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Abstract

This study examines the dynamic relationship among Gross Domestic
Product (GDP), unemployment, and government expenditure in
Bangladesh from 2010 to 2025. The analysis highlights a period of robust
economic performance, with GDP growth consistently averaging above
6%, driven primarily by manufacturing, garment exports, and the
service sector. Despite the significant disruption caused by the COVID-
19 pandemic in 2020, which saw growth dip to 3.45%, the economy
demonstrated structural resilience and a rapid recovery.

Concurrently, government expenditure has expanded significantly as a
fiscal ~tool for development, particularly through large-scale
infrastructure projects and social safety nets. Public spending rose from
BDT 1,217 billion in 2016 to over BDT 2,218 billion by 2025. However,
this expansionary stance has mnot fully addressed labor market
inefficiencies. Unemployment has remained relatively stable between 3%
and 5%, suggesting that the link between GDP growth and job creation
is weak, thereby offering only limited support for Okun’s Law in the
Bangladeshi context. The study identifies persistent structural
challenges, including high youth unemployment and skill mismatches,
and concludes that inclusive growth policies and labor market reforms are
essential to translate macroeconomic gains into sustainable employment
generation.
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1. INTRODUCTION

1.1. Background of the Study

Bangladesh's economy has changed over the past fifteen years from being among the least
developed to steadily expanding, with GDP growth frequently surpassing 6% per year. The RMG
industry, remittances, infrastructure investment, and careful policy management are important
factors that contributed to the COVID-19 pandemic's good growth.

In order to play a counter-cyclical and developmental role, government spending has increased
dramatically and is now focused on social safety nets, infrastructure, healthcare, and education.
Even with this expansion, unemployment is still a significant problem. Rapid labor force entry,
skill mismatches, and informal employment all contribute to the "jobless growth" issue. The
situation is further complicated by underemployment.

GDP growth and unemployment are predicted to be inversely correlated by Okun's Law,
although data from Bangladesh indicates that this correlation may be weak. Spending by the
government could be beneficial, but how well it is allocated will determine how effective it is.

In order to inform inclusive growth policy, this study uses time-series analysis to look at patterns
and correlations between GDP growth, unemployment, and government spending in Bangladesh
from 2010 to 2024.

1.2. Problem Description

Bangladesh's unemployment rate has not decreased in line with strong GDP growth and
increased government spending. This goes against Okun's Law and raises questions about how
inclusive growth is and how public investment affects employment. The main issue is the
ambiguous and possibly poor correlation between government spending, unemployment, and
GDP growth. To assess the efficacy of policies and pinpoint tactics for inclusive growth and job
creation, research is required.

1.3. Overview of Variables

GDP growth (% annual): A stand-in for economic success (source: World Bank, BBS). Okun's
Law predicts a negative correlation with unemployment.

BBS is the source of the unemployment rate as a percentage of the work force. Anticipated a
negative correlation with GDP growth.

GDP and employment are anticipated to be impacted by government spending (growth or
percentage of GDP).

Table 1: GDP, Unemployment and Dummy Variable

Year GDP Growth Rate (%) | Unemployment Rate (%) | Dummy Variable ()
2010 5.60 3.38 1
2011 6.50 3.74 1
2012 6.50 4.07 1
2013 6.00 4.43 1
2014 6.10 4.42 1
2015 6.60 4.40 1
2016 7.10 4.35 1
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2017 6.60 4.37 1
2018 7.30 441 0
2019 7.90 4.44 0
2020 3.40 5.44 0
2021 6.90 5.33 0
2022 7.10 4.59 0
2023 5.80 4.45 0
2024 4.20 4.68 0

Source: The Bangladesh Bank, Bangladesh Bureau of Statistics (BBS), and the General Economics Division

(GED) of the Planning Commission.

Report Context & Variables

Government Expenditure: For your analysis, refer to the Medium Term Macroeconomic Policy
Statement by the Ministry of Finance. Recent data shows government spending growth was
approximately 5.68% in FY2024 but slowed to 3.21% projected for FY2025.

Okun’s Law Nexus: Okun's Law suggests a negative correlation between GDP growth and
unemployment (i.e., as GDP rises, unemployment should fall). In Bangladesh, this
relationship is often considered "weak" due to the large informal sector (roughly 85%) and
"jobless growth" patterns where industrialization doesn't always translate to proportional
formal employment.

Dummy Variable (): This represents a "Structural Break." The transition from 1 to 0 around
2017 often accounts for policy shifts or changes in economic momentum (e.g., pre- and post-
major infrastructure booms or shifts in the LDC graduation timeline).

Bangladesh Government Expenditure (2010-2026)

Government expenditure refers to total public spending by the government on goods,
services, infrastructure, and social programs.

Measurement: Total government expenditure (BDT billion or % of GDP)

Data Source: Ministry of Finance, Bangladesh Bank

Expected Relationship: Government expenditure is expected to have a positive impact on
GDP and potentially reduce unemployment, depending on efficiency

Expenditure figures are presented in BDT Billion (Crore Taka / 10).

Table 2: Expenditure, Dummy Variable

Year (FY) Tigg?g?ﬁﬁ;:;re Expenditure as % of GDP | Dummy Variable ()
2010 1,015 14.6% 1
2011 1,282 14.0% 1
2012 1,524 14.4% 1
2013 1,745 14.5% 1
2014 1,882 13.4% 1
2015 2,043 13.5% 1
3 A
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2016 2,341 13.5% 1
2017 2,694 13.6% 1
2018 3,218 14.3% 0
2019 3,916 15.4% 0
2020 4,155 14.9% 0
2021 4,602 13.0% 0
2022 5,181 13.1% 0
2023 6,605 12.6% 0
2024 7,144 12.0% 0

Source: The Bangladesh Bank, Bangladesh Bureau of Statistics (BBS)

Report Context & Variables

Operating vs. Development: For the 2025-26 budget, Tk 5,600 billion is allocated for operating
(non-development) expenditure, while the Annual Development Programme (ADP) is set at Tk
2,300 billion.

Structural Break (2017): Your dummy variable changes at 2017. Historically, this coincides with a
period where the budget deficit began to stay consistently near or above 5% of GDP (excluding
grants) before the interim government aimed to lower it to 3.6% for 2026.

Nexus with Okun's Law: In your analysis, you should note that while Government Expenditure
has increased over seven-fold since 2010, the Unemployment Rate has remained relatively
stagnant (the "Jobless Growth" phenomenon). This suggests that high fiscal spending in
Bangladesh has a weaker-than-expected impact on formal job creation compared to the standard
Okun's Law model.

Dummy Variable: A dummy variable is introduced to capture structural changes in the economy.

[ Value:
. 1 = Pre-2017 period
. 0 = Post-2017 period

[ Purpose: To account for structural changes such as policy shifts, infrastructure
expansion, and economic transitions.

GDP Growth Trend Graph (Bangladesh: 2010-2024)

The GDP growth trend of Bangladesh from 2010 to 2024 exhibits a generally upward but
fluctuating pattern, reflecting both economic progress and vulnerability to external shocks. In the
early years (2010-2014), GDP growth remained relatively stable, ranging between 5.5% and 6.5%,
indicating a steady expansion of the economy.

From 2015 to 2019, the economy experienced a strong growth phase, with GDP growth rising
above 6.5% and reaching a peak of around 7.9% in 2019. This period represents the golden phase
of Bangladesh’s economic performance, driven by rapid industrialization, export expansion
(especially in the ready-made garments sector), increased remittances, and improved
macroeconomic stability.

Ve 4
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However, a sharp decline occurred in 2020, where GDP growth dropped drastically to around

3.4%, mainly due to the global COVID-19 pandemic. This sudden fall highlights the economy’s
sensitivity to external shocks and disruptions in global trade and supply chains.
Figure 1: GDP growth trend of Bangladesh from 2010 to 2024

GDP Growth Trend in Bangladesh (2010-2024)

GDP Growth Rate (%)

2010 2012 2014 2016 2018 2020 2022 2024
Year
Source: Bangladesh Bureau of Statistics (BBS)

Following this downturn, the economy showed a strong recovery in 2021 and 2022, with GDP
growth rebounding to above 6-7%, demonstrating resilience and effective policy responses.
Nevertheless, in the most recent years (2023-2024), growth has again slowed down to around 4-
6%, which may be attributed to global inflation, reduced external demand, and internal
macroeconomic challenges.

Government Expenditure Trend Graph (2010-2024)

The trend of government expenditure in Bangladesh from 2010 to 2024 shows a clear and
continuous upward trajectory, indicating a strong expansionary fiscal policy over time. Public
expenditure increased significantly from approximately BDT 1,015 billion in 2010 to over BDT
7,144 billion in 2024, reflecting more than a six-fold rise during the period.

In the early phase (2010-2014), expenditure increased gradually, suggesting controlled fiscal
expansion. However, from 2015 onwards, the growth in government spending accelerated,
mainly due to increased investment in infrastructure, energy, and large-scale development
projects. This phase reflects the government’s strategic focus on long-term economic growth.

o
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A sharp rise is observed after 2017, which aligns with the structural break used in the study
(dummy variable). This period marks intensified implementation of mega projects such as
bridges, highways, and power plants, along with increased development spending under the
Annual Development Programme (ADP).

During the COVID-19 period (2020-2021), government expenditure continued to rise as part of
economic stimulus measures. This highlights the counter-cyclical role of fiscal policy, where the
government increased spending to stabilize the economy and support affected sectors.

Figure 2: Government Expenditure Trend Graph (2010-2024)
Government Expenditure Trend in Bangladesh (2010-2024)
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Source: Bangladesh Bureau of Statistics (BBS)

In the most recent years (2022-2024), the expenditure growth becomes even steeper, indicating
aggressive fiscal expansion. However, despite this substantial increase in government spending,
unemployment has not declined significantly, suggesting that public expenditure has not been
fully effective in generating employment.

Unemployment Rate Trend (Bangladesh: 2010-2023)

The unemployment rate trend in Bangladesh from 2010 to 2023 shows a generally stable pattern
with mild fluctuations, followed by a noticeable rise during the pandemic period and a partial
decline afterward.

Overall, the trend reflects a relatively rigid labor market where unemployment does not fluctuate
sharply with GDP growth, supporting the presence of structural and informal-sector dominance
in the economy.

ly )
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In the early period (2010-2014), the unemployment rate increased gradually from around 3.38% to
approximately 4.42%, indicating a slow expansion of labor force participation alongside limited
job creation in the formal sector. This suggests that although GDP was growing steadily during
this period, employment absorption capacity remained relatively weak.
During the mid-period (2015-2019), the unemployment rate remained broadly stable, fluctuating
within a narrow range of about 4.35% to 4.44%. This stability reflects a stagnant labor market
condition where employment growth was not strongly responsive to rising GDP, reinforcing the
idea of “jobless growth” in Bangladesh.
A sharp deviation is observed in 2020, where unemployment increased significantly to about
5.44%, mainly due to the adverse impact of the COVID-19 pandemic. Economic lockdowns,
business closures, and supply chain disruptions led to widespread job losses, particularly in the
informal and service sectors.
Following the pandemic shock, the unemployment rate declined slightly in 2021 (around 5.33%)
as economic activities resumed. However, it remained higher than pre-pandemic levels,
indicating incomplete recovery in labor market conditions. In 2022 and 2023, unemployment
gradually declined to around 4.59% and 4.45% respectively, suggesting a slow stabilization of the
labor market, though still above early-decade levels.

Figure 3: Unemployment Rate Trend (Bangladesh: 2010-2023)
Unemployment Rate Trend (Bangladesh: 2010-2023)
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Overall, the trend shows that unemployment in Bangladesh is relatively sticky and less

responsive to GDP fluctuations, highlighting structural challenges such as informal employment
dominance, skill mismatches, and limited labor-intensive industrial expansion.
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Combined Interpretation of GDP, Unemployment, and Government Expenditure Trends (2010-
2026). The overall trend analysis of Gross Domestic Product (GDP) growth, unemployment rate,
and government expenditure in Bangladesh reveals a strongly interconnected macroeconomic
pattern over the study period (2010-2026).

Firstly, GDP growth shows a generally upward trajectory, although it experiences short-term
fluctuations, particularly during global and domestic shocks such as economic slowdowns and
the COVID-19 pandemic period. Despite these disruptions, the long-term trend indicates
sustained economic expansion driven by industrial growth, remittances, and export-oriented
sectors like garments.

Secondly, the unemployment rate exhibits a relatively stable but slightly fluctuating pattern. In
periods of higher GDP growth, unemployment tends to decline or remain stable, supporting the
idea of a negative relationship between output growth and joblessness. However, structural
unemployment persists, indicating that growth has not fully translated into sufficient job creation,
particularly for educated youth.

Thirdly, government expenditure shows a consistent upward trend over time. This reflects
increasing public investment in infrastructure, social protection, education, and health sectors.
Notably, periods of higher government spending often align with economic recovery phases,
suggesting an active fiscal policy role in stabilizing the economy.

When analyzed together, the three variables indicate a clear macroeconomic linkage: rising
government expenditure contributes to GDP growth, while GDP growth tends to reduce
unemployment. However, the relationship is not perfectly proportional due to structural
economic constraints and labor market inefficiencies.

Overall, the combined trend suggests that while Bangladesh has achieved steady economic
growth, the transformation into inclusive employment generation remains incomplete,
highlighting the need for more employment-intensive growth policies.

1.4. Research Issues

What patterns and connections exist between GDP growth, unemployment, and government
spending in Bangladesh between 2010 and 2024?

How much does government spending affect GDP growth, and does Okun's Law apply in
Bangladesh?

1.5. Goals
Main goal: Analyze Bangladesh's GDP, unemployment, and government spending from 2010 to
2024.

Particular goals:
= Examine the three variables' trends.
*  Determine whether increased GDP growth lowers unemployment.
*  Analyze how government spending affects GDP growth.
* Examine how government spending affects unemployment.
* Examine whether Okun's Law is applicable in Bangladesh.
= Make policy suggestions for equitable employment and growth.

Wy 8-
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1.6. Importance of the Research
There are two primary reasons why this study is important:
Academic contribution: Examines Okun's Law in Bangladesh, a developing nation with scant
evidence. Uses time-series analysis to add to the body of knowledge on the relationships between
GDP, unemployment, and fiscal policy.
Policy relevance: The study emphasizes the necessity for structural reforms (skill development,
labor-intensive industries, diversification) if growth fails to lower unemployment. Provides
guidance on attaining sustainable and equitable growth. Serves as a methodological guide for
scholars researching related problems in developing economies.

1.7. Limitations and Scope
1.71. Extent
= Bangladesh is the location.

= Time frame: 2010-2024 (includes COVID-19, infrastructure expansion, and post-crisis
recovery).

= GDP growth rate (%), unemployment rate (%), and government spending (BDT billion or
percentage of GDP) are the variables.

= Techniques: ADF stationarity testing and OLS regression.

*  Okun's Law is theoretical.

= Trends, short-term correlations, and the efficacy of fiscal policy are the analytical focus.

1.7.2.  Restrictions
= Statistical power is limited by the small sample size (15 observations, yearly data).

= Secondary data with potential measurement mistakes or changes is known as data
limitations.

= Inflation, private investment, remittances, and productivity are all excluded due to
limited variables; this could lead to bias.

= Johansen co-integration and conventional Granger causality tests are prevented by mixed
stationarity.

= Complex dynamics cannot be adequately captured by the simplified model (OLS);
VAR/VECM would be preferable.

* The informal sector (~80-85%), underemployment, and skill mismatch are structural
problems that cannot be measured.

2. REVIEW OF LITERATURE

21. Synopsis

Government spending, unemployment, and economic growth are all closely related. Government
spending is a crucial instrument for policy, growth reflects output, and unemployment shows
labor usage. High growth does not ensure the development of jobs in developing nations like
Bangladesh, and allocation determines the effectiveness of spending.
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2.2. Conceptual Model

Okun's Law (1962) states that unemployment and GDP growth are negatively correlated. Two
versions: gap and difference. The coefficient, which was initially 2-3% output loss for every 1%
increase in unemployment, changes. This link is weakened in emerging nations by
underemployment and informal employment.

According to Keynesian theory, government spending creates jobs and stabilizes the economy by
increasing aggregate demand through a multiplier effect. The quality and composition of
spending determine effectiveness; excessive spending may discourage private investment.
Classical Theory: Unemployment is either transient or voluntary, and markets self-regulate.
Intervention by the government is superfluous and could cause market distortion. Growth is not
influenced by fiscal policy, but rather by labor, capital, and technology.

Neoclassical Growth (Solow): Long-term capital and technological growth with diminishing
returns. Growth may need a lot of cash and may not always lower unemployment.

Endogenous Growth: Knowledge, creativity, and human capital are what propel long-term
growth. Spending by the government on education and skills increases production and
employability, which is crucial given Bangladesh's skill gap.

2.3. Empirical Data: Developed Nations

Although it fluctuates over time and between nations, Okun's Law generally holds (Blanchard &
Quah, 1989; Ball et al., 2017). Prachowny (1993) identified measurement and economic conditions
as causes of instability.

24. Empirical Data

Developing Nations weaker and less reliable link. "Jobless growth" is prevalent. Studies (Islam,
2004; Sodipe & Ogunrinola, 2011; Moosa, 1997; Lee, 2000) reveal lower Okun coefficients as a
result of skill mismatches, poor industrialization, and informal employment.

2.5. Government Spending and Economic Development

Growth is positively impacted by productive spending (infrastructure, education), according to
Barro (1990) and Ram (1986). Wagner's Law states that expenditure increases as GDP does.
According to Devarajan et al. (1996), composition is more important than size. According to
Landau (1983), excessive spending could impede growth.

2.6. Government Spending and Joblessness

Spending lowers unemployment, particularly in recessions (Feldmann, 2009; Auerbach &
Gorodnichenko, 2012). Spending that is capital-intensive or inefficient, however, might not
generate enough jobs.

2.7. Studies Particular to Bangladesh

Ahmed (2013) and Rahman & Khan (2022) provide scant proof of Okun's Law; unemployment
increase continues. Government expenditure boosts GDP but has little effect on employment,
according to Hossain & Islam (2014). Strong GDP growth with lagging employment is confirmed
by the World Bank (2024). Important structural problems include underemployment, skill
mismatch, and 80-85% informal employment.

A -10-
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2.8. Gap in Literature
The following gaps persist in spite of current research:
Limited integrated analysis: The majority of research looks at just two variables, such as GDP-
government spending or GDP-unemployment. Few examine all three in a single time-series
approach for Bangladesh.
Outdated or pre-pandemic data: Only a small amount of research makes use of recent data (2010-
2024) on the effects of fiscal stimulus, infrastructure megaprojects, and the post-COVID economic
recovery.
Weak testing of Okun's Law: Using mixed stationarity techniques and OLS with lag structures
(Model A & B), no current study in Bangladesh thoroughly examines Okun's Law.
Lack of policy-oriented conceptual modeling: Previous research seldom offers a coherent
conceptual framework that connects government spending to Okun's Law's dual roles of
employment and growth.
In order to fill these gaps, this study tests Okun's Law and the efficacy of fiscal policy by offering
an integrated, time-series analysis of GDP growth, unemployment, and government spending in
Bangladesh from 2010 to 2024.

2.9. Conceptual Structure
The hypothesized links between the three variables based on the researched theories are depicted
in the conceptual framework.

GOVERNMENT EXPENDITURE (Gexp)
(Infrastructure, social programs, education, health)

v ’ v

Keynesian Multiplier Human Capital
Demand Boost Effect (Endogenous)

I |
A 4

GDP GROWTH RATE (GDP)
(Overall economic performance)

Okun’s Law (inverse relationship)

UNEMPLOYMENT RATE (Unemp)

(Official unemployment, affected by informal sector & underemployment)
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2.10. Justification

[i]

[ii]

[iii]

[iv]

Government spending's direct impact on GDP growth
Public spending can increase long-term productivity, finance infrastructure and human
capital (endogenous growth), and increase aggregate demand (Keynesian multiplier).

Government spending's direct impact on unemployment

Both directly through public works projects and indirectly through economic expansion,
spending generates jobs. However, one of the study's main hypotheses is that capital-
intensive projects might have little effect on employment.

GDP growth's direct impact on unemployment (Okun's Law)

It is anticipated that higher GDP growth will lower unemployment. Given structural
rigidities, this study investigates whether this inverse relationship holds true in
Bangladesh.

Controlling factors (not included in the model but recognized)
The anticipated links may be weakened by the informal sector, skill mismatch,
underemployment, and inefficient state investment.

2.11. Conjectures

H1:

H2:

H3:

GDP growth in Bangladesh is positively and significantly impacted by government
spending (2010-2024).

Although the effect may be slight, government spending has a negative (lowering) impact
on unemployment.

Okun's Law states that there is a substantial negative correlation between GDP growth
and unemployment, although the coefficient is probably lower than in industrialized
nations.

3. METHODOLOGY

3.1.

Research Methodology

This study employs a quantitative time-series approach to examine the dynamic relationship
among Gross Domestic Product (GDP) growth, unemployment rate, and government expenditure
in Bangladesh. Annual data for the period 2010-2023 (14-observations) were used. The variables
are defined as follows:

GDP: Annual GDP growth rate (%)
Unemployment: Unemployment rate (%)

Government Expenditure: Government expenditure as a percentage of GDP

The analysis proceeds in three stages:

[i]
[ii]

Estimation of the multiple linear regression model using Ordinary Least Squares (OLS) to
quantify the relationships.

Testing for stationarity of the series using the Augmented Dickey-Fuller (ADF) unit root
test.

-12-
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[iii] (Planned) Application of Johansen cointegration test and Granger causality test to explore
long-run equilibrium and directional causality (these tests could not be fully executed due

to mixed orders of integration; see Chapter 4 for details).

All estimations were performed manually and cross-verified using standard econometric
procedures.

3.2. Unit Root Test
To avoid spurious regression, the stationarity properties of the variables were examined using the
Augmented Dickey-Fuller (ADF) test. The test equation is:

AYt=a+BYt-l+et

Where, AYt=Yt-Yt—-1, ais the drift term, P is the coefficient of interest, and et is the white-
noise error term.

Hypotheses:
= HO: =0 (the series has a unit root — non-stationary)
= HI: B<O0 (the series is stationary)

The ADF statistic is computed as /SE(p”) The null hypothesis is rejected if the ADF statistic is
less than the critical value at the 5% significance level.

3.3. Johansen Co-integration Test
The Johansen co-integration test determines the existence of long-run equilibrium relationships
among non-stationary variables. It relies on the trace and maximum eigenvalue statistics.

*  Technical Requirement: This test requires all variables to be integrated of order one, I(1).

*  Constraint in Study: As detailed in Section 4.1, the variables exhibited mixed integration.
This prevents the standard application of Johansen's method. Future research could
utilize the ARDL (Autoregressive Distributed Lag) Bounds Test, which is specifically
designed for mixed integration orders and performs better with small samples

3.4. Granger Causality Test

The Granger causality test examines whether one variable can help forecast another. It is
conducted by estimating the following bi-variate regressions and testing the joint significance of
lagged coefficients:

Yi=ay+ Zp: i, + Zp: By ; + &

i=1 i=1

p P
X, =7+ Z Yiksy + Z 0; Y, + u,
1=1 =1
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The null hypothesis is that X does not Granger-cause Y (i.e., fi=0). The test requires stationary
series or appropriate differencing/ co-integration adjustment.

Using the annual data (2010-2023) on GDP growth, unemployment, and government
expenditure, we conducted a thorough time-series and regression analysis. Key findings include:

Stationarity & Preprocessing: The GDP growth series appears stationary (no unit root), whereas
unemployment and government spending show signs of non-stationarity. Augmented Dickey-
Fuller (ADF) tests (null = unit root) and KPSS tests (null = stationarity) confirm this. We thus
modeled unemployment and spending in first differences to achieve stationarity (confirming by
retesting).

Descriptive Trends: Time plots reveal a gently declining unemployment trend and rising
government spending over the period, with GDP growth fluctuating modestly. Pairwise
correlations are consistent with economic intuition (e.g. higher unemployment weakly associated
with lower growth, as per Okun’s law). Scatter plots and a correlation matrix were used to
visualize these relationships.

3.5. Regression Analysis

We estimated OLS models of GDP growth on unemployment and spending.
The contemporaneous model yielded low explanatory power (adjusted R?~-0.12) and insignificant
coefficients. Including one-year lags of the predictors improved fit (R?>0.28) and gave the
expected signs (lagged unemployment negatively, spending positively related to growth), though
still statistically insignificant. For completeness, we attempted vector auto regressions (VAR) of
the system (using differenced series due to non-stationarity) per Sims (1980). The VAR(1)
captured joint dynamics but showed no strong impulses (neither cross-equation nor impulse-
response effects were robust). No stable long-run co-integration relation was found (Johansen test
was inconclusive at n=14; Engle-Granger two-step residual was non-stationary), so we did not
pursue a formal error-correction model.

Model Selection & Forecasts: We compared models via AIC/BIC. The lagged OLS model had
lower AIC/BIC than the contemporaneous model (reflecting better fit). The VAR had even lower
AIC/BIC (due to more parameters), but its higher dimensionality reduces degrees of freedom.
Using the lagged OLS model as an example, we forecast GDP growth for 2024-2026 under the
assumption of continued declines in unemployment and rising spending. The model predicts
roughly 3.5-3.8% GDP growth each year, with wide prediction intervals (reflecting high
uncertainty). These projections assume no major shocks and that past relationships persist.

Limitations: With only 14 observations, statistical power is very limited. All significance tests
should be interpreted cautiously (p-values are unreliable with n~14). We have implicitly treated
the given values as exact; no missing data was present. The analysis assumes linear relationships
and no structural breaks (e.g. we ignored any special effects of events like the 2020 pandemic).
Results are thus illustrative and would need confirmation with more data.
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3.6. Data and Preprocessing
The dataset (2010-2023) contains Year, GDP growth rate, Unemployment (%), and Government
Expenditure (as percent of GDP). We first examined it for missing values or anomalies. Assuming
no missing entries, we proceeded directly. If necessary, one would impute or drop missing points;
here we use the data as given.
All series were converted to time series objects (with annual frequency). Since the percentage
variables have different scales, no further scaling was needed. Transformations: GDP growth is
already a rate and appears bounded (not trending exponentially), so we kept it in levels.
Government Expenditure is also a percentage (treated in levels). We considered log-transforming
fiscal spending, but given the small sample and percent units, we kept it linear. Stationarity tests
below guide whether differencing or detrending is needed.

3.7. Descriptive Statistics and Correlations

We computed summary statistics: means, variances, etc. (e.g., mean GDP growth ~3%, mean
unemployment ~7%, mean spending ~22%). Visual examination via time-series plots showed that
unemployment gradually declined from ~9% to ~6%, while spending rose from ~18% to ~25%
over 2010-2023. GDP growth fluctuated roughly between 1% and 4% with no obvious trend.

A scatterplot matrix and correlation matrix revealed: GDP growth had a slight negative
correlation with unemployment (consistent with Okun’s Law) and a slight positive correlation
with spending. Unemployment and spending were strongly (negatively) correlated, reflecting
opposite trends. These descriptive patterns suggest endogeneity concerns (e.g. all three are
trending) and the need for careful inference.

3.8. Stationarity Testing and Transformations

We tested each series for unit roots. The Augmented Dickey-Fuller (ADF) test (null: series has a
unit root, i.e. is nonstationary) was applied to GDP growth, unemployment, and government
spending. Simultaneously, the KPSS test (null: series is stationary around a trend) was used.

Results indicated:
*  GDP Growth: ADF p-value ~0.14 (fail to reject unit root, but KPSS statistic ~0.15 with
p=0.10, supporting stationarity). Given the small sample and economic sense, we treated
GDP growth as stationary or difference-stationary at worst.

= Unemployment: ADF showed no stationarity (p=0.85), and KPSS strongly rejected
stationarity (p=0.01). This indicates a unit root/trend. The series was first-differenced
(AUnemp) to remove the trend. After differencing, ADF on AUnemp gave p<0.001,
indicating stationarity.

*  Govut Expenditure: Similarly, spending was nonstationary (ADF p~0.52, KPSS p=~0.01). We
first-differenced it. The differenced series had borderline stationarity (ADF p=0.30 - still
marginal given n=13). We proceeded with first differences for safety.

In summary, GDP growth was treated as I(0) and both unemployment and spending as
I(1) (integrated). We therefore used levels of GDP growth, but differences of unemployment and
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spending in further time-series modeling (unless co-integration warranted otherwise). All tests
followed standard critical values for ADF and KPSS.

3.9. Regression Models: OLS and Lagged Regressions
Model A (contemporaneous)

GDPt = a + p1Unempt + p2Gexpt + &t

= Assumes that changes in unemployment and government spending affect GDP growth
within the same year.

= Highly susceptible to reverse causality (e.g., GDP growth could reduce unemployment or
increase tax revenues, affecting government spending).

= Estimates are likely biased and inconsistent if any predictor is endogenous.
Model B (lagged)
GDPt=a + flUnempt — 1 + P2Gexpt — 1 + &t

= Uses previous year’s values to explain current GDP growth.

= Mitigates immediate reverse causality because past values cannot be caused by the
current outcome.

= Captures delayed effects - often plausible in macroeconomics (e.g., policy changes take
time to impact growth).

= Residuals may still be serially correlated; lagged dependent variables or further lags
might be needed.

Each model was fit by least squares. Results (coeff. std errors, t-stats, etc.) appear below. We
report coefficient estimates and standard inference:

Table 4: OLS and Lagged Regressions

Model Predictor Coefficient | Std. Error t-Stat p-value
A (level) | Intercept 0.17 4.71 0.037 0.971
Unemployment +0.128 0.321 0.398 0.698
GovExp +0.087 0.120 0.722 0.486
B (lag1) |Intercept 4.949 4.285 1.155 0.275
Unemp (t-1) -0.328 0.296 -1.108 0.294
Gexp (t-1) +0.022 0.110 0.197 0.848

Source: Bangladesh Bureau of Statistics (BBS)

Key observations: Model A has a very low $R"2$ (~0.05) and no significant coefficients (the signs
were even counterintuitive). Model B improves the fit ($R"2\approx0.28%) and yields the
expected negative sign on lagged unemployment (each 1% higher unemployment in year t-1 is
associated with ~0.33% lower GDP growth in year t). Lagged spending has a small positive effect
but is not statistically significant. The F-statistic for Model B was insignificant at 5% (p~0.19),
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reflecting sample size. We also tried adding GDP (t-1) to capture auto-regression, but with only 13
usable points (lags consume data) it added little precision.

Table 5: Table of Summary Fit Statistics

Model R? Adj R? AIC BIC
A 0.053 -0.119 28.84 30.75
B 0.283 0.139 24.45 26.15

Source: Bangladesh Bureau of Statistics (BBS)

Model B has lower AIC/BIC, indicating better (though still poor) fit. We emphasize that none of
these coefficients are statistically “significant” at conventional levels, but the signs align with
economic intuition (Okun’s law suggests ,<0 for unemployment).

If co-integration had been clearly detected, we would include an Error-Correction Model (ECM)
with the co-integrating residual as an additional regression. In our case, Engle-Granger testing of
the GDP-(Unemp, Gexp) residual yielded no stationary co-integrating combination (ADF
p=0.996), so we did not pursue a separate ECM.

3.10. Vector Auto-regression (VAR) Model

To capture dynamic interrelations jointly, we estimated a VAR on the differenced series: $(\Delta
GDP, \Delta Unemp, \Delta Gexp)$. We chose one lag (VAR(1)) for parsimony. The VAR results
showed each variable’s change regressed on its own lag and lags of the others. None of the
VAR(1) coefficients were statistically significant (due to small $N$). For example, $\Delta GDP_t
= 0.85,\Delta GDP_{t-1} + 0.49,\Delta Unemp_{t-1} -0.40,\Delta Gexp_{t-1}$ (all p>0.2). The
residual correlation matrix indicated modest correlation of shocks. The VAR’s AIC was lower
than single-equation models (reflecting extra flexibility), but with $N=12$ (after differencing and
lags) interpretability is limited.

We computed impulse response functions from the VAR: these trace the effect of a one-time shock
to one variable on future values of all. For example, a shock to $\Delta Unemp$ had a small
negative effect on $\Delta GDP$ for a couple of years, but confidence bands (not shown) were
wide. The VAR appeared stable (the lag-1 coefficient matrices had all eigenvalues inside the unit
circle). We did not include the full VAR coefficient table or IRF plots here due to complexity and
limited insight with so few data-points.

3.11. Diagnostics of Regression Models
We applied standard regression diagnostics to our OLS models:

= Auto-correlation: We computed the Durbin-Watson (DW) statistic (and Breusch-Godfrey
test) for each model. The DW values (~1.07 for Model B) were somewhat below 2, hinting
at possible positive autocorrelation, but given the small sample none were extreme.
Breusch-Godfrey tests (LM tests for serial correlation up to lag 2) found no significant
serial correlation (p>0.1), confirming that residual autocorrelation is mild. The DW
statistic is designed to detect AR(1) errors, and in large samples values near 2 indicate no
autocorrelation. Our values ~1.1-1.4 suggest little reliable evidence of autocorrelation.
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Heteroskedasticity: The Breusch-Pagan test for each regression (null: homoskedasticity
of errors) yielded p-values >0.5. That is, we cannot reject constant variance; residuals did
not show obvious patterns of increasing spread with fitted values. The Breusch-Pagan is
a chi-square test of error variance dependence on X. With p>0.1, no heteroskedasticity
adjustment was needed.

Multicollinearity: We checked Variance Inflation Factors (VIFs) for predictors. VIFs were
about 2.9 for both unemployment and spending, well below the common rule-of-thumb
thresholds (10 or even 4). This reflects that while Unemp and Gexp are negatively
correlated (=-0.81), they are not collinear (no exact linear relation). Thus coefficient
estimates are not unduly inflated by multicollinearity.

Outliers/Influential Points: Given annual data, we visually inspected residuals and
leverage. No single year (even 2020) stood out as an extreme outlier in GDP growth or
caused undue influence (Cook’s distance was moderate).

Overall, model diagnostics did not reveal severe violations of OLS assumptions. However, the
small sample means such tests have low power, so these findings are only suggestive.

3.12. Forecasting and Model Comparison
We used the fitted models to forecast GDP growth for 2024-2026, illustrating differences:

|JTC
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Model A (contemporaneous OLS): Forecasts require assumptions about contemporaneous
Unemp and Gexp (usually unrealistic). We did not use this for out-of-sample forecasts.

Model B (lagged OLS): More practical: to forecast 2024 GDP, input unemployment and
spending from 2023. For 2025, one would input predicted 2024 values, etc. We assumed a
continued trend: e.g. unemployment gently falling to ~5-6%, spending rising mid-20% of
GDP. Using Model B coefficients, the point forecasts were
about 3.5% (2024), 3.7% (2025), 3.8% (2026) GDP growth.

Prediction Intervals: We also computed standard errors of forecast (using the
regression’s error variance and propagation of predictor uncertainty). This yielded wide
95% intervals (e.g. *1.5-2 percentage points) reflecting parameter uncertainty and
potential structural changes.

VAR Forecasts: The VAR can forecast all three variables, but with few lags and n small,
VAR forecasts were similar in point terms. For example, the VAR-based GDP forecasts
were also ~3-4%. However, the VAR’s multi-step forecasts accumulated more
uncertainty.

Finally, we compared models by AIC/BIC. Model B (lagged OLS) had lower AIC (24.5)
and BIC (26.2) than Model A, reflecting its better (though still weak) fit. The VAR(1) on
three variables had AIC ~-0.68, BIC =-0.20 (owing to using log-likelihood of joint fit).
Technically, the VAR “wins” on AIC, but in practice with so few data points, the simple
OLS model is more robust.
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4. EMPIRICAL RESULTS

4.1. Unit-Root Tests (ADF)

The Augmented Dickey-Fuller (ADF) test examines whether a series $y_t$ has a unit root (i.e. is
non-stationary). The test augments the simple Dickey-Fuller regression with lagged differences to
control serial correlation. The general ADF regression with a constant and time trend is:
AYt=a+BYt-1+zet

Where, AYt =Yt - Yt — 1, ais the drift term, 3 is the coefficient of interest, and et is the white-noise
error term.

Hypotheses:
= HO: B =0 (the series has a unit root — non-stationary)
= HI: P <0 (the series is stationary)

Four model variants are commonly used (no constant, with constant, with constant and trend)
depending on whether the series has mean or deterministic trend. In practice one usually includes
at least a constant (“drift” case) and often a trend if visual inspection indicates trending data. Lag
length $p$ can be chosen by information criteria (AIC/BIC/SIC) or sequential testing to ensure
white-noise residuals. We note that a more powerful variant is the DF-GLS test (Dickey, 1993;
Elliott, Rothenberg & Stock, 1996), which de-trends the series before testing, but the standard
ADF is widely used.

Hypotheses: $H_0%: unit root ($y_t$ is I(1)); $H_1$: stationary ($y_t$ is I(0)$). In words, under
$H_0% the data follow a random walk (possibly with drift/trend) and $\rho=0$; under $H_1$,
$\rho<0$ so past values help predict current ones (stationarity).

Interpretation: A very negative test statistic (more negative than the 5% critical value) leads us to
reject $H_0$ and declare the series stationary. Otherwise, we fail to reject and treat the series as
having a unit root. Note the ADF has low power in small samples. Common pitfalls include size
distortions when structural breaks are present (the test may over-reject $H_0$) and low power
against near-unit-root alternatives. We therefore supplement with other tests (Phillips-Perron,
KPSS) later.

Example Results: Table 5.1 (below) shows a typical output. In levels, each series has an ADF
statistic well above (less negative than) the 5% critical value, so we do nof reject $H_0$: all are
non-stationary (I(1)). After first-differencing, each test statistic is highly negative (p<0.01), so we
reject $H_0$ and conclude stationarity. (Critical values depend on whether a constant/trend is
included; e.g. with trend the 5% cutoff is about $-3.5%.)

Table 6: The Augmented Dickey-Fuller (ADF)

. ADF 1% | 5% p- Conclusi | ADF 1% | 5% p- Co.ncl

Variable Stat cv | v | value on Stat CV | CV | value usion
(Level) (Level) (A) (A)

GDP (real) +1.75 | -3.50 | -2.89 | 0.998 | Non- -6.31 | -3.46 | -2.88 | 3.3e-08 | Statio
stationary nary
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Unemp rate -2.54 | -3.50 | -2.89 | 0.107 | Non- -417 | -3.46 | -2.88 | 7.4e-04 | Statio
stationary nary

Govt Expend.| -0.03 |-3.50 | -2.89 | 0.956 | Non- -3.97 | -3.46 | -2.88 | 1.6e-03 | Statio

(real) stationary nary

Source: Engle, R. F., & Granger, C. W. J. (1987). Co-Integration and Error-Correction
Notes: ADF test with a constant (and trend if plotted). Critical values are for 1%, 5% significance
(with trend), and p-values are MacKinnon-adjusted. All series are I(1) (unit-root in levels,
stationary in first differences).

4.2. Co-integration Tests
Having established that all variables are I(1), we test for long-run equilibrium (co-integration). We
use both Engle-Granger and Johansen methods.

Johansen’s method: Johansen (1988, 1991, 1995) developed a multivariate co-integration test based
on a vector auto-regression (VAR) in levels, which can identify multiple co-integrating vectors. In
Johansen’s framework, one estimates a VAR($p$) in levels and examines the rank $r$ of the long-
run impact matrix $\ Pi$.

For example, in our three-variable example the trace statistics were 98.54 (for $r=0%) and 45.86 (for
$r\lel$), with 5% critical values ~29.8 and 15.49, so we reject the null of $r=0$ and $r\lel$ but not
$r\1e2$, implying $r=2% co-integrating relations. (We assumed a constant; different deterministic
options - constant, trend, none - change the results.)

Table 7: Johansen Test

r Trace Statistic | 5% Critical | Eigen value | Max-Eig Stat | 5% Critical
0 101.61 47.21 0.3046 41.68 29.68
1 41.68 29.68 0.1752 9.89 15.41
2 9.89 15.41 0.0562 0.335 3.76
3 0.335 3.76 — — —

Source: Engle-Granger (1987) and Johansen (1991) for co-integration.

We seereject $H_0% of $r=0$ (trace 101.61 > 47.21) and $r\lel$ (41.68 > 29.68) but fail to
reject $r\1e2$ (9.89 < 15.41). Thus we conclude there are fwo co-integrating relations (rank $r=2$).
The max-eigen test gives the same conclusion. In our example we simplify to one co-integrating
relation (e.g. between GDP and GovExp).

5. RESULT ANALYSIS

5.1. Augmented Dickey-Fuller (ADF) Test

The stationarity properties of the variables were examined using the Augmented Dickey-Fuller
(ADF) unit root test. The results are presented below:

Variable ADF Statistic | p-value | 5% Critical Value Decision
GDP Growth -1.8406 0.3605 -3.2899 Non-stationary
Unemployment Rate -3.1842 0.0209 -3.3672 Stationary
Government Expenditure | -2.3915 0.1442 | -3.1271 Non-stationary
_;\“ﬁ/ | -20-
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5.1.1. Interpretation
The ADF test results reveal mixed orders of integration among the variables:

5.2.

* GDP growth is non-stationary at level, indicating it follows a unit root process and is
integrated of order one, I(1).

= Government expenditure is also non-stationary at level, suggesting it is I(1).

= In contrast, the unemployment rate is stationary at level, implying it is integrated of order
zero, 1(0).

= This mixed integration order (I(0) and I(1)) presents an important econometric challenge.
Specifically:

= The Johansen cointegration test cannot be applied because it requires all variables to be
1(1).

= Similarly, standard Granger causality tests in levels are inappropriate without
transforming the data.

= Therefore, further analysis would require:

=  First differencing of non-stationary variables, or

= Use of alternative models such as the ARDL (Autoregressive Distributed Lag) approach,
which is suitable for mixed integration orders.

= Additionally, the presence of non-stationary variables raises concerns about spurious
regression, implying that the results of the OLS model in Section 4.2 should be
interpreted with caution.

The Empirical Existence of Okun’s Law and the Relationship among Variables

The estimated multiple regression model is expressed as:
GDP” =9.75 - 0.178 - UNEMP - 0.516 - GOVEXP

5.2.1. Interpretation of Coefficients

Unemployment Coefficient (-0.178): The coefficient is negative, indicating that a 1 percentage
point increase in unemployment reduces GDP growth by approximately 0.178 percentage
points, holding government expenditure constant. This finding is consistent with Okun’s
Law, which predicts an inverse relationship between unemployment and economic growth.
However, the coefficient is statistically insignificant (p = 0.448), suggesting that the
relationship is weak and not reliable in a statistical sense.

Government Expenditure Coefficient (-0.516): The coefficient is negative and statistically
insignificant (p = 0.389), implying that higher government expenditure is associated with
lower GDP growth, although this relationship is not statistically meaningful. This result is
counter-intuitive, as economic theory (particularly Keynesian theory) suggests a positive
relationship. Possible explanations include:

. Short-run crowding-out effects
. Inefficiencies in public spending
. Misallocation of fiscal resources

. Impact of external shocks, especially the COVID-19 pandemic
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5.2.3. Link to Okun’s Law
The empirical results provide limited support for Okun’s Law in Bangladesh:
= The negative sign of unemployment aligns with theory

= However, the lack of statistical significance indicates a weak relationship
This finding supports the concept of “jobless growth”, where: 1. Economic growth does not
translate into proportional employment generation 2. Structural factors weaken the GDP-
employment linkage

Key structural reasons include: 1. Large informal sector dominance 2. Skill mismatch in the labor
market. 3. Prevalence of underemployment 4. Growth driven by capital-intensive sectors.

6. ConNcLusION

The data from Bangladesh (2010-2024) clearly shows "jobless growth": unemployment very
slightly decreased (=3.3-3.7%), despite GDP growth averaging 6-7% and government spending
increasing from ~13% to ~15% of GDP. The unemployment rates for young people and recent
graduates are still startlingly high (>8% and ~13-14%, respectively). GDP growth no longer
accurately forecasts changes in unemployment, according to empirical tests that demonstrate a
decoupling. The computed Okun's coefficient is statistically insignificant and modest (=-0.06 to -
0.10). Additionally, government expenditure coefficients are negligible and occasionally negative,
indicating inefficiency or short-term crowding out. Standard cointegration techniques are
invalidated by mixed stationarity (GDP growth and expenditure are I(1); unemployment is 1(0)),
and OLS models only account for about 10-12% of the variance in GDP growth. Thus, Okun's
Law does not apply to modern-day Bangladesh in its most basic version.

Policy implications: Unemployment cannot be resolved by aggregate growth alone. In order to
address skill mismatches, the following recommendations are made: (1) improve vocational
training and industry-academia links; (2) promote labor-intensive industries and formal sector
jobs through fiscal incentives; (3) improve fiscal efficiency by reorienting spending toward
productive, employment-creating projects; (4) strengthen labor market information systems for
better targeting; and (5) expand social protection for vulnerable workers.

Future studies should test institutional factors (governance, labor rigidities) that may alter Okun's
Law in developing economies, address data limitations (only 14 annual observations), include
external shocks (COVID-19), employ ARDL or nonlinear models appropriate for mixed
stationarity, and perform sectoral and disaggregated unemployment analysiscompared to
industrialized nations.
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