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1. Introduction

1.1.Contextualizing the Issue
Urban areas immoderately fall victim to “drought and heatwaves” (Parry et al. 370), resultant of climate
change. August 2019’s Japanese heatwave saw “57 deaths” and “18,000 hospitalized” (The Japan Times),
predominantly in Kyoto (Yajima 1) and Saitama (Yamato et al. 4), cities known for Urban Heat Islands
(UHIs). Contextually momentous in the Asian city-state Singapore, as 100% of the population live in urban
areas (World Bank) and studies from Hien, Roth and Chow suggesting a UHI exists. UHI is an “[urban] area
which is warmer than it’s surrounding areas” (Metlink). The government has attempted to mitigate UHI and
reduce prospective heatwave threats by adapting nature for urban environments (National Parks, MEDIA
FACTSHEET D, Nature Parks as Buffer Parks). However, recently, since “85%” of the population live in
“housing development board homes (HDBs)” (Balazs et al.), studies like Balazs’ have begun on “the
distinctive climate of small-scale areas” (Met Office), or microclimates, to see if inhabitants of “high-rise
residential buildings” (Balazs et al.) are in danger of local resultant climatic processes. Likewise, classifying
Dulwich College Singapore’s (DCSG) microclimate will be seminal in protecting its community from
potential dangers (localized heatwaves). This paper may contribute to the larger study of microclimates in

biophilic-designed buildings.

1.2. Investigative Approach
The investigation compares meteorological data (temperature, relative humidity, wind speed, light intensity)
of DCSG and two other microclimates in western Singapore, collected by the candidate over 4 days in July.

It uses secondary sources to lay theoretical foundations and support choice of sites.

Aim: To determine if DCSG’s microclimate is more like Jurong East (JE), a secondary central business
district (CBD) with an urban microclimate, or Sungei Buloh Wetland Reserve (SBWR), a nature reserve

microclimate.

Research question: ‘To what extent does Dulwich College Singapore possess an urban or nature reserve

microclimate?’.

The research question is adequate as it investigates the degree of microclimate, rather than finding a

definitive microclimate.



1.3. Spatial and Climatic Context
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Figure 2 - Hand drawn map of Singapore by the candidate, based on the work of Koninck




Singapore lacks reliance on the primary

VANCE'S URBAN REALMS

CBD as urban morphology arose from MODEL IN TﬂE CONTEXT OF

urban realms generation (fig.5),
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SINGAPORE

Business
. . certeg
suggests widespread anthropogenic "Changi Bysness
Pack "
activity.
Figbure 3 - IHand dgalwn map of Vance‘i S0 g"j&owﬁ
Urban Realms Model in the context o u 0
8 . ou (ebour
Singapore by the candidate, based on the Pa‘:i

work of Albahae with label ideas from
URA, Xiu and Vincent

Emmmm——— — () (ban Rea\m
Bordory ling.
SEmm— = 0k of
| the CBD
5 UCentfal Aeo)
M%L mmyﬂ{///f% = Colour represpmtation
B of re<ppctne
urban realm
Clogelled, y

Figure 4 - Hand drawn
map of Singapore by
candidate, illustrating
the spatial distribution
of urban realms from
figure 3, based on the
work of Koninck

It shou'd te noted.

'8 e grwlar (epRrRsentation
e e

l ) @TION DWW PoSe
and. Yelaxie size QO“‘@SJX\&P(?(\ .$

20km



Both roads are congested from 6am — 8am
due to vehicles travelling to institutions of
education, as well as 5pm to 8pm due to
vehicles travelling back to residential areas

from work.

Tengah
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Figure 5 - Map of part of Hong Kah North (constituency - North of Jurong East), illustrating DCSG in relation to other land uses, adapted from Google Earth



DCSG’s spatial situation disallows microclimate classification straightforwardly; it has a biophilic design
(structure embeds greenery) and is adjacent to a forest. However, Anthropogenic heat is created on-site and

on nearby roads. It is proximal to JE (secondary CBD) and urbanized residential/institutional land (fig.5).
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Figure 6 - 3D view of
DCSG (Google Earth)
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bottom right (Dulwich
College Singapore)

_ GRADUATE
WGRLDWISE

far from the other 2
sites, situated in

Northern Singapore,
and borders the sea

| JE is a cluster of malls
| next to a train station

T R L
«gm 4 -1 -
—M

White border
represents perimeter of

Figure 7 — 3D aerial view of JE (Google Earth) Figure 8 — 3D aerial view of SBWR (Google Earth)



This section was not part of the investigation
due to COVID-19 regulations
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1.4. Limitations

Comparisons are less accurate as data is not collected on the same day/time (avoiding prolonged environmental

exposure). Consequential, as studies place emphasis on temporal data. Expected anthropogenic processes are

lessened due to COVID-19.

2. Microclimate Background

2.1. Urban Microclimates

2.1.1. Urban Microclimate Theory

Burdett and Urban Hub synonymously use ‘UHI” and ‘Urban Microclimate’ in their blogs, contradicting Nagle

and Cooke’s textbook description distinguishing phenomena; literature by well-versed geographical scholars

implies greater credibility. Aforementioned sources fail to geographically contextualise urban microclimates.

Wong et al.’s Singapore-focused, peer-reviewed, 2018 journal article makes a distinction supporting the

textbook. Hence, Nagle and Cooke and Wong et al.’s work provide theoretical basis.

Feature of Urban Area Resultant Processes

Urban Microclimate

Feature

1. High proportion of ~ Lower proportions of water vapour in the air, thereby
“hygroscopic less moisture to hold, leading to lower relative
particles” (Nagle and  humidity (RH%). These particles can also block solar

Cooke) radiation due to heightened cloud formation

2. Tall Buildings Create lower “sky view factor” (SVF) meaning less
solar radiation reaching the ground. Tall buildings

block air flow, decreasing wind speeds.

Low relative humidity

Low light intensity

Low light intensity

Low wind speed




Urban Microclimate

Feature of Urban Area Resultant Processes Feature

3. Combustive Surfaces retain anthropogenic heat, re-radiated to air,  High temperature
processes (Cars, A.C. facilitating increased evaporation and cloud formation

Low light intensity
Units) frequency, causing lower solar radiance to reach the

ground.

4. Low albedo surfaces Surfaces have high heat retention (fig.10) which is re-  High temperature

radiated to the air.

Table 1 - Features of urban areas, expected resultant processes and related microclimate feature. Contents adapted from Nagle and

Cooke, Wong et al.
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An idea of low
albedo surfaces
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urban areas

Figure 10 —Albedo of surfaces in a city context (Jacobs and Delaney, Adapting to urban heat in Penrith)

2.1.2. Classifying Jurong East
Secondary sources identify a comparable urban microclimate to DCSG, Roth and T.L.Chow suggest
“secondary UHI peaks in Jurong Industrial Estate”. Although UHI validates the temperature aspect, it fails to
holistically categorize a site through other factors. Wong et al.’s aforementioned study investigated JE, their

results are below.



p = 0.05, indicates statistically significant results and did not take place by chance.
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Figure 11 — Wind speeds (m/s) relationship with Building Plot Ratio in JE (Wong et al.) in a scatterplot
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Figure 12 — Spatial Distribution of ‘Sky View Factor’ (SVF) in JE (Wong et al.)
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Data points
of the
investigation

Figures 13 and 14 show a broad
spectrum of temperatures.

Figure 14 — Heat map of temperature ( <C) during the night at JE (Wong et al.)
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Figure 15 — Compound line graphs for Temperature (<C) (Temp.) (a) and Relative humidity (%) (RH) (b) over a 24 hour period in JE

(Wong et al.)

Wong’s data patterns in accordance with urban microclimate features exhorts JE’s suitability as an urban

microclimate for comparison with DCSG, additionally underscoring the temporal nature of microclimates.

Figs.13 and 14 illustrate disparate sets of temperature distinguished temporally, attributing an urban

microclimate to night-time. However, Fig. 8 renounces this with greater specificity, categorizing the greatest

urban microclimate presence to 12:00-16:00 through temperature and relative humidity. Fig.14’s blue cross

marks JE's urban microclimatic nexus, where data transects for this investigation will propagate.
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2.2. Nature Reserve Microclimates

v

A
B. “Pterocarpus indicus Willd.” or “Angsana Tree”

(National Parks, Flora and Fauna Web)

Figure 16 — Collage of photographs at DCSG (Candidate) Figure 17 — Collage of photographs at SBWR (Candidate)

Like DCSG, nature reserves contain plentiful vegetation whilst maintaining accessibility. Met Office
suggests forest microclimates’ distinctive features are based upon type and volume of vegetation, it is

possible DCSG and SBWR share a microclimate due to shared fauna (figs.16,17).

SBWR’s nature reserve microclimate, one of 4 in Singapore, did not have accessible sources detailing
features and processes, hence sources for similar microclimates were explored. Naim et al.’s contemporary
(2012) and geographically relevant (Malaysian) results on rainforest microclimates illustrate differences
between a built up and interior forest site for meteorological variables (Fig.18). Nature reserves are based off
existing rainforests, hence using rainforest-based sources do not largely hinder theory. Results act as a
springboard to draw out relevant theories, it is not taken at face value as context of nature reserve site is

necessary (table 2).

13
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Figure 18 - Graphs of Solar Radiation, Relative Humidity, Wind Speed and Air Temperature Adapted from Naim et al.

Nature Reserve Microclimate

Feature of Nature Reserve Resultant Processes Feature

Abundance of vegetation Heightened local evapotranspiration cycle due to High relative humidity
vegetation abundance; owing to moisture available

and low temperatures, relative humidity is high.
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Feature of Nature Reserve Resultant Processes

Nature Reserve Microclimate

Feature

Flexible structure Wind passes through nature reserves easily due to
lack of resistive material (i.e., buildings), flexible

vegetation permits high wind speeds.

Low anthropogenic activity frequent winds cause cooling, low anthropogenic
(combustion, human/animal heat created.

activity)

Partially forested Solar radiation can reach the ground in non-forested

parts.

High wind speed

Low temperature

High light intensity

Table 2 - Features of Nature Reserves, expected resultant processes and related microclimate feature. Contents adapted from Nagle

and Cooke & Met Office

3. Hypotheses

DCSG could be climatically influenced by Tengah forest and surrounding green spaces and share a similar

vegetation structure to SBWR. However, spatial exploration highlights clustering of tall buildings in DCSG,

leading to low wind speeds and light intensity due to wind resistance and scattering of short-wave solar

radiation respectively (Nagle and Cooke). Like JE’s malls, DCSG generates masses of heat for air

conditioning; peripherally, the surfaces and albedo values are similar and hence high temperatures.

Hygroscopic particles and anthropogenic heat produced by vehicles on roads outside DCSG lead to low light

intensity and humidity. Therefore, the hypotheses support the urban over nature reserve microclimate. As

qualitative data was not the primary method of data collection, emphasis is placed on numeracy.

Hi: Temperature at DCSG is more numerically like JE than SBWR

Hz: RH% at DCSG is more numerically like JE than SBWR

Ha: Light intensity at DCSG is more numerically like JE than SBWR

H.: Wind speed at DCSG is more numerically like JE than SBWR

15



4. Literature Review

Microclimate literature, often regionally focused, needed contextual relevance due to climatic variability. To
limit bias, international works were read to garner alternative perspectives as Singaporean literature often
came from same institutions (NUS). Researchers concluded similar microclimate phenomena pertaining to
meteorological factors, underlining new interpretations like multiple urban microclimates contributing to
larger UHIs (Wong et al. 2), whilst others argued microclimates homogenize in residential areas (Hall et al.
1). It was found microclimate research conventions allow specificity in classification to a single site (nature
reserve microclimate) or type of land (urban microclimate). Singaporean papers primarily collected
meteorological data over long periods, diurnally and nocturnally, showing temporal variability in
microclimatic character (fig.15). Balazs and Wong’s studies collected data using weather stations. Though
non-replicable in scale or accuracy, it is adaptable by measuring similar variables using alternative equipment
in a local context. Secondary data was not prevalent in Singaporean research, conceivably due to financial
barriers the National Environment Agency places on historical meteorological records and necessity of
contemporary data to draw accurate microclimatic conclusions. No emphasis was placed on sampling methods
or intervals, however, peripherally, a large spatial distribution of data points was achieved in most studies.
Data driven by software simulation was unpopular, as some researchers suggested “microclimate [simulation]
models vary widely based on physical basis” (Balazas et al. 4). Researchers’ choice of spatial exploration used
Google Maps/Earth for accessibility, it was found Geographic Information Systems often incurred costs and
were cumulatively poor on modelling Singapore (i.e. ARCGIS). As information is regularly updated and
intends to educate people on geography theory (aside from research papers), textbooks and national
meteorological organizations are especially credible. Both works are the conglomeration of multiple persons’
understandings, therefore information is likely accurate. Potential flaws in literature used include overreliance
on researchers, as conclusions may include implicit biases, opposed to textbooks and meteorological sites

where it is less likely. This decision was made to achieve a contemporary and local view of microclimates.

16



5. Data methodology

If repeated, this methodology would not be feasible in sites in different countries or states, as an underlying

macroclimate across Singapore is assumed. This methodology is loosely based off Balazs and Wong et al.’s

work.

5.1.Preliminary Testing

Preliminary testing at a local park found the multimeter’s hygrometer (relative humidity) was malfunctioning.

Instead of discarding this variable, a wet-dry bulb was made, in sling-psychrometer style. A relative humidity

table until 35°C was not found; therefore, an online calculator was used to calculate values (Appendix A). It

was calibrated by being placed in a cup of salt overnight, calculated relative humidity percentage should have

read 75% but since 64% was observed, 11% was added to all values.

Figure 19 - Homemade wet-dry bulb by Candidate, photograph by candidate

5.2.Risk Assessment

Drinks bottle acting
as the base,
lightweight
Lanyard to
swing the
instrument
Dry bulb
which is a
Wet bulb which is a standard
mercury
standard mercury thermometer
thermometer
attached to a piece
of wet cloth

Due to COVID-19, masks will be worn, social-distancing maintained, and areas of known clusters and

lengthy exposure to surroundings are avoided. Restricted areas on all 3 sites may be dangerous (construction

etc.), maps are therefore followed.

17



5.3.Apparatus

Digital
Thermometer

Anemometer

Conditions:
Days of collections are weekdays

Day 1 (Monday): Conduct data
Instrument Arms methods for half the data points
Length Away at DCSG (12 - 2pm)

Day 2 (Tuesday): Conduct data
methods for the other half of the
data points at DCSG (12 — 2pm)

Base
instrument in
| one hand

Day 3 (Wednesday): Conduct
data methods for all the data
points at JE from 12 - 3pm

Day 4 (Thursday): Conduct data
methods for all the data points
at SBWR from 12 - 3pm

3y} 031 Jejnajpuadiad uswniisu| f

Figure 20 - Photograph of equipment, photograph of how to use the equipment and timeline for data collection, photographs taken

by candidate
18



Piece of Apparatus Relevance Use and measurement justification

to
hypothesis
number

Digital Thermometer 1 Measures air temperature. Advantageous due to

(x0.05°C) accuracy and hypersensitive nature as minute
differences are  observed  between  sites.
Disadvantageous if held too close to a surface (i.e.
ground) as temperature changes drastically.

Wet-dry bulb 2 Measures relative humidity (RH%). Values from

(£0.5%) wet-dry bulbs were put into an online calculator
(Appendix A). Instrument is advantageous as it is not
electronically driven, therefore not affected by
power loss. However, collecting data takes 2 minutes
per point, making it inefficient.

Luxmeter 3 Measures light intensity, highly sensitive allowing

(x0.05 Ix) for minute differences in data points to be seen.

Anemometer 4 Measures wind speed. Fan-based anemometer was

(x0.05m/s) used instead of a cup-based anemometer as it can
pick up lower wind speeds easily.

Base instrument All All but 1 equipment attaches this instrument to read
values. Although accessible in use, the poor battery
life may hinder data collection.

Camera, Notebook and | All To note surroundings and results.

Pen

Bottle of water (100ml) | 2 To maintain wetness of wet-bulb’s cloth.

19



Table 3 — Apparatus, respective hypothesis, and justification of use

5.4.Hypotheses methods

At each data point, conduct the cumulative method within an estimated 6-minute window.

5.4.1. Hypothesis 1, 3 & 4 method

Attach the respective apparatus to the base instrument via the port and hold perpendicular to the

ground at chest level (fig.20). Press ‘power’ (9]) on the base instrument. Count for 10 seconds and
press ‘Max’. To provide the highest value collected in that time. Confirm units are correct by pressing

‘unit’. Note displayed values in the journal.

Luxmeter’s bulb should face upwards. The anemometer’s arrow should face away from the user, so

the wind can pass through the correct side.

5.4.2. Hypothesis 2 method
Open the bottle of water and dip the wet bulb’s cloth into it. Wrap wet-dry bulb around wrist and
secure. Swing for 30 seconds arm’s length away, making sure others are not around. After, at eye
level to avoid parallax, read values for each bulb. Note values down in the journal. At the end of data

collection, calculate values for relative humidity using the online calculator.

20



5.5.Data Transects

6
=4
2pm of Day 2
Line sampling in a systematic
method, so the whole area is “|
covered, however there is a - — B tpeof Day 2
degree of bias as not all spots
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Coordinates of the 60 data

points, 60 chosen as it was Figure 21 - Transect Map of DCSG, adapted from Landezine

realistic in the time frame. Time and day of each transect

Transect lines and

Restricted access point — direction 1
data was not collected, 59
data points in total




Restricted access point —
data was not collected, 59
data points in total

Key:
% = data point
«+— = transect line

Figure 22 - Transect map of JE, adapted from GoogleMyMaps, pictures by candidate
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Key:
# = Forest Trail data point
4 = Coastal Trail data point

%
%
%
“x
® === = Restricted access line
%®
%
%
R

Data points originally
planned outside of this
boundary could not be
visited due to restrictions

Originally 60 data points,
due to restrictions 25 data
points in total

SOmiL___ |

Figure 23 - Transect map of SBWR, adapted from GoogleMyMaps, pictures by candidate
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6. Results and Analysis

Since data is univariate, conclusions drawn will originate from contrasting measures of central tendency and
dispersion. Box and Whisker diagrams and histograms are used for quartile and distribution analysis.
However, because intended data was not completely collected, proportions are investigated for fairness,
represented through pie, line, and waffle charts. Statistical tests will be conducted in situations where
significance of relationships present is seemingly doubtful, to see if numerical similarity of two data sets that
could have arisen by chance. To avoid calculation errors, as data sets are large, all calculations will be done

on Microsoft Excel.

6.1. Hypothesis 1: Temperature at DCSG is more numerically like JE than SBWR

Box and Whisker Diagram of Temperatures
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Figure 24 - Box and Whisker Diagram of Temperature at the 3 sites
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‘A’ refers to median temperature values of DCSG (orange) and JE (yellow) being closer than DCSG and
SBWR (green). Suggesting JE and DCSG share similar “middle" value. DCSG possesses a negative skew, as
the median is closer to the upper quartile, caused by data points clustering there in the distribution. Median
not heavily influenced by skewed data points like the mean in non-Gaussian distributions, hence better in this

case.

‘B’ illustrates DCSG’s interquartile range almost entirely encapsulating JE’s range suggesting numerical
similarities. Initially suggesting, even part of DCSG could have an urban microclimate. DCSG overlaps

negligibly with SBWR suggesting numerical dissimilarity.

JE and DCSG may have land with low albedos; these surfaces absorb more heat radiation. Fig.10 suggests
0.05 albedo is observed on asphalt and 0.20 on brick. Asphalt roads are seen in JE (fig.26) and brick walls in
DCSG (fig.25). Comparatively, a high albedo would be a white reflective surface, at 0.50-0.60, which mostly

reflects solar radiation than absorb it as heat.

Figure 25 - Picture of the side of a building in DCSG by candidate Figure 26 - Picture of road in JE by candidate

‘D’ shows outlying values, attributed to incorrect method. The thermometer may have been close to the
ground, recording surface instead of air temperature, likely it is hypersensitive. Furthermore, these readings

were taken on an elevated and open platform (tennis courts), the only of its kind at DCSG without vegetation.

‘C’ shows minimum and maximum values of the box plots. Seemingly large, suggesting data could be far

from the mean; standard deviation provides a quantitative measure of spread (equation 1).
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Standard deviation formula:

Y (% +x)°
V n

Y (f+x)? = sumof squared dif ferences between mean value and data set value

n = number of values in data set

g = standard deviation

units. arbitrary units

Equation 1 - Formula for Standard Deviation (RevisionMaths)

Standard deviation for DCSG is 1.78, 0.74 for JE and 1.38 for SBWR. DCSG is most spread out of all 3 data
sets, a value of almost 2°C gives rise to believing multiple microclimates exist in DCSG’s microclimate, like
“fine-scale microclimatic variation” (Murdock) in literature, where microclimates exist in different areas of

the microclimate on a temporal and spatial level, suggesting DCSG is not restricted to one classification.
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Figure 27 - Simplified choropleth map of temperatures in DCSG, JE and SBWR
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Figure 28 - Scale representative of the magnitude order of temperatures for fig. 27
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Fig.27 for DCSG shows with increasing y-coordinate value, greater temperatures and urban microclimatic
character are seen. Temporally speaking, data was collected on 2 consecutive days than 1, implying the second
day was hotter. However, gradients of rows 1-3 illustrate increasing temperature with time, on roads either
side of DCSG may have gotten busier, as parents drive to pick up children at 3.30pm, creating heat. JE
benchmarks the urban microclimate, Wong et al.’s 24-hour temperature plot of JE (fig.15) dips, rather than
increases, towards 3pm. This does not match the data collected for DCSG. Although literature placed an

emphasis on temporal features, temperature patterns in DCSG may be more greatly attributed to spatial

features.
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Figure 29 - Simple map showing roads near DCSG, adapted from (Google)

Fig.29 illustrates 3 roads in relation to DCSG, their differences are illustrated in figures 30 and 31. Pan Island
Expressway is the only expressway to serve the length of the entire island, innumerable cars use it daily. These
vehicles use the arteriole road (Bukit Batok Road) to reach DCSG and neighbouring land uses. Anthropogenic
heat produced at Bukit Batok West Avenue 8 will be less as it is a slow (school) zone. Proportionally,
ostensibly, there is greater usage of the other 2 roads. Therefore, the colour gradient of temperatures for DCSG
on fig.27 could be attributed to greater anthropogenic heat on the expressway and arterial road.
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Figure 30 - Illustration representing road types in Singapore, adapted from Ho and Isaac
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Figure 31 - Illustration of the hierarchy of roads (left) and hierarchy of roads in relation to DCSG (right)by candidate

Because greater urban microclimate character was seen in the temperature, this hypothesis is accepted.
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6.2.

Hypothesis 2: RH% at DCSG is more numerically like JE than SBWR

Histogram of Relative Humidity at DCSG and JE
14
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Figure 32 - Histogram of RH% at DCSG and JE
Histogram of Relative Humidity at DCSG and SBWR
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Figure 33 - Histogram of RH% at DCSG and SBWR
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Overlap between DCSG and JE is greater than DCSG and SBWR, suggesting greater numerical similarity.

However, because SBWR has less data points, the conclusion cannot stand unless proportions are compared.

Percentage Frequency of RH% at JE

Figure 34 - Pie chart of RH% at JE

Percentage Frequency of RH% at DCSG

7%

Figure 35 - Pie chart of RH% at DCSG

Percentage Frequency of RH% at SBWR

Relative Humidity
m 60-70%
m 70-B0%

m BD-90%

Figure 36 - Pie chart of RH% at SBWR
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Figure 37 - Simplified choropleth map of RH% in DCSG, JE and SBWR
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Figs.34-36 show DCSG shares the greatest proportions of RH% with JE than SBWR. JE is within DCSG’s
RH% range. JE and DCSG share more than half of their values in the 60—70 RH% band. 64% of SBWR’s
values are in the 70-80 RH% band, but DCSG only has 20% of its values there. in 50-60 RH%, where DCSG

has 14% and JE has 20% of their values respectively, SBWR does not have any values in this band.

Since Nature Reserves’ vegetation structure are based off existing rainforests, cumulative evapotranspiration
cycles for vegetation caused high humidity to exist at SBWR. Considering spatial context of the coastal trail
(fig.37), the site’s contiguousness with the Causeway Shoal (section of the ocean) may have caused high RH%

due to concurrent winds evaporating water and transporting water vapour to land.

Aspects of both microclimate types are seen in DCSG in fig.37. The lurched nature of data at all 3 sites is due
to the lack of variation in readings on the wet-dry bulb. Minute discrepancies cannot be identified, hence less
of a gradient is observed than fig.27, owing to dearth in precision. The fall in temperature causes a rise in

RH% if water vapour content and pressure is static, hence an inverse gradient of DCSG in fig.27 was produced.

There is a seemingly even divide between urban and nature reserve microclimatic character because some
values in JE and SBWR overlap, making differentiation difficult, rows 1-2 are like SBWR, whilst 3-6 are like
JE. However, it should be considered that fig.37 perhaps purports the numerical significance of the sites

through similarities in data point colour.

Conclusively, the presented guantitative evidence suggests RH% of DCSG is more numerically like JE than
SBWR, H; is accepted. Accepting this does not disregard the similarity between DCSG and SBWR, it is

simply less than JE and DCSG’s similarity.
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6.3. Hypothesis 3: Light intensity at DCSG is more numerically like JE than SBWR
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Figure 38 - Simplified choropleth map of Light intensity in DCSG, JE and SBWR
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Fig.38 illustrates spatial distribution of light intensity. Rows 4-6 are largely open space, including the rugby
field, tennis courts and aquatic centre, the lack of cover causes elevated light intensity. Besides that, similarity
in shading makes distinguishing JE and SBWR difficult, rising questionability on their significant difference.

However, proportions may differentiate them.

10 x 10 box plot of proportions of light intensity at DCSG
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Figure 40 - 10 x 10 box plot of proportions of light intensity at DCSG (units: KlIx)
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Figure 39 - 10 x 10 box plot of proportions of light intensity at SBWR (units: KIx) Figure 41 - 10 x 10 box plot of proportions of light intensity at JE (units: KIx)

0-10KIx and 10-20KIx bands are similar for SBWR and JE are similar shown by the red and yellow dots,
numerically similarity is hard to distinguish and superficially implies no significant difference between JE and
SBWR. Parametric tests can be used to see for significant difference. The tests assume distribution as normal,
not skewed. ‘Central limit theorem’, which suggests a normal distribution will exist if there are more than 30
data points (Ganti) in a data set, cannot be assumed as SBWR has 25 points. Below, a logarithmic

transformation of every data point aims to create Gaussian distribution (shifting skewness to 0).
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Skewness:

=V (x—-X)3

Skewness =
(N —1) g3

X; = Random Data Point

¥ = Mean of Data Points

N = Number of Data Points

g = Standard Deviation

Equation 2 - Skewness

Logarithmic Transformation:

Logig (X;) = Logarithm to Base 10

Equation 3 - Logarithmic transformation

Skewness of Data at Sites

DCSG JE SBWR
A = Natural 0.569 1.854 1.845
Data under Dhstribution
A/B conditions
B = Loganthmic -0.514 -0.686 -0.143
Transformation

Table 4 - Results table for skewness

36



Though the skewness became negative, the modulus values became closer to zero making the data sets more

“Gaussian”. Comparing means of independent samples requires the ‘t-test’. An equal or unequal variance

between data sets is determined to find the correct t-test. Table 5 (full calculation in appendix B) below shows

an unequal variance between JE and SBWR.

SUNGEI BULOH
JURONG EAST (JE) WETLAND RESERVE (SBWR)
Number of data points n 59 25
Mean values = 0.90563 y = 0.98797
Sum of squared differences
Y= 6.02324 y= 5.52512
Degrees of Freedom
n-1= 58 n-1= 24
Variance
. _Tx—%)* . -3
ST 1 0103849004 YT T n_1 0.230213238
F value (larger variance divided by smaller variance)
F= si/si=  2.216807369
Degrees of freedom 1: 24 ]O
Degrees of freedom 2: 58 | (7]
Probability level: 0.05 ]0
Critical F-value: 1.70647557
F(stat)= 2.21681
Flerit.)= 1.70648
F(crit.) < F(stat.)
Unequal variance between groups

Table 5 - Table of results for calculating variance type through F-value calculation for JE and SBWR's light intensity, critical F-

value from Soper, formulae from O'Loughlin

The respective null and alternate hypotheses for the unequal variance t-test at Alpha value 0.05 and two tailed:

Ho: Mean of JE = Mean of SBWR

Ha: Mean of JE # Mean of SBWR

Table 6 shows the null hypothesis (Ho) is not rejected as the T(stat) does not fall into the reject region, therefore

there is no significant difference between the means of JE and SBWR. The t-test shows there is no statistical
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significance between JE and SBWR. This means the overall hypotheses (Hs) is rejected, as differences in

means could have arisen by chance. This outcome may have been reached because the data was still skewed

after log transformation.

T-statistic

s (x-¥) = _ (0905625541 — 0.987966239)

sz S2 (o300 | 023021238 -0.78621
(? T}) \ 59 75

Degrees of Freedom

St , Sy
(E T_\.) 0.103849004171196 | 0.230213237701711 \:
df =— — = 59 25 ) _
(se/ne)” (si/ny) (0.001760153)* | (0.00920853)" T 3354
n.—1  n,—1 59 -1 25-1

Critical value at alpha level 0.05 = T(crit) = 2.042
T(stat) = -0.78 \

Found through table in
appendix C

T(stat) does not fall into the reject region "« HO is not rejected

Table 6 - t-test for JE and SBWR for light intensity data, formulae from O'Loughlin

Fig.38’s spatial distribution corroborates this by showing light intensity increases with time and distance
towards the main road, whilst JE nor SBWR present results indicating a shared microclimate. Light intensity
intends to communicate the levels of pollution from combustive processes, as microscopic particles block
sunlight from hitting the floor, attributed to an urban microclimate. However, fig.42 models light intensity of
DCSG on the days of data collection, suggesting time plays a role. From 12pm to 2pm, the shadow casted on
DCSG weakens suggesting the diurnal earth rotation causes the origin of sunlight to shift from South to North,

this may have been why light intensity increased from rows 1 to 6 on fig.38.
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Figure 41 - Solar radiance over time at DCSG, adapted from screenshots of simulations in Google Earth
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6.4. Hypothesis 4: Wind speed at DCSG is more numerically like JE than SBWR

Line Graph of Proportions of Wind Speed at different intervals
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Figure 42 - Line graph of proportions of wind speed at different intervals

Points on the graph represent proportions at different wind speeds for each site. DCSG and SBWR's trendlines
differ least in frequency percentage between them suggesting numerical similarity. JE’s wind speeds are
concentrated on 0-0.2m/s whilst both SBWR and DCSG both follow the same distribution apart from 0.3-
0.4m/s. Rather than using covered walkways, DCSG uses vegetation, allowing wind to pass whilst keeping
students out of the sunlight (fig.45). Fig.44 highlights D2/3 and F2/3 as potential outliers. These are higher
than surrounding values, taking place between buildings. The higher wind speed may be due to the venturi
effect - “When winds are funnelled through a relatively small opening” (Spirn). Buildings act as walls of a
narrow containers (fig.46), over observed in urban areas due to tight partitions, thereby supporting urban
microclimate existence to some extent. However, the flexible structure of vegetation in SBWR and DCSG

provides evidence for existing greater numerical likeliness, hence the hypotheses is rejected.
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Figure 43 - Simplified choropleth map of Wind Speed in DCSG, JE and SBWR
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7. Evaluation

Strength Reasoning

Sampling Systematic sampling covering all DCSG allowed

aggregate patterns of data to be observed.

Spatial consideration Precise, allowing for observations of smaller
variation.
Using local papers Methodology was informed of Singaporean

caveats and avoided limiting approaches.

Table 7 - Strengths

Weakness Improvement
Wind speed - detecting small changes were Causes of microclimates, like albedo, can be
difficult, the margin of error likely high measured to find relationships between causes and

meteorological effects.

Not enough data — SBWR only had 25 data points Using an alternative nature reserve with less

restricted areas

Urban microclimate site - Often DCSG showed Orchard Road primary CBD could be compared,

more urban microclimate character than JE may show a better urban microclimate

Temporal data — times were only recorded for the Record the time for every data point, temporal

transects of data as a whole changes in microclimate can be observed

Table 8 — Weaknesses and respective improvements
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8. Conclusion

2 of 4 hypotheses in support of DCSG’s urban microclimate were accepted, from numerical similarity between

sites alone the extent at which DCSG possesses an urban microclimate is equal to a nature reserve

microclimate. Upon further inspection, one was rejected in support of the nature reserve microclimate, another
due to statistical insignificance. Considering that a hypothesis rejection based on statistical insignificance is
not enough to rule out the possibility of either microclimate, omitting this factor, the conclusion favours the

urban microclimate. Therefore, the extent at which DCSG possesses an urban microclimate is slightly greater

than a nature reserve microclimate, suggesting DCSG’s population is at moderate risk from heatwaves. Spatial

distributions for DCSG persistently displayed a steep gradient of values from the West to East (fig.21) or top
to bottom, showing the shift from urban to nature reserve microclimate, hence efforts to combat the urban
microclimate can be focused on certain areas. Considering the implications of this conclusion in a wider
context and Murdoch’s “fine-scale microclimatic variation™, categorically stating DCSG possesses one
microclimate over the other does not pay homage to data (of a less degree) stating otherwise. The alternative
argument could be made that comparing thermal comfort or data gauging the local population’s opinions is
the only way to find out if microclimates are similar in effect, however level of bias associated with this high,
potentially misrepresenting the true conclusion. Quantitative meteorological data (apart from numerically
transformed qualitative data) contains little degree of bias, making this conclusion viable. Though not in the
hypotheses, analyzing photographs and spatial and temporal dynamics, contributed to a holistic approach in
answering this research question as they are key contextual markers in geography; they invigorated paradigm
shifts in this paper, making them an important addition to hypothesis acceptance/rejection and therefore the

overall conclusion. The methodology was suitable for managing the scale and volume of data collection.

This investigation brought about the deeper understanding that microclimates are not static, and will alter
with time, space, and human interactions with the environment. From a researcher’s perspective, seeing that
the initial hypotheses that were in full support of an urban microclimate were disproved, provided a glimpse
into the impact of incorporating greenery and a biophilic design on microclimates in the larger urban
environment of Singapore. This leads to a potential adaptation to the inquiry, investigating causes instead of

meteorological consequences of microclimates.
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Appendix

A

Relative Humidity Calculator

Always Required Enter Either
Dry Bulb Wet Bulb Dew Point

SO e 7 A e A

@® Celsius O Fahrenheit

Atmospheric Pressure

@ Millibars C Inches of Mercury

‘ Compute |

The relative humidity is 58 1% representing an actual mixing ratio of
19 6g/Kg. Calculating the Dew Point temperature as 24 6°C

Figure 46 - RH% for site A1 at DCSG through Ringbell’s online calculator

51




B

Dlata walues for Light intenzity that have undergane lagarithmis transformation
Dlata point waluss for JE (] Dlata point walues for SEWE [ (x —a)* =32
0.7853 02553 0.973 02601 OE125  0.4472 00145 0423 00045565 05235 01405 0.2325
0.2041 0 0.9365 -0.1051 06532 10374 04321 05202 00085546 11343 01121 0.0024
11303 0.7324 14409 05735 06646 05062 00505 00125 0286525 0666 01045 0.033
0.6812 0.0414 12504 10792 12014 15539 00503 07463 0185529 0.0033 00456 03203
1.0334 1543 12672 11732 10864 14715 00163 04133 01307153 00343 00037 01735
03424 12122 0.8062 15315 07076 18376 03172 0094 000355335 02354 00756  0.7219
05738 03685  1.0125 14573 08513 1307 0082 0004 00714342 02205 00157 0.035
04771 0.9191 12304 130594 07452 15069 01536 00002 01055033 01007 00575 06706
0.707E 1 0.3085 0.6902 0.0332 00053  S5.174E-06] 0.0357
08573 06302 0.9135 0.0023 00464 6. 704E-05
0.8321 08803 0.9138 0.0002 0.0006 6.704E-05
07076 0.8388 0.6512 0.0332 00045 005034585
11333 08451 10563 0.0543 00037 002283853
12041 07404 11335 0.0831 00273 0.0513443
1243 07076 0.3243 011353 0.0332 0.0003473
1173 06021 1.2601 0.0747 00322 01256315
03234 10334 15723 00006 0.0163 04452167
10833 05234 0.9131 0.034 0.0006 0.000151
0.7553 08513 0.9542 00224 0003 00023636
12273 12014 01033 0.0575
Mumber of data paoints Il 545 25 Sum of squared differences
[Mean values = 0.3056 yo= 0,335 L= 50232 L= 5.5251
Degrees of Freedom
n-1= 55 n-1= 2d
\ariance
. Dx-3)F . Zr—F)°
= 01034004 ¥ T o1 C 0230213238
F ualu:e [Igrger variance divided by smaller variance)
F=_53/ 2. 216807363

Probability leve

Degrees of freedom 1: | 24

Degrees of freedom 2: | 58

0.05 7]
Calculate!

Critical F-value: 1.70647557

22165
17065

Flztat]=
Flzrit. )=

Flzrit.] < Fistat.)

Therelore unequal variance between groups exists

Figure 47 - Full calculation for F-statistic
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Figure 48 - t-table to find critical value (Gerstman)
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