating regression: Constant, no trend 0.68 0.67
Dickey-Fuller on residuals
No constant, z = –7.68 –22.7 –7.241 –7.192
no trend t  = –1.79 –3.45
Cointegrating regression: Constant, trend 0.88 0.81
Dickey-Fuller on residuals
No constant, t  = –6.36 –3.45 –8.147 –7.998
no trend

First Difference
Cointegrating regression: 0.61 1.21
Constant, no trend
Dickey-Fuller on residuals
No constant, z = –16.62 –22.7 –8.353 –8.304
no trend t  = –3.72 –3.45
Cointegrating regression: Constant, trend 0.66 1.30
Dickey-Fuller on residuals
No constant, z = –19.28 –28.5 –8.576 –8.528
no trend t  = –4.48 –3.84

16 The test procedure was as follows: 1) To test whether
x precedes y, y was regressed on y

t–m
. The optimal lag length

m was determined by minimising Akaike’s (1969) Final Pre-
diction Error-criterion (FPE) for 1≥ m ≥ 4, 2) The varia-
ble y

t
 is regressed on m lags of itself and x

t–n
. The optimal

lag length of x
t
 is again determined by minimising FPE as

1≥ n ≥ 4, 3) The FPEs of steps 1) and 2) are compared. If
FPE

1 
> FPE

2
, there is weak evidence that x precedes y

(x → y), 4) an F-test was used in step 2) to test whether
the estimates of x:s are jointly equal to zero. If this is re-
jected there is weak evidence that x precedes y. and 5) If
the conditions in both step 3) and 4) are satisfied, there is
strong evidence that x precedes y, i. e. x ⇒  y.

Table 6: The Akaike (1969) FPEs of one-dimensional AR-
processes for twice differenced ln(KGt/Kt) and ln(Qt/kt) fol-
lowing Hsiao (1981).

Order of lags FPE (*10–3) of FPE(*10–3) of
(1–B)2 lnQt/kt (1–B)2 KGt/Kt

1 0.75374 0.64635
2 0.77088 0.59879
3 0.77099 0.65510
4 0.81100 0.71889
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unrestricted regression, there is weak evidence
of this ‘ causation’ . If a joint F-test on the add-
ed variables simultaneously exceeds the criti-
cal values of the F-distribution, there is strong
evidence that x precedes y. In Table 8 a sum-
mary of the test results is shown.

The regressions were estimated using White’s
heteroskedastic consistent covariance matrix.
Only the adjusted R2 together with Durbin-
Watson (D-W) and Jarque-Bera (J-B) of the di-
agnostic statistics are shown here in order to
check for the fit, serial correlation and normal-
ity of residuals. The decisive statistics, FPE and
the joint F-statistic are also reported. The results
provide strong evidence at the 10% level of sig-
nificance, that ln(KGt/Kt) does precede ln(Qt/kt).
At the 5% level there is only weak evidence left
of this precedence since FPE1 is greater than
FPE2. There is, however, no evidence that the
variable ln(Qt/kt) would cause changes in
ln(KGt/Kt). The result of precedence is impor-
tant even if there was no significant effect of
the ln(KGt/Kt) on private sector output in the
estimation stage. This refers to the results of
Easterly and Rebelo (1993) that particular in-
vestments, especially in infrastructure and

transport, are consistently, and positively, cor-
related with economic growth. Easterly and
Rebelo also discuss the problem of causation.
They argue that if the direction of causation was
from growth to public investment, all types of
public investment should be associated with
growth, but (to quote, p 433): “One piece of in-
direct evidence against reverse causation is that
only transport and communications investment
and general government investment are robustly
correlated with growth.”

8. Conclusions

Despite the fact that many contributions af-
firm that increased public capital investment
enhances private sector productivity and in-
creases output, our results suggest that this is
not necessarily true from a Finnish perspective.
We have studied Finnish data from 1970 to
1997, and found evidence that changes in the
aggregated net non-residential public capital
stock has no significant effect on private sector
productivity. These findings are consistent with
those of Tatom (1991a) but ought not to be seen

Table 7: The optimal number of lags of the independent variables.

Controlled variable Manipulated variable Optimum lag of FPE (*10–3)
manipulated variable

(1–B)2 lnQt/kt (1–B)2 KGt/Kt 4 0.68590
(1–B)2 lnKGt/Kt (1–B)2 lnQt/kt 1 0.70471

Table 8: Summary of results from testing for precedence between ln(Qt/kt) and ln(KGt/Kt)*.

The ratio of public net non-residential capital stock R2-adj. D-W J-B FPE F S
to private net non-residential capital stock (n=22)

∆2 ln(Qt/kt) = 0.005–0.382∆2 ln(Qt–1/kt–1) 0.08 1.95 0.337 0.754 (1)
∆2 ln(Qt/kt) = 0.002–0.40∆2 ln(Qt–1/kt–1) 0.28 2.00 1.186 0.686 2.561c (2)

+ 0.09∆2 ln(KGt–1/Kt–1) + 0.02∆2 ln(KGt–2/Kt–2)
+ 0.57∆2 ln(KGt–3/Kt–3) + 0.68∆2 ln(KGt–4/Kt–4)

∆2 ln(KGt/Kt)= 0.003–0.77∆2 ln(KGt–1/Kt–1) 0.35 2.00 32.96 0.599 (3)
–0.29∆2 ln(KGt–2/Kt–2)

D2 ln(KGt/Kt)= – 0.002–0.76∆2 ln(KGt–1/Kt–1) 0.32 1.94 29.6 0.705 0.158 (4)
–0.29∆2 ln(KGt–2/Kt–2) + 0.87∆2 ln(Qt–1/kt–1)

Conclusion ln(KGt/Kt) ⇒  ln(Qt/kt), and
ln(Qt/kt) does not precede ln(KGt/Kt)

* =∆2 is equivalent to (1-B)2, c refers to significance at the 10% level and S indicates the specification.
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as diametrically opposite to those contributions,
which focus only on some specific parts of the
capital stocks.

We tested for precedence and found evi-
dence, not particularly strong, however, that
changes in the aggregated level of public capi-
tal stock precede private sector performance.
This is consistent with at least the arguments of
Easterly and Rebelo (1993), IBRD (1994) and
Mamatzakis (1997), and has some implications
for advocating public investment in sectors that
are positively correlated with economic growth,
e.g. transport and communication. The fact that
many factors affecting private sector productiv-
ity have not been used, or even required, to ex-
plain most of its variations does not mean we
consider them irrelevant. We are fully aware
that the addition of energy prices, for example,
to the models may alter the parameter estimates.
The present lack of available data puts this task,
together with the break-down of the public cap-
ital stock, on the agenda of further research.
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Appendix

Table A.1: Data used in the estimations.

Year Qt/kt KGt/Kt ht/kt

1970 0.595 0.410 0.116
1971 0.583 0.405 0.108
1972 0.595 0.404 0.102
1973 0.590 0.399 0.096
1974 0.578 0.394 0.091
1975 0.562 0.388 0.087
1976 0.554 0.387 0.084
1977 0.552 0.390 0.082
1978 0.550 0.398 0.079
1979 0.535 0.405 0.072
1980 0.535 0.410 0.068
1981 0.544 0.413 0.069
1982 0.573 0.416 0.071
1983 0.567 0.418 0.067
1984 0.563 0.420 0.064
1985 0.563 0.422 0.062
1986 0.565 0.422 0.059
1987 0.567 0.423 0.057
1988 0.562 0.422 0.054
1989 0.570 0.405 0.051
1990 0.570 0.435 0.049
1991 0.568 0.442 0.049
1992 0.553 0.457 0.046
1993 0.561 0.475 0.043
1994 0.590 0.492 0.043
1995 0.615 0.500 0.043
1996 0.668 0.508 0.045
1997 0.690 0.514 0.045

Figure A.1 Recursive residuals from specification (2’ ).
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Figure A.3 Residuals from specification (2’ ) against time.

Figure A.2 A cusum test on recursive residuals from specification (2’ ).

Figure A.4 Residuals from specification (2’ ) against an independent variable.
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Figure A.6 Serially correlated errors from specification (2).

Figure A.5 Residuals from specification (2’ ) against an independent variable.

Figure A.7 A cusum test on recursive residuals from Specification (5).
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Figure A.8 A cusum sq-test on resursive residuals from Specification (5).


