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Abstract

South Africa continues to grapple with alarmingly high rates of road accidents and fatalities, a crisis that intensifies during
peak travel periods such as the December holiday season. Despite government recognition of this persistent issue and the im-
plementation of numerous road safety campaigns, the recurrence of high fatality rates underscores significant systemic weak-
nesses. This concern is compounded by the substantial financial burden estimated at 3.4% of GDP nationally and profound social
consequences associated with road crashes (SANRAL, 2022). This conceptual paper employs a retrospective, analytical design,
drawing on gazetted statistical reports, official road traffic records, and scholarly literature. It examines the efficacy of existing
road safety strategies in reducing holiday-season accidents and fatalities across three high-burden provinces: KwaZulu-Natal,
Eastern Cape, and Limpopo. The analysis identifies critical gaps in current interventions, including fragmented enforcement,
deteriorating road infrastructure, pervasive unsafe driver behaviour, and a lack of integrated, data-driven approaches. The paper
concludes that progress remains hampered by strategic disunity and inadequate implementation. It recommends a paradigm
shift towards a holistic Safe System approach, underpinned by the robust integration of Artificial Intelligence (AI) and Informa-
tion and Communication Technology (ICT) for predictive analytics, real-time monitoring, and targeted behavioural interventions
to mitigate risks during high-risk periods.
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Introduction and Background

Road traffic accidents (RTAs) represent a global public health and developmental crisis. They are the leading cause of death for chil-
dren and young adults aged 5-29 years worldwide and rank as the eighth leading cause of mortality across all age groups, accounting
for approximately 1.35 million deaths annually (World Health Organisation [WHO], 2018). A disproportionate 93% of these fatalities
occur in low- and middle-income countries (LMICs), highlighting stark global inequalities in road safety outcomes (WHO, 2018). In
South Africa, this crisis is acutely felt. As a signatory to the 2030 Agenda for Sustainable Development, the country committed to Sus-
tainable Development Goal (SDG) Target 3.6: to halve the number of global deaths and injuries from RTAs by 2030 (Statistics South

Africa [Stats SA], 2021). However, national data reveal a troubling trend; instead of declining, road accident deaths increased from
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6,556 in 2015 to 6,652 in 2016 following the declaration of the SDGs (Stats SA, 2021). More recent data indicate a persistent chal-
lenge, with the 2022 /23 festive season recording 1,451 fatalities (RTMC, 2023). Cumulative data from 2007-2019 indicate that most
fatalities occur within an individual’s province of residence, with KwaZulu-Natal (92.1%) and Limpopo (93.4%) recording particularly
high proportions of resident deaths (Stats SA, 2021). The persistent high fatality rates, especially during holiday seasons, necessitate
a critical re-evaluation of the effectiveness of current road safety strategies in these high-burden provinces.

Theoretical Framework: Conceptualising Road Safety Interventions

A practical understanding of road safety requires a multi-theoretical lens that moves beyond siloed interventions. This paper is

framed by three complementary theoretical perspectives:
Systems Theory

Systems Theory posits that road safety is a product of a complex, interconnected system comprising humans, vehicles, infrastruc-
ture, and the broader legal and regulatory environment (Larsson, 2010). The interactions between these elements determine safety
outcomes. A failure in one component (e.g., poor road design) places increased pressure on others (e.g., driver skill and enforcement),
increasing the likelihood of a crash. This theory argues for a holistic approach where interventions are coordinated across all parts
of the system, ensuring they are not undermined by weaknesses elsewhere (Muir, Johnston, & Howard, 2018). The Safe System Ap-
proach, an evolution of systems thinking, is explicitly built on this principle, aiming to create a road transport system that is forgiving
of human error and eliminates fatal outcomes (ITE, 2016). This approach is crucial for understanding the interconnected risks in the

South African provincial context.
Theory of Planned Behaviour (TPB)

The Theory of Planned Behaviour (Ajzen, 1991) provides a framework for understanding driver and pedestrian behaviour. It sug-
gests that behaviour is directly influenced by behavioural intention, which is itself shaped by three factors: (1) *attitudes* towards the
behaviour (e.g. is speeding perceived as beneficial?), (2) *subjective norms* (e.g., perceived social pressure from peers to speed or
not), and (3) *perceived behavioural control* (e.g., the driver’s confidence in their ability to avoid speeding, influenced by conditions
and enforcement). Effective awareness campaigns and enforcement must therefore target these underlying cognitive constructs to
effect lasting behavioural change (Sarker, Carsten, Huang, & Hajiseyedjavadi, 2024). Recent studies in LMICs have shown that inter-
ventions incorporating TPB constructs, such as those targeting minibus taxi drivers’ attitudes towards speeding, can lead to significant

improvements in self-reported driving behaviour (Ncube & Ndhlovu, 2022).
Diffusion of Innovation Theory

This theory (Rogers, 1962) explains how new technologies and ideas (e.g., Al traffic management, advanced vehicle safety features)
spread through a social system. Adoption is not uniform; it depends on the technology’s perceived relative advantage, compatibility,
complexity, trialability, and observability. For South Africa, successfully integrating Al and ICT tools into road safety strategies requires
understanding and addressing these factors to ensure uptake by government agencies and the public (Arora, Sharma, & Singh, 2023).
The theory helps explain the slow adoption of life-saving technologies in bureaucratic systems and can inform strategies to pilot and

scale innovations effectively.

Literature Review
The Four Pillars of Road Safety: A Global and Local Perspective

The World Health Organisation’s integrated approach, based on four pillars, provides a robust framework for analysing road safety,

which can be viewed through the aforementioned theoretical lenses.
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Safer Roads and Mobility (The Systems View)

Road infrastructure must be designed to forgive human error. This involves engineering measures like clear signage, pedestrian bar-
riers, and road markings. From a Systems Theory perspective, roads are a critical component that must be aligned with other elements.
The legal duty of road authorities to maintain safe roads is well-established; failure to do so can constitute a wrongful act leading to
delictual liability (de Villiers Roodt, 2016). Tools like the International Road Assessment Programme (iRAP) provide a data-driven,
risk-based methodology for identifying and prioritising infrastructure upgrades, embodying a systems-thinking approach (Murray,
2007). In the South African context, the deterioration of provincial road infrastructure is a critical concern. A 2022 report by the South
African National Roads Agency (SANRAL) highlighted a significant maintenance backlog, particularly in rural areas of provinces like
the Eastern Cape and Limpopo, which directly contributes to elevated crash risks (SANRAL, 2022). This systemic failure in one pillar

(infrastructure) places immense strain on the others (e.g., enforcement and user behaviour).
Safer Vehicles (Diffusion of Innovation)

Vehicle safety standards have evolved significantly, yet their adoption in developing markets can be slow. Diffusion of Innovation
Theory helps explain the gradual uptake of features like Electronic Stability Control (ESC) and Autonomous Emergency Braking (AEB)
(Yip & McKern, 2018). While South Africa has manufacturing capabilities, the average age and safety rating of the vehicle fleet on pro-
vincial roads remain a concern, particularly in the context of holiday travel, where long distances are covered. The prevalence of older
minibus taxis, which are often poorly maintained and overloaded during holiday migrations, is a specific risk factor in the provinces
under study (Sukhai, Jones, & Haynes, 2019). The diffusion of safer vehicle technologies into this segment of the market is particularly

slow due to economic constraints and a lack of stringent regulation.
Safer Road Users (Theory of Planned Behaviour)

This pillar focuses on influencing behaviour through enforcement, education, and awareness. The TPB is particularly relevant here.
Campaigns like Arrive Alive aim to shape attitudes and subjective norms around speeding, drunk driving, and fatigue. However, as
Mpunzi (2018) argues, these initiatives are often fragmented and lack the sustained intensity required to fundamentally alter per-
ceived behavioural control and social norms on a mass scale. Enforcement is a key tool for influencing perceived behavioural control
by increasing the perceived certainty of punishment. Research specific to South African holiday periods has identified a cluster of
high-risk behaviours, including fatigue from long-distance travel, substance abuse, and distracted driving, as primary contributors to
fatalities (Venter & Joubert, 2021). These behaviours are deeply rooted in social and attitudinal factors that TPB-informed interven-

tions could address more effectively.
Post-Crash Response (Systems Integration)

Effective post-crash care is a systems issue, requiring integrated emergency medical services, trauma systems, and rehabilitation.
Delays in any part of this chain worsen outcomes. Strengthening this pillar requires coordination across health, transport, and justice
sectors, a core principle of Systems Theory. In the rural contexts of KZN, Eastern Cape, and Limpopo, post-crash response is severely
hampered by vast geographical distances, limited emergency medical resources, and poor communication networks (Wallis et al.,
2021). This systemic weakness means that the severity of crashes is often exacerbated, leading to higher fatality rates than might occur

with a more responsive system.
The Holiday Season Phenomenon: A Convergence of Risks

The holiday season represents a period of concentrated risk, creating a perfect storm for road traffic accidents. This is not merely an

increase in volume but a convergence of systemic failures and behavioural shifts:
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Volume and Demand

There is an exponential increase in traffic volume, including many infrequent long-distance drivers, overwhelming road capacity

and enforcement capabilities.
Behavioural Shifts

A “holiday mentality” can lead to riskier behaviours, including speeding to reach destinations, alcohol consumption, and driver
fatigue (Venter & Joubert, 2021).

Vehicle Condition

The pressure to transport large numbers of people leads to overloading of vehicles and the use of less roadworthy cars for long

journeys.
Environmental Factors

The December holidays coincide with the summer rainy season in much of South Africa, leading to wet and slippery road surfaces

that increase stopping distances and the risk of losing control.

The standardised national campaigns, while valuable for raising awareness, are often too generic to address this complex, prov-

ince-specific convergence of risks effectively.
Provincial Analysis: KwaZulu-Natal, Eastern Cape, and Limpopo

Data from Stats SA (2021) indicates that these three provinces are among the highest contributors to South Africa’s road fatality
burden. Age-standardised death rates (2019) were notably high in Limpopo (22.9 per 100,000) and the Eastern Cape (15.2), with
KwaZulu-Natal at 14.7. In contrast, Gauteng recorded a rate of only 2.5. This disparity points to provincial-specific risk factors, which

are as follows:

Risk factors

Infrastructure Quality

Rural road networks in these provinces are often poorly maintained, with inadequate signage and lighting. The 2022 SANRAL re-
port specifically flagged the R61 in the Eastern Cape and sections of the N2 in KZN as high-risk corridors in dire need of intervention
(SANRAL, 2022).

Socio-Economic Factors

Higher levels of poverty correlate with older, less safe vehicles and greater reliance on vulnerable road users (pedestrians, cyclists).
Furthermore, economic migration patterns see a mass movement of people from Gauteng to these provinces during holidays, drasti-

cally increasing traffic on ill-equipped roads (Sukhai, Jones, & Haynes, 2019).
Enforcement Capacity

Resource constraints limit the consistent visibility of traffic officers, reducing the deterrent effect of enforcement. The concentrated

“blitz” style of holiday enforcement is often circumvented by motorists and is unsustainable year-round (Mpunzi, 2018).
Public Transport Pressure

Holiday seasons see a massive increase in the volume of minibus taxis and long-distance buses, often operating under pressure and
sometimes without adequate safety compliance. Studies have shown that public transport-related crashes spike significantly during
these periods (Sukhai, Jones, & Haynes, 2019).
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The persistent high fatality rates suggest that the standard national holiday safety campaigns, while raising awareness, are insuffi-

cient to overcome these deep-rooted, systemic provincial challenges.
Towards an Integrated Solution: The Role of Al and Data-Driven Management

The findings indicate that a new approach is needed. We propose an integrated framework that leverages technology within a Sys-

tems Theory foundation:
Predictive Analytics

Al algorithms can analyse historical crash data, weather patterns, and traffic flow to predict high-risk locations and times during the
holiday period, enabling proactive deployment of enforcement and emergency resources. Pilots in other LMICs have shown a 20-30%

improvement in resource allocation efficiency using such models (Khan & Das, 2024).
Intelligent Enforcement

Automated number plate recognition (ANPR) and speed cameras can augment limited human resources, providing consistent, 24/7
enforcement that heightens perceived behavioural control. This directly applies the TPB by making the consequences of violation feel

more certain.
Targeted Communication

Social media and mobile apps can be used to deliver hyper-local, real-time safety alerts and campaigns tailored to the specific at-
titudes and norms of different user groups (e.g., young drivers, taxi operators), as suggested by Community-Based Social Marketing
principles. A study on Kenyan matatu drivers showed that targeted SMS campaigns based on TPB reduced speeding violations by 18%
(Nthoki, 2025).

Data Integration

A centralised, provincial data hub that integrates information from traffic, health, and infrastructure departments would provide a
holistic view of the system, enabling evidence-based policy and investment decisions. This embodies the core tenet of Systems Theory

by breaking down data silos.
Conclusion and Recommendations

This paper concludes that holiday road safety strategies in KwaZulu-Natal, the Eastern Cape, and Limpopo have yielded insufficient
results because they often address system components in isolation. A paradigm shift from fragmented interventions to a coordinated
Safe System approach is essential. This approach acknowledges that humans make mistakes, and the system must be designed to pre-

vent those mistakes from resulting in fatal outcomes.
The paper recommends the following:

¢ To adopt a Provincial Safe System Framework where each province should develop a tailored strategy based on integrated sys-
tems thinking, aligning infrastructure, enforcement, and public awareness efforts. This must be backed by dedicated budgetary
allocations.

¢ Tointegrate Al and Data Analytics through investment in provincial traffic management centres powered by Al for predictive risk
modelling and intelligent resource allocation. Partner with academic institutions for local research and development.

¢ To Strengthen Enforcement through Technology, scale up the use of automated enforcement technology (e.g., average speed over
distance cameras) to ensure consistency and overcome resource limitations.

e To Launch Theory-Driven Campaigns by designing public awareness campaigns using the TPB framework to specifically target
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attitudes, subjective norms, and perceived control related to key fatal behaviours (speed, alcohol). These campaigns must be
culturally and linguistically tailored to each province.
To Prioritise Infrastructure Upgrades using risk-based tools like iRAP to identify and invest in cost-effective engineering im-

provements on high-risk routes in these provinces. This is a foundational requirement for any lasting success.

By embracing a multi-theoretical, technologically augmented, and provincially focused approach, South Africa can make significant

strides towards achieving SDG Target 3.6 and safeguarding its citizens during high-risk travel periods.
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