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1 Introduction 

One of the drawbacks of the traditional growth models based on Solow( 1957) or 

Cass( 1965) is the condition of decreasing returns to capital for the existence of equilibrium. This 

implies no growth asymptotically or requires exogenous technological change to assure growth. 

Romer( 1986) proposed maintaining decreasing returns to private capital but introduced externaI 

effects due to social capital to deliver sustainable growth. The externality hypothesis by itself 

does not guarantee growth. since it is stiU possible that the marginal product of capital (private 

plus social) converges to zero asymptotically. For example. with Cobb-Douglas technology. the 

coefficients of private and social capital must add up to at least unity for non-ceasing growth. 

The empirical growth literature tests of unity capital elasticity are inconclusive. Although 

cross-country evidence in Romer( 1987) and Ferreira( 1993) suppon a unity coefficient. time 

series evidence in Romer( 1987) and 8enhabib and Jovanovic( 1991) inter-alia rejected it for the 

V.S. Given these results, 8enhabib and Jovanovic discard the increasing-returns hypothesis. For 

Romer. however. the problem may lie in the fact that high-frequency data is used to test a long 

run relationship. 

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

are unable to capture low-frequency movements of high-frequency data. If the data have unit 

roots, estimation is not sttaightforward and ttaditional inference is invalido However, long run 

relationships may still be estirnated using cointegration techniques, which only require a 

sufficiently large data span. Thus, the issue of data frequency is not central for estimation. 

lndeed, Engle and Granger(1987), Campbell and Shiller(1987) and Durlauf(1989), arnong others, 

use quarterly data in their cointegration analyses. 

This paper uses modem time-series economettic techniques to test the hypothesis of 

increasing retums to capital in generating sustainable growth. We employ a parameterized 
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version of Romer' s( 1986. 1987. 1989) modelo derive the time series properties of the data from 

first principIes. and test the implication that capital has a unity long run elasticity. Elasticities are 

cakulated using Johansen' s(1988. 1991) cointegration technique. We think the results may be a 

solution to the apparent puzzle between cross-country and time series evidence. 

With the results of cointegration analysis. we construct a Solow residual that takes into 

account the externaI effect due to aggregate capital. We then investigate its behavior and test if 

its evolution can be (partially) explained by public infrastructure expenditure. This hypothesis 

has been the object of a large number of studies. which in most cases accept the existence of a 

supply side role for government. e.g .. Aschauer(l989). Munnel(1990) and Nadiri and 

Manuneas( 1992). Holtz-Eakin( 1992), however, did not find any relationship between total factor 

productivity and infrastructure. Moreover, he raises the point of reverse causality, i.e .. that 

causation may be from productivity to infrastructure. To address this issue, we perform 

Granger-causality tests between public infrastructure and the SoIow residual. 

Section 2 presents a discussion of Romer' s( 1986, 1987, 1989) theoretical model and a 

review of the literature. For a pararneterized version of the model, we prove that the data contain 

unit roots and display cointegration of a specific formo Tests for the increasing-returns hypothesis 

are then proposed. The relationship between productivity and public infrastructure is also 

discussed. Section 3 briefly discusses the econometric techniques employed. Section 4 presents 

the empirical evidence of U.S. aggregate time series data, and Section 5 concludes. 

2 Theoretical Model and Previous Empirical Evidence 

2.1 Theoretical Model 

Romer' s( 1986, 1987, 1989) class of endogenous growth models can be characterized using 

a representative consumer who maximizes his/her flow of utility, choosing a sequence of 
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consumption {C,} subject to a resource constraint: 

.. 
Max Eo L WU(C,), 

{e,} ,=0 

s.t. C, + I, = r, = F(K,.L,) Q(Hr) exp(z,) 

K'+l = I, + (l-Ô)K, 

O<~<l, 

where r, is output, K, is the stock of capital, L, is hours worked, I, is investment and Ô is the 

(1) 

depreciation rate of the capital stock. Firm's technology is F(K, • L,) Q(H,) exp(z,), where H, 

stands for knowledge, and {Z,} is the stochastic process representing productivity. The 

production function includes extemalities since society' s aggregate pool of disembodied 

knowledge is incorporated as a public-good factor (Q(H,». Using evidence that patent 

application increases when investment increases, e.g. Schmookler(1966), Romer argues that 

knowledge follows physical capital, hence, the representative frnn production function becomes 

r, = F(K, • L,) Q'(Kr) exp(z,), where K, is aggregate capital per capita. 

Assuming Cobb-Douglas technology we have: 

r = A K a Lo-a) K 9 () 
I I I I exp Z, , 

wi th K I = n . (K,I L,) in equilibrium, where n is the number of frnns I. In per worker terms the 

production function is given by (r,lL,) = A (K,IL,)a [n . (K,IL,)]9 exp(z,), hence, the (privare) 

marginal productivity of capital is given by FK1LO = a A nij (K,IL,ia+
9- 1

) exp(z,), 

1 Romer (1989) assumes thal lhe number of fums and consumers is the same. 50 thal K/L, stands both for capital per 
labor and capital per fumo 
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After solving the representative consumer's problem:: the growth rate of the economy (y) is 

given by: 

y = [FK:LO + (1-Ô)] ~ = [a A n9 (K,IL,r+e- 1
) exp(z,) + (1-Ô)] ~ (2) 

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

than 1/~. If a + e exceeds unity there will be explosive growth. which is not a stylized fact of 

modem economies. Under this conjecture, testing this class of endogenous growth models 

amounts to checking if a + e = 1. 

If (l + e = 1 the growth rate of the economy is stationary. although (log) output itself will 

be a non-stationary process growing at rate y - 1. The same is true for ln(K,). Notice the 

similarity of these results with the concepts of unit roots and cointegration of ln(Y,) and In(K,). 

Indeed. it can be shown thal. under the Cobb-Douglas technology postulated here, log utility, and 

fuH depreciation of the capital stock. the endogenous growth medel yields unit roots and 

cointegration for the variables of interest This is true even if {z,} is a stationary process, e.g., 

i.i.d .. stationary ARMA(p,q) process, or stationary ARMA(p,q) process about a time trend. 

Proposition 1: In the above problem. when a + e = 1, the closed-form solutionfor In(K'+I) 
implies it has a unit root even with {z,} stationary. Since the closed-form solutionsfor ln(Y,). 
ln(e,) allti ln(/,) are lillear fullCtiOIlS ofln(K,). they ali have common unit I'oots. Hence. they 
coimegrate in the followillg way: 

(i) In(Y,) - ln(K,), 

(ii) ln(/,) - ln(Y,), anti 

(fii) In(C,) - ln(Y,). 

2 Note lhal equilibrium is guaranleed because the technology slill displays constaol retumS-to-scale to privare 
factors and because the whole sequence {Kt};:o is taken as given when lhe consumer solves hislher problem. Only 

then is lhe equilibrium condition K, = n . (KIL,) imposed. 
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form a basisfor the coimegrating space. This is true. regardless ofthe persistency properties of 
{zr}· 

Proof: See Appendix. 

Proposition 1 offers an empirical test for the increasing-retums hypothesis. If a + a = 1, 

the variab1es in the model will have unit roots. Moreover, they will cointegrate with known 

coefficients given by (i)-(iii) above. For example, there is a unity long run elasticity between 

ln(Y,ILr ) and ln(K,ILr ), or between ln(Yr ) and ln(Kr). 

A1though unit roots and restricrions (i)-(iii) on cointegration coefficients are a necessary 

condition for validating the increasing-returns hypothesis, they are not sufficient for it. Benhabib 

and Jovanovic( 1991) note that when the data have unit roots. it does not necessarily follow that 

a + a = 13
• As discussed by King. PIosser and Rebelo( 1988), and by King et al.( 1991). 

restrictions (i)-(iii) on cointegration coefficients are also present in the standard neoclassical 

growth model with a random walk (log) productivity processo Indeed. Lau and Sin(1994) have 

proved that the laner and Romer's endogenous growth model are observational equivalent, i.e., 

the cointegration restrictions (i)-(iii) above are a common feature of both. Thus. further evidence 

is needed to confum the increasing-retums hypothesis if these integrarion and cointegration tests 

are to be used. 

Exogenous growth models have been criticized on several grounds. First. without 

extemalities. i.e .• with a = O. the model converges to a steady-state equilibrium unless exogenous 

technological growth is assumed. If there is convergence. the model implies that poor countries 

would grow faster than rich countries in the transition path, which is not observed. Moreover, 

evidence of Baumol and Wolf( 1988) and De Long( 1988) suggest either no convergence at all or 

that it is limited to a small group of homogeneous countries. Second. if an exogenous growth rate 

3 See thei! footnote 16. 
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is assumed, it cannot be affected by fiscal policy in steady-state. However, there has been 

substantial evidence that fiscal policy affects growth, e.g., Barro(1991), Easterly and 

Rebelo(l993), and Engen and Skinner(l992). Finally, exogenous growth models are 

observational equivalem to Romer's endogenous growth model if and only if an integrated 

productivity shock is assumed, e.g., King, Plosser, and Rebelo( 1988). There, however. unit roots 

are "exogenously" obtained by assurning {Zr} to be a random walk. On the other hand, in the 

endogenous growth model, unit roots are a consequence of extemalities, obtained as an 

equilibrium result despite assuming {zr} stationary4. 

Based on the fragility of the exogenous growth model, integration and cointegration tests 

will be used ín testing the increasing-returns hypothesis present in Romer' s endogenous growth 

model. Moreover, if the evidence supports the model. there are importam implications to the 

measuremem of the Solow residual. If a + 9 = I, its calculation is straightforward. In 

equilibrium, the production function is equal to A exp(zr)Kr
a L,u-a) (n . K/Lr)9, so in per labor 

units we have: 

(3) 

After applying logarithms to both sides. we obtain: 

= a + z" (4) 

4 Notice thal for lhe endogenous growth model lhe ~uction function works as ~ "attracror" (see E~gle and 
Grangert 1991. chapter 1)). i.e .• as lhe long ruo relalionship between.output and capt~ ~ hour. Thall5 lhe case 
since long and shon run elasticities of capital per bour are equal (umty). Howev~: this 15 not true for lhe exogenous 
growth model. where lhe long run elasticity is unity. allhough lhe short ruo elasticlty equals a. If one uses lhe 
altractor property of these two production functions to evaluale them. lhe endogenous growth model must be lhe 
preierred one. 
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where lower-case characters denote logarithms. a is a constant. and p" Total Factor Productivity 

(TF'P). is by definition equal to the Solow residual (=,) (up to a constant). Thus. TFP, or the 

(demeaned) Solow residual can be easily calculated using y, - k,. 

From equation (2) it is easy to show that: 

'Y = [exp(a + z,) + (1 - Ô)] ~ = [exp(y, - k,) + (1- Ô)] ~. (2') 

Hence. in steady-state, there is a positive relationship between the Solow residual and the growth 

rate of output. ~otice that equation (2') is "balanced," since both 'Yand y, - k, are stationary. 

Solow' s( 1957) famous result - that economic growth cannot be understood solely in terros 

of the accumulation of physical capital and labor - spurred a vast literature. More reeently, 

Aschauer( 1989), Nadiri and Manuneas( 1992) and Munnel( 1990), suggested that the behavior of 

the Solow residual, and thus productivity, can be partially explained by the evolution of public 

infrastrucrure. For example, public investrnent per hour (G/L,) could be a separate argument of 

the production function: 

• a (I-a) ~ 
f, = A exp(E,) (G,IL,) K, L, K, 

which gives the following expression for TFP: 

P, = (YI - k,) = a + E, + ~ (g, -I,). 

Thus, y, - k, ean be decomposed into two pans, a non-modelled one - given by E/ and a 

modelled one - given by ~(g,-I,), whieh is the public infrastructure pano In this framework, ~ 

represents the publie infrastructure elasticity of TFP, which has been estimated by several 

authors using different techniques. Bdore economic meaning is attached to ~, the issue of 
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causality has to be discussed. since there may be reverse causality. and movements in 1FP may 

precede movements in public infrastructure; see Holz-Eakin( 1992). Testing "causality" between 

TFP and public expenditures in infrasrructure will take the form of Granger-causality tests. 

2.2 Previous Empirical Results 

The empirical tests of Romer's endogenous growth model using V.S. time series tend to 

reject that Cl + e is unity. e.g .. Romer (1987) and Benhabib and Jovanovic (1991). In Romer' s 

artide. the production function is estimated by OLS using annual or decade data in first 

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

insignificant coefficient for the capital input. The same pattern is found by Benhabib and 

Jovanovic. who applied maximum lilcelihood to V.S. annual data with the error tenn assumed to 

be an ARMA( 1,2) processo For quanerly data, using the same error structure, they find a labor 

coefficient of about 0.65 and Cl + e dose to 0.23. 

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

due to business-cycle fluctuations and temporary shocks. He concludes that data from more 

counrries and longer epoches should be used to cut away the effect of shon tenn fluctuations on 

long run trends. 

Cross-country studies display completely different results. Vsing data from 

Maddison(1982), on cross-country rates of growth, Romer's physical capital estimate is 0.87 and 

not significantly different from one. With the Summers and Heston( 1991) data base. his 

estimated coefficient is 0.75. Although below one, this is evidence that diminishing returns are 

not nearl y as large as time series estimates suggest. Ferreira' s( 1993) cross-country studies reach 

a similar conclusion using data from Summers and Heston(1991), the IMF, and Benhabib and 
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Spiegel( 1994). In this case, the production function includes public capital infrastructure. and is 

estimated by 2SLS. Physical capital coefficient estimates are usually close to one and very robust 

to changes in the specification of the model or to changes of the data series used. 

Overall. the evidence of cross-country studies favors the hypothesis of increasing returns, 

although the evidence in time series studies do not. The challenge is to reconcile these two 

results which appear to be contradictory. 

The relationship between public infrastructure and productivity was discussed and tested 

originally by Aschauer( 1989). Using time series data, Aschauer's estimate of the effect of public 

capital on TFP is 0.49, which is relatively high. Munnel(l990) using regional data concurs with 

Aschauer's estimates. Cost function duality estimates at the industry leveI by Nadiri and 

Manuneas( 1992) and Morrison and Schwanz( 1992) are relatively smaller (roughly -0.15) but 

confmn Aschauer's initial premise. The same applies to the cross-country evidence in 

Ferreíra( 1993) and Easterly and Rebelo( 1993). 

In most cases, the empírical evidence tends to confmn a supply side role for govemment 

affecting productivity. Exceptions are Hulten and Schwab(1992), using a growth accounting 

framework, and Holtz-Eakin(l992), using panel data at the state levei. Although causality 

between productivity and public infrastrUcture is crucial for this discussion, it has not been 

thoroughly studied'. 

3 Integrated Data and Cointegration Tests 

The issue of increasing retums of the aggregate production function has not been 

appropriately tested using time series data, despite a vast research effon. The major problem lies 

5 One exception is Ho and Sorensen< 1993). where reverse Granger-ca~ily is fo~nd from two-digit manufacturing 
1'FP to public infrastructure. Mixed evidence is fOWld on Granger-causa1llY from mfrasaucture to TFP. 
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on ignoring the stochastic propenies of the data used. which are probably non-stationary due to 

unit roots. In this case. traditional econometric techniques are inappropriate. Empirical research 

with data containing unit roots can suffer from two distinct problems. First. if first differences 

are applied. inconsistent estimates may result if possible long run relationships are ignored6; see 

Engle and Granger( 1987). Thus. before running a regression in frrst differences. cointegration 

should be investigated and possible cointegrating vectors incorporated as error correction terrns. 

Second. if leveIs are used instead of frrst differences. t-ratios 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 are 

invalido 

As discussed in the previous section. testing increasing returns can take the forrn of testing 

whether ex + e = 1. If (log) output. capital services. and labor services were stationary. an 

F-test could be used. Stationarity, however, seems not to be the case, e.g., Nelson and 

Plosser( 1982) inter-alia, our theoretical results above, and our empirical results below. Thus. 

unless this is taken into account, increasing returns test results can be misleading. 

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

and Jovanovic( 1991), suffers in one form or another from the problems oudineel above. 

Nevenheless, 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 thal their capital elasticity estimate is 1.06, nol far from unity. Since under cointegration 

this estimate is consistent, il may be evidence of increasing returns. The key point for using 

cointegration to test increasing returns is to view the aggregate production function as a long run 

6 The same problem occurs if quasi-differencing is applied. In lhis case. even if mere are no long run relationships 
in lhe dala. inconsistencies wiU arise due to imposing common factors. 
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relationship. Thus. it need not hold in every single point in time. but idealIy only the effect of alI 

shon run noise is dissipated. As pointed out by Granger( 1986) and Engle and Granger( 1987). 

viewing cointegration as a test for the existence of a 10ng run relationship is one of its most 

powerful applications in economics. 

There are several cointegrating tests in the literature7
• Gonzalo( 1994) compares their 

propenies and concludes that J ohansen' s( 1988. 1991) method is the most adequa te overall. This 

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

Juselius( 1990). The test consists of estimating r - 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 À.mu statistics. which have non-standard 

asymptotic distributions under the nuH hypothesis. Moreover. the technique 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 

asymptoticaHy XZ. 

4 Empirical Results 

4.1 The Data Set 

The data set consists of U. S. Post-war quarterly 10g of privare GNP y" 10g of hours 

worked Ir. log of the capital stock k,. 10g of public invesnnent on infrastructure g,. 

Privare oUlput was obtained subtracting govemment GNP from total GNP. Hours worked 

used the Household Survey monthly series accumulated to generare quarterly figures. Public 

7 Since the literalure on cointegration is now weU known. we do nol discuss it here in greallength. Interested 
readers should refer to Engle and Granger( 1990) and Baneljee et al.( 1993). 
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invesonents in infrastructure represent the sum of federal, state, and local non-military 

expenditures on structure and durables. Capital stock data were constructed using gross private 

domestic invesonent series, accumulated using the perpetuaI inventory method at three different 

depreciation rates: 6Ck, 8Ck and 10% per annum. The initial capital stock was calculated 

following Y oung( 1994). All these series were extracted from Citibase and are available from 

1947: 1 through 1994:3 in most cases. The exceptions are Ir. for which data are available from 

1947:1 through 1993:4, and g" available from 1959:1 through 1994:3. We also used an 

additional version of the capital stock series, based on the annual figures provided by the Survey 

of Current Business. These data were interpolated by the FED to yield quarterly observations in 

order to run the MPS model and are available from 1958:1 through 1988:4. Figures 1 and 2 

display the production function data. Notice that although alI series show signs of 

non-stationarity, Yr -Ir and kr -Ir follow each other very closely in the sample período 

4.2 Unit Roots and Cointegration 

The frrst 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 residuals8
• Results are 

presented in Table 1. At usual significance leveis, we cannot reject the hypothesis that Yr' Ir. kr' 

gr' Yr -Ir' kr -Ir. and gr -I, contain one unit root. However, for y, - k" we do reject the presence of 

a unit root, rcgardless of the version of the capital stock series used. This result is promising, 

since it is an indication that y, and k" may be proportional in the long run. 

8 We started lhe lag search wilh 8 lags going down by one lag up 10 lag zero. The number of lags chosen 
corresponds 10 lhe fllSl significam lag using lhe t-stalistics. 
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Cointegration tests were performed using two distinct data sets in fonning the Vector 

Autoregression (V AR). The first uses me variables in me aggregate production function in per 

hour terms. i.e .. y, - " and k, - 'I' and the second uses ali three variables in the production 

function. i.e .• y,. " and k,. 

For the bi-variate V AR. the existence of a long run relationship requires y, -I, and k, -I,. to 

have a common unit root, Le., requires mat (y, - 'I) - (a + 8) (k, -I,) be stationary. The 

increasing-returns hypomesis for sustained endogenous growm requires a + 8 = 1. 

The first step in appl ying J ohansen . s cointegrating test is to determine me order of me 

v AR. and decide how to model its deterministic components. The lag-order search was 

accomplished using the Schwarz criterium in conjunction wim diagnostics tests9
• The VAR was 

estimated wim a constant. seasonal dummies. and a linear trend termo since me data in leveis. and 

y, - k" show signs of containing a linear trend. The V AR order chosen for me different versions 

of me constructed k, -I, was three, but five lags is also a possibility. For the Survey of Current 

Business version of kr -Ir' me lag order chosen is three. Cointegration tests were perfonned using 

me se lag structures. There is overwhelming evidence that there is one cointegrating vector. 

Conditioned on me cointegrating rank being one, we tested me restriction that me v AR does not 

contain a time trend. For alI cases this restriction is strongly rejected, supporting the initial guess 

that me V AR should be modelled with the trend present. 

For three lags, the results of cointegration tests reject mat there are zero cointegrating 

vectors for ali versions of the calculated kr -Ir as shown in Table 2. Moreover, the hypomesis 

mat there is one cointegrating vector cannot be rejected for alI cases at usual confidence leveIs. 

Estimates of the long run elasticity of capital per hour are alI marginally higher man one. To test 

9 The fU'St is helpful to decide on lhe trade-off between degrees of freedom and residual sum of squares. but tw 
little infonnation on whether lhe model passes specification tests. 
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if they are equal to one. we used the likelihood ratio test proposed in Johansen( 1991), 

conditioned on the cointegrating rank being one. The results show that a unity coefficient cannot 

be rejected in all cases with very high confidence. For the Survey of Current Business version of 

kr -Ir. at three lags. we reject the nul1 of zero cointegrating vectors with 95% confidence using 

the ~x statistic
lO

• Moreover. we cannot reject that the cointegrating rank is one using the trace 

and the ~x statistics. Capital per hour long run elasticity is estimated to be 0.82. At usual 

confidence leveIs. conditioned on one cointegrating vector, we cannot reject that it is unity. 

For five lags. we found very similar results for kr -Ir. One cointegrating vector is found for 

all but one version of capital per hour (8% depreciation) at 5% significance. However, at 10% 

significance. there is one cointegrating vector for all versions of the capital stock. Conditioned on 

rank one. we cannot reject a unity long run elasticity for k, -I,. 

Thus, for the bi-variate V AR, there is overwhelming evidence that output per hour and 

capital per hour have a long run relationship with unity elasticity, conforming to models of 

endogenous growth with increasing returns. This evidence is robust to variations of the capital 

series used or to variations in the lag length of the V AR. Moreover, point estimates are very 

dose to the estimate in Table 7 of Benhabib and Jovanovic( 1991) and to cross-country estimates 

found by Romer( 1987) inter-alia. 

We now turn to the evidence of the oi-variare V AR using y" Ir' and kr • Based on statistical 

tests in Table 3, we found again that all VAR's should include a constant tenn, seasonal 

dummies, and a time trend termo For the constructed version of k" the preferred lag order is 

three. but four lags is also a possibility. For the Survey of Current Business version of k" we 

choose a V AR of order two, but order three is also possible. 

10 Wilh 90% confidence. bom lhe Àmu and lhe traCe swistic reject lhalthe cointegrating rank is zero. 
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U sing the V AR with 3 lags. for the constructed kl' we found vast evidence that there is one 

cointegrating vector. In the long run relationship, point estimates for the capital coefficient are all 

around 0.9, and those for hours are all near zero. We thus tested that the latter is zero and the 

former is one sirnultaneously. For all three versions of k l we could not reject this hypothesis, i.e., 

that YI - k l is stationaryll. These results are robust to changes in the lag order, as can be seen for 

the results using four lags presented in Table 3. 

The analysis for the Survey of Current Business version of kl yields slightly different 

results, in which finding a long run unity elasticity depends on the lag length used. For three lags, 

conditioned on one cointegrating vector, we cannot reject the theoretical model with high 

confidence. However, with two lags, we marginally reject that a. + a = 1. 

Overall, the outcome of unit-root and cointegration tests confirm Romer's(1986, 1987, 

1989) hypothesis of increasing returns to scale, unless one firmly prefers the exogenous growth 

model with random walk productivity over Romer's endogenous growth model. In that sense, 

our results differ from previous time series results in the endogenous growth literature. Our 

empirical findings match the idea of endogenous growth on two grounds: frrst, unit roots and 

non-ceasing growth imply non-stationary behavior for the leveIs and stationary behavior for the 

frrst differences of the variables in the model. Second, since the only source of shocks in the 

model is the productivity process, the cointegration results may be viewed as validating the 

common 10ng run component arising from a common source of shocks. Contrary to the 

traditional neoclassical growth model, however, productivity shocks have their effect made 

permanent due to the existence of extemalities. Thus, as shown in Proposition 1, unit roots and 

cointegration are "endogenous" and not imposed forcefully via the productivity process itself. 

11 We also perfonned lhe test restricting lhe capital coefficient to unity and lening lhe hours coefficient free. Again. 
wilh high confidence. lhe null cannot be rejected. 
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4.3 Solow Residual and Infrastructure 

In this section, given our previous empírical results, we propose a new measure for the 

Solow residual - (YI - kl ) - and study its behavior. ~oreover, we investigate its causality 

properties and long run elasticities with respect to govemment expenditures on infrastructure. 

Plots of - (YI - k,) - are shown in Figure 3. Under Romer's endogenous growth model, if 

a + e = 1, it is straightforward to show that YI - k, is equal to the (log) productivity processo In 

this case, it will have a "StIUcrural" interpretation. Recall equation (2'): 

y = [exp(a + !I} + (1 - ô)] ~ = [exp(y, - k,} + (1- ô)] ~. (2') 

As discussed before, since we can interpret YI - k, as a long run relationship, associated 

with high values of YI - k, we will have high values of y. Plots of ÂYI and alI versions of YI - k, in 

Figures 4 and 5 confmn that they follow each other very closely, possibly with positive 

correlation. In order to check if the data conform to this theoretical prediction we calculated the 

correlation coefficients between ÂYI and alI versions of YI - k" AlI carne out positive, as shown in 

Table 4. 

It is possible to link these findings to the Error Correction Medel (ECM). In the tri-variate 

Vector ECM (VECM), ÂYI depends on lagged values of the error correction term, i.e., on 

)lI -I - kl -1' Thus. if there is a positive relationship between yand YI - k
" 

a positive relationship 

between Ây, and Y,-l - k'_1 is likeIy to exist. Le .• a positive adjustment factor in ÂYI' s VECM 

equation. Indeed. we observe this pattem for alI versions of the capital stock used. 
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We now discuss the relationship between 1FP and public infrastructure. Figure 6 plots 

g, - I, and the Solow residual. Given the series behavior, we should expect them to be positively 

correlated. lt is also interesting to note that both series reven their downward trend in the flrst 

half of the 1980' s. 

Granger-causality results between our versions of the Solow residual (TFP) and g, - I, are 

presented in Table 5. Since there is an imbalance between the order of integration of the Solow 

residual (which is 1(0» and g, - I, (which is 1(1), we use the former in leveIs and the 

infrastrUcture expenditures in flISt differences. Since the causality test results depend on the lag 

structure of the V AR. we present them for lag orders four, three. and two. At 5% significance~ in 

alI cases but one. there is no Granger-causality from TFP to g, -I,. On the other hand, we observe 

temporal precedence from g, -I, to TFP for almost every lag stl'Ucture. Notice that the reverse 

causality result may be the effect of a seasonal factor in g, -I" since it only happened with the 

V AR of order 412
• Therefore, we do not regard it as conclusive evidence. Establishing 

Granger-causality from g, -I, to TFP, but not the other way around, allows attaching economic 

meaning to q, - TFP elasticity of public infrastrUcrure. 

Our elasticity estimates are presented in Table 6. Due to the imbalance in orders of 

integration between y, - k, and g, -I,. usual statistical inference is invalido Thus, we only present 

point estimates and refrain to test the hypotheses that they are statistically zero. Elasticities are 

calculated from the static (long run) solutions of the V AR in leveIs using different versions of 

y, - k, and g, -Ir. In alI V AR's the lag length used is four. Our estimates are roughly between 

0.19 and 0.27, which are not negligible but much smaller than the estimates in Aschauer and 

Munnel. 

1l With a V AR of order 4. Granger-causality p-values are very close to 0.05. ~ fea~ thal is not ~bserved for 
V AR' s of lower orders. This suppons lhe hypothesis of a seasonal faclor showmg up lO lhe causality leSl 
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These results confrnn the existence of a supply side role for government infrastructure 

invesonenL It indicates that an increase in public infrastructure affects productivity positively 

and thus the marginal returns to capital and labor. On average, if there are better roads, pons, 

cornrnunication systerns, 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 infrasrructure outlays boosts TFP in the long run by 

approximately 2.5'7c. Since public expenditures in infrastructure decreased in the 1970's, only 

reverting this downward trend in the mid 1980's, this can panially explain 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 rnethodology 

in investigating the role of public infrastructure. 

5 Conclusions and Further Research 

The basic goals of this paper were: (i) to re-examine the time series evidence of increasing 

returns of Romer' s( 1986, 1987, 1989) endogenous growth model, and (ii) to investigate the 

behavior of the implied Solow residual, and examine its relationship to public infrastructure. The 

time series propenies of the variables in the model are derived from flfSt principIes. We show 

that. under the theoretical model, the data will have unit roots and common stochastic trends. 

Although this is also an implication of the standard neoclassical growth model with a random 

walk productivity process, we claim that the latter can be discarded due to its well known 

shonconúngs in explaining sustainable growth. We thus apply cointegration to estimate the 

implied long run elasticities under Romer's endogenous growth model. Granger-causality tests 

are performed between the implied Solow residual and investment in public infrastructure. 

The empirical evidence confum the existence of increasing returns, as capital and output 

display a unity long run elasticity. This is robust to using several measures of the capital stock 
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and different specifications for the estimated dynamic model. This new time series evidence is in 

line with that found in the cross-counoy growth literature, and may solve the apparent puzzle of 

finding contradictory time series and cross-counoy results on increasing retums. 

U sing the estimated uniry long run coefficient for capital, we construct a new measure of 

the Solow residual. It differs frem the traditional ones in which capital is not weighted by its 

private share, but by its private share plus the coefficient of aggregate capital. Its movements 

follow dosely that of the growth rate of output as predicted by theory. 

Granger causality from public infrastructure to TFP was confmned and only a slight and 

ambiguous evidence of reverse causality found. The long run effect of public infrastructure 08 

TFP was then estimated using the new measure of the Solow residual. The results confirm a 

supply side role for public investtnents in affecting productivity. Our estimates of the long run 

elasticity of public investment with respect to TFP lay roughly in the interval (0.19, 0.27). 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 

Proof of Proposition 1: When solving this problem. the consumer takes the sequence {K }-
r r,.O 

parametrically. Thus. the problem reduces to a standard log Cobb-Douglas dynarnic 
optimization. U nder the assumptions made. it is a well known result (Sargent. 1987. chapter 1) 
that there is a closed form solution to this problem. it being straightforward to show that: 

In equilibrium, K r = n . K/Lr. Thus. the law of motion of the log of capital per hour can be 
written as: 

(A. 1) 

(A.2) 

Where ~l includes fixed parameters from preferences and technology. When ex + 9 = 1 capital 

per hour has a unit root and (lagged) equation (A .2) is: 

ln(K/Lr) = ~l + ln(Kr_IILr_l ) + Zr-l' 

U sing this result in the decision rules and output equation we obtain: 

ln(Y/Lr) = ~ + ln(K/Lr) + zr. 

(A .2') 

(AJ) 

Since ln(K/L,) is 1(1), and output per hour. consumption per hour and investment per hour 

contain In(K/Lr). they are alI 1(1) as well. Cointegration as postulated in (i)-(iii) above follows 

immediately from subtracting respectively ln(K,ILr) from ln(Y,ILr), ln(C,ILr) from ln(Y,ILr). and 

ln(l/L,) from ln(Y,IL,). using their expressions in (A J). 
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Table 1: Augmented Dickey-Fuller Test 

VtJTiable k, Versãon NUmbfT 0/ Lags T-rtUio 
y, 1 -2.4559 
k, 6% depreciation 5 -0.31829 
k, 8'k depreciation 5 -0.47550 
k, 1O~ depreciation 5 -0.62713 
k, Survey 6 -1.9083 
i, 5 -2.4153 

y,-i, 6 -0.9976 
k,-i, 6'k depreciation 5 -1.5688 
k,-i, 8% depreciation 5 -1.4288 
k,-i, 10% depreciation 5 -1.2816 
k,-i, Survey 3 -1.4398 
y,-k, 6% depreciation -4.0232 ** 
y,-k, 8~ depreciation 1 -4.1077 ** 
y,-k, 10% depreciation 1 -4.1792 ** 
y,-k, Survey 2 -3.8211 * 

g, O -0.4732 
g,-i, O -0.1846 

Notes: A constanl. seasonal dummies. and a time tl'end are included in each regression. The lag 
lenglh was chosen using lhe fmt significant t statistics of lhe highest possible lago starting 
atlag 8. For lesting lt. kt-1t. Yt-lt. Yt. Yt-kt. critical values are lhe following: at 1 %. 
Trend=-4.012. at5%. Trend=-3.436. For testing kt (survey). kt-1t (survey). Yt-kt (survey). 
critical values are lhe following: at 1 %. Trend=-4.041. at 5%. Trend=-3.45. For testing gt 
and gt-ll.critical values are lhe following: at 1%. Trend=-4.119. at 5%. Trend=-3.486. Ifa 
statistic is significant at 5%. it is labelled wilh (*). and if it is significaot al 1 % wilh (**). 



Table 2: Bi-Variate Cointegration Tests 

kt VersioD Trend '1.2 Number 0/ Lars illlM Vai' Hn Ã. ..... '" Trace CapitlJl EIDsticity 
15.7 -- 3 rg} 17.86- 19.56- 1.042 

6% ~1 1.698 1.698 

Depreciation 11.6 .. 5 rg} 17.34- 18.32- 1.119 

r<1 0.979 0.979 

15.8 -- 3 rg} 18.64- 20.69- 1.038 
8% r~1 1.452 1.452 

Depreciation 11.1 -- 5 rg} 16.24 17.35 1.136 

r~1 1.109 1.109 

15.7 -- 3 rg} 19.63- 20.86- 1.033 

1O'k r~1 1.231 1.231 

Depreciation 10.6 -- 5 rg} 18.51- 19.38- 1.101 

r~1 0.868 0.868 

Survey 13.4 -- 3 rg} 16.95- 17.47 0.821 

Series ~1 0.515 0.515 

Notes: Cointegration tests are based on Johansen (1988. 1991) melhod. Criúcal values are 
exttacted from Osterwald-Lenum (1992). Table 2. which represents lhe case where the 
V AR and lhe Error Correcúon term have a constant. seasonal dummies and an 
uncosuained time tremi. These deterministic components were chosen using the Trend X2 

test above of lhe null hypolhesis lhat lhe ttend coeficient is zero in the system. The 
cointegration rank is denoted by r. Condiúoned on r=1. lhe P-Value presented above 
represents lhe probability of rejecÚDg lhe following restriction on the cointegrating space: 

lf a statistic is significant at 5%. it is labelled wilh (-). and if ir is significant at 1 % wilh 
(**). 

P-Value 

0.7515 

0.3435 

0.7588 

0.3137 

0.7818 

0.3825 

0.5005 



Table 3: Tri-Variate Cointegration Tests 

k, Versioll TreM 11 Numbtr of Lags in Var Hn À.JIIIII" Tract Capillú Elasticity 

~O 35.84** 43.82** 0.970 
15.16** 3 ~1 7.62 7.98 

6'k r< 2 0.357 0.357 
Depreciarion ~O 40.01** 47.54** 0.965 

16.50" 4 ~1 7J)6 7.53 

~2 0.470 0.47 

r~O 35.22** 43.34** 0.930 
15.26** 3 r~ 1 7.68 8.12 

8'k r< 2 0.44 0.44 

Depreciation r~O 39.11** 46.85** 0.924 
16.58** 4 r~ 1 7.16 7.74 

~2 0.60 0.60 

r~O 34.69** 42.98** 0.898 

15.62** 3 ~1 7.76 8.28 

10% ~2 0.52 0.52 

Depreciation r~O 38.34** 46.3** 0.893 

17.02** 4 ~1 7.28 7.95 

r~2 0.68 0.68 

~O 24.38 35.19* 0.848 

10.02** 3 ~1 10.28 10.81 

Survey ~2 0.52 0.52 

Series ~O 28.56· 41.73** 0.717 

13.40** 2 ~1 12.57 13.18 

rS2 0.61 0.61 

Notes: Cointegralion tests are based on Johansen (1988. 1991) melhod. Criticai values are 
exttaCted from Osterwald-Lenwn (1992), Table 2. which represents lhe case where lhe 
V AR and lhe Errar Correction term have a constaot. seasonal dummics and an 
uncostrained time crend. These deterministic componems were chosen using lhe Trend "1.2 

test above of lhe null hypothesis thal lhe crend coeficient is zero in lhe system. Thc 
cointegration rank is denoted by r. Conditioned on r=1. lhe P-Value presented above 
represents lhe probability of rejecting lhe foUowing resaiction on lhe cointegrating space: 

lf a swistic is significant at 5%. it is labelled wilh (*), and if it is significant at 1% wilh 
(**). 

P-Valut 

0.3668 

.3726 

0.3283 

0.297 

0.251 

0.1943 

0.5313 

0.052 



Table 4: Correlation between ~Yt and TFP 

TFP: /C, venio" 4Yt 

6% Depreciation 0.178 

8% Depreciation 0.295 

10% Deprecialion 0.248 

Survey Series 0.245 



Table S: Granger Causality Tests 

Using gt 

k, Versioll Solow-+gt gt-+Solow N umbtr 0/ tags ill V AR 
6'k 0.053 0.061 4 

Depreciation 0.472 0.025 * 3 
0.413 0.045 * 2 

8'lc 0.055 0.075 4 
Deprec iation 0.560 0.030 * 3 

0.552 0.046 * 2 
10% 0.050 * 0.091 4 

Depreciation 0.707 0.036 * 3 
0.697 0.047 * 2 

Survey 0.257 0.198 4 
Series 0.849 0.081 3 

0.911 0.054 2 

Notes: Tests were based on estimated bi-variate V AR's at diferent lag lengths. Variables in bi
variate V AR are: (Yckt) and (gt-lt) a constant a time and seasonal dwnmies. Since (Yt-kt) 
is 1(0) and (gt-lt) and are I( 1). the fonner is used in leveIs and lhe latter in flI'St diferences. 
If a statistic is significant at 5%. it is labelled wilh (*). and if it is significant at 1 % wilh 
(**). 

Table 6: Infrastructure Expenditure Elasticity 

Using {li 

k, V,rsiolt Numbtr 0/ Lags in VAR ElDstkity 

6% Depreciation 4 0.266 

8% Deprecialion 4 0.228 

10% Deprecialion 4 0.201 

Swvey Series 4 0.190 

Notes: Estimates are based on long run solutions estimated of bivariale V AR's using lag lenght 4. 
Variables in bi-variate V AR are: (Yt-kt) and (gt-lt). Both variables are used in leveis. 



Figure 1: The Production Function Data 
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Figure 2: The Production Function Data in per Hour Terms 
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Figure 4: Output Growth Rates and Solow Residuais 
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Figure 6: Solow Residuais and Public Infrastructure Expenditures 

y-k< 6Y.) - __ _ .-1= - - --
-2 

-2.85 

-2 • .1. 

-2 . .1.5 

-2.2 

-.1..88 

-.1..92 

... I 
, .. , -.1..96 

-3 

-2.84 

y-k<8Y.)= __ _ .-1= ------

I 

I 
,\, , 

- 2 • 25' . .,c ,-. a. 88' L -..... _____ ..... .a-..L. ....... -......-____ ............ _ ....... -....._--JL-..... _ ....... -..... ...... 

.1.965 .1.975 .1.995 .1.965 .1.975 .1.985 .1.995 
y-k< .I.8Y.) = __ .-1= y-k<.v. )= __ .-1= 

-.1..73 
-.6 

-.1..76 
-.65 

-.1..8 

-.7 
-.1..84 

-.1..88 -.75 

-.I. • 92 'L...-~...A-....... --''--.&.--'----'-----'~.&.-......... ---'-----'~ __ -'-........ --''--....... ...A-....... ~ 

.1.965 .1.975 .1.985 .1.995 
. 

-.8' .1.985 .1.965 .1.975 



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

MERCADO FUTURO - Sérgio Ribeiro da Costa Werlang e Flávio Auler - Agosto de 1993 _ 
69 pág. (esgotado). 

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

Penha C ysne - Agosto de 1993 - 69 pág. (esgotado). 

217. CAIXAS DE CONVERSÃO - Fernando Antônio Hadba - Agosto de 1993 - 28 pág. 

218. A ECONOMIA BRASll..EIRA ~O PERÍODO Mll.ITAR - Rubens Penha Cysne - Agosto de 
1993 - 50 pág. (esgotado). 

219. IMPOSTO INFLACIONÁRIO E TRi\NSFERÊNCIAS INFLACIONÁRIAS - Rubens 

Penha Cysne - Agosto de 1993 - 14pág. (esgotado). 

220. PREVISÕES DE ~1 COM DADOS MENSAIS - Rubens Penha Cysne e João Victor Issler _ 

Setembro de 1993 - 20 pág. 

221. TOPOLOGIA E CÁLCULO ~O Rn - Rubens Penha Cysne e Humberto Y10reira _ 

Setembro de 1993 - 106 pág. (esgotado) 

222. E~RÉSTIMOS DE ~DIO E LONGO PRAZOS E INFLAçAo: A QUESTÃO DA 

INDEXAÇAO - Clovis de Faro - Outubro de 1993 - 23 pág. 

223. ESTUDOS SOBRE A INDETERMINAÇÃO DE SENIOR, voL 1 - Nelson H. Barbosa 

Fábio N.P. Freitas, Carlos F.LR. Lopes, Marcos B. Monteiro, Antonio Maria da Silveira 

(Coordenador) e Matias Vernengo - Outubro de 1993 - 249 pág (esgotado) 

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

Holanda Barbosa e Pedro Luiz Valls Pereira - Novembro de 1993 - 23 pág. 

225. FINANCIAL INTEGRATION ANO PUBLIC FINANCIAL INSTITUTIONS - Walter 

Novaes e Sérgio Ribeiro da Costa Werlang - Novembro de 1993 - 29 pág 

226. LAWS OF LARGE NUMBERS FOR NON-ADDITIVE PROBABll..ITIES - James Dow e 

Sérgio Ribeiro da Costa Werlang - Dezembro de 1993 - 26 pág. 

227. A ECONOMIA BRASil..EIRA NO PERÍODO ~IT AR - VERSÃO REVISADA - Rubens 

Penha Cysne - Janeiro de 1994 - 45 pág. (esgotado) 

228. THE IMPACT OF PUBlIC CAPITAL ANO PUBLIC INVESTMENT ON ECONOMIC 

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

1994 - 37 pág. 

229. FROM THE BRAZil..IAN PAY AS VOU GO PENSION SYSTEM TO 

CAPITALIZATION: BAll..ING OUT THE GOVERNMENT - José Luiz de Carvalho e 

Clóvis de Faro - Fevereiro de 1994 - 24 pág. 

230. ESTUDOS SOBRE A INDETERMINAÇÃO DE SENIOR - vol. 11 - Brena Paula Magno 

Fernandez, Maria Tereza Garcia Duarte, Sergio Grumbach. Antonio Maria da Silveira 

(C oordenador) - Fevereiro de 1994 - 51 pág. ( esgotado) 

231. EST ABll..IZAÇÃO DE PREÇOS AGRÍCOLAS NO BRASil..: AVALIAÇÃO E 

PERSPECTIV AS - Clovis de Faro e José Luiz Carvalho - Março de 1994 - 33 pág. 

232. ESTIMATING SECTORAL CYClES USING COINTEGRATION ANO COMMON 

FEATURES - Robert F. Engle e João Victor Issler - Março de 1994 - 55 pág 

2 



233. COMMON CYCLES IN MACROECONOMIC AGGREGATES - João Victor Issler e 
F arshid Vahid - Abril de 1994 - 60 pág. 

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

APLICAÇÃO NO BRASIL - Aloisio Pessoa de Araújo e Cypriano Lopes Feijó Filho - Abril 
de 1994 - 98 pág. (esgotado) 

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

Barbosa.. Arnélia de Fátima F. Semblano e Maria Haydée Morales - Abril de 1994 - 109 pág. 

236. TEST~G THE EXTERNALITIES HYPOTHESIS OF ENDOGENOCS GROWTH 

USNG COINTEGRATION - Pedro Cavalcanti Ferreira e João Victor Issler - Abril de 1994 

- 37 pág. (esgotado) 

237. THE BRAZILIAN SOCIAL SECURITY PROGRAM: DIAGNOSIS ANO PROPOSAL 

FOR REFORM - Renato Fragelli; Uriel de Magalhães; Helio Portocarrero e Luiz Guilhenne 
Schymura - Maio de 1994 - 32 pág. 

238. REGIMES COMPLEMENTARES DE PREVIDÊNCIA - Hélio de Oliveira Portocarrero de 

Castro, Luiz Guilherme Schymura de Oliveira, Renato Fragelli Cardoso, Sérgio Ribeiro da 

Costa Werlang e U riel de Magalhães - Maio de 1994 - 106 pág. 

239. PUBLIC EXPENDITURES, TAXATION ANO WELFARE MEASUREMENT - Pedro 

Cavalcanti Ferreira - Maio de 1994 - 36 pág. 

240. A NOTE ON POLICY, THE COMPOSITION OF PUBLIC EXPENDlTURES ANO 

ECONOMIC GROWTH - Pedro Cavalcanti Ferreira - Maio de 1994 - 40 pág. 

241. INFLAÇÃO E O PLANO FHC - Rubens Penha Cysne - Maio de 1994 - 26 pág. (esgotado) 

242. INFLATIONARY BIAS ANO STATE OWNED FINANCIAL INSTITUTIONS - Walter 

Novaes Filho e Sérgio Ribeiro da Costa Werlang - Junho de 1994 -35 pág. 

243. INTRODUÇÃO À INTEGRAÇÃO ESTOCÁSTICA - Paulo K1inger Monteiro - Junho de 

1994 - 38 pág. 
244. PURE ECONOMIC THEORIES: THE TEMPORARY HALF-TRUTH - Antonio M. 

Silveira - Junho de 1994 - 23 pág. 
245. WELFARE COSTS OF INFLATION - THE CASE FOR INTEREST-BEARING MONEY 

ANO EMPIRICAL ESTIMA TES FOR BRAZIL - Mario Henrique Simonsen e Rubens 

Penha Cysne - Julho de 1994 - 25 pág. (esgotado) 
246. INFRAESTRUTURA PúBLICA, PRODUTIVIDADE E CRESCIMENTO - Pedro 

Cavalcanti Ferreira - Setembro de 1994 - 25 pág. 
247. MACROECONOMIC POLICY ANO CREDIBILITY: A COMPARATIVE STUDY OF 

THE F ACTORS AFFECTING BRAZILIAN ANO IT ALIAN INFLA TION AFTER 1970 -

Giuseppe Tullio e Mareio Ronci - Outubro de 1994 - 61 pág. 
248. INFLATION ANO DEBT INDEXATION: THE EQUIVALENCE OF TWO 

ALTERNATlVE SCHEMES FOR THE CASE OF PERIODIC PAYMENTS - Clovis de 

Faro - Outubro de 1994 -18 pág. 
249. CUSTOS DE BEM ESTAR DA INFLAÇÃO - O CASO COM MOEDA INDEXADA E 

ESTIMA TIV AS EMPÍRICAS PARA0 BRASIL - Mario Henrique Simonsen e Rubens 

Penha Cysne - Novembro de 1994 - 28 pág. (esgotado) 

3 



250. THE ECONOMIST MACHIA VElLI - Brena P. M. Femandez e Antonio M. Silveira -

Novembro de 1994 - 15 pág. 

251. INFRAESTRUTURA NO BRASIL: ALGUNS FATOS ESTILIZADOS - Pedro Cavalcanti 

Ferreira - Dezembro de 1994 - 33 pág. 

252. ENTREPRENEURIAL RISK AND LABOUR'S SHARE IN OUTPUT - Renato Fragelli 

Cardoso - Janeiro de 1995 - 22 pág. 

253. TRADE OR INVESTMENT ') lOCATION DECISIONS UNDER REGIONAL 

INTEGRATION - Marco Antonio F.de H. Cavalcanti e Renato G. Flôres Jr. - Janeiro de 

1995 - 35 pág. 

254. O SISTEMA FINANCEIRO OFICIAL E A QUEDA DAS TRANFERÊNCIAS 

INFLACIONÁRIAS - Rubens Penha Cysne - Janeiro de 1995 - 32 pág. 

255. CONVERGÊNCIA ENTRE A RENDA PER-C APITA DOS ESTADOS BRASILEIROS -

Roberto G. Ellery Jr. e Pedro Cavalcanti G. Ferreira - Janeiro 1995 - 42 pág. 

256. A COMMENT ON "RATIONAL lEARNING LEAD TO NASH EQUILIBRIUM" BY 

PROFESSORS EHUD KALAI EHUD EHUR - Alvaro Sandroni e Sergio Ribeiro da Costa 

Werlang - Fevereiro de 1995 - 10 pág. 

257. COMMON CYClES IN MACROECONOMIC AGGREGATES (revised version) - João 

Victor Issler e Farshid Vahid - Fevereiro de 1995 - 57 pág. 

258. GROWTH, INCREASING RETUR.1\JS, AND PUSLIC INFRASTRUCTURE: TIMES 

SERIES EVIDENCE (revised version) - Pedro Cavalcanti Ferreira e João Victor Issler -

Março de 1995 - 39 pág. 

000063407 

1111111111111111111111111111111111111 

4 


