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ABSTRACT 
The initial endogenous growth models emphasized the importance of externaI effects in explaining 
sustainable growth across time. Empirically, this hypothesis can be confirmed if the coefficient of 
physical capital per hour is unity in the aggregate production function. Although cross-section 
results concur with theory, previous estimates using time series data rejected this hypothesis, 
showing a small coefficient far from unity. It seems that the problem lies not with the theory but 
with the techniques employed, which are unable to capture low frequency movements in high 
frequency data. This paper uses cointegration - a technique designed to capture the existence of 
long-run relationships in multivariate time series - to test the externalities hypothesis of endogenous 
growth. The results confirm the theory' and conform to previous cross-section estimates. We show 
that there is long-run proportionality between output per hour and a measure of capital per hour. 
U sing this result, we confmn the hypothesis that the implied Solow residual can be explained by 
government expenditures on infra-structure, which suggests a supply side role for government 
affecting productivity and a decrease on the extent that the Solow residual explains the variation 
of output. 
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1 Introduction 

One of the drawbacks of the traditional growth models, e.g., Solow( 1957) and Cass( 1965), 

is the requirement of decreasing returns to capital for the existence of equilibrium, which implies 

either no growth asymptotically or the need of exogenous technological change to assure growth. 

Romer( 1986, 1987) proposed maintaining decreasing returns to private capital but introduced the 

concept that there are externaI effects due to social or aggregate capital. His original idea was 

that disembodied knowledge should be considered a factor of production, and it has a public 

good character since it can be used by all firms with little or no exclusion. If movements of 

knowledge are associated with movements of physical capital, then social or aggregate capital 

should be present in fum' s production functions as an externaI factor. Therefore, there is the 

possibility of non-decreasing retums to capital (private plus social), which implies sustainable 

endogenous growth. 

The externality hypothesis by itself does not guarantee growth, since it is still possible that 

the marginal product of capital (private plus social) converges to zero asymptotically. For 

instance, with Cobb-Douglas technology, the coefficients of private and social capital must add 

up to at least unity for non-ceasing growth. Romer( 1987) and Ferreira( 1993) could not reject this 

hypothesis using cross-section data for several countries. However, the evidence for time series 

data seem not to confinn the externality hypothesis, since Romer(1987) and Benhabib and 

Jovanovic(1991) inter-alia rejected it for the U.S. According to these authors, the problem may 

lie on the fact that they both use high frequency data to test a long run relationship. 

It seems that the problem lies not with the theory but with the techniques employed, which 

are unable to capture low frequency movements in high frequency data. If the analyzed data have 

one unit root, as the tests in Nelson and Plosser(1982) indicate it to be a property of U.S. series, 

it then follows that econornic shocks have long run effects, since the unit root component is in 
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fact a cumulation of shocks with (non decaying) unit coefficients, e.g., Beveridge and 

Nelson( 1981). Two series are said to cointegrate if they have a common long run component, or 

a common unit root. Therefore, as Granger( 1986) and Engle and Granger( 1987) point out, 

cointegration tests are appropriate for investigating the existence of long run relationships 

between economic series. Although Romer and Benhabib and Jovanovic raise the issue of data 

frequency, it is not central for cointegration tests, which only require a sufficiently large data 

span to be able to capture long run relationships. In fact, Engle and Granger( 1987), Campbell 

and Shiller( 1987) and Durlauf( 1989), among others, use quarterly data in their cointegration 

analyses. 

This paper uses cointegration to test the hypothesis of externaI effects due to social capital 

in generating sustainable growth. We employ Romer's(1989) model with Cobb-Douglas 

production function. In equilibrium, the representative fum private capital equals average social 

capital. Thus, we can factor out private capital in the production function and test whether 

output's elasticity with respect to capital is unity. In the cointegration test, we use quarterly data 

for the O.S. economy with a span ofmore than 30 years. Johansen's(1988, 1991) technique was 

chosen to test for cointegration, since it is the most widely used, and allows constructing 

confidence intervals for cointegrating vectors. 

With the results of cointegration analysis, we construct a Solow residual and test the 

hypothesis that it is partially explained by government expenditures in infra-structure. If 

confrrmed, this hypothesis suggests a supply side role for government affecting productivity and 

a decrease on the extent that the Solow residual explains the variation of output; see 

Aschauer( 1989). 
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Section 2 presents a discussion of the theoretica! model employed. following 

Romer( 1989). It augments the basic model by inserting public capital into the production 

function. Section 3 discusses the tests employed in the cointegration analysis. Section 4 presents 

the results obtained, and Section 5 concludes. 

2 Theoretical Model 

The neoclassical production function in a competitive setting is assumed to be 

homogeneous of degree one in all its factors. otherwise some inputs would be paid below their 

marginal product (if the technology is of degree below one) or the sum of factors payments 

would more than exhaust the output (if the technology is of degree more than one). Constant 

returns to scale in the production function implies diminishing returns to each input separately. 

The problem with decreasing returns is that they imply that growth will cease 

asymptotically or converge to some exogenous given rate. This is easily seen in the optima! 

growth model, where a representative consumer maximizes his/her flow of utility choosing a 

sequence of consumption subject to a resource constraint: 

.. 
Max L WU(C r ) O < ~ < 1 

{e,} r =0 

s.t. Cr + Ir = f r = F(Kr,Lr) 

Kr+l = Ir + (1-ô)Kr 

Where f r is output, Kr is the stock of capital, Lr is hours worked, Ir is investment and Ô is the 

depreciation rate of the capital stock. If the instantaneous utility function is logarithm, the growth 

rate of this economy (y) is: 

(1) 
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Notice however thatFK1L (·), the marginal productivity of capital, is decreasing in capital. 

Cass(l965) shows that as time goes to infinity, growth will cease, 'Y tends to one, and the capital 

stock per capita will converge to a lirnit K /L • < 00. 

Romer (1986 and 1989) proposed solving this problem postulating externaI effects due to 

social or aggregate capital. The argument is that society's aggregate pool of disembodied 

knowledge should enter in the firrn' s production function as a public good, i.e., 

f, = F(Kr ,Lr) n(Er), where E stands for knowledge. Romer then argues that knowledge follows 

physical capital, using evidence that patent application increases when investment increases. e.g. 

Schmookler( 1966). With this assumption, the representative frrm production function becomes 

f, = F (Kr , L,) n(K I)' where K r is aggregate capital. 

Assurning Cobb-Douglas technology we have: 

f = A Ka L (l-a) K B 
r r r I 

With Kr = n . (K,ILr) in equilibrium, where n is the number of frrmsl. In per worker terrns the 

production function is given by (f,lLr ) = A (K,ILr)a [n . (K,ILr)]Bso that the (private) marginal 

productivity of capital is given by FK1LO = a A nB (K,ILria+B-l). 

After solving the representative consumer's problem the growth rate is now given by: 

1 Romer (1989) assumes that the number of frrms and consumers are the same, so that K,ILr 
stands both for capital per labor and capital per firmo 
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• 

If a + e ~ 1 the model wiU display sustainable growth as long as a A n 9 + (1 - Õ) is larger 

than 1/~. Romer conjectures that a + e cannot exceed unity, otherwise there will be explosive 

growth, which is not a stylized fact of modem economies2
• 

The empirical tests of Romer' s proposed technology tend to reject that a + e is unity for 

V.S. time series data. although this hypothesis cannot be rejected for most cross-country studies. 

In the fust case two references would be Romer (1987) and Benhabib and Jovanovic (1991). In 

the fust article, the production function was estimated using annual or decade data in fust 

differences using OLS. The results show a large and significant coefficient for the labor input 

and an insignificant coefficient for the capital input. The same pattem is observed in Benhabib 

and Jovanovic when maximum likelihood is applied to annual data with errors assumed to follow 

an ARMA(1,2) processo For quarterly data, using ARMA(1,2) errors, they find a labor 

coefficient of about 0.65 and a + e close to 0.23, which is below the share of private capital in 

production. 

Romer argues that high frequency data are not adequate to estimate the models parameters 

due to business cycles fluctuations and temporary shocks, concluding that data from more 

countries and longer epoches should be used to cut away the effect of short term fluctuations on 

long run trends. Using data from Maddison(1982) on cross country rates of growth, Romer's 

physical capital estimate is 0.87, not significantly different from one. Vsing Summers and 

Heston's(1991) data base the estimated coefficient of capital is 0.75. Although it is below one, it 

is still evidence that dirninishing returns are not as nearly as large as the conventional estimates 

2 Notice that equilibrium is guaranteed because the technology still displays constant return to 

scale to private factors and because the whole sequence {K't};=o is taken as given when the 

consumer solves hislher problem. Only then, the equilibrium condition Kr = n . (K/Lt) is 
imposed. 
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suggest. Ferreira( 1993) uses 2SLS to estimate Romer' s technology augmented by public capital. 

Data from Summers and Heston( 1991), the IMF, and Benhabib and Spiegel( 1992) are used. 

Physical capital coefficient estimates are usually dose to one and very robust to modifications in 

the specifications of the model or data series used. 

Therefore, the evidence for cross-country studies favors the hypothesis of extemal effects 

due to capital. Benhabib and J ovanovic argue that Romer' s estimates are biased to one but it 

seems to us that this argument does not apply. As they show, the bias tends to 1 - (a. + 8) 

when time goes to infinity and autocorrelation goes to one. Thus, if a. + 8 is in fact one, there is 

no bias at alI and the estimates are consistent. 

lf Romer's hypothesis is accepted there are important consequences for the study of the 

Solow residual. Let the technology be, in equilibrium, A exp(z,)K,a L,(l-a) (n . K,ILl, so in per 

labor terms we have: 

(3) 

After applying logarithms to both sides, we obtain: 

(4) 

Where lower-case characters denote logarithms, a is a constant, and p" Total Factor 

Productivity, is by definition equal to the Solow residual (z,) (up to a constant). Solow's(l957) 

famous result, that econornic growth cannot be understood solely in terms of the accumulation of 

physical capital and labor, spurred a vast literature. More recently, a group of studies, e.g. 

Aschauer(1989), Nadiri and Manuneas(1992) and Munnel(1990), proposed an altemative 

explanation. They suggest that the behavior of the residual, and consequently productivity, can 
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be partially explained by the evolution of public infrastructure. In this case public capital per 

hour (and in some cases public investments) is a separate argument (G,IL,) of the production 

function: 

G 
.. a (I-a) ~ 

Y, = A exp(E) ( ,IL,) K, L, K, 

Which gives the following expression for the total factor productivity: 

p, = (y, - Ir) - (0.+9) (kr - Ir) = a + Er + <I> (gr-/r) 

(5) 

(6) 

The original residual Zr is decomposed in two parts, a non-modelled one - given by Er' and 

a modelled one - given by <I>(gr -Ir), which is the public infrastructure parto In the form taken 

here, we implicitly assume that services from public infrastructure are subject to congestiono 

Notice that when externaI effects are present, the contribution to growth of physical capital -

(0.+9) (kr -Ir) - is larger its contribution in the traditional growth accounting exercises,which 

use a capital coefficient equal to its own share a. 

The empirical evidence tends to confirrn in most cases the hypothesis of a supply side role 

for govemment affecting productivity. Aschauer(l989) uses V.S. annual data to estimate a 

production function without externalities but with public capital. V sing OLS his estimate of the 

effect of public capital on total factor productivity is 0.49, both significant and of relatively high 

magnitude. Nadiri and Manuneas use a micro panel data at industry leveI and obtain estimates of 

the sectoral cost elasticities with respect to public infrastructure between -0.109 and -0.227. 

Their aggregate estimates, however, are considerable higher and the elasticity of total factor 

productivity with respect to public infrastructure was found to be 0.29. 

7 



Ferreira(1993) estimates a simple endogenous growth model with cross-country and U.S. 

time series data using altemative techniques. Overall. the estimated coefficient of public capital 

(or investment) is significant but well below Aschauer's, Munnel's, and Nadiri and Manuneas'. 

For time series data, the estimates of the elasticity of total factor productivity3 with respect to the 

relevant govemment variable is about 0.10. 

3 Integrated data and Cointegration Tests 

The issue of the extemalities hypothesis of endogenous growth has not been appropriately 

tested using time series data, although several authors have investigated it. The major problem 

lies on the stochastic properties of the data used, which are probably non-stationary due to unit 

roots. In this case, traditional econometric techniques are usually inappropriate, since the data 

require first differencing to have a stationary Wold representation. 

Empirical research with data containing unit roots can suffer from two distinct problems. 

First, according to the Granger Representation Theorem, e.g., Engle and Granger( 1987), if fust 

differences are applied, inconsistent estimates may result if possible long run relationships are 

ignored4
• Thus, before running a regression in first differences, cointegration should be 

investigated and possible cointegrating vectors incorporated in the error correction terms. 

Second, if leveIs are used instead of first differences, t-rafios are generally neither t-distributed 

nor have a standard asymptotic distribution, e.g., Granger and Newbold(1974) and 

Phillips(1986). Thus, spurious regression results may be present and usual tests of hypothesis 

3 Notice that in alI these articles total factor productivity was constructed using private capital 
share, a, and not the private plus aggregate coefficients, as in the case of Romer's technology. In 
other words, Pr is defined here as (Yr - Ir) - a(kr - Ir)and not as (Yr - Ir) - (a+ 8) (kr - Ir)· 

4 The same problem occurs if quasi-differencing is applied. In this case, even if there are no long 
run relationships in the data, inconsistencies will arise due to imposing common factors. 
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and goodness-of-fit tests are invalido In this case however, under cointegration, Engle and 

Granger(1987) show that unique cointegrating vectors may stilI be consistently estimated by 

standard techniques. Nonetheless, Inference is still invalido 

As seen in the previous section, testing the extemalities hypothesis of endogenous growth 

requires a + e to be unity. If (log) output, capital services, and labor services were stationary, 

then the t-ratios of a regression of output on capital and labor services could be used to test this 

hypothesis. This, however, seems not to be the case. For V.S. GNP, several authors could not 

reject the presence of one unit root, e.g., Nelson and Plosser( 1982) inter-alia. Capital and labor 

services are tested below, and we also could not reject the presence of one unit root in each 

series. Although unit root tests suffer from power problems against local altematives, it usually 

has sufficient power to reject non borderline cases. As illustrated by Banerjee et al.( 1993, chapter 

6), even if one focuses on near unit root processes, e.g., processes with first order autoregression 

coefficient higher than 0.98, using t-ratios can be very rnisleading in smalI samples. 

The evidence against the extemalities hypothesis presented in Romer( 1987) and Benhabib 

and Jovanovic(1991) suffer in one form or another from the problems outlined above. 

Nevertheless, the leveIs regression presented in Benhabib and Jovanovic (Table 7, p. 91) can be 

interpreted as a long run relationship if (log) output, capital and labor services cointegrate. 

Notice that the capital elasticity estimate is 1.06, not far from unity. Since under cointegration 

tbis estimate is consistent, although biased in small samples, it may be evidence in favor of the 

extemalities hypothesis of endogenous growth. 

The key point for the validity of using cointegration to test the extemalities hypothesis is to 

view the aggregate production function as a long run relationship. Thus, it has not to hold in 

every single point in time, but idealIy only after alI short run noise have their effect dissipated. 

As pointed out by Granger( 1986) and Engle and Granger( 1987), viewing cointegration as a test 
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for the existence of a long run relationship is one of its most powerful applications in economics. 

Although long run relationships comprise market equilibrium conditions, there may be 

relationships which represent non-equilibrium conditions, as long as some other mechanism 

works towards keeping the data moving together in the long run. Thus, we still may have a long 

run production function even under market failures. 

There are several cointegrating tests in the literature5
• Gonzalo( 1994) compares their 

properties and concludes that J ohansen' s(1988, 1991) method is the most adequate overall. This 

technique has been extensively applied in the economic literature, e.g., Johansen and 

Juselius(l990) and King et al.(1991). Since there is cointegration if and only if the long run 

impact rnatrix of Vector Autoregressions is reduced rank (r), the test consists of estimating r, 

which also represents the number of linearly independent cointegrating vectors (or cointegrating 

rank), and the corresponding cointegrating vectors. Two statistics can be used for estimating r: 

the trace and Àmax statistics. Due to the integratedness of the data, both have non-standard 

asymptotic distributions under the null hypothesis. The technique also has the advantage of 

allowing testing hypotheses on cointegrating vectors conditioned on knowledge of r. These tests 

are the usuallikelihood ratio tests and have the nice property that their distribution is 

asymptotically "i. 

4 Empirical Results 

We apply the procedures described in the previous section to post-war U.S. data: log of 

output Y" log of hours worked I, and log of Public Investment g, are extracted from Citibase. The 

later represents the sum of federal, state, and local non-military expenditures on infrastructure. 

We also used an alternative version of (log) public investment (g,"l. extracted from Citibase, 

5 Since the literature on cointegration is now well known, we do not discuss it here in great 
length. Interested readers should refer to Engle and Granger( 1990) and Banerjee et al.( 1993). 
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where expenditures on equipment were added to exp(gl). Log of capital k
l 

is extracted from MPS. 

Data frequency is quarterly, with YI' II and kl available from 1958:1 to 1988:4, and gl and g; 

available only from 1972:2 to 1988:4. 

The first step is to test the data for unit roots, since it only makes sense to test for 

cointegration if they have a long run component. The Augmented Dickey-Fuller test was used 

including a time trend and a lag structure necessary to obtain white noise residuals. Results are 

presented in Table 1. Even at the 10% significance leveI we cannot reject the hypothesis that 

every single series examined contain one unit root. 

The next step of our analysis is to test if the aggregate production function can be viewed 

as a long run relationship, i.e., if YI' kl and II cointegrate. One possibility is to work with the three 

variables above, but another approach is to consider equation (4). The existence of a long run 

relationship requires YI -lI and kl -11 to have a common unit root, i.e., that 

(YI-II) - (a+ e)(kl -11) is stationary. The externalities hypothesis of endogenous growth 

requires a+e = 1, which can be tested using Johansen's(1988, 1991) technique ifthe 

cointegrating rank is one in a system containing YI -11 and kl -11. 

The results of cointegration analysis using YI' kl and II are presented in Table 2. Critical 

values are extracted from Osterwald-Lenum(1992, Table 1). The number of lags chosen for the 

Vector Autoregression (V AR) was 6, but the results do not vary for different lags chosen. 

Sequentially, we reject the hypotheses that the cointegrating rank is zero or one, but cannot reject 

it to be two using both the trace test and the ~x testo Although we find the data to obey two long 

run relationships, it is hard to test directly whether a + e = 1 using this resulto Thus, we consider 

the second approach discussed above, i.e., testing for cointegration the system containing YI -11 

and kl-ll. 
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Table 3 presents the results of cointegration tests for this bi-variate system. There is a clear 

rejection that the cointegraúng rank is zero by both the trace and the Àmax staústic. However, 

tesúng if the cointegraúng rank is one can lead to ambiguous results, since it depends on the 

table of criticaI values used. If we use Table 2· in Osterwald-Lenum(1992) we cannot reject the 

rank to be one. However, using his Table 1 we do reject it6
, leading us to r = 2. In this case both 

Yr -Ir and kr - Ir are staúonary. Hence, we could examine the stationarity of these two variables in 

deciding the cointegrating rank of the bi-variate system. 

Table 1 presents Dickey-Fuller tests for Yr - Ir and kr - Ir' showing that the unit root 

hypothesis cannot be rejected for each series. Moreover, we can test the stationarity of Yr -Ir and 

kr -Ir in the tri-variate system exarnined in Table 2. Since there we found a cointegrating rank of 

two, we now test whether (~ ~ = ~ J is in the cointegrating space7
• The results presented in 

Table 1 show a p-vaiue of the "i test near zero. Hence, we reject the null, implying that Yr -Ir and 

kr -Ir are 1(1). Given these evidence, we conclude that the cointegraúng rank is one in the 

bi-variate system containing Yr -Ir and kr -ir. 

In Table 3, the point estimate of a + e is 1.04, very close to unity and to the estimate in 

Table 7 of Benhabib and Jovanovic(1991). The issue now is whether or not a + e is unity. Table 

3 presents the results of testing a + e = 1, conditioned on the cointegraúng rank being one. The 

6 Table 1 in Osterwald-Lenum is appropriate when the Vector Error Correction Model (VECM) 
does not contain any time trend, either inside or outside the EC terms. Table 2· is appropriate 
when the EC term does have a time trend, but it is not present outside it Figure 1 displays the EC 
term Yr - kr. Its plot shows signs of a shift in mean around 1973, or possibly signs of a time trend 
with a negative coefficient. Hence, Table 2· seems a better choice for cointegrating test criticaI 
values. 

7 Noúce that if we reject this hypothesis at least one of Yr -Ir and kr -ir are 1(1). 
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p-value for this test is 0.85. Thus, we do not reject the null with very high confidence, i.e., we 

cannot reject the externalities hypothesis of endogenous growth. Given our point estimate of 

a. + e it is not surprising that we found a. + e to be unitl. 

This result confinns Romer' s( 1986, 1987, 1989) hypothesis of externaI effects due to 

social capital, as long as a. < 1. In that sense, it differs from previous time series results in the 

literature and fiom other estimates of the production function. Moreover, the magnitude of the 

externality found is enough to generate non-ceasing growth, implying non-convergence of 

econornic aggregates to a steady state equilibrium as opposed to traditional neoclassical optimal 

growth models. Notice the similarity between this result and the empirical findings of unit roots 

in the data, since they both imply non-stationary behavior for leveIs and stationary behavior for 

the frrst differences of the variables of interest. 

Figure 1 plots the graph of Yr - kr. It seems that the behavior of this ratio has a downward 

shift in mean around 1973. This is not surprising, since several V.S. series display a regime shift 

after the frrst oil shock. Despite this shift, the behavior of Yr - kr seems stationary, and consistent 

with a long run relationship. In fact, the decrease in the mean of Yr - kr can be an explanation for 

the unusual behavior of the trace statistic in Table 3 commented above. 

Vsing equation (4) it is straightforward to consttuct a Solow residual conditioned on the 

result that a. + e = 1. It will simply be equal to Yr - kr, which graph is depicted in Figure 1. 

Notice that y, the rate of growth of output, can be expressed as: 

y = {aA exp(Zr) + (1- ô)} ~ 

= {aA exp(Yr -kr) + (1-ô)} ~ (7) 

8 Although Johansen's method may yield different results depending on the lag sttucture chosen 
in the V AR, changing it did not alter the results of our testo 
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Therefore, the steady state rate of growth is a positive function of y, - k,. Since we can interpret 

y, - k, as a long run relationship, associated with high values of y, - k, we will have high values 

of y. As cornrnented before, we observe that there is a permanent downward shift on y, - k, (see 

Table 1). Thus, it is interesting to check whether this shift corresponds to a downward shift in y. 

If we split the sample in 1973: 1, there is a downward shift on quarterly growth rates from 1.01 

between 1958:1 and 1972:4 to 1.0065 between 1973:1 and 1988:49
, confirming the model's 

prediction. 

The prediction discussed above is also linked to the Error Correction Model (ECM). In the 

bivariate Vector ECM (VECM) both .1y, and M, depend on lagged values of the error correction 

terrn, which is y, -I - k, -I' Thus, if there is a positive relationship between y and y, - k" one 

would expect a positive relationship between .1y, and y, -I - k, -I' or a positive adjustment factor 

in .1Y,'s ECM. Indeed, the estimate of the adjustment factor in .1Y,'s ECM is 0.041, confmning 

this hypothesis. 

It is interesting to contrast our result linking y to y, - k, with the traditional Solow residual, 

calculated using factor shares as weights. Figures 2 and 3 plot the quarterly growth rate of output 

with our version of the Solow residual and a traditional Solow residual using a = 1/3 

respectively. Since ours comes from a cointegrating relationship, it has a bounded asymptotic 

variance, thus consistent with a bounded asymptotic variance for y. However, since the 

traditional Solow residual is an integrated process, it will have an unbounded asymptotic 

9 Notice that yis y, - y,_I' and sample averages are calculated as the mean .1y,. The average .1y, 

for the whole sample is 1.008. 
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variance, which is clearly inconsistent with the fact that y represents a stationary process lO
• 

Moreover, notice that the traditional Solow residual has a downward trend, which would imply a 

continuously decreasing growth rate for the V.S. economy, clearly not supported by the 

empírical evidence. 

The result above is related to Total Factor Productivity (TFP). Since from equation (4) we 

can write TFP as: 

Pr = Yr - (a+8)kr (8), 

Different estimates of Pr result from using different values for a + 8. V sing a + 8 = 1/3 implies 

that TFP has itself a downward trend, as shown in Figure 3, which is counter-intuitive. Notice 

that using a + 8 = 1 results in a once and for ali shift in mean for TFP in 1973. This explains the 

productivity slowdown of the V.S. economy in the 1970's but does not imply an ever decreasing 

productivity . 

We now investigate a possible relationship between our Solow residual and public 

investment Figure 4 plots gr -Ir and the Solow residual. Given the series behavior, we should 

expect them to be positively correlated. It is also interesting to note that both series revert their 

downward trend in the frrst half of the 1980's. A similar behavior is observed for g; -Ir in Figure 

5. This shows that govemment investments and the Solow residual are related regardless of how 

the first is measured. 

Vsing equation (6) we estimate cp, govemment expenditures' elasticity with respect to the 

Solow residual. This can be accomplished in several ways, but we opted to calculate it using 

10 In other words, if Zr is I( 1), since y = <lA exp(zr)~ + (1 - Ô)~, it will be I( 1) as well. Hence , the 
only way to get stationary growth rates is to have zr 1(0). That is exact1y what our choice of the 
Solow residual delivers. 
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cointegration in a tri-variate V AR consisting of y - [ , k - I and g - I . The results of r r r r r r 

cointegrating tests are presented in Table 4. According to both the Àmax and trace statistics, there 

is one cointegrating vector: 

k -I 
-1.51 

g -[ ] 
-0.34 . 

Thus, this point estimate implies a + e > 1 and <I> = 0.34. 

To get the corresponding estimate of <1>, consistent with our previous evidence for the 

Solow residual. we estimate it setting a + e to unity in the tri-variate system, conditioned on the 

cointegrating rank being one. The corresponding p-value for testing this hypothesis is 0.30, and 

we found ~ = 0.19. This value is well below Aschauer's(1989) and slightly above 

Ferreira's(1993). We also investigated whether <I> is statistically zero. Conditioned on r = I, we 

found a p-value < 0.001, which rejects the null that <I> = O with very high confidence. 

We re-estimate <I> with g; -Ir using the same procedure as above. The results are shown in 

Table 5. As before, we found r = 1. Ccinditioned on this result, the p-value for testing the 

hypothesis that [ y ~ I k _-: g. -I ] lies in the cointegrating space is 0.77. Thus, we cannot 
-0.24 

reject that <I> = 0.24. Once again, we reject the null that <I> = O with very high confidence. Notice 

that since we used a broader measure of govemment investrnent, the elasticity found is higher 

than the one found using only investrnent in infrastructure. 

Our estimates of <I> confrrm the existence of a supply side role for govemment investrnent. 

It seems that an increase in public infrastructure affects positively productivity and thus the 

marginal retums to capital and labor. On average, if there are bener roads, ports, communication 
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systems, etc., the same flow of private capital and labor services is able to produce the same 

output faster or a higher output in the same amount of time. According to our results, a 10% 

increase in public infrastructure outlays boosts TFP in the long run by approximately 2%. Since 

public expenditures in infrastructure have decreased in the 1970's, only reverting this downward 

trend in the mid 1980' s, this can be an explanation for the observed productivity slowdown for 

this period. This result agrees with Aschauer( 1989), Morrison and Schwartz( 1992), and Nadiri 

and Manuneas( 1992), who used a completely different methodology in investigating the role of 

public infrastructure. 

5 Conclusions and Further Research 

The basic goals of this paper were to re-examine the time series evidence of the 

externalities hypothesis of initial endogenous growth models and to estimate the productive 

impact of public infrastructure. Cointegration is used to estimate the long run relationships 

implied by endogenous growth models, since it is designed to capture the low frequency 

movements of high frequency data. 

The empírical evidence confrrms Romer' s( 1986, 1987) hypothesis of the existence of 

external effect due to disembodied knowledge and social capital. The results imply a coefficient 

for capital well above its private share, since we found a + e = 1. Therefore, since it is extreme to 

assume that a ;;:: 1, we conclude that e > O. This estimate is compatible with sustainable growth 

and non convergence. Although these results oppose Romer's(1987) and Benhabib and 

Jovanovic's(1991) it agrees with the cross-section evidence in Romer(1987) and Ferreira(1993). 

However, as we found evidence of unit roots and cointegration in the data, Romer(1987) and 

Benhabib and Jovanovic's results must be regarded with reservation, since their estimation 

method did not take this into account. 
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The unity coefficient for capital was used to construct a measure of the Solow residual, 

which differs from the traditional ones in that capital is not weighted by its private share, but by 

its private share plus the coefficient of social capital. Thus, our Solow residual is the estimate of 

the long run relationship between (log) output per hour and (log) capital per hour. It performs 

better than traditional ones since it follows closely the pattern of output's growth rate. Moreover, 

it does not display the usual downward trend present in traditional estimates. 

The long run effect of public infrastructure on Total Factor Productivity was estimated 

using this alterna tive measure of the Solow residual. The results confirm a supply side role for 

public investments in affecting productivity growth. Our estimates of the long run elasticity of 

public investment with respect to TFP were around 0.2, and significantly different than zero. 

Thus, if TFP can be regarded as the measure of our ignorance this last result represents a 

reduction of it. 
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7 Appendix 

TABLE 1: AUGMENTED DICKEY-FULLER TEST 

VARIABLE ADF(p) t-ratio 

Yr 8 -1.89 

k r 12 -2.14 

Ir 12 -3.00 

gr 8 -0.83 

• 8 -0.65 gr 

Yr-/r 8 -1.82 

kr-/r 8 -1.27 

NOTES: p is the maximum number of lags of the series in the right hand side. A constant, 
seasonal dummies, and a time trend are included in each regression. CriticaI values for 115 
observations are the following: at 1 %, Trend = -4.05, at 5%, Trend = -3.45, and at 10% Trend = 
-3.15. These are appropriate for testing Yr' kr, Ir' Yr -Ir and kr -Ir. CriticaI values for 60 
observations are the following: at 1%, Trend = -4.09, at 5%, Trend = -3.47, and at 10% Trend = 
-3.18. These are appropriate for testing g, and g; (extracted from McKinnon (1990». 

21 



TABLE 2: 
COINTEGRATING RESUL TS USING Yr' kr and Ir 

TRACE CRITICAL NULL Àmax CRmCAL NULL 
STATISTIC VALUE HYPOTHESES STATISTIC VALUE HYPOTHESES 

(95%) (95%) 

0.023 3.76 r S 2 0.023 3.76 r = 2 

19.22 15.41 r S 1 19.19 14.07 r = 1 

43.95 29.68 r S O 24.73 20.97 r = O 

NOTES: Cointegration tests are based on Johansen's(1988, 1991) method. Criticai values are 
extracted from Osterwald-Lenum( 1992), Table 1, which represents the case where the V AR and 
the Error Correction terrn have a constant. The cointegrating rank is denoted by r. The order of 
the VAR is 6. 

Hypothesis Testing in the Cointegrating Space: 

Estimated Cointegrating Space: ( - ~.84 - ~.23J 
0.07 1.12 

Test of Restrictions on the Cointegrating Space: Ho: (~ ~ J. 
-1 -1 

p-vaIue: < 0.01 
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TABLE 3: 
COINTEGRATING RESUL TS USING Yr - Ir and kr - Ir 

TRACE CRITICAL NULL Àmax CRmCAL NULL 
STATISTIC VALUES HYPOTHESES STATISTIC VALUES HYPOTHESES 

(95%) (95%) 

9.35 3.76 r ::;; 1 9.35 3.76 r = 1 
(12.25) (12.25) 

30.08 15.41 r ::;; O 20.729 14.07 r = O 
(25.32) (18.96) 

NOTES: Cointegration tests are based on Johansen' s( 1988, 1991) method. CrÍticaI values are 
extracted from Osterwald-Lenum(1992), Table 1, which represents the case where the VAR and 
the Error Correction term have a constant, and TabIe 2' (in parentheses), which represents the 
case where the V AR has a constant and the Error Correction term has a constant and a time 
trend. The cointegrating rank is denoted by r. The order of the V AR used is 6. 

Hypothesis Testing in the Cointegrating Space: 

Estimated Coinlegrating Space: ( -I ~04 ) 
Test of Restrictions on lbe Cointegrating Space: Ho: ( ~I J 
p-vaIue: 0.85 
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TABLE 4: 
COINTEGRATING RESULTS USING y, - I" k, - I, and g, - I, 

TRACE CRITICA L NULL Àmax CRfiCAL NULL 
STATISTIC VALUE HYPOTHESES STATISTIC VALUE HYPOTHESES 

(95%) (95%) 

0.082 3.76 r ~ 2 0.082 3.76 r = 2 

7.11 15.41 r ~ 1 7.024 14.07 r = 1 

35.63 29.68 r ~ O 28.53 20.97 r = O 

NOTES: Cointegration tests are based on Johansen's(1988, 1991) method. Criticai values are 
extracted from Osterwald-Lenum(1992), Table 1, which represents the case where the VAR and 
the Error Correction term have a constant. The cointegrating rank is denoted by r. The order of 
the VAR is4. 

Hypothesis Testing in the Cointegrating Space: 

Estimated Cointegrating Space: (-1~51J 
-D.34 

Test of Restrictions 00 lhe Coiotegratiog Space: Ho: ( ~ J 
$ = 0.19 and p-vaIue: 0.30 
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TABLE 5: 
COINTEGRATING RESULTS USING y! - Ir' kr - Ir and g; - Ir 

TRACE CRITICAL NULL Âmax CRITICA L NULL 
STATISTIC VALUE HYPOTHESES STATISTIC VALUE HYPOTHESES 

(95%) (95%) 

0.38 3.76 r :::;; 2 0.38 3.76 r = 2 

6.77 15.41 r :::;; 1 6.38 14.07 r = 1 

28.99 29.68 r :::;; O 22.22 20.97 r = O 

NOTES: Cointegration tests are based on Johansen's(l988, 1991) method. Critical values are 
extracted from Osterwald-Lenum(l992), Table 1, which represents the case where the VAR and 
the Error Correction terrn have a constant. The cointegrating rank is denoted by r. The order of 
the VAR is 8. 

Hypothesis Testing in the Cointegrating Space: 

Estimated Cointegrating Space: (~~93J 
~.22 

Test of Restrictions on lhe Cointegrating Space: H,: ( ~ J 
~ = 0.24 and p-value: 0.77 
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171. PERCALÇOS DA INDEXAÇÃO EX-ANfE - Clovis de Faro - 1991 (esgotado) 



172. NOVE PONTOS SOBRE O PLANO COLLOR n -Rubens Penha Cysne -1991 (esgotado) 

173. A DINÂMICA DA lllPERINFLAÇÃO - Fernando de Holanda Barbosa, Waldyr Muniz Oliva e 

EMa Mureb Sallwn - 1991 (esgotado) 

174. \..OCAL CONCA VIFIABll1TY OF PREFERENCES ANO DETERMINACY OF 

EQun.IBRnJM - Mario Rui Páscoa e Sérgio Ribeiro da Costa Werlang - maio de 1991 

(esgotado) 

175. A CONTABnIDADE DOS AGREGADOS MONETÁRIOS NO BRASil.. - Carlos Ivan 

Simonsen Leal e Sérgio Ribeiro da Costa WerIang - maio de 1991 (esgotado) 

176. HOM011IETIC PREFERENCES - James Dow e Sérgio Ribeiro da Costa Werlang - 1991 

(esgotado) 

177. BARREIRAS A ENTRADA NAS INDÚSTRIAS: O PAPEL DA FIRMA PIONEIRA - Luiz 

GuiJhenne Schymura de OlM:ira - 1991 (esgotado) 

178. POUPANÇA E CRESCIMENTO ECONÔMICO - CASO BRASn..E1R.O - Maljo Henrique 

Simonscn - agosto 1991 (esgotado) 

179. EXCESS VOLATll1TY OF STOCK PRICES ANO KNIGHTIAN UNCERTAINTY - Jamca 

Dow e Sérgio Ribeiro da Costa W crIang - 1991 (esgotado) 

180. BRAZIL - CONDmONS FOR RECOVERY - Mario Hcmiquc Simonscn - 1991 (esgotado) 

181. 11IE BRAZILIAN EXPERIENCE WITII ECONOMY POUCY REFORMS ANO 

PROSPECTS FOR 11IE FUfURE - Fernando de Holanda Barbosa - Dezembro de 1991 

(esgotado) 

182. MACRODINÂMICA: OS SISTEMAS DINÂMICOS NA MACROECONOMIA - Fernando de 

Holanda Barbosa - Dezembro de 1991 (esgotado) 

183. A EFICIÊNCIA DA INTERVENÇÃO DO ESTADO NA ECONOMIA - Fernando de Holanda 

Barbosa - Dezembro de 1991 (esgotado) 

184. ASPECTOS ECONÔMICOS DAS EMPRESAS ESTATAIS NO BRASIL: 

TELECOMUNICAÇÕES, ELETRICIDADE - Fernando de Holanda Barbosa, Manuel Jeremias 

Leite Caldas, Mario Jorge Pina e Hélio Lcchuga Arteiro - Dezembro de 1991 (esgotado) 

185. 11IE EX-ANTE NON-OPTIMALITY OF 11IE DEMPSTER-SCHAFER UPDATING RULE 

FOR AMBIGUOUS BEUEFS - Sérgio Ribeiro da Costa Werlang e James Dow - Fevereiro de 

1992 (esgotado) 

186. NASH EQun.IBRnJM UNDER KNIGHTIAN UNCERTAINTY: BREAKING DOWN 

BACK.W ARO INDUCTION - James Dow e Sérgio Ribeiro da Costa Werlang - Fevereiro de 

1992 ( esgotado) 

187. REFORMA DO SISTEMA FINANCEIRO NO BRASIL E "CENTRAL BANKING" NA 

ALEMANHA E NA ÁUSTRIA - Rubens Penha Cysne - Fevereiro de 1992 (esgotado) 



188. A INDETERMINAÇÃO DE SENIOR: ENSAIOS NORMATIVOS - Antonio Maria da Silveira 

- Março de 1992 (esgotado) 

189. REFORMA TRIBUTÁRIA - Mario Henrique Sirnonsen - Março de 1992 (esgotado) 

190. lllPERINFLAÇÃO E O REGIME DAS POLÍTICAS MONETÁRIA-FISCAL - Fernando de 

Holanda Barbosa e Elvia MW"Cb SaDwn - Março de 1992 (esgotado) 

191. A CONSTITIJIÇÃO, OS JUROS E A ECONOMIA - Clovis de Faro - Abril de 1992 (esgotado) 

192. APUCABllIDADE DE TEORIAS: lvfICROECONOMIA E ESTRATÉGIA EMPRESARIAL

Antonio Maria da Silveira - Maio de 1992 (esgotado) 

193. INFLAÇÃO E CIDADANIA - Fernando de Holanda Barbosa - Julho de 1992 

194. A INDEXAÇÃO DOS ATIVOS FINANCEIROS: A EXPERIÊNCIA BRASIT..EIRA - Fernando 

de Holanda Barbosa - Agosto de 1992 

195. A INFLAçÃO E CREDmnIDADE - Sérgio Ribeiro da Costa WerIang - Agosto de 1992 

196. A RESPOSTA JAPONESA AOS CHOQUES DE OFERTA. 1973/1981 - Fernando Antonio 

Hadba - Agosto de 1992 

197. UM MODELO GERAL DE NEGOCIAÇÃO EM UM MERCADO DE CAPITAIS EM QUE 

NÃO EXISTEM INVESTIDORES IRRACIONAIS - Luiz Guilherme Schymma de Oliveira -

Setembro de 1992 

198. SISTEMA FINANCEIRO DE HABITAÇÃO: A NECESSIDADE DE REFORMA - Clovis de 

Faro - Setembro de 1992 

199. BRASIL: BASES PARA A RETOMADA DE DESENVOLVIMENTO - Rubens Penha Cysne -

Outubro de 1992 

200. A VISÃO TEÓRICA SOBRE MODELOS PREVIDENCIÁRIOS: O CASO BRASIT..EIRO -

Luiz Guilherme SchymW"a de Oliveira - Outubro de 1992 

201. lDPERINFLAÇÃO: CÂMBIO, MOEDA E ÂNCORAS NOMINAIS - Fernando de Holanda 

Barbosa - Novembro de 1992 - (esgotado) 

202. PREVIDÊNCIA SOCIAL: CIDADANIA E PROVISÃO - Clovis de Faro - Novembro de 1992 

203. OS BANCOS ESTADUAIS E O DESCONTROLE FISCAL: ALGUNS ASPECTOS - Sérgio 

Ribeiro da Costa Werlang e Armínio Fraga Neto - Novembro de 1992 - (esgotado) 

204. TEORIAS ECONÔlvfICAS: A MEIA-VERDADE TEMPORÁRIA - Antonio Maria da Silveira

Dezembro de 1992 

205. TIIE RICARDIAN VICE ANO TIIE INDETERMINATION OF SENIOR - AntoIÚO Maria da 

Silveira - Dezembro de 1992 

206. lllPERINFLAÇÃO E A FORMA FUNCIONAL DA EQUAÇÃO DE DEMANDA DE 

MOEDA - Fernando de Holanda Barbosa - Janeiro de 1993 

207 REFORMA FINANCEIRA - ASPECTOS GERAIS E ANÁUSE DO PROJETO DA LEI 



COMPLEMENTAR - Rubens Penha Cysne - fevereiro de 1993. 

208. ABUSO ECONÔMICO E O CASO DA LEI 8.002 - Luiz GuiJhcnne SchynuU"a de Oliveira e 

Sérgio Ribeiro da Costa Werlang - fevereiro de 1993. 

209. ELEMENTOS DE UMA ESTRATÉGIA PARA O DESENVOLVIMENTO DA 

AGRICULTURA BRAS1LEIRA - Antonio Salazar Pessoa Brandão e Eliscu Alves - Fevereiro de 
1993 

210. PREVIDÊNCIA SOCIAL PÚBUCA: A EXPERIÊNCIA BRAS1LEIRA - Hélio Portocarrero de 

Castro, Luiz Guilhenne Schyrnura de Oliveira, Renato FrageDi Cardoso e Uriel de Magalhães -

Março de 1993. 

211. OS SISTEMAS PREVIDENCIÁRIOS E UMA PROPOSTA PARA A REFORMULACAO DO 

MODELO BRAS1LEIRO - Helio PortOCaJTerO de Castro, Luiz GuiJhenne SchynuU"a de Oliveira, 

Renato FrageDi Cardoso e Uriel de Magalhacs - Março de 1993. 

212. THE INDETERMINATION OF SENIOR (OR THE INDETERMINATION OF WAGNER) 

ANO SCHMOlLER AS A SOCIAL ECONOMIST - Antonio Maria da SiMira - Março de 

1993. 

213. NASH EQun.mRIUM UNDER KNIGlfl1AN UNCERTAINTY: BREAKING DOWN 

BACKW ARD INDUCTION (Extcnsively Rcvised Version) - James Dow e Sérgio Ribeiro da 

Costa Werlang - Abril de 1993. 

214. ON THE DIFFERENTIABILITY OF THE CONSUMER DEMAND FUNCTION - Paulo 

Klinger Monteiro, Mário Rui Páscoa e Sérgio Ribeiro da Costa Werlang - Maio de 1993. 

215. DETERMINAÇÃO DE PREÇOS DE ATIVOS, ARBITRAGEM, MERCADO A TERMO E 

MERCADO FUTURO - Sérgio Ribeiro da Costa Werlang e Flávio Auler - Agosto de 1993. 

216. SISTEMA MONETÁRIO VERSÃO REVISADA - Mario Henrique Simonsen e Rubens 

Penha Cysne - Agosto de 1993. 

217. CAIXAS DE CONVERSÃO - Fernando Antônio Hadba - Agosto de 1993. 

218. A ECONOMIA BRAS1LEIRA NO PERÍODO Mll..ITAR - Rubens Penha Cysne - Agosto de 

1993 

219. IMPÔSTO INFLACIONÁRIO E TRANSFERÊNCIAS INFLACIONÁRIAS - Rubens Penha 

Cysne - Agosto de 1993. 

220. PREVISÕES DE Ml COM DADOS MENSAIS - Rubens Penha Cysne e João Victor Issler -

Setembro de 1993. 

221. TOPOLOGIA E CÁLCULO NO Rn - Rubens Penha Cysne e Hwnberto Moreira - Setembro 

de 1993. 

222. EMPRÉSTIMOS DE MÉDIO E LONGO PRAZOS E INFLAÇÃO: A QUESTÃO DA 

INDEXAÇÃO - Clovis de Faro - Outubro de 1993. 



223. ESTUDOS SOBRE A INDERTERMINAÇÃO DE SENIOR, voi. 1 - Nelson H. Barbosa, Fábio 

N.P. Freitas, Carlos F.L.R. Lopes, Marcos B. Monteiro, Antonio Maria da Silveira(Coordenador) 

e Matias Vemengo - Outubro de 1993. (esgotado) 

224. A SUBSTITUIÇÃO DE MOEDA NO BRASll...: A MOEDA INDEXADA - Fernando de 

Holanda Barbosa e Pedro Luiz Valls Pereira - Novembro de 1993. 

225. FINANCIAL INTEGRATION AND PUBUC FINANCIAL INSTITImONS - Walter Novaes e 

Sérgio Ribeiro da Costa Werlang - Novembro de 1993. 

226. LA WS OF LARGE NUMBERS FOR NON-ADDfIlVE PROBABll.ITIES - James Dow e 

Sérgio Ribeiro da Costa Werlang - Dezembro de 1993. 

227. A ECONOMIA BRASll...E1RA NO PERÍODO MILITAR - VERSÃO REVISADA - Rubens 

Penha Cysne - Janeiro de 1994. (esgotado) 

228. THE IMP ACT OF PUBUC CAPITAL AND PUBUC INVESTMENT ON ECONOMIC 

GROwnI: AN EMPIRICAL INVESTIGATION - Pedro Cavalcanti Ferreira - Fevereiro de 

1994. 

229. FROM THE BRAZ1LIAN PAY AS YOU GO PENSION SYSTEM TO CAPITALIZATION: 

BAll...ING OUT THE GOVERNMENT - José Luiz de Carvalho e Clóvis de Faro - Fevereiro de 

1994. 

230. ESTUDOS SOBRE A INDETERMINAÇÃO DE SENIOR - voi. n - Brena Paula Magno 

F ernandez, Maria T creza Garcia Duarte, Sergio Grumbach, Antonio Maria da Silveira 

(Coordenador) - Fevereiro de 1994. (esgotado) 

231. ESTABlllZAÇÃO DE PREÇOS AGRÍCOLAS NO BRASll...: AVAUAÇÃO E 

PERSPECTIV AS - Clovis de Faro e José Luiz Carvalho - Março de 1994. 

232. ESTIMATING SECTORAL CYCLES USING COINTEGRATION AND COMMON 

FEA TURES - Robert F. Engle e João Victor Issler - Março de 1994 

233. COMMON CYCLES IN MACROECONOMIC AGGREGATES - João Victor Issler e Farshid 

Vahid - Abril de 1994. 

234. BANDAS DE CÂMBIO: TEORIA, EVIDÊNCIA EMPÍRICA E SUA POSSÍVEL 

APUCAÇÃO NO BRASll... - Aloisio Pessoa de Araújo e Cypriano Lopes Feijó Filho - Abril de 

1994. 

235. O HEDGE DA DÍVIDA EXTERNA BRASll...E1RA - Aloisio Pessoa de Araújo, Túlio Luz 

Barbosa, Amélia de Fátima F. Semblano e Maria Haydée Morales - Abril de 1994. 

236. TESTING THE EXTERNALITIES HYPOTHESIS OF ENDOGENOUS GROWTH USING 

COINTEGRATION - Pedro Cavalcanti Ferreira e João Victor Iss1er - Abril 1994. 
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