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Abstract 
 
The empirical evidence about the growth effects of trade policy is controversial. The failure of 
previous econometric work to detect sound empirical regularities in the relationship linking in 
particular tariffs on imports and growth may derive from the uncorrect assumption of a linear 
relationship, whereas some theoretical results show that this link may be non-linear and even non-
monotonic. I briefly discuss here these models and test their empirical relevance, analyzing the 
growth effects of the well-known “ad valorem” tariffs on imported capital goods from the Barro-
Lee (1994) data set, a trade policy measure which in the existing literature does not seem to be 
correlated with growth. Evidence actually suggests that, when nonlinearities are allowed for in the 
regression specification, tariffs exert a significant and non-monotonic (U-shaped) impact on growth.   
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1 Introduction 

 

The impact of trade policy on growth remains a central issue in development economics. After the 

disappointing results of the import-substitution policies pursued in many developing economies, the 

prevailing view in academic circles and major international organizations is that a progressive 

reduction of trade barriers should be a typical component of political reforms aimed to strengthen 

the growth process. Unfortunately, while globalization and its influence on welfare and 

development lie at the centre of the political and economic debate, empirical evidence seems not to 

offer clear conclusions about the merits or dangers of trade liberalization policies. Though many 

contributions claim that lower trade barriers are associated to higher growth rates, a more skeptical 

view has recently emerged: Harrison and Hanson (1999) and Rodriguez and Rodrik (2000) 

critically discuss the empirical literature and affirm that the existence of a relationship between 

trade barriers and development is far from being clearly established, as the openness variables 

commonly used in these econometric studies have no robust relationship with growth and in some 

cases cannot even be interpreted as trade policy indicators1.  

a more skeptical view has recently emerged: Harrison and Hanson (1999) and Rodriguez and 

Rodrik (2000) critically discuss the empirical literature and affirm that the existence of a 

relationship between trade barriers and development is far from being clearly established, as the 

                                                 
1 To mention just a few cross-country studies among those claiming that higher openness has positive growth effects 

and criticized by Harrison and Hanson (1999) and Rodriguez and Rodrik (2000), we recall the papers by Dollar (1992), 

Edwards (1992), Lee (1993), Sachs and Warner (1995), Sala-I-Martin (1997) and Edwards (1998).  It is worth noting 

that some more recent results contained in contributions specifically devoted to developing economies appear 

controversial as well: for ex. in Greenaway et al. (2002) the effect of trade liberalization is positive but substantially 

modest, while Yanikkaya (2003) finds that higher growth is associated to higher trade barriers. 
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openness variables commonly used in these econometric studies have no robust relationship with 

growth and in some cases cannot even be interpreted as trade policy indicators.  

Differences in samples and estimation methods as well as the lack of good quality and 

internationally comparable data partly explain the inconclusiveness of the empirical literature. An 

alternative explanation, which will be tested here, is that commonly specified regressions suffer 

from a serious misspecification bias: the lack of robust results may derive in particular from the 

common and inappropriate imposition of a linear (or log-linear) relationship between trade policy 

and growth, whereas theory suggests that such a link may be not linear and (more importantly) even 

non-monotonic. In particular Rivera-Batiz and Romer (1991) analyze the effects of trade policy 

within a typical R&D based endogenous growth model like those analyzed by Romer (1990) and 

Grossman and Helpman (1991) and find that “ad valorem” tariffs exert contrasting effects on the 

incentives to invest in the R&D sector, so that the equilibrium relationship between tariff rate and 

growth is non-monotonic and U-shaped; Baldwin and Forslid (1999) show that this result may be 

derived also in a simplified version of the original model (which also makes it easier to analyze the 

growth effect of other kinds of trade barriers) and in the next Section I will briefly present their 

formalization in order to recall the economic logic behind this non-monotonicity result.  

It is worth remembering that also Rodriguez and Rodrik (2000) sketch a simple but quite different 

two-sector growth model (based on Matsuyama, 1992), where the equilibrium relationship between 

“ad valorem” tariffs and growth is again non-monotonic but bell-shaped rather than U-shaped.2 

They see this result as a (further) example that it is simple to generate models in which long run 

growth is reinforced rather than harmed by trade restrictions and conclude that endogenous growth 

                                                 
2 They study the case of a small open economy with two sectors, agriculture and manufacturing, with learning-by-doing 

effects in the latter. When imports of  manufactured goods are subject to “ad valorem” tariffs, more resources are 

allocated to the domestic manufacturing sector; the enlargement of this sector increases the dynamic learning effects 

(which is positive for growth), but increases also the size of the tariff-induced distortions in the allocation of the 

resources (which hurts growth); as a result, the effect of a marginal change  in the tariff rate is a priori ambiguous.    
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theories, contrary to a widespread opinion, do not provide “the missing theoretical link between 

trade openness and long-run growth” but rather “an ambiguous answer”.  

Though these models usually rely on strong simplifying assumptions and have to be developed 

further, their implications for empirical work might be serious: regressions not taking into account 

the possible influence of non-monotonic effects of tariffs on growth are likely to be misspecified 

and to suggest misleading conclusions (note that, in spite of the theoretical result they derive, 

Rodriguez and Rodrik, 2000, do not consider the potential role of nonlinearities in the econometric 

part of their paper).  

The empirical relevance of the non-monotonicity result is tested here considering a trade policy 

measure which has been frequently used in recent econometric work but seems to have no 

significant link with growth: the “ad valorem” tariffs on imported intermediate and capital goods 

taken from the Barro-Lee database. It will be shown in this paper that, once nonlinearities3, and 

certain technical aspects (e.g. a careful treatment of outliers) have been taken into account, a 

significant link actually emerges between the tariff rate and the growth; this link, coherently with 

what suggested by theory, is non-monotonic and U-shaped.  

The paper is organized as follows. Section 2 recalls the theoretical framework which is the basis of 

the specified regressions; Section 3 and Section 4 contain a cross-country investigation of the 

empirical relevance of the model, comparing the results of alternative specifications. Finally, 

Section 5 briefly summarizes and concludes.  

 

 

                                                 
3 Edwards (1998) notes that regressors introduced to capture possible nonlinear effects of trade policy may be 

significant but does not develop this issue further. To my knowledge, Baldwin and Sbergami (2000) have been the 

first to investigate explicitly the issue of nonlinearities. They find that, for a certain number of openness indicators 

usually considered in the recent literature, taking into account nonlinear effects allows to detect significant 

relationships that would not appear in purely linear fits; however, not differently from earlier contributions, they do 

not find any significant link between growth and two of the most direct trade policy measures they consider: the “ad 

valorem” tariffs and quotas (on the imports of intermediate and capital goods) taken from the Barro-Lee database.  
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2  The theoretical framework 

In this Section I briefly present the Baldwin and Forslid’s (1999) formalization of the relationship 

between tariffs and growth. This will be useful in order to recall explicitly the theoretical 

framework underlying the econometric part of this paper and also to discuss the empirical relevance 

of the non-monotonicity result on the base of a numerical solution of the model itself. Baldwin and 

Forslid (1999) in particular consider a symmetric two country-model in which a final good Z is 

produced in a perfectly competitive market according to a Cobb-Douglas technology 

1
Z z z XQ a L Qα α−= , where  is a constant, za ZL  is labour and  is a CES aggregate of a set of XQ

*K K+  differentiated intermediate goods (as asterisks denote foreign variables, *K  is the number 

of intermediates produced abroad) with a constant elasticity of substitution σ . Differentiated goods 

are produced using labour and supplied in a monopolistic competition setting; their imports are 

subject to an “ad valorem” tariff rate t. As the model assumes perfect symmetry, it is also *t t=  and 

*K K= . A part of the total labour force L (supposed to be constant and to coincide with 

population) is employed in a research sector, which has the task of introducing new varieties of 

intermediates, making output to grow in per-capita terms. The number of researchers required to 

introduce a new variety is supposed to be 1 ( *)K Kδ + , where δ  is a parameter measuring the 

efficiency of the R&D sector. The preferences of the representative agent are represented by a 

logarithmic utility function and welfare deriving from future consumption is discounted at a rate ρ . 

Given these assumptions, worldwide expenditures on each intermediate are shown to be E Kα  (E 

denotes nominal expenditures). A share 1(1 )S στ 1− −≡ +  of these sales comes from the domestic 

market ( t+≡ 1τ ) and profits are ME Kπ α= , where [ ]1 (1 )M S Sσ τ−≡ + −  is the average profit 

margin. M is a U-shaped function of t, which takes on the same value under free trade and autarky 

(in other terms: ( 1) (M M )τ τ= = = ∞ ) and plays a key role in the model. To explain this, Baldwin 
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and Forslid (1999) note that a reciprocal marginal increase in t increases also S (as imported 

intermediates become less competitive in the internal market), but at the same time reduces both 1-S 

(due to symmetry) and the value of net sales abroad for any given foreign market share (as 

exporters receive only a ratio 1 τ  of the price paid by foreign purchasers). The positive effects on 

the domestic market share S prevail only when the initial tariff rate is already sufficiently high and 

foreign sales are not quantitatively important; the opposite happens starting from low protection 

levels, where (1 )S τ−  is higher and its reduction due to a marginal increase in t cannot be 

compensated by the increase in S. It follows that both M and profits are U-shaped functions of the 

tariff rate. Finally, solving for the long run equilibrium of the labour force, it is shown that the 

growth rate of income is proportional to the growth rate g of the number of intermediates 

( g K K≡ & ), which in turn is equal to:  

 

[ ]
( )

2 1 ( 1
2 1

)M L M
g

M
α δ ρ α α σ

α ασ
− − + −

=
− +

                                                                                             (1)                 

 

Under a reasonable restriction on parameters ( 2 ( 1)Lδ σ> − ρ

                                                

), g is monotonically increasing in M, 

and as a consequence has a U-shaped relationship with the tariff rate.4 Thus, the non-monotonicity 

results derives from the conflicting effects that tariffs exert on profits and returns from R&D.5  

 
4 There is a slight difference respect to the growth rate derived in Baldwin and Forslid (1999), as they do not consider 

the term δ  (or, in other terms, they assume it is equal to 1). The explicit introduction of this parameter, however, is 

useful here both in the numerical solution of the model (in order to bound growth to realistic values) and in the 

specification of the growth regression to estimate. The other differences are related exclusively to a different notation.  

5 In Rivera-Batiz and Romer (1991) three different factors (labour, human capital and capital goods) enter the 

production function  and human capital is the factor employed in the R&D sector. Due to a different normalization, the 

tariff rate affects not only profits but also the costs of the R&D sector itself. As a consequence their interpretation of the 

non-monotonicity result is not exactly the same. I discuss these differences more extensively in a related paper.  
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Note that the tariff rate that minimizes the function M is the solution of the nonlinear equation: 

( 1) M 1σ τ− =  and is inversely related to σ . Thus, the growth minimizing tariff rate may 

correspond to plausible values of tariff protection, provided that σ  is sufficiently high. Fig.1 draws 

the relationship between tariffs rate and growth of Eq.(1) given certain assumptions on parameters 

( 0.33; 0.05; 0.8; 8Lα ρ δ σ= = = = )6. In this case the “critical” tariff rate is about 19%, which, 

contrary to what found in Rivera-Batiz and Romer (1991), is a quite feasible level of tariff 

protection. Rivera-Batiz and Romer (1991), simulating their model, find that the critical tariff rate 

beyond which higher protection has a pro-growth effect corresponds to an excessively high and not 

realistic level of tariff protection; as a consequence, they conclude that the non-monotonicity 

outcome, though theoretically interesting, would have no practical relevance (“starting from 

realistic levels of tariffs, symmetric worldwide increases in tariffs...will reduce the worldwide rate 

of growth”). This conclusion, however, depends on their specific assumptions about technology and 

does not necessarily hold under different and more general functional forms like those adopted by 

Baldwin and Forslid (1999). In Rivera-Batiz and Romer (1991) the intermediates enter the 

production function in an additive way, which corresponds to the knife-edge case in which σ  is 

assumed to be equal to 1 (1 )α− ; in that case the usual assumption that the capital share α  be about 

0.3 necessarily implies also σ  to be relatively low (about 1.5), and the turning point of the M curve 

corresponds to a quite high tariff level. The estimate of σ  is an empirical issue we will tackle later. 

For the while the conclusion to be drawn from the numerical exercise above is that the possibility of 

a non-monotonic relationship between tariffs and growth should not be discarded a priori. A second 

                                                 
6  Assumptions on α  and ρ  are exactly the same as in Rivera-Batiz and Romer (1991). The value of σ cannot be 

compared, as in their paper capital goods enter the production function in an additive way rather than as a CES 

aggregate (see the discussion below). Finally, the ratio Lδ  has been calibrated in order to reproduce a realistic value of 

the growth rate, given the assumptions on the other parameters; Rivera-Batiz and Romer (1991) determine in the same 

way a value for the term Hδ , which plays the same role as Lδ  here (H obviously denotes human capital).  
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point to note is that, according to these numerical results, we should not expect differences in trade 

policy to explain great differences in income growth rates; under the assumed parameters, the 

growth differential between a completely open economy and one imposing on its imports the 

“critical” growth minimizing tariff rate is about 0.2 percentage points, which is a still substantial but 

not dramatic difference. We will verify also this implication of the model.    

 

 

3  “Ad valorem” tariffs and growth 

3.1 Variables, data and summary statistics  

Taking into account the economic implications of the theoretical model as well as some of the 

findings of the existing literature, the generic form of the growth regression I estimate is:      

 

εβββββ ++++++= )(ˆ
432010 tFXLpopLifeYY                                                                      (2) 

 

where  is the average annual per-capita income growth rate and YŶ 0 is the initial per-capita income 

level (that is the usual conditional convergence term). Life, life expectancy at birth, is the proxy for 

human capital which should positively affect the efficiency of investment (as measured by the 

parameter δ  in the model) and then the growth rate; Lpop is the population level, to test the 

presence of the scale effect implied by the model. The specified regressions contain also a set X of 

control variables; these include Easia and Latam (two geographical dummy variables for East Asia 

and Latin America already considered in the mentioned empirical work by Harrison and Hanson 

1999, and Rodriguez  and Rodrik, 2000). F(t) represents a generic function of the tariff rate t in 

order to test the nonlinear effects of trade policy implied by the model and we will consider two 
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alternative strategies to do this; finally, ε  is the error term.7  

Data about income, population and life expectancy come from the World Bank's "World De-

velopment Indicators 2000". Data about “ad valorem” tariffs on imported intermediates are taken 

from Barro and Lee (1994), who in turn rely on UNCTAD statistics. It has to be noted that in the 

literature there is some ambiguity about the time period to which these data refer. As a matter of 

fact, the appropriate period over which to estimate the growth regressions appears by itself a quite 

controversial issue in the recent literature. According to Sachs and Warner (1995) these tariff rates 

refer to various years between 1985 and 1988. Harrison and Hanson (1999) note that Sachs and 

Warner (1995) compute the growth rate over the period 1970-89, while the tariffs reported in Barro 

and Lee (1994) “were gathered in the mid-1980s”; this means that they “use end-of-period averages 

to test average period growth rates”, which could help explain why tariffs turn not be significantly 

correlated with growth.8 Rodriguez and Rodrik (2000) raise a similar criticism discussing the results 

obtained in Lee (1993), where a trade policy indicator called FREETAR (and partially based on the 

same tariff rates on imported intermediates) is significantly related to growth over the period 1960-

85; arguing that this could be due to “the possibility of reverse causation” (countries which 

experienced better growth performances are more likely to reduce their trade barriers), they 

replicate the Lee’s regression for the subsequent period 1980-94 and find that in this case there is no 

significant relationship between  FREETAR and growth. According to Edwards (1998) the tariff 

rates from Barro–Lee refer to the year 1982 and he computes (weighted least squares) regressions 

over the period 1980-90, finding a significantly negative relationship between tariffs and growth. 

Rodriguez and Rodrik (2000) argue that this result is due to some unreasonable assumptions made 

                                                 
7 In practice, with respect to the equilibrium growth rate reported in Eq.(3), Life and Lpop capture the effect of the terms 

δ and L; T  and its powers represent the influence of the tariff rate, while parameters α  and ρ  are supposed to be 

country invariant. 
8 In spite of this Harrison and Hanson (1999) regress growth separately on the single components of the well-known 

Sachs and Warner’s openness dummy variable (among which tariffs on intermediates) over the same period 1970-89 

and seem not to have tested whether the results change over alternative time horizons.  
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by Edwards: they show that over the same period 1980-90 tariffs are not significant, when the 

influence of heteroskedasticity is controlled for either through White’s robust standard errors or 

alternative (and possibly more reasonable) weighting assumptions. Taking into account the 

discussions and the results contained in these paper, I have decided to compute the income growth 

rate over the period 1985-95, which roughly means that growth is regressed on the protection level 

measured at the beginning of the period (or even before, if Edwards, 1998, is right). This should 

limit the potential endogeneity bias affecting OLS results (a problem we will tackle later through 

instrumental variables estimation). Anyway, I have estimated the same regressions also over the 

periods 1980-90 and 1980-95, finding results similar to those presented below.   

As far as the other variables are concerned, the convergence term and the population level are 

referred to the initial year 1985; as data on life expectancy in 1985 are available only for a very 

limited set of countries, statistics on this variables relate to the year 1980.  

The availability of data is such that the total sample is composed by 88 countries (the complete list 

of countries is contained in Appendix 1). Before commenting regression results, it is very important 

to take a look at data on tariffs through usual sample statistics (reported in Table 1). These reveal 

that the protection rate of India data set is extremely far from the mean: its reported level of average 

tariffs on intermediates is 1.319, whereas the mean and the standard deviation of the tariff rate are 

respectively 0.173 and 0.174; none of the other countries in the sample has a tariff rate higher than 

0.5 (as a matter of fact, the second highest tariff rate level is that of Burkina Faso, 0.482). Fig.2a, 

which reports the scatter diagrams of the observed tariff rate levels and “unexplained” growth (that 

is, the residual of a first stage regression in which growth is regressed on all the regressors but the 

tariff rate), makes immediately clear the reported tariff rate of India in the Barro-Lee data set is 

quite anomalous (India is represented by the isolated point in the right part of the figure). In the 

recent empirical literature there seems not to have been particular concern over the possibility that 

the estimates of the tariff impact be significantly affected by the quite exceptional protection level 

of India; yet, as it will be shown below, standard case-influence statistics suggest that this is the 
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case.  

 

3.1 Testing nonlinearities through a polynomial 

A correct specification of the growth regression is surely one of the most crucial issues to cope 

with, in order to test the empirical relevance of the nonlinear effects implied by the model. A simple 

strategy relies on the idea that, if nonlinearities matter,  the size and the statistical significance of 

the tariff impact should change according to whether the regressions include just a linear tariff term 

or also some powers of it. So we may specify the function F(t) alternatively as a purely linear (or 

log-linear) function of the tariff rate or as a polynomial of an appropriate order. This is the approach 

taken in both Edwards (1998) and Baldwin and Sbergami (2000) and initially followed also here.9 

Anticipating some of the following results, the introduction of a cubic term is sufficient (but 

generally not necessary) to detect significant growth effects of the tariff rate, so we will not 

consider higher order polynomials. This means that in Eq.(2) we assume:    

 

][)( 3
7

2
65 TTTtF βββ ++=                                                                                                             (I)                    

 

where T is exactly defined as: )1log( τ+  and its powers may or may not be added to the regression 

(that is why they are indicated in brackets). This specification, which in the following is referred to 

as model (I), has the useful property to be able to fit different kinds of nonlinear relationships (in 

other words, both the U-shaped link implied by the model recalled above and the bell-shaped 

relationship of the model sketched by Rodriguez and Rodrik, 2000). 

I start in Table 2 (regressions [2.1a] to [2.1c]) from the estimate of the growth model for the general 

                                                 
9 Edwards (1998) finds that “for some indicators” (among which tariffs on intermediates) there is some evidence of a 

nonlinear effect (the quadratic coefficient was positive)” but does not report the results nor says anything about the 

significance of these estimates. In Baldwin and Sbergami (2000) the relationship is never significant. 
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sample of 88 countries.10 Regression [2.1a], which contains only the log-linear term T , is the usual 

specification not allowing for the possibility of a non-monotonic link between tariffs and growth, 

while regressions [2.1b] and [2.1c] add either T2 or both T2 and T3 to capture possible nonlinearities. 

In this first group of regressions the estimated coefficients of regressors not related to trade policy 

have generally the expected sign: income growth over the period is negatively related to the initial 

income level, while it is positively correlated to life expectancy at birth and to the populations size; 

also, the growth performance over the considered period has been higher than the average for East 

Asia, while the opposite holds for latin american economies. These regressors are generally 

significant, with the exception of the population size whose coefficient never reaches statistical 

significance; also, it seems to depend on the regression specification (that is, on the inclusion of the 

powers of the tariff rate) whether the dummy for Latin American is not significant or not.  

Turning to the tariff rate, we see that a significant impact of trade policy emerges only in regression 

[2.1c], where the cubic term is included into the regression, and the tariff coefficients are 

statistically significant both individually and when considered jointly. The signs and the values of 

the estimated coefficients would imply in this case the existence of a growth minimizing tariff rate 

equal to about 22.4%, as well as a maximum corresponding to a tariff rate of about 96%. 

Considering that only India has a tariff rate higher than this last value, the results would be coherent 

with the theoretical implication of a U-shaped link between “ad valorem” tariffs and growth, at least 

for standard protection levels. Note that also the estimated coefficients of T and T2 in regression 

[2.1b] would imply a U-shaped relationship (with a growth minimizing tariff rate equal to about 

                                                 
10 Actually data are available for 89 countries, the difference being represented by Congo D.R. (ex Zaire). When this 

country is added to the sample, the results (available upon request) are very similar to those presented here in Table 2, 

but the Jarque-Bera test systematically rejects the null of normally distributed residuals, making inferences not reliable. 

Given that Congo D.R. experienced a very bad growth performance in the period under consideration, it is not 

surprising that usual case-influence diagnostics clearly individuate this country as an outlier (for example its studentized 
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42%), but the tariff impact is completely insignificant, as it is in regression [2.1a] where 

nonlinearities are not allowed for.     

We obviously wonder whether and how these results are influenced from the anomalous tariff rate 

of India; standard statistics for outliers detection clearly indicate that this is the case.11 The results 

obtained when this country is removed from the sample are reported in regressions [2.2a] to [2.2c]. 

Once again, tariffs exert no significant influence upon growth when the possibility of a non-

monotonic link is not accounted for (regression [2.2a]). Completely different conclusions have to be 

drawn when the specified growth regression allow for nonlinearities in the relationship between 

tariffs and growth. In regression [2.2b] the coefficients of both T and T2 are significant and their 

signs imply, as in regression [2.1b], a U-shaped link between tariffs and growth; as expected, the 

simple exclusion of India from the sample greatly affects the magnitude of the estimated 

coefficients, so that the minimum of the curve corresponds here to a critical tariff rate of about 

                                                                                                                                                                  
residual, in absolute value, is always close to or even higher than 4, independently on the regression specification). As it 

may be seen from Table 2, after removing this observation the Jarque-Bera test becomes completely insignificant.  

11 It is interesting to note that according to some diagnostics it depends on the regression specification whether India 

emerges as an outlier. For example the (internally) studentized residual of India is about 0.8 in absolute value in 

regressions [2.1a] and [2.1c], but almost 2.1 in regression [2.1b]; also, the Cook’s distance is only 0.09 in regression 

[2.1a] but jumps to very high values when powers of the tariff rate are included into the regression specification (it is 

equal respectively to 20.9 and 126.9 in regressions [2.1b] and [2.1c] !). Other case-influence statistics individuate India 

as an influential case independently on the regression specification, but the extent to which it represents an anomalous 

case is nevertheless related to the inclusion of nonlinear terms. For example, taking into account that the cut-off value of 

dfbetas is usually assumed to be equal to n/2 , about 0.213 here,  we find that  the dfbeta of T in regression [2.1a] is 

higher (about 0.68), and that the dfbetas of the tariff coefficients T and T2 are much larger in regression [2.1b] 

(respectively 8.9 and 9.17 in absolute value), as well as in regression [2.1c] (where none of the dfbetas of the tariff 

regressors is, in absolute value, less than 4). The fact that these diagnostics are influenced by the regression 

specification may explain why Edwards (1998), who generally estimates linear fits, does not detect India as an outlier 

when he looks at dfbetas and the Cook’s distance. 
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23.9%. When a cubic term is added (regression [2.2c]), the tariff coefficients are not significant if 

considered individually but they are jointly (the p-value of the Wald test is about 0.1);  we see also 

that, due to the simple exclusion of India, the signs of the tariff coefficients are reversed respect to 

regression [2.1c] and their size implies the existence of a U-shaped relationship with a minimum at 

a tariff rate of about 26.1% (the other root would imply here a maximum in correspondence of a 

negative and thus economically irrelevant tariff rate).        

The Reset test of correct functional form is always insignificant in Table 2 (independently on 

whether powers of T are included or not) and thus of no great help in choosing which is the correct 

specification. Yet, the results seem to confirm the implications of the model outlined in the 

preceding section: regressions not allowing for nonlinearities may be seriously misspecified; on the 

contrary, specifications allowing for nonlinearities reveal a significant and U-shaped impact of “ad 

valorem” tariffs upon growth. The quite anomalous protection rate of India explains the differences 

between the results deriving from the introduction into the growth regression of just a quadratic or 

also a cubic tariff regressor; when both these nonlinear terms are excluded from the regression, the 

tariff impact is insignificant independently on whether India is part or not of the sample.12 I have 

also replicated the same regressions excluding other countries whose studentized residuals in the 

regressions of Table 2 are large and the results obtained after removing these outliers are very 

similar to those presented above.13  

In these estimates the significance of the tariff impact essentially depends on the introduction of a 

quadratic or cubic tariff regressor, which allows to fit the non-monotonic relationship between 

tariffs and growth present in the data and implied by the model. I want briefly to discuss another 

                                                 
12 The alternative to the exclusion of India from the sample is simply to introduce a dummy variable for this country. 

Results (not reported here) show that this dummy is significant (and negative) only in a regression including the 

quadratic term (that is, in the equivalent of regression [2.2c]).  

13 These regressions, not reported here, exclude four countries (Cameroon, Chile, Nicaragua and Philippines) whose 

(internally) studentized residual in absolute value is larger than two in each of the regressions of Table 2.  
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point about the problem to specify correctly the tariffs and growth link. The model suggests that 

within particularly homogeneous samples, that is samples composed by either very open or very 

closed economies, the tariff impact on growth may turn out to be significant even in regressions 

which do not allow for non-monotonic effects through the inclusion of powers of the tariff rate. To 

analyze this point, recall that, according to the U-shaped result derived by the theoretical model, the 

sign of the growth effect of a marginal increase in t depends on its initial level. As a consequence in 

a sample composed by either very “open” or very “closed” economies (that is in a sample in which 

all countries have a tariff rate either smaller or bigger than some critical value tc), a significant 

negative or positive relationship between “ad valorem” tariffs and growth should emerge, even 

when specified regressions do not allow for nonlinear effects. To verify this, Fig.3a  and Fig.3b 

report the recursive estimates of the coefficient of T (as a well as a 90% confidence band) obtained 

from growth regressions not including powers of this term and computed over the countries whose 

tariff rate (from the Barro-Lee data set) is respectively smaller or bigger than a threshold value tc.14 

It is straightforward to see that the estimated coefficient of T  is systematically negative in “open” 

economies and positive in “closed” ones, confirming the idea that the sign of the impact of tariff 

protection on growth depends on the protection level itself. It is worth linking this point with the 

Rodriguez and Rodrik’s (2000) proposition according to which: “We are in fact skeptical that there 

is a general, unambiguous relationship between trade openness and growth waiting to be 

discovered. We suspect that the relationship is a contingent one, dependent on a host of country and 

external characteristics....”. If this is true, according to the model outlined in Section 2, one (maybe 

the most important) of these characteristics should be the protection level itself.  

                                                                                                                                                                  
  
14 In other terms, countries have been sorted in increasing order according to their tariff rate, and each of these tariff 

rates, measured along the x-axis,  has been used as a threshold value tc, to split the whole sample between “open” and 

“closed” countries; along the y-axis, in correspondence of each value of tc, it is represented the coefficient of T 

estimated in a subsample including all the countries which satisfy the reported inequality. Note that, moving from the 

right to the left, the sample size increases in Fig.2a and decreases in Fig.2b and that the smallest considered sample has 

at least 20 observations. 
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3.2 An alternative specification based on explicitly nonlinear estimates 

The results based on model (I) imply that the growth implications of trade policy are quantitatively 

very relevant. For example, according to the estimates of regressions [2.2b] the growth differential 

between a completely open economy and one which raises on imports a 10% or 25% tariff rate is 

respectively of about 1.4 and 2.2 percentage points; according to the estimates of regression [2.2c] 

the magnitude of the same differentials would be again very relevant (respectively about 1.1 and 1.8 

points). These differences are much larger than those arising in the numerical simulation of the 

model, where the growth differential between the free trade case and that corresponding to the 

growth minimizing protection rate was about 0.2 points (note that the 25% tariff rate assumed as a 

benchmark here is very close to the estimated growth minimizing tariff rate of regressions [2.2b] 

and [2.2c]).  

Before concluding that the growth implications of trade policy are quantitatively so strong, we may 

suspect that simple second or third order polynomials like those estimated here, though already 

adequate to capture the existence of non-monotonic effects, are yet too simple to describe entirely 

the complex nonlinearities embodied in the model of Section 2; as a consequence they might be bad 

predictors of the quantitative impact of alternative trade policy strategies. It is straightforward to 

see, for example, that the estimated coefficients of regression [2.2b] imply the existence of some 

positive and high protection rate beyond which growth is even higher than under free trade. This 

does not reflect the “mechanics” of the model, where growth is maximized under free trade 

(considering marginal increases in the tariff rate from an initial value of zero, the function M and 

thus the growth rate rapidly decrease to their minimum, but beyond this point they start increasing 

in such a way that they slowly go back to their finite free trade value, as the tariff rate goes to 

infinity). So it is worth considering some alternative regression specification and a simple 

possibility I have tried is to include directly the function M of the theoretical model into the 

regression, assuming thus:  
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)log()( MtF Mβ=                                                                                                                             (II) 

 

where, we recall,  M is equal to: 1(1 ) (1 )σ στ σ τ−+ + − . This specification, referred to as model (II), 

makes necessary to adopt explicitly nonlinear estimation  methods but has the advantage to provide 

a direct estimate of the constant elasticity of substitution σ  (and thus of the critical tariff rate 

beyond which tariffs have a pro-growth effect), as well as an alternative evaluation of the growth 

impact of tariff protection. Regressions [2.3] and [2.4] in Table 2 contain the results of these 

estimates for the same samples already considered above (that is, with or without India). The 

estimates of the coefficients not related to trade policy are similar to the preceding OLS results (but 

the constant term and the dummy for Latin America are here systematically insignificant).  The 

coefficients of the term M and of the demand elasticity σ  are (as expected) positive and highly 

significant, thus strongly confirming again the empirical validity of the theoretical non-

monotonicity result. Interestingly, the estimate of σ  is quite stable (and equal to about 7) 

independently on whether India is included into the sample or not, so that the estimated critical 

(growth minimizing) tariff rate is about 21.9% which correspond again to quite realistic protection 

levels  not far from those estimated in the preceding regressions (obviously, these estimates also 

confirm that the assumption 8σ =  in Fig.1 was not unrealistic).  

However, the estimate of the quantitative impact of tariffs on growth does not substantially differ 

from the preceding OLS estimates: the growth differential between a completely open economy and 

one which raises  a 10% or 25% tariff rate on its imports is respectively 1.7 or 2.1 percentage 

points, which is much bigger than what found in the numerical solution of the model.  In short, 

these explicitly nonlinear regressions strongly confirm the empirical relevance of the theoretical 

non-monotonicity result, but from the econometric estimates it seems that the impact of tariffs on 

growth is much stronger than what suggested by the numerical solution of the model.      
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3.4 Endogeneity problems ? 

As trade policy choices may be affected by the growth performance, it is possible that OLS results 

contained in Table 2 suffer from endogeneity bias.  To verify the relevance of this problem, Table 3 

compare OLS and instrumental variables (nonlinear 3SLS) estimates. Among the regressors I 

include also a new control variable, an index of political rights (drawn again from the Barro-Lee 

data set), which is intended here as a proxy of the importance of institutions in the development 

process (the index ranges from 1 to 7, with 1 corresponding to the case of most freedom, and refers 

to the period 1985-89). The variables used to instrument the tariff rate include the ratio of imports to 

GDP averaged over the 1970s (an instrumental variables already used in Edwards, 1998), the share 

of total the labour force employed in the agricultural sector in 1980 (less industrialized countries are 

expected to have a higher degree of protection) and dummy variables for OECD economies (which 

raise lower trade barriers), for landlocked countries (which are expected to impose lower tariffs in 

order to compensate higher transport costs) and for Burkina Faso (which, as mentioned before, has 

a particularly high tariff rate). Finally, to account for the possible endogeneity of the political rights 

index, I add to the set of the instrumental variables also its lagged value (referring to the beginning 

of the 1980s). Given the new constraints on data availability, the sample of Table 3 is now reduced 

to 75 units (note that, for the sake of brevity, I do not compare here how results change according to 

whether India is part or not of the sample: this country is always excluded from the estimates 

reported in Table 3). OLS results based confirm the empirical importance of nonlinearities. The 

tariff impact is significant in regressions [3.2a] and [3.4a], respectively based on model (I) and (II), 

which account for the possibility of a non-monotonic link. By contrast, the tariff rate is clearly 

insignificant in regression [3.1a], where the possibility of a non-monotonic link is not accounted for 

(the tariff impact is also insignificant in regression [3.3a], but, as we had seen before, the 

significance of specification including the cubic term depends on the presence of India in the 

sample). 

The evidence provided by the IV estimates is weaker but nevertheless indicates that the 
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specification matters; the tariff coefficients, if considered individually, are not far from a 90% 

significance level in regression [3.2b], based on model (I); this same 90% significance level is 

clearly reached in regression [3.4b] based on model (II). So the conclusion that nonlinearities in the 

tariffs and growth matter seems not to depend on the endogeneity of the tariff rate (note also that the 

Hausman-Wu test computed for each couple of OLS and IV estimates never rejects the null 

hypothesis that the former are consistent and asymptotically efficient). The index of political rights 

has the expected negative sign but reaches a conventional level of significance only in regression 

[3.4a], while the significance of the other coefficients does not differ from what found in Table 2. 

Finally, unreported regressions indicate that, if India is part of the sample, according to model (I) 

the tariff impact is significant only for OLS estimates and provided that the cubic term is included; 

on the contrary, tariffs exert a significant impact on growth with model (II) independently on 

whether instrumental variables estimation is adopted or not.    

 

 

4 Summary and conclusions 

Relatively recent contributions on trade and (endogenous) growth show that the link between 

openness and growth may be nonmonotonic, and in particular U-shaped if openness is measured 

by the “ad valorem” tariff rate on the imports of a set of intermediate goods. This could be a 

possible explanation of the empirical trade and growth puzzle, namely the absence of a significant 

and robust relationship between trade policy measures and growth. In this paper I discuss the 

empirical relevance of the theoretical non-monotonicity result on the basis of both numerical 

simulations and econometric estimates for a sample of economies.  

The results are actually coherent with the theoretical insights, indicating the existence of a U-

shaped relationship between “ad valorem” tariff rates and growth rates, so that, provided that the 

tariff rate is sufficiently high, trade protection may even have a growth promoting effect. This 

 19



holds true especially when the existence of a non-monotonic link is estimated through explicitly 

nonlinear estimates, but finds a significant support also when nonlinearities are modelled simply 

thorugh the inclusion of a quadratic term into OLS regressions. 

These result suggest that the fragility of the available empirical estimates of the impact of trade 

policy on growth might be due to serious misspecification problems: the imposition of a linear fit 

to a nonlinear and non-monotonic relationship. Before definitive conclusions may be drawn, the 

robustness of these results should obviously be tested using  new datasets on trade policy 

(possibly disaggregated by economic sector and available for many years). Nevertheless the 

results of this paper clearly indicate that future empirical research will have to take into account 

the possible existence of nonlinear effects and in general to devote more attention to the 

specification of correctly and theoretically founded regressions linking growth to trade policy. 
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Fig.1 - Nonlinearities in the tariff-growth 
link
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Fig.2 Tariffs and growth 
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Table 1 - Univariate statistics on tariffs

 India included (N = 88)  India excluded (N = 87) 

Mean Std. Dev. Min. Max. CV Mean Std. Dev. Min. Max. CV

0.173 0.174 0 1.319 1.006 0.160 0.124 0 0.482 0.775
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Table 2 - Tariffs and growth 
Dependent variable: per capita income growth 1985-95 

Regr. n. [2.1a] [2.1b] [2.1c] [2.2a] [2.2b] [2.2c] [2.3] [2.4]
Model (I) (I) (I) (I) (I) (I) (II) (II)
India yes yes yes no no no yes no 

C -0.586 -0.421 2.322 -0.565 0.492 -2.559 0.413 0.472
[.000] [.043] [.063] [.000] [.255] [.637] [.494] [.462]

Y0 -0.012 -0.013 -0.015 -0.012 -0.015 -0.015 -0.015 -0.015
[.000] [.000] [.000] [.000] [.000] [.000] [.000] [.000]

Life 0.161 0.163 0.166 0.162 0.168 0.169 0.165 0.166
[.000] [.000] [.000] [.000] [.000] [.000] [.000] [.000]

Easia 0.033 0.034 0.035 0.033 0.035 0.035 0.034 0.034
[.000] [.000] [.000] [.000] [.000] [.000] [.000] [.000]

 
Latam -0.011 -0.010 -0.007 -0.010 -0.008 -0.009 -0.007 -0.007

[.037] [.086] [.229] [.058] [.202] [.160] [.200] [.215]

Lpop 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001
[.215] [.306] [.433] [.258] [.426] [.417] [.445]  [.422]

T 0.003 -0.368 -9.633 -0.021 -2.681 8.806
[.926] [.409] [.022] [.679] [.013] [.666]

T2 0.208 10.466 1.663 -12.747
[.432] [.024] [.013] [.619]

T3 -3.703 6.007
[.026] [.575]

     
βM 0.498 0.529

[.058] [.065]
 
σ 6.995 7.003
  [.000] [.000]

N 88 88 88 87 87 87 88 87

R2 - adj 0.502 0.506 0.524 0.501 0.528 0.523 0.524 0.519

Jarque-Bera 0.763 0.528 0.086 0.705 0.085 0.067 0.133 0.143
[.683] [.768] [.958] [.703] [.959] [.967] [.936] [.931]

Reset test 0.975 1.105 1.485 0.950 1.458 1.427
[.382] [.336] [.233] [.391] [.239] [.246]

Wald test 0.804 6.358 6.402 6.285
[.669] [.095] [.041] [.099]

critical tariff rate 0.422 0.224 0.239 0.261 0.219 0.218

(1) OLS estimates. "P-values" reported below coefficients and test values are based on heteroskedastic-consistent standard errors.
(2) The Jarque-Bera test, distributed as a χ2  with 2 d.f., tests for the null hp. of normally distributed residuals.
(3) The Reset test, distributed as a F statistics, tests for correct functional form.
(4) The Wald test, distributed as a χ2  with 2 d.f., tests for the joint nullity of the tariffs coefficients.  
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Table 3 - Tariffs and growth - OLS vs IV estimates (India excluded) 
Dependent variable: per capita income growth 1985-95 

Regr. n. [3.1a] [3.1b] [3.2a] [3.2b] [3.3a] [3.3b] [3.4a] [3.4b]
Model (I) (I) (I) (I) (I) (I) (II) (II)
Estimate OLS IV  OLS IV OLS IV OLS IV 

C -0.476 -0.520 0.668 0.901 -1.186 17.252 0.906 2.780
[.000] [.000] [.164] [.334] [.858] [.465] [.256] [.200]

Y0 -0.012 -0.011 -0.015 -0.013 -0.014 -0.014 -0.015 -0.014
[.001] [.014] [.000] [.004] [.000] [.005] [.000] [.003]

Life 0.137 0.139 0.144 0.151 0.145 0.146 0.141 0.146
[.000] [.000] [.000] [.000] [.000] [.000] [.000] [.000]

Easia 0.030 0.031 0.034 0.036 0.033 0.044 0.035 0.043
[.007] [.000] [.003] [.000] [.004] [.003] [.000] [.000]

Latam -0.013 -0.012 -0.010 -0.008 -0.010 -0.001 -0.008 -0.003
[.042] [.041] [.134] [.221] [.130] [.921] [.185] [.749]

Lpop 0.001 0.001 0.001 0.001 0.001 -0.0001 0.001 0.0001
[.385] [.427] [.635] [.691] [.629] [.973] [.631] [.953]

Pol. rights -0.003 -0.002 -0.003 -0.001 -0.003 0.001 -0.003 0.0001
[.176] [.352] [.200] [.735] [.206] [.875] [.107] [.992]

T 0.005 0.034 -2.858 -3.582 4.087 -64.311
[.915] [.743] [.015] [.128] [.869] [.463]

T2 1.785 2.250 -6.883 77.324
[.014] [.124] [.824] [.475]

T3 3.595 -30.824
[.779] [.488]

βM 0.662 1.475
[.062] [.109]

 
σ 7.622 8.912

[.000] [.000]

R2 - adj 0.467 0.462 0.499 0.484 0.492 0.413 0.489 0.435

Jarque-Bera 0.334 0.125 1.822 0.137 1.954 0.136 1.002 0.043
[.846] [.940] [.402] [.934] [.376] [.935] [.606] [.979]

Wald 5.280 2.470 5.260 2.620
[.072] [.290] [.154] [.455]

Hausman-Wu 0.930 2.490 8.730 1.770
[.998] [.981] [.558] [.995]

Overid. restrict. 3.650 1.444 0.765 0.810
[.456] [.695] [.682] [.847]

critical tariff rate 0.227 0.217 0.240 0.171 0.197 0.164

(1) N. obs. = 75.
(2) The Hausman-Wu test tests for the null hp. that OLS estimates are consistent and asymptotically efficient.
(2) The test of overidentifying restrictions is distributed as a χ2  with 2 up to 4 d.f. according to the regression specification.
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