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ABSTRACT

The study aimed to analyze the influence of meteorological factors on the
interaction between green vegetated areas, urban features, and air quality over time
within Kampala city. Six (6) streets were sampled: - Nasser Lane, 6th Street,
Namirembe Road, Owino Kafumbe- Mukasa, Makindu Close, and Nakasero Lane.
From each street, samples were taken 3 times a day (Morning, Midday and
Afternoon) for 7 days. The sampling frequency of every spot was thus 21 times.
Makindu Close and Nakasero Lane are known for green vegetation, 6™ Street is
known for buildings and industrial zones, while Namirembe Road and Owino
Kafumbe- Mukasa are known for car parks. A negative coefficient for humidity
indicated that higher humidity levels are associated with low PM. s concentrations.
The relationship between temperature and PM. in the morning showed a slight
positive trend, suggesting that PM2.5 levels may increase slightly as temperatures
rise. Significant negative impact for several sites indicated that compared to the
reference site (6th Street Industrial Area), other sites had lower PM, s levels. Both
PM2s and PMy, levels had broader distributions in the morning and evening,
indicating more significant variability in particulate matter concentrations during
these times. CO levels were variable in the evening, with several sites showing
higher concentrations. NO- levels showed variability across different times, with
the highest spread in the evening, indicating increased variability of nitrogen
dioxide concentrations during that period. Makindu Close Kololo showed relatively
stable levels across the day compared to other sites justifying the importance of
green vegetated areas in improving air quality by absorbing pollutants.
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INTRODUCTION

According to the United Nations Report 2018,
Today, more than 55% of people on the planet live
in cities, which has soared due to rapid urbanisation
over the past 20 years. Unfortunately, this swift
growth has often led to alarming increases in air
pollution caused by transportation, industry, and
construction activities (Wang, 2018). However,
introducing green spaces such as city parks and tree-
lined streets offers a promising solution to mitigate
this problem (Nowak et al., 2013). In East Africa,
urban air quality has markedly declined (Singh et
al., 2020). The United Nations Environment
Programme (UNEP) has reported escalating levels
of particulate matter (PM2.5 and PM10) in major
cities like Nairobi, Kampala, and Addis Ababa,
primarily due to vehicle emissions, biomass
burning, and industrial processes. Despite these
formidable challenges, cities prioritising green
spaces have improved air quality (Hirabayashi et al.,
2011). When discussing Uganda's air quality, and
Kampala in particular, the transportation industry is
frequently included in public discourse (Galiwango
et al., 2023). However, it's essential to recognize
that many environmental elements contribute to air
pollution compared to non-urban locations, as cities
are more likely to have poor air quality (Fuchs &
Kasirye,2020). High population density, building of
infrastructure, burning of solid waste, open fuel,
automobile and industry exhaust pollution are all
blamed for this (Ninsiima et al., no date).

The role of green vegetated areas in mitigating air
pollution has gained attention in recent research.

Green vegetated areas, including parks, green belts,
and street trees, have been recognized for their
capacity to enhance air quality through various
mechanisms (Yousofpour et al., 2024). Vegetation
is a natural sink for air pollutants, capturing and
filtering particulate matter (Nowak et al., 2014).
Trees and plants also play a crucial role in the
removal of gaseous pollutants, contributing to the
reduction of nitrogen dioxide and ozone
concentrations (Dzierzanowski et al., 2011).

The spatial distribution of green vegetated areas
within urban environments is a critical factor
influencing their effectiveness in improving air
quality (Ottosen & Kumar, 2020). The arrangement
and density of green spaces can impact the
dispersion of pollutants, creating microclimates that
influence local air quality conditions(Nowak et al.,
2013). Understanding how the spatial distribution of
green vegetated areas interacts with urban features,
such as roads, buildings, and industrial zones, is
essential for developing targeted strategies to
enhance air quality in urban settings (Zhao et al.,
2023). Research has shown that the proximity of
green spaces to significant sources of pollution,
such as traffic corridors or industrial zones, can
significantly influence their ability to act as "green
buffers™ that mitigate the impact of pollutants (Greg
McPherson et al., 2005). However, the
effectiveness of green spaces can also be influenced
by various urban features, including the design and
layout of streets, impervious surfaces, and overall
land use patterns (Hirabayashi et al., 2011).
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In this context, a comprehensive analysis of the role
of the spatial distribution of green vegetated areas
and urban features on air quality is essential. This
research aims to contribute to the understanding of
how the design and planning of urban environments
can maximize the benefits of green infrastructure in
the context of air quality improvement.

Urban areas are increasingly impacted by poor air
guality, which poses significant health and
environmental risks (Ninsiima et al., 2022). While
green vegetated areas are known to improve air
quality by absorbing pollutants, the effectiveness of
these green spaces can vary due to a range of
meteorological factors (such as temperature,
humidity, wind speed, and solar radiation) and
urban features (like buildings and infrastructure)
(Ottosen and Kumar, 2020). Furthermore, the
relationship between green spaces and air quality is
not static; it changes over time, influenced by the
varying meteorological conditions throughout the
day (Meilietal., 2021).

The Objective of the Study

e To conduct a temporal analysis to understand
how the correlation between green vegetated
areas and air quality changes over different
times of the day

e To analyze the mediating role of metrological
factors on green vegetated areas and urban
features on air quality

LITERATURE REVIEW
Influence of Metrological Factors on Air Quality

Temperature and wind patterns affect the dispersion
and dilution of air pollutants (M. Wu et al., 2022).
Urban heat island effects can lead to temperature
differentials between urban areas and surrounding
vegetated regions, influencing wind patterns and
pollutant dispersion (Di Sabatino et al., 2020).
Vegetated areas can moderate temperatures through
shading and evapotranspiration, altering local wind
patterns and air movement and influencing pollutant
transport and distribution (Arnfield, 2003).

Atmospheric stability, characterised by temperature
gradients and vertical air movements, affects the
vertical mixing of pollutants in the atmosphere
(Zoras et al., 2006). Stable atmospheric conditions,
such as temperature inversions, can hold
contaminants close to the ground, increasing their
concentrations in cities. (Nejad et al., 2023).
Vegetated areas can influence atmospheric stability
through their effects on surface temperatures and
evapotranspiration rates, potentially mitigating the
impact of stable atmospheric conditions on air
quality (Byun & Ching, 1999)

Precipitation events can remove atmospheric
pollutants through wet deposition, effectively
cleansing the air (Yamamoto, 2023). Vegetated
areas play a role in the hydrological cycle by
intercepting and absorbing precipitation, which can
influence pollutant washout processes (Coenders-
Gerrits, 2010). Urban features such as impervious
surfaces and stormwater runoff systems can affect
the hydrological response to precipitation events,
influencing the transport of pollutants into water
bodies and potentially affecting air quality through
secondary processes such as aerosol formation
(Zhang et al., 2020). Solar radiation drives
photochemical reactions in the atmosphere, creating
secondary pollutants like particle matter and ozone
(Ojha et al., 2022). Vegetated areas can modify
local radiation budgets through shading effects and
surface albedo, influencing photochemical reaction
intensity and spatial distribution (Luo et al., 2023).
Urban features such as buildings and surfaces can
modify radiation absorption and reflection patterns,
affecting the local microclimate and atmospheric
chemistry (Meili et al., 2021)

Relative humidity influences the rates of physical
and chemical atmospheric reactions, including
creating and modifying air pollutants (Yamamoto,
2023). Vegetated areas can modify local humidity
levels through transpiration and evapotranspiration,
influencing atmospheric moisture content and
stability (Coenders-Gerrits, 2010). Urban features
such as impervious surfaces and artificial structures
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can alter local humidity gradients and moisture
exchange processes, affecting air quality dynamics
(Nowak & Crane, 2000).

Addressing air pollution in Kampala requires
coordinated efforts from government authorities,
policymakers, industries, urban planners, and the
community. Some strategies to reduce air pollution
are implementing car emission standards,
promoting cleaner transportation technologies,
improving industrial pollution control methods,
expanding green areas, improving waste
management techniques, and promoting cleaner
heating and cooking solutions. Initiatives to raise
public awareness and engage stakeholders are also

necessary to promote Kampala's sustainable
development and environmental stewardship
culture.

Green Vegetated Areas and Air Quality Change
Over Different Times of the Day

Vegetation, particularly trees and shrubs with dense
foliage, can act as natural filters, capturing airborne
particulate matter such as dust, pollen, and
pollutants (Sillars-Powell, Tallis and Fowler, 2020).
Studies have shown that vegetation can effectively
trap PM, especially during periods of low wind
activity when particles are less likely to be dispersed
(Nowak et al., 2013). Through photosynthesis,
green vegetated areas absorb CO2 and release
oxygen (02) into the atmosphere during daylight
hours (Yahia, 2018). This process helps reduce
atmospheric CO2 concentrations and increase
oxygen levels, improving air quality (McPherson,

1997). Green vegetation can help to mitigate
ground-level ozone concentrations through a
process known as dry deposition. Plant leaves take
up ozone molecules, broken down or digested
through biological reactions. Ozone levels may
decrease as a result, especially during the day when
photosynthesis is taking place. (Gielen et al., 2015).

Vegetation provides shade and reduces surface
temperatures through evapotranspiration, which can
help moderate local microclimates (Meili et al.,
2021). Lower temperatures can reduce the
formation of certain pollutants, such as ozone, and
mitigate the impact of heat-related air quality issues
(Akbari et al., 2001). While vegetation primarily
acts as a sink for atmospheric pollutants, certain
plant species emit biogenic volatile organic
compounds (BVOCs) into the atmosphere
(Calfapietra et al., 2013). These BVOCs can react
photochemically, which helps create secondary
pollutants, including ozone and fragile particle
matter. (Ciccioli et al., 2014). The emission rates of
BVOCs may vary over different times of the day,
influencing pollutant concentrations accordingly
(Guenther, 1995).

METHODOLOGY
Study Area

The study focused on Kampala, the Capital City of
Uganda, from which 6 streets were sampled and
included: - Nasser Lane, 6th Street, Namirembe
Road, Owino Kafumbe- Mukasa, Makindu Close
and Nakasero Lane.

Division Parish Village Street
1 Central Civic centre Nkrumah Nasser Lane
2 Central Industrial Area 6™ Street 6™ Street
3 Central Kisenyi | Buwanika Namirembe Road
4 Central Kisenyi Il School View Owino Kafumbe- Mukasa
5 Central Kololo Makindu Close Makindu Close
6 Central Nakasero Nakasero Lane Nakasero Lane

Makindu Close and Nakasero Lane are known for
green vegetation, 6" Street is known for buildings

and industrial zones, and Namirembe Road and
Owino Kafumbe—Mukasa are known for car parks.
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Methodology

The survey entailed cross-sectional studies;
guantitative approaches were used during sampling,
data collection, quality control, and analysis. At the
data collection stage, the quantitative design
involved Air quality monitors. This study used
descriptive statistics to describe and summarize the
main features of a data set collected. In contrast,
inferential statistics was used to make predictions,

draw inferences, or test hypotheses about a
population based on a sample.

FINDINGS AND DISCUSSION

The relationships between green vegetated areas,
urban features, metrological factors (humidity and
temperature), and the air quality parameters
(Particulate matter (PM), Nitrogen dioxide (NO2),
Sulfur dioxide (SO2) and Carbon monoxide (CO))
were analyzed to ascertain if there is any
correlation.

2.5 (Moming

The scatter plots with regression lines illustrate the
effects of humidity and temperature on various
pollutants across different times of the day at
different sites:

Humidity vs. PM.s (Morning):

A negative correlation indicates that higher
humidity levels in the morning are associated with
lower concentrations of PM»s. This suggests that
moisture in the air may help settle particulate
matter, reducing its concentration.

Temperature vs. PM_s (Morning):

The relationship between temperature and PMzs in
the morning shows a slight positive trend,
suggesting that PM2.5 levels may increase slightly
as temperatures rise. This could be due to increased
atmospheric mixing or other factors affecting
particulate matter dispersion.

Humidity vs. CO (Afternoon):

A strong negative correlation is observed between
humidity and CO levels in the afternoon. Higher
humidity appears to be associated with lower CO
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levels, possibly due to the dilution effect of moisture
or changes in local activities like traffic.

Temperature vs. NO; (Evening):

The plot shows a slight negative correlation
between temperature and NO; levels in the evening,
suggesting that higher temperatures may help
disperse NO2, potentially reducing its concentration
in the air.

The Impact of Humidity and Temperature
Across Different Sites

6th Street Industrial Area:

High Pollution Levels: This site consistently shows
higher levels of pollutants (PMzs, PM1g, CO, and
NO,), likely due to industrial activities and heavy
traffic.

Humidity's Impact: The strong negative
correlation between moisture and pollutants, such as
CO and PMy_;5, suggests that higher humidity helps
reduce pollutant concentrations. However, the
reduction may not be as pronounced due to ongoing
emissions from industrial activities.

Temperature's Impact: A slight positive
correlation between temperature and PM, 5 suggests
that warmer temperatures might increase particulate
dispersion or secondary particulate formation from
industrial emissions.

Makindu Close Kololo:

Lower Pollution Levels: This site shows generally
lower levels of all pollutants, suggesting fewer local
sources of pollution, like less traffic or fewer
industrial activities.

Humidity's Impact: The negative correlation
between moisture and pollutants is more evident

here, indicating that even small increases in
humidity can help clear the air due to fewer ongoing
emissions.

Temperature's Impact: Lower temperatures might
correlate with lower pollutant concentrations, as
cooler conditions can reduce the photochemical
reactions that produce secondary pollutants.

Nkrumah-Nasser Lane:

Moderate Pollution Levels: This site shows
moderate pollution levels across all parameters.

Humidity's Impact: The negative correlation
between moisture and pollutants like PM2sand CO
indicates that higher humidity helps reduce
pollution. This may be due to the settling of
particulate matter in more humid air or the dilution
effect of moisture.

Temperature's Impact: A less pronounced
correlation with temperature suggests that other
factors, such as local traffic patterns or
microclimates, might play a role in determining
pollutant levels.

Buwanika-Namirembe Road:

Moderate to High Pollution Levels: This site also
shows moderate to high levels of pollutants,
particularly in the morning and evening.

Humidity's Impact: Similar to other sites, higher
humidity correlates with lower pollutant levels,
which suggests that increased moisture helps to
settle particles or disperse gases.

Temperature's Impact: Higher temperatures
could increase pollutant levels due to more
significant atmospheric mixing or enhanced
chemical reactions.
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Humidity Vs Temperature Trends Across Different Times of Day
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The scatter plot illustrates the relationship between
humidity and temperature across different times
(morning, afternoon, and evening).

Morning: The data points for the morning period
show a clustering where humidity tends to be
slightly higher and temperature varies moderately.

Afternoon: Humidity generally decreases in the
afternoon while temperatures remain relatively
higher.

Evening: There is a trend toward increasing
humidity with slightly cooler temperatures in the
evening.

These trends suggest a typical diurnal pattern in
which temperatures peak in the afternoon and
humidity levels fluctuate inversely with temperature
changes throughout the day.

Humidity = Temperature PM2.5 PM10 CO SO2 NO2
(%) (°C) (Mg/m®)  (ug/m®) (ppm) (ppm)  (ppm)
Humidity (%) 1 -0.56 0.48 0.459 0.47 0.06 0.48
Temperature -0.56 1 -0.27 -0.265 -0.55 -0.19 -0.43
(C)
PM2.5 0.48 -0.27 1 0.997 0.4 0.23 0.42
(pg/m?3)
PM10 (ug/m3) 0.46 -0.26 1 1 039 0.25 0.4
CO (ppm) 0.47 -0.55 0.4 0.389 1 0.36 0.73
SO2 (ppm) 0.06 -0.19 0.23 0.255 036 1 0.41
NO2 (ppm) 048 -0.43 0.42 0.402 073 041 1

Correlation Coefficients between Meteorological Factors and Pollutant Concentration

Key Significant Associations:

Humidity: Positive correlation with PM,5 (0.48),
PMi (0.46), CO (0.47), and NO; (0.48).

Indicates that higher humidity levels are associated
with increased pollutant concentrations.
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Temperature: Negative correlation with CO (-
0.55) and NO: (-0.43). Suggesting higher
temperatures reduce these pollutants.

Pollutants: PM;s and PMag are highly correlated
(0.99), reflecting their shared sources and similar
dispersion mechanisms.

CO Strongly Correlates with NO; (0.73), Indicating
Potential  Co-emissions or Interactions in
Atmospheric Chemistry

Conceptual Framework Mediating Role of Meteorological Factors.

Conceptual Framework: Mediating Role of Meteorological Factors

Humidity

o

o,
path €
Urban Features
\ Path a4 \

Air Quality

//

'
?'a“'(\e

7

Temperature

Green Vegetated Areas and Urban Features
Impact Humidity and Temperature (Path A):

Results show that:

Green Vegetated Areas significantly increase
humidity and reduce temperature, likely due to
evapotranspiration and shading effects.

Urban Features (such as., car parks, buildings and
industrial areas) reduce humidity and increase
temperature due to heat island effects and lack of
vegetation.

This is consistent with Path Al, A2, A3, and A4 in
the framework.

Meteorological Factors Influence Air Quality
(Path B):

Results indicate:

Humidity often improves air quality by reducing
particulate matter (e.g., PM2.5, PM10) through
particle deposition.

Temperature has a mixed effect, sometimes
exacerbating air pollution due to chemical reactions
(e.g., ozone formation) or heat-induced pollutant
buildup.

These observations match Path B1 and B2 in the
framework.
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Direct Effects of Green Vegetation and Urban
Features on Air Quality (Path C"):

The results show:

Green Vegetated Areas directly reduce air
pollutants like PM2.5 and PM10, likely due to
pollutant filtration by trees and vegetation.

Box Plot of PM2.5 Levels Across Different Times
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Box Plot of CO Levels Across Different Times
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Key Observations from the Box Plots:

PM.s and PMyg Levels:

PM,s and PMyo levels tend to have broader
distributions in the morning and evening, indicating
more significant variability in particulate matter
concentrations.

The afternoon shows a narrower range, suggesting
more consistent particulate matter levels.

NO2 (ppm)

Urban Features contribute to higher pollutant levels
due to emissions from vehicles, industries, and
dense construction.

These findings are consistent with Path C' in the
framework.

Distribution of Air Quality Parameters (PMas,
PMjio, CO, and NOy) Across Different Times of the
Day (Morning, Afternoon, and Evening).

Box Plot of PM10 Levels Across Different Times
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CO Levels:

CO levels are more variable in the evening, with
several sites showing higher concentrations, as
reflected by the spread of the box plot.

The morning and afternoon CO levels are relatively
more consistent but vary across different sites.
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NO2 Levels:

NO2 levels also show variability across different
times, with the highest spread in the evening,

site_Description
Mazkindu Close Kololo
Nakasero Lane

0.07

o
o
=3

indicating increased variability of nitrogen dioxide
concentrations during that period.

CO, NO,, PM2s and PMyg levels at Makindu Close
Kololo and Nakasero Lane by Time of Day.
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The line plots show the time-specific pollutant
trends for Makindu Close Kololo and Nakasero
Lane across different times of the day (morning,
afternoon, and evening):

Key Observations:

PM2.5 and PM10 Levels:

Both PM2 s and PMyg levels fluctuate over the day at
both sites.

Makindu Close Kololo shows relatively stable
PM:s levels across the day, while Nakasero Lane
shows a noticeable peak in the afternoon.

CO Levels:

CO levels tend to increase in the evening for both
sites, with Nakasero Lane showing a higher CO
level than Makindu Close Kololo. This suggests

more significant traffic or combustion activity in the
evening at Nakasero Lane.

NO; Levels:

NO; levels also tend to peak in the evening at both
sites, particularly at Nakasero Lane. This is
consistent with increased traffic emissions during
the evening rush hour.

INTERPRETATION OF RESULTS

Makindu Close has a denser tree cover and less
traffic compared to Nakasero Lane, which explains
why the concentration of pollutants along Nakasero
Lane was slightly higher. This further confirms
Sillars-Powell, Tallis, and Fowler's (2020) findings
that Vegetation, particularly trees and shrubs with
dense foliage, can act as natural filters, capturing
airborne particulate matter such as dust, pollen, and
pollutants.
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The results suggest that humidity partially mediates
the relationship between site descriptions and PMz s
levels, as humidity significantly correlates with
PM:s levels. However, the site descriptions do not
strongly predict humidity levels, indicating a weak
mediation effect.

Temperature does not appear to mediate the
relationship significantly, as its effect on PMas is
insignificant.

The above finding correlates with Zender-Swiercz
E., 2024 whose research on the effect of temperature
and humidity of air on the concentration of
particulate matter (PM2sand PMio ) concluded that
the concentration of PM.s and PMayo is more
strongly dependent on the air humidity than on the
temperature.

Examine Traffic-Related Pollutants:

CO (Carbon Monoxide): Primarily emitted from
vehicle exhaust, CO levels can directly indicate
traffic emissions.

NO: (Nitrogen Dioxide): Also, primarily produced
by vehicles, especially diesel engines.

PM2s and PMyg (Particulate Matter): Can increase
due to road dust, brake wear, and exhaust emissions.

Compare Pollutant Levels During Peak Traffic
Times:

Morning (9:00 AM - 12:00 Noon): Represents the
post-morning rush period.

Afternoon (1:00 PM - 4:00 PM): Represents off-
peak traffic.

Evening (5:00 PM - 7:00 PM): Represents the
evening rush period.

CONCLUSION:

The correlation between humidity, temperature, and
pollutants varied depending on the site’s local
environment and pollution sources: High-emission
sites (like industrial area) showed weaker effects of
humidity and temperature due to continuous

pollution. Low-emission sites (like Makindu Close
Kololo) showed more substantial impacts of
humidity and temperature on air quality due to
fewer conflicting factors.

While humidity shows some mediation effects in
the relationship between site description and PMzs
levels, temperature did not appear to play a
significant mediating role. These findings highlight
that local site characteristics, such as emissions and
activities, directly affect air quality more than
through changes in humidity or temperature.

Targeted Interventions

The data indicates that targeted air quality
management interventions are necessary to mitigate
high levels of pollutants, especially in areas such as
Nkrumah-Nasser Lane and 6th Street Industrial
Area. Stricter regulations, community awareness
campaigns, and ongoing monitoring are advised to
improve air quality throughout these high-risk sites.
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