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A B S T R A C T   

This study analyzed the nonlinear asymmetric link between copper-cobalt productions on economic develop-
ment, and to which extent these variables exert growth concerning capital and labor in the Democratic Republic 
of Congo (DRC) for 26 years. Correlation, unit root, and cointegration tests were used for the testing framework, 
while nonlinear Autoregressive Distributed Lags, causality test, variance decomposition, and impulse response 
analysis were employed for the estimation framework. The main findings showed a strong correlation between 
variables, and selected variables integrated in 1st order, indicate the availability of long-run cointegration re-
lations. The long-run nonlinear asymmetric relationships were noted between economic growth and both shocks 
(positive and negative) to copper and negative shock to cobalt production. Capital has the highest extent of 
economic growth, copper contributes more than cobalt, while labor is the least contributor to economic growth 
in terms of variations. This study suggested the potential policy implications, which can reflect on the possible 
cause-led nonlinear and negative impact of the mining sector on economic growth, and strengthen the link 
between copper and cobalt production and growth concerning micro-economic indicators.   

1. Introduction 

Natural resource-rich countries are subjected to faster development 
than countries without valuable natural resources. Contrary, some 
countries gifted minerals resources are classified as low- and lower and 
middle-income countries, suffering from extreme poverty, and health 
and wealth risks for several decades (Auty and Furlonge, 2019; Bolch 
et al., 2022; Havranek et al., 2016; Li et al., 2013). The prior cause-led 
inadequate economic growth is that total extracted domestic minerals 
are exported to rich countries, where the mining sector intensively 
benefits from industrialization and development due to a higher level of 
manufacturing capacity. For instance, cobalt is commonly used as a 
response to decarbonization, digital technologies, and electric battery 
vehicles (Institute, n.d.; Nkulu et al., 2018). At the same time, copper has 
several usages, such as providing electricity and conductivity, being 
corrosion-resistant in energy sectors, and other important in buildings 

and construction areas (Li et al., 2017). This leads to higher demand for 
cobalt and copper, and other minerals, whereas, the global minerals 
demand will be tripled by the end of 2035 (Institute, 2021). 

The top-one cobalt producer global1 and higher quality copper 
reserves2(Democratic Republic of Congo) is classified as a low-income 
country, suffering from insignificant economic growth (World Bank 
Group, 2015). According to (Frankel, 2011, 2012), some countries rich 
with natural resources suffer from the resource curse phenomena, con-
nected to the proposed six channels: instability of product prices, per-
manent crowding out of manufacturing, long-term tendencies in world 
product prices, unstable institutions, unsustainability, war, and cyclical 
Dutch diseases, lead to undesirable side effect on economic growth. 
Additional to these six channels, DRC’ economy has experienced the 
natural resource curse, linked to a high-risk,3 such as political insta-
bility, conflict in the eastern part,4 and security risks stressed by a lack of 
robust infrastructure, health risks for miners, create an armed fight over 
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E-mail addresses: jpnama@cug.edu.cn (J.P. Namahoro), qshwu@cug.edu.cn (Q. Wu), sh_cug@163.com (S. Hui).   

1 In 2012, Democratic Republic of Congo has about 55% of the global cobalt production, and about 70% of global cobalt has extracted in DRC (2020) (USGS, 
2020b).  

2 It estimated that some of the copper reserves contain copper grades more than 3%, which is greater than the global average of 0.6–0.8% in 2012-13.  
3 Although cobalt and copper are not classified as conflict minerals (Department, 2017), Annex II of OECD indicates the need for companies to protect human rights 

and aware of conflict in their mineral supply chains.  
4 The eastern region of DRC is the key mining sector of cobalt and copper and other minerals. 
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resources, and degrade the environment in the Eastern and southern 
regions of Africa (Caramento and Messages, 2020; Department, 2017; 
Katz-Lavigne, 2019; Linnecke, 2016). Boschini et al. (2007) showed that 
these challenges lead to economic structural changes, which signifi-
cantly disturb the positive contribution of metal production, including 
copper-cobalt production to economic growth, and supported by Kat-
z-Lavigne (2019) for the case of plural mining rights regime in DRC. On 
the other hand, sensible macroeconomic policies and structural eco-
nomic reforms, and the mining sector reasonably contribute to reducing 
the DRC’s external debt and boosting growth between 2009 and 2014 
(Ober, 2016; Shengo et al., 2019). Furthermore, DRC’s mining sector 
presents high global opportunities due to its exclusive global ranking 
with considerable unexploited cobalt and high-grade copper reserves, 
which attract several mining companies from the US, China, UK, Can-
ada, and Australia (Börzel and Hönke, 2010; Calvão et al., 2021). 
Therefore, determining the influence of cobalt-copper production on 
economic development with considering externalities, which cause 
nonlinear effects, would bring the potential impact to scientific discov-
ery in the mining sector. Notwithstanding the positive outlook of mac-
roeconomic spikes, the contribution of microeconomic indicators, such 
as capital and labor to economic growth was rarely discussed, while 
several policies were implemented to extract a higher production of 
minerals in DRC (Pourret et al., 2015). However, it is interesting to 
examine to which extent copper-cobalt production exerts economic 
growth concerning capital and labor in DRC. 

Although some studies have discussed the relationships between 
some mineral production, using linear and nonlinear causality tests 
(Bildirici and Turkmen, 2015; Fernandez, 2014), existing literature 
discussed the economic growth-natural resources nexus in top-rich 
countries and natural resources-rich countries. These studies used 
various econometrics methods, such as Dynamic Ordinary Least Square 
(DOLS), Vector Error Correlation Models (VECM), the theory of coin-
tegrated process, and others (Bildirici and Gokmenoglu, 2019; Ghosh, 
2006; Jaunky, 2012, 2013; Labson and Crompton, 1993). In the last 
three decades, empirical studies revealed that the utmost 
countries-in-rich with natural resources could not reach sustainable 
economic growth (Auty and Warhurst, 1993; Auty, 1990; Auty and 
Furlonge, 2019; Karl, 1997). Ahmed et al. (2016) argued that natural 
resources harmfully affected economic development. On the other hand 
(Amiri et al., 2019; Boschini et al., 2007), suggested that natural re-
sources have a reasonable input to boost a country’s economy with the 
condition that political economy and adequate level of institution 
quality are well-established in the country involved in the study. VECM 
was used to estimate the dynamic linkage between natural resources and 
economic growth in Algeria. Findings revealed that natural resource 
rents significantly raise the country’s economy (Hamdi and Sbia, 2013). 
After controlling economic growth determinants, including capital 
stock, labor, and financial development, Satti et al.,(2014) argued that 
the richness of natural resources harmfully impacts economic growth, 
and the two-way directional causal relation linked natural resources and 
economic growth in Venezuela. Recently, Ben-Salha et al. (2018) have 
used pooled mean group estimator (PMG) to explore the link between 
natural resources and growth in a sampled top resource-rich countries 
from 1970 to 2013, a feedback causal link was identified between those 
two variables, the phenomena of natural resource curse has been 
rejected in long-term. Allcott and Keniston (2018) argued that natural 
resource positively moves economic development in America. 

Very few studies studied the side-effect of specific minerals on 
growth in the economy. Tilton (1989) revealed that an increase in the 
economy inspires consuming industrial metal in OECD, USA, and Japan. 
In 20 top-rich countries, the panel dynamic ordinary least square 
method has been employed to detect the association between economic 
growth and aluminium consumption from 1970 to 2009, significant 
increment in an economy has led to an increment in aluminium con-
sumption, and vise-versa (Jaunky, 2012). High demand for zinc, lead, 
and copper has been noticed in several countries, particularly, copper 

consumption dominated other metals, which leads to a challenge to the 
global economy (Roberts, 1996). The mean copper content of extracted 
ores trends and their role in economic development were investigated in 
regions. The average grades of copper from Africa and Australia were 
higher than global copper production, decreasing trends were observed 
in Latin America and the least copper production was seen in North 
America. Besides, the influence of mining operators on economic growth 
is more reasonable due to the dynamic fluctuations in the copper price 
and copper reservoir problems (Crowson, 2012). The causal link be-
tween economic growth and copper consumption in the 16 top-rich 
countries (Jaunky, 2013). Thus, the effect of cobalt production on 
DRC development was not debated country-specifically, and this moti-
vates this study to examine the effect of cobalt coupled with copper 
production on economic growth in DRC. 

Most recent literature on the natural resources and growth nexus 
ignored the possible nonlinearity relations between variables, which can 
be due to the externalities, such as structural economic reforms, envi-
ronmental factors, and conflict minerals (Doucouliagos and Paldam, 
2009; Haber and Menaldo, 2011; Weber, 2012; Williams, 2011). These 
studies disagree the extent of natural resources richness may asym-
metrically impact the growth of the economy and disagree with common 
features prompting the asymmetry. According to Shin et al. (2014), 
asymmetry is vital to the human condition and nonlinearity is prevalent 
across social sciences. Again, the use of the time-varying regression 
model, which has constant parameters by assuming that a variation in 
the explanatory variables has an identical impact over time can be 
invalid within all conditions. Moreover, Enders (2015) suggested that 
employing symmetric methods to estimate causal links that can have 
possible asymmetry could lead to inappropriate decisions. The nonlinear 
approaches, which can detect the asymmetric effect of specific minerals 
on economic growth are rarely employed. Ampofo et al. (2020) 
employed a nonlinear method, which is nonlinear autoregressive 
distributed lags (NARDL) built by Shin et al. (2014). Their findings 
showed that both shocks (positive and negative) to natural resource 
rents harm DRC development. Therefore, using NARDL to investigate 
the asymmetric impact of cobalt and copper production on economic 
growth can provide scientific support to policymakers in the mining 
sector and economic development in DRC. 

This study, however, aims to fill the gaps and add input to the 
existing related studies on the natural resources-growth nexus by 
detecting the asymmetric relationships between copper and cobalt 
production on the economic development in DRC for 26 years. This 
country was selected among others due to it is the top-one producer of 
cobalt and has a higher quality of copper reserves around the globe. 
Microeconomic indicators, such as capital and labor have been used in 
the multivariate framework as control variables due to the dependence 
between them and economic growth. 

This study identified three features that differentiate it from previous 
literature that explored the impact of specific minerals on economic 
growth: Firstly, this article is the first to explore the asymmetric linkage 
between cobalt-copper productions and economic growth in DRC. Sec-
ondly, this study is the first that determines to which extent copper- 
cobalt productions exert economic growth concerning existing micro-
economic indicators. Findings can assist policymakers to comprehend 
and monitor the impact of copper-cobalt production within the existence 
of other main economic indicators. Thirdly, this study employed the 
most recent NARDL, which is the potential to examine the nonlinear and 
asymmetric relationships between variables. Different from other 
econometric models used in existing studies on natural resources-growth 
nexus, NARDL can test long-, and short-run asymmetric relationships 
between variables. To effectively access the causality relationships be-
tween shocks to copper-cobalt production and growth, a nonlinear 
causality test (Hiemstra and Jones, 1994)extended by (Kyrtsou and 
Labys, 2006) has been employed. Moreover, this study used variance 
decomposition and impulse response approach, which is the potential to 
determine to which extent explanatory variables exert the variable of 
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interest, as argued by Lanne and Nyberg (2016). 
In brief, this article contributes to comprehending the nonlinear 

asymmetric relation of cobalt and copper productions on economic 
growth and determining to which extent these minerals exert growth 
concerning existing microeconomic inputs. The most recent nonlinear 
approach and variance decomposition and impulse response have been 
employed. We focused on the top-one country in cobalt production and 
the highest copper reserves on the globe for the period 1990 to 2016. 
The findings and policy implications of this study will awaken policy-
makers and governments to reflect on possible cause-led nonlinear ef-
fects of copper-cobalt production on economic growth and establish 
relative policies. 

2. Data and methods 

This part introduces data, multivariate model, econometric frame-
works (unit root tests, nonlinear ARDL, bound test, and causality test) of 
the selected variables, variance decomposition and impulse response 
approach, and nonlinear causality test, see Fig. 1 for the methodological 
framework of the study. 

2.1. Data 

The time-varying data from 1990 to 2016, extracted from the (Bank, 
2020), U.S. Geological Survey (USGS, 2020a), and Trading Economics 
(TE, 2021) known as the International market of natural resources da-
tabases have been applied. Annually total refined copper and cobalt 
productions are converted from metric tons to pounds. Again, yearly 
historic copper and cobalt prices on the international market have been 
employed to approximate the aggregate yearly income from cobalt and 
copper productions. The nominated variables were shifted to per capita 
and then converted into the natural logarithm to avoid possible heter-
oscedasticity and achieve a robust analysis. National GDP per capita has 
applied as economic growth, while capital and asset, and labor have 
employed regulators. Table 1 and Fig. 2 show the descriptive statistics 
and trends of all selected variables from 1990 to 2016, respectively. 

2.2. Mathematical model 

The focus of our study is to explore the asymmetric relations between 
copper-cobalt production on economic growth in the Democratic Re-
public of Congo. To effectively estimate the impact of copper and cobalt 
productions, the main input of production function (Douglas, 1976), is 
applied as regulatory variables, such as capital and labor. After the 
possible transformation, the link between variables is presented in the 
following mathematical expression: 

lnGDPt =α0 + α1lnLabt + α2lnCt+α3 ln Copt+α4 ln Cupt + ut (1)  

For t = 1,2, ...T is the length of time, GPDt is the economic growth, Labt 
is labor, Ct is the capital, while Copt , and Cupt are cobalt and copper 

production, respectively. α0 is the fixed effect, α1 − α4 are the regression 
coefficients to be estimated, and ut is the residual. 

2.3. Methods 

2.3.1. Unit root tests 
To fully detect the asymmetric relationship between copper-cobalt 

production and economic growth in DRC, it is important to verify the 
correlation between variables and check the unit root of selected vari-
ables. In this case, unit root tests proposed by Dickey and Fuller (Harris, 
1992), and Phillip Perron (Kim and Perron, 2009) have been employed. 
These tests rely on the null hypothesis of unit root existence in the 
variable. Their results were compared with those obtained from another 
test by Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) (Kwiatkowski 
et al., 1992a) to see whether the results can provide similar conclusions. 
Due to the main focus of this study is to estimate the nonlinear impact of 
copper-cobalt production on economic growth, the famous unit root 
results should be compared with those estimated from the nonlinear unit 
root test proposed by test for nonlinear unit root (Kapetanios et al., 
2003). Sometimes, the variable can have breakpoints and roots, which 
can lead to imprecisions in the forecast as well as failure to reject the null 
hypothesis. In this respect, Kim and Perron developed a statistical test 
for removing redundant breakpoints in the variable (Kim and Perron, 
2009). Mathematically, these tests are expressed in the following 
equation: 

Δyt = μyt− 1 +
∑p

i=1
πiΔyt− i + ut (2) 

For μ = 1 (null hypothesis by using DF test), πi = 1, i = 1,2, ..., p unit 
root at P optimal lag (p) by using ADF and PP unit root tests, Δ indicates 
the operator for 1st and 2nd differences orders, and u residual. The 
nonlinear unit root of (Kapetanios et al., 2003) is mathematically pre-
sented in the following equation: 

Δyt =φyt− 1 + γyt− 1
[
1 − exp

(
− θy2

t− d

)]
+ εt (3) 

The conversional suggestion from using this test relies on the larger 
the deviation from the series, the stronger the tendency to move back to 
equilibrium, which implies that when φ ≥ 0 then γ < 0 and φ+ γ < 0 for 
the process to be globally stationary. For more detail on parameters, see 
(Kapetanios et al., 2003). 

Fig. 1. Methodological framework.  

Table 1 
Descriptive statistics of selected variables.   

lnGDP lnCop lnCup lnC lnLab 

Mean 2.561 0.392 1.356 1.685 − 0.426 
Median 2.538 0.408 1.310 1.612 − 0.411 
Maximum 2.846 1.435 2.094 2.193 − 0.409 
Minimum 2.440 − 0.385 0.715 1.316 − 0.465 
Std. Dev. 0.101 0.462 0.498 0.309 0.022 
Observations 27 27 27 27 27  
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2.3.2. Nonlinear autoregressive distributed lags approach 
The prior role of this article is to explore the presence of nonlinear 

relationship asymmetry and symmetry between copper-cobalt pro-
ductions and economic growth in DRC. In this case, a recent approach 
proposed by (Shin et al., 2014), which is nonlinear Autoregressive 
Distributed Lags (NARDL) has employed estimated the possible 
nonlinear asymmetries between variables. The importance of the 
NARDL approach is its efficiency and ability to be employed for 
time-varying variables co-integrated at one or zero, and a combination 
of these orders. Since NARDL is sensible on integration orders, the 
Johansen cointegration test (Johansen, 1992) has been used to check the 
cointegration orders of involved variables. We, therefore, applied the 
BDS test of (Broock et al., 1996) to detect whether there is a nonlinear 
dependence between time-series variables. The agreements of these two 
tests allow NARDL to deeply examine the nonlinearity impact exerted 
between variables (Shin et al., 2014). The next step to use NARDL is 
variable decomposition, to effectively examine nonlinearities. Hence, 
Hatemi-j (2012) proposed a potential test to decompose regressors into 
new variables/shocks (positive and negative changes, in the following: 

x+t =
∑t

j=1
Δx+j =

∑t

j=1
max

(
Δxj, 0

)
, x−t =

∑t

j=1
Δx−j =

∑t

j− 1
min

(
Δxj, 0

)
(4) 

Employing these positive and negative shocks (Eq. (3)) as new var-
iables in Eq. (1) coupled with the error-correction term leads to 
nonlinear asymmetric effects and their dynamic multipliers, and then 
checked by a test based on statistical inference in vector Autoregressive 
(Toda and Yamamoto, 1995). We, therefore, can write equation (1) as 
follow: 

Δln(yt)= δ0 +
∑p

l=1
ρ1Δln yt− l +

∑q

l=0
β+1 Δln x+t− l +

∑q

l=0
β−

1 Δln x−t− l

+
∑q

l=0
θ+1 ln x+t− l +

∑q

l=0
θ−1 ln x−t− l + ρ2 ln yt− 1 + θ+2 ln x+t− 1

+ θ−2 ln x−t− 1 + ut

(5)  

Where βj and θj are long- and short-run asymmetry (coefficients), 
respectively, and long-run adjustment rates; ρ1 and ρ2 are the lagged 

effect; yt is the economic growth per capita, xt indicates the labor, 
capital, copper, and cobalt productions in Eq. (1). 

To test the asymmetry and symmetry relations, Shin et al. (2014) 
proposed the bound test, relying on pair of statistical tests: Fisher test 
(F-test) relies on this hypothesis: β = β+ = β− = 0, or θ = θ+ = θ− = 0 
(null hypothesis), for co-integration at 1st order, and student test 
(t-statistic) with this hypothesis: β = 0 or β ≺ 0 for co-integration at zero 
order for all regressors in the model. Failing to reject the null hypothesis 
implies that there is a asymmetric/symmetry long- or short-run rela-
tionship between transformed regressors and economic growth. 

2.4. Causality test 

Since the causality to be tested is nonlinear, the nonlinear causality 
technique has been employed initially to check whether the series exerts 
a causality effect between them. In this context, the nonlinear causality 
test proposed by(Hiemstra and Jones, 1994) was extended by (Kyrtsou 
and Labys, 2006). Among the famous causality hypothesis (bidirec-
tional, unidirectional, and neutral), the nonlinear causality test is used 
to confirm that at least one directional causation must be obtained be-
tween variables, allowing to check the nonlinear causality in terms of 
positive and negative shocks. To capture possible asymmetries link into 
account by making the cumulative sums of positive and negative vari-
ations in fundamental variables, the asymmetric causal test proposed by 
(Hatemi-j, 2012) has been employed. The asymmetric relationships 
between variables examined by using the Wald test are expressed as 
follows: 

Wald=(cb)
′ [
c
(
z′ z)− 1

⊗ Su
)
c)− 1]

(cb) (6)  

Matrix coefficients of vector autoregressive (VAR) model represented by 
b, while pointer matrix with elements ones for constrained parameters 
and zeroes for the remaining constraints is c, which is equivalent to p×
n(1 + np), ⊗ indicates the Kronecker product, and the variance- 
covariance matrix of the VAR model is Su and other parameters are 
explained in (Hatemi-j, 2012). 

Fig. 2. Trends of copper-cobalt production from 1990 to 2016.  
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2.5. Variance decomposition and impulse response approach 

To fully scrutinize the share of copper-cobalt productions in eco-
nomic growth concerning existing input in an economy of DRC, impulse 
response and variance decomposition analysis have been used. The 
dynamic structure of this approach assists to transmit the impact of 
exogenous variables to the response variable or itself. According to 
Lanne and Nyberg (2016), the impulse response estimates located in a 
steady companion-matrix of the VAR model, expressed in the following 
relation: 

yt =
∑P

j=0
ϑiyt− i + εt (7) 

For P is the optimal lag and ϑi indicates the simple impulse response 
function, which is computed by shifting Eq. (6) to an infinite vector 
moving average. Therefore, the simple impulse response function is 
computed as follows: 

ϑi =

⎧
⎪⎪⎨

⎪⎪⎩

Ik,i=0
∑i

j=1
ϑt− jAj, i = 1, 2, ..

(8) 

For Aj is the matrix coefficient of changed VAR into infinity moving 
average vector form and Ik is the identity element of the companion 
matrix. Hence, the h-step ahead predict-error has resulted in the 
following equation: 

yt+h − E[yt+h] =
∑h− 1

i=0
ε(t+h− 1)ϑi (9)  

Where yt+h is the vector at time t+ h, while E[yt+h] is the h-step ahead 
predicted vector in time t. The cross-product of K× K, noted as matrix p 
has been employed to orthogonalize the alteration of selected variables 
for detecting the share of the variable on the predict-error variance. 
Hence, the share of a variable n to the h-step ahead predict-error vari-
ance of variable m resulted in the following mathematical equation: 

∑h I

i=0
θ2
nm =

∑h I

i=0

(
i′mPϑin

)2
(10) 

For is is the sth column of the identity matrix Ik. 

3. Results and discussion 

3.1. Results of correlation and unit root tests 

Findings from Table .2 show the strong correlation between copper 
and cobalt production, and economic growth in DRC, which indicates 
that the income generated from copper and cobalt production has a 
direct positive contribution to boosting economic growth. The correla-
tion between economic growth and capital and labor, on the other hand, 
is significantly positive, which implies that the famous economic de-
terminants are contributing to increasing economic development. Re-
gressors highly explain the change in economic growth (adjusted 
coefficient of determination, R-square = 0.893). 

To know the levels of selected variables, ADF, PP, KSPP (Harris, 
1992; Kwiatkowski et al., 1992b), and KSS (Kapetanios et al., 2003) unit 
root tests were employed and results are available in Tables 3a and 3b. 
These tests provided coinciding results, which reveal that selected var-
iables are integrated and stationery at zero-order and first-order, 
implying that selected variables meet the assumption of using NARDL, 
and gives guarrent of employing this nonlinear estimator to bring 
reasonable results. 

On the other hand, Perron (1989) discovered unforeseen structural 
variations in the series, which affect conclusions in the econometric 
forecast, and disturb the rejection of the stationarity hypothesis, in case 
the structural variations in the time-varying variable are ignored. From 
this fact, Kim and Perron (2009) argued that the stationarity tests can 
obtain unclear findings for regressors of small size included in the 
model. Nevertheless, to remove the unknown structural variations, the 
breakpoint unit root test has been employed. The findings are seen in 
Table.3a for both constant and drift. These results revealed that there is 
no unit root in selected variables, but contain structural break in 2007, 
2003, 2009, 2001, and 2005 for economic growth, copper production, 
cobalt production, capital, and labor, respectively. The identified 
structural breaks indicate the presence of economic growth structural 
changes due to externalities that affect the input variables of an econ-
omy. Therefore, this study motivated to examine whether copper and 
cobalt production nonlinearly affect economic growth due to the ex-
ternalities effect, such as regime changes, time-varying, war, and others. 

3.2. Cointegration and BDS tests results 

Table .4 reports the results from the Johansen (1992) cointegration 
test between cobalt-copper productions, capital, labor, and economic 
growth. These results reject the hypothesis of no cointegration at a 5% 
significant level among the selected variables. This, therefore, implies 
the occurrence of asymmetric long-run equilibrium relations between 
economic growth and cobalt-copper production, capital, and labor. We, 
thereafter, used the BDS test proposed by Broock et al. (1996) to check 
the existence of nonlinear long-run relationships. Table .5 reports the 
findings from the BDS test, which rejected the independent and identical 
results hypothesis at various embedding dimensions (m), due to the 
presence of strong evidence of non-linearity in all variables. In conclu-
sion, the time-varying variables in this study are nonlinear dependent. 

3.3. Results of nonlinear autoregressive distributed lagged model 

The results presented in Table 6 show the nonlinear relationships 
among economic growth and copper-cobalt production under the con-
trol of capital and labor regarding shocks (positive and negative). From 
this table, a negative shock to cobalt production has a significant adverse 
effect on economic growth (coefficients of − 0.027, at a 1% significance 
level), while a positive shock to copper production has a significant 
constructive effect (coefficient of 0.032 at 1% significance level). The 
positive shock to cobalt and the negative shock to copper production 
have insignificant positive effects on economic growth. This indicates 
that cobalt production nonlinearly and harmfully influences the eco-
nomic development of DRC, while copper production nonlinearly and 
positively affects the nation’s economy in long term. These findings 
coincide with those that Ampofo et al. (2020) estimated using NARDL on 
the connection of total natural resources rents and growth in DRC, re-
sults revealed that total resource rents nonlinearly and asymmetrically 
affect economic growth. 

The further covariates (capital and labor) significantly support the 
increase or decrease in the economic increment in DRC. Both negative 
and positive surprises to capital have a significant constructive effect on 
economic growth with long-run coefficients of 0.092 and 0.250, 
respectively. A negative shock to capital has a significant negative 
impact in the short run, while a positive shock insignificantly affects 
growth. Both negative and positive shocks to labor harm economic 

Table 2 
Pearson correlation results.   

lnGDP lnCop lnCup lnC lnLab 

lnGDP 1     
lnCop 0.721* 1    
lnCup 0.456** − 0.07 1   
lnC 0.420* − 0.420* 0.789* 1  
lnLab 0.461* 0.276 − 840* − 0.963* 1 
R-square 0.893     

* and ** are significant at 1% and 5% significance levels, respectively. 
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growth, this impact is significant for a negative shock with the long-run 
coefficient of − 0.632, significant at 5%. The overall results show that the 
effect degree of shocks to capital is bigger than those estimated from 
cobalt and copper production, which implies that capital can control the 
effect of other variables in the production function. Fig. 3 shows that 
cumulative sum and cumulative sum of squares errors, both are within 
the critical limits at a 5% level, which implies that the used estimator is 
steady and reliable to provide the long-run nonlinear coefficients. 

Table .7 shows findings from the Wald test, which strengthens the 
nonlinear asymmetric link noted between economic growth and its de-
terminants indicated in Table .6. The findings confirm the existence of a 
nonlinear long-term asymmetric link between both positive and nega-
tive shocks to copper production and economic development. The 
nonlinear asymmetric relation is confirmed between growth and nega-
tive shock to cobalt production. The long-term nonlinear relation 

between a positive shock to capital and growth is supported together 
with both negative and positive shocks to labor. 

Lastly, Fig. 4A-D shows dynamic multiplier adjustments, which are 
the asymmetric relationships in terms of positive and negative shocks to 
copper-cobalt productions on economic growth. From Fig. 4-A, the 
adjusted economic growth is directed to the long-run rapid raise con-
cerning positive and negative shocks in cobalt production over various 
lengths of time. The negative shock dominates a positive shock to cobalt 
production, which indicates that cobalt has a nonlinear negative 
asymmetric effect on economic growth, increasing through time. In 
Fig. 4-B, positive shock surplus negative shock to copper production 
influence growth and stimulated symmetrically and slightly increment 
with economic growth. Fig. 4-C reveals that firstly, negative shock 
dominates positive shock to capital to influence economic growth. After, 
positive shock dominates negative shock to affect economic growth and 
stimulated symmetrically with economic growth. Fig. 4-D reveals that 
positive shocks dominated by negative shocks to labor negatively 
disturb economic growth. Therefore, the nonlinear asymmetric effect of 
cobalt and copper production on economic growth is noted, but growth 
curves remain in a positive direction. On the contrary, the nonlinear 
asymmetric effect of capital and labor causes economic growth to be in a 
negative direction. 

3.4. Causality results 

Table .8 presents the initial results for confirming the nonlinear 
causality relationships between cobalt-copper production and economic 
growth. To go on with these results (Hiemstra and Jones, 1994; Kyrtsou 
and Labys, 2006), have employed. In the findings from one to five lags, 
the unidirectional causal hypothesis runs from economic growth to 
copper production at the 1st and 4th lags, and one run from copper 
production to growth is noted at the 2nd and 5th lags. The unidirectional 

Table 3a 
Unit root tests results with/without structural breaks.  

Without structural break KPSS ADF PP 

lnGDP Level 1st diff Level 1st diff Level 1st diff 
− 3.375**  − 2.590**  − 3.384**  

lnCup − 3.192**  − 3.464**  − 3.714**  
lnCo − 1.967 − 2.351** − 2.337 − 4.056** − 2.395 − 4.086** 
lnC 0.163 − 3.543* − 2.097 − 4.867* − 2.094 − 4.863* 
lnLab 0.187 − 4.381* − 2.468 − 5.272* − 1.489 − 5.154* 

With structural break Trend and intercept With the only intercept 
Statistic Break date Statistic Break date 

lnGDP − 7.591* 2007 − 3.951 2003 
lnCup − 7.858* 2003 − 3.858 2003 
lnCop − 4.972* 2009 − 3.048 2001 
lnC − 5.639* 2001 − 2.370 2008 
lnlab − 4.448 2005 − 5.279* 2005 

* and ** are significant at 1% and 5% significance levels respectively. 

Table 3b 
KSS nonlinear unit root results.  

variables levels 1st difference maxlags 

lnGDP − 2.921** − 4.255* 2 
lnCup − 1.728 − 3.124** 2 
lnCop − 1.356 − 2.863*** 2 
lnC − 1.672 − 3.748** 2 
Lnlab − 1.572 − 2.771*** 2 

*,**, and *** indicate the significant at 1%, 5%, and 10% significance levels, 
respectively. 

Table 4 
Results from Johansen Cointegration test.  

Hypothesized No. of 
CE(s) 

Eigenvalue Trace 
Statistic 

Critical Value at 
5% 

P- 
values 

None a 0.733 83.308 60.061 0.000 
At most 1 a 0.567 50.255 40.174 0.003 
At most 2 a 0.447 29.319 24.275 0.010 
At most 3 a 0.423 14.473 12.320 0.021 
At most 4 0.028 0.719 4.129 0.455  

a Rejection of the hypothesis at the 5% significance level. 

Table 5 
BDS test results.   

m = 2 m = 3 m = 4 m = 5 m = 6 

lnGDP 0.184a 0.305a 0.390a 0.455a 0.490a 

lnCup 0.147a 0.220a 0.242a 0.243a 0.220a 

lnCop 0.177a 0.291a 0.354a 0.381a 0.370a 

lnC 0.149a 0.241a 0.269a 0.253a 0.176a 

lnlab 0.149a 0.215a 0.218a 0.157a − 0.008  

a Indicates a significance level of 1%. 

Table 6 
Long-run estimates from the NARDL approach.  

Dependent Diff(lnGDP) t-stat p-value 

coefficients 

lnCop(+) 0.003 0.256 0.800 
lnCop(− ) − 0.027* − 3.015 0.006 
lnCup(+) 0.032* 4.592 0.000 
lnCup(− ) 0.026 0.993 0.331 
lnC(+) 0.092* 5.725 0.000 
lnC(− ) 0.250** 2.802 0.012 
DlnC(+) 0.034 0.937 0.361 
DlnC(− ) − 0.262** − 2.186 0.043 
lnlab(+) − 8.497 − 0.679 0.504 
lnlab(− ) − 0.632** − 2.220 0.038 

Note: * and ** are significant at 1% and 5%, respectively. 
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causal hypothesis runs from cobalt production to growth at the 3rd lag, 
and the unidirectional causal link runs from capital to growth are noted 
in several lags. These results confirm the existence of nonlinear causal 
relationships between growth and cobalt-copper production in DRC. 
Table 9 presents the main results from the nonlinear causality test 
proposed by (Hatemi-j, 2012) on asymmetric causation between 
cobalt-copper production and economic growth in terms of shocks, 
under the control of capital and labor. From this table, nonlinear 

asymmetric causation, which runs from negative shock to cobalt pro-
duction to economic growth is noted, this implies that some external 
factors create variations in cobalt production, and lead to nonlinear 
causation to economic growth. This supports studies that classified some 
minerals in the mineral conflict list (Doucouliagos and Paldam, 2009; 
Haber and Menaldo, 2011; Katz-Lavigne, 2019; Weber, 2012; Williams, 
2011). A conservative nonlinear asymmetric causation, which runs from 
economic growth to negative and positive shocks to copper production is 
noted, this indicates that some share of growth is probably used in 
copper production. On the other hand, a conservative causal relation, 
which moves from economic growth to negative shocks and other runs 
from positive shock to capital is noted. The neutral causal links are noted 
between shocks to labor and other shocks to capital, copper, and cobalt 
production. These results indicate that the mineral sector in DRC has 
faced several externalities, which lead to nonlinear effects from certain 
minerals, such as copper and cobalt production. 

Fig. 3. The plots of the cumulative sum (A) and cumulative sum of squares (B) errors, where blue-dash lines indicate critical limits at the 5% level.  

Table 7 
Wald test for long-run asymmetry restrictions.  

Variables Wald test Variables Wald test 

LCop+
t 0.065 LCop−t 9.093* 

LCup+
t 21.091* LCup−t 11.074* 

LC+
t 16.420* LC−

t 2.455 
Llab+

t 9.340* Llab−t 4.930** 

*, **, and *** are significant at 1%, 5%, and 10%, respectively, while “+”, and 
“-” indicate positive and negative shocks, respectively. 

Fig. 4. Multiplier figures show the cumulative influence of cobalt-copper productions, capital, and labor on economic growth.  
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3.5. Variance decomposition and impulse response results 

To estimate which extent to which cobalt and copper production, 
capital and labor can exert economic growth in DRC, the impulse 
response and variance decomposition approach proposed by (Lanne and 
Nyberg, 2016) has been employed. Verdicts from variance decomposi-
tion and impulse response analysis for 10 years predict time are reported 
in Table 10. The results show that 14.571% variations in economic 
growth can be explicated by innovative shocks of growth itself, cobalt 
and copper production will contribute 0.921% and 6.138% variations in 
economic growth, respectively, and 78.116% and 0.252% variations in 
economic growth can be explained by capital and labor, respectively. 
From these findings, capital will higher contribute to economic growth 
more than other variables, copper production also will contribute to 
growth more than cobalt production in the next 10 years prediction 
horizon. This implies that the economic growth of DRC will highly 
depend on capital and copper production, while labor will least 
contribute. 

Fig. 5 shows the accumulated response from copper and cobalt 
production, capital, and labor to economic growth in terms of innovative 
shocks. From the figure, the variation of economic growth itself has an 
increment trend up to 10 years forecast horizon. These results indicate 
an increase in economic determinants, including capital and copper 
production. The involvement of cobalt production in growth appears to 
be slightly increased up to 10 years. The variation of copper production 
on economic growth has seen a steady increase in the first six years and 
decreased in the next four years. The labor and capital variations to 
growth are slightly related to those from copper-cobalt productions. This 
specifies that copper-cobalt production will support economic growth 
more than capital and labor in DRC. 

4. Conclusions and policy implications 

This study examines the nonlinear and asymmetric impact of cobalt- 
copper production on economic growth in the Democratic Republic of 
Congo from the period of 1990–2016. To efficiently detect the impact of 
cobalt-copper productions, current microeconomic indicators, including 
labor and capital are applied as regulators in the production function. 
The initial step is for testing selected variables by employing correlation, 
unit root, and cointegration tests, while in the next step, NARDL, and 
causalities are applied to achieve the nonlinear asymmetric relationship 
between variables. Lastly, variance decomposition and impulse response 
analysis has been employed to determine which extent copper-cobalt 
production exerts on economic growth. 

The findings of this study are as follows: firstly, the correlation test 
confirms the direct effect of copper-cobalt production on economic 
growth, while famous unit root tests and nonlinear unit root tests have 
rejected the null hypothesis of unit root at 1st difference, and all vari-
ables are cointegrated at 1st integration order. Secondly, the results 
from NARDL revealed that positive shock to copper production and 
negative shock to cobalt production significantly impact economic 
growth negatively and positively, respectively, while positive shock to 
cobalt production and negative shock to copper production have insig-
nificant positive effects on economic growth. Economic growth de-
terminants, such as positive shocks to capital noted to positively affects 
economic growth. 

Thirdly, the nonlinear asymmetric test confirms the nonlinear and 
asymmetric link between both shocks (positive and negative) to copper 
and negative shock to cobalt production and economic growth in the 
long run. The long-run nonlinear asymmetric relation was noted be-
tween a positive shock to capital and growth, and between both negative 
and positive shocks to labor and economic growth. 

Fourth, the initial results from the nonlinear causality test for con-
firming the nonlinear causal link between copper-cobalt production and 
economic growth reveal unidirectional causation in various lags be-
tween copper and cobalt production and economic growth. Then, the 
causality test shows a one-way causal link between a negative shock to 
cobalt and growth, negative and positive shocks to copper production 
and growth, and negative shocks and positive shocks to capital and 
growth. Fifth, results gained from variance decomposition analysis and 
impulse response indicate that capital is the furthermost causative mi-
croeconomic indicator of growth due to its high variations, copper 
contributes more than cobalt to growth, while labor is the least 
contributor to economic growth due to its least variations. 

Table 8 
Results from Hiemstra–Jones causality test.  

lags ΔlnGDPt→ΔlnCupt ΔlnCupt→ΔlnGDPt ΔlnGDPt→ΔlnCbt ΔlnCbt→ΔlnGDPt ΔlnGDPt→ΔlnCt ΔlnCt→ΔlnGDPt ΔlnGDPt→ΔlnLabt ΔlnLab→ΔlnGDPt t 

1 10.876* 0.030 0.495 0.306 0.327 3.002*** 0.485 0.802 
2 2.133 4.083** 1.529 0.243 0.019 2.249 0.331 0.831 
3 1.039 0.418 2.230 4.172* 1.714 2.816*** 0.254 0.579 
4 4.547** 1.829 1.452 1.315 1.556 3.130*** 0.777 0.288 
5 1.273 5.060* 0.268 1.040 2.493 3.441** 0.591 0.397  

Table 9 
Results from the causality test.  

Variables Hypothesis statistic p-value variables hypothesis Statistic p-value 

lnCop yt→Cop+
t 0.106 0.899 lnC yt→C−

t 3.438*** 0.053 
Cop+t →yt 1.283 0.300 C−

t →yt 2.234 0.134 
yt→Cop−

t 1.631 0.221 yt→C+
t 0.994 0.388 

Cop−t →yt 4.304** 0.028 C+
t →yt 2.847*** 0.082 

lnCup yt→Cup−
t 4.213** 0.030 lnlab yt→lab−

t 1.080 0.359 
Cup−t →yt 2.132 0.146 lab−

t →yt 2.425 0.115 
yt→Cup+t 3.565** 0.045 yt→lab+

t 0.127 0.881 
Cup+t →yt 2.105 0.149 lab+

t →yt 2.019 0.160 

** and *** indicate significance levels at 5% and 10%, respectively. 

Table 10 
Impulse response and variance decomposition results.  

Response variable period Impulse variable Labor 

GDP Cobalt Copper Capital 

GDP 10 14.571 0.921 6.138 78.116 0.252 
Cobalt 10 58.650 12.145 1.060 9.869 18.274 
Copper 10 24.240 11.104 26.707 37.871 0.075 
Capital 10 0.623 13.742 28.943 46.782 9.908 
Labor 10 2.667 1.196 43.789 26.210 26.136  
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Concerning the study findings, the important policy implications to 
the policymakers are: firstly, policymakers need to reflect on cause-led 
nonlinear asymmetric relationships between cobalt and copper pro-
duction on economic growth, such as mineral conflict, mineralogy pol-
icy reforms, structural economic reforms, and other. The mining sector 
ought to be restructured so that cobalt and copper production could be 
positively contributing to boosting economic growth. Concerning the 
presence of microeconomic indicators, the mining sector can be added to 
the secured economic growth determinants. Secondly, though, the 
cobalt-copper production effect degree is weaker related to other causal 
effects from present contributors to economic development, cobalt, and 
copper mining actions and industrialization can be strictly monitored to 
achieve sustainable development. The labor and capital variabilities 
should control the effect of cobalt-copper production on economic 
growth to maintain economic growth stability in the country. 
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