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Abstract 
This study examines the impact of Environmental, Social, and Governance 
(ESG) factors on sovereign credit ratings in Sub-Saharan African countries us-
ing LASSO and Random Forest models. Sovereign credit ratings, issued by ma-
jor rating agencies, play a crucial role in determining a country’s borrowing 
costs and investment attractiveness. Traditionally, these ratings have been in-
fluenced by macroeconomic factors; however, recent trends suggest that ESG 
considerations are becoming increasingly relevant. By applying statistical pre-
diction models, this study assesses the relative importance of ESG factors ver-
sus non-ESG (macroeconomic) variables in credit rating determination. The 
results reveal that governance and macroeconomic factors are the dominant 
determinants of sovereign credit ratings in upper-middle-income Sub-Saharan 
African countries, whereas environmental factors play a crucial role in lower-
income nations. The Random Forest model outperformed the LASSO regres-
sion in predictive accuracy, reinforcing the significance of non-linear relation-
ships in credit rating determinants. The findings highlight the necessity for 
policymakers to integrate ESG considerations into national financial and eco-
nomic strategies to improve creditworthiness and attract sustainable invest-
ments. 
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1. Introduction 
According to research conducted by Lewin; Abeywickrama et al., Modugu and 
Dempere [1]-[3], the International Monetary Fund (IMF), countries in sub-Sa-
haran Africa, which are mostly considered emerging nations, heavily depend on 
outside funding to finance their expenses. External debt plays a crucial role in 
supporting developmental projects, capital investments, and economic assistance 
[4]. While external debt can promote growth, it may become counterproductive 
if there is no proper plan to manage and repay it. Because of this, international 
donors often require countries to demonstrate their credit ratings and financial 
responsibility, economic and political stability, social responsibility Gugler and 
Shi [5]-[9], an environment that fosters investment in order to ensure continued 
support and their ability to pay back [10]. 

As countries engage in greater financial interactions and seek external funding, 
the relevance of sovereign ratings becomes more apparent. Sovereign credit rat-
ings provide a concise assessment of a government’s ability and willingness to 
meet its public debt obligations, including both principal and interest payments 
within specified timeframes [11]-[14]. The importance of sovereign credit ratings 
stems from three key factors; firstly, these ratings influence the interest rates a 
country must pay when borrowing from the global financial market. Secondly, the 
ratings assigned to a government can impact the ratings of banks or companies 
within that country, potentially imposing limitations or restrictions on them. 
Lastly, institutional investors often have risk limits for their investments and they 
consider credit risk indicated by rating agencies when determining the composition 
of their bond portfolios [14]-[18]. As the number of countries receiving sovereign 
ratings increases, the information conveyed by these rating agencies becomes in-
creasingly significant. 

The growing emphasis on sustainable development worldwide has made ESG 
(environmental, social, and governance) investing a crucial component. Not so 
long ago profit, economic growth and development were the main goals for both 
corporates and countries; today it’s certainly still the same case, but with added 
conditions, these conditions include integrating sustainability factors while main-
taining economic value. Traditionally, credit ratings primarily focused on eco-
nomic indicators such as GDP growth, fiscal discipline, and debt levels. However, 
the recognition of non-financial factors measured by ESG factors as critical deter-
minants of a country’s creditworthiness has grown in recent years, and efforts are 
being made to incorporate these factors into investment decision-making and 
debt management practices. This trend initially emerged in equity investments 
and has now extended to fixed-income markets, reshaping how investors allocate 
their funds.  

This shift reflects the broader movement towards responsible investing and sus-
tainable development in the financial industry and Investors now view ESG ac-
counting as a crucial part of risk management [19]-[22]. 

This is because ESG indicators serve as an additional safeguard for investors 
when considering lending money to a country, as governments with low ESG 
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scores are more likely to pose a higher risk of defaulting on their sovereign debt 
and consequently investors would demand a higher interest rate (Icaza, 2016). 
According to Crifo [23], a government’s capacity to implement economic policies 
that generate sufficient revenue to service its debt has a direct impact on the coun-
try’s overall risk profile, thereby influencing its ability to repay sovereign debt in 
both the short and long term. 

When debt levels are high governments may encounter “fiscal fatigue” which 
could result in fewer fiscal adjustments and less fiscal capacity when the debt ceil-
ing is reached, this tendency can be lessened if the government has a suitable po-
litical institution that enables it to secure extensive support; this capacity to carry 
out policies and successfully executing an economic stabilization plan during try-
ing times enhances the government’s image, which may eventually affect its sov-
ereign risk while looking to borrow funds in the future. This could explain why 
Japan despite having the highest debt-to-GDP ratio faces less market pressure and 
lower interest rates compared to other industrialized countries [20] [24] [25]. 

If countries don’t have strong ESG standards, it can directly affect investors fi-
nancially. For instance, in 2018, South Africa faced a significant increase in long-
term CDS spreads (a measure of credit risk) due to a prolonged drought period. 
This led to an economic crisis and social unrest, causing financial consequences 
for investors. Similarly, in 2011, several developed countries in southern Europe 
experienced rising credit spreads due to a lack of well-developed governance 
standards. This resulted in substantial losses for investors and had negative effects 
on other countries as well [26]. 

Most importantly, Kiesel and Lücke [27] revealed that ESG factors had a signif-
icant influence on credit-default swap (CDS) spreads, especially around the time 
of credit rating announcements. They also highlighted the importance of corpo-
rate governance in credit rating decisions, indicating that how well a company is 
governed plays a crucial role in its creditworthiness. Additionally, Broadstock 
Broadstock, Chan [28], studied the performance of investment portfolios in China 
and found that those with higher ESG ratings outperformed portfolios with lower 
ratings. This suggests that considering ESG factors when making investment de-
cisions can lead to better financial outcomes. 

While several papers have worked on the determinants of credit rating by only 
considering macroeconomic factors and governance factors and others on the sig-
nificance of ESG factors in financial analysis and creditworthiness there remains 
a research gap concerning the direct impact of ESG on sovereign credit ratings. 
Our paper aims to fill the information gap by extensively examining the potential 
impacts of ESG factors in credit rating and in particular sub-Saharan African 
countries given the diverse socioeconomic landscape and governance structures 
across the region which previous studies have left unexplored and in a more spe-
cific way. Our methodology involves examining the distinct contribution of each 
ESG dimension by considering them separately. To achieve this, we employ sim-
ilar variables that were used by Pineau [29] using factor analysis to obtain separate 
variables for Environmental (E), Social (S), Governance (G), and non-ESG (Mac-
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roeconomic factors) factors with the addition of few variables which were not in-
cluded in their research. We then assess the significance of these variables within 
statistical shadow rating models. Governments may use the results from our study 
to help predict possible changes in their credit ratings and take necessary actions 
to maintain their ratings. On the other hand investors and financial institutions 
can use our findings to assess whether a country’s current credit rating aligns with 
what would be anticipated based on its economic fundamentals by helping them 
to evaluate any discrepancies or deviations, which may indicate potential invest-
ment opportunities or risks.  

The rest of the study is structured as follows: Section 2 literature review. Section 
3 provides a detailed explanation of the data and methodology employed in the 
research. Section 4 presents the results and discussion of the findings. Finally, Sec-
tion 5 concludes the study and offers policy recommendations based on the ob-
tained results. 

2. Literature Review 

Currently, Moody’s, Fitch, and Standard & Poor’s are the largest credit rating 
agencies that assign credit ratings to various countries. In recent years, researchers 
have shown interest in understanding the factors that determine sovereign credit 
ratings (SCRs). Numerous studies have attempted to identify and analyze these 
factors, approaching them from various perspectives due to differences in meth-
odology, data sources, and sample composition. Recently researchers have ex-
panded their research by including additional political and institutional variables 
[14] [30]-[32]. These studies highlight the significance of considering political fac-
tors alongside economic factors when assessing sovereign credit ratings. There is 
a vast literature about sovereign credit rating, which covers a wide range of topics. 
This study will only cover relevant ones that relate to our topic. 

In light of the ongoing interest in non-financial information as new drivers for 
financial analysis and creditworthiness assessment, it becomes increasingly evi-
dent that incorporating a country’s ESG rating is crucial in enhancing credit as-
sessment practices. A country’s ESG performance shows how well it deals with 
environmental, social and governance risks.  

From this perspective, investors may be willing to accept lower returns from 
countries that have strong ESG performance. This means that investors may view 
these countries as being better at managing potential risks and therefore consider 
them to be less risky to invest in. 

The World Bank (2021) conducted an empirical analysis examining the rela-
tionship between credit ratings and ESG scores across high-income countries. Their 
findings indicate a positive correlation between these two factors, suggesting that 
countries with higher credit ratings tend to exhibit higher ESG scores. However, the 
relationship between credit ratings and ESG scores for lower-income countries is less 
pronounced, despite the influential role macroeconomic factors play in determining 
sovereign creditworthiness. This observation is particularly noteworthy for lower-
income countries that share the same creditworthiness rating but demonstrate di-
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vergent ESG performance [33]. 
Pineau [29] researched the significance of ESG factors in sovereign credit rat-

ings. Employing a data-driven methodology, their research examined the relative 
importance of ESG and non-ESG factors in determining sovereign credit ratings. 
Notably, their findings affirmed that ESG factors exert a more substantial influ-
ence on the credit ratings of countries experiencing higher economic growth, 
while their impact is relatively low for developing economies. This underscores 
the role of the economic context in shaping the significance attributed to ESG 
considerations in the assessment of sovereign creditworthiness. Fitch Solutions 
[34], in their study that examines how ESG factors impact sovereign credit ratings, 
indicates a potential impact of ESG on sovereign credit ratings, with governance 
aspects being the most influential. 

Ciocchini et al. [35] have studied corruption and discovered that countries with 
more corruption tend to pay higher costs when they borrow money by issuing 
bonds. This means that countries with a higher level of corruption are seen as 
riskier by investors, so they charge them more money in interest rates when lend-
ing to them. Using world development indicators by Dufrénot and Paret [35], 
study how well a government functions and how it affects the difference in interest 
rates (called bond spreads) between different countries when they borrow money. 
The study found that when a government is more effective in its operations, it has 
a significant impact on the risk associated with lending to that country. This 
means that countries with more efficient and effective governments are seen as 
less risky to lend money to, so they can borrow at lower interest rates. Further-
more Cantor [36] found that countries with better measures of how well their 
people are doing overall (such as education, healthcare, and income equality) and 
lower rates of unemployment are less likely to have problems repaying their debts, 
which makes it cheaper for them to borrow money. 

Eichler [37] focused their research on a group of emerging countries and exam-
ined how the type of political system in a nation affected the interest rates on their 
government bonds. The study found that countries with parliamentary systems, 
where the government is made up of elected representatives, tended to have higher 
interest rates compared to those with presidential systems, where a single elected 
leader holds significant power. Additionally, the study found that when the quality 
of governance improved, meaning that the government became more transparent, 
accountable, and efficient, the interest rates on sovereign bonds decreased, which 
means that countries with better governance faced lower borrowing costs because 
investors had more confidence in their ability to repay the borrowed money. 

A study by Crifo [23] looked at the relationship between the interest rates on 
government bonds and corruption. The study found that when a country was per-
ceived to be more corrupt according to Transparency International’s Corruption 
Perception Index, it had a negative impact on the creditworthiness of its bonds. 
This means that the likelihood of repaying the borrowed money was seen as lower, 
leading to higher interest rates. The study found that higher ESG ratings have a 
significant impact in lowering government bond spreads, indicating that stronger 
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ESG performance is associated with reduced borrowing costs for sovereigns. 
Margaretic and Pouget Margareti [38] demonstrated that countries with effec-

tive governance of their natural, human, and financial resources can implement 
socioeconomic measures that enhance their capacity to generate earnings and im-
prove their ability to meet governmental obligations. Margaretic and Pouget [38] 
revealed that better ESG factors are linked to lower bond yields in OECD coun-
tries, particularly for long-term bonds, suggesting that incorporating ESG con-
siderations can lead to favorable financing conditions for governments. Bouyé 
and Menville [39] established a negative relationship between ESG ratings and 
government bond CDS spreads, with this effect being more pronounced for ad-
vanced economies (AEs) compared to emerging market and developing econo-
mies (EMDEs).  

Nemoto [40] in their study found that higher ESG performance, as measured 
by the aggregate ESG score, is associated with lower sovereign funding costs. This 
underscores the importance of incorporating ESG considerations in the assess-
ment of sovereign creditworthiness and highlights the potential financial benefits 
for countries with stronger ESG performance. However, the analysis suggests that 
environmental considerations did not significantly impact credit ratings, indicat-
ing a potential gap in capturing these factors within the assessment framework. 

The review on existing literature shows that, most of the studies primarily focus 
on macroeconomic factors and government factors such as corruption that deter-
mines the credit rating while several other studies have examined the links be-
tween sovereign credit risk and ESG. In this regard our paper aims to enrich pre-
vious by examining the relative importance of ESG and non-ESG (i.e. macro-eco-
nomic) factors in assessing sovereign creditworthiness. 

3. Materials and Methods 
As recommended by Grömping and Pineau et al. [29] [41] this study uses statis-
tical regression models, specifically statistical rating prediction models (Shadow 
rating) to predict the importance of ESG versus non-ESG (macroeconomic fac-
tors) in assessing the factors that have a greater effect on ratings. 

We map the observed variables 𝑋𝑋 to the rating y such that  

( ) 0 1 2 3 4 i
tY credit rating Env Soc Gov NonESGβ β β β β= + + + +  

After choosing the statistical regression model we choose the statistical model 
F∅  with parameters { }iβ∅ = , we fit the parameters with the independent var-

iable X  to the dependent variable rating y , such that ( )i i
t tF X Y∅ ≈  

Where F = model 
Parameter: the correlation coefficient of independent and dependent variables. 
With an appropriate model, the importance of each input variable can be ac-

cessed from φ  using a function variable importance VI such that ( )VI R∅ ∈ , 
with P the number of input variables, and  

( )
1 1 1 1 1 1

1
p

k Env Soc Gov nonESG
k

k
VI

=

∅ ∅ ∅ ∅ ∅
∅ = = + + + =

∅ ∅ ∅ ∅ ∅∑  
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Where ( )
1

1

p

k
k

VI
=

∅ = ∅∑ is called the 1L -norm and ∅  is the correlation co-

efficient of independent and dependent variables (the importance of the variable 
is rescaled to sum to 1 to make all models comparable). 

Where  
( )VI ∅ : Importance of each variable 

R𝑝𝑝+: The set of positive real numbers 
P: Number of input variables 

( )kVI ∅ : Rescaled importance values where 𝑘𝑘 represents each variable 

( )1
p
k kVI
=

∅∑ The sum of rescaled importance values 

3.1. Linear Model 

Linear models like OLS (Ordinary Least Square) and LASSO (Least Absolute 
Shrinkage and Selection Operator) are commonly employed when it comes to sta-
tistical rating prediction Canuto et al. and Pineau et al. [29] [42]. Our Approach 
will be based on Variable importance (VI) in the statistical linear regression model 
(LASSO) to explain the importance variables between ESG and NON-ESG factors 
in determining a country’s credit rating. LASSO is suited for linear modeling with 
multicollinearity, offering efficient variable selection, whereas Random Forest ac-
commodates complex, non-linear interactions without distributional assump-
tions. Due to the data’s complexity, both models were evaluated, with Random 
Forest chosen for its superior predictive performance. 

In linear models, the importance of variable 𝑘𝑘 may be defined as: 

( )
1

k
kVI

∅
∅ =

∅
 

Which may be explained as a calculation of the Variable Importance by taking 
the absolute value of the coefficient for the variable in question and dividing it by 
the sum of the absolute values of all the coefficients in the model. The larger the 
resulting value, the more important the variable is in predicting the outcome in 
the linear model. 

3.2. Non-Linear Models 

Extensive research has established that the relationship between ratings and vari-
ables is non-linear, [32] [43] [44] in this case we will look into statistical non-
linear regression models that include a natural definition of VI, there are the tree-
based models, like random forests (RFs) [29] [45]. The Random Forest model un-
covered notable non-linear interactions, with governance and macroeconomic 
factors strongly influencing credit ratings in upper-middle-income countries, and 
environmental variables playing a key role in lower-income countries. Joint effects 
such as renewable energy use and corruption control—were more impactful in 
the non-linear framework. These interdependencies, measured via a mean de-
crease in Gini impurity, demonstrate the model’s superiority in capturing com-
plex relationships that linear models like LASSO cannot fully identify. 
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We define Variable Importance in Random Forests as a measure providing the 
importance of a variable in the set of prediction rules. It helps us understand 
which variables have the biggest impact on the final prediction. It is called mean 
decrease in Gini (MDG) which refers to a mathematical concept used in Random 
Forests to determine the importance of a variable in making predictions. MDG 
tells us how much a variable contributes to making accurate predictions by meas-
uring how much it improves the purity of the groups. A higher MDG score means 
the variable is more important in the prediction process and in this research, it is 
defined as follows:  

( )
( )

( ) ( )
:

1 ,
T

tk
N t T V t kT

VI p t i s t
N ∈ =

∅ = ∆∑ ∑  

The formula calculates the Variable Importance (VI) by summing up the prob-
abilities of data points that match a specific variable (k) in each tree (T) of the 
Random Forest. It also considers the decrease in impurity when a data point is 
split based on a particular criterion. The higher the Variable Importance score, 
the more important the variable is in making accurate predictions within the Ran-
dom Forest model. 

In order to interpret the VI in terms of ESG and non-ESG, it is necessary to 
create meta-variables respectively for Environmental (E), Social (S), Governance 
(G), and non-ESG based on previous knowledge by Capelle-Blancard et al. [46] 
and understanding of the meta-variables which can influence credit rating with 
some of the main steps they suggested which are: 

1) Verifying that factorial analysis is meaningful using Kaiser-Meyer-Olkin 
(KMO) in Python as suggested by Kaiser and rice [47] as cited in [48] as a means 
of assessing the suitability of the sampling for factor analysis and if factor analysis 
is suited for our data. KMO must be greater than 0.5; in this research, the KMO 
statistics for Environmental (E), Social (S), Governance (G), and non-ESG are 
0.52; 0.58; 0.72, and 0.575 respectively. 

2) To reduce the dimensionality of the dataset while preserving the important 
features we Build factors using Principal Component Analysis (PCA) plus vari-
max rotation to make correlations between the variables and the factors more dis-
tinct and easier to interpret [49]. 

3) To obtain 1-dimensional indices for E, S, G, and non-ESG, the process in-
volves calculating the indices by examining the correlation between factors and 
variables. 

Once the meta-variables have been computed, the next step in the research is 
to assess the significance of ESG factors. We will achieve this by employing statis-
tical prediction models such as LASSO and RF. These models help us to establish 
the relationship between ESG and non-ESG indices as well as the credit rating. By 
doing so these prediction models will help us gain insights into the importance 
and impact of ESG factors on the ratings. 

3.3. Data 

This study uses panel data which provides more variability, more efficiency, and 
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best fits to study our macro-economic variables. Therefore in order to investigate 
the impact and importance of Environmental, Social, and Governance (ESG) fac-
tors in sovereign credit rating initially this study chooses all sub-Saharan African 
countries however due to the unavailability of ratings from S&P, Moody’s, and 
Fitch rating agencies the final sample size is restricted to 22 countries out of 49 
countries during the wide range from 2010 to 2022 period. Interaction effects be-
tween ESG components were not explicitly modeled as cross-product terms, but 
Random Forest models inherently capture such interactions due to their structure. 
For example, a tree may split on governance and then on environmental variables, 
implicitly capturing the ESG effect. The study prioritized model interpretability 
and robustness over explicitly modeling all possible interactions, which would 
have significantly increased model complexity and potential overfitting, especially 
given the limited sample size of 22 countries over the 2010-2022 period. 

Several sets of variables in our dataset were collected from various sources. 
 

Table 1. Credit rating category and numerical transformation. 

Rating category Rating scale Moody’s S&P Fitch 

Investment Grade 

20 Aaa AAA AAA 

19 Aa1 AA+ AA+ 

18 Aa2 AA AA 

17 Aa3 AA− AA− 

16 A1 A+ A+ 

15 A2 A A 

14 A3 A− A− 

13 Baa1 BBB+ BBB+ 

12 Baa2 BBB BBB 

11 Baa3 BBB− BBB− 

Speculative Grade 

10 Ba1 BB+ BB+ 

9 Ba2 BB BB 

8 Ba3 BB− BB− 

7 B1 B+ B+ 

6 B2 B B 

5 B3 B− B− 

4 Caa1 CCC+ CCC+ 

3 Caa2 CCC CCC 

2 Caa3 CCC− CCC− 

Extremely speculative 1 Ca CC/C CC/C 

Default 0 WR D D 

Sources: Standard & Poor’s, Moody’s Investors Service, and Fitch Ratings. 
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Dependent variables 
The data for the sovereign credit rating were provided by the three rating agen-

cies: Standard and Poor’s, Moody’s and Fitch. 
Generally, credit ratings fall within the categories of A, B, C, or D as indicated 

in Table 1. Traditionally, the highest rating given by all credit rating agencies is 
AAA. As the rating decreases, it signifies a higher likelihood of default. Govern-
ments that receive ratings above “BBB” are regarded as having “investment 
grades”, indicating a lower risk of default. Conversely, governments with ratings 
below “BBB” are considered to have “speculative grades,” indicating a higher risk 
of default. 

Since it is impractical to represent letter symbols exactly in our model, we adopt 
a linear transformation to convert credit ratings into a numerical scale [50]. 

3.3.1. Independent Variables 
For ESG variables we employ the World Bank’s Sovereign ESG Dataset.  

To evaluate a nation’s environmental performance the World Bank Group’s 
World Development Indicators (WDI) are used. Halbritter & Dorfleitner and Del-
mas et al. [51] [52] raised Concerns about the unreliability, validity, and repro-
ducibility of ESG ratings derived from publicly available data. To solve these 
shortcomings and provide a fresh perspective, our study directly picks and as-
sesses observable variables rather than depending on judgments from institutions. 
This lowers potential biases and increases the openness of our findings by ena-
bling a thorough and cogent analysis. 
 Strong performance in Data on trees, renewable energy, water and sanitation, 

air quality, etc. demonstrates a nation’s dedication to protecting and improving 
the environment. Significantly, their desire to repay debt may be positively corre-
lated with their long-term commitment to sustainable practices; countries with a 
strong commitment to sustainability may also exhibit a greater determination to 
honor their debt obligations.  
 The underlying idea is that a country’s responsible approach toward environ-

mental stewardship reflects its overall commitment to long-term economic stabil-
ity and responsible governance [20] [53]. 
 Furthermore in order to assess the level of dedication a country has towards 

developing and preserving its human and social resources we use data from WDI 
by examining factors such as gender equality, employment, and demography. This 
assessment allows us to gauge the extent to which a nation is committed to pro-
moting fair and sustainable growth over the long term. The commitment demon-
strated through these efforts reflects the country’s investment in the well-being 
and advancement of its people. By prioritizing these areas, the country strives to 
create an environment that fosters long-term prosperity and a harmonious society 
[54]. 
 Lastly, to assess and collect data concerning governance we used data from 

WDI to evaluate factors such as voice and accountability, political stability and 
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absence of violence, government effectiveness, rule of law, control of corruption, 
etc. 
 This study identifies political stability as a significant contributor to the gov-

ernance construct, highlighting its positive impact on credit ratings by enhancing 
institutional trust and a country’s debt-servicing capacity. 

3.3.2. Control Variables 
Macroeconomic variables (non-ESG factors): To account for the economic char-
acteristics of each country, we incorporate 10 country-specific macroeconomic 
variables sourced from IMF and prior research studies [55]. Economic policies 
like fiscal discipline and public investment can blur the true impact of ESG (En-
vironmental, Social, and Governance) metrics on outcomes like credit ratings. 
Strong macroeconomic performance might hide weak ESG performance, or vice 
versa. To address this, the authors included detailed macroeconomic controls 
(e.g., GDP per capita, inflation, debt ratio) in their models to isolate the effects of 
ESG. However, policy feedback loops where ESG and economic policies influence 
each other—may still create complex dynamics that the models can’t fully separate 
(See Table 2). 
 

 
Figure 1. P-values of the KS test comparing each year to 2022. 
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Table 2. Observed variables from World Bank International Monetary Fund (IMF). 

Dimensions Variable Category Sources 

Credit rating Sovereign credit rating Dependent variable 
Moody’s, S&P and 

Fitch 
Macroeconomic  

variables (Non ESG) 
GDP per Capita Economy (Independent variable) World bank 

 Gross savings (% of GDP) Economy (Independent variable) World bank 
 Gross capital investment (% of GDP) Economy (Independent variable) IMF 
 Total reserves fiscal strength (Independent variable) IMF 
 General government gross debt fiscal strength (Independent variable) IMF 
 Current account balance (% of GDP) fiscal strength (Independent variable) World bank 
 Inflation, average consumer prices Money and Trade (Independent variable) IMF 
 Domestic credit to private sector (% of GDP) Money and Trade (Independent variable) World bank 
 Foreign Direct Investment (% of GDP) Money and Trade (Independent variable) World bank 
 Trade (% of GDP) Money and Trade (Independent variable) World bank 

Environmental CO2 emissions (metric tons per capita) Independent variable Sovereign ESG, WB 
 Food production index (2014 - 2016 = 100) Independent variable Sovereign ESG, WB 
 Agricultural land (% of land area) Independent variable Sovereign ESG, WB 
 Agriculture value added (% of GDP) Independent variable Sovereign ESG, WB 
 Forest area (% of land area) Independent variable Sovereign ESG, WB 
 Adjusted savings (% of GNI) Independent variable Sovereign ESG, WB 

 Combustible renewables and waste (% of total 
energy) 

Independent variable Sovereign ESG, WB 

 Renewable energy consumption (% of total  
final energy consumption) 

Independent variable Sovereign ESG, WB 

 Renewable electricity output (% of total  
electricity output) 

Independent variable Sovereign ESG, WB 

Social Access to electricity (% of population) Independent variable Sovereign ESG, WB 
 Life expectancy at birth, total (years) Independent variable Sovereign ESG, WB 

 Population ages 65 and above (% of total  
population) 

Independent variable Sovereign ESG, WB 

 Mortality rate, under 5 (per 1000 live births) Independent variable Sovereign ESG, WB 

 Unemployment, total (% of total labor force) 
(modeled ILO estimate) 

Independent variable Sovereign ESG, WB 

Governance GDP growth (annual %) Independent variable Sovereign ESG, WB 

 Proportion of seats held by women in  
national parliaments (%) 

Independent variable Sovereign ESG, WB 

 Ratio of female to male labor force participation 
rate (%) (modeled ILO estimate) 

Independent variable Sovereign ESG, WB 

 Patent applications, residents Independent variable Sovereign ESG, WB 

 Political stability Independent variable Sovereign ESG, WB 

 Control of corruption Independent variable Sovereign ESG, WB 

 Rule of law Independent variable Sovereign ESG, WB 
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For each variable, we test the null hypothesis H0: same distribution between 
observations on period for { }  2010, , 2021t∈   and period { }2018, , 2022 . A 
low p-value is interpreted as a rejection of H0. We observed the non-stationarity 
of the samples across the years as all the variables vary across from H0 rejection to 
acceptance. 

From Figure 1, we conducted KS test to compare the distributions of each var-
iable between two different periods, { }  2010, , 2021t∈   and { }2018, , 2022

period. 
The null hypothesis outlined that, the distributions are the same, H0 same dis-

tribution between observations. If the p-value obtained from the tests is low, it 
indicates that we reject the null hypothesis. We found that the samples of all the 
variables varied across the years, with some showing a rejection of the null hy-
pothesis and others showing acceptance. This suggests that the variables were not 
stationary, hence exhibited changes over time. 
 

 
Figure 2. Density of the ratings per income level. 

 
Figure 2 shows the density distribution of ratings per income level (low income, 

Low middle income, and upper middle income within the sub-Saharan countries) 
both computed with kernel density estimation (KDE). The KDE usually estimates 
the probability density function (PDF) of a random variable based on a set of ob-
servations or data points. In this context it allows us to get a clear picture/shape 
of the data distribution to show how the ratings are spread out and how likely 
different values are. 

4. Result and Discussion 

Figure 3 below shows Casual graph inferred with LiNGAM algorithm by Shimizu 
et al. [56] using the meta-variables from factor analysis developed by Capelle-
Blancard et al. [46], We observe the relationship between rating, ESG and non-
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ESG using the prediction model. Then this paper compares the importance of ESG 
factors versus non-ESG factors in the credit ratings of different income level coun-
tries within SSA countries, using regression models using RF and LASSO; the re-
sults presented in Table 3 indicate that the Random Forest (RF) model outper-
forms the linear model in terms of credit rating prediction accuracy. Therefore, 
for the remainder of this study, the analysis will exclusively utilize the Variable 
Importance (VIs) computed using the Random Forest model. 
 

 
Figure 3. Casual graph inferred with LiNGAM algorithm. 

 
Figure 3 which includes (a), (b), (c), (d) shows causal graphs created using the 

Lingam algorithm Shimizu et al. [56] and meta-variables developed by Capelle-
Blancard et al. [46]. The variable “Ratings” is a leaf node or a dependent variable 
meaning it is influenced by other factors (ESG and non-ESG) but does not affect 
them back. Therefore it’s appropriate to use prediction models to understand how 
changes in ESG and non-ESG factors might affect the credit rating. The graph also 
shows that for upper middle income within SSA countries the main factors influ-
encing credit ratings are Governance (G) and non-ESG factors while for middle 
income and low income countries within SSA countries the main factors influenc-
ing credit ratings are the Environmental (E) factor and non-ESG. 
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4.1. Comparing ESG Factors and Macroeconomic Variables Using  
LASSO (Linear Model) and Random Forest (Non-Linear Model) 
(See Figure 4 and Figure 5) 

 
Figure 4. Comparing ESG factors and macroeconomic variables using LASSO 
(linear model) and random forest (non-linear model). 

 

 
Figure 5. Meta-variable importance 𝑉𝑉𝑉𝑉 for LASSO and RF models. 

4.2. Model Comparison between Random Forest and Lasso  
Regression Model 

Table 3 shows accuracy computation with a tolerance of 2 ratings (on a 23 rating 
scale). The computation of the accuracy measure was based on the random selec-
tion of 80% of the dataset and the Mean ± standard deviations were computed by 
repeating 20 times. Greater accuracy and higher R2 mean an efficient model. This 
is used to assess the performance of the models, the model with high performance 
metrics (RF) is selected for the rest of this study.  
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Table 3. Comparison between Random forest and Lasso regression model. 

Model Accuracy ± 2 R2 

LASSO 0.75 ± 0.05 0.56 ± 0.11 

RF 0.94 ±0.03 0.86 ± 0.08 

 
This approach allows for a more robust evaluation of the models, as it takes into 

account the variability in the data and the potential for random changes in the 
model’s performance. The selection of the RF model for further studies suggests 
that it outperformed the other models in terms of predictive accuracy, making it 
a good option for more in-depth investigation and potential application in the 
research context. (See Figure 6) 

 

 
Figure 6. Comparative analysis of feature influence in Lasso and random forest models. 

 

 
Figure 7. Relative importance of ESG and Non-ESG groups over time with confidence 
bounds. 
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In Figure 7, we observe that for both ESG and a non-ESG feature, the Lasso 
model which relies on linear relationships has a positive influence on credit rating. 
Also, the Random Forest model which captures non-linear relationships considers 
both ESG and non-ESG factors highly significant in predicting credit rating, with 
ESG factors having a much higher importance score. The graph indicates that 
while both factors are deemed important, their factors are measured differently by 
linear and non-linear modeling techniques. 

The changing significance of environmental, social, and governance (ESG) fac-
tors considerations over the years. 

5. Conclusion 

In conclusion, the study underscores the growing importance of ESG factors in 
sovereign credit ratings within Sub-Saharan African countries. While traditional 
macroeconomic indicators remain crucial in credit assessments, the findings in-
dicate that governance and environmental sustainability have significant impacts 
on sovereign ratings, particularly in countries with varying income levels. The 
findings align with prior studies by (Pineau et al., 2022; Crifo et al., 2017) showing 
that governance is a strong determinant of credit ratings. However, this study di-
verges slightly by finding that environmental factors play a more prominent role 
in low-income Sub-Saharan African countries—possibly due to the region’s cli-
mate vulnerabilities and dependency on natural resources. Most prior literature 
focused on high-income or OECD countries where social and governance factors 
dominate. This study fills a critical gap by showing ESG’s differentiated impact by 
income level within a developing region. The superior performance of the Ran-
dom Forest model over the LASSO model suggests that non-linear interactions 
between ESG and macroeconomic factors should be considered in credit risk as-
sessments. The study provides valuable insights for governments, investors, and 
rating agencies, emphasizing the necessity of integrating ESG criteria into sover-
eign risk analysis. As sustainability considerations continue to shape global finan-
cial markets, African policymakers must adopt strategies that enhance ESG per-
formance to secure better credit ratings and reduce borrowing costs. 

5.1. Policy Recommendations 

Based on the empirical findings and conclusions provided, the authors suggest 
that: 

1) Governments should implement policies to enhance transparency, political 
stability, and regulatory frameworks, as governance factors significantly influence 
credit ratings. 

2) Countries should adopt policies that promote environmental resilience, such 
as investing in renewable energy, sustainable agriculture, and climate adaptation 
strategies, to mitigate the risks associated with climate change and environmental 
degradation. 

3) Governments should enhance healthcare, education, and social inclusion 
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policies positively to impact sovereign credit ratings by fostering human capital 
and economic stability. 

4) Governments should establish regulatory requirements for ESG performance 
disclosure to provide investors and rating agencies with accurate and standardized 
sustainability data. 

5) Financial institutions and policymakers should incentivize green bonds and 
other sustainable investment instruments to attract responsible capital inflows. 

6) Credit rating agencies and financial analysts should incorporate advanced 
machine learning models such as Random Forest to capture complex relationships 
between ESG and macroeconomic variables in sovereign risk assessments. 

5.2. Future Research Directions 

While this study provides valuable insights into the impact of ESG factors on sov-
ereign credit ratings, several areas warrant further investigation as it maybe sug-
gested same by other researchers as follows: 

1) Future studies should explore the impact of ESG factors on sovereign credit 
ratings in other emerging economies beyond Sub-Saharan Africa to compare re-
gional differences. 

2) It is suggested that further analysis regarding how ESG factors have influ-
enced sovereign credit ratings over a more extended period could provide deeper 
insights into evolving trends and policy impacts. 

3) Interested authors on this subject of discussion can investigate how different 
sectors (e.g., energy, finance, and agriculture) contribute to national ESG perfor-
mance and sovereign risk assessments could provide more targeted policy recom-
mendations. 

4) Authors can use real-time and alternative data sources such as satellite im-
agery, AI-driven sentiment analysis, and big data analytics could enhance the pre-
dictive power of ESG factors in credit rating models. 

5) In terms of comparing the ESG Rating Methodologies, future research 
should evaluate the discrepancies in ESG ratings from different rating agencies 
and their respective impacts on sovereign credit assessments. 
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