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Abstract

The goal the paper is to uncover the main determinants of low income in Venezuela over: lack of physical and human capital accumulation; distortionary taxes that disincentive capital accumulation, absence of appropriate R&D policies to foster investment, or the presence of other distortions that result in an inefficient resource allocation and accumulation and hence reduce productivity. We use the model in Maloney and Rodriguez-Clare (2005) to gauge these issues. We find that eliminating distortions would reduce the income and technology gaps in Venezuela more than any other variable.

1. Introduction

The growth path in Venezuela is far from monotonic and stable. Using the US economy as a reference, Figure 1 reveals that the income gap between Venezuela and the US remained relatively constant until the mid seventies and began to increase ever since. This resulted from the collapse of growth in Venezuela over a period when the US exhibited a rapid expansion. 
Figure 1. Output per worker


[image: image39.emf]actual target change

Years of schooling 8.1 12 3.9

Returns to Education 7% 10% 3                    

R&D subsidy 109% 57% 52  -                

Reduce distortions (z)

38% 51% 13                  


Yet there are some other striking comparisons. In 1960 income per capita in Venezuela was not significantly below that in France or Japan, while it far exceeded that of Mexico, Chile, and Portugal. By 2004, Venezuela was the only country in the sample in Table 1 that exhibited a lower income per capita than in 1960, and lagged behind other countries over which it had an advantage before.
Table 1. GDP per capita (constant dollars 2000, ppp)
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A number of recent studies have attempted to explain growth dynamics in Venezuela over recent decades from different angles. A first group of papers concentrated on the role of capital accumulation and the implications of an inefficient build up of productivity. For instance, Rodríguez and Sachs (1999) modify a neoclassical growth model to include a natural resource boom that creates a temporary investment overshooting that sets output growth beyond its potential while the boom lasts and heralds a convergence from above. In Hausmann and Rigobón (2002) the culprit of the growth collapse is the interplay between an inefficient specialization in the non-tradable sector and imperfections in the financial markets that hinder investment in the more productive sectors. Manzano and Rigobón (2003) associate poor growth outcomes in resource abundant economies with debt overhang since countries sharply increase debt levels when prices are high as they use commodities output for implicit collateral. Restuccia and Bello (2004) argue that certain economic policies produce distortions in relative prices that reduce incentives to invest in the most productive sectors in the economy.

Another part of the literature relies on growth accounting exercises to empirically establish the relative contribution of factor accumulation and factor productivity to growth
. The main finding in these studies is that productivity and factor accumulation have both played a significant role for growth in Venezuela, but their relative importance has varied substantially over time, with productivity becoming more important since the nineties. 

From a public policy perspective, the natural question that follows is what to do in order to re-initiate growth in Venezuela. Maloney and Rodríguez–Clare (2005) develop a model to analyze, in a straight forward manner, the determinants of the income gap between two economies and the effectiveness of alternative public policies to close such gap. Output in the model depends on capital accumulation (human and physical capital) and on total factor productivity (TFP).  In turn, TFP is endogenous and results from knowledge accumulation, which depends on innovation associated with R&D and capital accumulation. 

In this study we use the model in Maloney and Rodríguez-Clare (MRC) to determine the most effective policies to reduce the income gap in Venezuela with respect to the US, which will depend on whether the gap is the outcome of low human and physical capital accumulation or if it is due to the presence of factors that hinder innovation, resulting in a lower TFP. First, we updated the MRC model and compared it to the original MCR results. We then refined the model to include data from local sources, allowing more precise results. We also extended the exercise to cover the full 1980-2003 period (MCR only covers up 1995) to gauge productivity dynamics and its determinants over time, which is relevant given the volatility observed in output in Venezuela. 

Results suggest that the income gap in Venezuela can be attributed to the presence of distortions that may generate a suboptimal resource allocation and thus reduce efficiency and productivity. The results also suggest that the income gap would shrink through human capital accumulation. Nonetheless, distortions have increased over time and currently weigh more on the output gap than the lack of human capital accumulation.   

The next section briefly sketches the MRC model and the third section contains some preliminary results.

2. The Maloney and Rodríguez-Clare model.

Maloney and Rodríguez-Clare built a model to gauge the determinants of income differences across countries at a particular point in time, i.e. a “development accounting” exercise to explore whether a country’s low income level is due to low investment in physical, human and knowledge capital, or to low factor productivity. The model departs from a standard Cobb-Douglas production function: 
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(1)                                                                

where Y is output, K is capital, A stands for a technology index, L represents labor, ( is the capital share and h is the average human capital per worker. Human capital accumulation follows a Mincer specification,
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, where s represents years of schooling (which are taken as exogenous) and ( are the returns to education.

The budget constraint is given by:
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Output can be consumed (C) or invested either in capital (I) at a relative price (p) or in research and development (R).

Capital accumulates according to:   
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where ( is the depreciation rate
. Technology is the outcome of an accumulation process as well, according to the following equation:
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Equation (4) states that technology accumulation increases with R&D productivity ((), and the free flow of ideas and technology from the rest of the world to the country ((), while 
[image: image6.wmf]A
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 decreases as the country approaches the world technology frontier (A*) and with the relative size of the country in terms of the population. This is because the model considers that when the labor force is relatively large, countries tend to specialize in sectors less prone to technology adoption and profits dilute more rapidly. In the steady state,
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where a =A/A* , 
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and gA is the growth rate of A*.

In addition, the model incorporates some distortions such as taxes on corporate profits ((); while ( captures policies and institutions that affect the cost of R&D investment, i.e., implicit subsidies or incentives for R&D investment. The interest rate is r and  ( is a parameter form 0 to 1 that measures the effect of R&D spillovers. 

The model has three first order conditions which imply that the marginal productivities of physical capital and R&D investment equal their marginal costs (equations (5) and (6) respectively),
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where 
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 is a composite distortion term that captures the effect of taxes and externalities.    The social return to investment (SRR) is given by                         
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Finally, the model can be modified to assess the impact of distortions on the income gap. In this case, distortions are modeled by a factor z that directly reduces output through different channels other than R&D and technology adoption, so that 
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. Namely, z may represent trade barriers that directly decrease efficiency or regulation (e.g. price controls) that forces firms to adopt sub-optimal input combinations. The steady state equilibrium is the same as in the model above, but human capital per worker is zh instead of h, which implies that 
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The model is calibrated following MRC, so that (=1/3, (=0.38, (=0.55, (=0.08, gA=(=0.015, and the stock of capital was computed according to Klenow y Rodríguez-Clare (1997). The model can be solved and reduced to one equation to ask different questions, as we shall see in the next section.

3. The income gap between Venezuela and the US

The data used in this study is from the Penn World Tables 6.2, but we also used national sources for more refined calculations. For instance, we obtained schooling from the National Institute of Statistics and the returns of education from Ortega (2003)
. This adjustment implied a larger level of human capital than that reported in MCR for Venezuela in 1995. Second, the capital–output ratio was adjusted to control for the effect of natural resources on capital accumulation. This was done by multiplying the capital-output ratio computed with PWT 6.2 data by the quotient of the non-oil output capital-output ratio and total output capital-output ratio, using Central Bank data. This adjustment resulted in a larger capital–output ratio than the one in MRC (11% on average). Together, both adjustments implied an increase of physical and human capital. For effects of the exercise, this translated into a reduction of the importance of capital accumulation to explain the income gap. 

Table 2 compares the original results in MCR (rows 1 and 2) with the data updated for the year 2000 using the PWT 2.1 (rows 3 and 4). The table also contains a set of exercises with the adjusted data using domestic sources (rows 5 to 7).  For the exercises in rows 1, 3, and 5 the MCR model is solved to answer the following question: given the countries physical and human capital accumulation and assuming that there are no distortions to accumulation (z=1), what would be the level of subsidies or incentives to R&D (
[image: image13.wmf]f

) investment consistent with the data? Alternatively, in the exercises in rows 2, 4, and 6 the model is solved to answer another question: departing from Venezuela’s productivity data (A) and assuming that it has the same incentives for R&D investment as the US (
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 = -0.20), which would be the level of distortions, that would explain the output gap shown in the data? Finally, the exercise in row 7 is equivalent to the previous one, but using instead the actual domestic incentives to invest in R&D in Venezuela. 

Table 2. Development Accounting Exercises

[image: image15.emf]h t f z sr sRR

1 MRC 1 (1995)

1.77 3.9% 54% 1 1.4% 32%

2 MRC 2 (1995)

1.77 3.9% -20% 52% 2.6% 17%

3 MRC 1 (pwt 6) (2000)

1.76 7.2% 87% 1 0.9% 39%

4 MRC 2 (pwt 6) (2000)

1.76 7.2% -20% 43% 2.0% 17%

5 Local 1 (2000)

1.78 3.1% 109% 1 0.8% 41%

6 Local 2 (2000)

1.78 3.1% -20% 38% 2.1% 17%

7 Local 3 (2000) 1.78 3.1% -10% 43% 1.8% 18%


This exercise is similar to that in Table 4 in Maloney and Rodríguez-Clare (2005), but focused in Venezuela.

(1) Departing from the model we compute the implicit level of (, the R&D investment rate and its social return consistent with z=1 and with the actual data. 

(2) Assuming the same incentives for R&D investment than the US, we calculate the level of distortions consistent with the data and the model. 

(3) The same exercise as in (2), but using the domestic R&D policy. 

A first comparison with the original results in MCR for 1995 (rows 1 and 2) and the updated ones for 2000 (rows 3 and 4), does not reveal a significant difference in the level of human capital (h). Therefore, the difference in the results stems from variations in other parameters in the model. In particular, barriers to technology adoption increased sharply (
[image: image16.wmf]f

 climbed from 54% to 87%), which means that domestic companies in Venezuela faced costs in 2000 almost twice as high as American companies did in order to adopt technology. This produced a reduction in R&D investment as a share of output (SR), from 1.4% in 1995 to 0.9% in 2000. Such drop is in line with the trend displayed in the actual R&D investment data in Venezuela that we will show in the next section. It is worth mentioning though, that between 1995 and 2000 income per worker and TFP both declined, although the decline in factor productivity was relatively larger than the one in income, which is consistent with an increase in φ, in spite of higher implicit profit taxes (τ).

If Venezuela had the same R&D incentive policy as the US (φ = -0.20), according to the model, SR should have been as high as 2.6 percentage points of GDP in 1995 and 2 points by 2000. When we used the adjusted capital output ratio and human capital data, this resulted in an increase of the importance of distortions and the cost domestic firms face to invest in R&D in Venezuela. 

The rest of the paper employs the information adjusted by local sources and presents the historic evolution of the data between 1980 and 2003, in order to deepen the analysis. 

Figure 3 displays the income and technological change gaps between Venezuela and the US, calculated as 
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, where y is output per worker in Venezuela relative to the US and a represents the TFP in Venezuela relative to the US. The figure reveals the extent to which these gaps have amplified since 1980. In the eighties, income per worker in Venezuela represented 60% of income per worker in the US, whereas by 2003 it shrank to 22%. In other words, the income gap between Venezuela and the US grew from 40% to 78% since 1980. Such dynamics respond not only to the upbeat productivity growth in the US over that time, but to the collapse of growth in Venezuela over that period, when output per worker dropped 29% (according to PWT data). The technology growth gap has also increased over time.
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Figure 3. Income and technology gaps

The rest of the paper will explore in detail the sources of income and productivity gaps in Venezuela using the MRC model. The goal is to uncover the main determinants of low income in Venezuela which could be: lack of physical and human capital accumulation; distortionary taxes that disincentive capital accumulation, absence of appropriate R&D policies to foster investment, or the presence of other distortions that result in an inefficient resource allocation and accumulation and hence reduce productivity.  

3.1 The role of physical capital accumulation

Physical capital accumulation has decreased as a result of declining investment rates over the past three decades (Figure 4)
. Total investment peaked in the late seventies, in the aftermath of the oil boom, and has declined ever since. The dramatic slump in private investment that started in the late seventies was not compensated by a rise of public investment, thus determining the secular decline of total investment
. Such pattern is consistent with the sustained rise of the relative price of investment in Venezuela since the eighties. The relative price of investment in Venezuela was similar to that of the U.S. until 1985. From then on, it progressively escalated and by 2003 investing in Venezuela was 49% more expensive than in the U.S.
. 

In addition, the shrinking share of private investment of total investment may well have resulted in additional efficiency losses, provided that part of public investment is not necessarily allocated to physical capital investment, particularly in developing countries
. Public investment as registered in the national accounts is not necessarily equivalent to the value of productive capital, which is the case with private investment. The implication of this is that as the share of public investment increases, the measurement error in capital stock (overestimation) could become more relevant, and thus undermine the results of growth accounting exercises.  Nonetheless, adjusting capital for this problem is beyond the scope of this study. Thus, we just acknowledge that this may be a caveat for our “development accounting” results.  

Figure 4. Investment rate
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It is widely acknowledged that high taxes do not stimulate investment. From the first order condition for capital (Equation 5) we can obtain the implicit tax rate ((), given the capital-output ratio and the relative price of investment. We may also analyze what happens to the income per worker gap if Venezuela followed the US tax policy. 

As we can see in Figures 5 and 6, the results of this exercise suggest that implicit taxes do not seem to be a particular problem in Venezuela. Sure enough, the introduction of the Added Value Tax, the income tax reform, and the reduction of tax evasion since the nineties have all raised implicit taxes as derived from the model, although not up to a point where it has become a major hurdle for investment over the period considered in the exercise. The resulting implicit tax rates are rather negative and comparatively much lower than that in the U.S. Moreover, we could presume that tax policy in Venezuela is more attractive for investors than US tax policy. 
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Figure 5.  Implicit tax to capital accumulation                          

Figure 6. Income gaps: Actual and simulated with a 40% implicit tax cut
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Given that tax rates are already low, instead of asking what would happen if Venezuela conducted the same tax policy as the US, it would be more sensible to ask what would happen to the income gap if tax rates were cut in Venezuela. Figure 6 displays a simulation assuming a 40% tax cut in Venezuela. Considering that low tax rates have not been pivotal to boost investment, it seems that an additional cut would not do much to close the income gap. 

3.2 The role of human capital accumulation

Over the past decades, there has been a remarkable effort in Venezuela to increase school achievement. As a result, average schooling of the economically active population mounted from 3 years in 1960 to 8.5 years in 2003 (Figure 7). According to the Barro and Lee data, average years of schooling of the economically active population expanded more rapidly in Venezuela than the average Latin American or East Asian country
. 

In spite of this, the returns to education, i.e. the average wage increase for an additional year of schooling, has been declining in Venezuela over the past decades to reach little more than 7% by 2003. Naturally, this is consistent with the increase in average schooling. But although Venezuela has less years of schooling than the US, the returns to education are higher than in the US (12.5%). Prichett and Ortega (2006) find that even if average returns have fallen in Venezuela, the wage premium has remained stable since the early eighties at similar levels, so that private incentives to acquire education are still in place
.

Figure 7. Years of Schooling and returns to education in Venezuela 
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The social returns to education may well have diminished in response to a deterioration of the quality of education. The sustained decline of student achievement in standardized college admission tests over the past 15 years is a clear indicative of this (Figure 8). This may be the outcome of worse students entering the system or of a loss of effectiveness of the education system, both of which are consistent with the rapid expansion of schooling
. 

Figure 8. Results on standardized tests
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Departing from the data on returns to education and years of schooling, we calculated the level of human capital according to the Mincer specification 
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. As displayed in Figure 9, human capital accumulation in Venezuela relatively stagnated ever since the eighties. In consequence, the wide gap in human capital accumulation relative to the U.S. has remained
. 

Figure 9. Human Capital Gap
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Clearly, human capital has not contributed then to close the output gap between Vzla and the U.S. Notwithstanding, the model in Maloney and Rodríguez-Clare allows us to inquire what would happen to the income gap if Venezuela had the same level of human capital accumulation as the U.S. (average years of schooling and returns to education), keeping the rest of the parameters (implicit ( and (, (, (, (, (, gA) constant. Figure 10 contains the results of this simulation exercise. 

Figure 10. Income gap if Venezuela had the same schooling parameters as the U.S.
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In this case, had Venezuela had the same schooling parameters of the U.S., the income gap could have been cut by half. For example, the average income gap registered between 1999 and 2003 amounted to 75%, whereas with the U.S. parameters it would have been only 40%. 

Between 1999 and 2003, average schooling in Venezuela increased by 6 months while central government spending hiked from 3.5% to 5.2% in terms of GDP, according to official information. Possibly, some of the educational programs put in practice by the government after 2003 may increase the years of schooling. It is worth mentioning though, that one of the main problems concerning education in Venezuela can be associated with the decline of quality, as we mentioned before. In fact, the quality of education in Venezuela appears to be the lowest within the Andean countries and the results in standardized tests are the lowest in Latin America. This evidence is suggestive that efforts should focuses not only on enrolment, but on quality and the development of innovation capacity. 

On the other hand, if incentives are such that a larger share of qualified workers are dedicated to rent seeking activities instead of activities leading to innovation, technological progress will be hindered. Unfortunately, that is beyond the scope of this study, since the model we use measures the impact of aggregate human capital in the economy and not its distribution across sectors.  

3.3 The incentives to invest in Research and Development

The model allows us to compute the parameter φ, which represents the implicit tax or subsidy to R&D, given the profitability of investing in this activity in the country. As depicted in Figure 11, this implicit subsidy is inversely correlated with investment in R&D consistent with the data and the model: the more barriers to adopt technology (larger φ), the lower the levels of investment and hence the larger the innovation gap. It should be mentioned though that the results towards the end of the sample entail a lot of noise, since the political events that took place those years may be affecting the results, as they triggered substantial output contractions. 

Figure 11. Implicit incentives to R&D investment
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During the nineties, the government implemented a set of policies designed to stimulate investment across the board, such as corporate tax cuts.  There were additional sector or region specific incentives as well, which included R&D investment
. Yet these incentives may not have been attractive enough to overcome the presence of structural or institutional barriers that translate into high implicit transaction costs for R&D investment.  For instance, a number of competitiveness and business climate indicators suggest that institutions and market efficiency have substantially deteriorated over the past decade in Venezuela, to the extent that it is now ranked among the least competitive nations in Latin America
.

Requena (2003) calculates R&D investment as a fraction of GDP between 1954 and 2000, using data from the National Science and Technology Research Council (CONICIT). As depicted in Figure 12, up until the mid seventies R&D investment reached a scant 0.1% of GDP and was mostly limited to individual initiatives in the health sector. After 1975, R&D investment started to build up in volume and averaged 0.4% of GDP between 1984 and 2000, although this was still well under the 2.5% average found in the U.S. 

That fraction is almost entirely public and the bulk of the resources have been devoted to technology development within the oil industry, especially after its nationalization in 1975. In fact, the Venezuelan Petroleum Technology Institute (INTEVEP) carried the largest share of public resources directed to R&D (33%), followed by national universities and research institutions (27%), CONICIT (18%), and the Venezuelan Institute for Scientific Research (IVIC) (12%)
. Thus, a large part of research activity in Venezuela is concentrated in the oil industry, which registers the largest volume of international patents. Although national universities and IVIC publish an important quantity of papers in international journals, since there are no strong links between those research institutions and domestic firms, part of that research does not materialize into direct applications that enhance domestic productivity.  
Figure 12 Research and Development activities as a percentage of GDP 
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Would a R&D subsidy contribute to boost productivity? Figure 13 presents a simulation to assess the impact of a 20% subsidy for R&D investments, similar to that applied in the U.S. The results indicate that this policy would have an important effect to narrow down the income gap via knowledge capital accumulation and increases in productivity. 

It is worth mentioning though that the average R&D investment rate obtained from the model was 1.1%. This value is well above the historical average, possibly because the definition of R&D implicit in the model includes the adoption of existing technology and process enhancement, which are not accounted for in the official R&D data that usually circumscribes investment devoted to scientific innovation. In spite of this caveat, the trend of the simulated data mimics relatively well the trend of the real data (Figure 12).

Figure 13. Income gap simulations with the same R&D policy as the U.S. 
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3.4 The role of distortions

The previous exercises were carried out assuming the absence of distortions, so that productivity shortfalls stem from deficiencies in R&D and technology adoption. Alternatively, the model allows us to analyze the effect of other distortions acting through other channels that may take a toll on productivity. If we plug into the model the same R&D subsidies as in the U.S. (i.e., φ = −0.2 ),  and solve for the implicit level of capital consistent with observed productivity, the difference between the observed capital and the implicit one, z, that accounts for the distortions that directly or indirectly reduce output. 

For example, distortions like trade barriers, price controls, or a labor regulation that hinders technology adoption, tend to reduce efficiency and affect capital accumulation as they prevent an efficient factor allocation. Unfortunately, the model cannot be used to identify or differentiate these distortions and rather accounts for them jointly. 

Figure 14. Distortions
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According to the results of this exercise, z averaged 40% over the period, which means that distortions have had a significant contribution to the productivity gap in Venezuela, relative to the U.S. Since, lower values of z imply more distortions, 1- z is directly proportional to the degree of distortions. According to the results of the exercise (Figure 14), distortions started to build up in the aftermath of the debt crisis in 1983, which is consistent with the introduction of price controls, exchange controls, subsidies, etc., that may well have affected resource allocation and thus productivity. Distortions then declined in the early nineties, which coincided with the structural reforms that were implemented after 1989. Distortions climbed again in the mid nineties, which is again consistent with the revival of price and exchange controls following the banking crisis. By the turn of the new century, distortions seem to be taking an even larger toll on output. Nonetheless, the results in 2002 and 2003 may be affected by the strong recession that took place during those years.  

An alternative exercise could also be performed. Instead of using the U.S. R&D policy (φ = −0.2) as a benchmark, we may use the actual national R&D policies and then obtain a new measure for distortions, perhaps more in tune with domestic dynamics.  Venezuela contemplates corporate tax deduction of 10% of the amount of new R&D investments, i.e. φ = −0.1. With lower subsidies to R&D than in the previous case, we should expect that the gap attributed to distortions would be lower as well. Those are precisely the results displayed in Figure 14, even though the general dynamics for z are very similar. 

In consequence, the presence of distortions determined an average of 48% for z over the period, which signifies a lower labor productivity relative to the U.S. Considering that distortions mounted over time, by 2003 z reached 28%, which is consistent with an R&D investment rate of 1.8%. It is worth mentioning though that the R&D investment rate is not very sensitive to the level of the subsidy. Between 1991 and 2003 the average R&D investment rate derived from the model was 2.5% for φ = −0.2, while for φ = −0.1 it was 2.2%. 

3.5 The challenges: What could be done to narrow the productivity gap in Venezuela? 

Finally, the incidence of the previously studied elements on the productivity gap has policy implications. The exercise displayed in Figure 15 brings together different individual simulations to assess what policy action would be more effective to shrink the output gap: elevating human capital to match U.S. levels, a further 40% tax cut, increase R&D subsidies to 20%, or eliminate distortions. 

The results clearly indicate that removing distortions would be the most effective way to reduce the productivity gap, even though increasing human capital and improving incentives to invest in R&D would also contribute to reduce the gap. It is also evident that a further 40% cut on corporate tax rates would not have a significant effect on output. 

Figure 15. How to reduce the productivity gap
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We also performed an exercise with an alternative calibration for the parameter alpha to refine our results. In a recent study, Ortega and Rodríguez (2006) estimate ( using microeconomic data from manufacturing, and found that capital shares vary significantly across countries. Therefore, the assumption of a constant ( = 1/3 for all countries may not be appropriate. For instance, the authors obtained a capital share in U.S. manufacturing of 66%, whereas the capital share in Venezuela in manufacturing was 86% (30% larger). For the purpose of consistency and comparability with other studies, we performed another development accounting exercise with (=1/3 for the U.S. and (=0,435 for Venezuela, assuming that the 30% difference that exists in manufacturing is valid for the rest of the economy as well.

This is obviously a strong assumption. The alternative would be to compute ( using factor income data from the national accounts. Again, and for the sake of consistency with the rest of the exercises, we would have to compute ( for the U.S. and Venezuela using factor income shares, obtain their ratio, and then adjust (=1/3 accordingly for the Venezuelan case. This calculation produced an (=0.47, which is not very different to the previous adjustment based on manufacturing data. Nonetheless, it could be argued that factor income data from the national accounts also exhibits measurement problems that may distort the calculation of (, whereas the computation based on manufacturing data may be more reliable and precise. 

Figure 16. How to reduce the productivity gap  ((= 0,44)
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The results of this exercise are depicted in Figure 16. An alternative calibration for ( does not alter the previous conclusion: the elimination of distortions appears to be the most effective policy to diminish the productivity gap, although improving human capital and incentives to R&D investment would have an impact as well. Having said this, it must be mentioned that results are quite sensitive to changes in the calibration of ( and values higher than ½ significantly alter the results
.

It is not hard to imagine that an abrupt reduction of the gap in the short run is an ambitious plan that may entail a hefty fiscal burden. In this respect, we performed another exercise where we estimated what sort of policy is required to reduce the productivity gap by 10 percentage points. Basically, we calculated to what extent we need to reduce distortions, increase years of schooling, raise the returns to education, or increase incentives to R&D investment (in terms of the implicit subsidy), keeping constant the rest of the variables in the model and solving it with a gap 10 percentage points lower than that the observed in the data. The results are displayed in Table 3.   

Table 3. Options to reduce the productivity gap in 10 percentage points 

[image: image37.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Source: Cálculos CAF

observada  h USA C&T USA  T - 40% distorsiones (z)

In terms of the public policies that could be applied we get different alternatives: increase schooling 3.9 years, raise returns to education in 3 percentage points, and reduce the disincentives to invest in R&D in 52 %, or diminish distortions by 13%. 

As previously discussed, Venezuela has attained important achievements in terms of increasing years of schooling over the past decades, although the marginal increase of schooling has stalled since the late nineties. Human capital accumulation demands not only advance in coverage, but also an improvement in the quality of education. The latter means that students should acquire more skills per year of schooling, which would translate into higher returns to education, and thus facilitate innovation.  

In developing economies innovation usually involves the adoption of existing technology, which requires skilled human capital, usually beyond a high school level. There is a limited supply of technical training beyond high school. As explained in CAF’s Economic and Development Report (2006), investing in technical level education has a positive impact in countries that produce below the technology frontier. In this sense, the benefits of policies oriented towards increasing the supply and standards of quality of technical education institutes seem straight forward. This should be done considering the demands of productive sectors in order to be more effective in boosting productivity. 

The analysis also suggests that productivity would also benefit by enhancing incentives to innovate and adopt new technology. In spite of a tax deduction of 10% for R&D investments, it has not been enough to bolster this type of investment over the past decade. This may be rooted in the fact that deficiencies in institutions and unstable regulation may outplay the existing subsidy
. 

On the other hand, R&D activities tend to be highly risky and have substantial funding requirements. In incomplete and underdeveloped financial markets, it is likely that funding for R&D is scarce and costly, thus preventing their materialization unless through self-financing
. Therefore, public policies should also be directed to promote alternative forms of financing innovation such as joint ventures, risk capital partnerships or directly contribute to fund innovation. 

Public participation in R&D investment in Venezuela has been substantial, but it has concentrated in the oil industry, and a limited number of research institutes and universities. Even keeping that composition, it is important to promote and strengthen research centers and industry linkages, so that part of the research effort may also contribute to productive innovation. Promoting the university-industry linkage may prove even more relevant in the case of clusters, since coordination failures among firms may be an obstacle to identify innovation needs and the links with research centers
.

Distortions are the other face of the coin. For example, price controls and exchange rate controls have altered the relative price systems and deviated investment and resources from efficient uses, thus hindering productivity. The labor regulation may also have played a role. Although the international evidence on the effect of labor market flexibilization productivity is mixed
, it seems that substituting capital for labor in Venezuela is costly. For example, bans on firing workers maintained over long periods may well have this distortionary effect in terms of resource allocation. 

On the one hand, the Venezuelan economy is highly concentrated in oil activities, which captures the bulk of frontier innovation in the country and requires highly skilled workers. Thus, public R&D investment has been mostly devoted to this sector. Outside the hydrocarbons sector, economic activity gravitates around non tradable goods production and light industries, where there is little frontier innovation and even limited technology adoption in some cases.

Unfortunately, the MRC model does not allow us to identify the type of distortions that may have a larger negative effect on productivity in Venezuela. It would be interesting, for instance, to be able to discern whether there are distortions associated with oil sector dependency and how these affect capital and knowledge accumulation. This is beyond the scope of the model though. Interestingly enough, one could speculate that the very presence of a vast oil wealth has allowed the Venezuelan economy to coexist with crippling distortions. 

4 Final comments  

This study focused on a development accounting exercise based on the Maloney and Rodríguez-Clare (2005) model, to gauge whether the productivity gap between Venezuela and the U.S. is due general accumulation problems (physical and human) or if there are factors that particularly hinder the accumulation of knowledge capital and thus curtail innovation.  

Although there are general accumulation and innovation deficiencies in Venezuela, it seems that it is the presence of distortions what is mostly affecting the productivity gap. Distortions seem to be preventing frontier innovation, technology adoption and accumulation. It is notorious, for example, that in spite of a tax deduction of 10% of the amount of R&D investment, and lower implicit taxes, these incentives have not translated into higher capital accumulation and technology adoption. This is suggestive that distortions are playing a role.  

Aside from the elimination of distortions, the economy would also benefit from human capital accumulation. As was pointed out before, extending the coverage and strengthening the quality of technical education have positive productivity implications in developing economies below the innovation frontier. In this sense, public policies in this direction should enhance productivity as well. 
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� See Bello and  Ayala (2001), Rodríguez (2003),  Palacios et al. (2005), Arreaza and Pedauga (2006).


� Capital stock is computed following Klenow and Rodríguez (1997b)


� MRC gets them from Barro-Lee and the IADB.


� See  Palacios et al. (2005) and Arreaza and Pedauga (2006) for capital stock dynamics.


� The figures for total investment come from the PWT. Public and private investment is calculated by multiplying the total investment by the ratios of private and public investment with respect to total investment in the national accounts. This is done because the dynamic of the investment figures found in the PWT is differs from that of the national accounts, due to the fact that the investment statistics from the PWT are figured at international prices.


� The relative price of investment is calculated as the price of investment divided by the price of output product, based on PWT figures.  The price of the investment and product price is obtained by dividing the parity price of the two by the exchange rate. 


� See Prichett (2000) for a thorough explanation of this argument. 


� The growth rate of schooling in Venezuela was 2.1%, compared to rates of 1.8% in Asia, and 1.5% in Latin America. See Ortega and Prichett (2006).


� That is to say, regardless of the wage level, a worker that has completed elementary education earns approximately 1/3 more than a worker who hasn’t, whereas a worker with a high school degree earns twice more, and a worker with a college degree earns 4 times more. 


� Ortega and Prichett (2006).


� To compute the returns to education in the U.S. we assumed γ = 12.5% and used the Barro-Lee years of schooling data, as in MRC.


� The law contemplates a tax deduction of 10% of the amount of new investments, transferable over the next 3 fiscal periods; sector specific benefits and incentives, VAT exemptions for the technology cluster in Merida. 


� See Costo Venezuela (2002) and World Competitiveness Indicators of the World Economic Forum. The alter compiles measures of institutional quality and market efficiency that encompass: public funds deviation, independence of the judiciary, favoritism in decision making, quality of public spending, property rights, costs of crime and violence, efficiency of the legal system, restrictions to hire and fire workers, costs of the agricultural policy, wage flexibility, time to establish a business, trade barriers, restrictions to foreign property, brain drain, among others. 


� Requena (2003).


� For example, values of ( above ½ dramatically alter the results.


� In fact, the Heritage Foundation economic freedom indicator, the World Bank governance indicator and the WEF global competitiveness indicator, suggest a deterioration of institutions and governance in Venezuela. 


� See Hansen et al (2002) for an analysis of the conditions that favor R&D investment and how Latin American countries perform according to these premises. 


� This point is extensively discussed in CAF (2006).


� See Maloney and Rodríguez-Clare (2005) for this discussion.
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