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DEVELOPMENT ECONOMICS | RESEARCH ARTICLE

The asymmetric and non-linear relationship 
between capital flight and economic growth 
nexus
John MacCarthy1*, Helena Ahulu1 and Rose Thor1

Abstract:  The paper sought to explore the effect of capital flight on the economic 
growth nexus in Ghana. The study used quarterly time series data from 1976 to 
2020 to test three hypotheses. The paper used non-linear autoregressive distribu-
tive lagged employing unit root test, co-integration test, and Wald test to assess the 
asymmetrical relationship among the variables. The study posits that both the 
positive and negative changes in capital flight affect economic growth significantly. 
Again, the study revealed that capital flight and other macroeconomic variables 
explain about 75.28% of economic growth. Furthermore, the model can restore the 
short-run relationship to the dynamic long-long equilibrium at the speed of 35.6%. 
The study recommends that government economic policymakers build economic 
confidence by stabilizing economic conditions in the country to reduce the incen-
tives for capital outflows. Further, as a priority, the government must formulate 
strategies to recover looted public funds by corrupt public officials stacked in foreign 
accounts and inject them into the economy to boost economic growth.

Subjects: International Finance; International Trade; incl; trade agreements & tariffs; 
Development Economics 

Keywords: asymmetric; relationship; capital flight; panel; model; economic growth; NARDL

1. Introduction
Capital flight is characterized by large outflows of assets from a country due to several events 
resulting in negative economic consequences. The issue of capital flight has become a severe issue 
in many developing countries because of its effects on economic growth, macroeconomic stability, 
and people’s income distribution and welfare (Zheng & Tang, 2009). Walter (1987) defines capital 
flight as all capital that “flees” regardless of the motive. Part of domestic savings sent abroad due 
to adverse economic consequences would eventually adversely affect that country’s economic 
fortunes. Capital flight’s long-term adverse (negative) effect includes worsening capital scarcity 
and further capital formation. Capital flight can be legal or illegal. Capital flight occurs in several 
ways: bank transfers using cash or monetary instruments; where investors and businesses remove 
money and assets from a country; movement of precious metals and collectibles where local 
currency is swapped for other precious metals; transfer through false invoicing of trade transac-
tions; black market transfers of funds abroad, transfers overseas through commissions and agent 
fees locally earned among others. The legal movement of capital flight is in search of investment 
opportunities outside the country and is documented for accounting. This illicit capital outflow is 
an illicit financial outflow that escapes the country’s economic, institutional and political risk and 
avoids accounting purposes. Capital flight has affected some countries negatively, while others 
have gained substantially from the illicit capital outflows.
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The current decade has seen intense discussions on capital flight from both literature and the 
development policy discourse; due to the adverse economic consequence, especially for those in 
Africa and Sub-Saharan Africa. It is estimated that African countries lost up to 1.3 trillion dollars (in 
2010, constant U.S. dollars) to capital flight between 1970 and 2010 (Ajayi & n.d.ikumana, 2015; 
Boyce & Ndikumana, 2012). Assuming that this capital outflow earned the modest interest rate 
measured by the short-term United States Treasury Bill rate, this would earn substantial returns for 
those countries within Africa and Sub-Saharan Africa. This dilemma has intensified in sub-Saharan 
countries after the debt crises that span from the late 1980s to the early 1990s, adversely affecting 
several African economies (Osei-Assibey et al., 2018). Specifically, 33 Sub-Saharan economies lost 
814 billion dollars between 1970 and 2012 (Boyce, 2012) due to illicit capital flight. The hostile 
macroeconomic and political environment in most developing economies accounts for the sub-
stantial capital flight from these economies. These include corruption, terrorism, governance, 
regulation quality, exchange duality, public sector indebtedness, political instability, domestic 
investment, and private sector credit (Vu & Zak, 2006).

Several studies on the relationship between capital flight and economic growth yielded mixed 
outcomes. Some researchers concluded that there was a negative relationship between capital 
flight and economic development (Bredino et al., 2018; Cervena, 2006; Henry, 2013; Lawal et al., 
2017; Orji et al., 2020), while other researchers concluded there was a positive relationship with 
economic growth (A. S. n.d.iaye, 2014; Oluwaseyi1, 2017; Davies, 2008; Akanbi, 2015; Ajilore, 2015; 
Lawanson, 2007). From the perspective of Endogenous growth theory, government policies that 
increase capital formation (i.e., ensure investment in physical capital) and knowledge (i.e., tech-
nology) should lead to an increase in economic growth (Romer, 1986; Lucas, 1988). The situation 
explains why capital flight negatively affects a country’s economic resources leading to retard 
economic growth. Researchers’ mixed relationship reported between capital flight, and economic 
growth requires an in-depth examination to help direct the future short-run and long-run policy 
formation. Again, most previous studies examined the capital flight and economic growth relation-
ship with a focus on the short-run effect and excluded the long-run effect (Bakare, 2011; Forson 
et al., 2017; Ndikumana, 2016; Tjaondjo, 2019). Furthermore, these studies employed less robust 
methodologies involving ordinary least square (OLS) and Linear Autoregressive Distributed lag 
(ARDL) to assess the relationship between capital flight and economic growth and concluded 
that capital flight significantly decreases economic growth. However, the recent studies by Anderl 
and Caporale (2021) and Cho et al. (2021) using the Non-linear autoregressive distributed lag 
(NARDL) model have outperformed those that used ARDL to examine the economic growth capital 
flight nexus.

Furthermore, in recent times, especially from 2007 onwards, the Ghanaian economy has 
experienced an increasing rate of capital flight and, at the same time, recorded an appreciable 
growth rate (The World Bank, World Development Indicators, 2021). This relationship between 
increasing capital flight and economic growth in the Ghanaian economy is at variance with 
economic literature. Based on these premises, the current study seeks to examine the role of 
capital flight on the economic growth in Ghana. The primary motivation for this paper is to 
evaluate the monetary policy’s position on the effect of the capital flight nexus in Ghana. We 
submit that this study is essential for the following reasons: Firstly, the study aimed to employ 
an alternative, recent, and more robust methodology like NARDL to assess the effect of capital 
flight on economic growth, purposely to avoid some of the shortcomings of the OLS and ARDL 
used in the past. Secondly, the results will provide fresh insight and clarity to some of the 
relationships between a country’s macroeconomic fundamentals, such as interest rate and 
inflation rate, to assist government monetary policy direction. Finally, the result supports the 
literature and helps policymakers understand the relationship between capital flight and eco-
nomic growth to ensure the economy performs efficiently. Section 2 reviews existing literature, 
followed by the research methodology in section 3. Section 4 presents the results and the 
attendant discussion of the research results. Finally, the study ends with some conclusions 
and limitations for the study.

MacCarthy et al., Cogent Economics & Finance (2022), 10: 2103924                                                                                                                                 
https://doi.org/10.1080/23322039.2022.2103924

Page 2 of 19



2. Literature review
This section reviewed related literature on capital flight and economic growth. The section is 
organized into two sections: Theoretical review and empirical review.

2.1. Theoretical review: endogenous growth theory
Endogenous growth theory was introduced by Robert Lucas of The University of Chicago. The main 
promulgators of the theory were Lucas (1988) and Romer (1994), and were espoused due to some 
criticisms against the Neoclassical (Exogenous growth) theory on economic growth. Endogenous 
growth theory is referred to as the New Growth Theory. The approach is based on the aggregate 
production function, which specifies how specific inputs on physical capital, human capital, and 
technology can lead to the output. The advantage of the aggregate production function is that it 
enables economic growth to be represented mathematically, and it is expressed as equation (1): 

Yt ¼ AtfðKβ
t ; L

α
t Þ (1) 

The aggregate production function is exceptionally good at summarizing aggregate production in the 
economy. Where Y denotes the aggregate production function (i.e., GDP growth rate per annum) at 
the time t, A is the adjustment factor outside the production function. It is used to capture the effect 
of changes in technology at the time t, K represents physical capital stock at the time t, and 
L represents human capital at the time t. The superscripts represented by α and β are the output 
elasticity of physical capital stock and human capital, respectively. There are two main assumptions 
or forces driving the theory: Firstly, a policy aimed to increase capital formation (i.e., to ensure 
investment in physical capital) and technology (i.e., knowledge) should lead to an increase in 
economic growth (Romer, 1986; Lucas, 1988). When technological development meets with capital 
for investment, then economic growth is optimized. This makes capital and technology the right 
combination of the sources of growth that plays a central role in the growth of any economy. 
Secondly, the output’s elasticity of physical capital stock and human capital are assumed to be 
constant and influenced by technologies. Capital can be used to acquire the superior technology or 
invested in human capital to acquire new knowledge and skills to propel economic growth. It explains 
why technology is considered an adjustment factor outside production function. Therefore, a country 
with sufficient capital can invest in research and knowledge acquisition to lead to economic growth.

In contrast, a country without adequate capital cannot acquire the latest technology with the 
attendant unskilled labour leading to retarded growth and a vicious cycle of poverty in the 
economic development. A country like Taiwan broke from a vicious cycle of poverty to a growth 
path due to consistent economic policies to attract foreign capital for investment. The consider-
able economic growth and development in Taiwan is attributed especially to the enactment of 
new investment law in the 1960ʹs to encourage direct investment by foreign and overseas 
Chinese capital for investments (Irwin, 2021; Jao, 1976). Capital flight is mainly in the form of 
physical capital and human capital. It is based on the assumption that optimal capital can be 
the requisite investment technology for growth. It implies that capital inflow can cause eco-
nomic growth while capital outflow from a country can cause economic retardation. Most 
developing countries experienced a capital flight to advanced countries due to economic and 
political uncertainties (Lawal et al., 2017; A. S. n.d.iaye, 2014). The economic and political forces 
create uncertainty that causes capital flight from domestic regions relative to better investment 
opportunities in advanced nations. These better alternatives result in the movement of inves-
tible resources transferred to developed economies with high-interest rates and large varieties 
of financial instruments as a result of economic growth as well as political stability. This creates 
a shortage of capital in developing economies, causing a savings gap, constraining aggregate 
investment, and limping economic growth (Onodugo et al., 2014).

Consistent with endogenous growth theory, the capital flight in developing countries has created 
adverse macroeconomic effects on developing countries leading to a decline in aggregate 
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investment, low economic growth, declining employment, increased dependency ratio, and a high 
death rate. Again, the endogenous growth theory provides significant literature explaining why 
some countries are lesser developed countries (LDC) and others are considered developed coun-
tries. The view is built on the idea that an increase in capital accumulation (i.e., capital inflow) or 
deterioration in capital accumulation (i.e., capital outflow or capital flight) can positively or 
negatively affect economic growth. Therefore, the adverse effect of capital flight resulting from 
economic and political uncertainties explains the economic deprivation in most of the LDC (Boyce 
& Ndikumana, 2012; Eshete, 2018; Osei-Assibey et al., 2018).

3. Methodology
This study is empirical research involving a quantitative research method to collect secondary data to 
measure phenomena and test research hypotheses (Moyo & Munoriyarwa, 2021). The study uses 
Quarterly time series data from 1976 to 2020 gleaned from the World Development Indicators (WDI) 
of the World Bank, the Bank of Ghana (BoG) database, and Political Economy and Research Institute 
(PERI) to assess the relationship among the variables. The study applied these econometrics tools: 
Unit root test, bounds test, Non-linear Auto Regressive Distributed Lag (NARDL) model, diagnostic 
tests, and estimations of the short-run and long-run impacts are applied to the data collected. Eview 
10.0 is the analytical software used in carrying out the analysis.

3.1. Research variables
The data collected are organized into dependent, independent, and control variables to assess the 
effect of the capital flight on the economic growth nexus.

3.1.1. Dependent variable (i.e., GDP growth rate)
Gross Domestic Products (GDP) growth rate: GDP is the proxy used to measure the dependent 
variable for this study. The GDP growth rate is GDP’s annual percentage growth rate at market 
prices based on constant local currency. Data is taken from the World Development Indicator 
(WDI) and Bank of Ghana (BoG). The subsequent studies used GDP as the proxy for economic 
growth (King & Levine, 1993; Nguena & Abimbola, 2003).

3.1.2. Independent variables (i.e., capital flight)
Capital Flight (CF): This is an independent variable. The proxy measures the external debt of 
foreign direct investment minus current accounts plus foreign reserves. Data is taken World 
Development Indicator (WDI). There were mixed outcomes on the relationship between capital 
flight and economic growth. The following researchers concluded there was a negative relationship 
between capital flight and economic development (Bredino et al., 2018; Cervena, 2006; Henry, 
2013; Lawal et al., 2017; Orji et al., 2020), while the following researchers concluded there was 
a positive relationship with economic growth (A. S. n.d.iaye, 2014; Oluwaseyi1, 2017; Davies, 2008; 
Akanbi, 2015; Ajilore, 2010; Lawanson, 2007).

3.1.3. Control variables (i.e., inflation and interest rates)
Besides the well-established fact that capital flight can influence economic growth, other external 
factors can also affect economic growth. These external factors are known as control variables. 
The study used inflation and interest rates as control variables for this study.

Inflation (INF): This is an independent variable. Inflation reflects the potential risk of over- 
heating caused by increased credit granted to the private sector. Empirical studies show that 
inflation affects economic growth negatively (Boyd et al., 2001; Borio, English & Filardo, 2003 en 
World Development Indicator (WDI).

Interest rates (INT): The interest rate is the cost of borrowing money in an economy, and it is 
the primary determinant of the cost of credits in an economy. The proxy is InINT, and its 
equivalent percentage (%) measures the 91-Day Treasury bill Interest rate. Previous studies 
documented a mixed relationship between interest rate and economic growth. The following 
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researchers opined a negative relationship between interest rates and economic development 
(Harswari & Hamza, 2017; Hye & Wizarat, 2013). The researchers opined a positive relationship 
between interest rates and economic growth (Khalid & Nasir, 2004; Mushtaq & Siddiqui, 2016; Orji 
et al., 2015; Salahuddin & Gow, 2009).

3.2. Model specification
The regression model for this study is based on the recent contribution of Léonce that stems from 
the theoretical framework of the Endogenous growth theory of aggregate production function. The 
model was modified to include inflation (INF) and interest rate (INT) and expressed as equation (2): 

GDPt ¼ β0 þ β1CFt þ β2INFt þ β3INTt þ μt (2) 

Where:

GDP represents GDP growth domestic products, CF represents capital flight, INF represents 
inflation, and INT represents interest rate. We cannot proceed with the functional equation, so log- 
linear was taken to transform the applicable equation in (1) into equation (3) as follows: 

InGDPt ¼ β0 þ β1InCFt þ β2InINFt þ β3InINTt þ μt (3) 

Equation (2) is an ordinary least square (O.L.S.) regression approach. It can assess the linear 
relationship between the CF, INT, INF, and G.D.P but cannot simultaneously evaluate the short- 
run and long-run relationship between the variables. Subsequently, equation (3) is written in 
a linear auto-regression distribution lag (linear ARDL.) form as equation (4). This is an appropriate 
approach for generating short-run and long-run statistics between variables (Duasa, 2007). The 
linear ARDL model to consider all the dynamic changes of the dependent variable from the 
changes in the lagged values of the independent variables required a linear autoregressive 
distributed lagged (ARDL.) model by Pesaran et al. (2001). In the past, the most assessment was 
centered on the effect of capital flight on economic growth using linear relationships. This is 
usually centered in one direction of capital flight based on net capital flights (i.e., capital inflows 
less capital outflows) and has caused a lot of inconsistencies in outcomes in the past. 
Unfortunately, the linear ARDL cannot interpret and estimate asymmetric coefficients but can be 
used to test for co-integration and expressed as equation (4): 

ΔInGDPt ¼ β0 þ β1InGDPt� 1 þ β2InCFt� 1 þ β3InINTt� 1 þ β4InINFt� 1 þ ∑
m

i¼1
λiΔInGDPt� 1 þ ∑

n

i¼0
λiΔInCFt� 1

∑
p

i¼0
λiΔInINTt� 1 þ ∑

q

i¼0
λiΔInInINFt� 1 þ ψECTt� 1 þ μt

(4) 

The study will use the NARDL approach instead of linear ARDL to decompose the independent 
variables (i.e., CF, INT, and INF). The new approach introduced by Shin et al. (2014) can overcome 
the inconsistencies in outcome from linear ARDL and can assist in assessing the impact of the 
short-run, long-run, and the asymmetrical relationship between negative and positive changes in 
capital flight on ex = conomic growth in Ghana,

Where:

CFþt CF�t are the partial sums of the positive changes and the negative changes in the CF series, 
INTþt and INT�t are the partial sums of the positive changes and the negative changes in the INT, 
INFþt and INF�t are the partial sums of the positive changes and the negative changes in the INF 
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series. These are expressed as equations (5), (6), (7), (8), and (9) in this study:  

CFþt ¼ ∑
t

i¼1
ΔCFþt ¼ ∑

t

i¼1
maxðΔCFi;0Þ (5)  

CF�t ¼ ∑
t

i¼1
ΔCF�t ¼ ∑

t

i¼1
maxðΔCFi;0Þ (6)  

INTþt ¼ ∑
t

i¼1
ΔINTþt ¼ ∑

t

i¼1
maxðΔINTi;0Þ (7)  

INT�t ¼ ∑
t

i¼1
ΔINT�t ¼ ∑

t

i¼1
maxðΔINTi;0Þ (8)  

INFþt ¼ ∑
t

i¼1
ΔINFþt ¼ ∑

t

i¼1
maxðΔINFi;0Þ (9)  

INF�t ¼ ∑
t

i¼1
ΔINF�t ¼ ∑

t

i¼1
maxðΔINFi;0Þ (10) 

The study used the NARDL model to formulate three different cases such as (1) long-run and 
short-run asymmetry of capital flight on economic growth, (2) long-run asymmetry of capital 
flight on economic growth only, and (3) short-run asymmetry of capital flight on economic 
growth only. The advantages of using the NARDL model instead of the ARDL model are that the 
NARDL model can isolate and estimate the effect of different directional changes of capital 
flight (i.e., outflow and inflows) on economic growth. Secondly, the NARDL approach is an 
improvement to the linear ARDL Equation (3) decomposed capital flight into the positive and 
negative changes under the NARDL model, the partial sum of positive and negative variables 
values are generated and presented as equation (5) to (10) are incorporated to arrive at 
equation (11). Again, NARDL is more robust and permits the estimation of both dynamics of 
the negative and positive changes in independent variables on a specific dependent variable 
(Adekunle & n.d.ukwe, 2018). Lastly, the NARDL allows the variables to have different optimal 
lags and employs a single reduced form equation to determine long- and short-run relation-
ships among variables (Pesaran et al., 2001). On the other hand, it measures the short-run and 
long-run impacts of the C.F., INT, and INF on the G.D.P. 

ΔInGDPt ¼ β0 þ β1InGDPt� 1 þ β2InCFþt� 1 þ β3InCF�t� 1 þ β4InINT�t� 1 þ β5InINT�t� 1 þ β6InINF�t� 1

þ β7InINF�t� 1 þ ∑
m

i¼1
λiΔInGDPt� i þ ∑

n

i¼0
ðλiΔInCFþt� i þ λiΔInCFþt� iÞ þ ∑

p

i¼0
ðλiΔInINT�t� i þ λiΔInINT�t� iÞ

þ ∑
q

i¼0
ðλiΔInINF�t� i þ λiΔInINF�t� iÞ þ ψECTt� 1 þ μt

(11) 

Where Δ is the difference operator, m, n, p, and q represent the lag orders. Moreover, α + = −β2/β1, α 
− = −β3/β1, are the coefficients of long-run effects of CF, INT, and INF increases and decreases  

respectively for GDP. ∑
n

i¼0
ðλþi þ λ�i Þ The µ is the error term or the equation’s constant, the t represents  

the period from 1975 to 2020, ψ represents the speed of adjustment, and ECTt� 1 the lagged error 
correction term is derived from the model. The sign, size, and statistical significance of the coefficient 
ECTt� 1 must be negative and significant to ensure convergence of the dynamics to the long-run 
equilibrium (Adefeso, Egbetunde & Alley, 2013). When the error correction model is negative and 
significant implies that the past equilibrium plays a role in determining the current outcomes of the 
model. The value of the coefficient, ψ, ranges typically from—1 and 0. A—1 signifies perfect and 
instantaneous convergence, while 0 means no adjustment after a shock in the process.
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3.3. Research hypotheses development
The following hypotheses were espoused to assess the asymmetrical relationship between capital 
flight and economic growth so that inference can be made for this study: 

H01: There is no asymmetrical relationship between capital flight (CF) and economic growth (GDP) in 
the short and long run. Hence, Capital flight can be decomposed into their partial sum of positive and 
negative changes for the study.

H02: There is no significant relationship between the positive change of the partial sum of capital 
flight (CF_POS) and economic growth (GDP). Hence, the positive change in capital flight cannot affect 
economic growth in the long run.

H03: There is no significant relationship between the negative change of the partial sum of capital 
flight (CF_NEG) and economic growth (GDP). Hence, the negative change of the partial sum of capital 
flight cannot affect the economic growth in the long run.

The study will use the NARDL approach as a statistical analysis tool to assess these hypotheses. 
Each hypothesis may be accepted or rejected based on the outcome of the t-statistic combined 
with the p-value, at a 5% significance level as the decision criteria.

4. Results and discussion
This sub-section presents the empirical findings obtained from the descriptive statistics, Pearson 
correlation, and non-linear autoregressive distributed lag model to test and quantify the causal 
relationship between capital flight and economic growth.

4.1. Descriptive statistics
Descriptive statistics provide the foundation for comparing the variables before inferential statis-
tics. Descriptive statistics describe the entire data as a single measurement is based on the 
primary measures of the descriptive statistics: mean, standard deviation, minimum and maximum. 
The means help identify any possible irregularities before inferential statistics, while the standard 
deviation discloses the dispersion from the mean or the observation.

Table 1 shows that the mean for GDP, CF, INT, and INF are 8.899, 22.035, 2.946, and 3.194, 
respectively. The standard deviation for GDP, CF, INT, and INF are 0.304, 0.855, 0.470, and 0.698, 
respectively. The standard deviation is used to measure the spread, and it reveals how close each 
observed value is to the mean of the dataset.

The standard deviation for GDP, CF, INT, and INF are 0.101, 0.087, 0.306 and 0.0.045. This implies 
the standard is low and clusters around the mean. A low standard deviation shows reliable data 
for the estimation. Additionally, Table 1 provides information on skewness and kurtosis. The 
measures of skewness and kurtosis are used to determine if the dataset met the assumption of 
normality (Kline, 2011). The acceptable skewness values should be between −2 and +2, and that 
kurtosis should be between −7 and +7 when assessing normality in regression (Byrne, 2010; George 
& Mallery, 2010). The result shows that GDP, CF, INT, and INF exhibit a positive skewness and are 
closer to zero. A positive skewness implies that the dataset is positively skewed and that the right 
tail is longer than the left. Therefore, the skewness for GDP, CF, INT, and INF are approximately 
symmetrical. The kurtosis for GDP, CF, INF, and INT are 2.094, 2.197, 2.189, and 2.287, respectively. 
The kurtoses values of the variables are closer to 3, implying the distribution is normal. A kurtosis 
of value lowers than three corresponds to a broadening of the peak and “thickening” of the tails. 
Therefore, it is platycurtic as it mirrors a normal distribution. Therefore, the null hypothesis of the 
Jarque–Bera test shows that the distribution is normal since the p-values are significant (i.e., 
p-value greater than 5%).
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4.2. Pearson correlation matrix
This sub-section used Pearson correlation to assess the association between the variables. 
Using the correlation matrix ensures a relationship between dependent, independent variables 
and confirms an absence of multicollinearity problems among the independent variables. 
Pearson correlation uses the coefficient index (r) to determine the strength of the relationship 
between the dependent and independent variables, with r ranging from −1 to +1. The results of 
the correlation between the capital flight (CF), interest rate (INT) and inflation (INF), and 
economic growth (GDP) are presented in Table 2. Table 2 shows that the correlation index (r) 
between GDP and CF, INT, and INF are 0.669, 0.586, and (0.502), respectively. The result shows 
a significant and robust relationship among the variables, and none of the independent vari-
ables has violated the multicollinearity assumption. The result shows a positive correlation 
between CF, INT, and GDP, while INF and GDP are negative. A positive relationship between 
capital flight and economic growth means that when capital flight increases, economic growth 
increases vice versa. In contrast, the negative relationship between inflation and economic 
growth means that an increase in inflation reduces economic growth negatively (i.e., 0.70) and 
vice versa.

According to Gujarati (2003), multicollinearity is a severe problem if the Pearson correlation 
coefficient between two explanatory variables is more than 0.95. Multicollinearity problems arise 
when there is a correlation between the independent variables. A multicollinearity problem may 
cause a wrong interpretation of the coefficients of the variables. Therefore, once detected, it is 
essential to eliminate those variables.

4.3. Results of non-linear autoregressive distributed lagged
The results from the NARDL model are organized and summarised into four significant steps: 
(1) establishing the time series is stationary, (2) establishing whether there is a long-run co- 

Table 3. Results of stationarity test (augmented dickey–fuller test)
Level 1st difference

ADF 
T-statistics

1% Critical 
Value

ADF 
T-statistics

1% Critical 
Value Order of int

GDP −1.930 −3.032 −5.020*** −4.905216*** I(1)

CF −2.186 −1.945 −4.885*** −4.862682*** I(1)

INF −1.548 −3.588 −4.873*** −4.855297*** I(1)

INT −2.892 −1.955 −4.160*** −4.383056*** I(1)

***, **, and * denote rejection of the null hypothesis at the 1%, 5%, and 10% significance levels, respectively. 
Source: Researcher’s computation (Eviews 10.0) 

Table 2. Correlation matrix
Variables GDP CF INT INF
GDP 1.000

—–

CF 0.669 1.000

0.000 —–

INT 0.586 0.390 1.000

0.000 0.000 —–

INF (0.502) (0.311) (0.291) 1.000

0.000 0.000 0.000 —–

Source: Author’s computation (2021) 
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integration among the variables in equation (4). The NARDL model allows the study to conclude 
a linear long-run relationship between capital flight and economic growth and estimate the 
long- and short-run coefficients. (3) The study will use the NARDL model to estimate the two 
variables (i.e., the negative and positive) of the non-linear co-integration. Finally, there is the 
existence of co-integration, then the study will estimate the asymmetric responses of capital 
flight to economic and test the presence of short and long-run asymmetries based on the Wald 
test

4.3.1. Unit root test results
In statistical analysis, Augmented Dickey–Fuller (ADF) test, Philip-Perron (PP) test, and KPSS test 
are used to test for the existence of stationarity in time series. This study used the ADF test to test 
for stationarity or unit roots in the data and not the PP test and KPSS test because the results of 
the ADF test are similar to the PP test and KPSS test but under slightly different conditions. 
According to Arltova (2016), ADF testing is more reliable. It gives a perfect result, especially in 
the case with many observations, while the PP test and KPSS are substitutes for concise time 
series. Therefore, the study settled on the ADF test because the observation span from 1976 to 
2020 is large enough to consider the ADF test as the preferred test. According to Granger and 
Newbold (1974), the data for the research should be non-stationary (i.e., unit root) to prevent 
spurious regression outcomes for the study. The ADF test results are presented in Table 3:

The empirical result from Table 3 indicates some of the variables (i.e., CF and INT) stationary at 
the level I(0) but GDP and INF were not stationary at level. However, all variables become 
stationary at the first difference I(1). When the variables exhibit mixed integration of I(0) and I 
(1), then autoregressive distributive lag (ARDL) is the most suitable for the regression (Shrestha & 
Bhatta, 2018). Secondly, none of the variables was integrated at order two, i.e., I (2) in the ARDL 
model. Therefore, the series are integrated at the same order of co-integration. It is observed that 
ADF test statistics are more significant than the 1% and 5% critical values.

4.3.2. Results of bounds test for co-integration
Therefore, the study established the existence of long-run co-integration among the variables. The 
F-test value is used to compare the lower and upper bounds. According to Pesaran et al. (2001) 
and later modified by Shin et al. (2014), the decision criteria is that once the calculated F-value is 
higher than the upper bound, the null hypothesis is rejected in favor of the alternate theory: 

Table 5. Wald test statistics for long run and short-run asymmetry
Long Run Asymmetry Short Run Asymmetry

Variables Chi-square Prob. Chi-square Prob.
Capital flight 22.57543 0.0000 4.362191 0.0367

Inflation 54.48652 0.0000 40.10878 0.0000

Interest 13.45349 0.0002 2.193184 0.1386

Source: Researchers’ computation (2021) 

Table 4. ARDL bounds test for the cointegrating relationship
K Test statistics Significance Lower value, I(0) Upper value, I(1)
4 F-statistics = 42.389 10% 2.53 3.59

5% 2.87 4.00

2.5% 3.19 4.38

1% 3.6 4.9

Source: Researchers’ computation (2021) 
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H0 : ρ ¼ φþ1 ¼ φ�2 ¼ φþ3 ¼ φ�4 ¼ φþ5 ¼ φ�6 ¼ 0 

H1 : ρ�φþ1 �φ�2 �φþ3 �φ�4 �φþ5 �φ�6 �0 

Table 4 shows that F-statistics is 42.389 and exceeds the critical values for I(0) and I(1), 
respectively. The result from the ARDL bounds test indicates that there is a co-integration (i.e., 
long-run relationship) between capital flight and economic growth since the value of the critical 
F-statistics is higher than the lower bounds I(0) and upper bounds I(1) values. Therefore, the null 
hypothesis of no co-integration among the variables is rejected at 1%, 2.5%, 5%, and 10% 
significance levels, respectively.

4.3.3. Results from asymmetry test (i.e., wald test)
The Wald test of asymmetry for both long-run and short-run is presented in Table 5. The Wald test 
is used to check for the null hypothesis of no asymmetry for the long run and short run in the 
NARDL model. The Wald test is used to determine if the independent variables in the model are 
significant. The Wald test assessment is done in addition to the F-statistics to confirm co- 
integration among the variables in Table 4.

Therefore, the null hypothesis (H01) that there is no asymmetry for the short and long run for 
the positive and negative changes for all the independent variables is rejected based on the 
information shown in Table 5. It concludes that capital flight can be decomposed into significant 
negative and positive changes that influence economic growth. The study concludes that long-run 
asymmetry is present in all the independent variables. The p-value is less than 5% except for the 
short run NARDL model (i.e., p-value greater than 5%). Table 5 implies that long-run asymmetry 
was present for CF, INT, and INF, and short-run asymmetry was present for CF and INF only. 
Therefore, the Wald test confirms long-run and short-run asymmetries of capital flight. The result 
demonstrates an asymmetry relationship for the capital flight and is verified further with plots (i.e., 
CUSUM and CUSUMQ) and dynamic multiplier graphs (DMG).

4.4. Results of the asymmetric relationship between capital flight and economic growth
Once co-integration is established for the model, there is the need to test run the NARDL model for 
the long-run, short-run dynamic, and ECM models on the relationship between capital flight and 
economic growth. The NARDL model assumes a change in capital flight has a non-linear relation-
ship with economic growth. The changes in economic growth are distinguished by the positive and 
negative changes in capital flight.

4.4.1. NARDL estimation of long-run NARDL coefficients
The NARDL long-run model is used to estimate the long-run asymmetric equation (7) for the model 
and is presented in Table 6. The results contain information on the coefficients, standard error, 

Table 6. Long-run NARDL coefficients estimation results
Variable Coefficient Std. Error t-Statistic Prob.
InCF_POS (0.036) 0.017 (2.056) 0.022

InCF_NEG 0.063 0.020 3.173*** 0.002

InINT_POS 0.132 0.031 4.246*** 0.000

InINT_NEG (0.795) 0.280 (2.839) 0.005

InINF_POS (0.035) 0.020 (1.775) 0.078

InINF_NEG (0.073) 0.013 (5.477) 0.000

Constant 1.084 0.071 15.265 0.000

Source: Researcher’s computation conducted using Eviews 10.0 package. 
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t-statistics, and p-values of dependent and independent variables were used for the analysis. The 
coefficients of both positive change (i.e., InCF_POS) and negative change (i.e., InCF_NEG) of capital 
flight have different signs and sizes. The NARDL long-run estimates confirm the asymmetric effect 
of capital flight on economic growth in Ghana in the long-run.

Table 6 shows that the positive change in capital flight has a significant negative relationship 
with economic growth. In contrast, the negative change of capital flight has a positive and 
significant relationship with economic growth since the p-value is less than the 5% significance 
level. However, the magnitude for the negative is higher than the positive. This implies that, in the 
long run, the positive changes in capital flight (i.e., capital outflows from Ghana) have a negative 
and significant relationship with economic growth (i.e., GDP). The result implies that a 1% increase 
in capital outflows decreases economic growth by 3.56% ceteris paribus. It suggests that an 
increase in capital flight negatively affects economic growth, which is consistent with the previous 
studies (Bredino et al., 2018; Henry, 2013; Lawal et al., 2017; Orji et al., 2020). Therefore, based on 
the result in Table 6 and the explanations, the study rejects the null hypothesis (H02) and 
concludes that the positive change in capital flight has a significant relationship with economic 
growth or affects economic growth in the long run. That improvement in capital accumulation 
caused by capital inflow can positively affect aggregate production function or economic growth. 
At the same time, the negative changes of capital flight in the long run (i.e., capital inflows into 
Ghana) affect economic growth (i.e., GDP) positively. A 1% increase in capital inflows increases 
economic growth by 6.34%. This result is consistent with the endogenous growth that capital 
accumulation is a core factor in economic growth and development process and vice versa (Lucas, 
1988; Romer, 1990). Therefore, based on the result in Table 6 and the explanations, the study 
rejects the null hypothesis (H03) and concludes that the negative change in capital flight has 
a significant relationship with economic growth or affects economic growth in the long run. The 
result is still consistent with the endogenous growth theory that capital accumulation is a catalyst 
for economic growth (Lucas, 1988; Romer, 1986). According to Amu et al. (2015), capital accumu-
lation is a core factor in economic growth and development. It implies when the capital is 
channeled into acquiring superior technology, investing in research and development, and 
human capital to acquire new skills and knowledge. This becomes the source of productivity for 
economic growth. Therefore, capital inflows enhance economic growth ceteris paribus. Secondly, 
the partial sum of positive change is greater than the negative change in capital flight. Therefore, 
the outcome implies that capital outflows would deride Ghana’s effort to attract inflows into the 
country. This explains the hypothetical situation Ghana found itself in 2007. The effect of capital 
inflow (i.e., 6.34%) was far more than the effect of capital outflow (i.e., 3.56%), resulting in net 
economic growth for the period.

Furthermore, Table 6 shows that both the positive and negative changes in interest rates 
significantly affect economic growth in the long run. The p-values of the positive and the negative 
partial sum of the interest rates are below 5% (i.e., p < 0.05), and the coefficients of the positive 
change (i.e., InINT_POS) and the negative change (i.e., InINT_NEG) of the interest rate are 0.132 
and 0.795. Even though both the positive and negative changes in the interest rates affect 
economic growth, the positive change exerts a higher magnitude of effect on economic growth 
than the negative variance of interest rate in the long run. This outcome is consistent with Khalid 
and Nasir (2004), Mushtaq and Siddiqui (2016), and Salahuddin and Gow (2009), who argued that 
interest rate affects domestic savings, and institutional positively, leading to economic growth in 
a country. Finally, only the negative change of inflation (i.e., InINF_NEG) affects economic growth 
significantly in the long run. The positive variance of inflation has an insignificant relationship with 
economic growth. This outcome is consistent with Borio et al. (2003), Boyd et al. (2001), and 
Swarnapali (2014), who argued that inflation, is a capital reducer. Inflation affects economic 
growth negatively because it creates uncertainty and discourages investment in an economy.
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4.4.2. NARDL short-run and ECM test result
The short-run NARDL and the ECM test assessed the short-run relationship between the indepen-
dent, control, and dependent variables. Once co-integration is established, the error correction 
model (ECM) is constructed to show the dynamic relationship between the variables for the model 
from the short-run to the equilibrium position. It indicates the speed of adjustment from the short 
run to the long run (Gujarati & Porter, 2009).

The ECT should be negative and statistically significant if the model can correct any of the shocks in 
the short run to the long-run equilibrium. The ECM is represented as CointEq(−1) in Table 7, and it is the 
last row of the NARDL estimation result. The coefficient of ECM is negative and significant at a 1% level of 
significance [i.e., the coefficient is (0.356), p-value = 0.000]. Therefore, the model can restore 35.6% of 
the short-run disequilibrium to the long run and explain the positive and negative changes in capital 
flight on economic growth in Ghana that can be corrected within the current year. Table 7 shows R2 

(R-square) measures the goodness-of-fit and assesses the strength of the model’s relationship with the 
dependent variable on convenience. It is the predictive power of the regression model, or it indicates the 
percentage of the variation in the dependent variable that can be explained by both the independent 
and the control variables. The coefficient of R2 in Table 7 was 0.7258 or 72.58%. It implies that the model 
can explain about 72.58% of the variation in the economic growth (i.e., GDP) based on capital flight, 
interest rates, and inflation for the period studied. The higher the R squares, the better the model’s 
predictive power of the model. When the short-run NARDL output was considered, it revealed an 
asymmetrical relationship between capital flight and economic growth. Table 7 shows the coefficients 
of the variables that are usually taken at the first difference of the variables, as represented by D(InGDP), 
D(InCF), D(InINF), and D(InINT). The positive and negative changes in capital flight represented by D 
(InCF_POS) and D(InCF_NEG) were statistically significant since the p-values were less than 5%. This 
implies that both capital inflows and capital outflows affect economic growth significantly in the long- 
run. A 1% increase in positive change in capital flight (i.e., capital outflows) decreases economic growth 
by 0.299% ceteris paribus. Again, a 1% increase in an adverse change in capital flight (i.e., capital inflows) 
increases economic growth by 0.095% ceteris paribus. This outcome is consistent with theoretical 

Table 7. Short-run coefficients estimates and ECM results
Variable Coefficient Std. Error t-Statistic Prob.
CointEq(−1)* (0.356) 0.020 (17.580) 0.000

D(InGDP(−1)) 0.109 0.032 3.355 0.001

D(InCF_POS) (0.299) 0.097 (3.063) 0.003

D(InCF_NEG) 0.095 0.073 1.308 0.001

D(InCF_POS(−1)) (0.122) 0.062 (1.968) 0.045

D(InINT_POS) (0.419) 0.105 (3.973) 0.000

D(InINT_NEG) 0.026 0.148 0.174 0.862

D(InINT_NEG(−1)) 0.121 0.163 0.744 0.458

D(InINF_POS) (0.274) 0.050 (5.499) 0.000

D(InINF_NEG) 0.121 0.044 2.729 0.007

D(InINF_POS(−1)) (0.074) 0.051 (1.437) 0.012

Constant 1.084 0.061 17.888 0.000

R-squared 0.726

Adjusted R-squared 0.695

S.E. of regression 0.046

Sum squared resid 0.316

Prob(F-statistic) 0.000

Source: Researcher’s computation conducted using Eviews 10.0 package. 
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expectations of endogenous growth theory. The theory suggests that an increase in capital flight or 
capital outflows decreases the rate of economic growth, and previous studies by Bredino et al. (2018) 
and Gautier and Luc (2020) concluded that capital flight does not influence economic growth in the short 
run. This outcome is consistent with economic growth theory and other empirical evidence. The theory 
opined that capital accumulation is a catalyst for economic growth for all things being equal. 
Furthermore, the lag 1 of capital flight was statistically insignificant since the p-values were greater 
than 5%. It means capital flight as a macroeconomic variable affects both the current and the previous 
economic growth of Ghana. This result is consistent with Orji et al. (2020), who concluded that capital 
flight affects economic growth negatively in the short-run. Furthermore, Table 7 shows an asymmetrical 
relationship between interest rate and economic growth in the short-run since the p-value D(InINT_NEG) 
is greater than the 5% significance value. This shows that a 1% increase in interest rate will affect 
economic growth negatively. This outcome is consistent with Harswari and Hamza (2017), Hye and 
Wizarat (2013) who concluded that a high-interest rate is negatively related to economic growth. A high- 
interest rate is a disincentive for investment and economic growth. Finally, Table 7 revealed an asym-
metrical relationship between inflation rate and economic growth short-run since the p-values D 
(InINF_POS) and D(InINF_NEG) were less than 5% significance value. This outcome is consistent with 

Table 8. Summary of testing regression assumption
Tests Tests Statistics and Hypotheses
1 Test for Normality: 

Econometrics tool: Jacque-Bera test 
Result: Chi2(4) = 5.283, and P-value = 0.178 
Null hypothesis: Data is normally distributed 
Decision: Assumption not violated and model fit for 
regression

2. Test for autocorrelation: 
Econometrics tool: Breusch-Godfrey LM Test 
Result: Chi2(4) = 2.908, and P-value = 0.277 
Null hypothesis: Data is autocorrelated 
Decision: Assumption not violated and model fit for 
regression

3. Ramsey reset test: 
Test for model specification: 
Econometrics tool: 
Result: T-stat = 0.5223, p-value = 0.4664 
Null hypothesis: random Effect estimator 
Decision: The most suitable model for regression is 
the random effect estimator

4. Test for heteroskedasticity: 
Econometrics tool: Breusch-Pagan/Cook-Weisberg 
test 
Result: BP = 1.229, and P-value = 0.509 
The null is that it is homoscedastic 
Decision: Confirmation of Random effect estimator as 
a most suitable model for regression

Source: Author’s computation (2021) 
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previous literature by Idris and Baker (2017) and Mamo (2012), who argued that inflation negatively 
affects economic growth. Fisher (1993) argued that inflation distorts the price mechanism, and it will 
affect the efficiency of resource allocation and hence negatively influence economic growth. Inflation 
erodes business confidence and may cause both local and international to shy away from countries with 
high inflation and vice versa.

4.5. Diagnostics tests
To ensure the assumptions underlying the multivariate regression analysis is not violated; the 
following diagnostics tests were performed: normality is tested with Jacque-Bera test, autocorre-
lation is tested with Breusch-Godfrey Serial Correlation L.M. test, model specification is tested with 
Ramsey Reset test, and heteroskedasticity is tested with Breusch-Pagan/Cook-Weisberg test. The 
results from testing the underlying assumption are presented in Table 8 and show none of the null 
hypotheses were violated. The testing provides the confidence that the model is perfect and well 
fit to assess the relationship between the dependent and independent variables reliably.

4.6. Stability analysis estimates
After analyzing the NARDL model and the underlying assumptions’ diagnostics tests, the next step is to 
use Cumulative Sum of Recursive Residuals (CUSUM) and the Cumulative Sum of Squares (CUSUMQ) tests 
to assess the stability of the model. The rule of the thumb requires that when the plots lie within the 5% 
significance level, the model is stable, and the null hypothesis of the model stability cannot be rejected 
(Bahmani-Oskooee & Fariditavana, 2017). Figure Figure 1 and Figure Figure 2 plot the results of the 
CUSUM and C.U.S.U.M.S.Q. Tests. The coefficients are stable because the plots of the CUSUM and 
CUSUMSQ statistics fall inside the critical bands of the 5% confidence intervals of the parameter stability. 
The plots for each blue line did not cross the red line, the critical value line. Therefore, the coefficients are 
stable over Ghana’s sample period of study. The model is well specified as a goodness-of-fit to estimate 
the coefficients of the variables for this study.
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4.7. Dynamic multiplier graph (DMG)
The dynamic multiplier graph (DMG) is used to assess the adjustment of asymmetry in the long-run 
equilibrium due to the negative change or shock and positive change or shocks in capital flight. The 
plot for DMG is presented in Figure Figure 3. The DMG in Figure Figure 3 shows the linear mixture of 
the positive and negative changes in capital flights. The black dash line above in Figure Figure 3 of 
the DMG shows how economic growth adjusts to the positive change or shock in capital flight, 
whiles the black line below shows economic growth adjusts to the negative change or shock in 
capital flight. The small red dash line in the middle is the asymmetric part, and it reflects the 
difference between the dynamic multiplier of positive and negative changes in capital flight. The 
asymmetric small red line lies within the upper and lower bounds of the 95% confidence intervals. 
The result shows that the GDP responds more positively to a positive shock than negatively to 
a negative shock of capital flight. The outcome from the dynamic multiplier graph confirms the 
results of the Wald test that the model is stable over the sample period.

5. Conclusion and recommendations
The paper uses the NARDL model as an econometrics tool to investigate the effects of the long-run 
and short-run relationship between capital flight and economic growth. The result of the ADF test 
revealed that the series exhibits mixed integration of I(0) and I(1), suggesting the linear ARDL and, 
by extension, NARDL approach was the most appropriate econometrics tool to assess the effects of 
capital flight and economic growth nexus. Secondly, the Wald test confirms an asymmetrical 
relationship between capital flight and economic growth in the short-run and long-run. The error 
correction term was negative and statistically significant at the 5% level. It means the short-run 
model restores to long-run equilibrium with time. Furthermore, the findings from the long-run 
analysis revealed that a 1% change in positive capital flight leads to a decline in economic growth 
by (0.036), and a 1% change in negative capital flight leads to an increase in economic growth 
0.630%. The resultant relationship between positive and negative changes in capital flight and 
economic growth explains why the capital flight, since 2007, has been accompanied by economic 
growth. This study then makes essential recommendations based on the evidence from the 
asymmetric effect of capital flight on economic growth. This result confirms an urgent need for 
policy to ensure the recovery of all looted public funds by the corrupt public officials stacked in 
foreign accounts to be retrieved and injected back into the economy of Ghana. There is an urgent 
need to curb capital flight immediately before it escalates in the future. Government should adopt 
a conventional tool that strengthens the existing institutions to create conducive opportunities for 
the investors to redirect funds into the Ghanaian economy. The first limitation of this study is the 
scarcity and reliability of data availability in developing countries like Ghana. For that matter, the 
study focused on data from 1977 to 2020. The second limitation is that the study used capital 
flight (CF), interest rates (I.T.), and inflation (INF) as the only macroeconomic variables. It is also 
known that economic and political variables affect economic growth. Future research should 
explore other methodologies, such as hot money methodologies as a measurement of capital 
flight, and test the asymmetric impact of capital flight on economic growth in other Sub-Saharan 
economies.
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