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Abstract This article analyzes the complex
relationship between fluctuations in indoor temperature
and humidity over a period of time, derived from five
distinct datasets. It explains the consequences of these
variations for human comfort and the rules of architectural
design. The study revealed significant differences in
temperature where it varied from 20C to 32.9<C in
addition to the humidity levels changing from 26% to 73%.
Humidity levels above 60% except for some months and
temperature range of 20-33<C led to discomfort when the
number of occupancies increased, and air conditioning was
off. The findings emphasize the overriding importance of
competent climate control devices for conditioning indoor
environments, including multiuse venues where diverse
occupancy patterns can influence conditions. Importantly,
the article emphasizes the need to consider microclimates
when designing architecture, proposing methods including
passive cooling techniques and energy flexible HVAC
systems that take advantage of natural airflows. Future
research paths include longitudinal studies of climate,
materials, and occupants geared towards optimizing indoor
climates. To summarize, this research highlights the need
to introduce climate management strategies within
architectural practices to create healthier and more
responsive spaces.

Keywords Microclimate, Humidity, Temperature
Variations, Occupant Comfort

1. Introduction

Microclimate is the condition of localized climate that
differs from the climate that can occur in a wider region, as
a result of topography, vegetation and built environment
[1]. Microclimate plays a pivotal role in architectural
concepts, and has implications for energy consumption,
user comfort and building sustainability [2]. By using
localized weather data, architects can account for specific
weather patterns and determine building orientation,
window placements, and shading devices to reduce
dependence on artificial heating and cooling, saving as
much as 30% of energy [3]. Moreover, microclimate
affects thermal comfort, air quality, and humidity that
ensure occupant well-being; microclimate-based building
design optimizes natural ventilation and minimizes indoor
air pollutants that contribute to better health and higher
productivity of residents [4]. Moreover, inclusion of
microclimate factors reinforces sustainable architectural
practice since local materials and vegetation lead to a better
integration of the built environment and lower energy-
demanding systems [5]. Additionally, designs that respond
to the surrounding landscape may encourage biodiversity,
and thus provide not only aesthetic values, but also
ecosystem services, creating environmental resilience [6].
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That's why microclimates are relevant, as climate change
begins to have an effect on weather patterns, understanding
microclimates is critical to resilience planning as it allows
buildings to better adapt to and be durable against extreme
weather events [7]. Overall, the importance of
microclimate in architecture is that it creates energy
efficiency, enriches human comfort, achieves sustainability,
and promotes landscape integration and climate adaptation.

As global temperatures rise and urbanization intensifies,
managing indoor microclimates becomes critical for
mitigating heat stress and energy consumption. Residential
spaces in arid and humid regions, like Saudi Arabia, face
unique challenges where passive design strategies must
complement mechanical systems to ensure sustainability.

There are many striking examples of building designs
that make good use of microclimates to improve
sustainability and user comfort. A prime example of this is
the Bosco Vertical (Vertical Forest) in Milan, Italy (see
Figure 1). The residential complex features two towers
decorated with more than 9,000 trees and 20,000 plants that
help control the microclimate by providing shade,
decreasing the absorption of heat and filtering the air.
Greenery contributes to biodiversity, attracting other bird
species and insects [8, 9].

Figure 1. The Bosco Vertical (Vertical Forest) in Milan, lItaly,
https://www.stefanoboeriarchitetti.net/en/project/vertical-forest/

The Eden Project (Cornwall, UK) (Figure 2) is another
example, which has several biomes that host different
climate zones. Geodesic dome structures maximize
sunlight exposure but remain stable in internal temperature
to create optimal microclimates for a range of tropical and
Mediterranean plants [10, 11]. Not only does this design
display plant diversity, but it also educates on what to value
in an environmentally sustainable future.
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Figure 2. The Eden Project (Cornwall, UK)
https://aeroengland.photodeck.com/media/9fc630f9-02fb-4130-8d4c-
99514c3d3fd6-aerial-photograph-of-the-eden-project-cornwall-england-
uk

Lastly, the High Line in New York City shown in figure
3 repurposes a former elevated railway into an energetic
public park. This project includes the variety of plantings
that create different microclimates along its length,
encouraging natural cooling and shaded spaces for visitors.
The design improves urban biodiversity and manages local
stormwater runoff, providing an example of how adaptive
reuse can have more than a direct impact on the project site
itself [12, 13].

The
https://www.jharchitecture.ie/2011/12/10/the-high-line-nyc/

Figure 3. High Line in New York City,

By analyzing indoor temperature and humidity
variations, this study offers practical insights into
improving occupant comfort, advancing the understanding
of microclimate dynamics, particularly in multi-use
residential spaces. The findings are critical for architects
and designers aiming to create energy-efficient, sustainable,

and comfortable living environments.
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1.1. Objectives of the Study

- To analyze variations in indoor humidity and
temperature across multi-use residential spaces,
identifying trends influenced by occupancy levels,
activity patterns, and external weather conditions, and
quantifying their impact on indoor climate.

- To evaluate the impact of humidity and temperature
fluctuations on occupant comfort, identifying critical
thresholds that lead to discomfort during various
activities in residential spaces, and comparing these
findings with established comfort standards.

- To develop design recommendations for improving
indoor climate in multi-activity spaces, focusing on
enhanced ventilation, flexible HVAC systems, and
dynamic living environments that optimize user
comfort and experience, while integrating passive and
active climate control strategies.

1.2. Literature Review

Studies on the climatological effect in occupied
environments have placed a greater emphasis on how the
features of the environment, like temperature and humidity,
map so strongly onto behavior and health outcomes for
those people [14-16]. As such, the design and management
of these spaces is key to optimizing user comfort and
efficiency. Research has found that microclimate
conditions can greatly vary, not only for various
influencing factors, but also in relations to neighboring
buildings [17]. With vegetation cover, passive designs and
orientation have a strong impact on a residential
neighborhood. However, there are strategies we can
employ to improve conditions at the urban level, for
example, by using vegetation and water features to reduce
the heat and increase humidity [18]. Even slightly favorable
microclimate condition not only leads people to a higher
degree of activity, with better results, but also positively
impacts their well-being, with extreme weather conditions
preventing residents from outdoor activities [19]. Not only
does the climate in residential environments directly
influence health outcomes (too much heat and humidity can
cause heat-related mortality), but this also highlights the
need for well-designed residential environments with
suitable microclimate conditions to facilitate better
physical and mental health [20, 21]. Aljashaami [22]
highlighted the importance of maintaining sustainable
design practices, including passive cooling, natural
ventilation, and the incorporation of renewable energy
sources to mitigate the negative consequences of climate
change. In general, micrometeorological dynamics is very
indispensable for the design of climatic residential
settlements that promote user well-being in addressing
sustainability issues.

Microclimate Dynamics in Residential Spaces: Analyzing Humidity and Temperature for Improved Indoor Comfort

1.3. Humidity/ Temperature/ Human Comfort
Relationships

Humidity, temperature, human comfort, environmental
health and architecture are all interrelated and should be
considered in the built environment. Temperature is a key
driver of human comfort; the human body is designed to
keep its core at roughly 37<C (98.6 F); straying too far
from that baseline induces discomfort or even death. Heat
stress is most of all activated by high temperatures,
especially in conjunction with extreme levels of humidity,
which impairs the body's ability to cool off through
sweating [23]. This increases the likelihood of heat-related
ilinesses affecting children and their vulnerable
populations [24]. Humidity, and specifically relative
humidity (RH), is a strong driver of thermal comfort; high
RH reduces the efficiency of sweat evaporation, which is
the main cooling mechanism of the body. As a result, at
high humidity levels, even moderate temperatures will feel
unbearably hot, causing the sensation of overheating [3].
High humidity, on the other hand, can lead to skin irritation,
respiratory problems, and other health issues, especially at
lower temperatures [25]. The interplay between
temperature and humidity is commonly described in terms
of “apparent temperature” or “feels-like temperature,”
which merges both variables to provide a better sense of
comfort levels [26]. For example, the heat index combines
air temperature and relative humidity to calculate how hot
it actually feels to the human body, showing that even a
slight increase in humidity at high temperatures can greatly
increase the heat index and thus increase discomfort and
health risks [27]. Studies show that the ideal temperature
and humidity can boost productivity, mood, and general
health; for instance, keeping indoor humidity levels
between 30% and 60% reduces rates of respiratory
infections and increases comfort [28]. Therefore, knowing
these connections, allows us to develop buildings and
urban environments geared towards healthier human
activities, especially given climate change, which is
projected to raise global temperatures and humidity [29].
Management of relative humidity and temperature is key to
health and comfort in all sorts of buildings.

Recent studies have highlighted the significant impact of
microclimate conditions on occupant comfort and health.
For instance, research by Fanger [30] established that
indoor temperatures between 20<C and 24<C, combined
with relative humidity levels of 30% to 60%, are optimal
for human comfort. However, deviations from these ranges,
particularly in humid climates, can lead to discomfort, heat
stress, and even health issues such as respiratory problems
[23]. The interplay between temperature and humidity
significantly influences how comfort is perceived, with
high humidity levels exacerbating the sensation of heat,
even at moderate temperatures [27]. These findings
underscore the importance of designing residential spaces
that account for local microclimate conditions to ensure
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occupant well-being.

2. Materials and Methods

The study used systematic monitoring techniques to
explore relative differences in humidity and temperature in
multi-activity residential settings. Data was collected from
February 2024 to April 2024, as this period was determined
to provide valuable insights into user comfort and behavior
in relation to the environmental context.

Pre-deployed calibrated digital hygrometers, shown in
the below figure, were used as data loggers that read
humidity and temperature levels on an hourly basis. This
thorough monitoring captured daily fluctuations in
occupancy patterns, outdoor weather conditions, and air
conditioning usage. External meteorological data were also
collected from local stations for the context of the indoor
microclimate data.

CLOCK /HUMID!TY
HTC-2

Figure 4. Digital Hygrometer
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The study used data sets from five students of
Sustainable Design for Interior course at Jubail Industrial
College, Saudi Arabia. All students chose one space within
their residential environment to log the information into
Excel file. The file contained timestamps and dates, as well
as notes on any factors that might affect the environmental
conditions through the spring semester. Furthermore, the
students responded to some subjective questions regarding
comfort levels in the spaces they selected.

Data collection was conducted using pre-deployed,
calibrated digital hygrometers that recorded hourly
humidity and temperature levels. These devices were
placed in various residential spaces to capture fluctuations
in indoor climate conditions. External meteorological data,
including temperature and humidity, were obtained from
local weather stations to provide context for the indoor
measurements. The data was logged into Excel files, with
timestamps and notes on factors such as occupancy levels,
air conditioning usage, and outdoor weather conditions.
This comprehensive approach allowed for a detailed
analysis of the relationship between indoor and outdoor
microclimate conditions.

The data gathered was structured in spreadsheets that
allowed for statistical treatment for the evaluation of the
mutual relations between the humidity and temperature and
the comfort of the user as shown in table 1. Several plots
were created including time series plots to identify trends
and correlations. In addition, qualitative aspects of user
behavior and comfort levels in environmental settings were
recorded to better contextualize the quantitative data.

Integrating data collection techniques and maximizing
insights from the student cohort, this study sought to
establish a well-rounded dataset that shows humidity and
temperature variability across different room types, aiming
to enhance understanding of these factors in relation to
human comfort.

Table 1. Data collection process
Parameter Instrument Used Frequency Data Collected
Temperature Digital Hygrometer Hourly Indoor/Outdoor Temperature
Humidity Digital Hygrometer Hourly Indoor/Outdoor Humidity
Occupancy Levels Manual Logging Daily Number of Occupants
Air Conditioning Usage Manual Logging Daily On/Off Status
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3. Data Analysis

The first case study presented in Figure 5 compiles a
dataset from March 20 to April 7, 2024, which is highly
comprehensive in terms of time series data on indoor
humidity and temperature, highlighting the influence of
outdoor weather and day cycle patterns on pleasantness and
comfort. During this time, humidity fluctuated between
41% and 62%, while temperature was stable between 20C
and 25.3<C with peak humidity around 59% on March 21,
and 60% on March 23 in the morning where it would be
discomfort unless combined with high warm air inactivity.
In contrast, early on April 4 and 5, the task variable
humidity was 41% to 44%, and a comfortable around 24 <C,
indicating that these conditions would have been more
favorable to occupant comfort.

The data also shows some trends in humidity and
temperature in the evening hours. This happened on April
2 with a 47% humidity level in the evening and 25.3<C. But
the days of March 25 and 26 saw 61% and 52% humidity
levels, with the temperature still hovering at 22<C, which
might make it feel humid.

Also, the early morning hours show a regular pattern of
humidity and temperature suggesting that the natural
cooling for some hours overnight may only reduce

Microclimate Dynamics in Residential Spaces: Analyzing Humidity and Temperature for Improved Indoor Comfort

humidity, but that it could lead to even lower indoor
temperatures. Because the air is drier and the air
temperature more stable, good ventilation — natural or
mechanical — can make a real difference in comfort.
Managing indoor climate factors thus appears significant to
optimizing comfort for occupants especially during high
humidity and different temperatures. The relationship
between humidity and temperature in this data underscores
the importance of effective climate control measures to
ensure a comfortable indoor environment.

The results presented in the second case study (see
Figure 6) were based on an extensive data collection
campaign conducted from 27th February to 25th March
2024, to get to know the dynamics of temperature and
humidity in the indoor environment in several operational
states of both heating and cooling systems. In particular
case, on February 27, the AC was turned off exactly at the
time when the electric heater was used actively, so the
temperature was 26.1<C and the room was very
comfortable (50% humidity). This shows an adaptive
response to remain comfortable in cooler environments.
When looking through the dataset, periods without heating
or cooling systems seem to correlate with consistent,
comfortable temperatures at around 24<C or the relative
humidity hitting only 73% on March 19, due to humidity,
likely contributing to discomfort.

Apartment with Central Air Conditioner. 200m? - 3
floors/ level 2- 5 users

60.00
50.00
40.00
30.00
20.00
10.00

0.00

o Humidity %

Temperature (°C)

Figure 5. Temperature & Humidity First case study

Bedroom Window/split Air Conditioners. 2 floors/ level 0- 1
user

80.00
70.00
60.00
50.00
40.00
30.00

20.00
10.00
0.00

e HUMidity %

== Temperature (°C)

Figure 6. Temperature & Humidity second case study
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The data also highlights the impact of external weather
on indoor conditions. For example, March 15 and 23 were
both  moments of rain, and the humidity increased
significantly, reaching peaks of 65% and 71%, respectively,
indicating that moisture from the outside was impacting the
quality and comfort inside the house. The high humidity
levels — particularly when paired with relatively constant
temperatures — could create a muggy indoor environment
that could be uncomfortable for occupants. Specifically, on
March 25th, when humidity reached 64%, active climate
control was not engaged, which indicates that the building
was able to maintain comfort without climate control in
those weather conditions.

Also, the frequent presence of "NOTHING IS ON" for
many observations shows that in absence of control, we
have passive thermal management strategies, such as
natural ventilation and thermal mass, to keep comfort levels.
Although temperatures stayed at a generally comfortable
range, the effects of humidity made a big difference in how
comfortable passengers felt, especially during high
humidity events that followed rainfall, the data suggests. In
conclusion, with changing weather patterns and their
implications for comfort levels of individuals within
buildings, this dataset highlights the significance of
optimizing temperature and humidity internal conditions.

For the third case study, shown in Figure 7, the humidity
and temperature status were collected from March 16 to
April 17, 2024, and it shows a good level of detail on the
impact of conditioning on humidity, temperature, and
airborne particles indoors. In the first part of the dataset,
between March 16-31, humidity exposed ranged between
49% and 67%, while temperatures ranged from about 23<C
to 26.5<C. The elevated humidity levels, particularly the
respective peaks from 16 to 17 March at 66% and 67%,
probably indicate unpleasant conditions, particularly since
no conditioning was in effect. This indicates that occupants
at the sites may not have felt comfortable during these high
humidity periods, particularly in the early hours of the
morning when humidity levels were high.

The indoor climate control afterwards, from April 1 after
air conditioning, there is a significant improvement in the
temperature dispersion temperature decay. Therefore,
humidity levels dropped significantly when the AC was
turned on, usually staying below 51%, and the temperature
remained in the lower limit of the comfortable range (20C
- 25.6<C); meaning air conditioning managed both
humidity and temperature and improved indoor conditions.
For example, the air conditioner's effectiveness in
providing comfort was also evident when April 4 (20.2<C,
45% humidity).

The data showed reduced humidity and more constant
temperatures in cases of continuous air conditioning use,
indicating it to be a key factor in indoor comfort, most
notably in conditions of high external humidity. As the data
set moves forward, it becomes apparent how closely linked
the operation of the air conditioning is to what is inside.
This suggests that even in inefficient buildings, climate
control systems are justified in providing comfortable
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spaces for their occupants. This analysis highlights the
need for maintaining operational cooling systems to reduce
associated discomfort from high humidity levels and daily
temperature variations.

The fourth case study displays, in Figure 8, data
collected between March 8 and April 7, 2024, and it yields
insights into humidity, temperature and user comfort
according to the weather conditions provided. During this
time, the humidity varied greatly with a maximum
humidity 66% on several occasions, usually in the late
night and early morning hours. In parallel, the temperature
peaked on 3 April at 32.6<C, suggesting a particularly hot
day. A different analysis shows that on days with high
humidity (greater than 60%) like March 17 and 19, even
moderate temperatures likely contributed to feelings of
discomfort and likely inflamed perceptions of heat. This is
consistent with earlier comments about fans alone not
being enough on hot, humid days. Importantly, the data
suggest that cooler temperatures and lower humidity
followed rainy weather, indicating that precipitation may
have offered temporary respite from heat and humidity, as
seen in comments regarding comfort levels during
thunderstorms and rainy conditions. Under normal
circumstances, air conditioning provided improved
comfort, especially in high humidity. In conclusion, these
findings provide insights into the relationship between
temperature, humidity, and discomfort, highlighting the
need for careful management of indoor climate conditions,
particularly in hot and humid climates where traditional
cooling methods are insufficient to provide relief.

The indoor humidity and temperature dynamics based on
varying influence factors and equipment work shown in
Figure 9, was collected for the fifth case study: from April
3 to 14, 2024. Significantly, the temperatures monitored
oscillated quite wildly, reaching maximum at 32.9<C on
April 4, when a higher occupancy was recorded as "THE
NUMBER OF PEOPLE WAS MORE." This implies that a
higher density of people can increase the temperature of the
air in the room, most likely as a result of the heat generated
by our bodies and our metabolisms, making clear that in a
crowded setting effective climate control is critical.

The dataset also shows operational difficulties,
particularly related to the air conditioning system, which
was described as broken on April 5, and then again on April
9. This resulted in indoor temperatures of around 26.8<C
and humidity levels of 49% during these periods. The lack
of cooling solutions could lead to some discomfort with
these conditions.

All in all, the data shows a variability in indoor climate
conditions on-site that may have a potential impact on
occupants’ comfort levels. As humidity readings drop, like
the 26 percent seen on April 6, conditions can be much
more comfortable than when it is high, especially when
temperatures are moderate, around 25<C; but when it is
high and temperatures are, too, and the AC is fouling up
make good climate control essential. It is also this dataset
that might indicate how the provision of light and fresh air
should shape the hypothetical indoor comfort.
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Figure 7. Temperature & Humidity third case study
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Figure 8. Temperature & Humidity, fourth case study
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Figure9.  Temperature & Humidity fifth case study
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- Analysis of temperature and humidity levels

However, as shown from the analysis of the indoor
climate in the family living room, here, the area is about
22.92 m= equipped with a window/split air conditioner,
humidity and temperature depend on external weather
conditions. The average relative humidity recorded during
this monitoring period was 55.68% with a range from 39%
to 66%. Importantly, humidity was high on particularly
rainy and cloudy days — specifically March 17 and March
20. When lack of wind worked against moisture dissipation
in atmosphere. The opposite was true when the temperature
fluctuated between 22.2<C and 23 <C and humidity fell, and
both items are presumably mirrored in their variable
aspects showing an exact or inverse relationship.

There was no air conditioning in the room, so it got quite
uncomfortable, even with fans, on very humid days.
Furthermore, the air conditioning system was effective at
removing humidity, with humidity levels falling
significantly when the air conditioning system was turned
on. For example, the data showed significantly lower
humidity levels on rainy days with the air conditioning on,
reflecting its vital role in keeping indoor conditions
comfortable. The findings also showed that indoor air
quality was strongly affected by weather, with cloudy and
wet days leading to the stinging of air and an increase in
humidity which coincides with Nur, 2020 (Nur, Ferdous,
Afrin Jui, & Forhad Hossain, 2020).

In summary, these findings highlight the critical role of
effective climate control in residential spaces, especially in
inadequately ventilated regions. As observed, this external
weather scenario and the indoor climate working in
synergy underscore the importance of dependable air
conditioning systems in providing comfort and controlling
humidity. Long-term steps must involve enhancing
ventilation or potentially taking other steps for better
indoor air quality, particularly in places where harsh
weather can raise humidity levels.

The data collected gives an overview of the microclimate
in the multi-activity residential spaces over the course of
several days. Some of the notable observations are as
follows:

Temperature: The temperature was recorded between
20.80C and 25.30C with the highest temperature on
March 28 and the lowest on March 30. These fluctuations
were likely caused by external weather conditions,
particularly on rainy days.

Humidity: Range of humidity varied from 0.41 to 0.62.
March 22: Highest humidity reflects the rainy climate
mentioned on March 20. Overall, humidity levels declined
with time, indicating a possible drying influence with
increasing temperature.

The following are the other patterns identified: -

Time-of-Day Effects: For temperature, readings taken
during the evening (6 PM to 8 PM) were slightly higher,
which may be explained by decreased ventilation or
increased activity in space.
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Effect of Rainy Days: The data ditched from wet days
(March 20, etc) as they correspond with high humidity too.
The relationship between outdoor and indoor climate is key
to understanding how weather influences indoor comfort,
which is necessary for the design of activity spaces.

Overall Climate Comfort: Based on the temperature and
humidity ranges alone, it would appear that activities can
be done under most circumstances, though certain periods
of high humidity are less than ideal (42 degrees and 90
percent during summer, for example), as can be evidenced
by some discomfort on some of the days.

This exploration demonstrates the approach to be
considered in architectural analyses to achieve thermal
comfort in multi-purpose and multi-activity spaces by
integrating the site-specific microclimate data in
architectural design. Optimizing user experience in these
kinds of settings can be achieved with passive design
strategies such as enhanced natural ventilation or humidity
control treatments.

4. Findings

4.1. Average Temperature and Humidity Variations
Observed

There is much to understand in the five cases of field data
compiled from February through April 2024, with regard
to the dynamics of temperature and humidity in the
buildings, which are crucial for the comfort of the
occupants. Overall, one would find that temperatures over
this duration ranged from a lowest of 20<C to a highest of
32.9C, with some exceptions during warmer days,
especially when the air conditioning was not functioning.
Relative humidity varied widely throughout the day,
ranging from 26% to 73%, which was commonly recorded
during the early hours (morning) or immediately following
rain periods as shown in table 2. In summary, some days
recorded commensurate relative humidity levels, above the
60% mark, which may have led to discomfort, particularly
when combined with the 24<C temperature reading,
whereas days with lower humidity (sub-50%)
corresponded to increased comfort indoors, even when
temperatures approached or exceeded 24 <C.

The data also illustrated the impact of operational
heating and cooling systems: when air conditioning was on,
the levels of humidity decreased markedly, making
everything feel just a little better. Broken air conditioning
occurred alongside relative humidity and temperature,
demonstrating the need for reliable climate control systems.
Overall, this detailed analysis emphasizes the importance
of the relationship between temperature and humidity in
creating a comfortable indoor environment that responds to
changes in outdoor weather conditions and occupancy
levels.
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Table 2. Summary of the key findings
Condition Temperature Range Humidity Range Occupant Comfort Level
With Air Conditioning 20C-25<C 30% - 50% High Comfort
Without Air Conditioning 24<C-33C 50% - 73% Low Comfort

5. Discussion

5.1. Findings in the Context of Literature

The results of the analysis of the differences in humidity
and temperature inside the sets are consistent with the
literature concerning environmental comfort and the well-
being of the human. Research has always indicated that the
best indoor environment goes hand in hand with a
temperature of 20C to 24<C, and 30% to 60% relative
humidity for the utmost comfort level [30]. The data

suggest that elevated humidity, specifically readings of 60%

or more, was associated with greater discomfort, especially
in contact with these moderate temperature conditions of
24<C, confirming that humidity is a major contributor that
raises the feeling of heat [31]. Moreover, considering the
adverse moments of inadequate climate control, as shown
through non-active periods of air conditioning usage,
reinforces the crucial need for effective climate control
technologies to achieve comfort. This corresponds with
observations by Disci et al. [32], which identify effective
climate control as a means of improving occupant
satisfaction as well as productivity. In summary, the
findings highlight the important interaction between
temperature and humidity and the need for tailored indoor
climate strategies to improve comfort as well as the well-
being of indoor environments.

While this study observed discomfort at 60% RH and
24<C, research in tropical Singapore [33] found higher
humidity tolerance due to acclimatization, suggesting
adaptive design strategies must account for cultural and
regional differences.

5.2. Natural Ventilation Design Strategies

Natural ventilation emerges as a key factor in ensuring
indoor  comfort, particularly in  high-humidity
environments, particularly in regions with high humidity.
By strategically positioning windows and incorporating
cross-ventilation designs, architects can reduce reliance on
mechanical cooling systems. For instance, the data showed
that during periods of high humidity, natural ventilation
alone was insufficient to maintain comfort, highlighting the
need for hybrid systems that combine passive and active
cooling strategies.

Prolonged exposure to humidity levels >60% correlates
with respiratory issues [34]. This underscores the need for
humidity control not just for comfort but also for occupant
health, particularly in densely populated households.

5.3. Architecture and Multi-Activity Space Utilization
Implications

The results of the analysis of indoor temperature and
humidity behavior can help architects with the design of
multi-functional spaces. To begin, the important
relationship between temperature and humidity with
occupant comfort highlights the need for some form of
effective means of climate control to be integrated into
building designs. For many generations of air-conditioned
buildings, architects and designers tended to focus on
providing high-performance HVAC systems to simply
temperature control the space, especially in areas intended
for high occupancy or varied use. In areas like classrooms,
offices, and recreational spaces, the comfort of users
translates to performance and happiness, proving crucial
importance of indoor impact. Also, by implementing
natural ventilation design strategies, such as appropriately
positioning windows, shading devices and ventilation
openings, natural ventilation in the building can be
maximized, thereby decreasing dependence on mechanical
cooling. Cross-ventilated designs mitigate humidity in the
acceptable range of temperatures per area, contributing to
a healthier indoor environment. Moreover, the fact that
multi activity spaces have to be arranged in a way that
allows such overlapping but does not compromise comfort.
The findings also highlight the importance of material
selection and finishes in regulating indoor climate
conditions. For example, temperature stability can be
achieved with high thermal mass materials, and moisture
levels can be lowered with moisture-regulating finishes. In
general, as shown in figure 10, this has wider consequences
for architectural design as it impacts even the value an
environment holds, beyond aesthetics; a holistic approach
is necessary to create spaces that are adaptable, comfortable
and healthy while also providing opportunities for different
activities while instilling and enhancing the overall user
experience.
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5.4. Recommendations for Improving Indoor Climate
Control

Based on the findings about temperature and humidity
variations that can contribute to the indoor climate, several
suggestions can be made for improvements. Investing in
high-efficiency HVAC systems that are well-maintained on
a routine basis to prevent breakdowns is one of the
suggestions. The use of dampers further enhances the
precision of zoning systems, while smart climate control
technology like smart thermostats, humidity sensors, and
app-based control based on location and localized data can
further optimize indoor comfort. Benefits of architectural
designs include predetermined natural ventilation through
the appropriate placement of windows and doors to drive
airflow and the use of operable windows to give occupancy
control. In humid environments, the proper number of
dehumidifiers and moisture-resistant building materials
could allow optimal conditions to ward off mold.
Additionally, using materials with high thermal mass and
proper insulation can help stabilize indoor temperatures.
Making residents aware of the climate control available to
them and implementing systems for them to provide
feedback about their environment has the potential to
improve comfort, while spaces might be designed to be
flexible and adaptable, reconfigurable to serve different
purposes. Implementing these measures will drastically
improve indoor climate control in a host of building types,
creating a more sustainable model for occupant comfort
and satisfaction.

Passive cooling strategies, such as shaded courtyards,
can lower energy costs for low-income households, making
thermal comfort accessible without reliance on costly
HVAC systems.

Active systems, particularly air conditioning, proved
highly effective in sustaining comfort under high humidity
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and temperature conditions. In contrast, passive strategies,
such as natural ventilation, were less effective in extreme
conditions but could be optimized through design
interventions, such as cross-ventilation and shading
devices.

6. Conclusions

Analysis of indoor temperature and humidity for five
data sets revealed some consistent and key trends that
highlight the importance of climate control for occupant
comfort. With ambient temperature records varying from
20C to 32.9<C, higher levels were recorded in times of
high occupancy or during non-operational AC periods.
Varying humidity levels from 26% to 73% were assessed,
with elevated levels during the early morning and after rain
strongly influencing perceived comfort. High humidity,
particularly when it was more than 60%, usually coincided
with moderate temperatures of ~24<C, adding to
discomfort from a humid indoor environment. But when
humidity levels fell into a lower range, in particular below
50%, they associated more comfortable conditions, even at
slightly higher temperatures. According to the data,
effective climate control systems are essential to keeping
both temperature and humidity levels in check, creating
comfortable indoor environments with reliable HVAC
systems, especially in multi-use spaces where a range of
occupancy patterns can have a major impact on the
environmental conditions. In general, these results
demonstrate the complex relationship between temperature
and humidity in realizing comfort in indoor settings,
supporting the necessity of an effective climate control
system in architectural strategies.

While the study has limitations, the data set provides
valuable insights into the relationship between indoor and
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outdoor microclimate conditions as shown in figure 11.
The hourly data collection allowed for a detailed analysis
of temperature and humidity trends, and the inclusion of
occupant feedback provided a human-centric perspective
on comfort. These strengths make the data set a useful
foundation for future research on microclimate dynamics
in residential spaces.

The findings support the inclusion of humidity control
regulations in Saudi Arabia’s building codes to enhance
indoor comfort and energy efficiency, particularly for
multi-occupancy spaces, to reduce reliance on energy-
intensive HVAC systems.

6.1. Limitations of the Study

This study has several limitations, including the lack of
control over external factors such as outdoor weather
conditions and the age and efficiency of the air
conditioning systems used. Future research should consider
longitudinal studies that account for these variables and
explore the effectiveness of passive tempering strategies in
different climatic conditions.

6.2. Future Research Directions

In conclusion, the indoor climate system comprises
various aspects which need further research inputs to

Discomfort at
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temperatures

Comfort at
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Improved
comfort at
lower humidity
levels

Post-Rain
Humidity Rise
Elevated
humidity levels
after rainfall

Figure 11.
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improve the convection distribution of thermal comfort and
air quality within the room, especially in regard to highly
occupied rooms. Longitudinal studies monitoring seasonal
indoor temperature and humidity variations across building
types are necessary to further define dynamics in the indoor
climate as influenced by different factors over time.
Moreover, the effects of diverse HVAC technologies, such
as novel smart integrated systems and energy-saving
innovations, on indoor air quality and occupant health
would be another useful area of research.

Building materials and design strategies to moderate
indoor climate through thermal mass/insulation properties
should also be investigated in research. That includes
exploring the relationship and coexistence between natural
ventilation strategies and mechanical systems to meet
comfort levels without compromising too much energy. In
addition, research examining occupants' perceptions and
preferences for temperature and humidity can guide more
occupant-centered design.

Lastly, interdisciplinary research spanning psychology,
architecture, and environmental science could lead to
innovative solutions for how multi-activity spaces can be
designed to be more adaptable to differing levels of
occupancy and activity. With improvement in these areas,
subsequent investigation can make considerable impacts in
not just devising improved climate control techniques but
also in maximizing indoor comfort and health enhancement.
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Increased
humidity levels
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6.3. Final Thoughts Regarding the Value of
Microclimate Considerations in Architecture

The paper touched upon the idea that since buildings are
not different from neighboring trees, microclimate
considerations play a big role in architecture as well.
Microclimate awareness also allows designers to enhance
energy-effective, thermodynamically optional, and
ultimately  health-promoting  configurations.  This
knowledge allows architects to design spaces that take
advantage of natural light, local winds, humidity conditions,
and vegetation to promote cross-ventilation and reduce the
dependence on artificial systems, resulting in increased
thermal comfort.

Microclimate analysis in the design process creates
opportunities to incorporate passive heating and cooling
into the site plans, resulting in more sustainable building
practices. Moreover, considering microclimatic responses
in design enhances indoor air quality as well as allows for
control of the urban heat island effect, thus creating a
healthier occupant and urban environment.

By embracing the role of microclimates in building
design, architects can create buildings that are not only
visually appealing and culturally relevant but also healthy
and sustainable places to live and work. Understanding
these philosophies greatly influences architectural designs
that contribute to sustainable development and at the same
time achieve harmonious integration with ecological
factors influencing designs at all locations.
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