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ABSTRACT

Background: Global heating is associated with adverse health impacts necessitating the
implementation of Heat Action Plans (HAPs) to protect communities. Gauteng in South
Africa is the most populated province, housing three cities (i.e., Johannesburg, Ekurhuleni,
and Pretoria) and 25% of the national population.

Objective: Given rising temperatures and projected increases in heatwaves and hot days,
we gathered literature and case studies to inform the development of a Gauteng HAP.

Methods: We conducted a scoping review to inform baseline data on heat-related health
impacts for Gauteng and South Africa too, followed by a benchmarking exercise that aimed
toidentify international best practices that may inform Gauteng’s plan. Benchmarking was
done using Maharashtra (India), Victoria (Australia), and Khyber Pakhtunkhwa (Pakistan).

Findings: Thirty-six studies were included in the review, with 13 including Gauteng data
and all showing impacts of heat on human health. Most studies applied epidemiological
time series linking meteorological exposure (temperature/heat indices) and/or air
pollutants (e.g., PM, ,, PM,, NO,, and O,) with health outcomes; applied remote-sensing,
reanalysis, or station data for exposure assessment; and used regression or distributed lag
models. The benchmarking exercise identified exemplars’ distinctive strengths: Victoria’s
district thresholds keep activation simple and local—ideal for Gauteng’s heterogeneous
microclimates across metros and townships. Maharashtra’s graded activation and clear
departmental roles reduce ambiguity during multi-day heatwaves and thereby would
help to align Gauteng Health, Infrastructure, Social Development departments. Khyber
Pakhtunkhwa’s cooling-camp model shows practical, low-cost interventions of a low-
and middle-income country that can be replicated at taxi ranks/clinics/malls during
temperature peaks.
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Conclusions: Insights from the literature and international exemplars provide a strong
evidence base and adaptable models to guide a context-specific, multi-sectoral HAP
for Gauteng that enhances preparedness, coordination, and community protection in a
warming South Africa.

INTRODUCTION

It has been projected that global land surface temperatures will exceed 1.5°C above preindustrial
levels by 2027 [1, 2]. Accordingly, several reports from the Intergovernmental Panel on Climate
Change (IPCC) have emphasized growing concerns that heat has affected vulnerable populations
due to global warming [3, 4]. Heat is a significant global impact of climate change and under this
scenario, children in Africa are set to be exposed to four to eight more heatwaves than people born
in the 1960s [5].

South Africa, a semi-arid country [6] located within the mid-latitudes and subtropics, is
characterized by pronounced climatic seasonality, with summer temperatures ranging from 15°C
to 36°C [7]. Consequently, the country has already experienced several impacts of climate change,
including pressing heat in the form of hot days and heatwaves [8]. South Africa is projected to
experience a significant increase in hot days by 2100 [9]. Despite the centrality of rising heat in
shaping agricultural practices, energy demand, health outcomes, and socio-economic planning,
national heat-health adaptations remain largely unexplored [10].

The seasonality and heat indices vary greatly between the provinces in South Africa [11]. The
complexity of the heat indices of these provinces is influenced by oceanic currents from the Indian
and Atlantic Oceans [12], as well as heterogeneity in rainfall regimes [13], which complicates
efforts to standardize heat-related classifications. These uncertainties underscore the need for
province-specific heat-health adaptations to better characterize and manage the implications of
heat in the diverse climatic zones in South Africa.

Gauteng’s climate has been described as a subtropical highland zone, a result of the province’s
altitude on the Highveld plateau [14, 15]. This elevation moderates temperatures, resulting in
warm to hot summers (e.g., average maximums of ~26°C in January) and cool, dry winters. Mean
annual temperatures in Gauteng average approximately 19°C, peaking at about 28°C in December
[16]. The “Humidex” (humidity index) is an index of well-being or “real feel” temperature calculated
from the air temperature, relative humidity, and dew point temperature [16]. The humidex
temperatures in Gauteng range from 18°C in July to 31°C in December [16].

Land surface temperatures are not only influenced by relative humidity and dew point temperature
but also by the characteristics of the landscape, such as the presence or absence of vegetation
and buildings. Gauteng is a province that has the two most affluent cities in South Africa, namely
Johannesburg and Ekurhuleni. The influence of the urban heat island effect in these cities [17],
as well as industrial and mining activities and the resultant poor air quality [18], is a mechanism
influencing a rising temperature profile for Gauteng. Heat adaptation planning should be geared
more prominently toward the most disproportionately affected people in these cities such as
those who dwell in low-income areas [19, 20].

With the rising temperatures from global warming, lack of greenery in cities, and increasing
levels of air pollution from industrial activities, there is an urgent need to understand fully the
heat-related health implications of heat exposure in Gauteng, one of the most densely populated
provinces in South Africa. This information will then be used to inform the development of a Heat
Action Plan (HAP) for the province. We conducted a scoping review of the published literature
on the heat-related health impacts in Gauteng province, as well as in South Africa. In addition,
we carried out a benchmarking exercise with a select review of relevant international cases
and methodologies for countries that have developed HAPs at a provincial level to inform the
preparation of a Gauteng HAP for South Africa.
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DATA AND METHODS

The scoping review followed the guidelines by the Joanna Briggs Institute guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) guidelines and the PRISMA-ScR checklist (Table S1) [21]. We searched four databases,
namely, PubMed, ScienceDirect, Scopus, and Web of Science, for articles that met our inclusion
criteria. Additional records were identified by screening the reference lists of included articles.

SEARCH STRATEGY

The medical subject headings (MeSH) were used to develop the search strategy. The search terms
used were (“heat” OR “hot days” OR “high temperatures”) AND (“health*” OR “well-being*”) AND
Gauteng OR Johannesburg. The search was restricted to articles published in the English language
up to and including 31 March 2025. The full search strategy is shown in the supplementary material
(Table S2).

ELIGIBILITY CRITERIA

The population, exposure, context, outcome, and study design (PECOS) framework was followed
to identify relevant articles (Table 1). The inclusion criteria consisted of articles that focused on
humans of all ages, genders, and the geographical region of Gauteng or Johannesburg, including
infants and pregnant women. Articles that measured at least one heat-related health outcome
were included. Studies focusing on health risk assessment, exposure risk assessment, health
impact assessment, and health modeling were excluded. Studies focusing on in vivo, animal, and
environmental samples only were excluded. Occupational exposure was not considered. Reviews,
reviews of review, conference abstracts, editorials, and dissertations were excluded.

SCREENING

The retrieved articles were uploaded to Endnote reference management software, and duplicates
were removed. The articles were then exported to Rayyan, an online tool for the screening process.
The remaining duplicates were removed. Three reviewers (NN, CYW, MB) independently screened
the titles and abstracts of articles according to the inclusion and exclusion criteria (Table 2). This
was followed by full-text screening of the relevant articles. Discrepancies were resolved through
discussion until consensus was reached.

DATA EXTRACTION

A data extraction tool was developed and piloted against ten studies. Data were independently
extracted from eligible studies by three reviewers (NN, CYW, MB). The data extracted from the
studies included the following: first author, year of publication, study design, region, participant
count, duration, methodology, main findings, limitations, policy recommendations, and future
research.

Population Studies conducted in Gauteng province (including Johannesburg)

Exposure Studies that assessed environmental factors, agents, or exposures related to heat,
heatwaves, and high temperature

Concept/context Literature focused on heat in Gauteng province (including Johannesburg)

Outcome Outcomes related to climate change, including climate change-related morbidities
or mortalities

Study design Primary studies/original research (qualitative and quantitative) that used or
investigated the impact of heat on health outcomes

Table 1 PECOS framing of the scoping review on heat and health in Gauteng.
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INCLUSION EXCLUSION

People of all ages Animals

Weather-related elevated temperatures, Non-weather-related heat such as body temperature,
including heatwaves and hot days incubator temperature

Short-term and long-term exposure No reference to heat exposure

Outdoor ambient temperature Indoor temperature

Reference to air pollution/air quality that Air pollution/air quality but no reference to heat

exacerbates heat

Temperature, relative humidity, and other Exclusively studies with relative humidity or precipitation
heat metrics

Physical health: respiratory illnesses, Studies on heat but no health-related outcomes
cardiovascular issues, kidney conditions, and

other illnesses; birth-related outcomes from

pregnancy such as preterm birth, stillbirth,

low birth weight, and birth defects

Table 2 Inclusion and exclusion criteria for the scoping review on heat and health in Gauteng.

QUALITY ASSESSMENT

A quality assessment was not performed since this is a scoping review, and the range in health
outcomes and study design types is likely to be too large.

DATA SYNTHESIS AND ANALYSIS

Descriptive tables were created to summarize the characteristics of the studies and synthesize
the studies by the main themes, most likely by health outcome and by temperature ranges. The
tables comprised: first author, year of publication, study design, region, participant count, duration,
methodology, main findings, limitations, policy recommendations, and future research.

BENCHMARKING EXERCISE

We conducted a benchmarking exercise through a selective review of international HAPs
implemented at the provincial or sub-national level. Using a purposive sampling approach, we
identified relevant cases from peer-reviewed and gray literature. A structured framework (Figure 1)
guided data extraction on governance, early warning systems, health interventions, intersectoral
collaboration, and community outreach. The findings were synthesized through comparative
analysis to benchmark international best practices against the South African context, with the
aim of informing the development of a Gauteng HAP. In addition to the selective review, we also
considered countries that have developed HAPs at the national scale for six countries (i.e., France,
England, the Netherlands, British Columbia, Japan, and Italy), and these findings are presented in
the Supplementary Material.

RESULTS
STUDY DESCRIPTION

We included 36 studies in the final review (Figure 2). Study years spanned 2006 to 2024 (using the
minimum and maximum years reported, including ranges). The full study findings are included in
Supplementary File F1 and summarized in Table 3. In terms of study designs, the included studies
were dominated by a small number of recurrent designs, with time-series and cross-sectional
approaches most common, and a smaller number of modeling/forecasting and qualitative/
occupational studies. Since we focused on South African studies, reported regions skew toward
South Africa and Southern Africa, with additional multi-country and city-level analyses; tokenized
region strings indicate the most frequent location mentions that include South Africa, Cape Town,
Gauteng/Johannesburg, and broader “Southern Africa/Africa” groupings.
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International cases identified
(provincial Heat Action Plans)

l

Case selection
(purposive sampling)

Y

Document review
(peer-reviewed + grey literature)

Y

Data extraction framework
(governance, warnings, health, outreach)

l

Comparative analysis
(similarities, differences, strengths, gaps)

l

Benchmarking
(identify best practices & feasibility)

;

Adaptation to South Africa
(relevance to Gauteng context)

Figure 1 Methodological framework for the benchmarking exercise.

Frequently used methods included epidemiological time series linking meteorological exposure
(temperature/heat indices) and/or air pollutants (e.g., PM, ., PM, , NO,, O,) with health outcomes;
remote-sensing, reanalysis, or station data for exposure assessment; and regression or distributed
lag models. Among the 36 included studies, the most common findings involved heat and air
pollution associations with morbidity (including clinic visits, hospital admissions) and mortality,
with elevated risks in vulnerable populations (namely, low-income communities, children, and
older adults) and outdoor workers exposed to high ambient or indoor temperatures. Most studies
did report study limitations, and these limitations clustered around exposure measurement
error, spatial representativeness (limited monitoring), outcome data completeness, and
generalizability.

Of the included studies, 31 mentioned policy recommendations that frequently emphasize
heat-health action plans, early-warning systems, urban/occupational heat mitigation, and
air-quality management. Several future research priorities were suggested and included
improved exposure data (by using higher spatial/temporal resolution), evaluation of proposed
and implemented interventions, and better characterization of vulnerability factors and sector-
specific risks.

RESULTS OF THE BENCHMARKING EXERCISE: RECOMMENDATIONS FOR
GOVERNANCE AND IMPLEMENTATION

We identified three provincial exemplars for our benchmarking exercise from India, Australia,
and Pakistan and cross-checked them against the new synthesis report published by the United
Nations Office for Disaster Risk Reduction [56], the World Meteorological Organization, the Global
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Records identified from:
PubMed (n = 46)

Google Scholar (n = 34) Records removed before

Scopus (n = 276) screening:

Web of Science (n = 1264‘ Duplicate records

ScienceDirect (n = 1001) removed (n = 129)
Records screened — title and v Records excluded
abstract (n = 2492) (n =2439)

!

Reports sought for retrieval
(n=53)

Reports excluded (n=17):
No measured health outcomes (n=4)
l Incorrect location (n=5)
Not available online (n=4)
Wrong publication type (n=3)
No measured exposure (n=1)

Reports assessed for eligibility by
full text screening v

(n=53)
:

Studies included in review
(n=36)

Figure 2 PRISMA diagram for this study.

Heat Health Information Network, and the Nicholas Institute titled “An assessment of heat action
plans: Global standards, good practices and partnerships” to anchor the benchmarking, and these
findings are described below [56].

State Action Plan for Climate Change and Human Health for Maharashtra State, India:
This HAP is led by the State Disaster Management Authority (SDMA) and entails a statewide
plan naming high-risk regions (Vidarbha, Marathwada, Khandesh) [57]. The plan uses India’s
Meteorological Department’s definitions for heatwaves: heatwave = +4.5°C-6.4°C above normal
and severe heatwave > 6.4°C [57]. In terms of operations, health, disaster management,
municipalities, and line departments, all have defined actions, and the National Centre for
Disease Control, Government of India, provides health-sector implementation guidance and
surveillance linkages [58].

Heatwave Plan for Victoria, Australia: This plan [59] is health-led and integrated with emergency
management. It advocates for district-specific “heat-health temperature thresholds” (based on
forecast average temperature) that are aligned with emergency/fire districts while being simple,
transparent, and locally tuned. Pre-scripted communications to services and the public are
activated by local government activation to prepare health-system surge readiness.

Khyber Pakhtunkhwa Heat Wave Action Plan, Pakistan: The Provincial Disaster Management
Authority (PDMA-KP) Khyber Pakhtunkhwa Heat Wave Action Plan 2022 contains vital
information on early warning and coordination, declaration protocols, surveillance, and role
matrices [60]. Details are provided for agency roles and community measures, for example,
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cooling/“heat stabilization” camps mobilized via multi-partner deployment, illustrating

scalable low- and middle-income country tactics (see, for example, [61]).

Wright et al. 11

Annals of Global Health
DOI: 10.5334/a0gh.5016

Learnings from India, Australia, and Pakistan include provincial-wide risk mapping; graded triggers
tied to South African Weather Service (SAWS) forecasts with templated alerts that are part of
an automatic notification chain that fires when thresholds are crossed; and department-specific
checklists that escalate responses from advisory to warning to emergency levels. Low-cost, rapidly
deployable cooling points (such as clinics, libraries, shopping malls, and taxi ranks) are essential and
scalable with sufficient resources. These elements are also emphasized in the UNDRR report [56]
that urges for standard definitions, a clear lead agency, multi-sector coordination, multi-sector
governance, stronger, robust early warning systems, evaluation, and public-private partnerships.
Some of the strengths we recommend that Gauteng adopt are elaborated in Table 4.

Presented in full in Supplementary Material S1, HAPs across France, England, the Netherlands,
British Columbia, Japan, and Italy share three core activities—warning systems, institutional
frameworks, and measures for vulnerable populations—with highly transferable lessons being
early warning systems, targeted vulnerable group support, and multi-channel communication
that form a transferability framework based on meteorological triggers, institutional roles, and

community engagement for application in other countries.

REVIEWED LOCATIONS

DIMENSION AND
LOCATION INFORMATION

MAHARASHTRA

VICTORIA

KHYBER PAKHTUNKHWA

IMPLICATION FOR
GAUTENG

Lead and roles

State Disaster Management
Plan with line-department
playbooks

Health-led and emergency
management integration

Provincial Department
Management Authority
declaration and Emergency
Operations Centre protocols

Gauteng Department of
Health lead; Provincial
Disaster Management
Centre co-lead; formal
memorandum of
understandings with
metros and SAWS

Triggers

Indian Meteorological
Department
anomaly-based (graded)

District-specific forecast
mean thresholds

Heat index and declaration
steps

District-specific thresholds
with SAWS, published in
advance

Early warning

Statewide cascade;

Pre-scripted alerts to

Provincial Department

WhatsApp/SMS and radio

media/toolkits sectors and public Management Authority cascade; signage at clinics/
alerts; inter-agency taxi ranks
activation
Health system Heat illness surveillance Surge plans; checklists Standard Operating Emergency Department

and facility actions

for services

Procedures across
health and rescue

triage, 1V fluids, electrolytes
stock, staff rostering for
hot days

Community measures

Public advice, hydration,
shade

Local government
activation and outreach

Cooling camps during
heat events

Pop-up cooling points/water
points

Equity

Vulnerable district targeting

Targeted messaging
to services

Community-level
access points

Prioritize informal
settlements, elderly,
outdoor workers

Monitoring and evaluation

State Guidance via National
Centre for Disease Control

Annual plan refresh

Post-season reviews implied

After-action review each
season; track heat-related
illnesses, mortality, alert
reach

Long-term

Heat-resilient infrastructure
and urban planning
linkages (per global
guidance)

Integrated with broader risk
management

Standard Operating
Procedures and risk
analysis baseline

Trees, cool roofs, sharing at
clinics and schools, aligning
with the Sustainable
Development Goals and
Sendai Framework

Table 4 Benchmark matrix of HAP elements that Gauteng Province should consider adopting for their own HAP.


https://dx.doi.org/10.5334/aogh.5016

DISCUSSION

This review provides consolidated evidence on heat-related health impacts in Gauteng,
contextualized within South Africa and benchmarked against international and/or subnational
HAPs. Across 36 studies, evidence emerged that high ambient temperatures, heatwaves, and
diurnal variability are associated with increased risks of morbidity and mortality, particularly
among vulnerable groups such as children, older adults, and residents of informal settlements [23,
26, 28, 39, 44]. Indoor heat exposures, whether in housing, clinics, or transport, were consistently
above comfort and safety thresholds, underscoring the importance of interventions beyond
outdoor heat warnings [30, 33, 36, 42].

The evidence from these studies has provided insights on areas to prioritize in the implementation
of heat-warning systems. First, maximum temperature was consistently identified as a strong
predictor of mortality and morbidity, suggesting it should be prioritized in local heat warning
systems [26]. Second, the modifying role of air pollution on heat-health outcomes indicates that
Gauteng’s HAP should integrate air-quality management with heat preparedness [29]. Third,
adaptation strategies will need to address the structural inequities that amplify vulnerability,
including inadequate housing insulation [43], limited access to cooling [62] and occupational
exposures [30, 42].

The benchmarking exercise highlighted transferable elements for Gauteng. Victoria’s district-
based thresholds are relevant given Gauteng’s diverse microclimates, while Maharashtra’s
graded triggers and departmental clarity could strengthen intersectoral coordination across
health, infrastructure, and municipal actors. Khyber Pakhtunkhwa’s low-cost cooling camp model
demonstrates scalable interventions for resource-constrained contexts, which could be adapted
for clinics and taxi ranks in Gauteng. Overall, there is a need for clearly defined lead agencies,
routine evaluation of action plans, and accessible communication strategies targeting vulnerable
groups.

Strengths and limitations

The limitations of the scoping review include potential publication and selection biases. The review
may have missed some new articles since we concluded our search in mid-2025, while different or
more refined search terms may have uncovered different articles that we missed. Our search was
limited to the English language, and articles from other languages, such as from authors writing
in Afrikaans, were not included. For the benchmarking, we selected one high-income country and
two low-income countries as illustrative examples, and had we chosen other countries, we may
have had different findings.

CONCLUSIONS

Extreme heat is a global public health concern due to the rising burden of diseases and increased
risk of mortality associated with exposure to high temperatures. Therefore, HAPs, such as heat early
warning systems, are crucial to reducing the human and financial costs of heat events. Learnings
from India, Australia, and Pakistan show that city-specific heat alerts are effective in promoting
climate-resilient cities and preventing loss of life. Given the range of adverse health outcomes
linked to high temperatures in Gauteng, cities within the province could benefit significantly from
the implementation of localized early heat warning systems to ensure appropriate responses to
hot weather. Furthermore, drawing on the knowledge gained from countries with operational
systems will strengthen the effectiveness of such heat adaptations.
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