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This paper extends the literature on the convergence of carbon dioxide emissions intensity and its determinants (energy intensity and the carbonization index) for six Central American countries over the period 1971 to 2014. Using the Phillips-Sul club convergence approach, the results indicate two distinct convergence clubs with respect to carbon dioxide emissions intensity and energy intensity. The carbonization index yields a single convergence club with Panama exhibiting non-convergent behavior. In light of the results, policies oriented toward the continued investment in renewable energy sources, clean energy technology, improved energy efficiency, restoration of forests, and movement toward carbon neutrality are desired goals to mitigate the environmental pressures associated with carbon dioxide emissions as a component of greenhouse gases.
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INTRODUCTION

As the major contributor to greenhouse gases, carbon dioxide emissions has drawn a great deal of attention from both policymakers and researchers with respect to its adverse environmental impact. As the Kyoto Protocol initiated a number of policies targeted to reduce greenhouse gas emissions that include mitigation strategies in terms of the allocation of emission obligations across countries, a fundamental concern regarding the effectiveness of such mitigation strategies has been the degree to which emissions exhibit convergence behavior. In general, convergence occurs when countries with higher initial levels of emissions have a lower emission growth rate than countries with lower initial levels of emissions and over time reach a unique steady state or steady state(s) reflective of the countries' characteristics (Barro and Sala-i-Martin, 1992). The presence of convergence in emissions suggests that countries are more likely to endorse emission allocation strategies as the concern for relocation of emissions-intensive industries and resource transfer may be of less importance. On the other hand, the absence of convergence, or even divergence in emissions, suggests that the relocation of emissions-intensive industries or a substantial resource transfer through international trading of carbon allowances will circumvent such mitigation strategies1.

The research on carbon dioxide emissions convergence is quite extensive, as documented in surveys by Pettersson et al. (2014), Acar et al. (2018), and Payne (2019). Interestingly enough, the vast majority of the literature thus far has focused on large multi-country studies or studies of countries defined by institutional structure, primarily OECD or EU countries, with very few studies pertaining to specific geographical areas2. The intent of this paper is to contribute to the literature by examining the Central American region. The region is unique in bridging two continents incorporating 7% of the world's biodiversity (Economic Commission for Latin America the Caribbean, 2018). This feature of the region is important as greenhouse gas emissions and global climate change impacts the region's ecosystem and the socio-economic well-being of the population, of which nearly half live in poverty. Indeed, many of the countries in Central America rank among the top 10 of the global climate risk index set forth by German Watch (Harmeling and Eckstein, 2012).

Historically, the region has primarily depended on agricultural production, but has evolved over time toward more manufacturing and tourism (Apergis and Payne, 2009a,b, 2011, 2012, 2014). While hydropower is a prominent energy source in the region along with the emergence of other renewable energy resources, there is still dependency on imported fossil fuels. As a result of greenhouse gas emissions, climate change serves as a serious risk factor to the environmental sustainability of the region along with its corresponding impact on the agricultural and tourism sectors in many of the countries. Though the region recognizes the environmental repercussions associated with carbon dioxide emissions as evident by each country's ratification and acceptance of the Kyoto Protocol, the continued investment in clean energy technology, improved energy efficiency, restoration of forests, and movement toward carbon neutrality are desired goals to mitigate the environmental pressures of climate change. The challenge for policymakers in the mitigation of emissions is the variation in the level of economic development along with the mix and intensity of energy source usage across countries in the region. For example, the per capita real income levels in Costa Rica and Panama are more than three times greater than the rest of the countries in Central America. Likewise, Panama is quite distinct relative to the other Central American countries with on average 71% of total energy consumption emanating from fossil fuels compared to 45% in the other countries.

Unlike the majority of previous studies on emissions convergence that focus on per capita emissions, we take into account these considerations through the examination of the convergence of carbon dioxide emissions intensity and its determinants: energy intensity and the carbonization index for six of the seven Central American countries3. Carbon dioxide emissions intensity is defined as carbon dioxide emissions per GDP. Energy intensity, denoted as energy consumed per GDP, captures the technical efficiency associated with the utilization of energy and production processes. The carbonization index, measured as carbon dioxide emissions per energy consumed, reflects the mix of energy sources utilized in consumption and production activities (Apergis and Payne, in press). Thus, the examination of the convergence behavior of energy intensity and the carbonization index will provide some insights regarding the convergence of carbon dioxide emissions intensity. In this spirit our analysis parallels (Camarero et al., 2013; Apergis and Payne, in press) in using the club convergence approach of Phillips and Sul (2007, 2009). Moreover, this study addresses this void in the literature with respect to the convergence of carbon dioxide emissions intensity in the case of Central America while also exploring the similarities in the convergence behavior of the two main components of carbon dioxide emissions intensity: energy intensity and the carbonization index4.

Section Review of the Convergence Literature on Carbon Dioxide Emissions Intensity provides an overview of the literature pertaining to the convergence of carbon dioxide emissions intensity. Section Data, Methodology, and Results presents the data, methodology, and results while section Conclusion and Policy Implications discusses the policy implications of the findings and concluding remarks.



REVIEW OF THE CONVERGENCE LITERATURE ON CARBON DIOXIDE EMISSIONS INTENSITY

As previously noted, the literature surveys by Pettersson et al. (2014), Acar et al. (2018), and Payne (2019) reveal that the majority of the published studies have examined carbon dioxide emissions convergence based on per capita measures with relatively few studies related to carbon dioxide emissions intensity. As such, we focus our attention on studies specific to the convergence of carbon dioxide emissions intensity. There are several approaches to test for convergence which can be categorized using three fundamental concepts: beta (β), sigma (σ), and stochastic convergence, and further differentiated by absolute and conditional convergence (Pettersson et al., 2014). Essentially, tests of absolute β-convergence assume that all countries move to the same steady-state level of emissions whereas conditional β-convergence allows for different steady-states based on the similarities in country characteristics. However, the absolute and conditional β-convergence approaches do not adequately address the dynamics of the growth process and in a panel context the potential for dynamic panel data bias if there is insufficient time series data. Through the analysis of the distributional dynamics of emissions, σ-convergence examines the extent to which there is a decrease over time in the cross-sectional variation in emissions. Stochastic convergence examines whether relative emissions, defined by emissions for country i relative to another country (or the average of the sample of countries), is stationary using unit root/stationarity tests. If relative emissions are stationary, stochastic convergence is present with shocks to relative emissions transitory in nature. Finally, the club convergence approach captures the growth dynamics and allows for the possibility of multiple convergence clubs, irrespective of the stationarity of the variables in question.

Given the alternative approaches to the examination of convergence, the review of the literature on the convergence of carbon dioxide emissions intensity begins with studies related to institutional structure. Camarero et al. (2013) apply the Phillips and Sul (2007, 2009) club convergence approach to examine carbon dioxide emissions intensity along with its determinants, energy intensity and the carbonization index for 23 OECD countries. Their results identify four convergence clubs with four countries considered non-convergent (Italy, Spain, Luxembourg, and the U.S.) to conclude that differences in the convergence of carbon dioxide emissions intensity are largely driven by the differences in the carbonization index rather than energy intensity. Kounetas (2018) investigates the distributional dynamics of energy consumption and carbon dioxide emissions along with their corresponding intensities and the carbonization index for 23 EU countries. The results provide support for absolute β- and σ-convergence; however, the non-parametric approach of analyzing the distributional dynamics does not yield support for convergence.

In addition to these studies, several studies of OECD countries have investigated the convergence of carbon dioxide emissions intensity at the sub-national level. In the examination of industrial and energy sectors in Portugal (Moutinho et al., 2014), explore convergence with respect to carbon emissions intensity, carbon emissions by fossil fuel consumption, fossil fuel intensity, energy intensity, and economic structure. Their results indicate σ-convergence except for carbon emissions by fossil fuel consumption and fossil fuel intensity in the most polluting sectors. Further analysis using panel unit root tests of the relative ratio of carbon dioxide emissions intensity do not support convergence across sectors. Brannlund et al. (2015) examine the convergence of carbon dioxide emissions intensity across manufacturing sectors in Sweden using an environmental performance index. Within the framework of conditional β-convergence that includes fossil fuel prices, capital intensity, and the share of firms in each sector participating in the European Emission Trading Scheme (EU ETS), the results from a fixed effects panel model show manufacturing sectors converge to different steady-states.

Apergis et al. (2017) evaluate the convergence of carbon dioxide emissions intensity across the 50 U.S. states and the District of Colombia. Their findings based on cross-sectional tests of β- and σ-convergence support overall convergence in carbon dioxide emissions intensity. However, panel unit root tests with allowance for cross-sectional dependence and structural breaks do not yield support for stochastic convergence. Apergis and Payne (in press) investigate whether or not the introduction of NAFTA influenced the convergence behavior of carbon dioxide emissions intensity and its determinants (energy intensity and carbonization index) in the case of Canada, Mexico, and the U.S. Their results reveal that the convergence of carbon dioxide emissions intensity and its determinants observed pre-NAFTA continued in the post-NAFTA period.

Finally, there are a number of studies that pertain to carbon dioxide emissions intensity convergence in the case of China. Wang et al. (2014) utilizes the club convergence approach to test the convergence of carbon dioxide emissions intensity of 29 Chinese provinces to find three distinct convergence clubs, distributed geographically from west to east and from the inland to coastal areas. Hao et al. (2015) tests for absolute and conditional β-convergence along with stochastic convergence of carbon dioxide emissions intensity of 29 Chinese provinces to find support for convergence. Zhao et al. (2015) applies a spatial dynamic panel model to examine the convergence of carbon dioxide emission intensity of 30 Chinese provinces to show convergence in carbon dioxide emission intensity across provinces. Finally, Yu et al. (2018) evaluate the convergence of carbon dioxide emissions intensity of the industrial sectors in China using data envelopment analysis to construct an environmental performance index. Based on a dynamic panel model, their findings support conditional β-convergence in carbon dioxide emissions intensity across industrial sectors with the results from σ-convergence providing mixed results. Further analysis based on the club convergence approach indicates the emergence of two convergence clubs.



DATA, METHODOLOGY, AND RESULTS


Data

Data was obtained from the World Bank Development Indicators from the period 1971 to 2014 for six Central American countries: Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama. Carbon dioxide emissions intensity is given as emissions in kg per GDP in 2010 U.S. dollars; energy intensity is defined as the ratio of per capita energy use to per capita GDP in 2010 U.S. dollars; and the carbonization index is measured as kg per kg of oil equivalent energy use5.

Table 1 displays the summary statistics associated with each measure. With respect to carbon dioxide emissions intensity in Panel A of Table 1, the average ranges from a low of 0.2177 in Costa Rica to a high of 0.4550 in Nicaragua with the variation (standard deviation) ranging from 0.0230 in Costs Rica to 0.1061 in Nicaragua. A similar pattern emerges with respect to energy intensity in Panel B of Table 1, as the average ranges from a low of 0.1142 in Costa Rica to a high of 0.3432 in Nicaragua with the variation (standard deviation) ranging from 0.0102 in Costa Rica to 0.0744 in Nicaragua. However, the carbonization index in Panel C of Table 1 reveals the average ranges from a low of 1.1875 in El Salvador to a high of 2.0988 in Panama with the variation (standard deviation) ranging from 0.2002 in Costa Rica to a high of 0.3473 in Honduras.


Table 1. Summary statistics.
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To provide a visual context to the time series behavior of respective measures, we observe in Figure 1 that carbon dioxide emissions intensity has historically been higher in Honduras and Nicaragua with emissions intensity declining somewhat over time for Panama. A similar pattern emerges with respect to energy intensity in Figure 2, though the countries are not as closely clustered as in the case of carbon dioxide emissions intensity. Finally, the carbonization index shown in Figure 3 reveals that while the carbonization index is higher in both Costa Rica and Panama there has been a decline since the late 1990s in Costa Rica while the other four Central American countries (El Salvador, Guatemala, Honduras, and Nicaragua) have shown an increase since the early 1990s.


[image: Figure 1]
FIGURE 1. Carbon dioxide emissions intensity.
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FIGURE 2. Energy intensity.
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FIGURE 3. Carbonization index.




Methodology and Results

We follow Camarero et al. (2013) and Apergis and Payne (in press) in the use of the time-varying common factor model of Phillips and Sul (2007, 2009) to identify convergence toward a common trend among the six Central American countries with respect to carbon dioxide emissions intensity, energy intensity, and the carbonization index6. Specifically, the time-varying common factor is defined as:

[image: image]

where yit is CO2 emissions intensity (as well as energy intensity and the carbonization index) of country i at time t; μt is a common factor or trend component in the panel; and δit is a time-varying idiosyncratic component that captures both time and individual specific effects. In semi-parametric form, δit is given as follows:

[image: image]

where δi is fixed; ξit ~ iid(0, 1) is weakly dependent over time t varying across countries i = 1, 2, …, 6; σi is an idiosyncratic scale parameter; and L(t) is a slowly varying function of time where L(t) → ∞ and t → ∞7.

The null hypothesis of convergence is HO:δi = δ and αi ≥ 0 against the alternative hypothesis HA:{δi = δ for all i with αi < 0 } or {δi ≠ δ for some i with αi ≥ 0 or αi < 0}. Moreover, yit and μt do not require either variable to be stationary or non-stationary. Phillips and Sul (2007, 2009) employ the quadratic distance measure, Ht, as follows:

[image: image]

where hit represents the relative transition coefficient,

[image: image]

which captures the transition path relative to the panel average. When there is a common or limiting transition behavior across individual countries (hit = ht across i), convergence occurs when hit → 1 for all i as t → ∞, but when convergence is absent the distance remains positive as t → ∞.

We set L(t) = logt in the decay model (2) so the empirical log t regression can be used to test for convergence clubs as follows:

[image: image]

for t = rT, rT + 1, …, T where r > 0 set on the interval [0.2, 0.3]. For [image: image], the null hypothesis is based on a one-sided test of [image: image] against [image: image]8.

The Phillips and Sul (2007, 2009) procedure uses a clustering algorithm to identify convergence clubs within the panel defined as follows:

(i) Order the N countries' measures based on the final values of their times series observations;

(ii) Starting from the highest-order country, add adjacent countries from the ordered list and estimate regression (5), followed by identifying a core group using the cut-off point criterion: [image: image] subject to [image: image], for k = 2, 3, …, 6;

(iii) Add one country at a time from the remaining countries to the core group, and re-estimate (5) using the sign criterion ([image: image]) to determine whether a country joins the core group; and

(iv) For the case of the remaining countries, repeat the above steps iteratively until clubs can no longer be formed.

Based on this iterative procedure each club is associated with its own convergence path. If the countries that do not exhibit convergence, they form a non-converging club.

Table 2 reports the results from the Phillips and Sul (2007, 2009) club convergence approach for carbon dioxide emissions intensity, energy intensity, and the carbonization index9. In Panel A, the first row displays the results from testing full panel convergence (i.e., across all six countries) in the case of carbon dioxide emissions intensity. The coefficient estimate is [image: image] with a t-statistic, [image: image], which is negative and statistically significant at the 1% level, thus rejecting the null hypothesis of full panel convergence. Based on this result, we proceed with the clustering algorithm to identify distinct convergence clubs. The first club (Club 1) consists of Costa Rica, El Salvador, Guatemala, and Honduras with [image: image] and [image: image], which fails to reject the null hypothesis of convergence with the second club (Club 2) comprised of Nicaragua and Panama with [image: image] and [image: image]


Table 2. Club convergence results.
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The first row of Panel B reports the findings for full panel convergence in the case of energy intensity. The coefficient [image: image] and [image: image] indicates rejection of the null hypothesis of full panel convergence. In the second row of Panel B, the results regarding club convergence reveals the first club (Club 1) includes Costa Rica, El Salvador, Guatemala, and Honduras with [image: image] and [image: image], which fails to reject the null hypothesis of convergence. The third row of Panel B identifies the second convergence club (Club 2) that includes Nicaragua and Panama with [image: image] and [image: image]. Finally, the null hypothesis of full panel convergence with respect to the carbonization index, shown in the first row of Panel C, is rejected with [image: image] and [image: image]. The results from the clustering algorithm identifies only one convergence club (Club 1) of Costa Rica, El Salvador, Guatemala, Honduras, and Nicaragua with the coefficient estimate of [image: image] and [image: image] while Panama is considered non-convergent. Based on the convergence results, both carbon dioxide emissions intensity and energy intensity each yield two convergence clubs consisting of the same groups of countries whereby each club converges to a different steady state. On the other hand, the carbonization index reveals the emergence of a single convergence club whereby the countries within the club converge to a unique steady state with the exception of Panama which exhibits non-convergent behavior.




CONCLUSION AND POLICY IMPLICATIONS

Given the growing concerns surrounding the environmental impacts of carbon dioxide emissions, policymakers and researchers are very much interested in developing mitigation strategies to lower the growth rate of carbon dioxide emissions. A key aspect to such efforts relates to the convergence properties of carbon dioxide emissions across countries. In this regard, an extensive literature has emerged on the convergence of per capita carbon dioxide emissions. Indeed, the acceptance of per capita emission allocation strategies depends on the convergence or divergence of per capita emissions across countries. Specifically, countries are less likely to have concerns related to the relocation of emissions-intensive industries or the resource transfer through international trading of emissions allowances if per capita emissions converge.

However, Aldy (2006) points out the political aspects of such emission allocation approaches. For instance, countries will lower per capita emissions (i.e., developing countries as in the case of Central America) expect countries with higher per capita emissions to bear a greater burden in terms of the mitigation efforts toward climate change, which in turn may affect multilateral climate change agreements. Alternatively, Rios and Gianmoena (2018) note that the Paris 2015 agreement proposes that contributions to the mitigation of carbon dioxide emissions be nationally determined based on country specific characteristics, which contrasts with the more egalitarian principle that each individual should have an equal right to pollute10.

As such, the literature has been focused on evaluating the convergence of per capita carbon dioxide emissions with studies primarily oriented toward large multi-country analysis or studies defined by institutional structure (for instance OECD or EU countries), rather than studies specific to a geographical area. Moreover, the focus of these studies on the convergence of per capita carbon dioxide emissions ignores to some degree the unique country specific characteristics pertaining to energy efficiency, energy mix, and overall economic structure. This study addresses these points in the analysis of the convergence of carbon dioxide emissions intensity and its determinants with respect to Central America.

Recognizing the importance of the different growth dynamics of each country and the possibility of different steady states among groups of countries within Central America, we employ the Phillips and Sul (2007, 2009) club convergence approach in our analysis. We find that the results from the club convergence approach rejects the null hypothesis of overall panel convergence for carbon dioxide emissions intensity, but identifies two convergence clubs with the first club comprised of Costa Rica, El Salvador, Guatemala, and Honduras and a second club of Nicaragua and Panama. In terms of energy intensity, we also reject the null hypothesis of overall panel convergence with the two distinct convergence clubs similar to those found in the case of carbon dioxide emissions intensity. Though we reject the null hypothesis of overall panel convergence with respect to the carbonization index, only one convergence club emerges that comprises Costa Rica, El Salvador, Guatemala, Honduras, and Nicaragua with Panama exhibiting non-convergent behavior.

In light of the convergence results, it appears that the differences in the convergence of carbon dioxide emissions intensity is driven more by the differences in the carbonization index, representing the energy mix rather than differences in energy intensity. Indeed, the non-convergent behavior observed in Panama with respect to the carbonization index is not surprising given that Panama's net energy imports as a percentage of total energy use and fossil fuel as a percent of total energy consumption usage far exceeds the other Central American countries. While the Central American region is blessed with hydroelectric resources, the continued move toward the expansion of other renewable energy sources as an alternative to the reliance on imported oil along with improvements in energy efficiency is certainly desirable in reducing carbon dioxide emissions. In response to the long-term risks associated with greenhouse gas emissions and climate change, a more comprehensive public policy approach is warranted. More specifically, the appropriate incentives to nurture structural changes in production processes and consumption behavior that reduce risks associated with climate change while promoting a transition to environmentally sustainable economies is certainly a desired outcome. The implementation of natural resource management and environmental protection policies that encourages a more diversified “green” production portfolio through the adoption of clean technologies that reduce the region's carbon footprint is needed. Furthermore, given the relatively high levels of poverty within Central America, government policies that address poverty and income inequality would lessen the environmental impact of climate change on the region's most vulnerable segment of the population (Economic Commission for Latin America the Caribbean, 2018).
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FOOTNOTES

1Zhou and Wang (2016) provide a review of the various carbon dioxide emissions allocation mechanisms.

2Solarin (2014) investigates convergence of per capita CO2 emissions for 39 African countries with mixed results. Robalino-Lopez et al. (2016) identify two convergence clubs with respect to per capita CO2 emissions for 10 South American countries within the context of Kaya decomposition. Tiwari and Mishra (2017) examines the level of CO2 emissions for 18 Asian countries finding support for convergence.

3Belize is omitted from our analysis give the availability of data.

4Carbon dioxide emissions intensity,[image: image], can be decomposed into energy intensity, [image: image], and the carbonization index, [image: image].

5The time period is constrained to 1971 to 2014 due to the availability of data for the countries included in our analysis.

6Note that prior to the implementation of the club convergence approach, the Hodrick and Prescott (1997) filter is applied to extract the trend component of the respective time series.

7The parameter α is the rate at which the cross-section variation decays over time to zero.

8The least squares estimates of b are based on heteroskedasticity and autocorrelation consistent standard errors to avoid estimates that may be weakly time-dependent. Also note that −2logL(t) serves as a penalty function with the omission of this term under the alternative hypothesis yielding an upward bias on the least squares estimate of b.

9Phillips and Sul (2007) suggest that r = 0.3 is a satisfactory selection in terms of both size and power.

10These points draw from the survey of the emissions convergence literature by Payne (2019).
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Club 1: Costa Rica, El Salvador, Guatemala, Honduras
b = —1.4611t; = ~1.482

Club 2: Nicaragua, Panama

b =-1991t; 173

Panel B: energy intensity

Full sample: Costa Rica, El Salvador, Guatemla, Honduras, Nicaragua, Panama
b = —1449t; = —2.062

Club 1: Costa Rica, El Salvador, Guatemala, Honduras

57315 = ~1.365

Club 2: Nicaragua, Panama

6 = —1.409 t; = —1.088

b=

b=

Panel C: carbonization index
Full sample: Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, Panama
1366 t; = —1.984

Club 1: Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua

b =-1.375t = 1281

b=

Non-convergence club: Panama

Test for the one-sided nuil hypothesis b > 0 against b < 0, the analysis makes use of the
critical value tg,g = — 1.65156.
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Country Mean Median Min. Max. Std. dev.

Panel A: carbon dioxide emissions intensity

CostaRica 02177 02197 01656 02768 00230
ElSabador 02762 02845  0.1551 04012 00875
Guatemala 02706 02653 01844 03827 00510
Honduras 04274 03949 02756  0.5929 0.0929
Nicaragua 0.4550 0.4678 0.2803 0.6322 0.1061
Panama 03489 03346 02178 05576 00816
Panel B: energy intensity

CostaRica 04142  0.1124  0.4006  0.1360 00102
ElSabador 02816 02817 01772 02854 0.0280
Guatemala 02268 02243 02010 02760 00161
Honduras 03190 03144 02844 03780 00227
Nicaragua 03432 03483 02121 04688 00744
Panama 01716 01548 01083 03228 00562
Panel C: carbonization index

Costa Rica 1.9131 1.9066 1.5689 23119 0.2002
ElSabador 11876 12219 05924 15905 03257
Guatemala  1.1921 14437 08981 16116 02048
Honduras 1.3551 12080 08762 18735 03473
Nicaragua 18377 18244 07473 16382 02037
Panama 20088 2.1663 14948 26986 03251

Min., Max, and Std. Dev. represent the minimum value, maximum value, and standard
deviation, respectively.
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