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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Asymmetric effect of tax systems on poverty and 
inequality: Exploring the distributional impact of 
domestic resource mobilization systems in Ghana
Frank Adu1*, Imhotep Paul Alagidede2,3, Dennis Boahene Osei4,5 and Michael Effah Asamoah2

Abstract:  Earlier studies have assumed the effect of tax systems on poverty and 
inequality to be symmetric by imposing linear specifications. In this study, we 
account for possible asymmetries by re-examining the effect of tax systems on 
poverty and inequality in Ghana. We rely on the Nonlinear Autoregressive 
Distributed Lag (NARDL) estimation techni que and time-series data from 1983 to 
2016. The findings revealed that, while the nexus between tax systems and poverty 
is asymmetric, the reverse holds for the relationship between tax systems and 
inequality. Specifically, we establish that, while positive (negative) shocks in direct 
taxes raise (reduce) the level of poverty, the shocks in indirect and overall tax 
systems produce negative results. Moreover, the symmetric evidence is observed 
only for indirect taxes and inequality in the long-run, and the relationship is positive. 
We recommend for a poverty reduction strategy that is centered on tax reduction at 
all levels. Equally important is a policy that has a firm foundation in the indirect tax 
system to bridge the inequality in Ghana.

Subjects: Development Policy; Macroeconomics; Development Economics 

Keywords: poverty; inequality; tax system; asymmetric; symmetric; Ghana

1. Introduction
Poverty and inequality continue to pose significant challenges to Africa’s development. Globally, 
poverty rates in most African countries are the highest, and the expectation is that these rates will 
generally decline to 23% by 2030. Hence, rendering global poverty an African phenomenon (Beegle 
& Christiaensen, 2019). Chen and Ravallion (2013) indicate that Africa is the second most unequal 
continent in the World behind South America. Odusola et al. (2017) also note that, out of the most 
unequal countries worldwide, 19 are in Africa, with 7 of the countries being outliers driving this 
inequality. It is in view of this that poverty and inequality reduction strategies have gained 
attention among governments and the development institutions in Africa.

The African narrative is applicable to Ghana. Ghana has experienced an impressive annual 
growth rate of 7% since 2005. But akin to many countries in sub-Saharan Africa, it continues to 
grapple with poverty in spite of many interventions. The challenge with poverty is that, although 
the country met the Millennium Development Goals (MDGs) target of halving poverty by 2015 from 
51.7% in 1991 to 24% in 2013, it is undesirable, in whatever form, for 24% of the populace to live 
below the poverty line. Additionally, there are important disparities between urban and rural 
poverty levels. While urban poverty has reduced, rural poverty continues to spur national poverty. 
Thus, a substantial part of the populace is still under the shackles of poverty, which requires urgent 
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redress. It is in recognition of this that Sustainable Development Goals (SDGs) aim at eradicating all 
forms of poverty.

Unlike poverty, where progress has been made, the inequality trajectory of Ghana shows 
worsening signs. The steady growth recorded has not been equally distributed across gender, 
localities, and quintiles. A look at the Gini index shows that inequality has risen from 37 in 1992 to 
41 in 2013, and subsequently to 43.5 in 2016. Bastagli et al. (2012), in an International Monetary 
Fund (IMF) study on inequalities, indicate that Ghana has one of the highest inequalities in Africa. 
The extent and height of the inequality is revealed when we analyze it from the perspective of 
quintiles. In 1992, the poorest share of the population had 6.9% of the country’s income. This 
dropped to 5.2% in 2006, holding almost half of the country’s income (Cooke et al., 2016). With 
respect to non-income measures, Cooke et al. (2016) suggest that the gap between the rich and 
the poor with respect to child mortality doubled between 2006 and 2011. Thus, children in rich 
group were twice more likely to survive than those in poor group. Fosu (2009) provides strong 
evidence that increasing inequality can have a range of negative impacts on a country’s growth 
and development. Bourguignon (2004) has strong evidence to suggest that inequality can put a 
break on poverty. Informed by this, Lopez (2004) indicates that interventions to mitigate the 
impact of inequality should be done earlier when inequality levels are low.

To proffer solutions, Lustig et al. (2016) advocate that taxes be employed to reduce inequality 
and poverty. For instance, Fellman (1976) and Jakobsson (1976) both claim that taxing progres-
sively reduces inequality. While Higgins and Lustig (2016), and Enami et al. (2019) confirm the 
poverty-reducing properties of taxes. The principal problem upon which this study was built is that, 
although domestic resource mobilization systems (taxes) could be adjusted and have been 
adjusted to reduce poverty and inequality, the data on Ghana show less than desired outcomes 
as far as the two measures of distribution are concerned. In the case of inequality, the data 
suggests that it is worsening by the day. In view of the above, the nature of the effect of tax and its 
composition on poverty and inequality is worth exploring.

Empirically, although studies such as Drucker et al. (2017), Martorano (2018), and Cornia et al. 
(2011) have kick started the conversation in a linear setting, we posit that the impact of tax on 
poverty and inequality may have non-linear characteristics, which ought to be estimated using 
non-linear models. We justify this assertion on the grounds that while tax payments could 
negatively impact on net incomes and, hence, livelihoods, benefits in the form of transfers, public 
goods, and livelihood support projects have a positive impact on people. In view of the foregoing, 
the relationship may no longer be symmetric but asymmetric, and hence, non-linear. Moreover, 
Calhoun and Elliott (2012) assert that “nearly all economic models of the macro economy are very 
nonlinear”. We, therefore, suggest that, for efficient and reliable estimates, non-linear models 
could provide a better fit and explanation. We also move away from the fixation on absolute 
measures and rely on both absolute and relative measures of poverty. In a bid to drive the 
optimum policy, we conduct a country-level study contrary to extant studies, which are dominated 
by multi-country evidence.

Given the research gaps highlighted above, we contributed to the extant literature in the 
following ways. First, the study unearths the asymmetric effect of tax systems on poverty and 
inequality. By doing this, it offers essential knowledge on the role of tax system shocks on poverty 
and inequality in a country-specific context. This is a major limitation in the existing literature, 
especially from a developing country perspective. We focused on Ghana as a developing country 
case because the high level of inequality in the country is undermining poverty reduction and there 
is also low tax revenue. Hence, there is a dire need for policy prescriptions to improve on the 
situation. Second, we examine the asymmetric effect relying on the novel NARDL estimation 
approach, while using ARDL as a baseline technique. The NARDL model is robust in modelling 
asymmetries and cointegration in small samples and in long-and short-run periods (Panagiotou,  
2021). Third, unlike many studies that have used absolute measures of poverty, we go beyond this 
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by relying on both absolute (poverty headcount ratio, poverty gap, and squared poverty gap ratio) 
and relative (Historical Human Development Index) proxies of poverty. Contemporary literature 
considers these measures to be holistic and comprehensive.

2. Overview of the Ghanaian economic and demographic landscape
Ghana is a country in West Africa with a population of about 30.8 million people (Ghana Statistical 
Service, 2021). It has been classified by the World Bank as a lower-middle-income country, with a 
gross domestic product (GDP) per capita of US$ 2,205.5 in 2020 (World Bank, 2022). The country’s 
economic performance has been recently slowed by the dampening impact of the COVID-19 
pandemic, recording a growth rate of 0.5% in 2020. This was after the economy grew significantly 
from 3.4% in 2016 to 6.5% in 2019, representing an average rate growth rate of 6.1%. Importantly, 
the growth trajectory of Ghana has witnessed a structural change, with the economy moving from 
the agriculture sector serving as the major driver of economic growth to the service sector. 
Evidence suggests that, while the agriculture sector growth decreased from 40% to 20% between 
1995 and 2018, the service and industrial sectors had their growth rates increased from 37% to 
52% and 24% to 28%, respectively (African Development Bank, 2019).

The economic management in Ghana has been characterized by fiscal deficits, reduced govern-
ment revenue, and high debt stock. Between 2015 and 2020, budget deficit worsened from 5.9% in 
2016 to 11.7% of GDP in 2020. With higher budget deficit, the country’s debt stock continues to 
increase from 54.6% in 2015 to 76% of GDP in 2020 (Bank of Ghana, 2020). These fiscal perfor-
mances have mostly been attributed to large unplanned expenditures in the years preceding 
elections (Alagidede et al., 2013). In 2020, the rise in the budget deficit was largely fueled by 
the ravaging impacts of the COVID-19 pandemic on the economy (Bank of Ghana, 2020). Low 
domestic resource mobilization (DRM) also poses a critical challenge to the management of the 
Ghanaian economy. Domestic revenue remains unimpressive in recent years as it decreased from 
16% to 14.1% of GDP between 2015 and 2020 period. As a response to the low DRM, the 
government has introduced measures such as compulsory registration of Tax Identification 
Numbers, and the paperless system at the ports. On the other hand, fiscal spending has been 
tightened by the enactment of a law capping fiscal deficit at 5% of GDP and the establishment of 
the fiscal council (African Development Bank, 2019). Inflation has largely remained in double digits 
and continues to pose threats to the Ghana’s economy. For the 2015–2020 period, inflation 
became as high as 17.7% in 2015 and as low as 7.9% in 2019, averaging 12.1%. The exchange 
rate performance is predominantly characterized by depreciation of the Ghana Cedi against the US 
dollar, with a rise in exchange rate from GHS 3.79 in 2015 to GHS 5.76 in 2020.

Poverty rate has increased marginally in recent times from 25% in 2019 to 25.5% in 2020. The 
unemployment situation continues to be worse, especially among the youth. Inequality has also 
been on the rise since the 1990s, with significant regional disparities. Ghana currently recorded a 
human capital index of 0.45, which fairs well compared to neighboring countries such as Burkina 
Faso (0.38), Cote d’Ivoire (0.38), Nigeria (0.36), and Togo (0.43).

3. Review of literature
There is a growing number of studies in the literature devoted to understanding the impact of tax 
systems on poverty and inequality. Importantly, these studies have either focused on the relation-
ship between tax systems and inequality or poverty, and in some cases, the two have been studied 
jointly. Beginning with the strand of literature on tax systems and poverty, DeFina and Thanawala 
(2004) focused on 17 developed countries to examine the effect of taxes and transfers on poverty. 
Specifically, they estimated the poverty headcount ratio before and after the policy change, and 
the finding suggests that transfers by government and tax policies can reduce poverty. In Ghana, 
Bhasin and Annim (2005) studied the effect of trade taxes on income distribution and poverty, 
relying on the computable general equilibrium (CGE) model. The study found that, when import 
taxes were replaced by the Value Added Tax (VAT), the incidence of poverty reduced while 
improving income distribution. On the other hand, when export taxes were replaced with VAT, 
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poverty increased and inequality was adversely affected. This study only looked at trade taxes, for 
a thorough and comprehensive policy prescription,we examine all the tax systems . Adukonu and 
Ofori-Abebrese (2016) investigated the effect of tax policies on poverty in Ghana using the 
Johansen cointegration technique, with time-series data from 1984 to 2013. The results demon-
strated that indirect tax policies raise the level of poverty in Ghana. Direct tax policies and 
remittances were found to have mitigating effects on poverty. It is worthy of note, however, 
that this study treats all components of the tax system in one equation. The authors also used 
the per capita consumption level to measure poverty, which does not make the distributive and 
relativeness of poverty come out for measurement. We improve our study by incorporating a non- 
linear dimension and employ more robust poverty data.

With regard to tax systems–inequality nexus, Okner (1975) is one of the early studies that 
started the comparison between government transfers and tax systems with respect to their 
ability in efficiently redistributing income. While the study acknowledged that progressive taxes 
redistribute income, it also commends the superiority of government transfers in income distribu-
tion. Engel et al. (1999) also focused on Chile and employed data at the household level to 
estimate the distributional impact of variations in the tax structure on income distribution. Their 
study revealed that, indeed, taxes are poor in redistributing income. The study advocates for the 
use of expenditure targeting approach for different income groups. Following from this study, Chu 
et al. (2000) analyzed the distribution of income in transitioning and developing countries. The 
study affirmed their findings that developing countries have not been able to use tax systems and 
transfer policies to solve inequality problems. Relying on panel data from 2000 to 2001, and fixed 
and random effects models, Obadic et al. (2014) studied the impact of taxes on income inequality. 
The authors revealed that social contributions and labour taxes reduce inequality but consumption 
taxes have no influence in inequality reduction. Swistak et al. (2015) found that indirect taxes such 
as VAT are regressive in Poland. The study further revealed that an attempt to promote progres-
sivity through reduction in VAT rates was ineffective. The cost of such an exercise outweighs the 
small gains made. The authors recommended a broader base VAT and a more progressive income 
tax for redistribution.

The last strand focused on studies that jointly examined tax systems on both inequality and 
poverty. A notable example is the study by Lustig et al. (,2016). The authors investigate how 
income distribution and poverty reduction has been achieved through social spending, subsidies, 
and taxes using the standard fiscal incidence analysis in five Latin American countries (Argentina, 
Brazil, Bolivia, Peru, and Uruguay). Comparatively, the findings revealed that direct taxes and cash 
transfers reduce poverty and inequality significantly in Argentina, Brazil, and Uruguay, but trivially 
in Bolivia, Mexico, and Peru. Also, in Kenya, Maina (2017) examined the effect of low consumption 
taxes on income distribution (poverty and inequality) using ordinary least square (OLS) model. The 
study revealed that consumption taxes are regressive in Kenya. It also established a positive 
relationship between consumption taxes and GDP per capita.

The current study differs from the prevailing literature on many respects. First, we assume a 
nonlinear effect of tax systems on poverty and inequality. This is lacking in the extant literature. 
Second, we move beyond the normal non-linear treatment and test whether the relationships are 
asymmetric or not. Third, we relied on both income and non-income measures of poverty. Finally, 
we deepen our understanding by decomposing tax into direct and indirect, and also, consider the 
total tax effect. This should bring to fore deeper insight into the relationship.

4. Data and methodology

4.1. Data source and definition of variables
The study utilizes time-series data from 1983 to 2016 which were gleaned from various sources. 
Data on poverty incidence, poverty gap, GDP per capita, agriculture sector growth, Gini index, and 
inflation were collected from the World Development Indicators (WDI) of the World Bank. We also 
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obtained data on tax system indicators (direct, indirect, and total taxes) from the International 
Center for Tax and Development’s (ICTD) government revenue database. Data on Historical Human 
Development Index (HHDI), total government expenditure, and minimum wage were sourced from 
Our World in Data (Global Change Data Lab), Ministry of Finance (Ghana), and Wage Indicator 
Network database, respectively. Cocoa and gold prices were taken from the database of the Bank 
of Ghana.

Given the aim of this study, we rely on poverty and inequality as dependent variables. Poverty is 
measured from the absolute and relative lenses. For absolute poverty, we use poverty headcount 
ratio, poverty gap, and squared poverty gap ratio (Foster et al., 1984). The international poverty 
line set by the World Bank is US$ 1.90 per day for extreme poverty. However, this study measured 
the poverty line by taking Ghana’s status as a lower-middle-income country into account. We, 
therefore, employ the poverty line applicable to a lower-middle-income country (US$ 3.20 per day). 
This provides a more accurate measure of the poverty status of Ghana. Although the headcount 
ratio is popular for its simplicity, it is deficient because it ignores the distribution of the poor, as no 
weight is assigned to the distance of those described as “poor” from the poverty line understudy. 
Thus, it describes all those below the US$ 3.2 per day poverty line as poor without any further 
classification. To counter the faults of the headcount ratio, we use the poverty gap (GAP) or the 
poverty depth. This measures the mean shortfall as a percentage of the poverty line. It looks at the 
average income needed to bring the poor to the poverty line. It is expressed as a percentage of the 
poverty line. It thus takes cognizance of how the poor are distributed. We move the distribution 
agenda forward by employing the squared poverty gap index (SGAP) which improves the poverty 
gap’s weakness of assigning even weight to the poor’s income shortfall from the line. This index 
amplifies poverty by revealing the poorest among the poor. The absolute measures of poverty 
indicated above are not without limitations. It masks a lot of the details on the level of poverty. A 
reduction in poverty revealed by any of these indices does not necessarily mean a reduction in the 
number of those who are poor. The number of poor people could be the same or increase. To 
counter this weakness, we also rely on the Historical Human Development Index (HHDI) as a fourth 
measure of poverty. This is a relative variable that is gauged as the average achievement in the 
following dimensions of human development: (i) having a decent standard of living, (ii) being 
knowledgeable, and (iii) a long and healthy life. Indeed, this measure is more robust than the 
Human Development Index as used by Kosack (2003).

With regard to inequality, we use the Gini index computed as the area between the Lorenz curve and 
a hypothetical line of absolute equality, expressed as a percentage of the maximum area under the 
line. Here we document data limitation issues in connection with poverty and inequality variables. 
Since both poverty and inequality data for Ghana in the WDI are available from 1987, we lengthen 
these series by adjusting with per capita income to backwardly interpolate the time-series equivalent 
for 1983–1986. For instance, we employ per capita income because it shows a trend that depicts the 
general trend of poverty in Ghana (periods of high per capita income has seen reduction in poverty). 
Overall, the rationale for adjusting the data is to lengthen them to cover more years and also to 
produce robust regression estimates that meet the requirements of central limits theorem. Moreover, 
we also notice that the data are available on a four-year basis and, hence, we followed Senbeta (2009) 
to use reference year’s poverty or inequality for the interval years (as average).

Our variable of interest as the main independent variable for this study is tax systems. We rely 
on indicators such as direct, indirect, and total taxes measured as tax as a percentage of GDP. The 
tax-to-GDP ratio has been used by Maina (2017). Scaling tax revenues by GDP is reasonable as it 
provides a better gauge on the trend of taxes. Consistent with previous studies, where real GDP per 
capita, inequality, government expenditure, gold price, and the contribution of agriculture to 
growth are included in the poverty model as control variables, the inequality model also used 
GDP per capita, inflation, cocoa price, and minimum wage. A summarized description of all 
variables is provided in Table 1.
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4.2. Model specifications
We specify two models to unravel the objectives of the study. While the first model focuses on 
poverty and tax systems, the second looks at inequality and tax systems. With respect to the first, 
the basic model employed follows the work of Datt and Ravallion (1992), and Besley and Burgess 
(2003) that underpins the growth-poverty relationship specified as follows: 

Table 1. Data description and sources
Variable Description Symbol Data Source
Poverty incidence Poverty incidence at U.S 

$3.50
POV WDI

Poverty gap Poverty gap at the U.S 
$3.50 line

GAP WDI

Squared poverty gap Squared poverty gap at 
the U.S $3.50 line

SGAP WDI

Relative poverty Historical human 
development index based 
on the average 
achievement in the three 
dimensions of human 
development such as 
having a decent standard 
of living, a long life and 
healthy life, and being 
knowledgeable.

HHDI Our World in Data

Inequality Gini index computed as 
the area between the 
Lorenz curve and a 
hypothetical line of 
absolute equality, 
expressed as a 
percentage of the 
maximum area under the 
line.

GI WDI

Indirect tax Indirect tax as a 
percentage of GDP

IT ICTD

Direct tax Direct tax as a 
percentage of GDP

DT ICTD

Total tax Total tax as a percentage 
of GDP

TT ICTD

GDP per capita Real GDP per capita. It is 
calculated in constant 
2010 US dollars.

GDPPC WDI

Agriculture value 
additions

Agriculture value added 
as a percentage of GDP. 
It includes forestry, 
hunting, and fishing, as 
well as cultivation of 
crops and livestock 
production.

AG WDI

Total government 
expenditure

Government of Ghana 
consumption and capital 
expenditure.

GEX Ministry of Finance, 
Ghana

Gold price Price per ounce of Gold GP Bank of Ghana

Cocoa price Price per ton of cocoa in 
the world market.

CP Bank of Ghana

Minimum wage Daily minimum wage of 
Ghana.

MW Wage Indicator Network

Inflation Consumer price index 
(2010 = 100)

CPI WDI

Source: Authors’ construct, 2022 
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Pi ¼ α0 þ β1lnGDPPCt þ εt (1) 

where Pi denotes the poverty indicators (poverty incidence, poverty gap, and squared poverty gap), 
GDPPCt is the real GDP per capita, εt is the error term, and ln represents natural logarithm. The growth 
elasticity of poverty to be estimated is given as β1, which represents the percentage change in poverty 
associated with a change in income. We, therefore, augment equation 1 to include tax systems as our 
main variable of interest and other control variables (such as inequality, government expenditure, gold 
price, and agriculture contribution to growth), as shown in equation 2: 

Pi ¼ α0 þ β1 ln GDPPCt þ β2lntaxsysi þ β3ln GIþ β4lnGEX þ β5ln GPþ β6ln AGþ εt (2) 

where taxsysi stands for tax system that includes indicators such indirect tax (IT), direct tax (DT), 
and total tax (TT); GI is Gini index to control for inequality; GEX denotes total government 
expenditure; GEX is gold price; and AG represents agriculture sector value additions. On an a priori 
level, we expect real GDP per capita to negatively relate with poverty, while a positive sign is 
expected between indirect tax and poverty. This is because indirect taxes are regressive in nature. 
We also expect a negative relationship between direct taxes and poverty. We envisage a negative 
relationship between direct taxes and poverty. This is due to the progressive nature of direct taxes 
in Ghana, suggesting that richer paying units will pay more. Lastly, we expect government 
expenditure to be poverty reducing because Ghana relies on natural resources to support its 
budget and spending decisions. We also expect the price of gold to be poverty reducing.

On the tax systems-inequality nexus, we set up a model that shares a significant resemblance 
with Martorano (2018). The model is given as: 

ln GIt ¼ γ þ δ1 ln taxsysi þ δ1Z1 þ μt (3) 

where GIt and GIt denote their usual meaning and Zi is a vector of control variables (such as GDP 
per capita, cocoa price, minimum wage, and inflation). With regard to the tax system proxied by 
tax-GDP-ratio, we expect a negative relationship between direct tax system and inequality. This is 
mainly because direct taxes are progressive in nature. The seemingly regressive nature of indirect 
taxes inspires a priori a positive relationship between indirect taxes and inequality. Since indirect 
taxes account for a larger share of taxes in Ghana, we expect a negative relationship between the 
total tax system and inequality. For the control variables, GDP per capita accounting for economic 
growth is expected to have a negative relationship with inequality. This is because high inequality 
implies growth that benefits few people. In view of the significance of agriculture, especially cocoa 
farming in supplementing incomes in Ghana, we include the price of cocoa as another control 
variable and expect that a higher price per ton of cocoa will go a long way to bridge the income of 
those in the countryside who are often marginalized. The minimum wage is also included in line 
with the work of Martorano (2018). This is especially important in adjusting wages of the poor to a 
level that can cater for their basic needs. We envisage that a higher minimum wage will lift those 
in the bottom half of the income ladder to catch up with those with higher earnings in terms of 
satisfying their basic needs. Finally, we control for inflation in agreement with Maestri and 
Roventini (2012), and expect a negative relationship.

Incorporating the control variables, we set up our main model to be estimated as: 

ln GIt ¼ γ þ δ1ln taxsysi þ δ2 ln GDPPCt þ δ3 ln CPt þ δ4 ln MWt þ δ5 CPIt þ μt (4) 

5. Estimation strategy
Given the aim of this study, we account for possible asymmetries in the effect of tax systems on 
poverty and inequality by employing the Non-Linear Autoregressive Distributed Lag model (NARDL) 

Adu et al., Cogent Economics & Finance (2023), 11: 2166211                                                                                                                                          
https://doi.org/10.1080/23322039.2023.2166211                                                                                                                                                       

Page 7 of 33



developed by Shin et al. (2014). This approach was inspired by Pesaran and Shin (1998) and 
Pesaran et al. (2001) bounds–testing and is deemed appropriate for this study because of its 
capability in analyzing joint long- and short-run asymmetries. In particular, NARDL develops 
asymmetric cumulative multipliers that enable the tracing out of asymmetric adjustment patterns 
emanating from positive and negative shocks to the regressors. It has the additional advantage of 
correcting endogeneity and performing better in smaller samples.

We specify our model to estimate asymmetric long-run relationships as: 

Yt ¼ αþ Xt
þ þ α� Xt

� þ ut (5) 

where Yt is the dependent variable (in this case, poverty and inequality), Yt is the independent 
variable of interest (tax systems), αþ and αþ represent long-run asymmetric parameters, and ut 

denotes an i.i.d process with zero mean and finite variance. It is important to note that ut can be 
decomposed into positive and negative partial sums as a result of the positive and negative 
variations in the explanatory variable (Schorderet, 2001). The negative and positive partial sums 
are given as: 

Xt ¼ X0 þ Xt
þ þ Xt

� (6) 

where Xt
þ and X�t are the positive and negative charges, which are further defined as follows: 

Xþt ¼ ∑t
i¼1Δ1muXþi ¼ ∑t

i¼1maxΔ Xi; 0ð Þ (7)  

X�t ¼ ∑t
i¼1ΔX�i ¼ ∑t

i¼1maxΔðXi;0Þ (8) 

Shin et al. (2014) combined equation (5) with the ARDL (p, q) model specified in Pesaran et al. 
(2001) to obtain the NARL (p, q) model as follows: 

ΔYt ¼ δ0 þ ρYt� 1 þ θþXþt� 1 þ θ� X�t� 1 þ∑p� 1
j¼1 γj1muΔYt� j þ∑q� 1

j¼0 πþj 1muΔXþt� j

þ∑q� 1
j¼0 π�j 1muΔX�t� j þ εt (9) 

where p and q denote order of lags for the dependent (YtÞ and independent variable 
(XtÞ,θþ ¼ � ραþ, and θ� ¼ � ρα� .

In estimating equation (9), there is the crucial need to ensure that none of the variables is I (2) 
to render the estimated F-statistics for testing cointegration null and void. To do so, we employed 
three different unit root tests: (i) Augmented Dickey Fuller (ADF) test by Dickey and Fuller (1981); 
(ii) Phillips and Perron (1988) test, which improves the weaknesses of the ADF test; and (iii) Dickey– 
Fuller test with GLS detrending (DF-GLS) test. These tests have a null hypothesis of no unit root in 
the variables. The next step involved estimating the NARDL model by relying on standard OLS 
technique. Following this, we tested for the presence of an asymmetric cointegrating relationship 
between the series (Yt, Xt

þ, and X�t ) at levels. This was done by using the modified F–test of the 
bounds–testing technique developed by Pesaran et al. (2001) with the null hypothesis of no long- 
run relation (ρ ¼ θþ ¼ θ� ¼ 0). Finally, we used the Wald tests to examine the existence of long- 
and short-run symmetries (see Appendix 1 for more details about the tests).

For comparison, we examine the symmetric effect of tax systems on poverty and inequality by 
relying on the ARDL Bounds testing approach developed by Pesaran et al. (1996) and further 
modified by Pesaran et al. (2001). This approach is selected because its applicability irrespective of 
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whether the underlying regressors are purely I (0), purely I (1) or mutually cointegrated and also, 
because of its applicability to small sample size.

6. Result and discussions

6.1. Descriptive statistics
In this section, we start by showing the descriptive statistics of all variables employed in this study. 
This is presented in Table 2 to help us appreciate the nature and pattern of the data used in the 
estimation of our models. For the tax system variables, we observe that average indirect taxes are 
higher relative to the direct taxes. These variables show a moderate standard deviation, although 
variability in total taxes is higher. The contribution of the agriculture sector to growth averaged 
36%, while the Gini index, government spending, and poverty rate have averaged 40%, GHS 6808 
million, and 61%, respectively. With respect to government expenditure, we interpret the high 
standard deviation to depict the current rising spate of government spending. This could be seen 
by comparing the minimum value, with the maximum, and the mean value. Expenditure is on a 
high in Ghana because of the massive infrastructure carried out in recent years and the response 
of the government to the COVID-19 pandemic. Ghana also experiences episodes of hyperinflation 
within the period under review. Five of the variables (Gini, poverty rate, poverty gap, squared 
poverty gap, and the Human Development Index) are all skewed to the left with the remaining 
being positively skewed. Government spending, Human Development Index, gold price, and con-
sumer price index were not normally distributed. This can be seen in the Jarque–Bera probability 
values. For this reason we employed their natural log values in the models estimated. We record 
high standard deviation for GDP per capita, and cocoa prices. This is because Ghana has made 
progress in recording higher growth over the last decade compared to the 1990s, which has 
reflected in the country reaching a lower–middle–income country status.

6.2. Unit root test
As a pre-estimation technique, we examine the stationarity status of all our variables by conduct-
ing unit root tests. It is important to ascertain whether the variables are in conformity with the 
dictate of the symmetric and asymmetric ARDL models. Table 3 shows the results from the three 
stationarity tests deployed for the study. We observed that none of the variables used in our 
models is I (2).

6.3. Cointegration results
Following the success of the stationarity test, the NARDL and ARDL models were estimated and 
cointegration assessed. Focusing on the NARDL model, we establish cointegration for all the 
models estimated. This is done with the help of the F-test for cointegration, as reported in 
Tables 4 and 5. This means that the variables will equilibrate at some point in the long-run. This 
is, however, not the case with the symmetric ARDL model. We observe that, while all absolute 
measures of poverty have a long-run relationship, the relative measure (Human Development 
Index) has no long-run equilibrium. Tables 4 and 5 indicate the long-run relationship in the models.

6.4. Results on effect of tax systems on poverty
In this section, we present and analyze the results of the effect of tax systems on the different 
measures of poverty.

Is the relationship between tax systems and poverty symmetric or asymmetric? We resolve this 
question with the Wald test for asymmetry, as depicted in Appendix 2. The results indicate that, 
when the lower–middle–income poverty line is used as a measure of poverty, the model is 
asymmetric when the direct tax system is controlled. The model is, however, symmetric when 
indirect and total taxes are in perspective. This could be confirmed from the long-run NARDL 
results. Indirect and total taxes enter the model negatively irrespective of the mode of the shocks. 
Direct taxes, on the other hand, have both negative and positive shocks on poverty. Asymmetry is, 
however, proven in the poverty gap, and squared poverty gap models. This means that tax systems 
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affect the very poor and the poorest of the poor differently, and hence, strategies mounted to 
curtail poverty should factor that in policy. Appendix 3 displays the NARDL graphs for all the 
models.

6.5. Long-run results
We analyze the long-run results as presented in both the asymmetric and symmetric models in 
Tables 4 and 5, respectively. Column 1 lists the various measures of tax systems employed in our 
estimations. The rest of the columns details the poverty measures used in the models. The log- 
linear nature of the models means that the variables are interpreted as elasticities. Depending on 
the type of tax system we are dealing with, taxes enter the model differently. Generally, direct 
taxes exhibited asymmetry in all the NARDL models estimated. The positive shocks in direct taxes 
impacted poverty positively, and the negative shocks also impacted poverty negatively. A positive 
shock of 1% in direct taxes raises poverty by 0.31%, 0.36%, and 0.71% when we rely on the poverty 
headcount index, poverty gap, and the squared poverty gap as measures of poverty, respectively. 
Though positive, the effect of the positive shock on the Human Development Index is not sig-
nificant. A 1% reduction in direct taxes reduces poverty by 0.55%, 0.87%, 1.75%, and 0.07% when 
we rely on the poverty headcount index, poverty gap, the squared poverty gap, and the Human 
Development Index as measures of poverty, respectively. The symmetric ARDL results do not show 
any significant coefficient as far as direct taxes are concerned. The results are practically reason-
able, although direct taxes are progressive in nature. Positive shocks affect the earnings of all 
taxpayers and put lower burdens on the poor.1 It reduces the extra cedi a taxpayer may have used 
on consumption to meet his/her basic needs to escape poverty.

Indirect taxes generally exhibit negative effects. Thus, the positive and negative shocks produce 
the same outcomes. Although the signs for the negative shocks are negative, none of the models 
that relied on any of the measures of absolute poverty produced significant results. The human 
development variable demonstrates that a 1% negative shock in indirect taxes raises poverty by 
0.07%. This is because indirect taxes are regressive in nature, as such increment in indirect tax 
systems negatively affects the poor’s income and, hence, basic need requirements more than the 
rich. A 1% negative shock in indirect taxes, on the other hand, reduces poverty by 1.44%, 2.53%, 
and 5.07% when we rely on the poverty headcount index, poverty gap, and the squared poverty 
gap, as measures of poverty, respectively. The coefficient of the negative shock is insignificant in 
the human development model, although it produced a negative coefficient. We find similar 
results in the symmetric ARDL model. The result generally established a negative relationship 
between indirect taxes and poverty in Ghana. We found that a 1% increase in indirect taxes will 
reduce poverty by 0.8%, 0.65%, and 1.31%. This is when we rely on poverty line, poverty gap, and 
squared poverty gap as respective measures of dependent variables. The negative relationship 
may be accounted for by the myriad of factors that are inherent in the multidimensional poverty in 
Ghana. Thus, the revenue generated from indirect taxes could have been used to finance public 
goods that improve lives and human condition in Ghana. Thus, indirect taxes may be used to 
finance public goods that greatly supports poverty reduction projects in Ghana. It is worth noting 
that, as far as the Ghanaian economy is concerned, indirect taxes manifest in the form of 
consumption taxes. Since consumption is required for survival, it is difficult for the poor to avoid 
them. In this case, it may not be cast in stone that a hike or positive shock in indirect taxes 
necessarily reduces poverty, but the response may be due to the individual’s inability to avoid 
consumption for fear of human survival. Indirect taxes in theory and practice do not inure into 
poverty eradication and alleviation. The probable cause for the negative relation is through the 
usage of indirect tax revenue, but that will be addressed by the government expenditure variable 
in the model.

The poverty elasticity of total tax is negative throughout all the models. Both negative and 
positive shocks produce negative effects on poverty in the NARDL model. The reason is that total 
taxes are made up of both direct and indirect taxes. It is worth noting that because revenue from 
indirect taxes is more than direct taxes, the effect of direct taxes on poverty is dwarfed by the 
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strength of the indirect taxes. As indicated above, the effect of indirect taxes on poverty is mostly 
negative, which has been assumed by the total tax coefficients. The results indicate that a positive 
shock of 1% on total tax systems in Ghana will reduce poverty by 0.95%, 1%, and 1.99% when 
poverty headcount index, poverty gap, and the squared poverty gap are used as measures of 
poverty, respectively. A 1% negative shock will also reduce poverty by 3.59%, 0.71%, and 9.42% 
when the same indices for measuring poverty are employed. This result magnifies the weak effect 
of positive shocks in direct taxes on poverty in Ghana, as depicted in the NARDL model. We find 
similar results in the standard ARDL model. As can be seen in Table 4, the coefficients from the 
positively shocked direct models are smaller compared to the indirect tax. We, therefore, conclude 
that, as far as the long-run is concerned, taxes in Ghana are poverty friendly.

With respect to the other control variables, the real GDP per capita and the Gini index confirm 
the a priori expectation. The poverty elasticity of growth is highly elastic in both NARDL and ARDL 
models. From the NARDL model, a 1% rise in per capita income reduces poverty by 1.92%, 2.78%, 
and 4.25% when direct , indirect , and total taxes are included in the poverty line model,respec-
tively. Similarly, a 1% increase in per capita income also reduces poverty by 2.53%, 2.41%, and 
3.60% when direct, indirect, and total taxes are controlled in the poverty gap model, respectively. 
Growth, however, is more effective in reducing poverty in the squared poverty gap model with 
elasticities of 3.60%, 4.81%, and 7.20% when direct, indirect, and total taxes are controlled, 
respectively.

When the Human Development Index is invoked, the significance of growth in poverty reduces. 
It is significant in the direct tax model (0.19%) but insignificant in the indirect and total tax models. 
The symmetric ARDL models depict the same results generally as far as the poverty line is 
concerned. A 1% increase in real GDP per capita reduces poverty by 2.51%, 4.60%, and 3.49% 
when direct, indirect, and total taxes are included in the poverty-line model, respectively. Focusing 
on the poverty gap model, growth spurs poverty reduction by 4.33%, 5.97%, and 4.75% when 
variables on direct, indirect, and total taxes are used. The intensity of the reduction is experienced 
when the squared poverty gap model is employed, we realized a reduction in poverty of 8.67%, 
11.93%, and 9.51% for a 1% reduction in growth. The results are generally in conformity with the 
work of Senbeta (2009), and Ravallion and Chen (1997), which implies that the growth elasticity of 
poverty is positive for Ghana. It is important to emphasize that economic growth is more important 
in lifting the poorest of the poor, as it is more efficacious in the poverty gap and squared poverty 
gap models looking at the magnitude of the coefficients.

The sign of the coefficient of the Gini index also resolves the old age debate about the effect of 
income distribution on poverty. The results generally indicate a positive relationship between 
inequality and poverty in Ghana. From the asymmetric models, we observe that, a 1% increase 
in the Gini index raises the level of poverty when direct, indirect, and total taxes are considered by 
3.25%, 4.09%, and 3.43% in the poverty gap model, respectively, and by 8.19%, and 6.86% when 
indirect and total taxes are considered in the squared poverty gap model. In the poverty line 
model, the Gini index is significant when indirect taxes are considered (4.55%). We also find that 
when direct taxes are employed as a measure of tax systems, the sign of the inequality variable 
changes to negative, thereby suggesting that inequality reduces poverty. This finding may be due 
to the nature of direct taxes, it is progressive in nature, and hence, depresses the role of the Gini 
index in the model. We record a coefficient of −3.25, and −6.50 in the poverty gap and squared 
poverty gap models. However, the positive sign is maintained in the human development model 
when direct taxes are employed to measure tax system. A percentage increase in inequality raises 
poverty by 0.45%. However, the symmetric ARDL model records positive coefficients for the Gini 
index throughout the poverty models. Thus, a 1% increase in inequality raises poverty by 3.10%, 
5.77%, and 4.68% when direct tax, indirect tax, and total taxes are considered. The same 
magnitude increase in inequality will spur growth in poverty by 6.78%, 7.13%, and 7.11% when 
direct tax, indirect tax, and total taxes are controlled in the poverty gap model, respectively. In the 
squared poverty gap model, the growth in poverty are 13.56%, 14.26%, and 14.22% when direct 
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tax, indirect tax, and total tax are controlled, respectively. The results generally indicate that 
deeper inequality heightens the spate of poverty in Ghana. Thus, higher inequality only exacer-
bates the poverty challenge of Ghana. In this regard, a policy to tackle inequality is also a policy to 
tackle poverty. If the policies proffered to reduce inequality are well designed, they will contribute 
to growth, and hence, poverty reduction. Such policies have the potential to stimulate skills 
development and employment.2

On the significance of the natural resource sector to poverty reduction, we found that the sector 
fuels poverty in Ghana. From the NARDL model, we established that a percentage increase in the 
price of gold leads to 0.06%, 0.51%, and 0.81% increase in poverty levels when the poverty line 
variable is employed. Relying on the poverty gap variable, we observe that a percentage increase in 
the price of gold results in 0.54% and 0.85% increase in poverty when indirect taxes and total 
taxes are controlled for in the model, respectively. The same magnitude of change in gold prices 
triggers respective increase in poverty by 1.08%, and 1.71% when indirect taxes and total taxes are 
controlled in the squared poverty gap model. We also find similar signs (positive) in the standard 
ARDL model. Undoubtedly, Ghana is blessed with natural resources from which significant reven-
ues in resource rent are collected for development. It is expected that such revenues will be spent 
on social expenditures that will reduce the spate of poverty in Ghana. However, the result points to 
the opposite, and a number of reasons suffice. First, it is possible that mineral revenues are not 
applied on pro-poor expenditures in Ghana. Unlike the petroleum sector that has a petroleum 
revenue management law that earmarks revenues for certain expenditures,the revenues from 
gold and other solid minerals are at the discretion of the social planner. It is important that 
revenues from gold production are applied on pro-poor expenditures to reduce poverty in Ghana. 
Secondly, while the Minerals and Mining Act 703 of Ghana gives a carried interest of 10% to the 
government on all mining blocks awarded, this is too small for windfall gains in the price of gold to 
make any impact on government finances. The contribution of the sector to GDP is less than 3% 
annually, as such, the impact on poverty is negligible. Lastly, since poverty is a multi-dimensional 
concept, the consequences of mining in Ghana offset the little gain it has on poverty reduction. The 
year 2012 witnessed increased production of gold in Ghana because of the rise of the price of gold. 
The windfall gains also encouraged gold production from artisanal and small-scale miners that 
sometimes engage in irresponsible mining with untoward effect on the environment and water-
bodies that inherently have an impact on human wellbeing and hence, poverty. Cocoa farming, a 
venture that sustainably supports livelihoods and hence, poverty reduction has experienced some 
of the untoward impact of small-scale mining. According to a study by the African Center for 
Economic Transformation (ACET),3 cocoa farmers in Ghana are selling their farms to small-scale 
miners for a one-off windfall payment. This has poverty ramifications for current and future 
generations. Thus, the negative side effects of mining spurred by a hike in the price of gold 
could offset all possible positive impacts.

On the relationship between agriculture sector and poverty, we find very negligible negative 
effect. Our result based on the relative poverty measure (HDI) indicates that a percentage increase 
in the growth of the agriculture sector reduces poverty by 0%, 0.03%, and 0% when direct tax, 
indirect tax, and total taxes are controlled in the model, respectively. Negative effects are also 
recorded in the symmetric ARDL model. The results imply that any policy that targets agriculture in 
its current state as a tool for poverty reduction may not yield optimum policy outcomes. 
Government spending meets the a priori expectations, and the relationship is negative. However, 
the significance is felt when indirect taxes are controlled in the absolute measures of poverty. A 
1% rise in government spending reduces poverty by 0.18%, 0.33%, and 0.67% when the poverty 
line, poverty gap, and the squared poverty gap models are employed, respectively. Although the 
results confirm some positive response from Ghana’s drive in social protection and poverty 
alleviation expenditures, they are not enough. There is the need to have a more targeted approach 
towards social spending items that drives down poverty.
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6.6. Short-run results
The short-run dynamics of the NARDL and ARDL models are shown in Tables 6 and 7 respectively.

The error correction term in the model is negative and significant at 1% level. Bannerjee et al. 
(1998) indicated that, when the error correction term is highly significant, there is a further proof 
that there is a stable long-run relationship between the variables. In line with the findings of 
Loayza and Ranciere (2006), Akmal (2007), Shittu et al. (2012), and Bildirici et al. (2012), we find 
error correction terms lesser than −1 in the absolute measures of poverty. According to Narayan 
and Smyth (2006), an error correction term that is less than −1 indicates that, instead of the model 
monotonically congregating directly to the long-run equilibrium path, the error correction mechan-
ism oscillates around the long-run value in a reducing manner. Convergence to the long-run 
equilibrium path becomes rapid when the process ends. Thus, the high error correction terms in 
the absolute poverty models mean that, in the inception stages of the correction process, the 
model corrects itself in a fast manner, but it normalizes as the period elapses.

With respect to the variable of interest (tax systems), we find that positive shocks in direct 
taxes produce positive impacts in the short-run. Specifically, a 1% increase in direct taxes 
raises the number of people under the lower–middle-income poverty line by 0.46%. The same 
magnitude of change in direct taxes raises the number of people under severe poverty by 
0.57%, and the poorest of the poor as indicated by the squared poverty gap by 1.14%. Focusing 
on the relative measure of poverty, the Human Development Index, 0.01% of the population 
will fall into poverty when direct taxes are increased by 1%. A negative shock in direct tax 
systems in the short-run produces negative effects on the level of poverty. For instance, a 1% 
negative shock in direct tax systems reduces the number of Ghanaians under the lower-middle- 
income poverty line by 0.95%, but the number of people in the gap falls by 1.25%. The poorest 
of the poor defined by the squared poverty gap also falls by 2.49%. Reduction in poverty is, 
however, marginal (0.02%) when the Human Development Index is employed. This finding is in 
line with both theory and practice. Increases in taxes will impoverish citizens. Thus, it reduces 
disposable income, which has adverse implications on meeting basic needs. Reduction in taxes, 
on the other hand, is good for disposable income, and basic needs satisfaction, which are 
important for poverty reduction.

Indirect taxes enter the asymmetric models negatively, with both negative and positive shocks 
resulting in poverty reduction. A 1% upward adjustment of indirect taxes reduces poverty as 
measured by HDI by 0.02%. The reduction in poverty has higher potency with negative shocks; 
0.32% when the poverty line is in perspective, 1.15% when the poverty gap is considered, 2.30% 
when the squared poverty gap is used, and lastly, 0.01% when the Human Development Index is 
considered. The coefficients in these models also have significant implications on policy and meet 
the a priori expectations. A policy to reduce tax, in whatever form, should bring about some relief 
to taxpayers and, hence, poverty reduction. Nevertheless, this should be balanced with the need to 
raise revenue for government activities.

The short-run dynamics does not significantly differ from the long-run static effect. Total 
revenue also enters the models negatively irrespective of the shock. Positive shocks in total tax 
systems do not significantly reduce poverty when the absolute measures are in perspective but 
reduce poverty by 0.02% when the HDI is employed. A 1% negative shock in total tax, on the other 
hand, reduces poverty by 1.44%, 1.86%, 3.72%, and 0.01% in the poverty line, poverty gap, 
squared poverty gap, and human development models, respectively. The coefficients in the total 
tax models were reinforced and dictated by the direction of indirect tax systems. This is because 
revenue from indirect taxes is more than direct taxes.

Growth proxied by real GDP per capita enters the model negatively as expected. From the 
models, tax systems are not significant in the short-run when direct taxes are controlled using 
the absolute measures of poverty. However, a 1% increase in indirect and total tax systems will 
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Table 8. Long-run NARDL results

Variables
Asymmetric Static Non-Linear ARDL model

ln Gini index

Model 1 Model 2 Model 3
ln Direct tax (+) 0.07 

(0.05)

(-) −0.03 
(0.03)

ln Indirect tax (+) 0.12*** 
(0.03)

(-) 0.08** 
(0.03)

ln Total tax (+) 0.11 
(0.08)

(-) 0.09 
(0.10)

ln GDP per capita −0.23*** 
(0.07)

0.02 
(0.04)

−0.07 
(0.05)

ln cocoa price 0.01 
(0.01)

−0.02** 
(0.01)

0.02 
(0.01)

ln Minimum wage 0.02 
(0.02)

0.01 
(0.01)

0.02 
(0.02)

Inflation −0.00*** 
(0.00)

−0.00*** 
(0.00)

−0.00*** 
(0.00)

R-Squared 0.97 0.98 0.98

F-test for cointegration 3.05 5.44*** 4.64***

Wald Test of asymmetry 
(F)

0.339 0.004 0.002

Note: *, **, and *** indicate the levels of significance at the 10%, 5%, and 1%, respectively. Standard error is given in the 
bracket, we relied on the Akaike information criteria. 

Table 9. Long-run ARDL results

Variables
symmetric Static Linear ARDL model

ln Gini index

Model 1 Model 2 Model 3
ln Direct Tax −0.02 

(0.02)

ln Indirect tax 0.08** 
(0.03)

ln Total tax 0.04 
(0.04)

ln GDP per capita −0.06 
(0.06)

−0.04 
(0.06)

−0.08 
(0.06)

ln Cocoa price −0.02 
(0.01)

−0.02 
(0.01)

−0.01 
(0.01)

ln Minimum wage 0.04*** 
(0.01)

0.02*** 
(0.01)

0.03*** 
(0.01)

Inflation −0.00*** 
(0.00)

−0.00*** 
(0.00)

−0.00*** 
(0.00)

R-Squared 0.97 0.98 0.97

F-test for cointegration 5.50*** 4.25*** 4.05***

Note: *, **, *** denote significance at the 10%, 5%, and 1% level. Standard errors are given in the bracket. 
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reduce the number of Ghanaians under the poverty line by 2.29% and 2.38%, respectively. The 
same magnitude reduces the number of Ghanaians, who are severely poor by 2.95% and 2.75%, 
and the poorest of the poor by 5.90% and 5.497%. Considering the relative measure of poverty, a 
unit percentage increase in direct, indirect, and total taxes reduces poverty in Ghana by 0.02%, 
0.04%, and 0.05%, respectively. This empirical evidence suggests that growth in Ghana has been 
pro-poor in the short-run. Thus, the short-run growth of poverty is highly elastic.

Inequality coefficients were also consistent with the long-run coefficients. When direct and 
indirect taxes are controlled in the models, inequality is seen to be positively related with poverty. 
A percentage increase in the Gini index raises poverty by 17.04%, 21.05%, and 42.10% in the 
poverty line, poverty gap, and the squared poverty models in the short-run when total taxes are 
controlled. Inequality is, however, not significant in the poverty models when indirect taxes are 
controlled. The multidimensional poverty measured by the HDI reduces marginally when direct 
taxes are controlled.

The natural resources sector represented by the price gold, as in the long-run model, enters the 
model positively. This means that revenues from the sector to the government, artisanal miners, 
and mining in general do not have poverty reduction tendencies in Ghana. The sector is actually 
promoting poverty. This may be due to the negative impact mining (both large scale and small 
scale) has on mining communities. The negative impact on health, livelihoods, farming, and the 
environment could spur poverty in those areas. The foregoing is practically visible in many mining 
communities, as after many years of mining those communities have little to show in terms of 
progress. The gains are short lived, but the negative impacts have lifelong implications.4

We also realize that agriculture sector’s productivity in the short-run does not support poverty 
reduction when we account for direct taxes. Indeed, it does not support the a priori expectation. 
The explanation is forthright and empirical literature exist to explain the phenomenon. 
Christiaensen et al. (2006) argue that the direct impact of agriculture on poverty in sub-Saharan 

Table 10. Short-run dynamic ARDL results

Variables
Symmetric Dynamic Linear ARDL model

ln Gini index

Model 1 Model 2 Model 3
ln Direct tax 0.00 

(0.02)

ln Indirect tax 0.00 
(0.0)

ln Total tax 0.00 
(0.02)

ln GDP per capita 0.06 
(0.12)

0.00 
(0.11)

−0.02 
(0.11)

ln Cocoa price −0.01 
(0.01)

−0.01 
(0.01)

−0.01 
(0.01)

ln Minimum wage −0.02 
(0.02)

−0.01 
(0.01)

−0.02 
(0.02)

Inflation −0.00** 
(0.00)

−0.0007*** 
(0.0002)

−0.00** 
(0.00)

Constant 2.77*** 
(0.00)

3.40*** 
(0.63)

3.28*** 
(0.64)

ECM(−1) −0.66*** 
(0.13)

−0.79*** 
(0.15)

−0.73*** 
(0.14)

Note: *, **, and *** indicate the significance at the 10%, 5%, and 1% levels. Standard errors are given in the brackets. 
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Africa is negligible. The direction of the effect is through the linkages that it has with other sectors 
(indirect sector). It is also possible that the poor, the deeply poor, and the poorest of the poor do 
not have farmlands and farm assets for agriculture. Moreover, the subsistence nature of agricul-
ture in Ghana suggests that the sector might not hugely contribute to poverty reduction. 
Hesselberg (2017) indicate that, if farming continues to remain at the small-scale level, it will 
fail to eradicate poverty. We also observe that the short-run dynamics of government expenditure 
has no effect on poverty. It only supports poverty reduction when the HDI is in perspective.

6.7. Results on tax systems and inequality in Ghana
We then present the cointegration and long-run results on tax systems–inequality nexus based on 
the asymmetric and symmetric ARDL models. We complete this section by presenting short-run 
dynamic ARDL results for the selected models.

6.8. Long-run results
The results of the long-run NARDL and ARDL models, as well as the tests for cointegration are 
shown in Tables 8 and 9. We establish strong evidence for cointegration in both the ARDL and 
NARDL models except when direct tax is employed as a measure of the tax system.

Is the relationship between tax systems and inequality asymmetric? We resolve this question 
with the Wald test for asymmetry. Based on our decision on the F-statistics, as depicted in the 
last role of Table 8, we discover no asymmetry in the relationship when all the tax system 
variables are controlled. We, therefore, rely on the symmetric ARDL model in Table 9 for the long- 
run relationship.

From Table 9, we find that, cocoa price, growth, direct and total taxes cannot explain the level of 
inequality in Ghana in the long-run. On an a priori level, we expected direct taxes to be negatively 
related to inequality, as depicted in the model. This is insignificant because, although it reduces 
inequality because of its progressive nature, it is paid by a small percentage of the population, 
which makes it a small fraction of the overall tax revenue. It is, therefore, not enough to 
significantly reduce the level of inequality in Ghana. On indirect taxes, a percentage increase in 
indirect taxes raises the level of inequality by 0.08%. This finding is in agreement with the a priori 
expectation.

We find the minimum wage to be positively related to inequality. A percentage increase in 
minimum wage raises the level of inequality by 0.04%, 0.02%, and 0.03% when direct tax, indirect 
tax, and total taxes are controlled, respectively. This finding is against the a priori expectation. The 
reason for this narrative is because minimum wages are so low that upward adjustments do not 

Table 12. Diagnostics of the ARDL models

Diagnostic Test

Symmetric ARDL Diagnostic test
ln Gini

Direct tax Indirect tax Total tax
Serial correlation LM(2) 2.04 

[0.36]
4.45 

[0.11]
4.32 

[0.12]

Heteroskedasticity 15.42 
[0.03]

18.33 
[0.05]

21.88 
[0.02]

Normality: Jarque–Bera 
Prob.

3.16 
[0.21]

0.08 
[0.96]

0.22 
[0.90]

Ramsey RESET 0.58 
[0.57]

0.57 
[0.57]

0.69 
[0.50]

Note: Heteroskedasticity and Autocorrelation Consistent Covariance (HAC) estimators were employed in the 
estimations. 
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alter the earnings of people in Ghana. Thus, the minimum wage exists only in theory, it lacks 
practical relevance in Ghana. Inflation is also significant at the 1% level. A negative relationship is 
struck, as a 1% increase in inflation leads to negligible decrease in the level of inequality in Ghana. 
In theory, an increase in inflation should disadvantage low income earning individuals in society. 
The current revelation may be explained by the items in the inflation basket. If they are luxuries, 
higher inflation should not affect the poor and, hence, reduction in inequality. If, on the other 
hand, they are necessities, then the state of inequality will widen. However, the current findings 
should not lead to misguided policy debate as the coefficients, although strongly significant, are in 
the realms of negligible values.

6.9. Short-run results
In this section, we present the short-run ARDL results, as shown in Table 10. We observe that the 
error correction terms are all significant and negative, which indicates the presence of long-run 
relationship or convergence.

We observe that the relationship between tax systems and inequality is a long-run phenomenon 
and that the short-run coefficients of all the various tax systems are insignificant. This finding also 
suggests that any policy that intends to rely on tax systems to address inequality should look at 
the long-run for results. The short-run dynamics of inflation is not different from the long-run. 
Inflation has a negative relationship with inequality. The coefficients are, however, negligible, and 
this lends credence to the fact that issues of inequality are mainly a long-run phenomenon.

6.10. Diagnostics of the models

6.10.1. Diagnostics of the poverty model
The NARDL and ARDL models’ diagnostics for the poverty model are highlighted in this section. We 
test for autocorrelation using the Breusch–Godfrey Serial Correlation LM Test. We also employed 
the Breusch–Pagan–Godfrey test for heteroscedasticity to check the condition of the variance of 
the error term. We confirm the normality or otherwise of the models with the Jarque–Bera 
normality test. Functional form of the model is tested for by the Ramsey reset test. The diagnostics 
confirm the absence of normality and functional form problems in the NARDL model. However, 
there are normality challenges in the ARDL model with respect to the relative measure of poverty 
(HDI). Although both the NARDL and ARDL models confirm some autocorrelation in some of the 
models, we avoid the challenges associated with them as we estimate all the models by the 
Heteroscedasticity and Autocorrelation Consistent (HAC) method. Thus, all the models are hetero-
scedastic and autocorrelation consistent. The standard errors estimated are thus consistent and 
good. The diagnostics of both the symmetric and asymmetric ARDL models are given in Table 11. 
We first present the asymmetric model diagnostics and follow them up with that of the symmetric 
models. We relied only on the CUSUM squared test to assess the stability or otherwise of all the 
models because it is more robust than the CUSUM test. The results, as depicted in Figure 1 and 25, 
indicate that the NARDL models are more robust than the standard ARDL models. This is seen in 
the highly unstable nature of most of the ARDL models.

6.10.2. Diagnostics of the inequality model
Turning to the diagnostics of the inequality model, we estimated the models using the HAC 
method to arrive at standard errors that are heteroscedasticity consistent. This means that all 
heteroscedasticity in the original model is rendered redundant. Table 12 provides diagnostics of 
the symmetric ARDL model for inequality.

As shown in Table 12, the models are all normally distributed, autocorrelation free, and rightly 
specified in functional forms. The models, as revealed by the Ramsey’s reset and CUSUM tests,6 

were all very stable.

Adu et al., Cogent Economics & Finance (2023), 11: 2166211                                                                                                                                          
https://doi.org/10.1080/23322039.2023.2166211                                                                                                                                                       

Page 25 of 33



7. Conclusion and policy recommendations
The study examined the effect of domestic resource mobilization systems (tax systems) on distribution 
(poverty and inequality) in Ghana. Specifically, the study investigated whether the relationship is asym-
metric or symmetric. With respect to the effect of tax systems on poverty in the long-run, we found that, 
generally, the relationship is asymmetric when all measures of tax systems and poverty are employed. 
We observed that, while positive (negative) shocks in direct taxes raise (reduce) the level of poverty, the 
negative and positive shocks in all the other tax systems produce negative results. We also realized that 
negative shocks generally produce greater impacts on poverty than positive shocks. Similar findings were 
also discovered in the short-run dynamics. A poverty reduction strategy that looks at tax reduction at all 
levels should produce the desired results in the long-run. It is important to design this policy with key 
emphasis on broadening the tax base to reduce tax avoidance and evasion. We also realized that growth 
was all poverty enhancing in both the long-run and the short-run. The significance of growth to poverty, 
however, increases with profound poverty. Any meaningful strategy to reduce poverty must have as an 
anchor, a policy to promote rapid and sustained growth. It is also important that growth promoting 
policies are combined with policies that allow the poor to fully participate in the opportunities unleashed 
by the growth. We, therefore, recommend that the social planner invest in making the labour market 
work more efficiently, promoting gender equality, and raising the level of financial inclusion in Ghana to 
make growth reach the very poorest. Thus, growth must be inclusive to benefit the very poor. On the 
effect of inequality on poverty, we observed that inequality generally fuels poverty. The relationship is, 
however, reversed when direct taxes are employed as tax systems because of their distribution prowess. 
We, therefore, recommend that policies should be targeted at making income, and asset distribution 
more equitable to provide the poor with significant opportunities, and means to improve their living 
standards, and hence, reduce poverty.

The study revealed that the relationship between the tax systems and inequality is rather symmetric, 
not asymmetric. While cointegration exists for the symmetric relationship, we only found a significant 
positive relationship between indirect taxes and inequality in the long-run. There is no short-run 
relationship between tax systems and inequality. The relationship is partly due to the regressive nature 
of indirect taxes in Ghana. Direct taxes in Ghana are marginal enough to strike any significant impact on 
inequality both in the short-run and the long-run. A policy to leverage on tax systems to bridge income 
inequality that has a firm foundation in indirect tax systems should be pursued. The policy should thus 
focus on reducing the level of indirect taxes in Ghana.

The study was challenged with limited data on poverty and inequality variables. There were missing 
observations for the variables, which resulted in the use of interpolation to lengthen the time series. We 
also did not consider additional proxies for inequality due to data unavailability. Future studies can 
address these limitations to achieve more robust findings. More importantly, having established asym-
metry in the tax systems–poverty nexus and the essential role of economic growth in poverty reduction, 
it is also significant that future studies concentrate on the threshold effect of economic growth in 
mediating the relationship between tax systems and poverty in Ghana.
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Notes
1. Maboshe and Woolard (2012) found progressive taxes 

in South Africa are borne by the top three deciles 
income group.

2. See https://www.weforum.org/agenda/2014/02/want- 
end-poverty-tackle-inequality-first/

3. Refer to http://acetforafrica.org/programs/impact-of- 
artisanal-and-small-scale-mining-on-smallholder- 
agricultural/

4. Mining activities intensify with rise in the price of gold.
5. See Appendix 4–5
6. Refer to Appendix 6
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Appendix 1. Empirical Strategy (Continuation)
While the long-run symmetry test is based on the null hypothesis ρ ¼ θþ ¼ θ� ¼ 0, the short-run 
also relied on either πþj ¼ π�j ¼ or ∑q� 1

j¼0 πþj ¼ ∑q� 1
j¼0 π�j ; " j ¼ 1; . . . ; q. When asymmetry is estab-

lished in the long-run and short-run, the cumulative dynamic multiplier effect associated with a 
unit percentage change of " j ¼ 1; . . . ;q on Xt

þ and X�t is given as: 

mþh ¼ ∑h
j¼0@Ytþj@Xþt ; m�h ¼ ∑h

j¼0@Ytþj@X�t ; h ¼ 0;1;2::: (10) 

h!1; mþh ! βþand m�h ! β�
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Appendix 3. NARDL Graph for poverty models

Appendix 4. CUSUM Square Plots for the NARDL Poverty Model
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Appendix 5. ARDL CUSUM Square for poverty models
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Appendix 6. CUSUM, and CUSUM Squared for inequality model
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