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A B S T R A C T   

The increasing human activities amidst competition for resources across the globe has made environmental 
challenges an ongoing classic problem, thus prompting policymakers to continually seek effective solution while 
ensuring sustainable development. With the wide coverage of the relevance of the double dividend hypothesis in 
explaining the co-benefit of environmental tax, there is a dearth of evidence in the literature to suggest that 
environmental tax offers green dividends for both the environment and agricultural practice in the European 
countries. As such, this study employed the more recent Method of Moments Quantile Regression (MMQR) 
alongside other approaches for Europe’s largest agrarian economies (France, Germany, Italy, and Spain) over the 
annual period 1995–2020. The investigation affirms the validity of the co-benefit of environmental tax as far as 
environmental sustainability and value-added to agriculture are concerned in this panel of ‘Big Four’ economies, 
thus motivating the countries to relentlessly pursue the carbon-neutral 2050 target. Moreover, the study aligns 
with the expectation that renewable energy utilization and population density are desirable factors for achieving 
a carbon-neutral target. Lastly, the findings suggest that environmental quality is attainable in the panel, 
especially as increasing income surpasses a certain threshold, thus validating the environmental Kuznets curve 
hypothesis. Above all, the findings provide timely policy insight that accommodates both the environmental 
sustainability and food security framework of the European Union. The policy options relevant in light of the 
study’s conclusions include that the decision makers in the selected agrarian economies should ramp up energy 
transition opportunities through a resilient environmental tax system that incentives availability of credit and 
investment financing in the agriculture sector.   

1. Introduction 

The increasing human activities amidst competition for resources 
across the globe has made environmental challenges an age-long classic 
problem, thus prompting policymakers to continually seek effective 
ways to combat the challenge while ensuring sustainable development. 
Increasing levels of environmental pollution have triggered an enor-
mous amount of scientific inquiry. Several reports from environmental 
and climate-related agencies have warned about the consequences of the 
increased level of greenhouse gases (GHG) in the atmosphere (IPCC, 

2014). To this end, environmental-related taxes (ET) is increasingly 
gaining attention as a viable economic tool for incentivizing cleaner 
production and consumption practices (Freire-González, 2018). The 
term “environmentally related tax” is frequently used to refer to taxes 
that promote environmental and natural resource protection rather than 
fiscal interests (Kosonen and Nicodeme, 2009; Inkábová et al., 2021). It 
is regarded as a relatively cost-effective and efficient economic tool for 
combating climate change (Baranzini et al., 2016). Concerns that 
climate change mitigation objectives alone may not be enough to 
mobilize public support for more aggressive GHG emission reduction 
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initiatives have sparked interest in research into the co-benefits of 
climate change mitigation (Bollen et al., 2009; Deng et al., 2017). Pro-
ponents of environmental-related tax emphasize the co-benefit of a 
cleaner environment, using the tax payments to pay for tax cuts already 
in place in different sectors, thus yielding a “double dividend” (DD) 
hypothesis. The DD hypothesis infers that the revenue generated by 
imposing a pollution tax is used to fund tax reductions in other areas of 
the economy while playing a critical role in regulating environmental 
degradation (Pearce, 1991; McKitrick, 1997; Orlov and Grethe, 2012; 
Fraser and Waschik, 2013; Pereira et al., 2016). 

As a result of concerns about the increasing GHG levels in recent 
years, one of Europe’s most important objectives is environmental 
protection, including environmental sustainability. To reduce GHG 
emissions in member states, the European Union has directly prescribed 
implementing environmental-related taxation measures as reported in 
extant studies (Jaeger, 2013; Freire-González and Ho, 2019). It is ex-
pected that the economic benefits of a sustainable taxation system are 
channeled to economic growth, for which agricultural businesses and 
their stability and survival play a significant role. The agricultural sec-
tor’s functions span three aspects (environmental, social, and eco-
nomic), all of which are intertwined with the concept of sustainable 
development (Muoneke et al., 2022; Alola and Alola, 2018; Agboola and 
Bekun, 2019; Alola et al., 2019; Freire-González, 2018). Protecting 
biodiversity and natural resources, combating pollution, and combating 
climate change are all critical parts of the environmental dimension of 
the taxation system (Inkábová et al., 2021). Although the EU has 
continued to experience a downward trend in the volume of agricultural 
labour in recent times, the sector comprises a more significant propor-
tion of non-salaried labour (of over 6 million full-time workers) against 
salaried labour (of over 2 million full-time workers) in 2020 (European 
Environmental Agency, 2022). 

Considering that the implementation of environmental tax has the 
potential of yielding co-benefits, this study opts to examine this 
perspective in a novel approach. In this case, the novelty is that the 
environmental tax’s co-benefit is deduced from both environmental and 
agricultural aspects, especially in the case of the four largest European 
agricultural economies, i.e., France, Germany, Italy, and Spain. 
Evidently, France, Germany, Italy, and Spain, with the respective agri-
cultural output value of EUR 76.3 billion, EUR 57.6 billion, EUR 56.9 
billion, and EUR 52.3 billion, contributed 58.7% to the EU’s total output 
value of the agricultural industry in 2020 (European Environmental 
Agency, 2022). Although several studies have documented the role of 
taxation, financial benefits, green technology, environmental taxes on 
agriculture, energy-related green gases, environmental technology, and 
globalization in supporting sustainability transitions (European Envi-
ronmental Agency, 2022; Inkábová et al., 2021; Alola and Nwulu, 2022; 
Sadiq et al., 2022; Qing et al., 2022a, 2022b; Bashir et al., 2020), this is a 
rare study that potentially offers an in-depth analysis of the co-benefit of 
environmental tax alongside the development of clean energy especially 
for Europe’s leading agrarian economies. By carrying out the investi-
gation under the DD hypothesis’s conceptual approach, the study’s ob-
jectives are not far-fetched. Specifically, the study attempts to answer 
whether environmental tax drives carbon neutrality and increased 
agricultural output in the panel of the EU’s largest agrarian economies. 
While also looking at carbon neutrality and increased agricultural 
output drive, another attempt is made to determine the role of popula-
tion density alongside testing the validity of the environmental Kuznets 
curve (EKC) in the panel. The relevant hypothesis of the study includes; 
the environmental tax has no significant effect on both carbon neutrality 
and increased agricultural output in the panel of the EU’s largest 
agrarian economies. Also, population density has no significant impact 
on carbon neutrality, and EKC is not valid in the panel of countries. Also, 
population density has no significant impact on carbon neutrality, and 
EKC is not valid in the panel of countries. With this approach and the 
empirical pathway adopted, the extant literature on DD hypothesis 
stands to benefit from this significant contribution. 

This study has a specific structure layout. Several related studies are 
reviewed in section 2 while the description of the dataset with illus-
trative statistics are presented in section 3. The empirical approach with 
the discussion of the results is carried out in section 4 while concluding 
with policy remark in section 5. 

2. Literature review 

2.1. Nexus of ET and GHG emission 

Environmental Tax Reforms (ETR) have been implemented in na-
tional legislation by EU countries over the previous two decades. This 
entails a tax shift from producers to polluters, described as a shift from 
economic ’goods’ to environmental ’bads’ (Meng, 2015; Kotnik et al., 
2014). A large and growing body of literature has established the 
connection between environmental taxes and air pollution caused by 
GHG and other pollutants. Ghazouani et al. (2021) examined the role of 
environmental regulations alongside cleaner energy in mitigating GHG 
emissions among the high-emitting European economies. Using econo-
metric tools for the investigation, the study revealed that environmental 
taxes and the promotion of cleaner energy sources could effectively 
reduce overall pollution in the case of leading European emitter coun-
tries. In the case of BRICS countries, Ulucak, et al. (2020) investigated 
the non-linear effects of the environmental-related tax on carbon dioxide 
emissions by controlling environmental technologies, patents, and eco-
nomic growth. The authors relied on the panel smooth transition 
regression approach as its sole econometric technique while the data 
was sourced from online databases. Findings show that at lower levels of 
globalisation, environmental-related technologies and taxes increase 
CO2 emissions. On the other hand, at higher levels of globalisation, 
environmental-related technologies, patents, and taxes decrease CO2 
emissions in the case of BRICS countries. 

In the case of the United States, Chien et al. (2021) examined the 
extent of the association between green growth and carbon emission 
while controlling for innovation in the ecosystem, environmental taxes, 
and green energy. The authors adopted the Quantile Autoregressive 
Distributed lag method in light of its merits, not limited to depicting the 
causality patterns based on different quantiles for different variables. 
The findings from the QARDL estimation show that green growth and 
square of green growth alongside other indicators significantly reduced 
haze pollution in the long-run. López et al. (2011) accounted for GHG 
and other emissions when measuring the environmental impact of fiscal 
spending patterns. They discovered that reallocating government 
expenditure on social and public goods, such as climate change miti-
gation, considerably lowered the environmental burden. 

Berker et al.(2001) examined the role of internal European Union 
(EU) policies and initiatives in achieving the Kyoto Protocol’s green-
house gas reduction target. They argued that environmental taxes are 
more effective in lowering carbon emissions when EU policy directives 
are used with national policies. Land Rivera et al. (2016)simulated the 
impact of suggested and expected energy policies on the environment 
and the Mexican economy over the medium and long term. A Multi- 
sector Macroeconomic Model for the Evaluation of Environmental and 
Energy Policy (Three-ME) was used to perform the research. According 
to the authors, if no compensation is provided to households, the taxing 
strategy will reduce CO2 emissions by much more than 75% by 2050 
compared to Business as Usual (BAU), but at a substantial economic cost. 
Meng et al. (2013) used a computable GEM (general equilibrium model) 
with an enhanced social accounting matrix for the environment to 
further support the double dividend hypothesis. According to the 
simulated results, a carbon tax can effectively reduce emissions while 
also causing a slight economic contraction, implying that ET has a 
minimal effect on GHG emissions. There are a large number of studies 
supporting the double dividend (DD) hypothesis in different countries 
by several authors (Jorgenson et al., 2013; Chen et al., 2017; Orlov et al., 
2013; Allan et al., 2014; Jiang and Shao, 2014; Sajeewani et al., 2015; 
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Chisari and Miller, 2015; Chen et al., 2017). 
Conversely, other studies have failed to support the DD hypothesis 

with convincing evidence. Bovenberg and de Moojj (1994) employed a 
static CGEM and discovered that DD is only conceivable if the labour 
supply function in a static CGEmodel is backward-bending. Although the 
empirical data on labour supply behaviour does not support this func-
tional form, Freire-González (2018) argues that a static model is inad-
equate to deal with investment and capital issues. Wesseh and Lin 
(2019) created a static CGEM model for Liberia to analyze both a uni-
form and a partial carbon tax policy. An economic dividend was 
discovered for energy, employment, and welfare under the uniform 
policy enacted to assure mitigation in the range of 20–50 per cent. En-
ergy usage grew by 5–15.5 per cent in particular. Surprisingly, when tax 
policy exemption is applied to the economically strategic sectors, no 
economic benefit is discovered for all three variables. According to the 
researchers, a uniform environmental tax policy is a more viable alter-
native for Liberia. It generates economic benefits for employment and 
welfare and encourages Liberia’s adoption of renewable energy tech-
nologies. In the same vein, the DD hypothesis was tested by Goulder 
(2013), Meng et al. (2013), Zhang et al. (2016), Pereira et al. (2016), and 
Othman (2017); still, no evidence was found to support the DD hy-
pothesis for an environmental-related tax. Generally, the idea of a 
double dividend is still widely debated among economists. 

2.2. Nexus of ET and agricultural aspects 

As Bonnet et al. (2018) pointed out, agriculture has the most sig-
nificant environmental impact after the energy sector. Agriculture, 
forestry, and other land-use emissions accounted for 24% of total GHG 
emissions in 2010, while energy emissions accounted for 35% and in-
dustry emissions accounted for 21%. (Pereira et al., 2016). Bonnet et al. 
(2018) investigated whether a CO2 equivalent (CO2-eq) tax policy in 
France can alter household behaviour regarding purchasing animal 
products and their environmental impact. To examine the problem, two 
levels of CO2-eq taxes were used (€56 and €200 per tonne of CO2-eq) on 
all animal products, exclusively ruminant foods, or only beef con-
sumption. They show that a high tax rate would only result in a 6% 
reduction in GHG emissions by 2020, preventing the target of a 20% 
reduction by 2020 from being met. The authors suggest the most effi-
cient situation would be to tax beef consumption only at a high rate 
despite the tax’s minimal effect. Similarly, Säll and Gren (2015) inves-
tigated the environmental consequences of imposing a meat and dairy 
consumption tax in Sweden. Their study looked at beef, pork, and 
poultry (as meat products), milk, fermented products, cream, and cheese 
(as dairy products) alongside GHG, nitrogen, ammonia, and phosphorus 
(as environmental indicators). Then, the study utilized per capita con-
sumption in the econometric analysis with the almost ideal demand 
system (AIDS) for meat and dairy products to calculate consumer 
response to the tax. All meat items had moderately inelastic own-price 
and high-income elasticities, while dairy products had slightly lower 
elasticities. It was noted that the simultaneous implementation of a levy 
on all seven products reduced GHG, nitrogen, ammonia, and phosphorus 
emissions from the livestock sector by up to 12%. Hedenus et al. (2014) 
argues that meeting global climate targets without dietary changes will 
be difficult. 

Furthermore, while using the life-cycle analysis (LCA) approach, 
Gemechu, et al. (2012) applied the environmentally extended 
input-output analysis (EIO) to determine the emission intensities on 
which tax is based. The study examined the impact of tax prices and the 
policy implications of including a non- CO2 or GHG emission model. The 
results revealed that the environmental tax rate based on LCA was 
higher than the EIO techniques in the case study on pulp production, 
although they were of the same magnitude. The scholars recommended 
EIO as a more realistic strategy for applying an economy-wide envi-
ronmental tax, even though LCA is more product specific and gives a 
more extensive review. They further proposed that if an environmental 

tax were imposed on non- CO2/GHG emissions instead of CO2, it would 
significantly impact agriculture, coal mining, peat extraction, and food 
industries. 

Similarly, Meng (2015) investigated the impact of carbon taxes on 
Australia’s agriculture industry. The study’s findings revealed that tax 
costs are transmitted to other sectors of the economy via the price 
mechanism, thus lowering production, employment, and benefits 
despite significant reductions in emissions. Using the CGEM model, 
Bourne et al. (2012) investigated potential environmental policies for 
reducing CO2 emissions in the Spanish agriculture sector. Their findings 
revealed a drop in GDP and employment, as well as a decline in agri-
cultural production and a rise in the price level of farming items, 
lowering farmer income. Additionally, the imposition of a tax on CO2 
emissions produced by the agriculture sector was studied by Mardones 
and Lipski (2020). A CGE simulation with sensitivity analysis was 
employed to evaluate tax rates ranging from $5 to $131/ton CO2. It was 
discovered that a tax on agricultural emissions merely makes agriculture 
less competitive and, as a result, diminishes productivity. As a result, 
real GDP fell from 0.00–0.01% to 0.12–0.40%, while total emissions fell 
from 0.07 to 0.10% to 1.79–2.25 per cent. They concluded that simply 
taxing agriculture had no meaningful effect on emissions. An argument 
for uniformly administering the tax while subsidizing forests was made 
and shown to be more efficient. In summary, little is known about the 
interrelationships between ET and agricultural-related business in the 
four largest agrarian European Union economies. 

Following the review of the above related studies, this study has a 
potential contribution to environmental sustainability literature 
through the theory of double dividend vis-à-vis co-benefit hypothesis as 
motioned in the work of Pearce (1991). Specifically, the role of 
environmental-related tax which is the primary indicator in the study is 
examined in the context of environmental quality and agricultural 
productivity. Thus, as a rare contribution, the study among other queries 
hypothesizes whether there is (i) green benefit i. e environmental sus-
tainability benefit arising from the deployment of environmental tax and 
(ii) blue benefit i. e welfare benefit such as agricultural productivity 
arising from the deployment of environmental tax for the case of 
agrarian economies. Moreover, this study is an important contribution 
given the rare case of the agrarian EU economies that is being examined. 

3. Material and empirical model 

The dataset from 1995 to 2020 was employed for the largest agrarian 
European Union member countries, i.e., France, Germany, Italy, and 
Spain. With the carbon emission represented as CE, economic perfor-
mance/growth as Y, population density as PD, renewable energy con-
sumption as RE, agricultural value added as AG, environmental tax 
revenue as ET, and crop production index as CP, the description of the 
dataset is further presented in Table 1. 

Table 1 
Dataset and description.  

Variables Description Sources 
CE Carbon emission is measured in million tonnes of carbon 

dioxide 
BP 

Y The Gross Domestic Product is measured in Euro WDI 
PD The population of people per square km of land area WDI 
RE The amount of renewable energy measured in exajoules 

(input-equivalent) 
BP 

AG Agricultural value added is the share of Gross Domestic 
Product in Euro 

WDI 

ET Environmental-related tax is measured in euro EUROSTAT 
CP Crop production index is the production of agricultural 

product relative to 2014–2016  

Note: WDI is the World Development Indicators (2021) of the World Bank, BP is 
the British Petroleum (2021), EUROSTAT is the European Union Statistics 
(2022). Sadiq et al. (2022) 
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3.1. Empirical model and tests 

Given that we employed the logarithmic values of dataset, the con-
ceptual models from the environmental Kuznets curve (EKC) and sub-
sequently the double dividend hypotheses are respectively presented as 
follows 

CEi,t = p0 + p1Yi,t + p2Y2i,t + p3PDi,t + p4REi,t + p5ETi,t + e1i,t (1)  

AGi,t = q0 + q1Yi,t + q2 PDi,t + q3CPi,t + q4ETi,t + e2i,t (2)  

Where p1………p5 and q1………….q4 are the estimated coefficients 
ande1i,t and e2i,t are the stochastic error term in the models. In equation 
1, If p1 = 0, and p2 = 0 there is no significant relationship between 
GDP per capita and GHG emission. If p1 > 0, and p2 > 0 there is line-
arly increasing relationship. p1 < and p2 < 0 there is linearly 
decreasing relationship. If p1 > 0 and p2 < 0, there is presence of an 
inverted U-shape relationship. If p1 < 0 and p2 > 0, there is presence of 
U-shape relationship. p3 in equation (1) & q2 in equation 2 are expected 
to be negative or positive and that will indicate the level human activ-
ities on GHG emission and agricultural growth. 
p4 is expected to have negative impact on GHG emission 
which indicates transitio n to cleaner production.p5 is expected to be 
negative in equation (1) and positive in equation (2), imply the presence 
of double dividend hypothesis. q3 is expected to have a positive impact 
on agricultural growth. 

3.1.1. Preliminary tests 
A series of initial tests are performed, including standard statistical 

distribution for each country under investigation, stationarity test of the 
variables, and cointegration test of the examined models. Moreover, the 
empirical pathway of the investigation is illustrated for clarity in Fig. 1. 

Table 2 show the preliminary tests that include the descriptive sta-
tistics of the variables of interest. The descriptive statistics show that ET 
occupies the highest value, whereas GDP per capita has the lowest value. 
The data series shows evidence of normality, making it a candidate for 
scholarship investigation. 

We used the Levin et al. (2002) (LLC) and Im et al. (2003) (IPS) unit 
root tests as presented in Table 3. Our results in the data series confirm 
that all variables were stationary at I (0) and I (1). As a result of the 
findings, it was determined that variables are integrated of mix orders. 

4. Main estimation 

This employed Pedroni co-integration, MMQR, FMOLS, and D-H 
causality tests to investigate the relationship between the use of taxation 
as an instrument for environmental policy and GHG emissions in the 
largest agrarian European Union member countries. In the first instance, 
Pedroni co-integration, as proposed by Pedroni (1999) and Pedroni 
(2004), depicts an augmented version of the Engle-Granger two-step 

residual-based co-integration test. Pedroni (1999) and Pedroni (2004) 
propose several tests for co-integration compatible with the inclusion of 
heterogeneous intercepts and trend coefficients across cross-sections 
distinct from the conventional co-integration test. 

In the second instance, MMQR (Method of Moments Quantile 
Regression) is implemented to achieve the objective of this study. The 
method embedded with fixed effects was proposed by Machado and 
Silva et al. (2019), poised to capture the distributional heterogeneity of 
independent variables at different conditional quantile distributions of 
carbon emission by incorporating fixed effects, erroneously missing in 
conventional mean regressions. Reasons for the superiority of the 
MMQR econometric technique over simple quantile regression and 
linearized FMOLS and DOLS are stated; thus, a) linear estimation tech-
niques do not condition the distribution of data; instead, they address 
only averages. b) the ordinary quantile regression is deficient in 
non-crossing estimates when calculating estimators for multiple per-
centiles prompting an invalid distribution for the response. c) inability 
to account for unobserved heterogeneity across panel cross-sections. 

The conditional quantiles of the following location-scale model are 
specified as thus: 

Yit = αi + X′

itβ + (δi +Z′

itγ)Uit (3) In the above equation, (α, β
′

, δ, γ′

)
′

are estimated parameters, Z is known as k-vector of known components 
of X, and Pr (δi + Z′

itγ)> 0) = 1. Uit is stochastic error term, and Uit and 
X′

it explanatory variables. To account for the moment conditions, Uit is 
normalized: E(U) = 0 and E(/U/) = 1. 

Equation 3 s how the following 

QY(τ↿Xit)= (αi + δiq(τ))+X′

itβ + Z ′

itγq(τ)

Where αi(τ) ≡ αi + δiq(τ) is the distributional effect at quantile (τ)

4.1. Results and discussion 

Table 4 shows evidence of cointegration in data series with the sta-
tistically significant Modified Phillips-Perron, Phillips-Perron, and 
Augmented Dickey-Fuller in model specifications 1 & 2, respectively 
(see Table 4). In Tables 5 and 6, the distributional effects of environ-
mental taxes and Crop production index on agricultural growth and 
GHG emission in the EU were estimated using the moment panel 
quantile regression with fixed effects (MM-QR) approach. For the 5th, 
10th, … 90th percentiles of the conditional environmental policy and 
GHG emission, the 5th to 30th percentiles are employed to examine the 
effects of CE, economic performance/growth as Y, population density as 
PD, renewable energy consumption as RE, agricultural value-added as 
AG, environmental tax revenue as ET, and crop production index as CP 
on low conditional agricultural growth and GHG emission; 10th to 30th 
quantiles are used to specify the effect of low agricultural growth and 
GHG emission, from 40th to 60th percentiles are employed to specify the 
effects in medium agricultural growth and GHG emission and from 70th 
to 95th quantiles are used for the effects in high agricultural growth and 
GHG emission emitters. 

In Table 5, the results show that Y positively impacts carbon emis-
sions. All the estimations across the quantile, for instance, from the 10th 
to 90th quantile, are statistically significant and increase across the 
quantiles, showing that economic growth has a stronger impact on 
carbon emission at the lower quantile, middle and upper countries, 
respectively. The square of per capita Y has a negative coefficient and 
follows the similar distributional effects of environmental taxes across 
the 10th through 90th quantiles. Intuitively, the inverted EKC hypoth-
esis (U-shaped inverted curve) is thus validated across the entire quan-
tile distribution. The coefficient of PD and RE suggests that population 
density and renewable energy consumption negatively impact carbon 
emission, with statistical significance achieved across all quantiles in the 
agrarian European Union member countries. Put in another form, the 
impact of these two variables has a mitigating effect on carbon emission 
across the quantiles with a statistically significant effect across all Fig. 1. Schematic methodological view.  
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quantile in the agrarian EU member countries. ET has a negative impact 
on CO2 emissions. However, the magnitude of the effects of the inde-
pendent variables on CO2 emissions varies according to the quantiles. 
However, the estimates from the 10th to 20th quantile are statistically 
insignificant. This suggests that ET does not explain CO2 emissions in the 

lower quantile countries. From the 30th to the 90th quantiles, the co-
efficient of ET is negative and statistically significant but decreases 
across the quantiles. This shows that ET substantially reduces environ-
mental issues in countries at the lower quantile than at the upper 
quantiles, indicating that a unit increase in ET decreases CO2 emissions 
in the EU countries by − 0.212% to - 0.209%, ceteris paribus. By intui-
tion, the revenue generated by imposing a pollution tax is used to fund 
tax reductions in other areas of the economy, which could be the reason 
for the reduced impact of ET on CO2 emissions. These findings are 
contrary to the submission by Meng et al. (2013) on the insignificant 
effect of ET on GHG emissions. 

Moreover, in Table 6, the coefficients of Y and PD are positive and 
statistically insignificant across the quantiles. The insignificant effects of 
economic performance/growth and population density on agricultural 
growth could be explained by the fact that there is a dynamic paradigm 

Table 2 
Country-specific statistics.  

Statistics AG CE CP ET PD RE Y 

France 
Mean 3.17 E+10 350.223 98.817 39,485.73 116.538 0.113 2.02 E+12 
Median 3.13 E+10 360.760 99.160 36,035.50 117.240 0.103 2.07 E+12 
Maximum 3.53 E+10 389.771 106.010 56,531.20 123.077 0.190 2.36 E+12 
Minimum 2.69 E+10 251.083 89.800 30,634.19 108.739 0.059 1.60 E+12 
Std. Dev. 2.32 E+09 36.865 4.521 8084.379 4.858 0.036 2.15 E+11 
Skewness − 0.243 − 0.880 − 0.324 0.908 − 0.223 0.860 − 0.50 
Kurtosis 2.392 2.998 2.188 2.496 1.640 2.843 2.28 
Jarque-Bera 0.656 3.359 1.171 3.845 2.220 3.232 1.637 
Probability 0.720 0.186 0.557 0.146 0.330 0.199 0.441 
Germany  

AG CE CP ET PD RE Y 
Mean 2.06 E+10 805.487 93.451 54,115.18 235.120 0.867 2.77 E+12 
Median 2.04 E+10 810.218 93.625 55,857.50 235.560 0.789 2.75 E+12 
Maximum 2.54 E+10 914.845 107.610 61,112.71 238.252 2.205 3.24 E+12 
Minimum 1.71 E+10 604.876 81.790 41,499.66 230.305 0.036 2.33 E+12 
Std. Dev. 2.21 E+09 70.899 7.015 6141.813 2.053 0.718 2.74 E+11 
Skewness 0.716 − 0.818 0.064 − 1.148 − 0.985 0.445 0.148 
Kurtosis 2.794 3.683 2.240 2.913 3.350 1.863 1.933 
Jarque-Bera 2.268 3.403 0.644 5.724 4.335 2.258 1.328 
Probability 0.322 0.182 0.725 0.057 0.114 0.323 0.515 
Italy  

AG CE CP ET RE PD Y 
Mean 3.29 E+10 396.373 107.880 46,110.21 0.303 198.959 1.67 E+12 
Median 3.29 E+10 410.489 108.650 43,819.50 0.168 199.335 1.69 E+12 
Maximum 3.47 E+10 470.197 124.070 59,481.00 0.672 206.667 1.80 E+12 
Minimum 3.07 E+10 287.157 95.400 31,015.51 0.037 193.276 1.50 E+12 
Std. Dev. 1.11 E+09 53.845 7.734 8777.651 0.256 4.752 7.78 E+10 
Skewness − 0.351 − 0.358 0.190 0.234 0.429 0.210 − 0.638 
Kurtosis 2.504717 1.895 2.254 1.723 1.407 1.674 2.669 
Jarque-Bera 0.798917 1.877 0.760 2.004 3.549 2.096 1.884 
Probability 0.670683 0.391 0.684 0.367 0.170 0.351 0.390 
Spain  

AG CE CP ET PD RE Y 
Mean 2.66 E+10 303.635 96.063 16,924.54 88.396 0.380 9.97 E+11 
Median 2.61 E+10 299.472 94.835 17,477.50 91.372 0.340 1.04 E+12 
Maximum 3.25 E+10 380.538 118.140 22,075.00 94.778 0.766 1.19 E+12 
Minimum 1.83 E+10 220.404 59.030 9976.010 79.537 0.013 7.16 E+11 
Std. Dev. 3.18 E+09 41.819 12.760 3556.318 5.686 0.285 1.37 E+11 
Skewness − 0.191 0.198 − 0.428 − 0.442 − 0.436 0.013 − 0.722 
Kurtosis 3.397 2.408 4.370 2.244 1.472 1.327 2.405 
Jarque-Bera 0.330 0.549 2.827 1.470 3.354 3.032 2.639 
Probability 0.848 0.760 0.243 0.480 0.187 0.220 0.267  

Table 3 
Panel unit root results.   

LLC IPS 
Constant with trend Constant with trend 

CE 4.301 2.292 4.437 2.966 
AG − 3.018a − 5.159a − 3.264a − 5368a 

Y − 3.417a 1.200 − 1.642c 1.210 
PD − 3.866a − 0.802 − 2.131b 0.178 
CP − 3.924a − 7.607a − 3.249a − 6.340a 

RE − 6.269a 0.181 − 3.404a 1.620 
ET − 2.249b − 2.102b − 0.594 − 1.402c 

Δ 
ΔCE − 1.375c − 1.533c − 3.706a − 4.250a 

ΔAG − 8.778a − 6.755a − 9.130a − 7.386a 

ΔY 1.265 1.466 − 1.705b − 1.654b 

ΔPD − 0.439 − 1.660b − 0.932 − 0.521 
ΔCP − 6.467a − 5.315a − 8.785a − 7.944a 

ΔRE − 1.745b − 4.916a − 2.814a − 7.737a 

ΔET − 2.857a − 1.421c − 4.301a − 3.830a 

Note: Δ represents the first difference. The LLC and IPS are respectively the Levin 
et al. (2002) and Im et al. (2003) panel unit root approaches. 

Table 4 
Evidence of cointegration by Pedroni test.   

Model 1 Model 2 
Statistic p-value Statistic p-value 

Modified Phillips-Perron t 1.915b 0.028 0.994 0.160 
Phillips-Perron t 1.866b 0.031 − 1.375c 0.085 
Augmented Dickey-Fuller t 2.836a 0.002 − 1.710b 0.044 

Note: The panel estimation employs Kernel with Bartlett and Augmented lags as 
1. 
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shift from high agricultural emitting activities to cleaner production 
activity. There is a strong significant positive association between CP 
and agricultural growth across the MM-QR (10th − 90th). When the size 
of the coefficient estimates across the entire quantile distribution is 
considered, it is clear that the crop production index (Cp) has a more 
significant impact on CO2 emissions in countries in the upper quantiles. 
For instance, a unit increase in crop production index increases agri-
cultural growth by 0.005.007% at the 10th quantile through to the 90th 
quantile, affirming that the crop production index, in these countries, 
remains a key determining factor that drives agricultural growth. 

Interestingly, from lower to higher quantiles, the effect of the crop 
production index on agricultural growth is improving. ET is positively 
linked with agricultural growth, but estimates in the 10th and 20th 
quantiles are statistically insignificant. From 30th and 90th quantiles, 
the magnitude of the effects of the independent variables on agricultural 
growth varies according to the quantiles, and the effects of ET become 
more statistically significant, confirming the presence of the double 
dividend hypothesis at the upper and middle quantiles in the agrarian 
European Union member countries. When the size of the coefficient 
estimates across the 30th and 90th quantile distribution is considered, it 
is clear that the ET has a greater impact on agricultural growth in 
countries in the middle and upper quantiles. For instance, a unit increase 
in ET increases agricultural growth by 0.153% at the 30th quantile and 
by 0.273% at the 90th quantile. This shows the benefit of ET on welfare 
and a boost to the economy. At the same emphasis, the economic ben-
efits of a sustainable taxation system are channeled to economic growth, 
for which agricultural businesses and their stability and survival play a 
significant role. 

The location showed mixed findings indicating that all the inde-
pendent variables strongly affect the CO2 emissions and agricultural 
growth except ET and PD in Tables 5 and 6, respectively. Similarly, the 
scale effect coefficients in Table 5 and all the estimates in Table 6 are 
statistically insignificant in influencing CO2 emissions and agricultural 
growth. 

4.1.1. Robustness evidence 
To confirm the validity of the estimates, we implement the FMOLS 

model that incorporates several econometric advantages. Fully Modified 
Ordinary Least Squares Fully Modified Ordinary Least Square (FM-OLS) 
was initially designed by Phillips and Hansen (1990) with an inbuilt 
historical aim to provide optimal estimates of co-integrating regressions. 
This method modifies the OLS to account for serial correlation effects 
and endogeneity in the regressors resulting from the existence of a 
co-integrating relationship (Phillips and Hansen, 1990). The results 
presented in Table 7 are similar to the MMQR output. Accordingly, gross 
domestic product and square Gross Domestic Product in the model 
specification (1) have positive and negative effects on GHG emissions. 
The result indicates that a 1% increase in Gross Domestic Product will 
lead to a significant increase in the GHG emission in the EU by 55.531%, 
square Gross Domestic Product negative and statistically significant, 
thereby revalidating the EKC hypothesis already established in the 
previous sections. PD, RE, and ET have a statistically significant negative 
impact on GHG emissions. The parameter estimates for model 2 also 
show that PD, CP, and ET have a stronger effect on agricultural output, 
while Gross Domestic Product is statistically insignificant. 

Prioritizing knowledge addendum results adds to the growing body 
of evidence in two new research areas. The first collection of studies 
reveals that environmental taxes and renewable energy are successful 

Table 5 
Results of Machado and Silva et al. (2019) MMQR (model 1).  

Variables Location Parameters Scale Parameters Quantiles 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Y 56.428a 3.233c 51.549a 52.979a 53.965a 55.963a 57.099a 58.266a 59.019a 59.941a 61.003a 

(0.000) (0.088) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Y2 -0.983a -0.057a -0.898a -0.923a -0.940a -0.975a -0.995a -1.016a -1.029a -1.045a -1.064a 

(0.000) (0.000) (0.07) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
PD -2.705a 0.082 -2.828a -2.792a -2.767a -2.716a -2.688a -2.658a -2.639a -2.616a -2.588a 

(0.000) (0.493) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
RE -0.048a 0.003 -0.052b -0.051a -0.049a -0.048a -0.047a -0.046a -0.045a -0.045a -0.048b 

(0.009) (0.024) (0.006) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) (0.006) (0.023) 
ET -0.211b 0.001 -0.213 -0.212 -0.212c -0.211b -0.211b -0.210b -0.211c -0.209c -0.209 

(0.126) (0.965) (0.234) (0.143) (0.088) (0.026) (0.021) (0.035) (0.056) (0.098) (0.162) 

Note The 1%, 5%, and 10% statistically significant levels are represented asa,b, andc respectively. The values in the parentheses are the probability values of the 
estimated parameters. 

Table 6 
Results of Machado and Silva et al. (2019) MMQR (model 2).  

Variables Location Parameters Scale Parameters Quantiles 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Y 0.057 -0.072 0.178 0.145 0.104 0.069 0.041 0.026 -0.002 -0.018 -0.044  
(0.594) (0.363) (0.409) (0.407) (0.427) (0.510) (0.673) (0.793) (0.989) (0.889) (0.778) 

PD 0.089 -0.095 0.249 0.206 0.151 0.105 0.068 0.048 0.012 -0.010 -0.444  
(0.694) (0.339) (0.655) (0.650) (0.655) (0.697) (0.786) (0.851) (0.969) (0.976) (0.912) 

CP 0.006a 0.001 0.005a 0.005a 0.006a 0.006a 0.006a 0.007a 0.007a 0.007a 0.007a  

(0.003) (0.265) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
ET 0.191c 0.058 0.093 0.119a 0.153b 0.181a 0.204a 0.216a 0.238a 0.251a 0.273a  

(0.053) (0.245) (0.349) (0.135) (0.011) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

Note: The 1%, 5%, and 10% statistically significant levels are represented as a, b, and c respectively. The values in the parentheses are the probability values of the 
estimated parameters. 

Table 7 
Robustness with long-run.  

FMOLS Weighted Grouped Weighted GroupedModel 1 Model 2 
Y 55.531c 122.917b Y 0.024 − 0.024 
Y2 − 1.104c − 2.167b PD 0.115a 0.162 
PD − 2.643b − 0.772c CP − 0.208b 0.007a 

RE − 0.040b − 0.195a ET 0.174a 0.120c 

ET − 0.282b − 0.162c    

Note: The 1%, 5%, and 10% statistically significant levels are represented as a, b, 
and c respectively. 
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tools against environmental damages, as evidenced by the negative 
correlation between GHG emissions and environmental taxes and 
renewable energy. The second set of studies shows how environmental 
taxes and crop production affect environmental quality, leading to the 
double dividend hypothesis. It supports the emerging number of 
empirical entries supporting the double dividend (DD) hypothesis in 
different countries by several authors (see Jorgenson et al., 2013; Chen 
et al., 2017; Orlov et al., 2013; Allan et al., 2014; Jiang and Shao, 2014; 
Sajeewani et al., 2015; Chisari and Miller, 2015; Chen et al., 2017). 
Surprisingly few studies in the literature explain the environmental 
impact of the dividend hypothesis under varied levels of environmental 
taxes and crop production. In this study, we demonstrate how envi-
ronmental taxes and crop production can reverse the negative envi-
ronmental impact of economic activities by encouraging the co-benefit 
of a cleaner environment. However, opposing studies by Goulder 
(2013), Meng et al. (2013), Zhang et al. (2016), Pereira et al. (2016), and 
Othman (2017) still document no evidence to support the DD hypothesis 
for an environmental-related tax; thus, the debate is ongoing. 

4.1.2. Panel granger causality evidence 
In this section, we implemented Dumitrescu and Hurlin (2012) 

non-causality test. D-H panel causality test classified in econometric 
parlance under a more recent Granger causality test was proposed by 
Dumitrescu and Hurlin (2012). The merits of the test over conventional 
causality tests reside in the fact that the D-H causality test is robust in the 
presence of cross-sectional dependence and heterogeneity issues. 
Table 8 explores the two main types of hypotheses: (a) double dividend 
hypothesis, (b) feedback hypothesis, which borders on checks on cause 
and effect from one variable to another under the auspice of the D-H 
panel causality test. Accordingly, a unidirectional causality relationship 
runs from economic performance/growth, population density, and 
environmental tax revenue environmental pollution in the EU econo-
mies, leading to the double dividend hypothesis. In line with these 
findings, it is obvious that these exogenous variables can be helpful in 
reducing environmental degradation by using a pollution tax generated 
to fund tax reductions in other areas of the economy. The crop pro-
duction index has a bidirectional relationship with pollution, confirming 
the feedback hypothesis. 

5. Conclusion and policy 

This study aims to investigate the relationship between environ-
mental taxes and agricultural growth and determine the nature of the 
relationship between the use of taxation as an instrument for environ-
mental policy and GHG emissions in the largest agrarian European 
Union member countries utilizing the recently developed MMQR tech-
nique. This study is beneficial because it provides detailed explanations 
for the correlation between variables along various quantiles for 
1995–2020, which standard approaches may overlook. In model 1, the 
study tested the EKC hypothesis in the sample country across quantiles, 

confirming the inverted EKC hypothesis (U-shaped invested curve). ET 
exerts a negative impact on GHG emissions, which is more potent in the 
countries at the lower quantile than those in the upper quantiles. In 
model 2, the crop production index (Cp) has a greater impact on CO2 
emissions in countries in the upper quantiles. At the same time, ET is 
positively linked with agricultural growth from the middle and upper 
quantiles, and the magnitude of the effects of the independent variables 
on agricultural growth varies according to the quantiles, confirming the 
presence of the double dividend hypothesis at the upper and middle 
quantiles in the agrarian European Union member countries. Further 
investigation reveals a unidirectional causality relationship that runs 
from economic performance/growth, population density, and environ-
mental tax revenue environmental pollution in the EU economies, 
leading to the double dividend hypothesis. The crop production index 
has a bidirectional relationship with pollution, confirming the feedback 
hypothesis. Although the current study is limited in the scope of both the 
cases of the countries being considered for the investigation and the 
sector (limited to the agricultural sector) which could be reconsidered in 
future endeavour, the findings suggest arrays of important policy 
relevance. 

5.1. Policy implication 

There is no doubt about the significance of the highlighted findings 
to the EU’s largest agrarian economies and the EU member states at 
large. The policy options peculiar to the above findings include; a) The 
result further pointed to the relevance of clean and/or alternative energy 
source in mitigating environmental degradation especially in the Europe 
region where the implementation of energy transition policy is signifi-
cantly ahead of other global regions. Thus, the governments of the 
selected agrarian economies would be able to reap more benefit of 
environmental taxation by riding on more rapid adoption of the alter-
native forms of energy through a resilient environmental tax system that 
increases the cost of using traditional fossil fuels for agriculture, trans-
portation, and industrial use. Given that the result opined increased 
value-add to agriculture through increased environmental tax, then it is 
safe to clamor for more investment in sustainable agriculture through 
policy mechanism that support entrepreneurial activities and more 
private sector investment. In order to ramp up the sustainable agricul-
ture activities, decision makers in the examined countries could facili-
tate the availability of credit facilities, subsidy for clean agricultural 
technologies, and the provision of other capital and financial-related 
supports Moreover, the governments of the selected agrarian econo-
mies could deploy higher proportion of tax revenue generated from 
anthropogenic activities to ease the burden of their citizens through 
extant tax reductions in other areas in favour of social welfare. 
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Table 8 
Robustness with Granger causal relationship.  

Relationship W- Statistic Zbar-Statistic Probability 

Y dnhc > CE 4.725b 1.980 0.048 
CE dnhc > Y 1.452 − 0.623 0.534 
PD dnhc > CE 5.580a 2.659 0.007 
CE dnhc > PD 3.511 1.015 0.310 
RE dnhc > CE 4.090c 1.801 0.072 
CE dnhc > RE 1.539 − 0.554 0.580 
ET dnhc > CE 4.501a 8.77 0.00 
CE dnhc > ET 0.47 − 0.75 0.45 
PD dnhc > AG 5.812a 2.843 0.005 
AG dnhc > PD 3.235 0.795 0.428 
CP dnhc > AG 4.619c 1.895 0.058 
AG dnhc > CP 5.689a 2.746 0.006 

Note: dnhc > implies ‘does not homogeneously cause’. 
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