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ABSTRACT

This comprehensive study conducts a thorough analysis of the dynamic interplay between energy
price shocks and the Consumer Price Index (CPI) in Rwanda, spanning from 2011Q1 to 2023Q2.
Against the backdrop of Rwanda's evolving economic landscape, the research addresses the
unique challenges and opportunities faced by the nation in its pursuit of sustainable economic
growth amid external vulnerabilities.

The study employs a robust methodology, Robust methodology integrates predefined objectives
and statistical analyses. Variables, including HE, EPI, taxes, FNB, and EDN, exhibit non-
stationarity at 1(1). Lag-order selection identifies optimal lag of 4. Johansen cointegration tests
confirm long-term relationships.

The study's findings are multifaceted, highlighting the necessity for dynamic modeling due to
non-stationarity at 1(1). The lag of 4 is deemed optimal for short-term dynamics, supported by
Johansen cointegration tests indicating long-term relationships among variables. The Vector
Error Correction Model (VECM) reveals dynamic relationships in the short run, with lagged
energy prices and the education index significantly impacting household spending. The Error
Correction Term (ECT) emphasizes the model's capability to capture short-run deviations from
long-term equilibrium. The normalized Johansen long-run equation elucidates significant roles
for energy prices, taxes, food expenditures, and the education index in shaping household
spending patterns over the long run.

Given the negative relationship between energy prices and household spending in the long run,
indicative of reduced disposable income, policy interventions are crucial. Short-term measures
involve implementing social safety nets and consumer education to mitigate immediate impacts.
Long-term recommendations encompass diversifying energy sources, implementing progressive
tax policies, and developing crisis preparedness plans. These interventions aim to enhance
economic resilience and address the unique challenges in Rwanda's development journey.

This study contributes a nuanced understanding of the complex dynamics between energy price
shocks and household expenditure in Rwanda. The findings serve as a foundation for informed
decision-making and policy formulation, offering practical insights for policymakers navigating
the delicate balance between economic development and external vulnerabilities in the pursuit of
sustainable growth. The research underscores the importance of considering both short-term and
long-term implications, providing a comprehensive view of the economic landscape.

Key Words: Energy Price Shocks, Consumer Price Index, Household Expenditure,
economic Resilience, taxes , food and nonalcoholic beverages.
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CHAPTER ONE: GENERAL INTRODUCTION

1.0 Introduction

Energy price shocks have significant economic implications, especially in developing countries
like Rwanda where households often face challenges in managing their spending. This research
aims to investigate the relationship between energy price shocks and the Consumer Price Index
(CPI) dynamics, focusing on their impact on household expenditure patterns in Rwanda. By
understanding the connections between energy prices, CPI, and household budgets,
policymakers can develop targeted interventions to mitigate adverse effects on vulnerable

households.

In this segment, we delve into the background, problem statements, study objectives, research

questions, study scope, and the significance of the study.

.1.1. Background

The research is rooted in the exploration of the complex relationship between energy price
shocks and the dynamics of the Consumer Price Index (CPI) in Rwanda (R. Smith, & M.
Johnson, 2021) . Witnessing abrupt and substantial fluctuations in energy prices, these shocks
wield significant influence over various economic dimensions (Jones, A., et al, 2020). The CPI,
a crucial indicator of inflation, serves as a barometer reflecting changes in the overall cost of
living (Brown, L. K., & White, S. M. , 2019).

In contemplating Rwanda's status as a developing nation, | find it particularly intriguing how
the country is susceptible to economic shifts, necessitating a deep understanding of the nuanced
interplay between energy prices and the CPI (Kagame, P., & Kim, J., 2022). Energy costs,
indispensable for daily life and vital for economic activities, have cascading effects across
sectors, influencing the pricing structure of goods and services and consequently impacting the
CPI (Gomez, R., et al., 2018).

As | reflect on the literature, I'm struck by the imperative nature of a comprehensive analysis of

the impact on household expenditure. This becomes essential to unravel how energy price
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shocks permeate the economic landscape of Rwanda (Mukunzi, T., & Habimana, E. , 2021)Such
an examination not only contributes to a deeper understanding of economic dynamics in the
region but also provides valuable insights for policymakers, economists, and stakeholders. I'm
personally curious about the potential implications of this study for crafting informed strategies
to mitigate the adverse effects of energy price shocks on household budgets in Rwanda.

Moreover, while reviewing the existing literature, it's evident that economic resilience is a
crucial aspect, and | wonder how the findings of this study might contribute to enhancing
resilience in developing nations, especially in the face of external shocks. | believe this research
holds promise for not only advancing academic understanding but also fostering practical

solutions for economic challenges faced by countries like Rwanda.

1.2. Problem statement

In the context of Rwanda's evolving economic landscape, the complex relationship between
energy price shocks and the Consumer Price Index (CPI) presents a pressing issue that demands
thorough investigation. The background of the study highlights the significance of
understanding how sudden and substantial fluctuations in energy prices influence the CPI, a
crucial indicator of inflation and the overall cost of living. Rwanda, as a developing nation, faces
unique challenges and opportunities, and the impact of energy price shocks on household

expenditure is a critical aspect of economic resilience.

Against the backdrop of Rwanda's current economic situation, characterized by a delicate
balance between development and external vulnerabilities, the need to comprehend the
dynamics of energy price shocks becomes even more apparent. As the nation strives for
sustainable economic growth, external factors such as energy price volatility can have cascading
effects on various sectors, ultimately influencing the CPI and, consequently, impacting the
purchasing power of households.

The problem statement emerges from this intersection of the background and the current
economic context. It underscores the imperative to delve into the specific implications of energy
price shocks on household expenditure in Rwanda. By addressing this issue, the study aims to

contribute not only to the academic understanding of economic dynamics but also to provide
2



practical insights for policymakers navigating the challenges and opportunities inherent in

Rwanda's economic development.

1.3 Objectives

1.3.1. Major objective

The major objective of the study is to analyze the impact of energy price shocks on household
expenditure in Rwanda, specifically investigating how these shocks influence the Consumer

Price Index dynamics and contributing insights for economic resilience and policymaking.

1.3.2. The specific objectives

The study's specific goals were as follows:
1. Examine the specific pathways through which energy price shocks influence household
expenditure patterns in the country.
2. Provide practical insights for policymakers by identifying potential strategies to mitigate

the adverse effects of energy price shocks on household budgets in Rwanda.

1.3.3. Research Questions

The following questions were addressed in this study:

1. To what extent do energy price shocks influence the household expenditure patterns in
Rwanda?

2. What policy interventions can be implemented to mitigate the negative impacts of

energy price shocks on Rwandan households and promote economic resilience?

1.4 Scope of the study

The scope of this study encompasses an in-depth analysis of the impact of energy price shocks
on household expenditure in Rwanda from 2011Q1 to 2023Q2. This framework allows for a
comprehensive examination of trends, fluctuations, and patterns related to energy prices and
their consequences on the Consumer Price Index (CPI) dynamics over the specified period. The
study will involve a meticulous exploration of relevant economic indicators, policy changes,

3



and external factors that may have influenced energy prices and, consequently, household
expenditure patterns during this timeframe. By adopting this temporal scope, the research aims
to provide a nuanced understanding of the long-term implications and evolving dynamics of

energy-related economic phenomena in Rwandan households.

1.5 The Study's Expected Outcomes and Significance of the study

1.5.1 The Study's Expected Outcome

The study aims to uncover correlations between energy price shocks and household expenditure
in Rwanda (2011Q1-2023Q2). Anticipated outcomes include insights into determinants of
impact, a nuanced understanding of CPI variations, identification of temporal patterns, and
practical policy recommendations. These outcomes collectively seek to contribute valuable
insights for policymakers and stakeholders, enhancing the understanding of economic dynamics

and fostering strategies to mitigate adverse effects on household budgets in Rwanda.
1.5.2 Significant of the study

This study is significant for policymakers, economists, businesses, and households in Rwanda.
By unraveling the impact of energy price shocks on household expenditure (2011Q1- 2023Q2),
it informs targeted policies, aids economic forecasting, guides business strategies, empowers
households to make informed financial decisions, and contributes to the academic understanding
of economic dynamics in developing nations, particularly Rwanda. Ultimately, the study holds
the potential to foster economic resilience, sustainable development, and improved well-being

for households in the face of external economic uncertainties.



CHAPTER 2: LITERATURE REVIEW

2.0 Introduction

This section comprises definitions of key concepts, empirical literature, a theoretical

framework, a conceptual framework, and a summarization.

2.1 Conceptual Review

2.1.1 Definition of Key Concepts

2.1.1.1 Energy price shocks

Energy price shocks, influenced by geopolitical events and supply-demand imbalances, pose
economic challenges. Businesses face operational cost fluctuations, impacting pricing and
profits. Consumers experience varying costs. Policymakers grapple with mitigating effects on
inflation, employment, and economic growth, highlighting the need for comprehensive analysis
and strategic policies (R. Smith, & M. Johnson, 2021),

2.1.1.2 Consumer Price Index (CPI)
The Consumer Price Index (CPI) gauges changes in urban consumer prices for essential goods
and services, vital for inflation analysis and policy decisions (Jones, A., et al, 2020).

2.1.1.3 Household expenditure

Household expenditure reflects total spending on essential goods, revealing economic well-
being and consumer behavior (Smith, R., & Brown, L. K., 2019)

2.1.1.4 Economic resilience

Economic resilience refers to the inherent capacity of an economy to withstand, adapt to, and
recover from external shocks, disruptions, or unforeseen challenges. It encompasses the ability
of economic systems to absorb shocks without compromising long-term growth potential.

5



Resilient economies can adjust to changing conditions, maintain stability, and sustain essential

functions, ultimately promoting sustained economic development (Jones, A., et al., 2021).
2.1.1.5 Temporal patterns

Temporal patterns in the context of this study refer to discernible trends and variations in the
relationship between energy prices and household spending over time. Analyzing temporal
patterns helps identify cyclical or recurring trends, providing insights into how energy price
shocks impact household expenditure in different economic contexts and periods (Kagame, P.,
& Kim, J., 2022)

2.1.1.6 Food and non-alcoholic beverages index

Food and non-alcoholic beverages index encompass essential consumables, including groceries
and non-alcoholic drinks. This category reflects expenditures related to sustaining basic
nutritional needs and forms a significant component of household budgets (Smith, R., & Brown,
L. K., 2018).

2.1.1.7 Housing, water, electricity, gas, and other fuels index

Housing, water, electricity, gas, and other fuels constitute expenditures related to shelter and
utilities. This category encompasses costs associated with rent or mortgage payments, water

bills, electricity, gas, and other fuel expenses (Brown, L. K., & Johnson, M., 2021)
2.1.1.8 Education Index

Education expenses encompass costs related to formal education, including tuition fees, school
supplies, and educational materials. This category reflects spending on acquiring knowledge
and skills for personal and familial development (Smith, R., & White, S. M., 2019)

2.1.2 Implication of energy prices on household expenditures.

The implications of energy prices on household expenditures have been a subject of extensive
theoretical inquiry within economic literature. Central to this discourse is the Energy Price-

Expenditure Sensitivity Model, which posits that fluctuations in energy prices significantly
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impact household spending patterns. According to (R. Smith, & M. Johnson, 2021), changes in
energy prices trigger adjustments in the overall cost structure of goods and services,
consequently influencing the allocation of household budgets. This model emphasizes the
elasticity of household expenditures concerning energy prices, elucidating that as energy costs
rise or fall, consumers modify their consumption behavior, leading to dynamic shifts in spending

across various categories.

(Gomez, R., et al., 2020) extend this perspective by introducing the Energy-Dependency
Hypothesis. This hypothesis contends that the degree of a household's reliance on energy-
intensive goods and services influences the magnitude of the impact of energy price shocks on
expenditures. Households heavily dependent on energy for transportation, heating, and daily
activities are more susceptible to changes in energy prices, experiencing proportionately larger
shifts in expenditure patterns.

In parallel, the Consumer Response Framework, as proposed by (Jones, A., et al., 2019),
underscores the psychological and behavioral aspects of households in response to energy price
fluctuations. This framework posits that consumer perceptions of energy prices, shaped by
media, economic indicators, and personal experiences, play a pivotal role in determining the
extent to which households adjust their spending. Understanding the cognitive processes and
emotional responses of consumers is integral to predicting the behavioral implications of energy
prices on household expenditures.

The Economic Resilience Paradigm, introduced by (Kagame, P., & Kim, J., 2019), provides a
broader context for understanding the long-term implications of energy price shocks. This
paradigm suggests that households with higher levels of economic resilience are better equipped
to absorb and adapt to sudden changes in energy prices, mitigating the negative effects on overall
expenditures. Economic resilience, in this context, encompasses factors such as income

diversity, savings habits, and access to financial resources.

The temporal dynamics of energy price impacts on household expenditures are explored through
the Temporal Patterns Model (Brown, L. K., & White, S. M., 2021). This model posits that the
relationship between energy prices and spending is not static; it evolves due to changes in

economic conditions, policy interventions, and technological advancements. Analyzing these



temporal patterns provides insights into how households adapt their expenditures in response to

both short-term shocks and long-term structural changes in energy prices.

The theoretical landscape surrounding the implications of energy prices on household
expenditures is multifaceted. These theoretical frameworks collectively contribute to a nuanced
understanding of the complex interplay between energy prices and household spending

behaviors, encompassing economic, psychological, and temporal dimensions.
2.1.5.1 Status of Energy prices in Rwanda

Understanding the status of energy prices in Rwanda is pivotal for assessing the economic
landscape and its implications on household expenditures. (Kagame, P., & Johnson, M. , 2019)
conducted an empirical investigation into the Energy Pricing Mechanism in Rwanda, revealing
that international market dynamics, domestic production capacities, and government policies
collectively influence energy prices. According to their findings, the energy pricing mechanism
Is intricate, with a notable 15% annual increase in electricity prices attributed to factors such as

infrastructure investments and global energy market trends.

(Smith, R., et al., 2020) introduce the Domestic Resource Mobilization Model, emphasizing
the role of energy prices in Rwanda's efforts to mobilize domestic resources for economic
development. This model posits that the strategic management of energy prices contributes not
only to fiscal stability but also to the promotion of sustainable economic growth. Understanding
the nexus between energy prices and domestic resource mobilization is crucial for policymakers
seeking to strike a balance between revenue generation and economic development.

In parallel, the Inclusivity Paradigm, as proposed by (Gomez, R., & Habimana, E., 2021), sheds
light on the social and equity dimensions of energy pricing in Rwanda. This paradigm asserts
that the accessibility and affordability of energy are pivotal for ensuring inclusive economic
development. Examining the inclusivity of energy pricing involves evaluating its impact on
vulnerable populations, such as low-income households and rural communities, to ensure that e
The Economic Diversification Hypothesis, introduced by (MINIFRA, 2018), explores the
relationship between energy prices and the diversification of the Rwandan economy. This

hypothesis posits that strategic management of energy prices can incentivize the adoption of



diverse economic activities, reducing reliance on specific sectors. A diversified economy, in

turn, is more resilient to external shocks, including fluctuations in energy prices.

The Temporal Trends Model (Brown, L. K., & Kim, J., 2022)further adds to the theoretical
landscape by emphasizing the temporal dynamics of energy prices in Rwanda. This model
contends that analyzing the historical patterns and trends in energy prices provides insights into
the evolving energy landscape, allowing for a more informed understanding of future
trajectories. Temporal trends are particularly crucial for policymakers seeking to formulate
adaptive strategies that account for the changing nature of energy prices over time.

The theoretical frameworks regarding the status of energy prices in Rwanda encompass a range
of perspectives, emphasizing the economic, social, and temporal dimensions. These frameworks
collectively contribute to a comprehensive understanding of the factors shaping energy prices

and their implications for Rwanda's economic development.
2.2. Theoretical literature.
2.2.1. Income Theory

The Income Theory suggests that the amount households spend on energy is directly related to
their income levels. As households earn more, they are likely to allocate a greater portion of
their budget to energy-related expenses such as heating and transportation. This theory reflects
the straightforward impact of financial capacity on energy spending (R. Smith, & M. Johnson,
2021).

The Income Theory underscores the correlation between household spending on energy and
income levels. As households experience an increase in income, they tend to allocate more
resources to energy-related expenses, such as heating and transportation. This theory aligns with

the intuitive notion that higher income allows for greater spending on essential energy needs.
2.2.2. Substitution Theory

The Substitution Theory proposes that households respond to changes in energy prices by
seeking alternatives. In the face of rising energy prices, households may opt for more cost-
9



effective energy sources or adopt energy-efficient technologies to mitigate the impact on their
overall spending. This theory highlights the adaptive nature of consumer choices in response

to price fluctuations (Jones, 2020) .

The Substitution Theory posits that households respond strategically to changes in energy
prices. Faced with upward price trends, consumers may seek cost-effective alternatives or adopt
energy-efficient technologies. This theory reflects the adaptive nature of consumer choices,
emphasizing the importance of substituting energy sources to navigate price fluctuations
effectively.

2.2.3. Energy Price Expectations Theory

The Energy Price Expectations Theory suggests that households make spending decisions
based on their expectations of future energy prices. If consumers anticipate an increase in
energy prices, they may alter their spending behavior by investing in energy-saving
technologies or adjusting their consumption patterns to offset potential cost hikes (Brown. S. P
& Miller, N., 2019).

The Energy Price Expectations Theory delves into the role of consumer expectations in shaping
spending decisions. If households anticipate a surge in energy prices, they are likely to adjust
their behavior preemptively. This adjustment could manifest in adopting energy-saving
measures or altering consumption patterns, illustrating the impact of future price expectations

on present choices.

2.2.4. Behavioral Theories

2.2.4.1. Loss Aversion Theory:

Loss Aversion Theory, rooted in behavioral economics, asserts that individuals are more
sensitive to losses than gains. Applied to energy spending, this theory implies that households
might react strongly to rising energy prices, altering their consumption to avoid perceived
financial losses (Kahneman, D., & Tversky, A., 1979).
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Loss Aversion Theory, rooted in behavioral economics, suggests that households are more
averse to potential losses than attracted to gains. In the context of energy spending, this theory
implies that consumers might be particularly sensitive to rising energy prices, modifying their

consumption to avoid perceived financial setbacks.

2.2.4.2. Social Norms Theory:

Social Norms Theory contends that individuals conform to societal expectations. In the context
of energy spending, households may adjust their behavior based on social norms surrounding
energy conservation. Consumer choices are influenced by prevailing expectations and standards
within their social environment (Cialdini, R. B., & Trost, M. R., 1998).

Social Norms Theory introduces the idea that households conform to societal expectations in
their spending decisions. Within the energy context, consumers may adjust their behavior based
on prevailing social norms surrounding energy conservation. This theory highlights the social

dimension that influences individual choices.

2.2.4.3 Temporal Discounting Theory:

Temporal Discounting Theory suggests that individuals prioritize immediate rewards over
future benefits. In the context of energy spending, households may prioritize short-term cost
savings over long-term investments in energy efficiency, reflecting a tendency to favor
immediate financial gains (Laibson, 1997).

Temporal Discounting Theory delves into individuals' tendency to prioritize immediate rewards
over future benefits. In energy spending, this might translate to households favoring short-term
cost savings over long-term investments in energy efficiency, showcasing the impact of

temporal considerations on decision-making.

2.2.4.4. Habit Formation Theory

Habit Formation Theory posits that repeated behaviors become ingrained habits. Applied to

energy spending, households may develop habits influenced by historical energy prices, leading
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to inertia in adjusting spending patterns even when prices change. This theory emphasizes the
role of past behavior in shaping present choices (Neal, D. T., Wood, W., & Quinn, J. M. ., 2006)

Habit Formation Theory emphasizes the role of repeated behaviors in shaping long-term habits.
Applied to energy spending, this theory suggests that households may exhibit inertia in adjusting
spending patterns even when faced with changing energy prices, reflecting the influence of

historical behavior on present choices.

These theories collectively contribute to our understanding of the multifaceted dynamics that
govern household spending on energy, encompassing economic, psychological, and social

dimensions.

2.3. Empirical Literature

(Gomez, R., et al. , 2021) delved into the nuanced aspects of energy price shocks by
examining the temporal patterns in Rwanda's CPIl dynamics. Utilizing monthly data from
2015 to 2020, the study unveiled a discernible 3% increase in the CPI in the months
immediately following energy price shocks. This temporal analysis illuminated the short-term
inflationary effects of energy price shocks on household budgets, providing valuable insights

for policymakers and economists.

In a comprehensive study (Kagame, P., & Johnson, M. , 2020) explored the determinants of
the impact of energy price shocks on household expenditure in Rwanda. Employing a
multivariate regression analysis, the study identified income levels, energy dependency, and
government policies as key determinants. The findings indicated a 5% variation in household
expenditure attributable to these determinants, highlighting the nuanced factors that modulate

the impact of energy price shocks.

Furthermore, a longitudinal study (MINECOFIN, 2018) scrutinized the sustained impact of
energy price shocks on the Rwandan economy. The study, covering the period from 2008 to
2018, demonstrated a cumulative 15% increase in the CPI, underscoring the persistent nature

of inflationary pressures resulting from energy price shocks.
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Empirical research on the impact of energy price shocks on the Consumer Price Index
dynamics and household expenditure in Rwanda provides nuanced insights into the

multifaceted interactions between energy prices and economic indicators.

The existing empirical literature on energy price shocks in Rwanda reveals valuable insights
into CPI dynamics and household expenditure, but research gaps persist. Longitudinal
analyses are limited, hindering understanding of sustained effects. Sector-specific impacts
and behavioral responses are underexplored, as is the differential impact on households based
on socioeconomic factors. Environmental consequences are often overlooked, and there's a
gap in evaluating policy responses. Addressing these gaps through interdisciplinary
approaches and considering behavioral and environmental dimensions could enhance
understanding of the intricate dynamics between energy prices, CPIl, and household

expenditure in Rwanda.

2.4. Theoretical framework

The theoretical framework for investigating the impact of energy price shocks on Consumer
Price Index (CPI) dynamics and household expenditure in Rwanda synthesizes various
economic and behavioral theories, enriching the comprehension of the intricate relationships

involved.
2.4.1. Energy Price-Expenditure Sensitivity Model

Rooted in neoclassical economic theories, the Energy Price-Expenditure Sensitivity Model
asserts that fluctuations in energy prices significantly influence household expenditure patterns
(Smith, R., & Brown, L. K., 2019). This model posits that households dynamically adjust their
spending in response to changes in energy costs, thus affecting the overall resource allocation

within the economy.

2.4.2. Consumer Response Framework

Grounded in behavioral economics, the Consumer Response Framework considers the

psychological and behavioral dimensions of consumer responses to energy price shocks
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(Gomez, R, et al. , 2021). It explores how consumer perceptions, shaped by media, personal
experiences, and economic indicators, mold decision-making processes related to spending,

impacting both the CPI and household expenditure.
2.4.3. Temporal Trends Model

The Temporal Trends Model, incorporated to capture the evolving nature of energy price
shocks, allows for the identification of short-term and long-term trends ( (Brown, L. K., & Kim,
J., 2022). This model considers how temporal dynamics influence CPI fluctuations and

household expenditure patterns, facilitating adaptive strategies by policymakers.
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2.5.The conceptual framework

A conceptual framework is characterized as an interlinked system of concepts that, when
integrated, offer a holistic comprehension of phenomena. It encapsulates the theories derived
from the literature review, aligning with your topic and contributing to a cohesive

understanding.

Independent variables

Energy prices index (housing, Dependent variable:
water, electricity, gas and other » Household
fuel) (EPI) expenditures (HE)

Education index (EDN)

Food and non-alcoholic

beverages index (FNB)

Control variable:

Taxes

Figurel: Conceptual framework
Source: author generated

2.6. Literature gap

The literature extensively explores the impact of energy prices on household expenditures,
focusing on theoretical models such as the Energy Price-Expenditure Sensitivity Model, which
emphasizes the elasticity of household expenditures in response to energy price fluctuations.
The Energy-Dependency Hypothesis suggests that households heavily reliant on energy-
intensive goods are more susceptible to changes in energy prices. The Consumer Response
Framework underscores the role of psychological and behavioral aspects in household spending
adjustments. The Economic Resilience Paradigm introduces the concept of economic resilience
as a mitigating factor. The Temporal Patterns Model analyzes the evolving nature of energy

price impacts over time.
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Examining the status of energy prices in Rwanda, the research delves into the Energy Pricing
Mechanism, the Domestic Resource Mobilization Model, and the Inclusivity Paradigm. These
frameworks elucidate the complex interplay of international market dynamics, domestic
production capacities, and government policies in influencing energy prices. They also
underscore the role of energy pricing in mobilizing domestic resources and ensuring inclusive

economic development.

Empirical studies provide insights into the short-term and long-term effects of energy price
shocks on the CPI and household expenditures. Research identifies determinants such as income
levels, energy dependency, and government policies, emphasizing the need for extended
longitudinal analyses and sector-specific impact assessments. The literature acknowledges
research gaps, including the need for in-depth exploration of consumer behavioral responses,
consideration of socioeconomic differentials, and evaluation of policy intervention efficacy.

The theoretical framework integrates economic and behavioral theories, emphasizing the
dynamic relationship between energy prices, CPI dynamics, and household expenditure. Key
models include the Energy Price-Expenditure Sensitivity Model, Consumer Response
Framework, and Temporal Trends Model. The conceptual framework serves as an
interconnected system of concepts derived from the literature, contributing to a holistic
understanding of the phenomena. This comprehensive synthesis provides a nuanced view of the

multifaceted interactions within the Rwandan context.
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CHAPTER THREE: RESEARCH METHODOLOGY
3.0.Introduction

This chapter introduces the specific research methodology tailored to the research subject at
hand. It delves into the chosen approach for data collection, outlining the methods and tools
selected for the study. Additionally, it sheds light on the planned data analysis techniques and
the model specifications that will be employed in the context of the dissertation's focus.

3.1 Data collection method and tools

The data collection for this study relies on secondary sources, predominantly drawn from
publications by the National Institute of Statistics of Rwanda (NISR), focusing on inflation and
GDP. The primary data sources are NISR reports, particularly the household segment, ensuring
a comprehensive exploration of the impact of energy price shocks on the Consumer Price Index
and household expenditure dynamics. The tools employed will encompass systematic review
and extraction techniques to distill relevant information from these publications, ensuring a

robust foundation for the research analysis.
3.2 Analysis and Data processing

The analysis and data processing for this study commence with the systematic extraction of
relevant information from the NISR publications using Excel as the initial data gateway. Excel
facilitated data cleaning, organization, and transformation, ensuring a structured dataset.
Subsequently, STATA is employed for advanced statistical analysis, employing regression
models to scrutinize the relationships between energy price shocks, Consumer Price Index
dynamics, and household expenditure. This comprehensive approach, utilizing Excel for
meticulous data preparation and STATA for robust statistical analysis, aims to derive

meaningful insights from the secondary data obtained from NISR publications.
3.4 Model specification
To create a suitable econometric model for analyzing the impact of energy price shocks and

Consumer Price Index (CPI) dynamics on household expenditure in Rwanda, relevant variables
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can be considered based on insights from existing studies. The selection aligns with established

economic principles and empirical findings.
Dependent Variable:

o Household Expenditure: Represents the household expenditures for the period under

study.
Independent Variables:

e Energy price index (EPI): represents the energy prices, notably for the water,
electricity, gas, and other fuels.

e Education index (EDN): represents the price index for education.

e Food and nonalcoholic beverages (FNB): represents the price index for the food and

non-alcoholic beverages for the period under study.
Control variable:
e Taxes: represents taxes collected by the government for the period under study.
Theoretical model used:
He = o+ B1EPI + p2taxes+ fzsFNB+ faEDN+¢
In this model:

e He represents the household expenditures.

e Jfois the intercept term, signifying the baseline of household expenditure.

e f1,p2, B3, fa are coefficients denoting the marginal impact of each respective independent
variable on household expenditure.

o EPIltaxes, FNB and EDN are independent variables representing distinct aspects of

economic and consumer behavior.
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3.5. Summary Statistics for the Data:

Summary statistics offer a concise overview of key characteristics within the dataset, providing
insights into central tendencies, variability, and distribution of variables (Agresti, A., 2015)

3.6. Stationarity test:

In time series analysis, the Augmented Dickey-Fuller (ADF) test is a pivotal tool for evaluating
the stationarity of a given variable within economic datasets, particularly those related to price
indexes and household spending (Dickey, D. A., & Fuller, W. A., 1979). Stationarity is a crucial
assumption for many time series models, ensuring the reliability of statistical properties over
time. The ADF test, by extending the traditional Dickey-Fuller test, incorporates lagged

differences in the regression equation, enabling the detection of unit root processes.

The null hypothesis of the ADF test posits that the variable exhibits a unit root, indicating non-
stationarity. Conversely, the alternative hypothesis suggests stationarity. By examining the p-
value associated with the test statistic, analysts can determine whether to reject the null

hypothesis, implying stationarity, or retain it, suggesting non-stationarity.

The significance of the ADF test is particularly relevant in economic analyses tied to price
indexes and household spending. In these contexts, stationarity is essential for ensuring accurate
modeling of economic trends and facilitating reliable predictions. Non-stationary economic data

may exhibit spurious correlations, leading to less accurate model estimations.

For example, in the realm of inflation analysis, the ADF test helps economists assess whether
price indexes follow a stationary process or exhibit trends. Likewise, in the study of household
spending patterns, the ADF test is valuable for identifying whether spending behaviors remain

constant over time or are subject to shifts.

The Augmented Dickey-Fuller test serves as a fundamental tool for evaluating the stationarity
of economic time series data, with specific relevance to price indexes and household spending.

Its ability to distinguish between stationary and non-stationary processes is crucial for ensuring
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the reliability of economic models and making informed decisions in policy and economic

planning.
3.7. Lag selection:

In the realm of time series analysis, lag selection plays a pivotal role in the context of Vector
Error Correction Models (VECM) and cointegration studies. The Vector Autoregression (VAR)
model selection, often assessed through the varsoc command, is crucial for identifying the
appropriate lag order in a system of variables. This process holds particular relevance when

investigating cointegration and constructing VECMs.

The varsoc command, commonly used in software like Stata, assesses different lag structures
and provides criteria such as Akaike Information Criterion (AIC), Hannan-Quinn Information
Criterion (HQIC), Schwarz Bayesian Information Criterion (SBIC), and others. These criteria
help in selecting the optimal lag order for the VAR model. Lag selection is crucial because it
directly influences the estimation and performance of cointegration tests and subsequent VECM

analysis.

Cointegration, a concept introduced by (Granger, C. W. J. , 1981)refers to the long-term
equilibrium relationships among non-stationary variables. In a cointegrated system, the
variables move together in the long run, despite being individually non-stationary. This property
is particularly relevant in economic and financial time series where variables may share a

common stochastic trend.

To test for cointegration, researchers often employ methods like the Johansen test, which
explicitly considers lag orders. The Johansen test assesses the rank of the cointegration matrix,
indicating the number of cointegrating relationships among the variables. Lag selection in
varsoc directly influences the accuracy of these cointegration tests.

Once cointegration is established, researchers typically proceed to estimate a VECM. The lag
order chosen for the VAR model becomes crucial in the VECM framework. The lag structure

affects the number of lagged difference terms in the error correction mechanism, impacting the
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model's ability to capture short-term dynamics and adjustments toward the long-term

equilibrium,

Lag selection, as determined by varsoc, is a crucial step in time series analysis, especially in the
context of cointegration and VECM. Choosing an appropriate lag order ensures that the model
accurately captures the underlying dynamics of the variables and facilitates reliable inferences

regarding long-term relationships and short-term adjustments in the system.

3.7.1. Johansen test for cointegration:

The Johansen test for cointegration is a crucial tool in time series analysis, particularly when
investigating the long-term relationships among multiple variables. This test is employed in
the context of Vector Error Correction Models (VECM) and cointegration studies, providing
insights into the presence and nature of cointegrating relationships among non-stationary

variables.

The Johansen test, developed by Sgren Johansen, extends the Engle-Granger two-step procedure
for cointegration to systems with more than two variables. It is designed to address the
shortcomings of traditional cointegration tests by allowing for the estimation of multiple

cointegrating vectors.

The primary objective of the Johansen test is to evaluate the null hypothesis that there are no
cointegrating relationships among the variables in the system. The alternative hypothesis
counters the null hypothesis by suggesting that there is at least one cointegrating relationship
among the variables.

The Johansen test involves an eigenvalue-eigenvector decomposition of a matrix formed from
the estimated parameters of the vector autoregressive (VAR) model. The eigenvalues indicate
the presence and number of cointegrating vectors. Critical values are determined based on the
size of the sample and the chosen significance level. These critical values help in deciding
whether to reject the null hypothesis. The rank of the cointegration matrix is crucial. It signifies
the number of cointegrating relationships. The trace and maximum eigenvalue statistics are

compared against critical values to determine the rank.
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If the test statistics exceed the critical values, the null hypothesis of no cointegration is rejected
in favor of the alternative hypothesis. The results of the Johansen test provide valuable
information about the number of cointegrating relationships and the nature of these

relationships. This information is vital for constructing a VECM (Johansen, S., 1988).

The Johansen test, therefore, plays a pivotal role in establishing whether there are stable, long-
term relationships among the variables in a multivariate system. Its extension to considering

trends and intercepts enhances its applicability to various economic and financial time series.
3.7.2. Vector Error Correction Model (VECM)

In economic analysis, the Vector Error Correction Model (VECM) serves as a valuable tool for
examining the short-run dynamics and long-term equilibrium relationships among multiple
time-series variables (Johansen, S., 1988). The model is particularly useful when dealing with
non-stationary time series that exhibit cointegration, indicating a stable, long-term association.
The VECM allows researchers to investigate how these variables adjust to deviations from their

long-term equilibrium, providing insights into both short-term and long-term relationships.

One primary reason for employing the VECM is its ability to address the issue of spurious
regression that often arises when working with non-stationary time series. Traditional regression
models may produce misleading results due to the presence of unit roots, leading to inaccurate
parameter estimates and statistical inferences. The VECM, therefore, offers a way to model the
dynamics of non-stationary variables by incorporating the error correction term, which captures

the adjustment process towards the long-term equilibrium.

Additionally, the VECM is well-suited for analyzing economic systems characterized by
multiple variables with interdependencies. By allowing for the exploration of short-run
dynamics and long-term relationships simultaneously, the model enables researchers to
understand how shocks or disturbances affect the system in the short term while considering the

underlying equilibrium in the long run.

Furthermore, the Johansen test for cointegration, often used in conjunction with the VECM,
helps identify whether there are stable long-term relationships among the variables. This is
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crucial for economic studies aiming to unveil structural relationships and inform policy

decisions.

The Vector Error Correction Model is a widely used and powerful econometric tool, especially
in the context of non-stationary time series data with cointegration. Its capability to capture both
short-run and long-run dynamics makes it invaluable for understanding the complexities of

economic systems and providing reliable insights for decision-makers and policymakers.
3.7.3. Interpretation of Johansen normalization restriction imposed:

The Johansen normalization restriction imposed in the context of the Vector Error Correction
Model (VECM) plays a critical role in determining the long-run relationships among the
variables under consideration. This normalization is a process of scaling the cointegrating

vectors, and it influences the coefficients in the model's long-run equations (Johansen, S., 1988).

When interpreting the Johansen normalization restriction, it's important to understand that the
signs of the coefficients might appear reversed compared to their theoretical economic

interpretations. This reversal occurs due to the nature of the normalization process.

In the VECM, the Johansen test identifies the number of cointegrating vectors, which represent
the long-term relationships among the variables. These vectors are crucial for understanding

how the variables move together in the long run.

The normalization restriction, however, introduces a level of arbitrariness in the scaling of these
cointegrating vectors. The normalization is chosen to make the system identifiable and to avoid
indeterminacy in estimating the model parameters. The signs of the coefficients in the
cointegrating vectors can be flipped during this normalization process, and this does not affect

the underlying economic relationships (Johansen, S., 1988).

For instance, if a positive relationship is expected between two variables in economic theory,
the normalization might result in a negative coefficient in the cointegrating vector. This does
not imply a reversal of the economic relationship; rather, it reflects the arbitrary scaling applied

during normalization.
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The interpretation of Johansen normalization restrictions is a technical aspect of the estimation
process in the VECM. While the signs of coefficients may seem counterintuitive, it's crucial to
recognize that these reversals are a result of the normalization procedure and don't alter the

economic interpretations of the relationships among the variables.
3.8. Model Diagnostics:

Model diagnostics scrutinize the statistical integrity of the logit model, encompassing various

tests and assessments.

3.8.1. Stability condition of the VEC estimates:

The stability condition of the Vector Error Correction Model (VECM) estimates is a critical
aspect of econometric analysis, ensuring the reliability and validity of the model over time.
Stability is assessed by examining the moduli of eigenvalues associated with estimated VECM
coefficients. When all eigenvalues have moduli less than one, it signifies stability, indicating
that the long-run relationships captured by cointegrating vectors remain constant (Hendry, D.
F., & Richard, J. F., 1982).

This stability check holds significance for various reasons. Firstly, it ensures the consistency of
long-run relationships, providing a reliable foundation for understanding equilibrium behavior.
Changes in coefficients could compromise the model's predictive power and the interpretation

of long-run dynamics.

Secondly, stability is crucial for forecasting accuracy. A stable model offers more reliable
predictions, assuming that relationships among variables remain consistent. Decision-makers
rely on stable models for making informed strategic choices, and researchers benefit from more

robust and generalizable findings.

The stability condition of VECM estimates is fundamental for ensuring the reliability of the
model over time. It guards against erratic fluctuations in parameter estimates, enhances forecast

accuracy, and contributes to the overall robustness of econometric analyses.
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3.8.2. LM test for residual autocorrelation:

The LM (Lagrange Multiplier) test for residual autocorrelation is a diagnostic tool employed in
econometrics to assess the presence of serial correlation in the residuals of a model.
Autocorrelation in residuals implies that the errors in the model are correlated across time,
violating the assumption of independence and potentially indicating omitted dynamics or

misspecification (Gujarati, 2003)

The importance of conducting the LM test lies in its ability to detect and address any serial
correlation issues in the residuals. If autocorrelation is present, it can lead to biased parameter
estimates, inefficient coefficient standard errors, and inaccurate hypothesis testing. In such
cases, the model may fail to capture the true relationships among variables, compromising its

predictive power and undermining the validity of statistical inferences.

Addressing residual autocorrelation is crucial for ensuring the reliability and robustness of
econometric models. The LM test provides a formal and statistical means to detect
autocorrelation, allowing researchers to diagnose and rectify potential issues in their models. By
accounting for autocorrelation, the LM test contributes to the production of accurate and

unbiased estimates, enhancing the model's overall performance.

The LM test for residual autocorrelation is an essential diagnostic tool used to identify and
address potential issues related to correlated errors in econometric models, contributing to the

validity and reliability of statistical analyses.
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CHAPTER FOUR: FINDINGS AND DISCUSSION

4.0 Introduction

This chapter presents the study's final findings, and seeks torespond to the research questions

elaborated previously in the first chapter
4.1 Presentation of findings

This section serves as a comprehensive showcase of the research outcomes, encompassing
meticulous statistical analyses and the wealth of data amassed during the research endeavor, all
intricately tied to the predefined study objectives. Through a rigorous exploration of the
collected data, this segment unfolds the nuanced insights derived from the investigation. The
findings encapsulate quantitative results contributing to a holistic understanding of the study's
focal points. The subsequent discussions delve into the relevance and implications of these
findings, forging connections between the observed patterns and the overarching research

objectives.

4.2. Data summary

. sum HE EPI TAXES FNB EDN

Variable Obs Mean Std. dev. Min Max
HE 50 2.81e+09 2.98e+09 1.01e+09 9.61e+09

EPI 50 338.9251 49.36721 272.1796 446.5795
TAXES 50 151.3 60.3582 87 291
FNB 50 384.646 113.7864 221.895 754.8

EDN 50 357.8188 90.06234 215.609 536.7317

Table 1. Authors' estimation using STATA

he summary statistics for the variables in the dataset are as follows:

HE (Household Expenditure): Mean of $2.81 billion, ranging from $1.01 billion to $9.61 billion.
EPI (Energy Price Index): Mean of 338.93, ranging from 272.18 to 446.58.

TAXES: Mean of $151.3 billion, ranging from $87billion to $291billion.

FNB (Food and non- alcoholic beverage index): Mean of 384.65, ranging from 221.90 to 754.80.
EDN (Education index): Mean of 357.8188, ranging from 215.609 to 536.7317.
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4.3. Stationarity test

Variable p-value at level p-value at first difference
Lhe 0.3339 0.0000
Lepi 0.9864 0.0000
Ltaxes 0.9291 0.0000
Ledn 0.8123 0.0000
Lfnb 0.9908 0.0002

Table 2. Authors' estimation using STATA

As it can be observed in the outputs above our variables of interest on their stationarity test using
Augmented Dickey Fuller test, both at level and at first difference indicates that our variables

indicates that they are not stationary at 1(0) but they are all stationary at 1(1) .

4.4. Lag selection for the model

. varsoc lhe lepi ltaxes lfnb ledn

Lag-order selection criteria

Sample: 5 thru 50

Number of obs = 46

Lag LL LR df p FPE AIC HQIC SBIC
(<] 126.196 3.5e-09 -5.26941 -5.19495 -5.07065
1 328.761 405.13 25 0.000 1.6e-12* -12.9896* -12.5429*% -11.797*
2 351.352 45.182 25 ©0.008 1.8e-12 -12.8849 -12.0658 -10.6985
3 376.493 50.282 25 0.002 2.0e-12 -12.891 -11.6997 -9.71077
4 395.658 38.33* 25 0.043 3.2e-12 -12.6373 -11.0737 -8.46324

* optimal lag
Endogenous: lhe lepi ltaxes 1lfnb ledn

Exogenous: _cons

Table 3. Authors' estimation using STATA
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The provided output specifically indicating the lag-order selection criteria. This information
helps determine the appropriate number of lags for the model. Let's break down the key elements

of the output to understand its implications.

The analysis is based on a sample spanning observations from 5 to 50, with a total of 46

observations. The Lag column represents different lag orders considered.

The Log-Likelihood (LL) measures how well the model explains the observed data. The
Likelihood Ratio Test (LR) tests the significance of adding lags compared to the baseline (lag
0). Degrees of Freedom (df) indicate the number of parameters estimated in the model. The p-
value assesses the significance of the likelihood ratio test. The Final Prediction Error (FPE)
measures the average squared forecast error. Information criteria such as Akaike Information
Criterion (AIC), Hannan-Quinn Information Criterion (HQIC), and Schwarz Bayesian

Information Criterion (SBIC) balance fit and complexity.

Lag O establishes a baseline model with no lags. Lag 1 shows significant improvement with a
higher LL and lower information criteria. Lag 2 maintains significance but with varying
information criteria. Lag 3 continues the trend of significance, suggesting further improvement.
Lag 4 emerges as the optimal choice, displaying the highest LL, significant likelihood ratio tests,
and the lowest AIC, HQIC, and SBIC values.

Model with a lag of 4 is recommended for effectively capturing short-term dynamics and
interactions among the specified variables. This selection strikes a balance between model
complexity and explanatory power, providing valuable insights for analyzing the given time

series data.
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4.6. Johansen tests for cointegration

. vecrank lhe lepi ltaxes 1lfnb ledn , trend(trend) max lag(4)

Johansen tests for cointegration

Trend: Linear Number of obs = 46
Sample: 5 thru 50 Number of lags = 4
Critical
Maximum Trace value
rank Params LL Eigenvalue statistic 5%
%] 85 364.00007 85.6039 77.74
1 94 384.32198 0.58669 44.,9601* 54.64
2 101 394.73174 0.36403 24.1406 34.55
3 106  400.44236 0.21986 12.7194 18.17
4 109 403.9378 0.14099 5.7285 3.74
5 110  406.80204 0.11709
Critical
Maximum Eigenvalue value
rank Params LL Maximum 5%
%] 85 364.00007 40.6438 36.41
1 94 384.32198 0.58669 20.8195 30.33
2 101 394.73174 0.36403 11.4212 23.78
3 106  400.44236 0.21986 6.9909 16.87
4 109 403.9378 0.14099 5.7285 3.74
5 110 406.80204 0.11709

* selected rank

Table 4. Authors' estimation using STATA

The provided output presents the results of Johansen tests for cointegration in a Vector Error
Correction Model (VECM). This analysis aims to assess whether there is a long-term
relationship (cointegration) among the specified variables, including lhe, lepi, Itaxes, Ifnb, Igdp,
and ledn. The test considers linear trends and allows for a maximum lag of 4.

The Null Hypothesis (Ho) states No cointegration and the Alternative Hypothesis (Ha states

that There is cointegration.

At trace, the trace statistic at Rank 0: The null hypothesis of no cointegration is strongly rejected
at the 5% significance level, as the trace statistic significantly exceeds the critical value. This
suggests that there is at least one cointegrating relationship among the variables. And at Rank
1: The eigenvalue statistic is significant, further supporting the rejection of the null hypothesis.

This implies the existence of a cointegrating vector.
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The critical values for both the trace and maximum eigenvalue statistics are considered. The
eigenvalues represent the characteristic roots of the system, providing insights into the
dimensionality of cointegration. At Rank 0: The eigenvalue reinforces the evidence of

cointegration as the null hypothesis is rejected.

The rejection of the null hypothesis at various ranks strongly supports the presence of
cointegration among the specified variables. The evidence suggests that there are multiple
cointegrating vectors, implying long-term relationships that link the variables together.

These results Implies that Long-Term Relationships: The variables (lhe, lepi, Itaxes, Ifnb, lgdp,
ledn) are not independent but share long-term relationships. And Modeling Considerations:
Cointegration is crucial when building models involving these variables. Ignoring cointegration

may lead to spurious results.

the Johansen cointegration tests provide strong evidence against the null hypothesis of no
cointegration, supporting the presence of long-term relationships among the specified variables.
Analysts and researchers should consider these findings when developing models and drawing

conclusions about the interplay of these economic variables.

4.6.1. Vector Error Correction Model (VECM) (short run model) & Johansen

normalization restriction imposed (long run model)

. vec lhe d.lepi ltaxes 1lfnb d.ledn ,

Vector error-correction model

Sample: 4 thru 50 Number of obs = 47
AIC = -12.3592

Log likelihood = 329.4412 HQIC = -11.78148

Det(Sigma_ml) = 5.62e-13 SBIC = -10.82397

Equation Parms RMSE R-sq chi2 P>chi2

D_lhe 7 .32826 0.1807 8.824601 0.2655

D2_lepi 7 .021923 0.3056 17.60601 0.0139

D_ltaxes 7 .101328 0.2756 15.21462 0.0333

D_lfnb 7 .045252 0.4243 29.4848 0.0001

D2_ledn 7 .043617 0.6748 83.01281 0.0000

30



Coefficient Std. err. z P>|z| [95% conf. interval]
D_1lhe
_cel
L1. -.1157861 .042528 -2.72 0.006 -.1991394 -.0324328
lhe
LD. -.0899163 .1470327 -0.61 0.541 -.378095 .1982624
lepi
LD2. -3.344573 2.699758 -1.24 0.215 -8.636002 1.946856
ltaxes
LD. -.3324484 .4735936 -0.70 0.483 -1.260675 .5957779
1fnb
LD. .6458211 1.025598 0.63 0.529 -1.364313 2.655955
ledn
LD2. -2.561308 1.170756 -2.19 0.029 -4.855948 -.266669
_cons -.0074449 .0551289 -0.14 0.893 -.1154955 .1006058

Table5. Authors' estimation using STATA

4.6.2. Resultants VECM and long run equations from the estimations and their
interpretation

The provided short-run model is a Vector Error Correction Model (VECM) involving
differenced log values of household spending (dlhe), energy prices (dlepi), taxes (dltaxes), and
the education index (dledn). The model is expressed as follows:

dlhe = —0.007 — 0.089dlhe;_{ — 3.344dlepi;_, — 0.3332dltaxes;_4
+ 0.645dlfnb,_, — 2.561dledn,_, — 0.115ECT,_,

dlhe (Household Spending): The coefficient for dlhet—1 is -0.089. This suggests a negative
short-term relationship, indicating that changes in household spending in the previous period

have a dampening effect on current household spending.

dlepi (Energy Prices): The coefficient for dlepit—2 is -3.344. This implies a strong negative
impact of energy price changes two periods ago on current household spending. A significant
negative coefficient indicates an inverse relationship between energy prices and household

spending.
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ditaxes (Taxes): The coefficient for dltaxest—1 is -0.3332. This negative coefficient suggests
that changes in taxes in the previous period have a slight dampening effect on current household

spending.

difnb (Food and nonalcoholic beverages): The coefficient for dlfnbt—1 is 0.645. A positive
coefficient implies a positive short-term relationship, suggesting that changes in food and

nonalcoholic beverages in the previous period positively influence current household spending.

dledn (Education Index): The coefficient for dlednt—2 is -2.561. This negative coefficient
indicates a significant negative impact of changes in the education index two periods ago on

current household spending.

ECT (Error Correction Term): The coefficient for ECTt—1 is -0.115. The Error Correction Term
captures the adjustment process to restore equilibrium in the long run after short-term
deviations. The negative coefficient suggests a corrective mechanism, indicating that deviations
from the long-term relationship are corrected by adjusting household spending in the short run.

Dynamic Relationships: The model captures the dynamic interactions among household

spending and various economic factors over time.

Significant Lag Effects: Lagged values of energy prices (dlepit—2) and the education index
(dlednt—2) have notable impacts on current household spending, reflecting delayed effects.

Adjustment Mechanism: The negative coefficient on the Error Correction Term (ECTt-1)
suggests that the model includes an error correction mechanism, indicating the speed of

adjustment towards long-term equilibrium.

The VECM provides insights into the short-run dynamics of household spending in response
to changes in energy prices, taxes, food and non-alcoholic beverages, and the education index.
Analysts and policymakers can use these findings to understand the short-term effects of

economic variables on household spending and implement effective policies.
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Cointegrating equations

Equation Parms chi2 P>chi2

_cel 4 100.8717 ©.0000

Identification: beta is exactly identified

Johansen normalization restriction imposed

beta | Coefficient Std. err. z P>|z| [95% conf. interval]
_cel
lhe 1
lepi
D1. -52.91747 11.80684 -4.48 0.000 -76.05845 -29.77648
ltaxes -2.14057 .8534483 -2.51 0.012 -3.813298 -.4678423
1fnb 5.721665 1.331737 4.30 0.000 3.111508 8.331822
ledn
D1. -46.23913 4.845711 -9.54 0.000 -55.73655 -36.74171
_cons -42.8324

The normalized Johansen long-run equation is expressed as:
dlhe = +42.832 + 52.917dlepi,_, + 2. 14ltaxes — 5.721lfnb + 46.239dledn,_,

dlepi (Energy Prices): The coefficient for dlepit—1 is positive at 52.917. This suggests a positive
relationship, indicating that changes in energy prices in the previous period have a positive

impact on the long-run equilibrium level of household spending.

Itaxes (Taxes): The coefficient for Itaxes is 2.14. A positive coefficient implies a positive
relationship, suggesting that taxes have a positive impact on the long-run equilibrium level of

household spending.

difn (Financial Activities): The coefficient for difnb is negative at -5.721. This indicates a
negative relationship, suggesting that changes in food and nonalcoholic beverages have a

negative impact on the long-run equilibrium level of household spending.
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dledn (Education Index): The coefficient for dlednt—1 is positive at 46.239. This suggests a
positive relationship, indicating that changes in the education index in the previous period have

a positive impact on the long-run equilibrium level of household spending.

The normalized Johansen long-run equation provides insights into the equilibrium relationships
among household spending, energy prices, taxes, food and nonalcoholic beverages, and the
education index over an extended period. The signs of coefficients reflect the expected direction

of influence in the long run.
4.7. Model diagnostics

In this section we are going to analyze the model’s coefficients significance and suitability to
the dataset

4.7.1. Stability condition of VEC estimates.

. vecstable

Eigenvalue stability condition

Eigenvalue Modulus

1 1

1 1

1 1

1 1
-.1499657 +  .6522371 .669255
-.1499657 - .6522371 .669255
-.4328069 + .13395781 .453063
-.4328069 - .13395781 .453063
.4183082 .418308
-.1867905 .18679

The VECM specification imposes 4 unit moduli.

Table 6. Authors' estimation using STATA

The output indicates the eigenvalues and moduli associated with the stability conditions of the

Vector Error Correction Model (VECM). The stability conditions are crucial in ensuring that

34



the model is well-behaved and does not exhibit explosive behavior. Each eigenvalue represents

a solution to the characteristic equation of the VECM.
Eigenvalues and Moduli:

The first four eigenvalues have moduli equal to 1. These are associated with the cointegrating

equations in the VECM and indicate a stable long-run relationship among the variables.

The next two pairs of complex conjugate eigenvalues have moduli less than 1. These are
associated with the adjustment dynamics in the VECM. The real part indicates the speed of

adjustment, while the imaginary part represents the oscillatory behavior.

The remaining two real eigenvalues have moduli less than 1, contributing to the stability of the
VECM.

VECM Specification:

The VECM specification imposes 4 unit moduli, reflecting the number of cointegrating
relationships in the system. Unit moduli indicate a stable long-run relationship, and the number

of them corresponds to the number of cointegrating vectors.

The provided eigenvalues and moduli suggest that the VECM is well-specified and stable. The
unit moduli associated with the first four eigenvalues indicate that there are four cointegrating
relationships in the system, representing a stable long-run equilibrium. The complex conjugate
eigenvalues with moduli less than 1 suggest stable adjustment dynamics in the short run. The
overall pattern supports the reliability of the VECM in capturing the relationships among the

variables.
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4.7.2. LM test for residual autocorrelation .

. veclmar

Lagrange-multiplier test

lag chi2 df Prob > chi2
1 28.4546 25 0.28735
2 18.5551 25 0.81794

HO: no autocorrelation at lag order

Table 7. Authors' estimation using STATA

The output from veclmar presents the results of a Lagrange-Multiplier test for autocorrelation
in a Vector Error Correction Model (VECM). This test is performed to assess whether there is

significant autocorrelation in the residuals of the VECM at different lag orders.

Lag 1: The chi-squared test statistic for lag 1 is 28.4546 with 25 degrees of freedom. The p-

value associated with this test is 0.28735.

Lag 2: The chi-squared test statistic for lag 2 is 18.5551 with 25 degrees of freedom. The p-

value associated with this test is 0.81794.

The null hypothesis (HO) for each lag order is that there is no autocorrelation in the residuals.

For Lag 1, the p-value is 0.28735, which is greater than the conventional significance level of
0.05. Therefore, we do not reject the null hypothesis at Lag 1, indicating no significant

autocorrelation in the residuals at this lag order.

For Lag 2, the p-value is 0.81794, which is also greater than 0.05. As a result, we do not reject
the null hypothesis at Lag 2, suggesting no significant autocorrelation in the residuals at this lag
order.

Based on the Lagrange-Multiplier test results, there is no evidence of significant autocorrelation

in the residuals of the VECM at Lag 1 or Lag 2. This implies that the model's residuals do not
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exhibit systematic patterns of correlation at these lag orders, supporting the adequacy of the

model in capturing the temporal dependencies in the data.
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CHAPTER FIVE: CONCLUSION AND RECOMMANDITION
5.0 Introduction

This section encapsulates a comprehensive review comprising summary, conclusion,
recommendations, and avenues for prospective research in the context of analogous studies

conducted in Rwanda.
5.1 Summary of findings

In the context of Rwanda's economic landscape, the intricate relationship between energy price
shocks and the Consumer Price Index (CPI) poses a significant challenge that demands thorough
investigation. The delicate balance between development and external vulnerabilities in Rwanda
makes understanding the dynamics of energy price shocks even more crucial for economic

resilience.

The study focuses on key variables, including Household Expenditure (HE), Energy Price Index
(EPI), Taxes, Food and Non-Alcoholic Beverages Index (FNB), and Education Index (EDN).
The stationarity test reveals that these variables are stationary at I(1), indicating non-stationarity

at 1(0) and emphasizing the need for differencing.

For modeling purposes, the Lag 4 is recommended based on lag-order selection criteria, striking
a balance between model complexity and explanatory power. Johansen tests provide robust
evidence of cointegration among variables, suggesting the existence of long-term relationships.
The Vector Error Correction Model (VECM) unfolds dynamic interactions in the short run,

while the normalized Johansen long-run equation sheds light on equilibrium relationships.

Notably, the stability condition of VEC estimates ensures a well-specified and stable model with

4 unit moduli for cointegrating relationships, reflecting a stable long-run equilibrium.

Furthermore, the Lagrange-Multiplier test for residual autocorrelation finds no significant

autocorrelation in residuals at Lag 1 or Lag 2, validating the model's adequacy in capturing
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temporal dependencies. This implies that the model's residuals do not exhibit systematic patterns

of correlation at these lag orders.

The study offers nuanced insights into the impact of energy price shocks on household
expenditure in Rwanda. The VECM models, encompassing both short and long-term dynamics,
provide valuable guidance for policymakers in formulating effective economic strategies

tailored to the specific challenges and opportunities in Rwanda's economic development.

5.1.1 Research question: To what extent do energy price shocks influence the household

expenditure patterns in Rwanda?

Findings in this research provide a comprehensive understanding of the extent to which energy
price shocks influence household expenditure patterns in Rwanda.

In the short run, the Vector Error Correction Model (VECM) reveals dynamic relationships and

significant lag effects. The short-run coefficients indicate the following:

Household Spending (dlhe): The negative coefficient for dlhe(t-1) suggests a short-term
negative relationship, indicating that changes in household spending in the previous period have

a dampening effect on current household spending.

Energy Prices (dlepi): The strongly negative coefficient for dlepi(t-2) implies a significant
negative impact of energy price changes two periods ago on current household spending,

indicating an inverse relationship between energy prices and household spending.

Taxes (dltaxes): The negative coefficient for dltaxes(t-1) suggests that changes in taxes in the

previous period have a slight dampening effect on current household spending.

Food and Non-Alcoholic Beverages (dlfnb): The positive coefficient for difnb(t-1) implies a
positive short-term relationship, suggesting that changes in food and non-alcoholic beverages

in the previous period positively influence current household spending.
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Education Index (dledn): The negative coefficient for dledn(t-2) indicates a significant negative

impact of changes in the education index two periods ago on current household spending.

Error Correction Term (ECT): The negative coefficient for ECT(t-1) suggests a corrective
mechanism, indicating that deviations from the long-term relationship are corrected by adjusting

household spending in the short run.

These short-term dynamics reflect the intricate relationships among household spending and

various economic factors, emphasizing the significance of lagged effects.

In the long run, the normalized Johansen long-run equation provides insights into the
equilibrium relationships. The coefficients in the long-run equation are as follows:

Energy Prices (dlepi): The positive coefficient for dlepi(t-1) suggests a positive relationship,
indicating that changes in energy prices in the previous period have a positive impact on the
long-run equilibrium level of household spending.

Taxes (Itaxes): The positive coefficient for Itaxes implies a positive relationship, suggesting that

taxes have a positive impact on the long-run equilibrium level of household spending.

Food and Non-Alcoholic Beverages (difn): The negative coefficient for dIfnb indicates a
negative relationship, suggesting that changes in food and non-alcoholic beverages have a

negative impact on the long-run equilibrium level of household spending.
Education Index (dledn): The positive coefficient for dledn(t-1) suggests a positive relationship,

indicating that changes in the education index in the previous period have a positive impact on

the long-run equilibrium level of household spending.
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These long-run equilibrium relationships highlight the persistent influence of energy price
shocks on household expenditure patterns, emphasizing the importance of considering both
short-term dynamics and long-run equilibrium when formulating economic policies in Rwanda.
Additionally, the model diagnostics, including the stability condition of VEC estimates and the
LM test for residual autocorrelation, confirm the reliability and adequacy of the model in
capturing the relationships among the variables over time. The stability conditions indicate a
well-behaved VECM with stable long-run relationships, and the LM test results show no

evidence of significant autocorrelation in the residuals at Lag 1 or Lag 2.

Empirical evidence substantiates and contextualizes this observed relationship. In a study
conducted by (Brown, K ,& Johnson, M., 2019) a positive correlation between energy price
fluctuations and household expenditures was identified in a developing economy, aligning with
the observed trend. Similarly, the work of (Gupta, S., et al., 2020), focusing on a comparable
context, further corroborated the positive relationship between energy price shocks and

household spending patterns.

The observed influence of energy price shocks on household expenditures can be elucidated
through economic theories, which offer valuable insights into the underlying mechanisms. One
pertinent theoretical framework is the Income Effect, which posits that an increase in energy
prices can reduce consumers' real income as a larger portion of their budget is allocated to
energy-related expenses. Consequently, households may adjust their expenditure patterns,
potentially leading to changes in consumption levels for various goods and services (Jones, R.,
2018) The observed increase in household expenditures aligns with the Income Effect, reflecting

a reallocation of income towards essential needs (Brown, A., 2020).

Conversely, the Substitution Effect suggests that consumers may respond to rising energy prices
by substituting more energy-efficient goods and services for those that are now relatively more
expensive. In the context of household expenditures, this may manifest as a shift towards
energy-efficient appliances or alternative modes of transportation. However, the empirical
finding of increased expenditures implies that the Substitution Effect may be overshadowed by
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the dominant influence of the Income Effect in the Rwandan context (Kumar, S., & Patel, N.,
2017).

Another economic theory shedding light on the observed relationship is the Keynesian
Consumption Function. According to this theory, changes in disposable income significantly
impact consumption behavior. In the context of energy price shocks, the subsequent changes in
household budgets may lead to alterations in consumption patterns, influencing the overall level

of household expenditures (Taylor, L., 2019)

The findings suggest that energy price shocks significantly influence household expenditure
patterns in Rwanda, both in the short run and the long run. The evidence from this research ,
supported by empirical studies and economic theories, underscores the substantial influence of
energy price shocks on household expenditure patterns in Rwanda. The Income Effect,
Substitution Effect, and the Keynesian Consumption Function collectively contribute to our
understanding of the observed relationship. As Rwanda continues to navigate its economic
development, policymakers should consider these insights when formulating strategies to
mitigate the impact of energy price shocks on households, ultimately fostering economic
resilience and sustainability.

5.1.3 Research question 2: What policy interventions can be implemented to mitigate the
negative impacts of energy price shocks on Rwandan households and promote economic
resilience?

The inquiry into policy interventions to mitigate the negative impacts of energy price shocks on
Rwandan households and promote economic resilience is imperative given the observed
relationship between energy price shocks and household expenditures.

Rwanda'’s unique economic landscape, characterized by a delicate balance between development

and external vulnerabilities, necessitates targeted policy interventions.

These interventions need to be backed and informed by empirical evidence, economic theories,
and successful practices from other countries, encompassing a broad spectrum. They can include
but not limited to the implementation of energy subsidies and targeted assistance programs,
investment in renewable energy sources, promotion of energy-efficient technologies and

practices, strengthening social safety nets and income support programs, and enhancing public
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awareness and education on energy conservation. These measures are designed to specifically
address the challenges posed by increased energy-related expenditures in Rwanda, contributing

to sustainable economic development and bolstering energy security.
5.2 Conclusion

In the extensive exploration of the impact of energy price shocks on household expenditure in
Rwanda spanning from February 2011 to June 2023, the study has unraveled intricate dynamics
that underscore the critical relationship between energy price fluctuations and household

financial behaviors both in the short and the long-run.

The backdrop of the study, contextualized within Rwanda's evolving economic landscape,
emphasizes the nuanced challenges and opportunities that the nation faces as it strives for

sustainable economic growth.

Rwanda's current economic situation, delicately poised between development and external
vulnerabilities, amplifies the urgency of comprehending the dynamics of energy price shocks.
The study reveals that external factors, particularly the volatility of energy prices, can have
cascading effects across various sectors, ultimately influencing the CPI and thereby impacting
the purchasing power of households. This intricate relationship places energy price shocks as a

critical aspect of economic resilience in the Rwandan context.

The study's problem statement emerges at the intersection of the historical background and the
contemporary economic context, highlighting the imperative to delve into the specific
implications of energy price shocks on household expenditure in Rwanda. Beyond the academic
realm, the study aspires to contribute practical insights for policymakers navigating the
multifaceted challenges and opportunities embedded in Rwanda's economic development

journey.

The identified correlation in the short and the long-run, accentuates the intricate connection
between external economic factors and the microeconomic decisions made by households. As

households grapple with the consequences of energy price shocks, the implications reverberate
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beyond individual budgets, influencing the broader economic indicators such as the CPI1. This

necessitates a holistic approach in addressing the challenges posed by energy price volatility.

To mitigate the negative impacts of energy price shocks on household expenditure in Rwanda,
a series of policy interventions are proposed. These include targeted energy subsidies and
assistance programs to alleviate the burden on low-income households, investment in renewable
energy sources to enhance energy security, promotion of energy-efficient technologies to
minimize consumption, strengthening of social safety nets and income support programs, and
public awareness initiatives to empower households with energy-saving practices. These
solutions, tailored to the Rwandan context, align with best practices observed in other countries

facing similar challenges.

The implications of the study extend beyond individual households, resonating with broader
themes of economic resilience. As Rwanda aspires to sustainable economic growth,
understanding and addressing the impact of energy price shocks becomes integral to navigating
the delicate balance between development aspirations and external vulnerabilities. By
incorporating these findings into policymaking, Rwanda can foster a more resilient economy

that withstands external shocks and supports the well-being of its citizens.

The study contributes to the existing body of literature on the complex relationship between
energy prices, household expenditures, and economic indicators. Empirical evidence, economic
theories, and best practices from other countries enrich the depth of the study, placing it within
the broader context of global economic dynamics. The integration of various perspectives
enhances the robustness of the findings and positions the study as a valuable addition to the

academic discourse.

While the study provides valuable insights, it is not without limitations. The temporal scope,
from 2011Q1 to 2023Q2, captures a substantial period but might not account for longer-term
trends. Additionally, the study focuses on the impact on household expenditure, leaving room
for further exploration into other economic variables. Future research could delve into the
specific sectoral impacts of energy price shocks and evaluate the long-term sustainability of

proposed interventions.
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All in all, the study illuminates the intricate dynamics of energy price shocks on household
expenditure in Rwanda, offering valuable insights into the broader economic resilience of the
nation. The findings underscore the complex relationship between external economic factors,
microeconomic decisions, and the interconnectedness of various economic indicators. The
proposed policy interventions, grounded in empirical evidence and best practices, provide a
roadmap for policymakers to navigate the challenges and opportunities inherent in Rwanda's
economic development journey. By addressing the pressing issue of energy price shocks,
Rwanda can foster a more resilient economy that promotes the well-being of its citizens and
sustains its growth trajectory.

5.3 Recommendations
» Energy Subsidies and Targeted Assistance Programs:

Implementing targeted energy subsidies for low-income households can act as a direct
intervention to alleviate the burden of rising energy prices. This approach, successfully adopted
in Malaysia (Tan, M., 2018) involves government subsidies to offset energy costs for vulnerable

populations.
» Investment in Renewable Energy Sources:

Diversifying the energy mix by investing in renewable energy sources can contribute to energy
price stability and reduce dependence on volatile fossil fuel prices. Germany's Energiewende
(Energy Transition) is a noteworthy example (Bentz, J., & Kolk, A., 2017)By prioritizing
renewable energy investments, Germany has not only enhanced energy security but also reduced

exposure to global energy price fluctuations, subsequently benefiting households.
» Energy Efficiency Initiatives:

Promoting energy-efficient technologies and practices can mitigate the impact of rising energy
prices on household budgets. Australia's Home Energy Efficiency Program (government, 2021)

is an illustrative example. Through targeted initiatives, this program assists households in
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adopting energy-efficient appliances and practices, thereby reducing overall energy

consumption and minimizing the economic impact of energy price shocks.
» Social Safety Nets and Income Support Programs:

Strengthening social safety nets and income support programs can provide a cushion for
vulnerable households facing increased expenditure due to energy price shocks. Brazil's Bolsa
Familia program (de Janvry, A., Finan, F., & Sadoulet, E., 2006) is a successful model that
combines targeted cash transfers with conditionalities to alleviate poverty. Similar programs in
Rwanda could specifically address the challenges posed by energy-related expenditure

increases.
> Public Awareness and Education:

Enhancing public awareness and education on energy conservation practices can empower
households to make informed choices, thereby mitigating the impact of energy price shocks.
Japan's Cool Biz campaign (Japan, Ministry of environment, 2005) as amended and improved
overtime is an exemplary initiative that promotes energy-saving practices during peak energy
consumption periods. A Rwandan adaptation could focus on educating households about
energy-efficient technologies and behaviors.

5.4 Area of Further research
» Sectoral Impact Analysis:

A focused exploration into the sectoral impact of energy price shocks on household expenditure
in Rwanda would contribute to a more nuanced understanding of the economic dynamics.
Investigating how different sectors respond to energy price fluctuations and how these responses
influence household spending patterns could unveil sector-specific vulnerabilities and inform

targeted policy interventions.
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» Longitudinal Study on Policy Efficacy:

Conducting a longitudinal study to evaluate the long-term efficacy of the proposed policy
interventions would provide valuable insights into their sustained impact. Tracking changes in
household expenditure patterns over an extended period following the implementation of energy
subsidies, renewable energy investments, and other interventions will help assess the resilience

and adaptability of the Rwandan economy.
» Global Comparative Analysis:

Comparing Rwanda's experience with energy price shocks and household expenditure to that of
other countries facing similar challenges would offer a global perspective. Analyzing how
different nations have addressed this issue and the effectiveness of their policy measures can
provide valuable lessons and potentially identify innovative strategies that could be adapted to

the Rwandan context.
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Generating log variables .

. gen lhe=log(HE)

. gen lepi=log(EPI)

. gen ltaxes= log(TAXES)
. gen 1lfnb=1log(FNB)

. gen ledn=1log(EDN)

Setting time variable
. tsset period_id

Time variable: period_id, 1 to 50
Delta: 1 unit

Unit roots at level

. dfuller lhe

Dickey-Fuller test for unit root Number of obs = 49
Variable: lhe Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test ————— critical value
statistic 1% 5% 10%
Z(t) -1.896 -3.587 -2.933 -2.601
MacKinnon approximate p-value for Z(t) = ©.3339.
. dfuller lepi
Dickey-Fuller test for unit root Number of obs = 49
Variable: lepi Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test —— critical value
statistic 1% 5% 10%
Z(t) 0.552 -3.587 -2.933 -2.601

MacKinnon approximate p-value for Z(t) = ©.9864.
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. dfuller ltaxes

Dickey-Fuller test for unit root Number of obs = 49
Variable: ltaxes Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -0.274 -3.587 -2.933 -2.601
MacKinnon approximate p-value for Z(t) = ©.9291.
. dfuller 1lfnb
Dickey-Fuller test for unit root Number of obs = 49
Variable: 1fnb Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) 0.749 -3.587 -2.933 -2.601
MacKinnon approximate p-value for Z(t) = ©.9908.
. dfuller ledn
Dickey-Fuller test for unit root Number of obs = 49
Variable: ledn Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -0.823 -3.587 -2.933 -2.601
MacKinnon approximate p-value for Z(t) = 0.8123.
. dfuller d.lhe
Dickey-Fuller test for unit root Number of obs = 48
Variable: D.lhe Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -7.185 -3.594 -2.936 -2.602
MacKinnon approximate p-value for Z(t) = ©.0000.
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Unit roots at first difference

. dfuller d.lepi

Dickey-Fuller test for unit root Number of obs = 48
Variable: D.lepi Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -6.970 -3.594 -2.936 -2.602
MacKinnon approximate p-value for Z(t) = ©.0000.
. dfuller d.ltaxes
Dickey-Fuller test for unit root Number of obs = 48

Variable: D.ltaxes

Number of lags = ©

HO: Random walk without drift, d = @

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(t) -9.785 -3.594 -2.936 -2.602

MacKinnon approximate p-value for Z(t) = ©.0000.
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. dfuller d.1lfnb

Dickey-Fuller test for unit root Number of obs = 48
Variable: D.1lfnb Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test ——— critical value
statistic 1% 5% 10%
Z(t) -4.534 -3.594 -2.936 -2.602
MacKinnon approximate p-value for Z(t) = ©.0002.
. dfuller d.ledn
Dickey-Fuller test for unit root Number of obs = 48
Variable: D.ledn Number of lags = ©
HO: Random walk without drift, d = @
Dickey-Fuller
Test ——— critical value
statistic 1% 5% 10%
Z(t) -7.925 -3.594 -2.936 -2.602
MacKinnon approximate p-value for Z(t) = ©.0000.
Vector Error Correction Model Test
. vec lhe d.lepi ltaxes 1lfnb d.ledn ,
Vector error-correction model
Sample: 4 thru 50 Number of obs
AIC
Log likelihood = 329.4412 HQIC
Det(Sigma_ml) = 5.62e-13 SBIC
Equation Parms RMSE R-sq chi2 P>chi2
D_lhe 7 .32826 0.1807 8.824601 0.2655
D2_lepi 7 .021923 0.3056 17.60601 0.0139
D_ltaxes 7 .101328 0.2756 15.21462 0.0333
D_lfnb 7 .045252 0.4243 29.4848 0.0001
D2_ledn 7 .043617 0.6748 83.01281 0.0000
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Coefficient Std. err. z P>|z| [95% conf. interval]
D_1lhe
_cel
L1. -.1157861 .042528 -2.72 0.006 -.1991394 -.0324328
lhe
LD. -.0899163 .1470327 -0.61 0.541 -.378095 .1982624
lepi
LD2. -3.344573 2.699758 -1.24 0.215 -8.636002 1.946856
ltaxes
LD. -.3324484 .4735936 -0.70 0.483 -1.260675 .5957779
1fnb
LD. .6458211 1.025598 0.63 0.529 -1.364313 2.655955
ledn
LD2. -2.561308 1.170756 -2.19 0.029 -4.855948 -.266669
_cons -.0074449 .0551289 -0.14 0.893 -.1154955 .1006058
D2_lepi
_cel
L1. .002337 .0028402 0.82 0.411 -.0032296 .0079037
lhe
LD. -.0020139 .0098195 -0.21 0.838 -.0212597 .0172319
lepi
LD2. -.3293324 .1803014 -1.83 0.068 -.6827167 .0240519
ltaxes
LD. .0320857 .0316286 1.01 0.310 -.0299053 .0940766
1fnb
LD. -.1365598 .0684938 -1.99 0.046 -.2708052 -.0023145
ledn
LD2. .0777586 .0781881 0.99 0.320 -.0754873 .2310044
_cons .0011144 .0036817 0.30 0.762 -.0061017 .0083305
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D_ltaxes

_cel
L1. -.0063029 .0131276 -0.48 0.631 -.0320325 .0194267
lhe
LD. -.0693813 .0453863 -1.53 0.126 -.1583369 .0195742
lepi
LD2. -.4281097 .8333664 -0.51 0.607 -2.061478 1.205258
ltaxes
LD. -.3517895 .1461897 -2.41 0.016 -.6383162 -.0652629
1fnb
LD. -.3242533 .3165833 -1.02 0.306 -.9447453 .2962386
ledn
LD2. .1280572 .3613911 0.35 0.723 -.5802563 .8363708
_cons .0373674 .0170173 2.20 0.028 .0040141 .0707207
D_1fnb
_cel
L1. -.0082567 .0058626 -1.41 0.159 -.0197472 .0032338
lhe
LD. .0330309 .0202689 1.63 0.103 -.0066955 .0727572
lepi
LD2. -.3521037 .3721702 -0.95 0.344 -1.081544 .3773365
1ltaxes
LD. .013822 .0652864 0.21 0.832 -.114137 .1417809
1fnb
LD. .4710597 .1413819 3.33 0.001 .1939564 .7481631
ledn
LD2. -.0792948 .1613924 -0.49 0.623 -.3956181 .2370285
_cons .0164895 .0075997 2.17 0.030 .0015944 .0313847
D2_ledn
_cel
L1. .0359139 .0056509 6.36 0.000 .0248384 .0469894
lhe
LD. -.0170416 .0195369 -0.87 0.383 -.0553332 .0212499
lepi
LD2. .9582562 .3587285 2.67 0.008 .2551611 1.661351
ltaxes
LD. .0307687 .0629284 0.49 0.625 -.0925688 .1541061
1fnb
LD. .0062191 .1362756 0.05 0.964 -.2608761 .2733143
ledn
LD2. .2997845 .1555634 1.93 0.054 -.0051141 .6046832
_cons -.0137258 .0073252 -1.87 0.061 -.0280829 .0006314
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DATA USED

period | period id | EDN EPI FNB HE TAXES
2011Q1 1 216 272 222 679 102
2011Q2 2 218 282 240 744 108
2011Q3 3 218 284 245 800 98
2011Q4 4 218 287 251 798 93
2012Q1 5 231 286 256 777 94
2012Q2 6 231 290 278 829 92
2012Q3 7 231 292 288 961 87
201204 8 231 292 294 897 87
2013Q1 9 285 291 284 851 93
2013Q2 10 285 293 296 863 95
2013Q3 11 285 290 309 945 95
201304 12 285 296 321 1030 91
2014Q1 13 300 299 303 1043 106
2014Q2 14 300 300 316 1019 130
2014Q3 15 300 301 317 1138 97
2014Q4 16 300 304 305 1055 92
2015Q1 17 307 305 299 1170 92
2015Q2 18 308 307 321 1226 106
2015Q3 19 308 309 324 1289 110
2015Q4 20 308 310 344 1268 119
2016Q1 21 313 312 332 1176 110
2016Q2 22 315 314 345 1351 127
2016Q3 23 315 314 369 1279 117
2016Q4 24 316 314 405 1348 116
2017Q1 25 389 307 410 1349 124
2017Q2 26 389 313 413 1479 134
2017Q3 27 388 324 409 1470 126
2017Q4 28 389 331 402 1440 139
2018Q1 29 400 335 381 1542 136
2018Q2 30 400 357 391 1590 146
2018Q3 31 400 362 379 1622 138
2018Q4 32 400 361 361 1593 148
2019Q1 33 408 359 358 101 186
2019Q2 34 408 363 380 104 212
2019Q3 35 408 364 395 105 183
201904 36 408 365 435 108 208
2020Q1 37 419 372 446 112 197
2020Q2 38 419 372 439 113 186
2020Q3 39 419 377 458 117 191
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202004 40 419 381 468 115 207
202101 41 426 384 451 114 194
2021Q2 42 442 389 436 114 243
2021Q3 43 442 387 431 115 193
202104 44 471 392 417 116 228
202201 45 471 420 452 122 226
2022Q2 46 471 430 527 130 255
2022Q3 47 471 425 586 134 276
202204 48 537 447 668 140 255
202301 49 537 442 722 147 291
2023Q2 50 537 442 755 152 286
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