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Unemployment rate and the gross domestic product in Somalia:
Using frequentist and Bayesian approach

Mohamud Hussein Mohamud @), Fartun Ahamed Mohamud, Atta Gul*, Abdimalik Ali Warsame,
Bashir Mohamed Osman (® and Seadya Mohamed Ahmed

Faculty of Economics, SIMAD University, Mogadishu, Somalia

ABSTRACT

Gross domestic product (GDP) serves as a vital indicator of a country’s economic
health, influenced by factors such as unemployment rates, export-import dynamics,
and inflation rates. Understanding the intricate relationship between GDP and
unemployment is crucial for navigating the dynamic business environment. This study
investigates this relationship in Somalia using both frequentist and Bayesian regres-
sion approaches. The frequentist approach, particularly ordinary least squares, is
chosen for its widespread use and simplicity in estimating parameters by minimizing
the sum of squared deviations. Meanwhile, the Bayesian approach is adopted for its
flexibility in integrating prior information and updating estimates as new data emerge,
providing a probabilistic framework that accommodates parameter uncertainty.
Secondary data from the World Bank spanning 1991-2020 were analyzed. The results
reveal a significant negative association between unemployment and GDP in both
models. Comparative analysis employing mean absolute error, root mean square error,
and mean square error indicates comparable predictive accuracy between the two
approaches, with the Bayesian model demonstrating slight advantages. Bayesian con-
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vergence diagnostics affirm satisfactory model stability. These findings offer valuable
insights for policymakers, aiding in the formulation of strategies to address unemploy-
ment challenges and stimulate economic growth in Somalia.

IMPACT STATEMENT

The study investigates the relationship between unemployment and GDP in Somalia,
employing both frequentist and Bayesian statistical methods. The frequentist approach
provides point estimates and confidence intervals based on observed data, while the
Bayesian approach incorporates prior knowledge and uncertainty into the analysis,
yielding posterior distributions. By comparing these methods, the research aims to
provide a comprehensive understanding of how GDP influences unemployment rates
and vice versa. The results highlight the strengths and limitations of each approach,
offering valuable insights for economic policymakers and contributing to the broader
field of economic analysis in developing countries.

1. Introduction

Gross domestic product (GDP) per capita and the unemployment rate are fundamental metrics offering
crucial insights into economic health and dynamics. GDP per capita signifies the average economic out-
put per person within a specific country. At the same time, the unemployment rate reflects labor market
dynamics, representing the percentage of the workforce actively seeking but unable to secure employ-
ment. Understanding unemployment is paramount for comprehending both macro and microeconomic
intricacies and shaping strategic interventions for growth, development, and economic stability. The
ramifications of unemployment extend across social institutions and individual lives, posing significant
challenges for both developed and emerging economies.
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The interconnectedness of GDP per capita and the unemployment rate underscores their importance,
with fluctuations in one often influencing the other. Economic expansions typically coincide with
reduced unemployment as businesses expand and create jobs, while economic contractions lead to ris-
ing unemployment rates due to business struggles and layoffs. Analyzing this interplay can illuminate
broader economic trends, aiding policymakers, economists, and investors in making informed decisions.

During 1990-2020, Somalia underwent significant political and economic instability, marked by factors
such as prolonged civil war, governance challenges, and the collapse of state institutions. These chal-
lenges culminated in Somalia being classified as a “failed state” during certain periods. The protracted
conflict and the absence of effective governance structures had profound implications for the country’s
economic landscape. The breakdown of law and order, widespread violence, and displacement of popu-
lations disrupted economic activities and hindered investment and development efforts. Furthermore,
the collapse of state institutions meant the absence of coherent economic policies and regulatory frame-
works, exacerbating socio-economic challenges. Such instability undoubtedly impacted key economic
indicators such as GDP and unemployment rates. Understanding the ramifications of this instability is
crucial for interpreting economic data from this period and contextualizing our analysis of the relation-
ship between unemployment and GDP in Somalia.

Regression analysis, a cornerstone of statistical methods, finds application across diverse fields, includ-
ing economics, sociology, and medicine (Ugwuowo et al. 2023). Its primary purposes include elucidating
relationships between variables and estimating dependent variable values based on independent varia-
bles. Ordinary least squares (OLS) is a popular approach for parameter estimation, minimizing the sum
of squared deviations from the estimated regression equation. In contrast, the Bayesian method, increas-
ingly utilized in fields like machine learning, medicine, finance, and social science, treats parameters as
random variables, accommodating multiple potential values (Bharadiya 2023). This flexibility allows for
the incorporation of prior information and updating estimates with emerging data.

The rationale behind incorporating the unemployment rate and the GDP in Somalia remains unclear.
The interconnectedness of GDP per capita and the unemployment rate underscores their importance,
with fluctuations in one often influencing the other. Economic expansions typically coincide with
reduced unemployment as businesses expand and create jobs, while economic contractions lead to ris-
ing unemployment rates due to business struggles and layoffs. Analyzing this interplay can illuminate
broader economic trends, aiding policymakers, economists, and investors in making informed decisions.

1.1. Research objective

This study endeavors to analyze the relationship between the unemployment rate and GDP per capita
using both frequentist and Bayesian regression approaches. By employing these statistical techniques,
we aim to provide a comprehensive analysis that explores the nature and strength of the relationship
between these two variables. Furthermore, this research seeks to contribute to the existing body of
knowledge by offering insights into the nuances of this relationship within the context of Somalia,
thereby addressing a gap in current literature.

1.2. Theoretical framework

The theoretical framework of this study draws upon several economic theories and concepts to provide
a conceptual basis for understanding the relationship between unemployment and GDP in Somalia.

1.2.1. Phillips curve

The Phillips curve theory, proposed by AW. Phillips in 1958, suggests an inverse relationship between
unemployment and inflation. While originally conceived to explain the relationship between unemploy-
ment and wage inflation, the concept has since been extended to include a relationship between
unemployment and GDP. According to the Phillips Curve, lower levels of unemployment are associated
with higher levels of economic output, and vice versa. In the context of this study, we adapt the Phillips
Curve framework to analyze the relationship between unemployment and GDP in Somalia, considering
how fluctuations in the unemployment rate may impact economic productivity and output.
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1.2.2. Okun’s law

Okun’s Law, formulated by economist Arthur Okun in the 1960s, posits a relationship between changes in
unemployment and changes in GDP. Specifically, it suggests that for every 1% increase in the unemploy-
ment rate above the natural rate, GDP will decrease by a certain percentage. Conversely, decreases in the
unemployment rate below the natural rate are associated with increases in GDP. By incorporating Okun’s
Law into our theoretical framework, we aim to explore how variations in unemployment levels affect GDP
dynamics in Somalia, providing insights into the cyclical nature of economic growth and contraction.

1.2.3. Human capital theory

Human capital theory emphasizes the role of education, skills, and training in enhancing labor productivity
and reducing unemployment. According to this theory, investments in human capital development can lead
to higher levels of employment and economic growth by equipping individuals with the skills needed to
participate effectively in the labor market. In the context of Somalia, where educational attainment and skill
levels vary across the population, understanding the implications of human capital on unemployment and
GDP is essential for informing policy interventions aimed at promoting sustainable economic development.

1.2.4. Institutional economics

Institutional economics focuses on the role of institutions, including laws, regulations, and social norms,
in shaping economic outcomes. Institutional factors such as labor market regulations, property rights
protection, and contract enforcement mechanisms can influence both unemployment levels and GDP
growth rates. By considering the institutional context in Somalia, characterized by a history of political
instability and weak governance structures, we aim to elucidate how institutional factors may mediate
the relationship between unemployment and GDP, highlighting potential avenues for institutional
reform to foster economic growth and employment creation.

By integrating these theoretical perspectives into our analysis, we seek to provide a comprehensive
framework for understanding the complex interplay between unemployment and GDP in Somalia. By
examining the theoretical underpinnings of this relationship, we aim to generate insights that can
inform policy interventions and economic strategies aimed at promoting sustainable development and
reducing unemployment in Somalia.

2. Literature review

Sachs (2010) investigated the impact of labor and product market regulations on unemployment rates
using Bayesian model averaging. Analyzing panel data from 17 OECD countries spanning 1982-2005,
the study identifies eight institutional indicators as significant determinants of unemployment.
Additionally, the study addresses endogeneity concerns through instrumental variable estimation. The
results highlight the importance of institutional factors in influencing unemployment rates, offering
insights into policy considerations for labor market regulation.

Assaad and Krafft (2016) address the persistent issue of youth unemployment in the Middle East and
North Africa (MENA) region, recognized as a significant labor market challenge. Their research aims to
enhance the understanding of the dynamics driving youth unemployment in MENA, specifically in
Egypt, Jordan, and Tunisia. By utilizing panel and retrospective data from the Labor Market Panel
Surveys in these countries, the study investigates the flows into and out of employment and unemploy-
ment, providing a comprehensive analysis of the unemployment trends over the past decade. The
researchers decompose these trends by examining the contributions of individuals entering unemploy-
ment from outside the labor force versus from previous employment, and the changes in the duration
of unemployment experienced by these individuals. The study’s models for the incidence and duration
of unemployment reveal the relationship between individuals’ characteristics and their unemployment
dynamics. The main results indicate that both entry into unemployment and the duration of unemploy-
ment are significantly influenced by personal attributes, thereby offering critical insights into the factors
affecting youth unemployment in the MENA region. This research contributes substantially to the litera-
ture by elucidating the complexities of youth unemployment dynamics in these countries.
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Ali and Kadhim (2021) utilized both frequentist and Bayesian approaches to forecast unemployment
levels in Irag. Parameters were estimated using the ordinary least squares method for the frequentist
approach and the Markov Chain Monte Carlo (MCMC) method for the Bayesian approach. Their analysis
demonstrated the superiority of the Bayesian regression model in predictive accuracy, suggesting a con-
cerning trend of increasing unemployment rates over the next two decades.

Rodriguez-Santiago (2022) employed Bayesian Model Averaging to assess the factors influencing
entrepreneurship in a dataset covering 117 nations from 2005 to 2019, aiming to investigate the correl-
ation between economic development and self-employment at the macro level. The study investigated
variations in self-employment rates, highlighting the importance of unemployment, economic develop-
ment stage, and labor market frictions.

Fakih et al. (2020) presented a comprehensive examination of youth unemployment in the Middle
East and North Africa (MENA) region in the aftermath of the Arab Spring, a period marked by significant
upheaval. Their study investigates the microeconomic determinants of youth unemployment using data
from 2016, offering insights into the complex dynamics at play. The findings reveal that factors such as
gender, education, job concerns, corruption, and societal inequalities significantly impact youth
unemployment rates. Notably, the study underscores the importance of gender equality and economic
inclusion in mitigating unemployment among youth in the MENA region. By highlighting both chal-
lenges and potential solutions, the research contributes valuable insights to the discourse on youth
unemployment, informing policy efforts aimed at addressing this pressing issue.

Pandey et al. (2023) applied Bayesian statistical techniques to analyze the GDP of Nepal. Through
multiple linear regression models, they explore the relationships between GDP and various factors like
exports, imports, population growth, and inflation rates. Their research contributes to understanding
Nepal's economic dynamics, offering insights into significant predictors of GDP and their impacts.

2.1. Hypothesis

Building upon the insights gleaned from existing literature, this study hypothesizes that there exists a
significant negative relationship between the unemployment rate and GDP in Somalia. Specifically, it is
posited that higher levels of unemployment correspond to lower levels of GDP, reflecting the adverse
impact of joblessness on economic productivity and output. Furthermore, this study anticipates that
employing both classical linear regression and Bayesian regression approaches will offer complementary
perspectives on this relationship, with Bayesian methods potentially providing enhanced predictive
accuracy and model flexibility. Through rigorous empirical analysis, this research aims to validate these
hypotheses and contribute to a deeper understanding of the economic dynamics in Somalia.

3. Materials and methods
3.1. Data

The study utilized secondary data sourced from the World Bank database, covering the period from 1991 to
2020 and specific to Somalia. Economic indicators, including GDP, were extracted for analysis. Somalia’s unique
socio-political history and economic challenges, characterized by prolonged political instability, underscored
the need for a robust analytical approach to understanding the relationship between GDP and unemployment.

3.2. Linear regression model

Linear regression, a widely utilized statistical technique, serves to model the relationship between a
dependent variable and one or more independent variables (Alita et al. 2021; Kilmer & Rodriquez, 2017;
Kulaylat et al. 2023). For this study, the frequentist method, Ordinary Least Squares (OLS), was employed
to quantify the relationship between unemployment (X) and GDP (Y). OLS, a fundamental statistical tool,
allows for parameter estimation by minimizing the sum of squared deviations between predicted and
actual values of the dependent variable (Cameron & Trivedi 2013). Through this method, the study
aimed to provide a conventional baseline for comparison. The model equation is formulated as:



COGENT ECONOMICS & FINANCE . 5

Yi=Ppo+ B Xite M

where Y is the dependent variable (GDP), X; is the independent variable (unemployment), f3, is the inter-
cept, f, is the coefficient, ¢ is the error term (random error).

3.3. Bayesian linear regression

In addition to frequentist regression, Bayesian linear regression was employed to offer a more compre-
hensive analysis of the relationship between unemployment and GDP in Somalia. Bayesian analysis, a
statistical technique leveraging probability assertions, extends the traditional frequentist approach by
incorporating prior information and uncertainty into the modeling process (Ayinde et al. 2018; Bharadiya
2023; Banerjee et al 2016; Kelter 2020; Song et al. 2020). In this context, Bayesian linear regression
allowed for the incorporation of prior beliefs or knowledge about the relationship between unemploy-
ment and GDP. By updating these priors with observed data, the model generated posterior distribu-
tions for the regression coefficients, offering deeper insights into the relationship between the variables.

The application of Bayesian regression in this study warrants a robust rationale, especially considering
the dataset’s limited sample size. Bayesian regression offers a methodological framework that accommo-
dates prior information and uncertainty, enhancing the analysis’s depth and reliability.

In Bayesian modeling, the specification of prior distributions holds significant sway over the posterior
distribution, thereby influencing the estimated parameters and subsequent model outcomes. In this study,
the selection of non-informative priors was guided by a synthesis of existing literature and domain expert-
ise, aiming to integrate pertinent insights into the relationship between unemployment and GDP in
Somalia. These prior distributions were tailored to encapsulate anticipated trends in both the direction
and magnitude of this relationship, drawing upon historical patterns and theoretical underpinnings.

Furthermore, sensitivity analyses were conducted to gauge the robustness of the results in response
to variations in prior specifications. Through systematic adjustment of prior distribution parameters
within reasonable bounds, the stability of Bayesian estimates across different prior settings was eval-
uated. Notably, these sensitivity analyses underscored the consistency of the Bayesian modeling
approach, with the principal findings remaining steadfast across a spectrum of prior assumptions.

In Bayesian regression, we can write a similar equation to the classical regression model:

Y/:ﬁo+ﬁ1 X,—|—F (2)

In terms of the probabilistic model, we can say that u = f, + f; Xithen Y, =u+¢
Y; ~ N(g,6%) or V; ~ N(u 1) where 7 is precision and i=1, 2, 3, ..., n.
That is, the likelihood of each Y; given f and ¢?

L(y|B,o?) H exp{ Z(Yi—#)z}f- (3)

To estimate the model, a flat (uniform) prior distribution was used since we didn't have prior know-
ledge about the parameters.

p(B) x 1 -00 < ff < +o0. 4

This prior distribution was joined with the likelihood to give the posterior distribution of the parameters.
Posterior  Likelihood x Prior, (5)

p(B,a*ly) = H exp{ Z(Yi—u)z}rxp(ﬂ)- (6)

3.3.1. Incorporation of prior information and uncertainty

Bayesian regression enables the incorporation of prior beliefs or knowledge about the relationship
between unemployment and GDP. Despite the dataset's modest size, there might exist pertinent prior
information regarding economic dynamics in Somalia. This prior knowledge, when integrated into the
analysis, enriches the model’s understanding and interpretation of the relationship between the variables.
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3.3.2. Flexibility in handling uncertainty

By treating parameters as random variables, Bayesian regression offers flexibility in handling uncertainty
inherent in datasets with limited samples. This flexibility is particularly pertinent in economic analyses
where variables may exhibit complex interdependencies and fluctuations.

3.3.3. Model stability and convergence

To ensure the reliability of the Bayesian regression model, convergence diagnostics were performed.
These diagnostics assess whether the model has converged to a stable solution, mitigating concerns
about parameter estimates’ reliability. Despite the dataset’s size constraints, satisfactory convergence
results affirm the model’s stability and robustness.

3.3.4. Comparative analysis of predictive accuracy

A comparative analysis between Bayesian and frequentist regression approaches was conducted to
evaluate predictive accuracy. Despite the dataset’s limitations, Bayesian regression exhibited comparable
or superior performance metrics, indicating its effectiveness even with modest sample sizes.

3.4. Comparative analysis of model performance

To ascertain the superior model between the Bayesian and frequentist regression approaches, a com-
parative analysis was conducted using three evaluation criteria: root mean square error (RMSE), mean
square error (MSE), and mean absolute error (MAE). These metrics served as benchmarks to assess the
accuracy and predictive performance of each model. Lower values of RMSE, MSE, and MAE indicate bet-
ter predictive accuracy, reflecting a closer fit between observed and predicted values.

By employing both frequentist and Bayesian regression approaches (Vuong et al. 2020), the study
aimed to provide a comprehensive analysis that explores the nature and strength of the relationship
between GDP and unemployment in Somalia. This methodological approach allowed for a robust exami-
nation of the research question, offering valuable insights for policymakers and researchers.

3.4.1. Root mean square error (RMSE)

RMSE measures the average magnitude of the residuals between observed and predicted values (Richter
et al. 2012). It provides a comprehensive evaluation of prediction accuracy, considering both the magni-
tude and direction of errors. It provides a thorough assessment of prediction accuracy, taking into
account both the direction and size of errors. Lower RMSE values indicate better model performance,
reflecting a closer fit between observed and predicted values. The mathematical equation for RMSE is:

n

RMSE =, /> "(z-2)%, (7)

i=1

where n is the total number of samples or observations in the dataset, z; is the observed value, and Z
is the predicted (estimated) value.

3.4.2. Mean square error (MSE)

MSE calculates the average of the squared residuals, providing an assessment of the overall variance
between observed and predicted values. Similar to RMSE, lower MSE values indicate better predictive
accuracy. However, MSE places greater emphasis on larger errors due to the squaring operation. The
mathematical equation for mean square error (MSE) is

~\2
27:1(Zi - Zi)
MSE=————, (8)
n
where n is the number of observations, z; is the observed value, and z is the predicted (estimated)
value.
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3.4.3. Mean absolute error (MAE)
MAE computes the average of the absolute differences between observed and predicted values. Unlike
RMSE and MSE, MAE does not penalize large errors as severely, making it a useful metric for assessing
model performance when outliers are present. Lower MAE values indicate better predictive accuracy,
with deviations between observed and predicted values minimized. The mathematical equation for
mean absolute error (MAE) is:

7:1‘2" -7

MAE = ———, 9
n

where n is the number of observations, z; is the observed value, and Z; is the predicted (estimated)
value.

4. Results

This section presents the findings derived from the regression and Bayesian methodologies utilized in
the study. The results are meticulously examined to uncover patterns, relationships, and predictive capa-
bilities offered by each method.

4.1. Summary statistics of unemployment (U) and GDP

Table 1 presents the summary statistics of unemployment and GDP for the study period, including min-
imum values, first quartile, median, mean, third quartile, and maximum values for both variables. These
descriptive statistics offer insights into the distribution and variability of unemployment and GDP, which
are crucial for understanding the economic dynamics under investigation. The range from the minimum
to maximum values showcases the extent of variation in unemployment and GDP over time, setting the
stage for further analysis. To provide a broader context, we compare these summary statistics to global
averages. For instance, while the average global unemployment rate tends to hover around 5-6%, our
study area’s mean unemployment rate is significantly higher at 33.25%, highlighting the region’s severe
employment challenges. Similarly, comparing GDP statistics, the mean GDP value in our study is 151.99,
which can be juxtaposed with global GDP trends to illustrate economic performance relative to other
regions.

4.2. Linear regression analysis

4.2.1. Linear regression using OLS method
Table 2 presents the results of the linear regression model employing the ordinary least squares (OLS)
method. The regression analysis provides a detailed understanding of the relationship between
unemployment (U) and GDP. The estimated coefficients, t-values, standard errors, and associated p-val-
ues are crucial for interpreting this relationship.

The results indicate a statistically significant negative relationship between unemployment and GDP.
Specifically, the coefficient estimate for unemployment is —41.21, which suggests that for each unit

Table 1. Descriptive statistics of the variables.

Min 1st Q Median Mean 3rd Q Max Sd
U 32.69 329 33.1 33.25 3342 35.76 0.584624
GDP 90.73 108.62 140.38 151.99 195.01 239.05 50.72775

Source: Author’s calculations using data from the World Bank.

Table 2. Linear regression model using the OLS method.

Estimate Std. error t value Pr(>|t])
(Intercept) 1522.43 479.93 3.172 0.00365**
U —41.21 14.43 —2.856 0.00800**

Source: Author’s calculations using data from the World Bank.
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Table 3. Linear regression model using the Bayesian approach.

Estimate Est. error | - 95% Cl u-95% Cl Rhat Bulk_ESS Tail_ESS
Intercept 1541.52 501.54 559.27 2512.41 1 3723 2721
U —41.8 15.08 —70.94 —-12.26 1 3720 2733
Sigma 46.73 6.44 36.41 60.96 1 2996 2389

Source: Author’s calculations using data from the World Bank.

Table 4. Comparison between OLS and Bayesian in linear regression model.

Estimation method RMSE MAE MSE
Ordinary least square 43.891 38.19391 1926.377
Bayesian 43.835 38.04255 1916.821

Source: Author’s calculations using data from the World Bank.

increase in the unemployment rate, GDP decreases by 41.21 units, assuming all other factors are con-
stant. This finding aligns with the broader economic theory that higher unemployment typically corre-
sponds to lower economic output, reflecting the adverse effects of unemployment on economic
performance. The intercept of the model is 1522.43, which represents the estimated GDP when the
unemployment rate is zero. The standard error for the unemployment coefficient is 14.43, and the
t-value is —2.856. The associated p-value of 0.00800 indicates that the relationship between unemploy-
ment and GDP is statistically significant at the 1% level, meaning there is strong evidence to reject the
null hypothesis that there is no relationship between these variables. The intercept’s p-value is 0.00365,
also indicating a statistically significant result. This confirms that the intercept is significantly different
from zero, adding to the robustness of the model.

4.2.2. Linear regression using Bayesian approach

Table 3 presents the results of the linear regression model utilizing the Bayesian approach. The intercept
estimate is 1541.52, with an estimated error of 501.54. The 95% confidence interval (Cl) for the intercept
ranges from 559.27 to 2512.41. The estimate for the variable “U” is —41.8, with an estimated error of
15.08. The 95% CI for “U” spans from —70.94 to —12.26. Additionally, the standard deviation (sigma) is
estimated to be 46.73, with an estimated error of 6.44 and a 95% Cl ranging from 36.41 to 60.96. The
Rhat value is 1, indicating the convergence of the model. The effective sample size (ESS) metrics for
both the bulk and tail of the posterior distribution are 3723 and 2721, respectively. Similar to the OLS
results, the Bayesian model reveals a negative association between unemployment and GDP.

4.3. Comparison between OLS and Bayesian models

4.3.1. Model performance metrics

Table 4 compares the performance of the OLS and Bayesian regression models based on MSE, RMSE,
and MAE. The comparison between OLS and Bayesian linear regression models reveals that the Bayesian
approach outperforms OLS. The Bayesian model demonstrates the best performance across key metrics,
including RMSE, MAE, and MSE. Specifically, the Bayesian model achieves an RMSE of 43.835, an MAE of
38.04255, and an MSE of 1916.821, whereas the OLS model shows slightly higher values with an RMSE
of 43.891, an MAE of 38.19391, and an MSE of 1926.377. These results indicate that the Bayesian model
provides better predictive accuracy and is more effective in capturing the underlying relationships in the
data compared to the OLS model.

4.4. Trace plot analysis for Bayesian regression model

The trace plot presented illustrates the MCMC sampling process utilized in Bayesian regression analysis.
Each line represents posterior samples drawn from the distribution of model parameters, with the x-axis
denoting the iteration number and the y-axis indicating sampled parameter values. Analysis of the trace
plot enables assessment of MCMC convergence and mixing properties. Ideally, the plot demonstrates
random fluctuations around a central value, signifying convergence, and satisfactory mixing. Any
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Figure 1. Trace plot.

deviations from this pattern may indicate convergence or mixing issues, necessitating further diagnostic
analysis and potential adjustments to the model or sampling algorithm.

Figure 1 presents trace plots, serving as convergence diagnostic tools to evaluate model parameter
behavior. Through the MCMC method, parameter values are traced across iterations. Application of the
chain rule to each parameter indicates that the four chains employed in the analysis exhibit proper mix-
ing and converge to a stationary sequence. This observation underscores the stability and reliability of
the model’'s parameter estimation process, ensuring the robustness of the Bayesian analysis method-
ology utilized in the study.

5. Discussion

The results of our regression analyses confirm a significant negative relationship between unemploy-
ment and GDP in Somalia, a finding consistent with prior research indicating the adverse impact of
unemployment on economic growth (Ali and Kadhim, 2021; Sachs, 2010). The negative coefficients for
unemployment in both classical linear and Bayesian regression models underscore the detrimental
effects of joblessness on economic output. Understanding this dynamic relationship is imperative for
policymakers in Somalia to devise effective strategies for promoting economic development and reduc-
ing unemployment rates.

Our study also contributes nuanced insights into the specific context of Somalia, a nation character-
ized by unique socio-political and economic challenges. By employing both frequentist and Bayesian
regression approaches, we provide a comprehensive analysis of the unemployment-GDP relationship,
shedding light on the intricacies of this dynamic in a fragile state context. While our findings align with
the broader theoretical understanding of this relationship, they also offer context-specific implications
for policymakers grappling with unemployment challenges and economic development priorities in
Somalia.

In comparing our results to previous literature, it is evident that our study enriches the existing body
of knowledge by leveraging a combination of methodological approaches and focusing on a specific
geographic context. The slight advantages demonstrated by the Bayesian modeling approach in terms
of predictive accuracy highlight the potential of this framework for enhancing economic forecasting and
policy formulation, corroborating recent advancements in Bayesian econometric methodologies.
Moreover, the convergence diagnostics for the Bayesian model suggest satisfactory convergence, ensur-
ing the reliability of the Bayesian estimates. The trace plot analysis demonstrates proper mixing and
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convergence to a stationary sequence, indicating the stability and reliability of the parameter estimation
process. These findings enhance the credibility of the Bayesian regression results and assure the model’s
validity and robustness.

5.1. Limitations and future research

5.2.1. Limitations
While this study provides valuable insights into the relationship between GDP and unemployment in
Somalia, several limitations should be acknowledged.

5.2.2. Data limitations

The analysis relies on secondary data from the World Bank, which may have limitations in terms of
accuracy and coverage. Future research could benefit from accessing more granular and comprehensive
datasets specific to Somalia’s economic landscape.

5.2.3. Model assumptions

Both the classical linear regression and Bayesian regression models make certain assumptions about the
underlying data distribution and model specifications. Deviations from these assumptions could impact
the validity of the results. Sensitivity analyses could be conducted to assess the robustness of the find-
ings to different model specifications.

5.2.4. Causality

While the study identifies a negative association between unemployment and GDP, establishing causality
is challenging. Future research could explore causal mechanisms using advanced econometric techni-
ques such as instrumental variable analysis or structural equation modeling.

5.3. Future research directions
Building upon the insights gained from this study, future research avenues could include:

5.3.1. Sectoral analysis

Investigating the differential impact of unemployment on various sectors of the economy could provide
a more nuanced understanding of the dynamics at play. This could involve analyzing sector-specific
datasets and employing disaggregated econometric models.

5.3.2. Policy evaluation

Assessing the effectiveness of existing policies aimed at reducing unemployment and stimulating eco-
nomic growth in Somalia could offer valuable lessons for policymakers. Qualitative studies, stakeholder
interviews, and policy evaluations could complement quantitative analyses to provide comprehensive
insights.

5.3.3. Dynamic modeling

Incorporating time series or panel data techniques could capture the dynamic nature of the relationship
between GDP and unemployment over different time periods and geographical regions within Somalia.
This could involve employing state-of-the-art econometric methodologies and computational
techniques.

5.4. Significance and practical implications

5.4.1. Research significance and practical implications

Understanding the relationship between GDP per capita and the unemployment rate holds immense sig-
nificance across multiple domains, ranging from economic policymaking to societal well-being. This
study offers valuable insights with practical implications that extend to economic, educational, policy,
and societal realms.
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5.4.2. Economic and commercial impact

Insights derived from this research can guide economic strategies and investment decisions, aiding busi-
nesses, investors, and policymakers in navigating economic fluctuations and fostering sustainable
growth. By elucidating the dynamics between GDP per capita and unemployment, stakeholders can
devise targeted interventions to mitigate unemployment challenges, promote job creation, and stimulate
economic development.

5.4.3. Educational and teaching applications

In educational settings, this research serves as a valuable resource for teaching regression analysis tech-
niques and their application in real-world economic contexts. By showcasing both frequentist and
Bayesian regression approaches, educators can impart practical statistical knowledge, equipping students
with analytical skills essential for understanding and addressing economic phenomena.

5.4.4. Influence on public policy

The findings of this study have direct implications for public policy formulation and implementation.
Policymakers can utilize insights regarding the relationship between GDP per capita and unemployment
to design evidence-based policies aimed at reducing unemployment rates, fostering inclusive growth,
and enhancing societal well-being. Moreover, understanding these dynamics enables policymakers to
anticipate and mitigate the adverse effects of economic downturns, thereby promoting resilience and
stability.

5.4.5. Impact on society

Beyond its academic and economic implications, this research holds the potential to influence public
attitudes and societal perceptions. By shedding light on the complex interplay between economic indi-
cators and societal well-being, this study fosters informed discourse and promotes collective efforts
toward addressing unemployment challenges, improving living standards, and enhancing the quality of
life for individuals and communities.

6. Conclusion and policy implication

In conclusion, the findings of this study offer robust evidence of a significant negative relationship
between unemployment and GDP in Somalia, as demonstrated by both classical linear and Bayesian
regression analyses. The negative coefficients for unemployment in both models underscore the adverse
impact of joblessness on economic output. This insight is crucial for policymakers and stakeholders seek-
ing to address unemployment challenges and foster economic development in Somalia.

The convergence diagnostics for the Bayesian model indicate satisfactory convergence, ensuring the
reliability of the Bayesian estimates. Furthermore, the comparative performance metrics between the
OLS and Bayesian models highlight the suitability of both approaches for analyzing the impact of
unemployment on GDP. The Bayesian approach, in particular, demonstrates superior predictive accuracy,
suggesting its potential for enhancing economic forecasting and policy formulation.

Overall, this research contributes to the existing body of knowledge by offering comprehensive
insights into the dynamics of unemployment and GDP in Somalia. By leveraging both frequentist and
Bayesian regression methodologies, this study provides a nuanced understanding of the relationship
between these variables, thus empowering policymakers with evidence-based strategies for promoting
economic growth and stability.

Future research endeavors could explore additional factors influencing unemployment and GDP
dynamics in Somalia, such as trade policies, infrastructure development, and demographic trends.
Additionally, longitudinal studies could provide valuable insights into the long-term effects of policy
interventions aimed at reducing unemployment and stimulating economic prosperity. By continuing to
advance our understanding of these complex economic phenomena, we can pave the way for a more
prosperous and equitable future for Somalia and its citizens.

The findings from this study have significant policy implications for addressing unemployment chal-
lenges and fostering economic growth in Somalia. Given the adverse impact of unemployment on GDP,
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policymakers should prioritize initiatives aimed at reducing unemployment rates and promoting job cre-
ation. Strategies such as investment in education and vocational training programs, infrastructure devel-
opment, and support for small and medium enterprises (SMEs) can play a crucial role in enhancing
employment opportunities and stimulating economic growth.

Furthermore, the superior predictive accuracy of the Bayesian regression model underscores its utility
for informing evidence-based policymaking. Policymakers should leverage the insights provided by
Bayesian regression analysis to design targeted interventions and allocate resources effectively. By incor-
porating Bayesian modeling techniques into policy analysis and decision-making processes, policymakers
can enhance the effectiveness of economic policies and maximize their impact on unemployment reduc-
tion and economic development.
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