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A B S T R A C T   

After 2010, refugees through the World peaked at the highest level since WW II. Most of this increment was 
realized between 2011 and 2015 years in the effect of the Syrian conflict and the Arabic spring, and refugee 
problem that is an important problem for the world emerged. This problem was analyzed in the macroeconomic 
dimension, in the health dimension by different studies. However, the energy and environmental economy di
mensions of this problem has not been adequately analyzed. 

This paper explored the cointegration and Granger causality between the refugee population, traditional 
energy consumption(firewood, charcoal, and coal), economic growth, environmental pollution, and deforesta
tion by the tests of Fourier Bootstrapping ARDL (FBARDL) and Granger causality with the Fourier method in the 
period 1985–2020 in Ethiopia, Sudan, and Uganda. Firstly, whether the series is stationary was investigated by 
using Fourier unit root tests. Then, the FBARDL test determined the evidence of cointegration among the vari
ables. Finally, by applying Granger causality with the Fourier method, the evidence of unidirectional causality 
running from the refugee population and traditional energy consumption to deforestation and evidence of 
unidirectional causality running from the refugee population and traditional energy consumption to environ
mental pollution were determined. The analysis results draw attention to the impacts of the increasing refugee 
population on deforestation, and environmental pollution. Governments must develop their long-term envi
ronmental policies in the context of the effects of refguee population on sustainability.   

1. Introduction 

In the 21st century, environmental pollution and refugees problem 
are very important problems, and scientists, politicians etc. force to give 
more and more attention to sustainable environment. Environmental 
pollution has been analyzed in many studies. Especially in the context of 
the EKC hypothesis, many studies have discussed the shape of the EKC 
curve, while others have emphasized its causes. However, the studies 
analyzing these causes did not elaborate on refugees, which are 
important among the causes. However, refugees, which are an important 
problem for all countries in the world, are important in terms of envi
ronmental problems. These movements realized by humans lead to the 
burden on the world’s natural resources, especially forest areas of 
developing and underdeveloped countries. Deforestation is increasing in 
the effect of the rapid growth of the world’s population, migration, the 
rise of industry, and the use of traditional energy (wood, charcoal, coal, 

etc.). Among the factors leading to deforestation, refugees are the focus 
of this paper. 

In some parts of the world, refugee movements affect environmental 
pollution and deforestation because refugees and host households are 
highly dependent on forests and other woodlands as sources of woodfuel 
for cooking and for income generation, contributing to their livelihood 
resilience. The average daily consumption of firewood by the refugees is 
very high rate [1]. [2] declared A refugee cuts [down] around 20 trees 
per year. According to Ref. [3], the average daily consumption of fire
wood by refugees in northern Uganda is 1.6 kg per person, and among 
host communities, 2.1 kg. [1] accented that the refugee influx from 
South Sudan has led to an increase in the rate of degradation and tree 
loss, both inside the West Nile refugee settlements and around their 
boundaries, with accelerated land cover changes in bushland and 
woodland. Deforestation and forest degradation are not new phenomena 
in Uganda, but the refugee presence has added to existing pressures on 
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the environment due to increased demand for wood as cooking fuel. So 
competition for available resources could become a source of tension 
between the refugees and host communities. 

Refuges cause increasing deforestation in a few ways. Firstly, the 
demand for traditional energy in camps leads to deforestation since 
traditional energy (wood, coal, and charcoal) is mostly used for heating 
and food preparation [4]. Secondly, it is to obtain arable lands because 
the primary purpose of most people living in rural areas is survival, and 
they mostly depend on agriculture. Forest areas are used to open up 
arable land. The third factor is barter because refugees are forced to 
barter or sell some food to get some firewood. Wood is sold, and barter is 
made. Another factor comes from the use of forests for house con
struction. The last factor of deforestation is political and institutional. 
Due to the increasing population caused by refugees, governments’ road 
investments can directly affect deforestation rates. In this condition, 
they are the most critical determinant of the growing resource scarcity 
and environmental damage. Especially, traditional energy consumption, 
which is the first of the factors listed above, causes environmental 
pollution because these traditional stoves are the reason for the con
sumption of a huge amount of traditional energy, such as wood, char
coal, coal, or animal waste. Consumption of traditional energy emits 
some contaminants such as combustion products (CO2), incomplete 
combustion products (asPAHs (polycyclic aromatic hydrocarbons) 
including BaP(benzo[a]pyrene), organic carbon (OC), black carbon 
(BC), CO, and), and high-temperature reaction products (as NOx), par
ticulate matter (PM)), fuel contaminants (asSO2 and metals), etc. [5–7]. 
The contribution of traditional cooking devices to environmental 
pollution is at the moment unclear, but some papers found that the 
contribution of BC changes in the range of 27–55% [8,9]. According to 
Ref. [10], the average emission factor of BC for coal burned is 0.002 
g/kg. Undoubness, the CO2 emissions of refugees are a small number of 
global emissions, but ~13 million tons of CO2 activities annually [11, 
12]. In 2014 throughout the world, the ineffective consumption of en
ergy by refugees released 14.3 million tonnes of tCO2 [13]. Furthermore, 
as accented by Ref. [14], current energy in refugee settlements is unsafe, 
unproductive, and polluting. According to International Energy Agency 
[15], CO2 emissions throughout the world rose 33.1 billion tons in 2018, 
which is approximately 145% above the pre-industrial levels. Moreover, 
the CO2 growth rate from 2015 to 2016 was the largest of the last 30 
years, and the CO2 concentration rate was the highest in the last 800,000 
years [16]. This state shows that the energy cost of living is increasing 
(The notion of the energy cost of living was suggested in the 1970s [17], 
although the carbon footprint has been explored in recent years. [18] showed 
that GHG releases are an important part of the process of consumption and 
production, and they provided a framework to explain this connection). 

The impacts of refugees on deforestation and CO2 emissions have not 
been analyzed simultaneously. Many papers analyzed the relationship 
between energy consumption-environmental pollution especially in the 
context of EKC hypothesis. A few papers analyzed the relationship be
tween migration and natural resources. Although the importance of the 
population on environmental pollution was emphasized by Ref. [19], it 
lagged behind other causes of pollution. Using the panel quantile 
autoregressive distributed lag (PQARDL) and causality methods for the 
1996–2019 period [4], concentrated on the relationship between refu
gees population, governance and sustainable environment for 
Bangladesh, Ethiopia, Jordan, Lebanon, Pakistan, Sudan, and Uganda. 
But this article did not use traditional energy consumption. To our 
knowledge, this is the first article to investigate environmental pollu
tion, deforestation, refugees, economic growth and traditional energy 
consumption in the context of the cointegration and Granger causality in 
time series data. Our main goal is to fill the gap in the literature. In this 
paper, in Ethiopia, Sudan, and Uganda, which have the highest popu
lation of refugees or asylums throughout the World, cointegration and 
Granger causality between the refugees, traditional energy (firewood, 
charcoal, and coal) consumption, economic growth, CO2 emissions, and 
deforestation will be explored through three different methods for the 

period 1985–2020 by two different models. The reasons for choosing the 
two different models can be explained as follows. If a single model 
covering all variables is established, a single ecm coefficient would be 
obtained. The two models enable to obtain of separate ecm coefficients 
for deforestation and environmental pollution. In addition, short and 
long-term coefficients will be obtained for each model. Another reason is 
the shortness of the period; while the cointegration is tested in short 
period it is the statistical limitations of a large number of variables. 

The methods chosen will be applied as follows. Firstly, to determine 
stationary was applied the ADF with the Fourier method (FADF) and the 
NL with the Fourier method (F–tNL) tests suggested by Ref. [20]. Sec
ondly, FBARDL and causality test with Fourier methods can remove 
some degenerate cases from ARDL method. So the motivations for 
employing these methods are i. that this method permits endogeneity, 
feedback, and moreover, and ii. when the analysis period is short, 
employing non-linear methods can cause some econometric problems. 
The establishment of the Fourier model is significant for eliminating 
gradual breaks in the models because it does not require knowing the 
exact frequency of breaks and break dates. The benefit of these tests is 
that the power of the estimation is unaffected by the break date, number, 
or form. However, if the samples cover relatively short periods, the use 
of nonlinear approaches like NARDL, MSVAR, TARDL, and LSTARARDL 
for existence of break in data could result in many econometric issues in 
the estimation [21]. Employing the BARDL with the Fourier approach is 
encouraged as it does not presume a particular functional form, exact 
frequencies, or prior knowledge of the dates [22,23]. 

This paper was designed as follows: in the second section, the liter
ature review is explained, and the relationship between the refugee 
population and deforestation is explained in the third section, the 
methodology and data are presented. In the section explains the results. 
In the fifth section, a discussion is given. The conclusion is given in the 
last section. 

2. Literature review 

The damaging impacts of economic growth and energy consumption 
on environmental pollution have been accented by many papers in 
pursuit of Grossman-Krueger [24]. Some of them contributed to the EKC 
hypothesis. But these papers did not explore the effect of population and 
natural resources on environmental pollution due to the complexity of 
population relations. Howeover, the relationship between population 
and natural resources has attracted the attention of economists since the 
study conducted by Malthus [19]. Thus [19], began to research the 
relationship between population and resources. [25] brought up this 
connection once more (1864). In colonial Africa, land for agriculture 
was explored by Refs. [26,27]. [28] concentrated on concerns related to 
the environment, food production, and population increase. In their 
model of the relationship between population and environment, [29] 
anticipated that the world would overshoot its carrying capacity in the 
model of the relationship between population and environment they 
developed. The relationship between population and environment was 
also covered by Ref. [30]. According to Ref. [31], there can be envi
ronmental harm in locations where many refugees live. The population 
pressure hypothesis was reviewed by Ref. [32]. 

On the other hand, in some papers, Population-driven productivity 
growth [33] may result in an upward movement along the environ
mental Kuznets curve(EKC) [34], especially if higher food demand leads 
to land clearing for agricultural expansion [35]. The resulting environ
mental damages may be highly concentrated around camp areas in the 
absence of sufficient transportation infrastructure [36]. But population 
growth does not always result in forest loss [37], as these processes will 
vary based on differences in country policy [38]. Some studies, however, 
have discussed the causes [39–41]. In the frame of refugees, there are 
markets within each refugee camp [42], these results suggest that 
income-generating forest extraction could manifest several kilometers 
from the camp itself. 
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Some studies have highlighted the impact of population on defor
estation while investigating the impact of population on the environ
ment [43]. accented that this population pressure on the environment 
can lead to land erosion, increased energy consumption, air, and water 
pollution increased land use, decreased productivity of cultivated land, 
increased deforestation, etc. A few papers accented that the population 
contributes more to deforestation than other factors [44]. For example 
[45], found that most deforestation cases are driven by population 
growth. On the other hand, due to the complexity of population relations 
as well as political issues, population problems [46] were not taken into 
account in the formulation of environmental problems. However, these 
authors continued to study this topic. Several researchers, including 
[47–50], and [51,52], have discussed the factors that contribute to 
environmental issues like deforestation, land degradation, and the 
depletion of forest resources as a result of migrants’ pressure on the local 
forest. 

Some other studies have discussed the causes of deforestation. Ac
cording to Refs. [53,54], one of the primary reasons for deforestation is 
the demand for traditional energy due to the massive amounts of fire
wood, charcoal, and coal used for heating and cooking in refugee camps. 
[12] highlighted trade as a further element because refugees are 
required to barter or sell some food to obtain firewood. [55]’ research in 
Kenya also revealed that almost 25% of food was traded for firewood . 
[56] found that rapid population growth and immigration from 
Mozambique raised trees’ demand for fuel, arable land, and investment 
in livestock. According to Ref. [56], the increasing population leads to 
deforestation, landlessness, and overgrazing. [57] explained the impacts 
of refugees on the environment. According to Ref. [57], while refugees 
expect external support, they are forced to depend on the forest for 
cooking, makeshift shelters, etc. And deforestation emerges from the use 
of wood for fuel and shelter. [58] emphasized the population mass in a 
refugee camp is the central factor in environmental damage. [51] also 
found that the location of a camp is a significant factor in determining 
the impacts of refugees on the environment, and accented refugee camps 
that are established in border areas or existing towns cause competition 
for restricted sources such as fertile land, water, wood, etc … . [59] 
discussed significant relationships between camp proximity and defor
estation. [35] extended their analysis by processing all spatial data at a 
much finer spatial resolution (1.1 km by 1.1 km) and examined where, in 
relationship to the camp, forest losses occur. 

The extent of deforestation was examined in some articles in the 
literature. [60]showed the effects of 3.5 Million Afghan refugees on the 
environment in Pakistan and determined that refugees from north of the 
Hindukush produced the most extensive degradation. [61] investigated 
the effects of human activity on the forests in Pakistan and Britain. 
Natural resource availability in Western Kenya decreased by 11.8% 
between 1997 and 2014, according to Ref. [62]. The most significant 
resource loss between the two observations was calculated to be − 7.96% 
for the years 2010–2014. Natural resource depletion was calculated to 
be 11.8% between 1997 and 2014. In Eastern Chad [63], examined how 
the savanna ecology changed from 2007 to 2017 in close proximity to 
the refugee camp. They discovered that 2008 saw the most resource 
utilization, and 2010 and 2011 experienced the greatest resource loss 
[64]. emphasized that hundreds of tons of wood are consumed daily in 
Tanzanian refugee camps, which are entirely dependent on energy from 
nearby forests. [65] looked into the deforestation caused by the camp’s 
expansion from March to December 2017. They estimated that 573 ha, 
or around 11% of the research area, were exposed to deforestation. 
According to Ref. [66], from July 2016 to February 2018, 2283 ha of 
forest were destroyed. According to Ref. [67], on August 25, 2017, over 
1 million refugees from Myanmar crossed the border into Bangladesh, 
causing deforestation and the growth of the Kutupalong refugee camp. 

Some studies emphasized the relationship between refugees, and 
environmental pollution. [4] explored causality between refugees, 
governance, sustainable environment, economic growth, energy con
sumption, supplementary explanatory variables, HDI, the trade deficit, 

and financial development for Bangladesh, Ethiopia, Jordan, Lebanon, 
Pakistan, Sudan, and Uganda using the panel quantile autoregressive 
distributed lag (PQARDL) and causality methods for the 1996–2019 
period. Long-run coefficients found by the PQARDL method showed 
evidence of the long-run relationship between the sustainable environ
ment, refugee population, governance, economic growth, energy con
sumption, and explanatory variables. Both traditional and [68] causality 
tests determined the evidence of unidirectional causality from political 
and economic governance to greenhouse gas (GHG) emissions and 
deforestation, as well as a unidirectional causality from refugees to GHG 
emissions and deforestation. 

[69] accented the relation between refugees and environmental 
pollution; on the other hand [70,71], accented that refugees do not have 
severe impacts on the environment [72]. discussed the relationship 
between movements for refugees and the environmental damages they 
posed in refugee camps. According to Ref. [37], the population growth 
rates of countries in Asia, Latin America, and Africa promote the con
version of forests into arable land because the survival of the vast ma
jority of people living in rural regions depends mainly on agriculture. 
Kenya’s population density and agricultural output were examined by 
Ref. [27]. Based on Pakistan’s recent productivity rates and firewood 
collection operations [73], discovered the evidence favoring the vicious 
circle hypothesis. According to Ref. [74], tropical deforestation has 
sizable effects on GHG emissions. [44] also highlighted various issues. 
They contend that migration—which settled agricultural households do 
by sending their young families to the border as migrants—is the pri
mary cause of the destruction of border forests in several nations. Ac
cording to Ref. [75], accentuated forests are destroyed more quickly in 
impoverished areas. The effects of immigration on forests and woods 
have been studied by Refs. [76–79], and [80] in countries such as Sierra 
Leone, Nepal, Sri Lanka, Ethiopia, Kenya, and Rwanda. According to 
research by Ref. [81], the rapid increase in population in developing 
nations is a major factor in the ongoing deforestation [82]. suggest that 
logging activities to produce wood as an alternative source of fuel en
ergy for things like kerosene and cooking gas, or power, can lead to 
deforestation. 

In the literature, the impacts of refugees on deforestation and CO2 
emissions have not been analyzed simultaneously. This paper aimed to 
fill the gap in the literature. 

3. Methods and data 

3.1. Research questions 

The research questions are in two dimensions. First dimension is 
regarding the effects of refugees population on the deforestation and 
environmental pollution. Does refugees population and traditional en
ergy consumption of refugees population have environmental pollution 
and deforestation? Second dimension is on the econometric method. 
What are the directions of causality between economic growth, tradi
tional energy consumption, refugees population, deforestation, envi
ronmental pollution? 

3.2. Motivation and research methodology 

The motivation of the study is to evaluate cointegration and causality 
between refugees population, the deforestation and environmental 
pollution, traditional energy consumption and economic variables by 
using FBARDL and Fourier Granger causality methods. FBARDL method 
is used to decide the existence of cointegration among the variables and 
the Fourier Granger causality test are employed to assess the direction of 
causalities. These tests have the advantage that the date of, the number 
of, and the form of the break do not affect the power of the estimation 
[83]. Additional, literature assessing cointegration to investigate 
long-run relationship under the presence of nonlinear breaks suggested 
nonlinear cointegration methods; the Asymmetric ARDL, MSVECM, 
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ThresholdARDL, and LSTARARDL etc. However, the nonlinear methods 
can cause to several econometric issues in estimation when data cover 
relatively short periods. So, in the existence of breaks and when the 
analysis period is short, the FBARDL method provides important 
advance in modeling and the method does not assume a specific func
tional form. And the method does not need a-priori knowledge about the 
dates of the breaks. The proposed Fourier BARDL model effectively 
eliminated the degenerate cases accented by BARDL method. 

3.3. Fourier BARDL method and fourier causality method 

ARDL method provides the upper and lower bounds for the critical 
values (CV). However, FBARDL supplies the CV (See Ref. [84] for 
BARDL). And it investigates the presence of noncointegration, cointe
gration, and degenerate situations, and unlike the BARDL test, it does 
not require knowing the exact frequency of breaks and break dates. 
FBARDL bound approach is given as follows: 

ΔAt = c0 +
∑m

i=1
γiΔAt− i +

∑n

j=1
φjΔBt− j + δ1At− 1 + δ2Bt− 1 + γ11 sin

(
2πnt

T

)

+ γ12 cos
(

2πnt
T

)

+ εt

(1)  

Where δ1 = −

(

1 −
∑p

i=1
αi) ; δ2 =

∑q

j=1
βj (2) 

We used supplementary tests proposed by Ref. [84] for the BARDL 
test. In their approach, the usage of three tests is compulsory to deter
mine the presence of any from noncointegration, cointegration, and 
degenerate cases. The cointegration between A and B requires the 
rejection of three null hypotheses. Case-1: F-test for H0 : δ1 = δ2 = 0 
against H1 : any δ1,δ2 ∕= 0. Case-2 t-test for H0 : δ1 = 0 against H1 : δ1 ∕=

0. Case-3 F test for H0 : δ2 = 0 against H1 : δ2 ∕= 0. 
The representation of the error correction model (ECM) is achieved 

after reparameterization and, 

Δyt =φi +
∑p

k=1
γjΔyt− j +

∑q− 1

k=0
μjΔxt− j +ϑj

(
yjt− 1 − φjxjt

)
+ γ11 sin

(
2πnt

T

)

+ γ12 cos
(

2πnt
T

)

+ εt

(3) 

the inclusion of two Fourier terms γ11 and γ12 and γ11 and γ12 aim at 
capturing the structural changes and nonlinearities. The Fourier terms 
are tested with the null hypothesis H0 : γ11 = 0, γ12 = 0 against the 
alternative H1 : γ11 ∕= 0, γ12 ∕= 0 and the calculated F, Fourier test statistic 
follows an F distribution with q, and n-h-1◦ of freedom under the null 
where n is the sample size and h is the total number of parameters in the 
model estimated. 

3.4. Fourier causality test 

Granger causality method with Fourier can be rewritten by including 
ECM term. If cointegration between the selected variables can be 
determined. Granger causality with the Fourier method can be given as 
follows 

Δyt = λ1 +
∑n

i=1
α1iΔyt− i +

∑m

k=1
β1kΔxt− k + γ1 sin

(
2πnt

T

)

+ γ11 cos
(

2πnt
T

)

+ ζ1ecmt− 1 + ε1t

(4)  

Δxt = λ2 +
∑n

i=1
α2iΔxt− i +

∑m

k=1
β2kΔyt− k + γ2 sin

(
2πnt

T

)

+ γ21 cos
(

2πnt
T

)

+ ζ2ecmt− 1 + ε2t

(5)  

where εt is i.i.d and σ2 ε(0,∞); and ζ is the parameter defining the speed 
of adjustment to the long-run equilibrium after a shock. The error 
correction mechanism to occur ζ should be statistically significant and 
non-positive in the range of − 1 < ζ < 0. The short-run Granger non- 
causalities are tested under the null hypotheses of H0 : β1k = 0 in the 
first vector and H0 : β2k = 0 in the second vector against the alternatives 
of H0 : β1k ∕= 0 and H0 : β2k ∕= 0, respectively, inrEq.’s (8) and (9) for all 
i. 

3.5. The model 

In this study, two separate models the included explanatory variable 
sets are estimated. Model 1 is an FBARDL model with three explanatory 
variables, 

Δfort =φi +
∑p

j=1
λjΔfort− j +

∑n− 1

i=0
μiΔyt− i +

∑z− 1

k=0
μkΔrft− k +

∑k− 1

m=0
φjΔct− m

+ δ1fort− 1 + δ2yt− 1 + δ3rft− 1 + δ4ct− 1 + λ10 sin
(

2πnt
T

)

+ λ11 cos
(

2πnt
T

)

+ εt.

(6) 

Model 2 is stated as, 

Δcot =φi +
∑p

j=1
λjΔcot− j +

∑n− 1

i=0
μiΔyt− i +

∑z− 1

k=0
μkΔrft− k +

∑k− 1

m=0
φjΔct− m

+ δ1cot− 1 + δ2yt− 1 + δ3rft− 1 + δ4ct− 1 + λ20 sin
(

2πnt
T

)

+ λ21 cos
(

2πnt
T

)

+ εt.

(7) 

the ECM representation of Model 1 is obtained as, 

Δfort =φi +
∑p

j=1
λjΔfort− j +

∑n− 1

i=0
μiΔyt− i +

∑z− 1

k=0
μkΔrft− k +

∑k− 1

m=0
φjΔct− m

+ ϑ1(fort− 1 − φ1yt− 1 − φ2rf − φ3ct− 1)+ λ10 sin
(

2πnt
T

)

+ λ11 cos
(

2πnt
T

)

+ εt.

(8)  

and one’s of Model 2 is obtained as, 

Δcot =φi +
∑p

j=1
λjΔcot− j +

∑n− 1

i=0
μiΔyt− i +

∑z− 1

k=0
μkΔrft− k +

∑k− 1

m=0
φjΔct− m

+ϑ1(cot− 1 − φ1yt− 1 − φ2rf − φ3ct− 1)+ λ20 sin
(

2πnt
T

)

+ λ21 cos
(

2πnt
T

)

+ εt.

(9) 

the inclusion of two Fourier terms γ10 and γ11 in Model 1 and γ20 and 
γ21 in Model 2 aim at capturing the structural changes and non
linearities. In Model 1, the Fourier terms are tested with the null hy
pothesis H0 : λ10 = 0, λ11 = 0 against the alternative H1 : λ10 ∕= 0, λ11 ∕= 0 
and the calculated F, Fourier test statistic follows an F distribution. For 
simplicity, we follow [85] and assume the dimension of the Fourier 
function as k = 1. 

4. Data 

Annual data on traditional energy(firewood, charcoal, and coal) 
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consumption(hereafter energy consumption; c), refugee population(rf), 
deforestation(for), CO2 emissions(co), and economic growth (y) were 
employed during the 1985–2020 period. Deforestation data are 
measured from forestation area (100- forestation (forestation is % of 
forest area in land area)). If the rate is increasing, there is deforestation; 
on the contrary, if it is decreasing, there is an increase in forest rates. 
CO2 emissions was taken as proxies for environmental pollution. Eco
nomic growth was measured in Real GDP in constant 2005 USD. 
Deforestation, economic growth, and energy consumption data were 
obtained from the World Bank and UNDP. Traditional energy con
sumption data was measured as the sum of firewood, charcoal, and coal 
and obtained from country statistics and World Bank. To minimize 
skewness, the variables were logged (ln), and so they were measured in 
logarithms. 

Table 1 previde descriptive statistics and corelations among the 
variables. The kurtosis statistics suggest no excess kurtosis. The skew
ness statistics for all variables suggest deviation from the expected value 
in the normal distribution and the findings reveal that the non-normal 
distribution of the variables is more likely the result of skewed distri
butional properties. The Jarque-Bera (JB) test tests the null of normally 
distributed series against the alternative of non-normality. The JB test 
results suggest the null of normality is rejected at the conventional 
significance levels for the majority of the variables analyzed 

After [86–93] a few articles investigated the relationships between 
CO2 emissions, energy use, and indicators of living standards. Many 
papers discovered significant links between energy use and living 
standards and high coefficients between a nation’s traditional energy 

consumption and its Human Development Index (HDI). We will not use 
HDI variable as additional or control variable because some studies have 
found a high correlation coefficient between HDI and economic devel
opment. We also investigated this correlation in this study. Correlation 
coefficients were determined as 0.753, 0.71, and 0.69 for Ethiopia, 
Sudan and Uganda, respectively. Based on the results, since a high 
correlation was obtained between HDI and Y, it was decided to use the Y 
variable and evaluate the results for development and growth since 
using two variables at the same time would cause statistical errors. 

In Table 1, we explaned corelations among the variables. It is 
important that the correlation coefficient is high for some variables. 

Table 1 
Descriptive statistics and correlation results.  

Descriptive Statistics  
C CO Y RF FOR 

Ethiopiarowhead 
Mean 2.685013 1.140272 10.25154 5.441857 1.125031 
Maximum 2.696418 1.837872 10.92611 5.955796 1.179379 
Skewness 0.315899 0.515201 0.575288 − 0.026736 0.424242 
Kurtosis 2.062672 2.324814 1.810658 1.782402 1.734010 
Jarque-Bera 1.543949 1.833769 3.308850 1.794862 2.806542 
Sudanrowhead 
Mean 2.584524 0.647407 10.42320 5.527270 1.125031 
Maximum 2.619484 1.060358 11.09009 6.032734 1.179379 
Skewness − 0.023428 − 0.413136 0.211442 0.211055 0.424242 
Kurtosis 2.644782 1.813943 1.519141 1.779932 1.734010 
Jarque-Bera 0.155120 2.524760 2.865896 2.013979 2.806542 
Ugandarowhead 
Mean 2.229352 0.109974 9.987294 5.411551 1.208022 
Maximum 2.411629 0.788835 10.43897 6.130493 1.376168 
Skewness 0.262388 0.103865 0.088669 1.596313 − 0.643829 
Kurtosis 1.734459 1.575583 1.632798 2.974854 2.255265 
Jarque-Bera 2.268024 2.503805 2.296668 7.02893 2.673668 
Correlation Resultsrowhead 
Ethiopiarowhead  

for rf co Y c 
for 1     
rf 0.589 1    
co 0.7651 0.676 1   
y 0.759 0.439 0.8467 1  
c 0.86549 0.7099 0.749164 0.91894 1 
Sudanrowhead  

for rf co Y c 
for 1     
rf 0.743 1    
co 0.963 0.576 1   
y 0.9502 0.439 0.7964 1  
c 0.521 0.59024 0.749164 0.59163 1 
Ugandarowhead  

for rf co Y c 
for 1     
rf 0.534967 1    
co 0.578592 0.631082 1   
y 0.598604 0.8739 0.6623 1  
c − 0.5307 0.8554 − 0.40126 0.90526 1  

Table 2 
F-NL and FADF results.   

Uganda Ethiopia Sudan  

FADF NL(F–tNL) FADF NL(F–tNL) FADF NL(F–tNL) 

c − 0.365 − 0.289 − 0.21 − 0.18 − 1.36 − 1.29 
Y − 0.778 − 0.527 0.11 − 0.563 − 0.995 − 0.845 
rf 0.007 0.05 − 1.76 − 1.68 − 0.88 − 0.79 
for − 0.776 − 0.708 − 0.15 − 0.041 − 0.66 − 0.51 
co − 1.861 − 0.975 − 0.765 − 1.14 − 0.912 − 0.889 
First Difference 
dc − 4.689 − 4.697 − 4.985 − 3.91 − 6.42 − 5.86 
dY − 5.774 − 5.36 − 4.985 − 3.96 − 5.824 − 4.698 
drf − 5.542 − 4.8912 − 5.07 − 4.96 − 6.28 − 4.964 
dfor − 5.25 − 4.97 − 5.11 − 4.976 − 5.778 − 4.998 
dco − 5.287 − 4.685 − 5.25 − 4.74 − 5.36 − 4.985  
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The correlation coefficients between refugees and deforestation and 
between refugees CO2 emissions exhibit high values. The correlation 
rates of the variables with each other provide preliminary information 
about the evidence of cointegration and causality. Since the correlation 
coefficients are high, we expect evidence of cointegration and at least 
unidirectional causality among the variables. 

Before estimating a standard time series model, FADF (Fourier 
Augmented Dickey-Fuller) and NL(F–tNL) unit root tests are routinely 
conducted in Table 2. Especially in the case of structural breaks in the 
data, traditional unit root tests have low power to reject the H0 hy
pothesis. Moreover, ignoring the possible existence of gradual and 
multiple structural breaks in the data can lead to erroneous rejection of 
the null hypothesis of a unit root. Unit root test with Fourier can elim
inate these states. The unit root tests with the Fourier method deter
mined the variables as stationary at first differences. There is statistically 
strong evidence of the stationarity of the selected variables. It is 
observed that the shocks to variables have a transitory effect. 

5. Results 

Accordingly the results in Tables 3 and 4, we determined our models. 
In Table 3, the results of FBARDL models were exhibited. If the 

BARDL or ARDL tests are used, it would be necessary to use a dummy 
variable because of crisis periods, but the FBARDL method eliminates 
this requirement. 

When economic growth and/or refugee population are accepted as 
dependent variables, there is robust evidence in favor of the nonexis
tence of a long-run relationship between the refugee population, 
deforestation, energy consumption, and economic growth in Ethiopia, 
Sudan, and Uganda. But when traditional energy consumption is 
accepted as the dependent variable in Ethiopia, Uganda, and Sudan, it is 
obtained the states of degenerate-1, degenerate-1, and no-cointegration, 
respectively. And lastly, when deforestation is accepted as a dependent 
variable, there is robust evidence in favor of the evidence of a long-run 
relationship between the refugee population, deforestation, energy 
consumption, and economic growth in Ethiopia, Sudan, and Uganda. 

And the results of the second model were given in Table 4. 
In Ethiopia, Sudan, and Uganda, when economic growth is accepted 

as a dependent variable, the results of degenerate-1, nocointegration, 
and degenerate-2 for a long-run relationship between the refugee pop
ulation, CO2 emissions, energy consumption, and economic growth were 
determined. The refugee population is accepted as a dependent variable; 
there is robust evidence of the results of degenerate-1 and no- 
cointegration between the refugee population, CO2 emissions, energy 
consumption, and economic growth in Ethiopia, Sudan, and Uganda, 
respectively. When CO2 emissions are accepted as dependent variables, 
the evidence of cointegration between the refugee population, CO2 
emissions, energy consumption, and economic growth was determined. 

In both models, the inclusion of two Fourier terms and in Model 1 
and Model 2 aim at capturing the structural changes and nonlinearities. 
In Models, the Fourier terms are tested with the null hypothesis against 

the alternative and the calculated F, Fourier test statistic follows an F 
distribution with q, and (n-h-1) degrees of freedom under the null where 
n is the sample size and h is the total number of parameters in the model 
estimated. As mentioned above, we follow [85] and assume the 
dimension of the Fourier function as k = 1. As a result, q = 2 in the F, 
Fourier test in our study. For more complex nonlinear forms, increasing 
the dimension could be considered. This will necessitate testing the 
number of parameters where k is the number of dimensions under the 
null, which increases the loss of degrees of freedom drastically, and for 
the majority of applications, a single Fourier dimension would be 
satisfactory [83,85]. The cointegration among the selected variables 
requires the rejection of three null hypothesis. 

5.1. Long-run and short-run coefficients and ECM 

For Model 1, when deforestation is accepted as the dependent vari
able, long and short-run coefficients, and ECM coefficients are shown in 
Table 5. 

We used Fourier terms with two frequencies. If the Fourier frequency 
increases and the test has less size distortion. In Table 4, for Ethiopia, 
Uganda, and Sudan, refugees’ effects on deforestation were determined 
as 0.28, 0.218, and 0.23, and the effect of traditional energy consump
tion was found as 0.315, 0.318, and 0.28. The impact of conventional 
energy consumption on deforestation is very significant. A 1% increase 
in conventional energy consumption increases deforestation by 3.15%, 
3.18%, and 3%, respectively. These results are consistent with the cor
relation results between the variables. 

In Table 6, for Ethiopia, Uganda, and Sudan, a 1% increase in refu
gees population increases CO2 emissions by 2.02%, 2.27%, and 2.05% 
in the long run, and in the short-run, the coefficients change as 0.19, 
0.277, and 0.183, respectively. The coefficients of traditional energy 
consumption were found as 0.167, 0. 163, and 0.1856 in the long-run 
and 2.6%, 4.39%, and 1.52% in the short-run. 

The coefficients of emc are − 0.28, − 0.13, and − 0.19 for Ethiopia, 
Uganda, and Sudan respectively. 

5.2. The results of granger causality 

Table 7 exhibits the results for Model 1. According to the Granger 
causality test results, a unidirectional causality running from the refugee 
population to deforestation was found for Sudan, Uganda, and Ethiopia. 
We found the evidence of unidirectional causality running from tradi
tional energy consumption to deforestation and evidence of unidirec
tional causality running from the refugee population to energy 
consumption. That is, traditional energy consumption is the Granger 
cause of deforestation, and the refugee population is the Granger cause 
of traditional energy consumption and deforestation. 

For the direction of causality between refugees population and eco
nomic growth, it was obtained different result. For Ethiopia, it was 
determined evidence of unidirectional causality running from refugees 
population to economic growth, but for Sudan and Uganda, it was 

Table 3 
Fourier bootstrapping ARDL for model 1.  

Country Dependent Var/Independent Var F F* Findep F*indep t T* Cointegration Status 

Ethiopia (y/rf,for,c) 2.356 4.85 5.256 7.012 − 1.36 − 1.968 No-Cointegration 
(rf/for,y,c) 4.256 5.557 3.856 4.12 − 1.56 − 3.885 No-Cointegration 
(for/y, rf,c) 10.26 8.25 11.2 10.086 − 4.03 − 3.856 Cointegration 
(c/y,for,rf) 8.568 8.258 3.85 4.14 − 5.25 − 3.856 Degenerate 1 

Uganda (Y/rf,for,c) 3.856 4.001 3.88 3.95 − 3.15 − 4.256 No-Cointegration 
(rf/for,y,c) 1.045 2.856 3.256 4.856 − 1.08 − 2.856 No-Cointegration 
(for/y, rf,c) 10.56 9.056 7.73 6.64 − 5.06 − 4.896 Cointegration 
(c/y,for,rf) 8.425 8.256 4.256 4.596 − 4.59 − 7.145 Degenerate-1 

Sudan (Y/rf,for,c) 4.25 5.60 2.83 3.67 − 2.07 − 3.93 No-Cointegration 
(rf/for,y,c) 2.33 3.92 2.17 4.6 − 0.10 − 0.11 No-Cointegration 
(for/y, rf,c) 14.03 13.22 12.78 11.24 − 8.02 − 7.11 Cointegration 
(c/y,for,rf) 1.256 2.589 2.589 3.589 − 2.12 − 3.485 No-Cointegration  
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determined the evidence of unidirectional causality running from eco
nomic growth to refugees population. Granger causality results are given 
in Fig. 1. 

→Show direction of causality. 
InTable 8, the result of unidirectional causality from the refugee 

population, and traditional energy consumption to CO2 emissions were 
determined. As a brief for all countries, it was determined the evidence 
of unidirectional causality running.  

1 from the refugee population to energy consumption  
2 from the refugee population to CO2 emissions  
3 from energy consumption to CO2 emissions  
4 from energy consumption to economic growth and lastly it was 

determine none causality between economic growth and refugees 
population 

Fig. 2. Presents the results of Granger causality for Model 2. 

6. Discussion 

The results determined the existence of unidirectional causality from 
the refugee population to deforestation and CO2 emissions, unidirec
tional causality from refugees population to traditional energy con
sumption and unidirectional causality from traditional energy 
consumption to deforestation and CO2 emissions. The refugee popula
tion is granger cause of deforestation, CO2 emissions, and energy con
sumption, and the energy consumption is the Granger causality of CO2 

emissions and deforestation The refugees that cause to rise in energy 
consumption lead to increasing CO2 emissions. Energy consumption is 
not only the Granger cause of environmental pollution, but also energy 
consumption is the Granger cause of economic growth. A decline in 
energy consumption can have positive effect on the environmental 
pollution but it will have adverse effects on economic growth. 

The refugee population has a significant impact on the increase in 
energy consumption an increased population means increased energy 
needs. Refugees in these countries undoubtedly have a significant 
impact on this result, as this figure is quite large. Although developing 
countries host 86% of their refugees, the refugee crisis is a global 
problem. During the 2009–2018 period, the amount of forcibly dis
placed individuals rose from 43.3 million to 70.8 million [2]. 

84% of refugees today were housed in developing nations, compared 
to 16% in developed nations. Three nations accounted for more than 
57% of all refugees: South Sudan (2.3 million(M)), Afghanistan (2.7 M), 
and Syria (6.7 M). Pakistan (1.4 M), Sudan (1.1 M), and Uganda (1.2 M) 
also host refugees [94]. The number of immigrants worldwide increased 
by around 244 million in 2015, reaching 3% of the global population, 

Table 4 
Fourier bootstrapping ARDL for model 2.  

Country Dependent Var/Independent Var F F* Findep F*indep t T* Cointegration Status 

Ethiopia (c/rf, y, co) 2.12 3.86 3.56 5.48 − 1.16 − 3.052 No-Cointegration 
(rf/y,c, co) 9.87 9.11 3.12 3.65 − 6.51 − 3.26 Degenerate 1 
(co/y, rf, c) 11.16 10.2 10.05 9.16 − 5.11 − 4.56 Cointegration 
(y/co, rf, c) 9.18 9.01 3.21 3.99 − 5.99 − 4.12 Degenerate 1 

Uganda (c/rf, y, co) 4.11 3.961 4.491 3.66 − 3.14 − 4.88 Degenerate-2 
(rf/y,c, co) 1.316 2.919 2.126 3.856 − 1.98 − 2.45 No-Cointegration 
(co/y, rf, c) 8.87 7.116 7.89 6.98 − 5.15 − 4.16 Cointeration 
(y/co, rf, c) 9.35 8.96 5.23 4.29 − 4.99 − 7.55 Degenerate-2 

Sudan (c/rf, y, co) 6.33 5.29 2.41 4.68 − 4.31 − 3.72 Degenerate 1 
(rf/y,c, co) 2.11 3.64 2.37 4.12 − 0.56 − 0.57 No-Cointegration 
(co/y, rf, c) 14.46 13.86 12.55 11.07 − 8.96 − 7.47 Cointegration 
(y/co, rf, c) 2.86 2.99 1.19 3.14 − 2.44 − 3.99 No-Cointegration  

Table 5 
Long Run Coefficients and ECM term for Model 1+.   

Ethiopia Uganda Sudan 

Dependent variable:deforestation 

ly − 0.28(2.19)** − 0.24(1.96)* − 0.22(1.9)* 
lrf 0.28(1.87)* 0.218(1.99)** 0.23(1.93)* 
lc 0.315(1.78)* 0.318(1.99)** 0.28(2.07)** 
dy 0.247(2.31)** 0.316(2.698)*** 0.245(2.45)** 
drf 0.311(2.62)*** 0.317(1.95)** 0.299(2.27)** 
dc 0.223(1.91)* 0.338(2.81)*** 0.36(1.84)* 
ecm − 0.25(1.83)* − 0.29(2.22)** − 0.27(1.92)* 
F1 0.0005(1.88)* − 0.00025(1.98)** 0.0003 (1.79)* 
F2 − 0.00092(1.76)* 0.00041 (1.83)* 0.00027 (2.01)** 
R2 0.77 0.75 0.76 
Jarque–Bera 2.8 2.7 2.44 
Ramsey RESET 0.5 0.48 0.31 
ARCH method 0.87 0.83 0.76 
Q-statistics 0.99 0.99 0.90 

+(…) shows t value. Notes. *, **, ** indicate that parameters are statistically 
significant at 10%, 5% and 1%, respectively. t statistics are in parentheses. d is 
the difference operator. F, Fouriers is the F test with F(q, n-q-1) degrees of 
freedom where that tests the null hypothesis of two Fourier parameters = 0; (i.e. 
q = 2). 

Table 6 
The Coefficients and ECM term for Model 2+.   

Ethiopia Uganda Sudan 

Dependent variable: CO2 emissions 

lc 0.167810(4.72)*** 0.163354(3.03646) 
*** 

0.1856(2.46)** 

lrf 0.202319(1.97)** 0.22720(2.987531) 
*** 

0.2048(2.15)** 

ly 0.632497(2.022)** 0.4586(6.02698) 
*** 

0.371495(2.78) 
*** 

dc 0.26111(2.45)** 0.239197(1.9865) 
** 

0.152889(7.27) 
*** 

drf 0.190023(1.75)* 0.277622(3.003) 
*** 

0.183736(1.766)* 

dy − 0.492133 
(-2.022)** 

− 0.303657(-8.439) 
*** 

0.033577(1.82)* 

ecm − 0.287(2.44)** − 0.135315(2.1853) 
** 

− 0.191422(2.53) 
*** 

F1 − 0.00094(4.81) 
*** 

0.0001314(2.36)** 0.000630(1.92)** 

F2 − 0.000722(1.95) 
** 

0.00047(2.08)** 0.00017(1.94)* 

R2 0.71 0.68 0.73 
Jarque–Bera 3.01 3.23 2.46 
Ramsey 

RESET 
0.25 0.31 0.36 

ARCH method 0.91 0.93 0.7 
Q-statistics 1.1 1.1 0.91 

+(…) shows t value. Notes. *, **, ** indicate that parameters are statistically 
significant at 10%, 5% and 1%, respectively. t statistics are in parentheses. d is 
the difference operator. F, Fouriers is the F test with F(q, n-q-1) degrees of 
freedom where that tests the null hypothesis of two Fourier parameters = 0; (i.e. 
q = 2). 
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with over 65 million people leaving Syria, Afghanistan, and Somalia 
[95]. The number of newly displaced people in 2018 was 13.6 million 
[2]. In 2021, the rate is even higher. Fig. 3 shows this situation. 

Fig. 3 shows the distribution of the refugee population throughout 
the world (UNHCR data was used). 

The countries analyzed are those with the highest number of 
refugees. 

As seen in Fig. 4, the share of the total asylum-seeking population in 
the total population over the years is constantly increasing in Sudan and 
Uganda. 

(Calculated from the WB data: we calculated the total number of 
refugees over the years based on the World Bank data and found the 
ratio of this to the population). 

When the period between 1985 and 2020 in Sudan is examined, it is 
seen that it approached 1% of the total population in 2020. It should be 
noted that our calculations cover after 1985 and not before. 

Fig. 5, on the other hand, shows the proportion of the refugee pop
ulation arriving each year in the total population. Although the number 

of refugees between 1985 and 1990 was very high compared to other 
years, the rate of refugees in 2020 was 0.04 of the total population. This 
is a very high rate. This population usually settles in these regions. In 
these countries, they settle in areas close to the border. Moreover, the 
host population living in areas close to the border in these countries is 
traditionally energy dependent, as is the case with refugees. Refugees 
increase traditional energy dependence, and forest areasin these regions. 

(Calculated from the WB data and UNHCR data). 
Forest areas the countries have been declining for the past few years 

due to human activity. This issue should also be examined in the context 
of rising firewood, charcoal, and coal consumption, house construction, 
the bartering or selling of food in exchange for firewood [12], and the 
clearing of agricultural land. 

Especially the distribution of forest areas in Sudan, Ethiopia, and 
Uganda is observed clearly in Fig. 6 and Fig. 7. 

Fig. 6 exhibits the natural forest and net loss of forest area (data was 
taken from FAO and WB). In Fig. 7, forest area was exhibited as % of land 
area between 1990 and 2018. As seen from the figures, deforestation is 

Table 7 
Causality results for model 1.  

Direction of causality 

Δ y→ Δ for Δ for→ Δ y Δ rf → Δ for Δ for→ Δ rf Δ c→ Δ rf 
Δ rf→ Δ c 

Δ c→ Δ for Δ for→ Δ c Δ rf→ Δ y 
Δ y→ Δ rf 

Δ c→ Δ y 
Δ y→ Δ c 

Ethiopia 
5.821 

1.19 
3.15 
0.533 

0.016 
7.668 

8.319 
0.845 

4.64 
0.86 

5.851 
0.65 

Unidirectional y→for rf→for Unidirectional rf→c Unidirectional c→for Unidirectional rf→y Unidirectional c→y 
Sudan 
8.366 

0.731 
4.48 
0.11 

1.78 
8.91 

4.68 
0.47 

1.66 
5.36 

9.12 
1.77 

Unidirectional y→for Unidirectional rf→for Unidirectional rf→c Unidirectional c→for Unidirectional y→rf Unidirectional c→y 
Uganda 
5.062 

1.58 
31.39 
1.16 

1.317 
5.81 

8.61 
0.12 

1.036 
6.12 

5.657 
1.17 

Unidirectional y→for Unidirectional rf→for Unidirectional rf→c Unidirectional c→for Unidirectional y→rf Unidirectional c→y  

Fig. 1. Casuality results for model 1.  

Table 8 
Causality results for model 2.  

Δ Y→ Δ rf 
Δ rf→ Δ Y 

Δ Y → Δ Co 
Δ Co→ Δ Y 

Δ c→ Δ y 
Δ y→ Δ c 

Δ rf→ Δ c 
Δ c→ Δ rf 

Δ C o→ Δ r 
Δ rf→ Δ Co 

Δ c→ Δ co 
Δ co→ Δ c 

Ethiopia 
1.46 

1.64 
4.32 
0.31 

6.46 
0.042 

11.78 
0.67 

1.074 
8.74 

9.41 
0.038 

None Unidirectional y→Co Unidirectional c→y Unidirectional rf→c Unidirectional rf→Co Unidirectional C→Co 
Sudan 
0.435 

1.032 
6.290 
0.053 

3.216 
1.415 

5.348 
0.578 

1.467 
7.602 

9.405 
1.43 

None Unidirectional y→Co Unidirectional c→y Unidirectional rf→c Unidirectional rf→Co Unidirectional C→Co 
Uganda 
0.522 

0.221 
8.036 
0.91 

6.07 
0.13 

7.063 
0.205 

1.35 
6.18 

8.32 
0.12 

None Unidirectional y→Co Unidirectional c→y Unidirectional rf→c Unidirectional rf→Co Unidirectional C→Co  

Fig. 2. Casuality results for model 2.  
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high in these countries. For example, Ethiopia is an agricultural nation 
with little forest land in the context of the nations chosen for this paper. 
Due to the rapid destruction, the native forest is diminishing. For 
example between 2003 and 2008, 2 million Sudanese refugees in Darfur 
consumed 1500 tons of wood daily (See Ref. [12] for barter). Although 
Uganda is the most humid and moist country in the subregion, forest 
areas quickly decline [2]. The cutting down of millions of trees has 
sparked angry clashes in parts of Uganda between local people and 
refugees [3] who have been fleeing conflict in neighboring South Sudan 
and the Democratic Republic of the Congo. Since the timber is being 
used for house construction, fuel, and to make charcoal, in the north and 
west of the country, where an estimated 1.1 million refugees are living, 
massive deforestation is drawing protests from local communities. 

Some studies found similar results to our results. [2] showed that the 
settling of refugees was causing widespread environmental damage. A 
refugee cuts [down] around 20 trees per year. [Locals] see their own 
environment being depleted increasingly. 

Some papers discussed the effect of timber sueage on deforestation 
[82]. showed that deforestation could emerge due to logging activities 

to provide woody biomass as the alternative source of fuel energy, such 
as kerosene and cooking gas, or electricity (See for woody biomass [96]). 
According to Ref. [97], forests in poorer strict are cleared more rapidly 
than others. As a result [81] showed that in developing countries, the 
rapid rise in population is a primary cause of deforestation that con
tinues. According to Ref. [37], in Latin American, Asian, and African 
countries, the growth rate of the population increases the transformation 
of forests for arable land because the primary purpose of the majority of 
people living in rural areas is to survive, and this mostly depends on 
agriculture. 

On the other hand as mentioned above, traditional energy usage is 
the most important factor in carbon dioxide emissions. 

Effects of refugees in these countries on deforestation and environ
mental pollution can be explained in a number of ways. The firstly, when 
refugees settle in new areas, they may clear forests for agriculture, 
firewood, and building materials. This can increase pressure on natural 
resources and lead to deforestation. Additionally, if refugees are using 
traditional cooking methods, such as charcoal made from burning wood, 
this can further exacerbate deforestation and contribute to 

Fig. 3. Distribution of refugee population.  

Fig. 4. Share of total refugees in total population.  
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environmental pollution. The burning of charcoal can also release 
harmful pollutants into the air, contributing to air pollution and having 
negative impacts on human health. To promote sustainability and 
reduce environmental pollution, it’s important to explore alternative 
energy sources and implement measures to prevent excessive defores
tation. This can include promoting the use of cleaner-burning fuels, 
increasing access to electricity, and encouraging the use of efficient 
cookstoves. According to Ref. [98], deforestation is directly related to 
economic development and energy usage. As mentioned in the intro
duction section, because forests are used for house construction and 
barter, achieving economic development can reduce dependence on 
timber in these regions. 

Finally, it should be emphasized that the situation of these countries 
cannot be explained by the EKC hypothesis, which is widely used in the 
context of environmental pollution. This hypothesis suggests that in the 
initial phase of economic development there will be environmental 
degradation, but after reaching a certain level of economic growth, so
ciety will start to improve its relationship with the environment and the 
levels of environmental degradation will decrease. As emphasized 
above, the danger for these countries is not only environmental degra
dation but also the depletion of their natural resources. Refugees, as 
explained above, could lead to a more rapid depletion of these natural 
resources. This would lead to lower income levels for the people who 
depend on these natural resources for their livelihoods. 

7. Conclusion, policy implications and limitations 

This study aimed to analyze the cointegration and Granger causality 
between traditional energy consumption, refugee population, environ
mental pollution, deforestation, and economic growth. The effects of the 
refugee population on deforestation and environmental pollution for the 
period 1985–2020 were analyzed by the Fourier unit root test, Fourier 
BARDL, and Fourier Granger causality methods in Sudan, Uganda, and 
Ethiopia with two different models. The first model gave us the effect of 
refugees, energy consumption and economic growth on deforestation. 
The second model investigated the impact of refugee, conventional en
ergy consumption and economic growth on CO2 emissions. The first 
model determined the existence of unidirectional causality from the 
refugee population to deforestation and from traditional energy con
sumption to deforestation. In the second model, the existence of unidi
rectional causality from the refugee population to CO2 emissions, and 
traditional energy consumption and from traditional energy consump
tion to CO2 emissions. Both models determined the evidence of 

Fig. 5. The share of refugees in the population every year.  

Fig. 6. Forest area from 1990 to 2000  

Fig. 7. Deforestation between 1990 and 2018 years.  
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unidirectional causality from the refugee population to traditional en
ergy consumption. 

The policymakers of the countries must determine their policies 
accordingly and their characteristics. For the host countries, the 
continuing migration movements generate problems in the context of 
deforestation and environmental pollution in addition to social, eco
nomic as well as health-linked problems. The burden of refugees ne
cessitates improved coordination. Better coordination is required to 
address the issues brought on by the growing refugee population. Thus, 
decision-makers must be able to discuss the factors that influence the 
energy needs of the expanding refugee population, the issues that these 
people bring, and their effects on deforestation, environmental degra
dation, and natural resources. At the same time, refugees often live in 
overcrowded and poorly managed settlements, which can result in the 
generation of solid waste, sewage, and other forms of pollution. 

It is main for policymakers to deliberate the dynamics of the refugee 
population that will have a long-term impact on residential energy de
mand in the cities. Because it is important to consider alternative, sus
tainable energy sources and to implement measures to prevent excessive 
deforestation in areas affected by refugee crises. The energy demand of 
the refugee population can be accomplished with the use of renewable 
energy. Renewable energy, especially solar energy (see for renewable 
[99,100]), may provide cost-effective and reliable energy to the refu
gees. The consumption of renewable energy resources will reduce 
adverse environmental impacts and support air quality. Moreover, using 
renewable energy in the refugee camps in these countries is a method of 
protecting the environment and trees. 

Renewable energy sources can be used to meet the refugee pop
ulation’s energy needs for deforestation and environmental damage. 
Natural resources and renewable energy are abundant in these coun
tries. Additionally, these countries do not utilize natural resources to 
their greatest potential. To this end, solar energy, in particular, can 
produce reliable and economical electricity. Utilizing renewable energy 
sources to meet energy demands could promote sustainable develop
ment by minimizing adverse environmental effects. 

And to promote sustainability and reduce environmental pollution in 
the context of refugee populations, it’s important to consider the root 
causes of displacement and address them. This can include efforts to 
mitigate the impacts of climate change, address political instability, and 
promote peace and security. Additionally, it’s important to implement 
measures to prevent environmental degradation and pollution in 
refugee settlements, such as proper waste management and access to 
clean water and energy. Income transfers may reduce demand for forest 
products in the event that substitution between forest and non-forest 
goods is feasible [93]. But refugees face severe income constraints, 
and substitutes for cooking fuel, such as liquid propane gas cookstoves, 
may not be available in the markets they can access [7]. By prioritizing 
sustainability, we can improve the lives of refugees and protect the 
environment. As highlighted by Refs. [51,52,77], offering microcredit 
together with skill development training for occupations like basket 
making, weaving, and tailoring can make the refugees self-reliant in 
terms of earning money. The policies governing the size and placement 
of the refugee camps need to be modified on a macro level. More minor, 
dispersed camps have less of an impact on deforestation than bigger, 
more concentrated ones. 

Another important government policy is reforestation. Deforesta
tion, specifically, leads to the loss of habitat and resources, making it 
difficult for people to sustain their lives, thus leading to migration. 
Addressing deforestation through conservation and reforestation efforts 
can help to reduce the number of sustainability refugees and improve 
the lives of those affected. 

The fact that the study limits the number of countries may seem like a 
deficiency, but the aim is to start this discussion. Expanding the next 
study to other recipient countries will allow the discussion to expand 
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