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Abstract 4 

A lot has been discussed about the greenhouse gases (GHGs) emissions in the existing studies, the study on the club 5 

convergence of GHGs emissions is limited particularly for the agriculture sector. This study tries to investigate the 6 

convergence hypothesis across 93 countries spanning 1980-2017. To examine the convergence hypothesis, we 7 

implement the novel Phillips and Sul test. Results obtained from this test show the evidence of divergence when we 8 

consider all 93 countries as a group. This implies that GHGs across the countries are following different convergence 9 

paths. To capture this, we further apply clustering algorithms and results show the existence of five clubs of 10 

convergence and one group stating the need for altered the polices at the club level to achieve a single steady-state in 11 

GHGs emission. Moreover, our findings recommend that the mitigation policies would be considered the presence of 12 

different clubs of regions with different convergence paths in terms of GHGs emissions and account for the 13 

distributional effect of transfers across countries. 14 
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1. Introduction 33 

In recent years, an increase in greenhouse gases (GHGs) emission a major concerned among policymakers and 34 

researchers across the countries (Ivanovski and Churchill, 2020). As a result, policymakers are dedicated to implement 35 

such policies which reduce the GHGs emission as per the United Nations Framework Convention on Climate Change 36 

(UNFCCC). Further, an array of new schemes and reduction targets of GHGs emission are added at the global level 37 

during the Kyoto Protocol and it is continuing and trending until now to target the emission level (Friedlingstein et 38 

al., 2014; Cui al., 2014; Ivanovski and Churchill, 2020). Notwithstanding of these schemes and reduction-targets, 39 

GHGs remain high when it supposed to be low. At a global level, it is noted that over 36 billion tonnes of CO2 40 

emission produced per year (Olivier and Peters, 2020; Ritchie and Roser, 2019). While looking at the agriculture 41 

sector, it is observed that agriculture, forestry and land use accounts for 18.4% of GHGs emissions in 2020 (Ritchie 42 

and Roser, 2019). In other words, agriculture is found to be a substantial contributor to climate change. Both crop and 43 

lives stock activities contribute around 5 billion metric tonnes of CO2 to the atmosphere each year.  Similarly, land 44 

use in agriculture releases a similar amount per year. Emission from the agriculture and allied sector in total signifies 45 

one-fourth of the total from all economic activities (Tubiello, 2019). 46 

Looking at the historical data, it is found that GHGs from the agriculture sector approximately doubled from 47 

1961 to 2016. In particular, it has increased from 2752 to 5294 Mt CO2eq yr-1. At the same time, global emissions 48 

kept increasing. In Table 1 and Figure 1, we produce the GHGs emission decade wise. From Table 1 and Figure 1, we 49 

noticed that the world, AI and NAI follows a different pattern in terms of GHGs over the decades.  50 

Insert Table 1 51 

Moreover, while looking it at a regional level, such amount is much higher particularly in developing countries where 52 

total agriculture emissions is more than half of total emissions (Tubiello, 2019). For instance, according to FAOSTAT 53 

database in 2017, the trend of emission in developed (AI) countries was increasing until the 1980s and it has started 54 

declining after 1980s.  55 

Insert Figure 1 56 

Insert Figure 2 57 

On the contrary, in the case of developing (NAI) countries has an increasing trend and it is approximately doubled 58 

since the 1960s. The major key component of GHGs emission in the agriculture sector is chemical fertilizers, Co2, 59 

methane and, nitrous oxide.  Further, In Figure 2, we display the average decadal GHGs of different regains to Global 60 

GHGs emissions in percentage. It is noted that Asia continent holds the first positions in contributing to the global 61 

GHGs during the 1960s (around 35%) and 2010s (43%). Whereas the Americas continent holds the second position 62 

in terms of contributing to world GHGs during the 1960s and 2010s. Europe and Oceania both are the lowest 63 

contributors to the global GHGs, particularly in recent decades. All the above graphs and Table reflect the regional 64 

disparities in terms of GHGs emission in the agriculture sector, even it is more severe at the country level (Kearney, 65 

2010).  66 
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Overall, it can be concluded that both the increasing importance of agriculture and environmental 67 

consequence on the world stage, a huge disparity in GHGs emission has been noticed across the countries1 which 68 

motivates us to capture the heterogeneity of GHGs emission in the agriculture sector across the 93 countries for the 69 

period 1980-2017 by employing the convergence hypothesis. Examining the convergence hypothesis of GHGs 70 

emissions at the country level is plays an important role in climate change protection policies (Ghassen El-Montasser 71 

et al. 2015). The convergence hypothesis is primarily driven from the concept of prediction of the environmental 72 

Kuznets curve (EKC) hypothesis which is propounded by Brock and Taylor (2003; 2010). Three reasons have been 73 

explicitly mentioned in the literature in favour of why countries converge in emission (or environmental values): First, 74 

gross domestic product (GDP) growth worsens the environmental quality at the initial stage (Ulucak and Apergis, 75 

2018). In the final stage (when GDP growth reaches at threshold), it enhances the environmental quality and leads to 76 

a reduction in emission level (Brock and Taylor, 2003). Moreover, rising in GDP per capita leads to reduce the 77 

disparities in emissions level across the countries. We called it “convergence” based on the EKC hypothesis (Strazicich 78 

and List, 2003). Second, the convergence hypothesis is also “based on the global mitigation policies to halt global 79 

warming and climate change as per the guidelines of Intergovernmental Panel on Climate Change, (IPCC), and 80 

international agreements, like Kyoto Protocol (Aldy, 2006)”. An increase/decrease disparity in the GHGs emissions 81 

across the countries affect the design and implementation of mitigation policies and the principles used to share the 82 

burden of emission reduction. Apergis et al. (2017) state that if the disparities in GHGs emissions decline (when their 83 

overall growth dampens), the distributional impact of the mitigation policies will be less concerning for the 84 

policymakers because transfers are reduced across the countries as they converge (Burnett 2016; Apergis and Garzón, 85 

2020). On the contrary, “if differences increase in GHGs emissions, mitigation policies might have distributional cost 86 

across countries implying increasing transfers or reallocation of emission-intensive agriculture sector”. Thus, 87 

authorities should consider the nations’ emissions disparities while designing the mitigation policies (Burnett 2016; 88 

Apergis and Payne 2017).  Third, slower GDP growth is connected initial of pollution, intensity or concentrations 89 

emissions (Stern, 2015).    90 

Bulk of the studies examined the “environmental convergence focusing on the ecological footprint (EF) or 91 

carbon emissions CO2 or GHGs at the aggregate level” (See, Strazicich and List, 2003; Westerlund and Basher, 2008; 92 

Lee and Chang, 2009; Barassi et al., 2011; Acar and Lindmark, 2017; Apergis and Payne, 2017; Bilgili and Ulucak 93 

2018; Rios and Gianmoena, 2018; Bilgili et al., 2019; Ulucak and Apergis, 2018; Haider and Akram, 2019a, 2019b; 94 

Ulucak et al., 2019; Churchill et al. 2018, 2020; Ivanovski and Churchill, 2020; Ulucak et al., 2020; Apergis and 95 

Garzón, 2020; Bhattacharya et al., 2020; Haider, et al. 2021; among others). However, the study on the GHGs 96 

emissions convergence for the agriculture sector across a large set of countries is limited.  97 

Hence, the present study bridges the above research gap and adds existing studies. In the previous literature, 98 

GHGs emissions in the agriculture sector is less discussed. In particular, we contribute to the Ivanovski and Churchill, 99 

(2020) and Apergis and Garzón, (2020) into three-folds. First, Ivanovski and Churchill, (2020) examine the GHGs 100 

emissions convergence in case Australia over the period 1990 to 2017 and their findings show evidence of 101 

                                                           
1Kindly see the FAOSTAT database.  
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convergence. While, Apergis and Garzón, (2020) studied the same hypothesis for Spain for the period 1990 to 2017. 102 

They conclude the evidence of convergence. Apergis and Garzón, (2020) and Ivanovski and Churchill, (2020) do not 103 

study the GHGs emission convergence across the countries rather their emphasis was on the individual country at the 104 

sub-national level. In our study, we consider a total of 93 countries for broader policy insights. Second, both the studies 105 

(Apergis and Garzón, 2020; Ivanovski and Churchill, 2020) examined the GHGs emission convergence by taking the 106 

total GHGs at the sub-national level. In our study, we take the agricultural GHGs emissions which is still unexplored 107 

in the existing literature. Studying the environmental convergence of the agriculture sector is vital because it is one of 108 

the major contributors to the global GHGs emissions level (Tubiello, 2019) as discussed above. Also, a huge disparity 109 

is observed across countries in terms of agriculture’s GHGs emissions. As a result, this might affect nations mitigation 110 

polices. Thus, “it may be expected that countries with lower initial GHGs might show faster GHGs emissions”. Third, 111 

we considered the GHGs emissions as a percentage of valued added in the agriculture sector unlike Apergis and 112 

Garzón, (2020) and Ivanovski and Churchill, (2020) because measuring the GHGs emission in per unit value-added 113 

gives better information of the agriculture sector and evades the issue of double-counting (Randers, 2012). Thus, 114 

differs from the existing studies in terms of measuring the GHGs emissions in the agriculture sector.    115 

We use the novel club convergence notion advance by Philips and Sul (2007, 2009) to attain the objectives 116 

of this study. In other words, this study does not rely on the neoclassical single steady state-growth model (See, Solow, 117 

1956) which indicates that “lower initial growth countries grow rapidly and meet to the developed countries. This is 118 

known as the β-convergence approach (Haider, et al. 2021). Empirically, if β is found to be negative and significant, 119 

one can suggest evidence of convergence. Moreover, countries that have lesser capital, grow faster than the countries 120 

which are rich in the capital (Barro and Sala-i-Martin, 1992). Whereas, conditional convergence suggests that 121 

“convergence will be conditioned on country-specific heterogeneous factors like an endowment, technological 122 

progress, population growth, saving rate, etc”. Overall, a single study is assumed by the classical theories where 123 

countries converge to a single equilibrium. However, this may not be the case in the real world, where countries 124 

growth is uniform (Ulucak and Apergis, 2018; Apergis, 2018) rather they might have specific or unique transition 125 

paths (See, Durlauf and Johnson, 1995; Phillips and Sul, 2007). Thus, our paper account for the disparate nature of 126 

countries as a “wide range of recent studies mentions that countries differ in technology and resources to improve 127 

environmental quality” which lead to differences in the transition paths. 128 

The remainder of the paper is as follows: Section 2 describes the methodology and data description; Section 129 

3 illustrates the empirical results and the final section concludes. 130 

2. Methodology and data description  131 

2.1. Convergence Approach by Phillips and Sul (2007; 2009, hereafter PS) 132 

In order to achieve the goal of the paper, this study uses the PS to identify the transition path and speed of convergence 133 

across the selected countries. This methodology is based on the clustering algorithm that identifies the club 134 

endogenously. This test is widely implemented in the energy and emissions literature. This test is distinct in a way 135 
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that it provides multiple equilibria by accounting for the heterogeneity across the countries (Tian, Zhang, Zhou and 136 

Yu, 2016) 137 

Begin with a single factor equation of 𝐺𝐻𝐺𝑠𝑖𝑡 , where i signifies the nations and t embodies the time.  138 𝐺𝐻𝐺𝑠𝑖𝑡 = 𝛿𝑖𝜗𝑡 + 𝜀𝑖𝑡                                                                               (1) 139 

Where 𝛿𝑖 is evaluating the idiosyncratic distance between some common factor 𝜗𝑡 and the systematic part of 𝑌𝑖𝑡 . Here, 140 𝜗𝑡 personifies the common behaviour of the dependent variable (𝐺𝐻𝐺𝑠𝑖𝑡) which is nothing but a common variable of 141 

influence on the country (individual) behaviour. 𝜀𝑖𝑡 is the error term in the model. 142 

To make the above model a time-varying representation of factors, a random factor 𝛿𝑖𝑡 is added which absorbs the 𝜀𝑖𝑡 143 

and at the same time highlights the possible convergence behaviour of 𝛿𝑖𝑡  in relation to common factor (𝜗𝑡) across 144 

the time. The new model is: 145 𝐺𝐻𝐺𝑠𝑖𝑡 = 𝛿𝑖𝑡𝜗𝑡                                                                                       (2) 146 

The panel decomposition will include common (𝐴𝑖𝑡)and idiosyncratic (𝐵𝑖𝑡) components as: 147 𝐺𝐻𝐺𝑠𝑖𝑡 = 𝐴𝑖𝑡 + 𝐵𝑖𝑡                                                                                 (3) 148 

The common and idiosyncratic components in the model are separated by multiplying and dividing the above model 149 

with a common factor (𝜗𝑡) 150 

𝐺𝐻𝐺𝑠𝑖𝑡 = (𝐴𝑖𝑡 + 𝐵𝑖𝑡𝜗𝑡 ) 𝜗𝑡 = 𝛿𝑖𝑡𝜗𝑡                        ∀𝑖, 𝑡                       (4) 151 

Though 𝛿𝑖𝑡 is indicating a time-varying idiosyncratic element, but it also measures the relative share of individuals at 152 

different-different time periods. In other words, 𝛿𝑖𝑡  indicates heterogeneous and time-varying transition paths of 153 

individuals. The long-run convergence in two series can be there if their factor loadings converge (𝛿𝑖𝑡 → 𝛿). The 154 

common factor (𝜗𝑡) can be removed through the rescaling to the panel average. 155 

 156 

ℎ𝑖𝑡 = ( 𝐺𝐻𝐺𝑠𝑖𝑡1𝑁 ∑ 𝐺𝐻𝐺𝑠𝑖𝑡𝑁𝑖=1 ) =  ( 𝛿𝑖𝑡1𝑁 ∑ 𝛿𝑖𝑡𝑁𝑖=1 )                                                  (5) 157 

Here, ℎ𝑖𝑡 draws the transition path of a particular economy in relation to the panel average. To construct the algorithm 158 

of club convergence, the following assumption is required:   159 𝛾𝑖𝑡 = 𝛾𝑖 + 𝜎𝑖𝑡𝜉𝑖𝑡                                                                                         (6) 160 

Where 𝜎𝑖𝑡 = 𝜎𝑖𝐿(𝑡)𝑡2 , 𝜎𝑖 > 0, 𝑡 ≥ 0 and 𝜉𝑖𝑡  weakly dependent over t, and independent identically distributed (iid) (0, 1) 161 

over 𝑖. The log(t) function varies steadily and increasing and diverging to the at infinity. Further, PS has suggested the 162 

null and alternative hypothesis of 𝛾𝑖𝑡for all 𝑖 as follows:  163 𝑁𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠, 𝐻0: 𝛾𝑖 = 𝛾, 𝑎 > 0 164 

Versus  165 
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A𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠: 𝐻0: 𝛾𝑖 ≠ 𝛾, 𝑜𝑟 𝑎 < 0 166 

As per this methodology, the null hypothesis of convergence can be rejected if the calculated value is less than the 167 

critical value (-1.65). Phillips and Sul (2007) call the one-sided 𝑡-test, which is based on 𝑡�̂� , the log t-test due to the 168 

presence of the 𝑙𝑜𝑔(𝑡) repressor in Equation (7).  169 

PS has suggested the following regression model to test the null of convergence.    170 

𝑙𝑜𝑔 (𝐻1𝐻𝑡 ) − 2𝑙𝑜𝑔𝐿(𝑡) = �̂� + �̂� log 𝑡 + �̂�𝑡                                                (7) 171 

Here, 𝑡 = [𝑟𝑇], [𝑟𝑇] + 1, … … , 𝑇 and 𝑟 > 0;  𝐻𝑡 = 1𝑁 ∑ (ℎ𝑖𝑡 − 1)2𝑁𝑖=1  and �̂� = 2�̂�. �̂� refers to the least square parameter 172 

of a. In the case of null hypothesis, the 𝑌𝑖𝑡  diverge when a>0 or a=0. In this case, convergence can be tested by t-test 173 

of the inequality, a>0. The 𝑡-test statistic follows the standard normal distribution asymptotically and is constructed 174 

using heteroscedasticity and autocorrelation. We select the 𝑟 = 0.33 based on the recommendation of PS2.    175 

2.2. Data description 176 

This study uses the GHGs dataset for 93 countries which are extracted from the Food and Agriculture Organization 177 

Corporate Statistical Database (FAOSTAT) for the period 1980 to 2017. The selection of the sample of the countries 178 

and period is selected based on the data availability. Agriculture, forestry, and fishing, value added (at constant 2010 179 

US$) is collected from the World Bank Indicator (WDI) published world bank. GHGs kg emission is measured in per 180 

unit value added to measure the correct agriculture size.  181 

3. Empirical results  182 

This section starts with an opening analysis based on mean, standard deviation, maximum, and minimum for an 183 

aggregate panel consisting of 93 countries and club-wise. The results reported in Table 2 show that the mean value of 184 

GHGs kilograms (kg) in per unit of value-added of the aggregate panel is found to be 3.53 kilogram per unit value-185 

added. While looking at the mean of GHGs club wise, we notice that Club 1 countries have the highest mean GHGs 186 

emissions compared to Clubs 2, 3, 4 and 5. The reason for high GHGs emissions for Club 1 because it consists of the 187 

majority of African and some American countries where GHGs emissions is found to be major concerns as mentioned 188 

by FAO, (2020) report. While in the case of Club 6, we note lowest mean GHGs emission in per unit value added 189 

because this club includes two countries which have low-level GHGs emission. Further from standard deviation, it is 190 

found that Club 1 countries are highly volatile whereas Club 5 countries less volatile. Similarly, a gap between is more 191 

widen in the case of Club 1. A low gap is noticed in Club 6.  192 

Insert Table 2 193 

Overall, from summary statistics, we noticed that each club has a distinct mean value of GHGs emissions. 194 

This implies that a single steady framework may not provide consistent results and it is unreal to believe that all 195 

countries converge to an equilibrium (See, Durlauf and Johnson, 1995; Phillips and Sul, 2007). Thus, this study next 196 

                                                           
2Detailed steps of convergence test can be found in Phillips and Sul (2007; 2009).  
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use Phillips and Sul, (2007) test to check the convergence hypothesis. The results of Phillips and Sul, (2007) is reported 197 

in Table 3. Column 2 labels the list of countries in clubs. Column 3 includes estimated coefficients (�̂�) of each clubs 198 

and column 4 provides the calculated 𝑙𝑜𝑔(𝑡) values based on that one rejects the null of convergence. Final column 199 

labels the decision on the null of convergence. Results indicate no evidence of convergence for the aggregate panel 200 

because calculated value 𝑙𝑜𝑔(𝑡�̂�) = −14.36 is lesser than critical value 𝑙𝑜𝑔(𝑡𝑏) = −1.65. Thus, we reject the null of 201 

convergence implying no evidence of single steady states. This further suggests using the clustering algorithms to find 202 

evidence of multiple equilibria. Results show the existence of eight clubs that are converging to their own steady-state 203 

and one group.  204 

Insert Table 3 205 

Insert Table 4 206 

As suggested by PS that clustering technique may outperform and create a greater number of clubs than a true number 207 

because the formation of clubs is based on sign criteria. To resolve this problem, the clustering algorithm is reapplied 208 

between adjacent club. Findings reported in Table 4 show the evidence Club 2 is merging with Club 3, Club 3 is 209 

merging with Club 4 and Club 4 is merging with Club 5. After identifying the mergence between the clubs, we discuss 210 

the final clubs in Table 5. Our findings suggest the existence of five final clubs. Club 1 includes Belize, Bolivia, 211 

Botswana, Bulgaria, Burkina Faso, Burundi, Congo, Cuba, El Salvador, Fiji, Gambia, Iraq, Kenya, Lesotho, Malawi, 212 

Mali, Mauritania, Mongolia, Namibia, Nicaragua, Pakistan, Senegal, Sierra Leone, Singapore, Togo, Trinidad and 213 

Tobago, Uganda, Zambia, and Zimbabwe. In other words, it includes African and some American countries where 214 

GHGs emissions is found to be major concerns as mentioned by FAO, (2020) report. Club 2 includes Argentina, 215 

Australia, Bangladesh, Benin, Bhutan, Brazil, Cameroon, Colombia, Cyprus, Denmark, Dominican Republic, 216 

Eswatini, France, Gabon, Guatemala, Guyana, Honduras, India, Indonesia, Mexico, Mozambique, Nepal, New 217 

Zealand, Panama, Peru, Philippines, Rwanda, Saint Lucia, South Africa, Thailand, and Tonga. These set of countries 218 

have low GHGs emissions in per value-added compared to Club 1’s countries. Likewise, Clubs 3, 4 and 5 have 219 

relatively low GHGs emissions level in per value-added.   220 

Insert Table 5     221 

For better understanding, we plot the transition paths along with the stability line for each club over the years in Figure 222 

3. It is visualized from Figure 3 that Cub 1’ countries following an increasing trend and it lies above the stability line 223 

(i.e., black line). Whereas the rest of the club following a decreasing trend and below the stability line. These findings 224 

suggest that Club 1’s countries can adopt the policies and programme of Club 2, 3, 4 and 5 related GHGs reduction 225 

of the agricultural sector. Moreover, our findings suggest that the mitigation policies would be considered the presence 226 

of different clubs of regions with different convergence paths in terms of GHGs emissions and account for the 227 

distributional effect of transfers across countries. Moreover, a common policy may not be appropriate to reduce the 228 

GHGs emissions in the agriculture sector across the countries. Our findings can be compared with many existing 229 

studies such as (Apergis and Payne, 2017; Ivanovski and Churchill, 2020).  230 

Insert Figure 3 231 
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 232 

 233 

4. Conclusions  234 

This study addressed a vital issue of the environment by emphasizing on the GHGs emissions of the agriculture sector. 235 

In particular, we studied the convergence hypotheses of GHGs in per unit value added across 93 countries for the 236 

period 1980 to 2017. We employed Philips and Sul panel club convergence test to achieve the goal of the study. The 237 

results derived from the Philips and Sul panel club convergence showed the existence of five final clubs. Each of the 238 

club following different transition paths or converging to their own steady states. This suggests that the neoclassical 239 

framework of a single steady is invalid in this case. 240 

Our findings suggest the following policies: (i) The agriculture of policies GHGs may follow the distinctive 241 

convergence paths for each club. Further, it can be suggested to the policymakers of Clubs 1, 2, 3, and 4 countries 242 

may follow the agricultural-related policies of Club 5 countries where GHGs emission found to be relatively low. In 243 

other words, our findings suggest that poor and developing countries should introduce suitable policies and may follow 244 

the successful policies (related to cleaner-energy) of those countries (Club 5 countries) that have low GHGs emissions; 245 

(ii) GHGs in the agriculture sector might be reduced by following the following strategies: Improving the efficiency 246 

of this sector, innovation and technological advancement in agriculture sector may further help to reduces the GHGs 247 

emissions, reducing deforestation; utilizing alternative cleaner sources of energy in the agriculture sector by providing 248 

subsidies, etc. (Solorin et al. 2019; Haider, et al. 2021); (iii) Poverty seems to be one of the issues in lower- and 249 

middle-income countries that put at risk the process of sustainable development. The use of low-cost energy 250 

production technology in the agriculture sector appears to be a viable solution in the reduction of GHGs emissions.  251 
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 354 
Figure 1: Plot the decadal GHGs emission. Note: Author’s plot based on the FAOSTAT database 355 

 356 

 357 

 358 

 359 

Figure 2: Decadal averages, regarding the period 1961–2016, of the percent (%) contributions of regional emissions 360 

to global GHGs emissions from agriculture, shown for two decades: 1960s and 2010s. Source: FAOSTAT database 361 

(FAO, 2018), domain: Emissions-Agriculture. More details of the same can be found in Tubiello, (2019).   362 
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Figure 3: This figure indicates the transition paths of GHG emissions across the clubs. We observed that GHG 365 

emission level of Clubs 3, 4 and 5 countries have been decreasing over the years. These countries can be the policy 366 

guiding countries for Club 1 countries where GHG emission level is found to be relatively high (or above the stability 367 

line).   368 

 369 

Table 1: Mean of total world GHG emission at decadal level (Mt CO2eq yr-1) 370 

 1980s 1990s 2000s 2010s 

World  3995  4593  4818  5183 
AI 1536  1376  1261  1240 
NAI 2460  3216  3557 3943 

Note: AI=Annex I countries; NAI= Non-annex I countries to the UNFCCC. Source: FAOSTAT database (FAO, 2018), 371 

domain: Emissions Agriculture. 372 

 373 

 374 

Table 2: Summary statistic of GHGs of agriculture sector 375 

Statistics  Full sample  Club 1 Club 2 Club 3 Club 4 Club 5  Group  

Mean 3.53 6.05 3.30 1.31 1.15 0.26 11.17 
Std. 4.80 7.33 2.17 0.86 0.64 0.11 2.77 
Minimum  0.04 0.17 0.21 0.04 0.28 0.13 6.54 
Maximum  74.66 74.66 19.18 5.62 3.75 0.55 15.32 
Observation  3534 1102 1178 1026 114 76 38 

Note: GHGs kg emission is measured in per unit value added. 376 

 377 
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Table 3: Club convergence across the countries   378 

Clubs Regions �̂� Log(t) Decision  

Full Samples All countries -0.64   -14.36 Divergence  
Club 1 Belize, Bolivia, Botswana, Bulgaria, Burkina Faso, 

Burundi, Congo, Cuba, El Salvador, Fiji, Gambia, Iraq, 
Kenya, Lesotho, Malawi, Mali, Mauritania, Mongolia, 
Namibia, Nicaragua, Pakistan, Senegal, Sierra Leone, 
Singapore, Togo, Trinidad and Tobago, Uganda, Zambia, 
Zimbabwe 

-0.08 -1.24 Convergence  

Club 2 Argentina, Australia, Brazil, Mozambique, Nepal, New 
Zealand, Panama, South Africa 

0.61 3.80 Convergence 

Club 3 Bangladesh, Cameroon, Colombia, Denmark, Guatemala, 
Guyana, Honduras, Mexico, Rwanda, Thailand 

0.51 6.62 Convergence  

Club 4 Cyprus, Dominican Republic, France, India, Peru, 
Philippines, Saint Lucia, Tonga, 

0.33 6.51  

Club 5 Benin, Bhutan, Eswatini, Gabon, Indonesia 0.30 9.02 Convergence  
Club 6 Austria, Chile, China, Comoros, Costa Rica, Dominica, 

Ecuador, Egypt, Finland, Grenada, Iran (Islamic Republic 
of), Jamaica, Jordan, Kiribati, Malaysia, Mauritius, 
Morocco, Netherlands, Norway, Republic of Korea, Saint 
Kitts and Nevis, Saudi Arabia, Sri Lanka, Suriname, 
Sweden, Tunisia, Turkey, 

0.03 2.89 Convergence  

Club 7 Cabo Verde, Nigeria, Saint Vincent and the Grenadines, 0.13 3.04 Convergence 
Club 8 Seychelles, Switzerland 3.05 4.19 Convergence 
Group Paraguay --- --- Convergence 

Notes: Critical value of PS is −1.65 at 5% level of the significance level. **show non-rejection of the null of 379 

convergence. The results show evidence of club convergence. 380 

 381 

 382 

 383 

Table 4: Results of merger of club 384 

Club Mergence  Coefficients Log(t)-stat Decision  

Club1+2 -0.29 -4.70 No Merger 
Club2+3 0.24** 1.90 Merger 
Club3+4 0.21** 3.79 Merger 
Club4+5 0.32** 7.36 Merger 
Club5+6 -0.12 -18.73 No Merger 
Club6+7 -0.10 -9.56 No Merger 
Club7+8 -0.20 -10.32 No Merger 
Group -0.67 -277.67 No Merger 

Note: **show non-rejection of the null of convergence at 5% level of significance.   385 

 386 

 387 

 388 

 389 

 390 
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 398 

 399 
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 400 

Table 5: Final club of GHGs 401 

Clubs Regions �̂� Log(t) Decision  

Club 1 Belize, Bolivia (Plurinational State of), Botswana, Bulgaria, 
Burkina Faso, Burundi, Congo, Cuba, El Salvador, Fiji, 
Gambia, Iraq, Kenya, Lesotho, Malawi, Mali, Mauritania, 
Mongolia, Namibia, Nicaragua, Pakistan, Senegal, Sierra 
Leone, Singapore, Togo, Trinidad and Tobago, Uganda, 
Zambia, Zimbabwe -0.08 -1.24 

Convergence 

Club 2 Argentina, Australia, Bangladesh, Benin, Bhutan, Brazil, 
Cameroon, Colombia, Cyprus, Denmark, Dominican Republic, 
Eswatini, France, Gabon, Guatemala, Guyana, Honduras, 
India, Indonesia, Mexico, Mozambique, Nepal, New Zealand, 
Panama, Peru, Philippines, Rwanda, Saint Lucia, South Africa, 
Thailand, Tonga 0.02 0.19 

 

Club 3 Austria, Chile, China, Comoros, Costa Rica, Dominica, 
Ecuador, Egypt, Finland, Grenada, Iran (Islamic Republic of), 
Jamaica, Jordan, Kiribati, Malaysia, Mauritius, Morocco, 
Netherlands, Norway, Republic of Korea, Saint Kitts and 
Nevis, Saudi Arabia, Sri Lanka, Suriname, Sweden, Tunisia, 
Turkey, 0.03 2.89 

Convergence 

Club 4 Cabo Verde, Nigeria, Saint Vincent and the Grenadines, 0.13 3.04 Convergence 
Club 5 Seychelles, Switzerland 3.05 4.19 Convergence 
Group Paraguay --- ---  

Note: Critical value of PS is −1.65 at 5% level of significance level. **show non-rejection of the null of convergence.  402 
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Figures

Figure 1

Plot the decadal GHGs emission. Note: Author’s plot based on the FAOSTAT database

Figure 2



Decadal averages, regarding the period 1961–2016, of the percent (%) contributions of regional
emissions to global GHGs emissions from agriculture, shown for two decades: 1960s and 2010s. Source:
FAOSTAT database (FAO, 2018), domain: Emissions-Agriculture. More details of the same can be found in
Tubiello, (2019).

Figure 3

This �gure indicates the transition paths of GHG emissions across the clubs. We observed that GHG
emission level of Clubs 3, 4 and 5 countries have been decreasing over the years. These countries can be
the policy guiding countries for Club 1 countries where GHG emission level is found to be relatively high
(or above the stability line).


