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Abstract

Assessing vulnerability to extreme heat is paramount in the face of escalating climate change impacts.
Recognizing the pressing need to understand the urban vulnerabilities of Lusaka City to rising
temperatures, this study exclusively targets environmental exposure dynamics while omitting
considerations of adaptive capacity and sensitivity. Leveraging Landsat 8 imagery, the study uses Heat
Vulnerability Indices (HVI) to quantify the contributions of land surface temperatures, impervious
surfaces, vegetation, and bare land to heat vulnerability. The findings reveal that over 60% of
neighbourhoods are highly vulnerable, with maps highlighting significant spatial disparities in
susceptibility to extreme heat, underscoring the need for localised assessments. Affluent, vegetated
neighbourhoods like Kabulonga and Tukunka exhibit lower vulnerability due to sparse built-up areas
and extensive greenery. In contrast, unplanned settlements such as Chibolya and Chainda, along with
the CBD, show higher vulnerability due to dense built-up areas and minimal vegetation. This study
provides critical insights for evidence-based policy formulation and resource allocation, advocating
for interventions like green infrastructure and reduced density in built-up areas to foster more resilient
and sustainable urban environments.
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1. Introduction

The increasing consequences of climate change on urban environments are a growing concern, with
extreme heat events becoming more frequent and intense (Marcotullio et al., 2022; Zhang et al., 2022).
As one of Africa's rapidly expanding cities, Lusaka, Zambia, faces significant challenges associated
with rising temperatures(Happy Mpezeni & Shi, 2025), particularly in densely built-up and poorly
planned neighbourhoods. Extreme heat exacerbates the urban heat island (UHI) effect, reduces thermal
comfort, and undermines the creation of sustainable urban environments—those designed to promote
physical, mental, and social well-being (Barron & Rugel, 2023; Hanzl & Rembeza, 2022).

The Heat Vulnerability Index (HVI) has emerged as a valuable tool for assessing heat-related risks by
integrating environmental and socio-economic factors. It categorises vulnerability into three domains:
environmental exposure, population sensitivity, and adaptive capacity (Latif et al., 2023; Niu et al.,
2021). Environmental exposure quantifies the intensity of heat hazards through variables such as land
surface temperatures, impervious surfaces, vegetation, and population density (Johnson et al., 2012).
Population sensitivity reflects demographic and health-related characteristics that increase
susceptibility to heat stress, such as age, poverty levels, and pre-existing health conditions, including
diabetes, cardiopulmonary, renal, and respiratory illnesses (Bell et al., 2018; Cresswell, 2023).
Adaptive capacity measures a community’s ability to cope with heat stress, incorporating factors such
as income levels, education, and access to resources (Sahani et al., 2024).

Extreme heat is strongly correlated with increased health risks (He et al., 2022; Sedzicki et al., 2023),
including higher rates of heat-related morbidity and mortality (Cresswell, 2023), particularly from
cardiovascular, respiratory, and renal complications (Bell et al., 2018). These risks are unevenly
distributed, disproportionately affecting vulnerable groups such as the elderly, individuals with chronic
illnesses, and residents of densely built-up settlements with minimal vegetation (Bélanger et al., 2015;
Reid et al., 2012). The HVI framework has been widely applied to map such disparities; for example,
Conlon et al. (2020) demonstrated how environmental and socio-economic factors converge to
increase heat-related risks in vulnerable neighbourhoods in Detroit, USA. Importantly, the HVI
provides a practical basis for sustainable urban design, as environmental determinants—including
vegetation cover, impervious surfaces, and land surface temperatures—can be modified through
interventions such as urban greening, shaded public spaces, and improved natural ventilation (Fu et
al., 2022). These strategies reduce heat exposure while enhancing thermal comfort, psychological
restoration, and overall well-being (Achouri et al., 2024).

This study isolates environmental exposure to provide evidence-based insights for immediate spatial
interventions. Heat exposure in urban areas is strongly influenced by land cover characteristics (Oli et
al., 2025), which affect the thermal behaviour of surfaces and local microclimates. Four environmental
indicators were selected due to their established relationship with heat vulnerability. Land Surface
Temperature (LST) is a direct measure of the thermal energy emitted by urban surfaces and is closely
associated with heat stress and reduced thermal comfort, directly affecting human health (Karanja et
al., 2022). Impervious surfaces, which trap and slowly release heat, restrict evaporative cooling and
airflow, thereby intensifying localised heat exposure (Bao et al., 2015; Barron & Rugel, 2023; Wang
et al., 2021). Similarly, bare land, particularly dry and exposed soil in peri-urban areas, absorbs and
radiates heat, contributing to persistent heat stress (Inostroza et al., 2016). In contrast, vegetation cover
acts as a natural cooling mechanism through shading and evapotranspiration, with areas of higher
vegetation density consistently demonstrating lower surface temperatures and improved thermal
comfort, contributing to psychological well-being (Fu et al., 2022; Semenzato & Bortolini, 2023).

Despite the global use of HVI-based heat vulnerability assessments, such an analysis has not yet been
conducted for Lusaka. Localised investigations are critical, as heat vulnerability is shaped by unique
geographic, environmental, and socio-economic conditions. By mapping and classifying heat exposure
patterns at the neighbourhood level, this research aims to provide critical evidence for urban planners,
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policymakers, and communities to design healing outdoor environments. By identifying priority areas,
the study supports targeted interventions—such as urban greening, permeable surfaces, and the
preservation of natural vegetation—to enhance thermal comfort, reduce heat-related health risks, and
improve overall well-being, ultimately contributing to climate-resilient and salutogenic urban
development.

2. Materials and Methods

This study analysed the environmental exposure to extreme heat by integrating remote sensing, spatial
analysis, and heat vulnerability assessment. The methodology employed a four-stage methodological
framework shown in Figure 1 focused on environmental indicators of heat vulnerability or exposure.

Data Collection

|
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| Landsat 8 Level 2
| Imagery
|
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Data Processing

\
I
Land Surface Neighbourhood | |
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Figure 1. Structure of the Study.

2.1 Data Acquisition

Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) Level 2 (L2) satellite
imagery (Latif et al., 2023) was sourced from Google Earth Engine (GEE) for the summer season
(mid-September—mid-November 2022), when temperatures in Lusaka are at their peak. The images
were then aggregated by the mean value. Boundaries from all neighbourhoods within the Lusaka
district were derived from Lusaka’s administrative extents (Niu et al., 2021) shapefiles to enable zonal
statistical analysis.

2.2 Preprocessing & Processing

Only cloud masking was performed on the Landsat 8 imagery to ensure accuracy (Latif et al., 2023).
Radiometric and atmospheric corrections were not carried out, is this is already done in L2 images
(Bappa et al., 2022). Land cover classification was conducted using the Random Forest (RF) (Oli et
al., 2025) classifier to derive three key environmental indicators. Vegetation Cover was defined as
areas with tree cover, cropland, and grass (Salata et al., 2017). Exposed, non-vegetated surfaces such
as dry soil, and sandy areas were classified as bare land (Inostroza et al., 2016). Lastly, impervious
surfaces like buildings and their rooftops, bituminous and concrete pavements such as roads and
parking lots, were classified as impervious surfaces (Bao et al., 2015).
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Land Surface Temperature (LST) in degrees Celsius was derived from Band 10 (10.3—11.3 um) of the
TIRS sensor using standard scale factors shown in Equations 1 and 2. LST provided a direct measure
of thermal energy stored and emitted by urban surfaces, serving as a proxy for localised heat stress
LSTx = B10 = 0.00341802 + 149 (1)
LSTec = LSTx — 273.15 (2)
where LSTx and LSTec is the Land Surface temperature in Kelvin and Degrees Celsius, respectively,
and B10 represents Landsat’s band 10.
2.3 Indicator Calculation and Normalisation
Zonal statistics were computed to calculate the mean LST, percentage of impervious surfaces, bare
land, and vegetation cover for each neighbourhood. To ensure comparability, indicators underwent
uni-directionality checks so that higher values consistently represented higher vulnerability. For
instance, vegetation cover, which is inversely related to heat exposure, was transformed using (1 —
vegetation proportion).

After carrying out uni-directionality in the data, normalisation was performed to scale and standardise
variables to a common range (Latif et al., 2023). This step was important because it allowed for fair
comparison among different variables with varying units or scales, like the LST and the land cover.
This research employed the z-scoring method of normalisation, which measures the number of
standard deviations from the mean (Reid et al., 2012). The formula used for the z-score normalisation

is shown in Equation 3.
Observed Value — Mean
Z — score = — (3)
Standard Deviation

2.4 HVI Calculation and Mapping

After normalising the data, the standardised values for each indicator were then converted into HVI
component scores by reclassifying their ranges into a standardised vulnerability scale as shown in
Table 1. Reclassifying the values for each indicator was done, providing insights into how specific
land cover characteristics varied across the different neighbourhoods. It quantified the overall
vulnerability of each geographic unit, with higher scores indicating greater susceptibility to heat-
related risks. Subsequently, HVI maps were created to visually depict the spatial distribution of heat
vulnerability across Lusaka's neighbourhoods. The un-aggregated HVI scores corresponding to each
indicator were used to create individual HVI maps depicting the spatial variability of the heat
vulnerability for each of the four indicators.

Table 1: Conversion of range of Z-Score to HVI component score (Reid et al., 2019).

Range of Z-score HVI Compoenent Score
-2 or lower 1
-2to -1 2
-1t0 0 3
Oto1l 4
lIto2 5
2 or higher 6

The final step involved summing the component scores of all four indicators, without assigning
weights, to generate a composite HVI for each neighbourhood. Equal weighting was deliberately
chosen as an exploratory baseline due to the absence of locally validated data on the relative
contribution of each indicator to heat vulnerability in Lusaka. This approach, used in preliminary HVI
studies (Cresswell, 2023) ensured transparency and interpretability while effectively highlighting
spatial variations in heat exposure.
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The final aggregated HVI scores and corresponding HVI map presented the overall heat vulnerability
of each neighbourhood after taking all four indicators into account. The final HVI map classified the
overall level of vulnerability into five (5)—Very Low, Low, Moderate, High, and Very High Exposure
classes based on the aggregate HVI score.

3. Results

The results obtained from the preceding methodology revealed varying degrees of heat exposure in
Lusaka’s neighbourhoods for each indicator.

3.1 Vegetation HVI

Measuring the susceptibility to extreme heat with respect to vegetation cover, shown in Figure 2,
reveals much lower HVI scores (1-2) in neighbourhoods like Roma, State Lodge and Twin Palm with
higher vegetation cover. In contrast, neighbourhoods characterised by lower vegetation cover, such as
Misisi, Bauleni, and Kanyama, have the highest exposure to instances of extreme heat with HVI scores
as high as 5 and 6.

N

A

HVI Score
1

2

3
I 4
5
M 6

0 2.5 5 7.5 10 km

Figure 2. HVIs for vegetation cover in Lusaka’s neighbourhoods.
The neighbourhoods with low HVI due to vegetation are mostly affluent in the city, established during
the colonial time that developed with regard to the preservation of vegetation cover such as Roma and
Olympia, as shown in Figure 3. Low vegetation HVIs also characterise neighbourhoods that are
predominantly undeveloped or currently developing neighbourhoods such as Kangombe and Lusaka
East Forest Reserve, and therefore still have natural vegetation as a result of less dense human
settlement.
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Figure 3. Google satellite imagery of Olympia-Roma-Kalundu depicting the land cover in
neighbourhoods with low exposure due to high proportions of vegetation cover.

The opposite characteristics could be observed in neighbourhoods that lie on the opposite end of the

HVI spectrum. These neighbourhoods, like Misisi shown in Figure 4, consist mostly of informal

settlements that are characterised by dense and unplanned human settlements that occurred at the

expense of the natural vegetation.

Figure 4. Google satellite imagery of Misisi depictin the land cove in nighbourhoods with high
exposure due to low proportions of vegetation cover.

3.1 Bare Land HVI

Measuring the susceptibility to extreme heat concerning bare land in Figure 5 shows that areas such as
John Laing, Chibolya, Chinka, and Misisi, with HVI scores of 1 are less vulnerable. On the other hand,
areas with HVI scores up to 5 such as Makeni Bonaventure, Linda, and Ngwerere, had higher
vulnerability due to this factor.
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Figure 5. HVIs for exposed bare land in Lusaka’s neighbourhoods.

In the context of this indicator, neighbourhoods with higher scores are mostly those in the city’s
periphery, towards the rural areas. These neighbourhoods, such as Mimosa and Linda, are
characterised by rather sparse human settlements and buildings but less dense vegetation, leading to
higher exposure to bare land. These neighbourhoods such as Chawama-Lilayi and Lilayi, also include
farmland, which in the summer (September to November) would be mostly dry, exposing high
proportions of bare land as shown in Figure 6. Within the city, more populated neighbourhoods within
the city like Libala, Chilenje, and Munali have higher HVIs due to this indicator and are generally
characterised by built-up settlements with exposed bare land from gravel roads and yards with little to

no vegetation.

(Chawama;lliyali
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Figure 6. Google satellite imagery of Lilayi-Makeni Bonaventure-Chawama Lilayi depicting the
land cover in neighbourhoods with high exposure due to high proportions of exposed bare land.
Neighbourhoods with the lowest bare land HVIs shown in Figure 5, such as Misisi, John Laing, and
the South-West part of Chibolya, are those with very dense, unplanned human settlements, therefore
exposing less bare land. Additionally, areas consisting of the Central Business District (CBD), such as
Chinika and the northeast of Chibolya in Figure 7 expose less bare land due to the high density of
commercial buildings surrounded by bituminous roads and concrete pavements.

Figure 7. Google satellite imagery of Chinika - Chibolya depicting the land cover in
neighbourhoods with low exposure due to low proportions of exposed bare land.

3.2 Impervious Surfaces HVI
The other indicator known to increase environmental exposure to extreme heat was the amount of
impervious surfaces in the area. The results in Figure 8 show that residents in areas such as Misisi,
Chibolya, Chinika, and Industrial Area are much more susceptible to extreme heat with HVI scores of
5-6. In contrast, residents of areas such as Leopards Hill, Lilayi, and Twin Palm, with HVI scores of 2
are far less likely to be vulnerable to extreme heat events due to the relatively lower amount of
impervious surfaces they contain.
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Figure 8. HVIs for exposed impervious surfaces in Lusaka’s neighbourhoods.
Characteristics of neighbourhoods in the city exhibiting much higher vulnerability with regard to this
indicator, like in Chinika, Chibolya, and Misisi, are those with very dense and rather unplanned human
settlements, as shown in Figure 8. This can also be seen in the Google satellite imagery depicting the
land cover in these neighbourhoods is shown in Figure 7. On the other hand, the results showed that
much less densely built-up areas and consequently less impervious surfaces like Twin Palm and
Lusaka East Forest Reserve in Figure 9, had much lower HVI scores with respect to impervious
surfaces.

Figure 9. Google satellite imagery of Twin Palm depicting the land cover in neighbourhoods with
low exposure due to low proportions of exposed impervious surfaces.
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3.3 Land Surface Temperature HVI
The last indicator was mean land surface temperatures which, in Figure 10, reveals higher exposure in
neighbourhoods such as Chilenje, Lilayi, Kaunda Square, and Chibolya, with HVI scores of 5. On the
other hand, some of the neighbourhoods, such as Kabulonga, Cathedral Hill, Handsworth, and Olympia.
with HVI scores of 1, show much lower heat vulnerability.

A

HVI Score
1
2
M 3
I 4
M 5

.:': Kangombe .

Chifwema

Figure 10. HVIs for mean LST in Lusaka’s neighbourhoods.

Neighbourhoods in the west of the city, especially those in the southwest, have higher land surface
temperatures and consequently have higher LST-HVI scores. These neighbourhoods mostly consist of
high densities of either bare land, in the case of Lilayi discussed in Section 3.2 or impervious surfaces,
in the case of Chinika discussed in Section 3.3, or even a mix of both as characterised by Libala and
Chilenje as shown in Figure 11. Having higher densities of exposed bare land and/or impervious
surfaces also leads to much lower densities of vegetation cover in these neighbourhoods. However, in
neighbourhoods with much higher densities of vegetation relative to impervious surfaces and bare
land, as seen in neighbourhoods such as Tukunka and Cathedral Hill discussed in Section 3.1, a lower
heat vulnerability in the context of LST is observed.

10
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Figure 11. Google satellite imagery of Kabwata depicting the land cover in neighbourhoods with
high exposure due to higher mean land surface temperatures.

3.4 Overall HVI

The results were concluded by amalgamating the four HVI scores of the different HVI exposure factors
into one single HVI shown in the HVI map in Figure 12. The HVI scores ranged from lower indices
in neighbourhoods characterised by sparse settlement and impervious surfaces, and high vegetation
cover, to neighbourhoods with very low vegetation cover coupled with either very highly dense
impervious surfaces or very sparse vegetation cover that exposes bare land, resulting in higher indices.
Figure 12 showed that areas with the highest overall exposure and consequently extreme heat
vulnerability were Chibolya, Chawama, Kamwala, and Kaunda Square. with overall HVI scores of 17.
These are neighbourhoods that consistently had relatively high HVI values with regard to all four
indicators. In contrast, Kabulonga and Tukunka, Cathedral Hill, Kangombe had the lowest HVI scores
of 8 and 9, due to lower LSTs, bare land, and impervious surfaces, as well as higher vegetation.

11
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Figure 12. Lusaka neighbourhood overall HVIs.

Finally, by categorising the overall HVI scores, a classified Heat Exposure or Vulnerability Map in
Figure 13 was obtained, depicting neighbourhood relative susceptibilities. HVI scores of 8-9, 10-11,
12-13, 14-15, and 16-17 were classified as Very Low, Low, Moderate, High, and Very High exposures,
respectively.

The results from this final map speak to the initial hypothesis that heat-related risks are not spread
evenly throughout a given population or city due to varying environmental characteristics in this
context, which necessitated the need for a more localised investigation.

12
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Figure 13. Level of extreme heat exposure and vulnerability in Lusaka’s neighbourhoods.

4. Discussion

The localised assessment of heat vulnerability in Lusaka provides a foundation for evidence-based
urban planning, public health interventions, and climate adaptation strategies (Happy Mpezeni & Shi,
2025). It can ensure efficient use of resources, prioritising the most vulnerable neighbourhoods and
interventions tailored to their specific needs.

The results show an asymmetrically great spatial variability of heat vulnerability, similar to those of
(Inostroza et al., 2016) in Santiago, Chile, where the poorest urban areas primarily, were primarily
disproportionately exposed to extreme heat, with increasing divergence towards affluent areas due to
current urban development trends (Johnson et al., 2012). In Lusaka, affluent neighbourhoods such as
Kabulonga and Cathedral Hill, characterised by higher vegetation cover exhibit much lower
vulnerability, while unplanned settlements with sparse vegetation and extensive exposed base soil or
impervious surfaces, such as Chibolya, Misisi and even the CBD, face heightened susceptibility (Abrar
et al., 2022; Oli et al., 2025). This spatial heterogeneity necessitates tailored interventions and policy
responses to address the specific vulnerabilities of different neighbourhoods (Conlon et al., 2020),
highlighting the importance of localised assessments in informing targeted strategies for urban
resilience and climate adaptation.

Furthermore, the analysis of heat vulnerability across Lusaka City neighbourhoods reveals significant
disparities in exposure levels. As illustrated in Figure 14, the majority of neighbourhoods have 'High
Exposure' (39.33%) and 'Very High Exposure' (23.60%), meaning nearly two-thirds of Lusaka
experiences high to very high heat vulnerability. About 23.60% of the neighbourhoods were found to
have 'Moderate Exposure', while only a smaller proportion of neighbourhoods’ exhibit "Low Exposure'
and 'Very Low Exposure,’ at 8.99% and 4.49%, respectively. These variations underscore the
heterogeneous nature of urban heat exposure in Lusaka, highlighting the urgent need for targeted,

13
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context-specific interventions, especially in high exposure areas, context-specific interventions where
reducing thermal stress will also improve outdoor liveability and social well-being.

Neighbourhood Exposure/Vulnerability

40 45%
. 39.33% 40%
35%
30
7]
o
3 30%
£25
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2 23.60% 23.60% 25%
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g 20
% 20%
515
£ 15%
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=4
10 8.99% 10%
0,
5 4.49% 5%
: H .
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Figure 14. Percentage of neighbourhoods per Heat Vulnerability class.

Urban planners in Lusaka face the dual challenge of accommodating rapid population growth and at
the same time, addressing the constantly increasing heat-related risks posed by changes in our climate.
The findings of this research offer insights for urban planning efforts, highlighting areas such as
unplanned squatter settlements like Kanyama, Chibolya and Misisi that would struggle to adapt
without targeted interventions (Bélanger et al., 2015; Huong et al., 2019). In addressing these
challenges, especially in neighbourhoods with higher vulnerability to extreme heat, as well as the CBD,
urban planners, including volunteer residents (Ganoe et al., 2023; Rivero-Villar & Vieyra Medrano,
2021), should focus on strategies in three key areas to address these vulnerabilities. Firstly, urban
greening by expanding tree planting, creating pocket parks, and integrating green corridors to lower
LSTs and improve psychological well-being (Salata et al., 2017; Semenzato & Bortolini, 2023).
Secondly, nature-based solutions that introduce permeable pavements, green roofs (Barriuso &
Urbano, 2021; Hayes et al., 2022), and shaded pedestrian pathways to reduce impervious surface and
exposed bare land heat retention, and mitigate flash flood risks (Abrar et al., 2022; Nyimbili et al.,
2023). Lastly, thermal comfort should be integrated in urban policy by incorporating heat vulnerability
considerations into land-use zoning and building codes to preserve existing vegetation, limit excessive
paving, and promote adequate spacing for natural ventilation (Qin et al., 2024).

The use or cover, and design of urban land are also critical to public health implications (Hanzl &
Rembeza, 2022; He et al., 2022). Neighbourhoods identified as heat vulnerability hotspots by this
study are also likely to experience higher rates of illnesses and mortalities related to heat, providing
valuable insights for targeted public health interventions and heatwave preparedness initiatives (Barron
& Rugel, 2023; Sedzicki et al., 2023). Early awareness of susceptibility to high temperatures can assist
in organising healthcare efforts and providing necessary supplies throughout and following the
incident (Abrar et al., 2022). Health authorities can target resources and interventions, such as
heatwave early warning systems, cooling centres (Kotharkar & Ghosh, 2022), and outreach programs,
especially to high-exposure neighbourhoods (Bell et al., 2018). In addition, community-based
initiatives that raise awareness about heat-related health risks and promote adaptive behaviours, such
as staying hydrated and seeking shade during hot weather, can be applied to specific neighbourhoods
based on their vulnerability profiles, strengthening local adaptive capacity.

Finally, climate adaptation strategies must be tailored to the unique environmental characteristics and
heat vulnerabilities of Lusaka's neighbourhoods. Identifying hotspots lays the groundwork for the
development of context-specific adaptation measures. With the goal of attaining build healthier, and
more liveable urban environments, policymakers can prioritise investments in climate-resilient
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infrastructure, urban green spaces, and sustainable land use practices (Huong et al., 2019; Mohan,
2023).

5. Conclusion

This research provides the first localised, HVI-based assessment of environmental heat vulnerability
in Lusaka, one of Africa’s rapidly urbanising cities. By isolating environmental exposure indicators—
Land Surface Temperature (LST), vegetation cover, impervious surfaces, and bare land, the research
highlights how spatial variations in land cover influence neighbourhood-level heat vulnerability,
critical for localised interventions.

The findings confirm the hypothesis that residents living in areas characterised by dense built-up
structures, or exposed bare land, coupled with low vegetation cover, face heightened susceptibility to
extreme heat events due to increased exposure, with informal settlements such as Chibolya, Misisi,
and Kanyama emerging as hotspots due. Conversely, neighbourhoods with extensive vegetation cover,
which provides natural cooling through shading and evapotranspiration, exhibit lower vulnerability to
heat-related risks.

Beyond identifying spatial disparities, this study demonstrates how HVI mapping can serve as a
practical tool for assessing the sustainability of urban design and policy planning. To address these
vulnerabilities, we advocate for concerted efforts among urban planners and public health officials,
and ultimately residents to promote the planting of vegetation, including grass, shrubs, and trees, and
integration of permeable pavements, particularly in areas identified as high-risk zones on the HVI map,
like. Encouraging urban greening initiatives can significantly enhance local microclimates, improve
resilience to extreme heat, and foster restorative outdoor environments that enhance physical health
and psychological well-being.

Furthermore, the results reinforce the need by urban planners, policymakers, and stakeholders must
prioritise and integrate heat vulnerability considerations into land-use planning and building codes. By
mandating approaches that emphasise the retention of green spaces, advocate for the de-clustering of
built-up areas and discourage excessive paving on private and public property, Lusaka can progress
towards attaining Sustainable Development Goals, SDG 3: Good Health and Well-being, and SDG 11:
Sustainable Cities and Communities.

While this study focused exclusively on environmental exposure indicators, to have fully holistic
understanding of vulnerability to heat in Lusaka, future research should integrate socioeconomic and
demographic factors. Additionally, refining the HVI methodology through advanced weighting
techniques such as Principal Component Analysis (PCA) could improve the accuracy of vulnerability
assessments. Future studies could also explore the health outcomes of prolonged heat exposure in
Lusaka to better link environmental vulnerability with public health data. This would strengthen the
evidence base for designing salutogenic and climate-resilient urban environments in African cities.
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