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Abstract

Road traffic accidents (RTAs) remain a leading cause of injury and death globally, yet there
is limited empirical evidence in Jamaica quantifying the relationship between macroeconomic
conditions and road traffic fatalities over time. This study addresses this gap by employing a
quantitative, retrospective time-series design to examine annual RTA fatalities in Jamaica
from 2000 to 2025 in relation to GDP, unemployment rates, fuel prices, infrastructure
investment, and vehicle registrations. Data were sourced from the Jamaica Constabulary
Force, the Statistical Institute of Jamaica, and the Bank of Jamaica. An ARIMAX (1,1,1)
model was applied to capture both autoregressive and moving average components while
incorporating external macroeconomic predictors. The model accounted for 76% of the
variation in fatalities, demonstrating strong explanatory power. The results indicate that GDP
growth (p = 0.072, p <0.01) and fuel prices (B = 0.39, p <0.05) positively influence fatalities,
whereas unemployment (B = -4.83, p <0.05) exerts a negative effect, reflecting reduced
mobility during economic downturns. Infrastructure investment and vehicle registrations also
contribute positively, highlighting exposure effects associated with development. Lagged
effects reveal that economic fluctuations influence fatalities over subsequent years, providing
valuable foresight for policy intervention. These findings align with global evidence linking
economic expansion and road safety risk, supporting the application of predictive time-series
models in public health planning. The current study underscores the importance of integrating
macroeconomic monitoring into Jamaica’s road safety strategies and offers actionable
insights for mitigating future fatalities during periods of economic growth or volatility.

Keywords: road traffic accidents, ARIMAX, Jamaica, economic growth, time-series
analysis, road safety.

Introduction

Road traffic accidents (RTAs) remain a persistent public health challenge in Jamaica,
imposing a considerable burden on both individuals and the national economy. Annually, the
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country records hundreds of fatalities, with young adult males particularly overrepresented
among victims, underscoring demographic vulnerabilities. While numerous descriptive
studies have documented the frequency, geographic distribution, and demographic patterns of
RTAs, these investigations rarely account for the influence of broader macroeconomic factors
on accident trends (Jalili et al., 2026; Li et al., 2020; Mohamed et al., 2023). Consequently,
policymakers lack a robust understanding of how economic fluctuations, such as changes in
GDP, unemployment, and fuel prices, interact with road safety outcomes over time.
International research has demonstrated that macroeconomic conditions can significantly
affect traffic exposure, commuting behaviour, and accident risk, yet such evidence remains
sparse for Jamaica, particularly using longitudinal or time-series approaches (Bijleveld, 2008;
Chand et al., 2022; Kopits & Cropper, 2003; Li et al., 2020; Sulong, 2025). Addressing this
gap is critical for designing targeted interventions that consider both socio-economic context
and road safety dynamics.

Despite the availability of economic and traffic data, most existing studies in Jamaica are
cross-sectional or primarily descriptive (Crawford& McGrowder, 2009; Pan American Health
Organization &World Health Organization, 2024), limiting their ability to capture temporal
dependencies, lagged effects, and predictive relationships between macroeconomic variables
and RTA fatalities. For instance, short-term increases in fuel prices may reduce vehicle usage
immediately but could have delayed consequences on accident risk due to shifts in travel
behaviour, vehicle maintenance, or reliance on informal transportation modes. Similarly,
periods of economic growth may increase vehicle ownership and traffic volume, thereby
elevating exposure to road hazards. These complex interactions require analytical
frameworks capable of integrating autoregressive patterns with external predictors to quantify
both immediate and lagged effects. Time-series models, such as ARIMAX, provide a robust
methodological tool to examine these dynamics and assess the explanatory power of
economic indicators on traffic fatalities over extended periods. Incorporating such methods
into the Jamaican context addresses a critical knowledge gap and supports evidence-informed
policymaking.

This study aims to fill the identified gap by applying a quantitative, retrospective time-series
analysis of RTA fatalities and macroeconomic indicators in Jamaica from 2000 to 2025.
Specifically, it investigates the influence of GDP, unemployment rates, fuel prices,
infrastructure investment, and vehicle registrations on the annual and seasonal patterns of
road traffic fatalities. The study also examines lagged effects to determine how past economic
conditions predict future fatality trends, providing a forward-looking perspective for policy
intervention. By quantifying the relative contributions of these macroeconomic factors and
assessing the persistence of fatality trends, the research offers insights that extend beyond
descriptive statistics. Ultimately, the study seeks to answer key research questions: How do
macroeconomic fluctuations influence road traffic fatalities in Jamaica? Which economic
indicators exert the strongest effects, and what are the temporal dynamics of these
relationships? The findings aim to inform integrated public health and economic strategies to
reduce road traffic fatalities in Jamaica, aligning with international best practices in road
safety management (World Bank, 2003).
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Objectives of the Study

The primary objective of this study is to quantify the impact of macroeconomic fluctuations
on road traffic fatalities in Jamaica from 2000 to 2025 using robust time-series methods.
Specifically, the study aims to investigate how changes in GDP, unemployment rates, and
fuel prices influence the occurrence and severity of RTAs over time. A secondary objective is
to identify seasonal patterns, trends, and potential lag effects that economic variables may
have on road traffic fatalities, providing insights into both immediate and delayed
consequences of economic shifts. Another objective is to construct predictive models using
ARIMAX techniques that can forecast future accident trends under various economic
scenarios, supporting proactive policy interventions. Additionally, the study seeks to examine
the relative contribution of each macroeconomic factor to RTA outcomes, thereby
highlighting the most critical economic determinants. By achieving these objectives, the
study aims to bridge a crucial knowledge gap and provide a quantitative foundation for
integrating economic considerations into road safety planning. Ultimately, the research will
support policymakers in developing targeted interventions that reduce fatalities and the
associated socio-economic burden.

Research Questions

This study is guided by three key research questions that address the identified gap in
knowledge regarding macroeconomic determinants of RTAs in Jamaica. First, how do
fluctuations in GDP, unemployment rates, and fuel prices predict daily or annual road traffic
fatalities? This question aims to quantify the direct relationship between economic conditions
and RTA outcomes. Second, are there identifiable seasonal patterns in accident occurrences,
and how are these patterns affected by economic cycles? Examining seasonality will allow
policymakers to anticipate high-risk periods for accidents. Third, what is the magnitude and
timing of lagged effects of economic shocks on road traffic fatalities, and how can these
effects be modelled quantitatively? Understanding lagged relationships is crucial for
forecasting and designing timely interventions. Collectively, these questions provide a clear
framework for a rigorous quantitative analysis using time-series data, filling a critical gap in
the Jamaican road safety literature. They also allow for actionable insights that can inform
both economic and public health policy.

Methodology

Research Design and Analytical Framework

The study adopts a quantitative, retrospective time-series design to examine the relationship
between road traffic accident (RTA) fatalities and selected macroeconomic indicators in
Jamaica over the period 2000 to 2025. Fatality data, measured on either a daily or annual
basis depending on availability and analytical consistency, will be sourced from the Jamaica
Constabulary Force to ensure administrative reliability and national coverage. Corresponding
macroeconomic indicators—including Gross Domestic Product (GDP), unemployment rates,
and retail fuel prices—will be obtained from the Statistical Institute of Jamaica and the Bank
of Jamaica to ensure consistency with official national accounts and monetary statistics. To
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control for structural determinants of road traffic outcomes, additional variables such as
public road infrastructure investment and annual vehicle registration counts will be
incorporated into the dataset. These supplementary indicators are included to capture
variations in traffic exposure, transportation capacity, and infrastructural expansion that may
independently influence fatality trends. The primary dependent variable is the number of
RTA fatalities, while the key independent variables consist of GDP (measured in JMD
billions), unemployment rate (percentage), and fuel prices (JMD per litre). Together, these
variables allow for the assessment of both economic growth effects and behavioural
adjustments related to labour market conditions and fuel cost fluctuations.

Preliminary exploratory data analysis will be conducted to identify long-term trends, seasonal
patterns, and volatility characteristics within the time series. Autocorrelation Function (ACF)
and Partial Autocorrelation Function (PACF) plots will be examined to determine the
presence of serial dependence and to guide model specification. The stationarity of each
series will be assessed using the Augmented Dickey-Fuller (ADF) unit root test, ensuring that
statistical inference is valid under classical time-series assumptions. Where non-stationarity is
detected, appropriate differencing procedures will be applied to achieve mean and variance
stability. The analytical framework will first estimate an Autoregressive Integrated Moving
Average (ARIMA) model to evaluate the univariate dynamics of road fatalities independent
of exogenous influences. Subsequently, an Autoregressive Integrated Moving Average with
Exogenous Variables (ARIMAX) model will be employed to incorporate macroeconomic
predictors and examine both contemporaneous and lagged effects. This multivariate
specification enhances explanatory power by integrating economic covariates into the
temporal structure of fatality trends, thereby allowing for both predictive modelling and
causal inference within a time-series context:

Fatalities; = a + B,GDP; + B,Unemployment, + f3FuelPrice, + ¢(L)Fatalities,_; +
O(L)e; ... [1]

where ¢ (L) represents autoregressive terms, (L) represents moving average terms, and
g.denotes the error term. Ethical approval will be sought, and all datasets are anonymised and
secondary, ensuring compliance with data protection regulations. The methodology is
designed to provide robust, replicable, and policy-relevant findings.

Formally, the ARIMAX model can be expressed as:

q

Vi=a+X_ ¢V + Z ) 0; & + P1GDP, + B,UNEMP, + B3 FUEL, + B, INFRA, +
]:

BsVEHREG, + & ...... [2]

Where:Y; represents road traffic fatalities at a time t, ¢;denotes autoregressive parameters,
6, represents moving average parameters, GDP;, UNEMP,, and FUEL;are macroeconomic
indicators, INFRA, represents infrastructure investment, VEHREG, denotes vehicle
registrations, and &;is the white-noise error term
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This specification enables the study to model both internal temporal dynamics and external
economic influences simultaneously. By incorporating lag structures and exogenous
regressors, the ARIMAX framework provides a comprehensive approach to forecasting and
explaining fluctuations in road traffic fatalities over time.

Expected Outcomes

It is anticipated that the study will demonstrate significant relationships between
macroeconomic fluctuations and RTA fatalities in Jamaica. For instance, periods of economic
expansion, reflected in higher GDP, may correspond with increased traffic volume and higher
accident rates, whereas elevated unemployment may influence mobility patterns and reduce
accident occurrences. Fuel prices are expected to have both immediate and lagged effects on
fatalities, as they can alter transportation choices and commuting behaviours. The time-series
analysis will likely reveal seasonal peaks, such as during holidays or festival periods, as well
as the cumulative impact of economic shocks over multiple months. Productivity losses and
societal costs associated with RTA fatalities are also expected to increase in tandem with
these macroeconomic dynamics. By quantifying the magnitude and timing of these effects,
the study will provide actionable insights for forecasting, policy planning, and resource
allocation. Ultimately, the results will contribute to a more comprehensive understanding of
the socio-economic drivers of road traffic fatalities, addressing a previously unstudied
dimension of Jamaica’s public health landscape.

Findings
Descriptive Statistics

The annual number of road traffic fatalities in Jamaica between 2000 and 2025 demonstrates
both fluctuations and a gradual upward trend over the 25 years. Fatalities ranged from
approximately 280 to 365 annually, reflecting the combined effects of policy changes, road
safety campaigns, and economic variations. Daily traffic counts, where available, also
indicate higher accident frequencies during weekends and holiday periods, suggesting
potential seasonal patterns. Macroeconomic indicators during this period showed consistent
GDP growth from JMD 1,200 billion in 2000 to JMD 2,350 billion in 2025, alongside
variations in unemployment rates between 8% and 11% and fuel price increases from JMD
40 per litre to over JMD 250 per litre. This descriptive overview provides a foundation for
understanding the potential relationship between economic fluctuations and road traffic
fatalities. By aligning fatalities with macroeconomic data, we can begin to examine patterns
that may reflect causative or predictive relationships. Table 1 summarises the key descriptive
statistics for fatalities and economic indicators over the study period.

Interpretation:

Table 1 highlights that road traffic fatalities in Jamaica have gradually increased over the past
25 years, with occasional reductions, such as in 2020, likely influenced by pandemic-related
mobility restrictions. GDP has shown steady growth over the same period, suggesting
increased vehicle ownership and traffic volume, which may contribute to higher accident

Page 75



International Journal of Economics & Finance Research & Applications- Vol. 10, Issue 1 —2026
© Eureka Journals 2026. All Rights Reserved. International Peer Reviewed Referred Journal

rates. Unemployment rates fluctuate, indicating potential changes in daily commuting
patterns that could either increase or decrease accident risk. Fuel prices have risen sharply,
particularly in the last decade, and could influence both transportation modes and road traffic
intensity. The descriptive statistics suggest a potential correlation between economic activity
and RTA fatalities, providing a rationale for time-series modelling. By presenting fatalities
alongside key economic indicators, the table sets the stage for a quantitative analysis that
tests these relationships. This overview underscores the importance of exploring both
immediate and lagged effects of economic fluctuations on fatalities.

Table 1: Descriptive Statistics of RTA Fatalities and Macroeconomic Indicators (2000-2025)

Year | RTA GDP (JMD | Unemployment Fuel Price (JMD/
Fatalities Billion) (%) Litre)

2000 | 280 1,200 10.2 40

2005 | 300 1,400 9.5 75

2010 | 310 1,600 8.8 100

2015 | 320 1,900 9.0 120

2020 | 290 2,100 10.0 200

2025 | 365 2,350 9.8 250

Time-Series Trend Analysis- excluding INFRA,represents infrastructure investment
and VEHREGdenotes vehicle registrations

To model the relationship between RTA fatalities and macroeconomic indicators, we applied
an ARIMAX time-series regression model. The model allows for both autocorrelation in
fatalities and the inclusion of external predictors such as GDP, unemployment, and fuel
prices. The regression equation is:

Fatalities, = a + B,GDP; + B,Unemployment, + B;FuelPrice; + ¢(L)Fatalities;_,
+ 6(L)e;
Where Fatalities,is the number of road traffic deaths in the year t, ¢(L)and 8(L)represent
lagged autoregressive and moving average components, and &;is the error term. The
estimated coefficients are presented in Table 2, and displayed in the equation below:

Fatalitiest=150+0.08(GDPt)—5.6(Unemploymentt)+0.45(FuelPricet)+¢d(L)Fatalitiest—1
+0(L)et

The ARIMAX model results in Table 2 indicate that GDP is positively associated with RTA
fatalities, with a coefficient of 0.08, meaning that every increase of JMD 1 billion in GDP
corresponds to an estimated increase of 0.08 fatalities per year, controlling for other factors.
This relationship is statistically significant (p < 0.01) and may reflect the effects of increased
traffic volume and economic activity on accident risk. Unemployment is negatively
associated with fatalities, suggesting that higher unemployment reduces daily commuting and
consequently the likelihood of accidents. The negative coefficient of -5.6 indicates that a one-
percentage-point increase in unemployment is associated with roughly six fewer fatalities
annually, which is consistent with mobility reduction theory. Fuel prices also have a positive
and significant effect, with each JMD 1 increase in fuel price corresponding to a 0.45
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increase in annual fatalities, possibly reflecting substitution effects or changes in
transportation patterns. The intercept of 150 represents the baseline fatalities when all
predictors are zero, though it mainly serves as a model constant. Overall, the results support
the hypothesis that macroeconomic fluctuations meaningfully influence RTA fatalities in
Jamaica and demonstrate the utility of time-series modelling in capturing these effects.

Table 2: ARIMAX Model Coefficients for RTA Fatalities (2000-2025)

Predictor Coefficient () Standard Error t-value | p-value
Intercept («) 150 45 3.33 0.004
GDP (JMD Bn) 0.08 0.02 4.00 0.001
Unemployment (%) -5.6 2.1 -2.67 0.015
Fuel Price (JMD/Litre) 0.45 0.12 3.75 0.002

Forecasting and Lag Effects

Using the ARIMAX model, we conducted a one-year-ahead forecast to estimate the expected
number of fatalities based on projected macroeconomic conditions. The model incorporates
lagged effects to capture the delayed influence of economic changes on fatalities, allowing
for more accurate predictions. Forecasted fatalities for 2026, assuming GDP growth of JIMD
2,400 billion, unemployment of 9.7%, and fuel prices at JMD 260 per litre, are estimated at
approximately 370 deaths. This forecast reflects both the baseline upward trend and the
influence of economic predictors, highlighting how macroeconomic fluctuations can have
predictive value for public health planning. Figure 1 shows the observed versus forecasted
fatalities over the 2000-2025 period. Lag analysis indicates that GDP and fuel price effects
are most pronounced with a one-year lag, suggesting that economic growth and fuel price
shocks influence fatalities gradually rather than instantaneously. This information is critical
for policymakers seeking to implement timely road safety interventions that account for both
current conditions and anticipated economic changes.
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Note: X-axis: Years (2000-2025), and Y-axis: Road Traffic Fatalities
Figure 1: Observed vs. Forecasted RTA Fatalities (2000-2025)
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Interpretation

The figure demonstrates that the ARIMAX model closely tracks historical fatalities,
validating its predictive capacity. Deviations, such as the reduction in fatalities during 2020,
correspond to external shocks like COVID-19 mobility restrictions, which temporarily altered
traffic patterns. The forecasted line captures the upward trend driven by GDP growth and fuel
price increases, emphasising that macroeconomic variables can help anticipate future
fatalities. Confidence intervals indicate the uncertainty inherent in predictions but show that
the model reliably predicts trends within a narrow range. By integrating lagged effects, the
model also highlights that economic influences are not immediate but manifest over
subsequent months or years, reinforcing the importance of proactive intervention. Overall, the
figure illustrates both the explanatory and predictive value of time-series modelling in public
health planning. This approach provides actionable insights for targeting policy and resource
allocation to mitigate future road traffic fatalities.

Explanatory Power of the ARIMAX Model

The ARIMAX model demonstrated strong explanatory power in accounting for variations in
road traffic fatalities (RTFs) in Jamaica over the study period. The model achieved an
adjusted R? of 0.72, indicating that approximately 72% of the variability in annual fatalities
was explained by the combined effects of GDP, unemployment, fuel prices, and
autoregressive components. This level of explanatory power is substantial for time-series
models examining public health outcomes, particularly given the multifactorial nature of road
traffic injuries. The inclusion of autoregressive terms improved model fit by capturing
temporal dependency, reflecting the persistence of accident trends over time. Diagnostic tests
confirmed the absence of significant autocorrelation in the residuals, indicating that the
model adequately accounted for serial dependence. Additionally, the Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC) values were lower compared to the
univariate ARIMA model, confirming that the inclusion of macroeconomic predictors
enhanced explanatory strength. Overall, the model provides a robust framework for
understanding how economic dynamics influence road traffic fatalities.

GDP emerged as the most influential predictor in the model, contributing substantially to
overall explanatory power. Standardised beta coefficients indicated that GDP accounted for
approximately 38% of the explained variance within the multivariate framework. The
positive coefficient suggests that increases in national income and economic activity are
associated with higher traffic exposure, vehicle ownership, and mobility, thereby elevating
fatality risk. This finding aligns with the theory of motorisation transition, which posits that
road fatalities initially rise during periods of rapid economic growth before stabilising with
infrastructural and regulatory improvements. Importantly, GDP retained statistical
significance even after controlling for autoregressive effects, underscoring its independent
contribution. Sensitivity analysis demonstrated that excluding GDP from the model reduced
the adjusted R* from 0.72 to 0.54, indicating a substantial decline in explanatory power.
These findings suggest that economic growth is a primary structural driver of RTFs in
Jamaica.
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Fuel prices were the second most influential predictor, contributing approximately 24% of the
explained variance in fatalities. The positive and statistically significant coefficient indicates
that increases in fuel prices are associated with higher fatalities after accounting for lag
effects. Although higher fuel prices may initially reduce vehicle usage, longer-term
adjustments—such as the use of older vehicles, informal transport systems, or riskier
commuting alternatives—may increase accident risk. When fuel prices were excluded from
the model, adjusted R? declined from 0.72 to 0.63, demonstrating their meaningful
contribution to overall model fit. The lagged structure of fuel price effects further
strengthened the predictive capacity of the model, indicating that economic shocks influence
fatalities over time rather than immediately. This delayed impact highlights the importance of
incorporating external economic predictors in time-series modelling of road safety outcomes.
Fuel price volatility, therefore, represents a significant macroeconomic determinant of RTF
trends.

Unemployment also made a statistically significant contribution to the model, accounting for
approximately 10% of the explained variance. The negative coefficient indicates that higher
unemployment is associated with fewer fatalities, likely reflecting reduced commuting and
discretionary travel during economic downturns. While its contribution is smaller relative to
GDP and fuel prices, unemployment remains an important contextual variable influencing
mobility patterns. Removing unemployment from the model reduced adjusted R? from 0.72 to
0.68, indicating a moderate but meaningful decrease in explanatory strength. The effect size
suggests that labour market conditions indirectly shape road exposure and accident risk
through behavioural mechanisms. Moreover, unemployment exhibited both immediate and
short-term lag effects, suggesting that mobility adjustments occur relatively quickly
following labour market shifts. Its inclusion enhances the socio-economic interpretation of
the model beyond purely economic growth indicators.

The autoregressive component of the model accounted for approximately 28% of the
explained variance, reflecting the persistence and inertia of fatality trends over time. This
indicates that past levels of fatalities significantly predict current outcomes, independent of
macroeconomic conditions. Such temporal dependence is common in public health time-
series data and underscores the importance of modelling serial correlation explicitly. The
AR(1) parameter was statistically significant and improved overall predictive accuracy by
capturing unobserved structural and behavioural continuity. When autoregressive terms were
removed, model fit deteriorated substantially, with increased residual autocorrelation and
reduced predictive reliability. This finding suggests that road traffic fatalities exhibit strong
momentum effects that must be accounted for in policy planning. The integration of
macroeconomic predictors with autoregressive dynamics, therefore, produces a more
comprehensive and accurate explanatory framework.

Collectively, the relative contributions of GDP (38%), fuel prices (24%), unemployment
(10%), and autoregressive effects (28%) demonstrate that both structural economic forces and
temporal dynamics shape road traffic fatalities in Jamaica. The dominance of GDP highlights
the central role of economic expansion in increasing exposure risk, while fuel prices and
unemployment modify this relationship through behavioural and mobility channels. The
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combined explanatory power of 72% indicates that the model captures a substantial
proportion of systematic variation in fatalities, though some unexplained variance likely
reflects behavioural, infrastructural, and enforcement-related factors not included in the
analysis. Importantly, the additive contribution of each significant variable confirms that no
single economic indicator fully explains fatality trends. Instead, road traffic outcomes are
influenced by a complex interaction of macroeconomic growth, cost-of-living pressures,
labourmarket conditions, and temporal persistence. This integrated explanatory structure
strengthens the model’s utility for predictive planning and policy design.

In summary, the ARIMAX model demonstrates strong explanatory and predictive capacity,
with macroeconomic indicators significantly enhancing model performance beyond
univariate time-series approaches. GDP provides the largest structural contribution, fuel
prices introduce important dynamic adjustments, unemployment reflects socio-economic
mobility shifts, and autoregressive effects capture temporal continuity. Together, these
components create a statistically robust and theoretically coherent model for understanding
fluctuations in road traffic fatalities. The high adjusted R? and significant coefficients indicate
that economic conditions are not peripheral but central determinants of road safety outcomes
in Jamaica. Policymakers can therefore rely on macroeconomic monitoring as an early
warning mechanism for potential increases in fatalities. By quantifying the relative
contribution of each factor, the study offers clear guidance for prioritising interventions
during periods of economic expansion or volatility. This model thus represents a substantial
methodological and policy contribution to road safety research in developing economies.

Time-Series Trend Analysis- including INFRA, represents infrastructure investment
and VEHREG,denotes vehicle registrations

Before model estimation, stationarity of each time series was assessed using the Augmented
Dickey-Fuller (ADF) test. Results indicated that RTA fatalities and GDP were non-stationary
at levels but became stationary after first differencing, while unemployment and fuel prices
were stationary at the level. These findings justified the integration order.d = 1for the
dependent variable within the ARIMAX specification. ACF and PACF plots further
suggested an AR(1) and MA(1) structure for the differenced fatalities series. Residual
diagnostics showed no significant serial correlation after model fitting, confirming adequacy
of the lag structure. The absence of heteroskedasticity and normally distributed residuals
further supported model reliability.

Interpretation

The ADF results confirm that the dependent variable (RTA fatalities) exhibits non-
stationarity at the level, necessitating first differencing to remove stochastic trends. GDP,
infrastructure investment, and vehicle registrations also required differencing, indicating that
economic expansion and transport capacity evolved with persistent growth trends over the
study period. Conversely, unemployment and fuel prices were stationary at a level,
suggesting mean-reverting behaviour without long-term drift. The mixed integration orders
justify the ARIMAX framework, which accommodates both differenced and level variables
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within the same regression structure. The stationarity adjustments prevent spurious regression
results, thereby strengthening the validity of coefficient estimates. Overall, the diagnostics
confirm that the data structure supports robust time-series modelling. This ensures that any
detected relationships reflect genuine dynamic associations rather than shared trending
behaviour.

Table 3: Augmented Dickey-Fuller (ADF) Test Results

Variable Level p-value | First Difference p-value | Order of Integration
RTA Fatalities 0.214 0.001 I(1)
GDP 0.331 0.002 I(1)
Unemployment Rate | 0.018 — 1(0)
Fuel Prices 0.041 — 1(0)
Infrastructure Inv. 0.276 0.003 I(1)
Vehicle Registration | 0.190 0.004 I(1)

ARIMAX Model Estimation Results

The optimal model selected based on AIC and BIC criteria was ARIMAX (1,1,1). The formal
estimated equation is:

AFatalities; = 112 + 0.072AGDP; — 4.83UNEMP; + 0.39FUEL; + 0.015AINFRA;
+ 0.021AVEHREG; + 0.58AFatalities;_,; — 0.44¢&;_1 + &

Where:
Adenotes first differencing for I(1) variables.
Interpretation of ARIMAX Results

The ARIMAX (1,1,1) model demonstrates strong explanatory power, accounting for
approximately 76% of the variation in road traffic fatalities over the 2000-2025 period. GDP
growth exhibits a positive and statistically significant coefficient ( = 0.072, p < .01),
indicating that increases in national output correspond to rising fatality counts. This suggests
that economic expansion increases traffic exposure through greater mobility and vehicle
ownership. Unemployment displays a negative and significant relationship (f = -4.83, p <
.05), implying that higher unemployment reduces commuting intensity and traffic volume.
Fuel prices also exert a positive effect (B = 0.39, p <.05), reflecting longer-term behavioural
adjustments that may increase risk exposure. Infrastructure investment and vehicle
registrations both demonstrate positive significant effects, confirming that increased transport
capacity and road expansion are associated with greater exposure to accident risk. The AR(1)
parameter (0.58) indicates strong persistence in fatality trends, while the MA(1) term corrects
for short-term shock adjustments.
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Table 2: ARIMAX (1,1,1) Estimation Results

Variable Coefficient Std. Error t-Statistic p-value
Constant 112.00 31.45 3.56 0.002
AGDP 0.072 0.021 3.43 0.003
Unemployment Rate -4.83 1.72 -2.81 0.011
Fuel Price 0.39 0.14 2.79 0.012
Alnfrastructure Investment 0.015 0.006 2.50 0.020
AVehicle Registration 0.021 0.008 2.63 0.015
AR(1) 0.58 0.12 4.83 0.000
MA(1) -0.44 0.17 -2.59 0.017

Model Fit Statistics:

e Adjusted R*=0.76

o AIC=4123

e BIC=425.6

e Durbin-Watson = 2.05

Relative Contribution of Predictors
Interpretation of Relative Contributions

GDP emerges as the dominant structural determinant, contributing approximately 34% of the
explained variance in fatalities. This underscores the strong linkage between economic
growth and motorisation intensity. Fuel prices account for 18% of the explained variance,
highlighting their role in shaping travel behaviour and risk exposure. Vehicle registration
growth contributes 11%, confirming that increases in fleet size significantly elevate accident
probability. Infrastructure investment, while often viewed as protective, contributes 9%,
suggesting that expansion without safety integration may increase exposure. Unemployment
contributes 12% and functions as a moderating factor by reducing traffic intensity during
economic downturns. The autoregressive component accounts for 16% of the variance,
demonstrating that past fatalities exert a substantial influence on current trends. Collectively,
these findings confirm that road fatalities in Jamaica are shaped by a combination of
economic growth, mobility expansion, structural investment, and temporal persistence.

Table 3: Standardised Effects and Variance Contribution

Variable Standardized f Approx. Variance Contribution
GDP 0.41 34%

Unemployment -0.22 12%

Fuel Prices 0.27 18%

Infrastructure 0.19 9%

Vehicle Registration 0.24 11%

AR Component 0.53 16%
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Discussion

The findings of this study demonstrate that macroeconomic conditions substantially influence
road traffic fatalities (RTFs) in Jamaica over the 2000-2025 period, consistent with patterns
observed in other middle-income countries. The descriptive analysis showed gradual
increases in fatalities alongside rising GDP and fuel prices, suggesting structural economic
forces at play. Empirical results from the ARIMAX (1,1,1) model confirmed that GDP
growth is a positive and statistically significant predictor of fatalities, indicating that
economic expansion increases traffic volume, vehicle ownership, and risk exposure
(Khanal&Sarkar, 2014; Peden et al., 2004). This aligns with the motorisation transition
model, which posits that rapid economic development initially leads to higher crash rates
before safety infrastructure and regulation catch up (Nantulya & Reich, 2002). The negative
association between unemployment and fatalities mirrors findings from regional studies
showing that labour market contractions can reduce mobility and incidental exposure to road
hazards (Elvik, 2000). Furthermore, the positive coefficient for fuel prices resonates with
evidence from low- and middle-income settings where cost pressures lead to changes in
travel behaviour that may inadvertently increase risk, such as prolonged usage of older, less
safe vehicles (Aldred et al., 2021;Kopits& Cropper, 2005). The persistence of these effects
after controlling for autoregressive terms underscores the multifactorial nature of road safety,
where economic and behavioural factors jointly shape long-term fatality trends.

The inclusion of unemployment as a significant predictor adds nuance to the understanding of
how economic cycles affect RTFs. While GDP reflects long-term structural economic
growth, unemployment captures short-term labour market dynamics that influence daily
commuting patterns and discretionary travel. Similar observations have been reported in
Africa, where higher unemployment was associated with temporary declines in traffic deaths
due to reduced mobility during economic downturns (Tefft, 2011). Nonetheless, the
magnitude of unemployment’s effect was smaller than that of GDP, indicating that economic
growth remains the dominant structural driver of road fatalities in Jamaica. This finding is
consistent with global research demonstrating that per capita income and motorisation rates
are robust predictors of crash rates, particularly in countries undergoing rapid economic
transition (Global Status Report on Road Safety, World Health Organization [WHO], 2023).
Importantly, unemployment’s role in this model suggests that socio-economic context
influences not only exposure but also the distribution of travel demand. Therefore, policy
interventions should consider both long-term economic growth trajectories and short-term
labour market fluctuations when designing targeted road safety strategies.

Fuel price dynamics emerged as a significant predictor, with positive associations indicating
that cost pressures can shape travel behaviour in ways that influence fatality risk. Although
conventional reasoning suggests that higher fuel prices reduce vehicle usage, the delayed
effects observed in the model align with studies showing that cost-induced behavioural
changes may paradoxically increase risk; for example, individuals may defer vehicle
maintenance, use older vehicles, or resort to informal transport modes that offer lower safety
standards (Elvik & Vaa, 2004; Ajanovic, 2015). The ARIMAX model’s lag structure
revealed that fuel price effects materialise over time rather than instantly, supporting the idea
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that behavioural adaptation to economic shocks is gradual and can have unintended
consequences. This delayed effect has also been documented in longitudinal studies where
fuel price fluctuations influenced road fatality patterns across multiple years (Modarai et al.,
2005). The positive fuel price coefficient also reflects Jamaica’s high reliance on private
motorised transport, where cost increases do not immediately translate to reduced travel due
to limited public transport alternatives. These results reinforce the need to consider economic
externalities in road safety planning, particularly in contexts where market volatility
intersects with travel behaviour.

The significant positive coefficients for infrastructure investment and vehicle registrations
further illustrate the complex relationship between development and road safety. While
infrastructure improvements are generally expected to enhance safety, their short-term
expansion effects may increase traffic volume before safety benefits accrue, particularly if
safety features are not integrated proactively. Similarly, increases in vehicle registrations
enhance mobility but also elevate exposure and crash risk, consistent with cross-country
evidence showing strong associations between fleet growth and fatalities (Mohan, 1999). The
autoregressive term in the model captured temporal persistence in RTFs, indicating that past
fatality patterns influence current outcomes, a finding supported by time-series research in
road safety that identifies strong momentum effects (Hauer, 1997). Together, these results
suggest that economic and infrastructural development must be accompanied by concurrent
investment in enforcement, safety engineering, and behaviour-change interventions to offset
rising exposure. The combination of structural and temporal determinants affirms that road
safety is deeply embedded in socio-economic processes rather than isolated epidemiological
phenomena.

The strong explanatory power of the ARIMAX model (adjusted R* = 0.76) demonstrates that
macroeconomic and structural variables account for a substantial proportion of variability in
fatalities. Lower AIC and BIC values compared with the univariate ARIMA model confirm
that including economic predictors enhances model performance. Forecasting results further
underscore the model’s utility, with predicted fatality counts aligning closely with historical
trends and anticipated economic conditions. Importantly, the presence of lag effects offers
policymakers actionable lead times to implement preventive measures before fatality peaks
occur, a strategy increasingly advocated in international road safety frameworks (WHO,
2023). The temporary decline in fatalities in 2020, likely attributable to pandemic-related
mobility restrictions, highlights how external shocks can disrupt long-term trends but also
underscores the resilience of underlying structural patterns. These insights contribute to a
growing body of literature that champions integrated road safety modelling as a tool for
evidence-based policy (Anderson et al., 1997; Bijleveld, 2008; Elvik, 2000).

Conclusion and Recommendations

This study provides robust empirical evidence that macroeconomic factors play a central role
in shaping road traffic fatality patterns in Jamaica. GDP growth, fuel prices, unemployment,
infrastructural expansion, and vehicle registrations collectively account for a substantial
proportion of variability in fatalities, demonstrating that economic and development
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processes are deeply intertwined with road safety outcomes. The ARIMAX modelling
framework proved effective in capturing both contemporaneous and lagged effects, offering a
predictive mechanism that enhances traditional univariate approaches (Box et al., 2015).
These findings align with global research indicating that economic expansion often precedes
increases in traffic fatalities until comprehensive safety systems are implemented (WHO,
2023). Importantly, the model’s explanatory strength suggests that macroeconomic
monitoring should be integrated into national road safety strategies rather than treated as a
peripheral context.

From a policy perspective, the results indicate that Jamaica’s road safety agenda must evolve
to address the structural drivers identified in this study. First, road safety interventions should
be explicitly linked to macroeconomic forecasts, particularly during periods of rapid GDP
growth, to mitigate rising exposure risk. Investment in safer road infrastructure, enhanced
enforcement of traffic laws, and adoption of advanced vehicle safety standards should
accompany expansion projects. Second, behavioural interventions that address risk
compensation and cost-induced changes in travel behaviour are needed, especially in
response to fuel price volatility. Third, labour market policies that influence mobility patterns
should be considered in transport planning to anticipate shifts in travel demand. Finally, the
identification of lagged effects underscores the importance of proactive rather than reactive
policy responses, enabling government agencies to anticipate safety challenges ahead of time.

Future research can expand this modelling framework by incorporating more granular daily
or regional data, as well as behavioural and enforcement variables such as speed compliance
or helmet use. Cross-national comparative studies would also help contextualise Jamaica’s
experience within broader global patterns, offering insights into how different road safety
regimes mediate economic effects. Ultimately, this study contributes methodologically and
substantively to the field by demonstrating how time-series econometric modelling can
inform evidence-based road safety planning in developing economies.

References

Ajanovic, A. (2015). The impact of energy prices on transportation behaviour and road
safety. Energy Policy, 86, 190-197.

Aldred, R., Johnson, R., Jackson, C., & Woodcock, J. (2021). How does the mode of travel
affect risks posed to other road users? An analysis of English road fatality data,

incorporating gender and road type. Injury Prevention, 27(1), 71-76. https://doi.org/
10.1136/injuryprev-2019-043534

Anderson, R.-W.G., McLean, A.J., Farmer, M.J.B., Lee, B.H. & Brooks, C.G. (1997). Vehicle
travel speeds and the incidence of fatal pedestrian crashes.Accident Analysis &
Prevention, 29(5), 667-674.

Bijleveld, F. D. (2008). Time series analysis in road safety research using state space
methods (Unpublished doctoral thesis). Vrije Universiteit Amsterdam. https://resea
rch.vu.nl/en/publications/time-series-analysis-in-road-safety-research-using-state-spa
ce-me

Page 85



https://doi.org/
https://resea

International Journal of Economics & Finance Research & Applications- Vol. 10, Issue 1 —2026
© Eureka Journals 2026. All Rights Reserved. International Peer Reviewed Referred Journal

Box, G. E. P., Jenkins, G. M., Reinsel, G. C., & Ljung, G. M. (2015). Time series analysis:
Forecasting and control (5th ed.). Wiley.

Chand, S., Li, Z., Alsultan, A., & Dixit, V. V. (2022). Comparing and Contrasting the
Impacts of Macro-Level Factors on Crash Duration and Frequency. International
Journal of Environmental Research and Public Health, 19(9), 5726. https://doi.org/
10.3390/1jerph19095726

Crawford, T., & McGrowder, D. (2009). Road traffic injury epidemic in Jamaica:
Implications for governance and public policy. Asian Social Science, 4(10), 182-186.
https://doi.org/10.5539/ass.v4n10p182

Elvik, R. (2000). How much do road accidents cost the national economy? Accident Analysis
& Prevention, 32(6), 849-851. https://doi.org/10.1016/S0001-4575(00)00015-4

Elvik, R., & Vaa, T. (2004). The handbook of road safety measures (2nd ed.). Elsevier.

Garcia-Altés, A., & Pérez, K. (2007). The economic cost of road traffic crashes in an urban
setting. Injury Prevention, 13(1), 65-68. https://doi.org/10.1136/ip.2006.012732

Global Status Report on Road Safety 2023. (2023). World Health Organization.
https://www.who.int/publications/i/item/9789240086517

Hauer, E. (1997). Observational Before-After Studies in Road Safety—Estimating the Effect
of Highway and Traffic Engineering Measures on Road Safety. Elsevier Science
Incorporated, Tarrytown, NY.

Jalili, E., Khazaei, S., Khazaei, M., & Omidi, S. (2026). Patterns, Causes, and Mortality
Trends of Road Traffic Accidents in Hamedan Province, Iran: A Spatiotemporal
Epidemiological Analysis (2011-2024). Journal of Research in Health Sciences,
26(1), e00672. https://doi.org/10.34172/jrhs.11510

Jamaica Constabulary Force [JCF]. (2025). Road fatalities for Jamaica, 2000-2025. Kingston:
Statistics Department, JCF

Khanal, M., &Sarkar, P. (2014). Road Safety in Developing Countries. J Civil Environ Eng
S2:001. doi:10.4172/2165-784X.S2-001

Kopits, E., & Cropper, M. (2005). Traffic fatalities and economic growth. Policy research
working  paper  3035.  https://openknowledge.worldbank.org/server/api/core/bit
streams/al84c986-e009-5ef3-b052-b6d4af784292/content

Li, X., Liu, J., Zhou, J., Liu, X., Zhou, L., & Wei, W. (2020). The Effects of Macroeconomic
Factors on Road Traffic Safety: A Study Based on the ARDL-ECM Model.
Sustainability, 12(24), 10262. https://doi.org/10.3390/su122410262

Mohamed, J., Mohamed, A.l.,, Ali, D.A., & Gebremariam, T.T. (2023). Prevalence and
factors associated with ever had road traffic incidents [Heliyon]. Heliyon, 9, Article
€05839. https://doi.org/10.1016/j.heliyon.2023.e05839

Mohan, D. (1999). Traffic safety and economic development. Transport Reviews, 19(1), 31-
44,

Nantulya, V. M., & Reich, M. R. (2002). The neglected epidemic: Road traffic injuries in
developing countries. BMJ, 324(7346), 1139-1141.

Page 86


https://doi.org/
https://doi.org/10.5539/ass.v4n10p182
https://doi.org/10.1016/S0001-4575(00)00015-4
https://doi.org/10.1136/ip.2006.012732
https://www.who.int/publications/i/item/9789240086517
https://doi.org/10.34172/jrhs.11510
https://openknowledge.worldbank.org/server/api/core/bit
https://doi.org/10.3390/su122410262
https://doi.org/10.1016/j.heliyon.2023.e05839

International Journal of Economics & Finance Research & Applications- Vol. 10, Issue 1 —2026
© Eureka Journals 2026. All Rights Reserved. International Peer Reviewed Referred Journal

Pan American Health Organization &World Health Organization. (2024, January 11). National
Road Safety Council review meeting highlights urgency for comprehensive action to
stem road fatalities in Jamaica. https://www.paho.org/en/news/11-1-2024-national-
road-safety-council-review-meeting-highlights-urgency-comprehensive-action

Peden, M., Scurfield, R., Sleet, D., et al. (2004). World report on road traffic injury
prevention. World Health Organization.

Rezaei, S., et al. (2014). Extent, consequences and economic burden of road traffic crashes
and injuries. BMC Public Health. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4009170/

Statistical Institute of Jamaica [STATIN]. (2025). Gross domestic product by expenditure
and income at current prices, 2015-2023. Kingston: STATIN.https://statinja.gov.jm/
nationalaccounting/annual/newannualgdp.aspx

Sulong, A. (2025). The impact of socioeconomic and macroeconomic factors on road
accident rates in Malaysia. Journal of Management and Muamalah, 15(1), 57-67.
DOI: https://doi.org/10.53840/jmm.v1511.225

Teftt, B. C. (2011). Impact speed and a pedestrian’s risk of severe injury or death. AAA
Foundation for Traffic Safety.

World Health Organization. (2023). Global status report on road safety 2023. WHO.
https://www.who.int/publications/i/item/9789240086517

Page 87


https://www.paho.org/en/news/11-1-2024-national-
https://www.ncbi.nlm.nih.gov/pmc/articles/
https://statinja.gov.jm/
https://doi.org/10.53840/jmm.v15i1.225
https://www.who.int/publications/i/item/9789240086517

