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ABSTRACT

The statistical relationship between urban canyon height-to-width (H/W) ratios and nocturnal heat island intensities
for public housing estates in Singapore has been examined. Although a number of similar studies have been
conducted for temperate cities, this is a first attempt at correlating H/W to heat island intensities for a tropical city.
Heat island intensities were examined specifically at 22:00 h because a previous study of Singapore’s heat island
determined that the heat islands were well developed by that time. A total of 17 Housing Development Board (HDB)
estates were studied and at least two vehicle traverses were conducted for each estate on nights with a few days of
antecedent dry weather conditions. H/W ratios for each estate were tabulated by proportion of building length. The
statistical analysis demonstrates that there is a positive relationship between the heat island intensities and the median
H/W, such that DTu−r(max)=0.952 (median H/W)−0.021, statistically significant at a=0.05 with a p-value of 0.001
and a correlation coefficient of 0.53. Copyright © 1999 Royal Meteorological Society.
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1. INTRODUCTION

Many researchers have tried to establish relationships between urban canyon geometry and the urban
thermal climate of cities. For example, Nunez and Oke (1976), Oke (1973, 1981), Watson and Johnson
(1987), Nichol (1996) and Sakakibara (1996) have considered the urban canyon geometry to have an
integral influence on the thermal climate. In particular, the urban canyon’s height-to-width ratio (H/W)
has an influence on the maximum heat island intensity. For example, Oke (1981) demonstrated that the
maximum heat island intensities were related to urban canyon geometry through the canyon H/W ratio
such that:

Heat Island Intensitymax=7.45+3.97 ln(H/W)

However, this relationship is valid mainly for midlatitude cities in Australia, Europe and North America
and it has not been widely tested on tropical cities. The urban canyon geometry may exert its influence
on the radiation budget, air budget (advection) and the humidity–water budget of the heat island
development through the sky view factor, aerodynamics and roughness length (Figure 1). These will in
turn affect the intensity of the heat island, if formed. Clearly, the inputs to the various systems such as
the radiation balance and humidity–water balance differ both for temperate and tropical situations.
Although a number of similar studies (as mentioned above) have been conducted for temperate cities, this
is a first attempt at correlating H/W to heat island intensities for a tropical city.
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The history of public housing development in Singapore indicates that housing estates built during
different times have very different characteristics. Over the decades, HDB (Housing Development Board)
estates have emerged and evolved from the initial low cost projects of the 1960s to self-sufficient,
comprehensively planned new towns of the 1970s to refined new towns in the 1980s (Liu, 1984). Given the
land constraints, high-rise living is a permanent feature of Singapore. Today, Singapore’s housing estates
have evolved from stereotypical pigeon holes to residential areas with distinct characteristics. In fact,
different housing estates have very disparate architectural properties. Some estates have most buildings
rectangular in shape, whilst others have contorted shapes that result in the formation of quadrangles and
courtyards within the block of flats. Figure 2 shows some of these examples. It can be observed that the
determination of H/W ratios for urban canyons of Singapore can be complicated by the myriad of shapes
and configurations within each housing estate. Furthermore, some form of parameterisation of H/W for
each housing estate must be sought in order for comparison between estates to make sense.

2. OBJECTIVE

The objective of this study is to establish statistical relationships between the urban canyon H/W ratios
and the nocturnal heat island intensities of various public housing estates in Singapore. Specifically, the
heat island intensities at 22:00 h will be examined.

3. METHODOLOGY

Temperature data at 22:00 h for various housing estates in Singapore were collected by the vehicle
traverse method for selected nights during the March–May intermonsoon period in 1997. Chandler (1976)
postulates that the heat island effect is most intense by that time. Although a study by Meteorological
Services of Singapore (1986) on the heat island of Singapore found no indication of the maximum effect
by 22:00 h, a ‘reasonably well defined heat island’ phenomenon was observed in that study. Observations
for this study were deliberately centred at 22:00 h to make results in this study comparable with those of
the earlier study.

In the Meteorological Services of Singapore (1986) study, the nocturnal heat islands of Singapore are
observed to be well developed during the ‘warmer’ times of the year. The Meteorological Services defined
the north-east monsoon as a ‘cool’ situation and the rest of the year as ‘warm’. Given this, the
March–May intermonsoon period was chosen, so as to keep synoptic variations in the analysis to a
minimum. The intermonsoon period is characterised by light and variable winds with afternoon and early
evening showers on some days (Meteorological Services of Singapore, 1995). Rainless days were chosen
so as to provide consistently dry antecedent weather conditions for the vehicle traverse exercises.

The vehicle traverses provided data for the calculation of the heat island intensity. The heat island
intensity of each housing estate was determined by the difference between the spatial maximum and
minimum temperatures. In all the cases, spatial maxima occurred in urban areas and spatial minima
occurred on the traverse route outside the estate. The heat island intensities were then used to statistically
correlate with the building geometry—H/W.

Figure 1. Schematic representation of H/W and its role in the formation and development of the heat island phenomenon

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Figure 2. Examples of building geometry in various housing estates

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Figure 3. Locations and boundaries of HDB towns

Two types of data had to be collected; the temperature profiles and the building geometries. A total of
17 new towns and estates are examined. These include:

Aljunied Estate Ang Mo Kio New Town
Bedok New Town Bishan New Town
Bukit Batok New Town Choa Chu Kang New Town
Clementi New Town Commonwealth Crescent Estate
Hougang New Town Jurong East New Town
Jurong West New Town Kampong Java Estate
Pasir Ris Tampines New Town
Toa Payoh New Town Yishun New Town

Figure 3 shows the locations of these towns and estates. The sample covers almost all of Singapore’s
major housing estates.

To determine the spatial thermal pattern for each new town, the traverse method was used. The traverse
method, first introduced by Wilhelm Schmidt in 1927 (Oke, 1991), is rather widely adopted with
variations, in the number of sample points, the traverse routes and types of instruments, such as by Kopec
(1970), Fonda (1971), Mattingly (1979) and the Meteorological Services of Singapore (1986). This method
of collecting spatial thermal data has been previously evaluated by Chang and Goh (1996) using Yishun
New Town, Singapore as a case study.

For each town or estate the traverse is to be conducted in, a number of observation points are first
determined. The number of observation points depends on the size and accessibility of the town. For
example, eight points are used for Kampong Java Estate which is 45 ha in size, while 18 points are
selected for Hougang New Town which is 1276 ha in size (Housing Development Board, 1996). Sample
points are selected to be as evenly spread as possible. This is important as the isotherm interpolation
process becomes more effective for an evenly spaced dataset.

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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It is important to keep extraneous variables, such as the influence of synoptic scale changes and
radiative cooling over time constant by keeping the traverse time as short as possible. All traverses were
intended to be completed within 1 h centred around 22:00 h. In addition, a dry antecedent condition
within the town or estate to be studied for the period 08:00–23:00 h on the day the traverse is conducted
was ensured. It is important to hold this factor constant so as to make sensible comparisons between
traverse results. Furthermore, rain tends to ameliorate the heat island effect, inhibiting the examination
of how different urban configurations accentuate or attenuate the urban heat island effect.

The route is normally planned to first circumnavigate and then move into the geographic centre of the
town. Chang and Goh (1996) found that this ‘Spiral-in’ traverse method ‘‘approximates the spatial
distribution of average temperatures best’’. At each of the observation points or stations along the
traverse route, dry bulb and wet bulb temperatures were taken using a sling psychrometer. Additional
observations on the general wind state, cloud cover and other meteorological phenomena visible to the
human eye were also taken. These data were then used to construct isotherm maps of each town or estate.

The arrangements of buildings and their geometries within an urban area apparently have some
influence on the urban canopy heat island. In particular, the urban street canyon has been hypothesised
by many, for example, Nunez and Oke (1976), Oke (1981), Watson and Johnson (1987), Nichol (1996)
and Sakakibara (1996) to be an integral influence on the thermal climate. Figure 4 shows the relationship
between H/W and the maximum heat island intensity in the study of Oke (1981).

Indeed, the H/W ratio describes how tightly or loosely spaced buildings are with respect to their
heights. However, newer HDB flats are usually not rectangular in shape. In fact, a variety of shapes exist
and determination of building orientation can be quite difficult. A possible solution is to sectionalise

Figure 4. Relationship between heat island intensity and H/W in the study of Oke (1981)

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Figure 5. Example of canyon H/W determination

buildings with nonrectangular shapes into rectangular sections. Then a weighted percentage of the
different sections’ H/W can be tabulated. In other words, the length of each section is considered in
tabulating the H/Ws. Using this index, the complexity of irregularly shaped buildings can be overcome
by using a weighted H/W index.

The H/W for each ‘rectangular’ section of a canyon is taken, and the results tabulated as a percentage
of the length of the canyon. Using the example in Figure 5, 25% of the building will have a H/W of 3,
25% with a H/W of 2, 40% with a H/W of 1.5 and 10% with a H/W of 3.75. Notice that both buildings
on the canyon side are of equal height. When the canyons have walls of different height, the height of the
canyon is obtained simply by averaging the heights of the two buildings. There are two considerations
here, air circulation within an urban canyon only extends slightly above the lower of the two buildings
because air above the lower building is only obstructed on one side by the taller building. Alternatively,
the influence of building shadow on the canyon and exposure to insolation includes the taller of the two
buildings for some time of the day. Given the large number of urban canyons within each town, the
average of the two building heights should suffice as an approximation of the height (H) parameter in the
H/W determination.

4. DATA ANALYSIS AND REPRESENTATION

For each traverse conducted, a Heat Island Index (HII) is constructed:

HII=DTu−r(max)=Tmax−Tmin

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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where DTu−r(max) is the maximum heat island intensity, Tmax is the maximum temperature observed for
the traverse and Tmin is the maximum temperature observed for the traverse.

This index is then statistically analysed for its relationship to the H/W ratios of the town in which the
traverse was conducted. This process attempts to uncover the degree of correlation between and among
the variables. The results will be indicative of how far each of the variables influences the urban nocturnal
heat island phenomenon.

5. VARIATION IN HEAT ISLAND INTENSITIES

A number of vehicle traverses, conducted for 17 housing estates of various sizes demonstrated that the
heat island intensities seem to vary for different estates (Figure 6). To quantify the variations between
estates, an analysis of variance was conducted. The analysis demonstrates that there is substantial
variation between estates (Table I). In particular, the p-value of the between-estate variation is as small
as 0.0002. In other words, there is statistical evidence at a=0.01 that heat island intensities vary from
estate to estate. It is strongly evident that the 22:00 h heat island intensities vary significantly between
housing estates on dry days within the March–May intermonsoon period during the study period.

6. 22:00 h HEAT ISLAND AND HEIGHT-TO-WIDTH RATIOS

Perhaps the geometrical properties of buildings are the most obvious distinctions between urban and rural
landscapes. Urban areas often have tall buildings packed closer together. Indeed, the ‘placement of a
building on the landscape gi6es rise to radiati6e, thermal, moisture and aerodynamic modification of the
surrounding en6ironment ’ (Oke, 1987, p. 264). In Singapore, housing estates usually have distinctly
different building geometries. The building geometry statistics for the estates studied are summarised in
Table II.

Note that two central measures of H/W ratio are used in the tabulation. Although the arithmetic mean
is a commonly used unbiased estimator, the median is also used in view of the fact that the H/W
distribution for some estates is highly skewed. In this case, the median would be a more unbiased

Figure 6. HII distribution against H/W with the model of Oke (1981) and the statistical model of this study

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Table I. ANOVA results for heat island intensities in Phase 2

Estates Count Sum Average Variance

Aljunied 2 3.0 1.5 0.5
Ang Mo Kio 2 3.0 1.5 0.0
Bedok 2 2.0 1.0 0.0
Bishan 2 3.5 1.8 0.1
Bukit Batok 2 4.5 2.3 0.1
Choa Chu Kang 2 2.5 1.3 0.1
Clementi 2 3.5 1.8 0.1
Commonwealth Crescent 2 3.0 1.5 0.0
Hougang 2 3.5 1.8 0.1
Jurong East 2 2.0 1.0 0.0
Jurong West 2 5.5 2.8 0.1
Kampong Java 3 1.0 0.5 0.0
Pasir Ris 2 3.5 1.8 0.1
Serangoon central 2 2.0 1.0 0.0
Tampines 2 5.0 2.5 0.0
Toa Payoh 2 2.0 1.0 0.0
Yishun 2 4.0 2.0 0.5

ANOVA

Source of variation SS df MS F p-value F crit

Between estates 13.769 16 0.8606 6.4097 0.0002 2.2496
Within estates 2.417 18 0.1343

Total 16.186 34

estimator of the central tendency. A value of B1 indicates a wider and shallower canyon relative to H/W
of \1. Unity in H/W indicates that the height and width of the canyon are equal. The distribution in
Table II demonstrates that older estates like Ang Mo Kio, Bedok and Toa Payoh tend to have lower
median H/W than newer towns like Choa Chu Kang, Pasir Ris and Tampines.

Although much work has been done on correlating H/W ratios to heat island intensities, most of it has
been carried out in temperate cities. As far as local studies of urban climate are concerned, the term H/W
ratio is seldom mentioned. This warrants a closer examination of the statistical relationship derived from
empirical data from Singapore.

A simple linear regression with heat island as the dependent variable and H/W as independent variable
was performed. The results are shown in Table III. The correlation coefficient of the median H/W for all
the estates is 0.5336, while that of the mean H/W for the estates is 0.4707. The median H/W value is used
as an independent variable in a least-squares linear regression of the heat island intensities.

The relationship between median H/W and the heat island intensity may be expressed as:

HII=DTu−r(max)=0.952 median H/W−0.021

This model is significant at a=0.05 with a p-value of 0.0012.
Given that the R2 of this regression is 0.2847, this means that only 28.476% of the variation in heat

island intensities can be explained by the median H/W ratio for the estate. Further, a logarithmic fit was
also employed to compare results with the equation of Oke (1981). However an R2 of only 0.087 was
obtained for the logarithmic fit. Furthermore, the logarithmic model was not significant at a=0.05 and
had a p-value of 0.09. The linear fit used in this study as well as Oke’s logarithmic fit have been applied
to the data and is presented in Figure 6.

Although many other factors such as orientation of buildings within estates, vegetation cover and
extent of water bodies also have to be considered, a simple summation would not result in a synergistic
model. What about other factors such as the weather for the day of the traverse and the size of the estate?
These should also be considered.

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Table II. Canyon geometry properties (measured as H/W ratios) for various housing estates in Singapore (as of
January 1997)

Area of AverageMedianPercentage length of canyons with H/WEstate/town
estate H/WH/W
(ha)

2.0–2.51.0–1.5 \2.50.5–1.0B0.5 1.5–2.0

2.360Aljunied 108.21 3.15 15.78 8.03 21.80 17.33 33.90 2.030
16.70 20.70 45.26 5.54 6.73 1.592 1.554Ang Mo Kio 538.51 5.08

1.5101.3278.927.0025.9431.7817.169.20494.5Bedok
17.58 9.95 35.42 1.850 2.720Bishan 385.77 5.17 14.35 17.52
29.71 14.81 20.83 1.704 2.001Bukit Batok 294.78 0.36 11.49 22.80

15.25 25.91 16.53 31.47 1.990Choa Chu Kang 293.62 2.94 7.91 2.318
24.88 16.88 46.20 2.93 4.50 1.513Clementi 129.64 4.62 1.464

20.12 11.42 1.710 1.75639.6417.121.71 9.99Commonwealth 44.37
28.10 1.7911.45819.30 15.1414.30Hougang 509.37 4.97 18.20
14.95 14.55 18.76 13.95 1.280Jurong East 173.69 4.35 1.62033.44

2.2171.90730.307.0727.5519.0214.371.68445.25Jurong West
4.17 9.72 0.00 2.78 0.953Kampong Java 9.95 0.00 83.33 1.002

21.33 18.42 15.97 35.17 2.060Pasir Ris 383.41 0.33 8.77 2.207
Serangoon 87.39 4.01 11.62 2.39110.77 2.06032.9519.6421.03

13.28 26.06 15.55 30.11 1.990 2.16911.693.31564.66Tampines
34.426.69355.14Toa Payoh 36.41 10.20 2.95 9.32 1.067 1.279
9.69 12.65 36.76 5.56 32.74 1.990Yishun 2.276596.2 2.60

Note that the H/W ratio is determined by taking the ratio of the height over the width of a section of a canyon.

Table IV summarises the synoptic weather for the various estates (note that the meteorological
parameters are obtained from the nearest meteorological station). Note that all days chosen were rainless
and relatively warm days. In fact, the standard deviation (S.D.) of the 24-h average temperatures and the
maximum temperature for this sample is 0.95 and 0.74°C, respectively. This means that the heat islands
are compared between days with relatively similar average and maximum temperatures.

A regression of the heat island intensities against weather parameters has been conducted and is
presented in Table V. This regression analysis indicates that 22:00 h heat island intensities are not
statistically dependent on any of the weather parameters analysed at an a=0.05 level. Because the
traverses were conducted on days with dry and relatively warm antecedent conditions, the slight variations
in weather do not influence the results of the vehicle traverses significantly.

The model only has a correlation coefficient of 0.53 with the heat island intensities. In some studies of
temperate regions such as by Yamashita et al. (1986), correlation coefficients of 0.62 and 0.68 were found
for statistical relationships between canyon geometry and the heat island intensities. Furthermore, some

Table III. Regression of heat island intensities against median H/W ratio

Regression statistics

Correlation coefficient 0.5336
0.2847R2

0.5404S.E.
Observations 34

FMSdf Significance FSSANOVA

1 3.7210 3.7210 12.7414 0.0012Regression
0.2920Residual 32 9.3452

33 13.0662Total

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Table IV. Meteorological parameters for Phase 2

Estate MaximumDate HI AverageAverageAverage
24-hIntensities wind speed24-h RH24-h

temperature (m s−1)(°C) temperature (%)
(°C) (°C)

29.42.0 2.574.913 May 1997Aljunied 33.4
32.5 3.071.0Aljunied 19 May 1997 1.0 29.7

20 Apr 1997Ang Mo Kio 1.5 28.8 33.8 78.6 2.0
Ang Mo Kio 1.721 Apr 1997 1.5 28.6 34.0 78.6

1.380.633.729.31.06 May 1997Bedok
80.833.529.6 2.81.07 May 1997Bedok

Bishan 29 Mar 1997 2.0 28.5 33.0 76.5 4.2
2.078.633.828.81.520 Apr 1997Bishan

Bukit Batok 21 May 1997 1.02.5 28.6 33.7 76.0
Bukit Batok 22 May 1997 1.12.0 28.1 32.3 78.2

81.9 1.1Choa Chu Kang 25 May 1997 1.5 28.4 32.3
33.628.91.0 80.926 May 1997 1.2Choa Chu Kang

0.5Clementi 3 May 1997 2.0 27.1 32.4 86.7
Clementi 19 May 1997 1.5 28.4 31.8 80.8 1.2
Commonwealth 3 May 1997 1.5 0.527.1 32.4 86.7

0.989.332.527.11.56 May 1997Commonwealth
Hougang 7 May 1997 2.0 29.9 33.1 75.6 1.4
Hougang 12 May 1997 1.5 30.6 34.0 72.5 1.4
Jurong East 21 May 1997 1.01.0 28.6 33.7 76.0

79.2 1.6Jurong East 23 May 1997 1.0 28.3 32.5
33.728.63.0 76.021 May 1997 1.0Jurong West

78.2Jurong West 22 May 1997 2.5 28.1 1.132.3
5 Mar 1997 0.5Kampong Java 28.0 32.7 71.6 1.3

Kampong Java 22 Mar 1997 0.5 29.6 1.033.7 73.1
Pasir Ris 9 May 1997 2.0 30.1 34.5 74.0 1.7

1.374.234.230.01.510 May 1997Pasir Ris
68.634.430.5 1.51.023 May 1997Serangoon

Serangoon 25 May 1997 1.0 30.0 33.2 71.7 0.9
3.0Tampines 19 May 1997 2.5 29.6 33.5 74.7
1.171.833.929.12.520 May 1997Tampines

Toa Payoh 4 Mar 1997 1.0 28.2 2.732.3 68.9
Toa Payoh 22 May 1997 1.0 30.5 1.633.8 65.7

4.9Yishun 21 Mar 1997 2.5 28.3 32.1 78.3
33.2Yishun 3.573.21.525 Mar 1997 28.7

studies such as Oke (1981) found a nonlinear relationship such as DTu−r(max)=7.54+3.97 ln(H/W).
Moreover, the model of Oke (1981) was a numerical model and that DTu−r(max) refers to the temperature
difference between the observed urban canyon and the theoretical rural conditions. This is a unique study
of Singapore’s heat island phenomenon using H/W ratios. Furthermore, tropical and temperate climates
differ and so do the various meteorological processes operating for both climates. Such comparison in
statistical significance may become quite meaningless unless there is a common basis for comparison, such
as similar urban structures or similar climates.

7. COMMENTS

On a given day with no rain up to 22:00 h during the March–May intermonsoon in Singapore, the heat
island intensity at 22:00 h may be influenced by the H/W ratio of buildings (measured by median H/W).
This empirical conclusion has several implications.

Although this study yielded a low R2 (0.2847) value, it is comparable to the results by Yamashita et al.
(1986), with R2 from 0.38 to 0.46. Moreover, the model proposed has an acceptable p-value. The low R2

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Table V. Regression analysis of heat island intensities against weather parameters

Regression statistics

R2 0.0878
S.E. 0.6411

34Observations

F Significance FANOVA df SS MS

Regression 0.59964 1.1474 0.2868 0.6979
0.4110Residual 11.918829

Total 13.066233

Coefficients S.E. t-Stat p-value

0.9437−0.07127.4461−0.5301Intercept
Average 24-h temp −0.1763 0.2071 −0.8516 0.4014
Maximum 24-h temp 0.1770 0.2125 0.8327 0.4118
Average 24-h RH 0.0143 0.0307 0.4644 0.6458
Average wind speed 1.1527 0.25850.11530.1330

and significant p-value indicate that there is too much variation in the data, albeit an apparent relationship
being obtained. There are many factors influencing the formation and development of the heat island
phenomenon (as indicated in Figure 1) and more needs to be understood as to how the H/W of an urban
canyon will affect the various processes shaping the heat island phenomenon. This can be further studied
by incorporating other factors such as extent of vegetation, water bodies and size of the town. For example,
both Yishun and Pasir Ris have median H/W of 1.99 and 2.06, respectively. However, the former is 596.2

Figure 7. 22:00 h heat island of Pasir Ris New Town (10 May 1997)

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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Figure 8. 22:00 h heat island of Yishun New Town (25 March 1997)

ha in size and the latter 383.41 ha in size. Although both towns have roughly similar median H/W, they
differ in size. The spatial nature of the heat island differs for both towns. This can be seen in Figs. 7 and
8. Clearly there are other factors, such as size of town and the physical placements of buildings that affect
the development, and hence the intensity of the nocturnal heat island phenomenon.

Secondly, the model does not suggest that the heat island phenomenon at 22:00 h is influenced by weather.
Instead, there is insufficient evidence to prove that weather has an effect on the heat island intensities. Given
that the traverses were planned so as to minimise variation in antecedent weather conditions, a conclusion
that weather does not influence the heat island intensities is not surprising. Although the heat island
intensities appear to be invariant for different weather parameters, the absolute maximum urban temperature
is not analysed in this study. In fact, there is a 0.492 correlation between the maximum urban temperatures
and the daily average temperature. This means that the weather still exerts an influence on the local
microclimate. This study can be extended by conducting the same experiment over different seasons.

Thirdly, the model suggests that different estates have different heat island intensities. This conclusion
is drawn based on the fact that housing estates have fairly different H/W ratios. The statistical model
proposed in this study needs to be validated against similar conditions. However, such an opportunity is
still absent. From March to April 1998, Singapore has been experiencing rather erratic weather. There has

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 1011–1023 (1999)
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been dry weather from February to March with a short but very wet period in late March. The present
model cannot be validated given the largely different weather conditions.

8. CONCLUSION

The statistical analyses suggest that building geometry plays some role in determining the heat island
intensity, in particular, the H/W ratios of urban canyons. The statistical distribution of these ratios to
some extent determines the heat island intensities observed at 22:00 h in Singapore. Although the
statistical model has a correlation coefficient of 0.53, the significant p-value indicates that there is a
positive relationship between the heat island intensities and the median H/W.

Although one can argue that heat island intensities of 1–2°C may be inconsequential, the study of
DeDear (1989) demonstrated that ambient air temperatures of 30.1°C and above are considered
uncomfortable and unacceptable. In fact, temperatures of 25.6–30.0°C are considered slightly unaccept-
able in terms of human thermal comfort. In humid Singapore, small temperature increases may be
translated as substantial amounts of human thermal discomfort. In humid tropical cities like Singapore,
planning flats that are more widely spaced in relation to their heights for housing estates will lower the
potential for higher heat island intensities developing. Although this is a pilot study of the possible effects
of H/W on heat island intensities, future housing development must necessarily consider the potential
influence of high H/W on the maximum heat island intensity of each housing estate.
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