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Abstract: Defined as the amount of money spent on all necessary activities directly 

aimed at the prevention, elimination and reduction of nuisances or pollution resulting 

from the production processes (or consumption of goods and services), 

environmental protection expenditure is often expected to depict the efforts being 

made to prohibit,  prevent and eliminate pollution resulting from the production of 

goods and services. This study examines the influence of environmental protection 

expenditure on air pollution in developing countries using the Generalised Method 

of Moments (GMM) Approach from 2015 to 2025. As a comprehensive approach, the 

study included urbanisation and foreign direct investment (FDI) as control variables. 

The findings revealed an insignificant relationship between environmental protection 

expenditure and air pollution within the SADC. Urbanisation was negatively related 

to air pollution. This is because urbanisation reduced the per capita emissions in the 

SADC; however, as it expands rapidly, it creates air pollution. FDI had a positive 

effect on air pollution in the SADC. The study therefore recommends implementing 

region-wide vehicle emission standards, accelerating the transition to renewable 

energy, and enforcing stricter industrial pollution regulations to improve 

environmental sustainability.  

Keywords: Environmental Protection Expenditure, Air Pollution, Urbanisation, FDI 

and SADC  

 

Introduction  

Defined as the amount of money spent on all necessary activities directly 

aimed at the prevention, elimination and reduction of nuisances or pollution 

resulting from the production processes (or consumption of goods and services), 

environmental protection expenditure is often expected to depict the efforts being 

made to prohibit,  prevent and eliminate pollution resulting from the production of 

goods and services [4].  This is because environmental protection expenditure plays 

an essential role in providing environmental treatment funds, guiding market 

investment, energy conservation and utilisation, and is considered one of the most 

important means for local governments to improve environmental quality [9]. As 

such, many nations worldwide have strengthened environmental protection 

measures and policies in the context of the 2030 Sustainable Development Goals 

(SDGs) [33]. However, an adverse relationship between environmental protection 

and economic growth still exists, especially in developing countries, where 

economic growth often prevails over environmental protection [25].  

The Southern African Development Community (SADC) also experiences 

this issue. Besides being among the highest emitters of Greenhouse Gas Emissions 

(GHG), SADC nations have also been known to experience high levels of air 
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pollution from various industries that manufacture goods and services [24]. One of 

the main reasons for this high air pollution in the SADC is its heavy reliance on 

fossil fuels. As such, it has been estimated that approximately 43% of the SADC 

region’s population, which includes the informal settlements, as well as rural areas, 

are faced with disproportionate exposure to air pollution due to the persistent 

systematic inequalities, including socio-economic vulnerabilities, inadequate 

governance and limited access to clean energy [2]. Evidence suggests that 

pollution, among other factors, continues to threaten the SDGs within the SADC 

despite the progress in environmental management [29]. This is because 

environmental protection in the region is continually hindered by limited financial 

resources, weak enforcement of environmental policies, and insufficient 

institutional capacity [28].  

Nonetheless, it has been stated that foreign direct investment (FDI) in 

renewable energy reduces pollution by accelerating the shift away from fossil fuels, 

enabling technological leapfrogging in emerging economies and boosting 

environmental protection expenditure by promoting cleaner industrial structures 

and enhancing energy efficiency. This, therefore, turns FDI into a pollution halo 

[32]. However, within SADC countries, evidence suggests that FDI increases 

pollution (often referred to as the pollution haven effect) by targeting polluting 

industries. At the same time, renewable energy adaptation reduces pollution and 

drives sustainable economic growth. It is particularly important to note that while 

FDI enhances economic growth, without strict regulations, it can lead to extreme 

pollution levels; on the other hand, renewable energy serves as an essential, cleaner 

alternative for long-term ecological balance [12]. This study, therefore, examines 

the relationship between environmental protection expenditure and air pollution 

across 16 SADC countries. By using renewable energy consumption to measure 

environmental protection expenditure on pollution and by integrating urbanisation 

and FDI into the analysis, this study helps us better understand the multifaceted 

relationship between the two phenomena.  

In addition to linking various economic factors to the analysis, it is 

important to note that the SADC region is continually making significant efforts to 

improve its environmental quality. The efforts include initiatives such as the 

climate strategy, action plan (2020-2030), the SADC Investment Climate 

Scorecard and the incorporation of other environmental policies across sectors. 

This is done by boosting renewable energy and promoting green/circular 

economies. However, the effectiveness of these initiatives is limited by high 

climate vulnerability, poverty, infrastructure backlogs and weak enforcement [26]. 

Another important issue which most developing countries are battling with is “ 

environmental dumping” or “waste colonialism”, where developed nations move 

companies to developing nations to reduce operational costs, access cheaper labour 

and raw materials, and bypass strict environmental regulations, leading to air 

pollution, resource exhaustion, and long-term damage to local environments and 

health [21]. Regarding this issue, SADC countries have implemented Extended 

Producer Responsibility (EPR) policies to hold producers accountable for their 
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emissions and air pollution [27]. However, looking at the status quo, it seems that 

the nations are partially successful in that regard.  

Therefore, by using the Generalised Method of Moments (GMM) 

Approach, this study aims to provide policymakers responsible for environmental 

quality in the SADC region with insightful, practical, and applicable 

recommendations. This is because studies rarely investigate the relationship 

between environmental protection expenditure and air pollution in developing 

countries, especially within the SADC region. This is evident in literature. 

Furthermore, this study offers novel contributions to the field of economics, 

particularly environmental economics, by closing the methodological gap through 

the use of GMM and the knowledge gap by offering recent insights into the 

relationship between environmental protection expenditure and air pollution in 

developing countries, particularly in the SADC region. This study is also 

particularly significant to academic scholarship, as it addresses various issues that 

have been major challenges for developing countries, such as waste colonialism, 

for which there are few studies, especially within the SADC region. Finally, this 

study further identifies challenges, obstacles, and opportunities that hinder or 

propel various world economies towards sustainable development and the 

attainment of maximum environmental sustainability.  

 

2. Literature review  

2.1 Theoretical Literature  

To better understand the relationship between environmental protection 

expenditure and air pollution within the SADC, this study draws on three theories 

as part of its theoretical framework. These theories include the Environmental 

Kuznets Curve (EKC), Pollution Haven Hypothesis (PHH) and the Public Goods 

Theory. By examining these three theories, the study underscores the importance 

of stringent local environmental regulations to improve environmental quality, 

while advocating the adoption of renewable energy, in which businesses compete 

by increasing the output of goods and services, using clean energy, and reducing 

air pollution. The section after this focuses on empirical evidence for the topic.  

 

2.1.1 Environmental Kuznets Curve (EKC)  

In the context of air pollution, the EKC conjectures an inverted U-shaped 

relationship between economic growth and air pollution, in which air pollution 

increases until economic growth reaches a threshold, then decreases as economic 

growth continues [23]. This is because economic growth reaches a threshold that 

triggers a shift in economic activity from heavy manufacturing to services. This 

therefore generates environmental benefits through the adaptation and 

development of cleaner production and improved energy efficiency [1]. However, 

it is important to note that the relationship between economic growth and 

environmental quality is not always a U- or inverted-U-shaped pattern; it also takes 

other forms. This is because the income distribution function, one of the basic 
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elements in reducing environmental quality, plays an important role in determining 

the relationship between environmental quality and economic growth; however, 

economic growth and environmental quality are not always consistent with the 

EKC curve [31]. In this study, the theory is found to be irrelevant, as environmental 

protection expenditure is insignificant.  

 

2.1.2 Pollution Haven Hypothesis (HPP)  

The HPP posits that investment and trade liberalisation cause pollution-

intensive industries to relocate to countries with relatively weak environmental 

regulations [7]. This therefore means that developing countries with open, 

liberalised trade are most likely to become pollution havens for dirty industries 

from well-established countries. This is why the PHH predicts environmental 

disasters in the developing nations with comparatively weak environmental 

regulations. Nonetheless, it is important to note that the relocation of dirty 

industries from advanced nations to developing countries occurs through trade in 

goods and foreign direct investment (FDI), driven by comparative cost advantages 

enjoyed by developing economies due to lower pollution regulations [11]. While 

this inflow of FDI to developing and underdeveloped countries benefits home 

countries, it has caused major environmental issues in destination countries, mainly 

because developing countries are pursuing economic growth and battling 

unemployment and poverty, leading them to ignore environmental degradation [5]. 

This study has demonstrated that HHP is relevant in the SADC region, as the 

empirical results show a significant direct, proportional relationship between FDI 

and air pollution.   

 

2.1.3 Public Goods Theory  

The public goods theory relates to air pollution by defining environmental 

quality, such as clean air, as a public good – nonexcludable and non-rivalrous, since 

every individual benefits from clean air and cannot be excluded from it, no 

individual has an incentive to pay for it, leading to market failure. Consequently, 

air pollution acts as a negative externality, in which industries overuse the 

environment as a “sink”, necessitating government regulation [15]. Scholars have 

supported this, asserting that environmental quality is a public good and therefore 

must be consumed equally by all members of society. However, an argument 

regarding Pareto-optimality arises, stating that a Pareto-optimal allocation would 

require polluters to be charged individualised prices for environmental quality 

based on each individual’s willingness to pay [30]. Within the context of this study, 

this theory emphasises the importance of government intervention to regulate 

certain public goods necessary to human sustenance and to society as a whole.  

 

2.2 Empirical Evidence   

This section of the study examines empirical evidence on the relationship 

between environmental protection expenditure and air pollution, evaluates 

methodologies, and employs strategies that better explain both phenomena. These 
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studies include those by He, Wu, and Zhong [14], who examined environmental 

expenditures, air quality, economic aggregates, and industrial structures in China 

using a regression discontinuity design. The study found no significant relationship 

between environmental expenditure and air pollution. Similarly, Gholipour and 

Farzanegan [10] investigated the effect of government expenditures on 

environmental protection on air pollution in Middle East and North Africa 

(MENA) countries using data spanning 1996 to 2015. Their study found that 

government expenditures on environmental protection do not significantly mitigate 

air pollution. In contrast, Huang [17] found that government spending on 

environmental protection significantly reduces air pollution in Taiwan, using 

econometric analysis. These studies are particularly significant as they reveal 

different effects of environmental protection expenditures on air pollution across 

various country contexts, which necessitates this investigation to uncover the 

relation between the two phenomena under study within the SADC region.  

That said, a study by Moshiri and Daneshmand [20] found no significant 

relationship between government environmental spending and air pollution 

reduction using an ARDL model. Similarly, Huang [16] found that government 

spending on environmental protection effectively reduces SO2 emissions in China, 

using panel data. While many studies support the notion that environmental 

protection expenditure reduces air pollution, it is important to note that air pollution 

increases health costs [6]. This is because increased environmental air pollution 

increases the risk of respiratory diseases and other health problems [13]. While 

findings show an adverse relationship between environmental protection 

expenditure and air pollution, Barrell et al. [3] argue that higher environmental 

expenditures do not always result in better environmental outcomes, and that, in 

many world economies, the deteriorating efficiency of environmental expenditures 

is caused by increased spending. This finding is therefore very important, as it 

highlights differences in the outcomes of environmental protection expenditures 

across country contexts. Ozyilmaz, Bayraktar and Olgun [22] also found a 

bidirectional relationship between public expenditures and CO2 emissions on a 

panel basis within the G-7 countries. In a nutshell, all studies analysed in this 

section either revealed an adverse or direct effect of environmental protection 

expenditures on air pollution, broadening our knowledge about how effective 

environmental protection expenditures are on environmental sustainability and 

emphasising the need to continuously study the environmental sustainability 

mechanisms, as they are proven to always differ per country and regional context.  

 

3. Methodology   

 

3.1 Model Specification  

To analyse the relationship between environmental protection expenditures and air 

pollution in the SADC, this study augmented the following model, building on the 

works of Fan et al.[9]:  
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𝐴𝑖𝑟 𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝐴𝑖𝑟 𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑖𝑡−1 + 𝛽2𝐸𝑛𝑣𝐸𝑥𝑝𝑖𝑡 + 𝛽3𝑈𝑟𝑏𝑎𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 

𝛽4𝐹𝐷𝐼𝑖𝑡 + 𝜇𝑖 + Ԑ𝑖𝑡  

(1)  

Where: 𝐴𝑖𝑟 𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛𝑖𝑡 denotes air pollution, 𝐸𝑛𝑣𝐸𝑥𝑝𝑖𝑡 denotes environmental 

protection expenditure, 𝑈𝑟𝑏𝑎𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛𝑖𝑡 denotes urbanisation and 𝐹𝐷𝐼𝑖𝑡 denotes 

foreign direct investment. 𝜇𝑖 denotes the country-specific fixed effects (SADC) 

structural differences and Ԑ𝑖𝑡 denotes the idiosyncratic error term. It is important to 

note that. 𝛽1 to 𝛽4 are the coefficients of the estimates. As such, it is expected that. 

𝛽1 to 𝛽4 > 0.  

 

3.2 Variable Description and Data Sources  

Table 1 provides descriptions of the variables, including their symbols, 

measurements, expected outcomes, and sources.  

 

Table 1: Variable description and data sources  

VARIABLE 

NAME  

SYMBOL  MEASUREMENT  EXPECTED  

OUTCOME  

SOURCE  

Air Pollution  AIR 

POLLUTION  

PM2.5 air 

pollution, mean 

annual exposure 

(micrograms per 

cubic meter)  

N/A  World 

Bank  

Environmental  

Protection  

Expenditure  

ENVEXP  Renewable energy 

consumption (% of 

total final energy 

consumption)  

NEGATIVE  World 

Bank  

Urbanisation  URBAN  Urban  population  

growth (annual %)  

POSTIVE  World 

Bank  

Foreign Direct  

Investment   

FDI  Foreign 

 direct 

investment, net 

inflows (% of 

GDP)  

POSITIVE  World 

Bank  

  

3.3 Estimation Procedure  

3.3.1 Generalised Method of Moments (GMM)  

Developed by Lars Peter Hansen in 1982, the GMM is a versatile and robust 

econometric method that estimates parameters by matching sample moments to 

theoretical population moments. Unlike ordinary least squares (OLS) or maximum 

likelihood, the GMM does not require full distributional assumptions, which makes 

it relatively superior for handling endogeneity, non-linear models, and 

heteroscedasticity [8]. This study, therefore, employed the GMM as deemed 

appropriate. To explore the relationship between environmental protection 
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expenditure on air pollution, this study uses the GMM estimator “𝛽 ̂𝐺𝑀𝑀”, which is 

obtained by maximising the quadratic form of the sample of moments conditions:  

 𝛽 ̂𝐺𝑀𝑀 = 𝑎𝑟𝑔𝑚𝑖𝑛𝛽 𝑛( 𝑤𝑖, 𝛽)  𝑛

 ( 𝑤𝑖, 𝛽)  

(2)  

Where : 𝑔(𝑤𝑖, 𝛽) is the moment function, 𝑛 is a sample size, and 𝑤 ̂ is a positive-

definite weighting matrix. It is therefore important to note that the optimal 

weighting matrix is typically obtained in two steps: the first step uses an identity 

matrix or a simple, consistent estimator to obtain an initial estimate, and the second 

step uses the inverse of the variancecovariance matrix of the moments. This makes 

the GMM suitable for panel data with a larger number of cross-sections (countries) 

and a smaller number of periods (years), provided the number of instruments is no 

greater than the number of cross-sectional units.  

3.3.2 Post-Estimation Diagnoses  

The study conducts diagnostic assessments after applying the GMM model. The 

diagnostic assessments include serial correlation tests to assess the overall validity 

of the variables in this study, and the assessment of the accuracy of the GMM 

estimation using the coefficients of the lagged regressors relative to the fixed 

effects (FE) model and ordinary least squares (OLS). Additionally, the Arellano-

Bond specification is employed to assess the GMM’s consistency and to detect 

serial correlation. Two types of serial correlation are used: first-order (AR1) and 

second-order (AR2). To confirm the presence of serial correlation in AR1, the null 

hypothesis should be rejected; in AR2, it should not be rejected, thereby confirming 

its absence, which is critical for the consistency of the GMM estimator. 

Additionally, the study used the Jarque-Bera test to assess whether the residuals 

follow a normal distribution.  

 

4. Empirical Results  

4.2 Correlation Matrix   

One important aspect of the correlation matrix is that variables should not exceed 

a correlation of 0.7; a high correlation indicates multicollinearity. In Table 2, the 

analysis reveals a weak positive correlation (0.141122) between air pollution and 

environmental protection expenditure. Also, with a weak positive correlation with 

pollution, the variables urbanisation and foreign direct investment have magnitudes 

of 0.040723 and 0.181907, respectively.  

 

Table 2: Correlation Coefficient Matrix  

  

  

AIR POLLUTION  

  

ENVEXP  

  

URBAN  

  

FDI  

  

AIR  

POLLUTION  

1.000000        

ENVEXP  0.141122  1.000000      
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URBAN  0.040723  0.660595  1.000000    

FDI  0.181907  0.057906  0.041110  1.000000  

Notes: ***1%,**5% and *10% significance level. Source(s): Authors’ 

computation (2026)  

 

4.2 Summary Statistics  

The measures of dispersion and central tendency are presented in Table 3. The 

summary statistics show that all variable means are positive, indicating an upward-

moving series. The variables exhibit low deviations, indicating that they are closely 

centred around the mean. All variables are leptokurtic, with kurtosis values above 

3, except for environmental protection expenditure, which is platykurtic, with a 

kurtosis value below 3.  

 

Table 3: Summary Statistics  

  AIR POLLUTION  ENVEXP  URBAN  FDI  

Mean   2.029174   54.16538   3.154586    3.450097  

Median   2.920375   64.00000   3.608613   1.994594  

Maximum   12.11753   97.00000   5.518365   32.75221  

Minimum  -14.54654   1.200000  -0.227866  -8.766964  

Std.Dev   4.274185   29.96080   1.368225   5.991035  

Skewness  -1.153006  -0.433451  -0.831867   2.418314  

Kurtosis   5.442791   1.811404   3.038620   10.50665  

Jarque-Bera   55.01399   10.55087   13.50131   388.7463  

Probability   0.000000   0.005116   0.001170   0.000000  

Sum   237.4134   6390.000   369.0866   404.7463  

Sum Sq. Dev   2119.164   104127.4   217.1565   4163.531  

Observations   117   117   177   117  

Notes: ***1%,**5% and *10% significance level. Source(s): Authors’ 

computation (2026)  

 

4.3 GMM Estimation Results  

Table 4 shows the outcomes of the GMM estimation. The analysis shows that the 

GMM-lagged air pollution estimate is greater than both the FE and OLS estimates. 

This is because the GMM  corrected the endogeneity using internal instruments.  

 

 

 

 

 

 

 

 



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL 

19 

Table 4: GMM Estimation Results  

  GMM RESULTS  FIXED EFFECTS MODEL 

RESULTS  

POOLED OLS 

RESULTS  

Variables  Coefficients  t-value  Coefficients  t-value  Coefficients  t-value  

Lagged  AIR 

POLLUTION  

  

-0.220897**  

    

-2.427836  - 

0.155148  

  

-1.381370  

  

-0.030507  

  

-

0.294640  

ENVEXP  -0.011477  -0.042290  - 0.088017  -0.607302   0.037404*   1.795858  

URBAN  -7.952601**  -2.384515  - 0.114616  -0.069024  -0.526230  -

1.164458  

FDI   

1.319447***  

 3.631612    0.239897   1.327211   0.102260   1.381603  

AR(1) p-value       

0.0001***  

-      -  -  -  

AR(2) p-value       0.3509  -     -  -  -  

R-squared  -  -     -  -  -  

F-stat (Prob)  10.06726  

(610060)  

-    1.015171  

(0.453681)  

-   1.361771  

(0.252974)  

-  

No. of 

instruments  

  

16  

-  -   -  -  -  

Notes: ***1%,**5% and *10% significance level. Source(s): Authors’ computation (2026)  

 

From the analysis, it can be noted that past lagged air pollution is negatively 

related to current air pollution, with a magnitude of -0.220897. Moreover, a unit 

increase in environmental protection expenditure leads to a decrease in air pollution 

by a magnitude of -0.011477. The outcomes are statistically insignificant. This 

finding is consistent with those of Moshiri and Daneshmand [20], who found an 

insignificant relationship between government environmental spending and air 

pollution in Iran using the ARDL model. Furthermore, it can be seen that 

urbanisation negatively relates to air pollution by a magnitude of -7.952601. The 

outcome is statistically significant at 5% significance level. This is mainly because 

urbanisation in SADC countries reduces per-capita emissions through improved 

public transport and greater efficiency. However, rapid, unplanned expansion often 

leads to high levels of air pollution [19]. Lastly, a unit increase in foreign direct 

investment leads to a 1.319447 increase in air pollution. The outcomes are 

statistically significant at 1% level. Jun et al. [18] support this finding as they also 

found that FDI creates pollution havens in China. Their study argues that stringent 

environmental regulations are necessary to restrict the influx of dirty foreign 

industries. These results are consistent with the study’s expectations, especially 

regarding FDI, in which the study argues that “waste colonialism” is the main 

source of environmental degradation in developing countries, particularly in the 

SADC region.  

 

Post Estimation Diagnoses Results  

Regarding the serial correlation test, Table 4 shows that the Arellano-Bond test for 

autocorrelation, with the p-value for AR1 below the 5% significance level, rejects 
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the null of no first-order autocorrelation in the idiosyncratic error term. 

Furthermore, the p-value of 0.3509  fails to reject the null hypothesis of an AR2 

model, indicating that the model is theoretically sound and valid. Additionally, it is 

important to note that the GMM lagged coefficient is greater than both the FE and 

OLS coefficients. This is because the GMM corrected for endogeneity, omitted-

variable bias, and dynamic panel bias, whereas the OLS and FE estimators did not 

adequately address these issues. Lastly, the GMM has 16 instruments, which are 

equal to the number of cross-sectional units. This suggests that no instrument 

proliferation within the model.  

 

4.4 Normality Test  

Figure 1 shows the results of the Jarque-Bera normality test. The analysis shows 

that the probability of the outcomes exceeds the 5% significance level, suggesting 

the outcomes are statistically insignificant. Consequently, we fail to reject the null 

hypothesis that the residuals are normally distributed.  

 
Figure 1: Jarque-Bera test  

Notes: ***1%,**5% and *10% significance level. Source(s): Authors’ 

computation (2026)  
 

Conclusion and Policy Recommendations  

This investigation aimed to explore the link between environmental protection 

expenditure and air pollution in developing countries, particularly in the SADC 

region, using the Generalised Method of Moments from 2015 to 2025. The study 

empirically found that environmental protection expenditure negatively affected 

pollution, but it was insignificant. Urbanisation was also found to affect pollution 

negatively. The finding defies logic but is significant. This is because within the 

SADC region, urbanisation leads to a decrease in per capita emissions; however, 

when urbanisation is rapid, pollution then increases. Finally, FDI had a significant 

positive relationship with pollution, driven by dirty foreign industries that relocated 

to the region in search of cheap labour, lower production costs, and less stringent 

environmental regulations. Based on these findings, the study therefore 
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recommends implementing region-wide vehicle emission standards, accelerating 

the transition to renewable energy, and enforcing stricter industrial pollution 

regulations.  

 
Abbreviations  

SO2      Sulphur dioxide CO2      Carbon dioxide  

SADC  Southern African Development Community  

EKC     Environmental Kuznets Curve  

PHH     Pollution Haven Hypothesis  

FDI       Foreign Direct Investment  

GMM   Generalised Methods of Moments  

ARDL  Augmented Dickey Fuller Test  

G-7       Group of Seven  

FE         Fixed Effects Model  

OLS      Ordinary Least Squares  

EPR      Extended Producer Responsibility  

AR1     First-Order Serial Correlation  

AR2     Second-Order Serial Correlation  

MENA Middle East and North Africa  

SDGs   Sustainable Development Goals  
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