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• Mean radiant temperature (tmrt ) in front of 2 green walls was measured, showing reduction of tmrt for up to 1 m.
• One green wall is removed midway during measurement, resulting in time lag and increase in tmrt of up to 12.8 ◦ C.
• GIS software used to generate tmrt map shows the extent of tmrt reduction due to green wall varies at different times of the day.
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a b s t r a c t
Studies on vertical greenery generally focus on the measurement of air temperature, surface temperature
and cooling load. There is a lack of information on how vertical greenery can inﬂuence outdoor thermal
comfort. The objective of this study is to quantify the effects of mean radiant temperature (tmrt ), as the ﬁrst
step towards determining the thermal quality of outdoor space due to installation of vertical greenery.
The tmrt of two green walls (Green Wall A and Green Wall B) was measured up to 2 m away at intervals
of 0.5 m. Two datasets were obtained, one consisting of tmrt , surface and air temperature collected from
the two green walls and the second for just green wall A and the exposed concrete wall after Green Wall
B was removed. tmrt was measured using customised globe thermometers calibrated for local use. Data
was analysed using a GIS, thus enabling convenient visual comparison between tmrt proﬁles at different
times. The diurnal tmrt proﬁle was altered signiﬁcantly due to the installation of vertical greenery. When
both green walls were present the peak tmrt occurred at 15:00 h, but with more concrete exposed when
one wall was removed, the peak occurred at 17:00 h and was 10.9–12.9◦ higher at 0.5 m away from the
wall. Vertical greenery thus helped to reduce tmrt both during the day and at night, to varying extents.
The proposed methodology enables systematic quantiﬁcation of the effects of vertical greenery on tmrt .
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Vegetation can play an important role in the climate of cities
as well as the microclimate of buildings. Besides providing a
conducive environment for social activity (Gobster, 1998; Maas
et al., 2009; Troy & Grove, 2008), promotion of mental health
(Grahn & Stigsdotter, 2010; Korpela & Hartig, 1996; Takano,
Nakamura & Watanabe, 2002), the introduction of greenery is a
useful mitigation strategy in rising temperature due to climate
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change. For high-density urban environments, greenery can help to
cool the air and provide shade. It can also lower a building’s energy
consumption by providing better outdoor boundary conditions.
Urban greenery can bring about beneﬁts to the microclimate
through several physical processes (Wilmers, 1991; Dimoudi &
Nikolopoulou, 2003):
– Plant and tree shade can lower the solar heat gain on the building
envelope;
– Shading reduces terrestrial radiation due to lower surface temperature; and
– Latent heat of cooling in the atmosphere is increased due to added
moisture in the air via plant evapotranspiration.
Numerous studies have validated the cooling effect of urban
greenery (Sad de Assis & Barros Frota, 1999; Ca, Asaeda, & Abu,
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Fig. 1. Surface temperature measurement spots.

Fig. 2. Measurement setup. Globe thermometers were attached to poles with white PVC pipes housing surface and air temperature loggers.
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Fig. 3. Position of tmrt and ta measurement points.
Table 1
Properties of green walls.

1998; Chen, Ooka, Huang, & Tsuchiya, 2009; Chudnovsky, BenDor, & Saaroni, 2004; Emmanuel, Rosenlund, & Johansson, 2007;
Gao, 1993; Gill, Handley, Ennos, & Pauleit, 2007; Giridharan, Lau,
Ganesan, & Giovoni, 2008; Honjo & Takakura, 1991; Jauregui,
1991; Jonsson, 2004; Lin, Li, Zhu, & Qin, 2008; Nichol & Wong,
2005; Saito, Ishihara, & Katayama, 1991; Shashua-Bar & Hoffman,
2000; Shashua-Bar & Hoffman, 2004; Weng & Yang, 2004; Wong
& Chen, 2005; Wong & Chen, 2006). Recognising the positive
impacts of greenery, many governments have initiated policies
aiming to improve the condition of the city through the addition of
greenery (Beatley, 2000; City of Sydney, 2011; GLA, 2011; HKSAR
Government, 2010; NYC, 2011; Ra, 2006; Zhao, 2011). Urban greenery can be categorised in a variety of ways. Some examples include
the Green Plot Ratio (GPR), a concept that is developed by combining the concepts of Leaf Area Index (LAI) and Building Plot Ratio
(BPR) (Ong, 2003). The Urban Neighbourhood Green Index (UNGI)
can be used by planners to quantify the proximity to greenery
for each neighbourhood (Gupta, Kumar, Pathan, & Sharma, 2012).
Park provision ratio and per capita green cover are urban planning
benchmarks that have been used in countries such as Singapore
(Tan, Wang, & Sia, 2013).

Green Wall A

Green Wall B

System

Suntory Midorie System Shimizu Parabienta System

Dimensions (H × W)

2.27 m × 1.90 m

3.18 m × 2.40 m

Types of plants used

Piper sarmentosum
Philodendron
Cordyline terminalis
Schefﬂera

Hemigraphis alternata
Portulaca grandiﬂora
Nephrolepis acutifolia

LAI

3.8

3.5

The primary metric for greenery is land cover. This metric is
sometimes further delineated into lawns and shrubs-and-trees. The
cooling effect exhibited by plants is a result of its metabolic processes, such as photosynthesis, evapotranspiration, respiration and
uptake of minerals from the air and ground. The extent to which
plants engage in these processes is directly related to the amount
of green matter, usually found in the leaves of the plant (Jones,
1992). Urban Green Spaces (UGS) also acts as urban lungs, helping

Table 2
Measurement period.
Period

A

B

Measurement
duration
27th September
2011 to 3rd
January 2012

4th January 2012 to
13th March 2012

No. of days measured

99

70

No. of days used for analysis

Dates used for
analysis

Purpose

5

06/10/2011
13/10/2011
16/10/2011
17/10/2011
25/11/2011

Measurement for
Green Wall A and
Green Wall B

9

15/01/2012
16/01/2012
17/01/2012
21/01/2012
01/02/2012
08/02/2012
10/02/2012
11/02/2012
07/03/2012

Measurement for
Green Wall A.
Green Wall B is
removed
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Fig. 4. CCTV footage of site showing self-shading and overshadowing.

to absorb pollutants and releasing oxygen, provide clean air, water
and soil, and balances the city’s environment (Hough, 1989; Levent
& Nijkamp, 2004).
For high-density cities that do not have adequate land to provide
for UGS, roof gardens and vertical greenery are often employed as
alternative forms of green cover. Urban areas with high population
density such as Hong Kong and Singapore are characterised by their
compact city form and land scarcity (Ganesan & Lau, 2000;Neville,
1993). Singapore, for instance, has paid particular attention to maximising the available high-rise environment to create a ‘Vertical

Garden City’, via the introduction of rooftop gardens, vertical greenery and sky terraces (Tan, 2012).
Most of the many studies on the use of vertical greenery focus
on temperature reduction ecosystem services (Chen, Li, & Liu,
2013; Cheng, Cheung, & Chu, 2010; Perini, Ottelé, Fraaij, Haas,
& Raiteri, 2011; Wong, Chen, Ong, & Sia, 2003; Wong, Kwang
Tan, Chen, et al., 2010). Vegetation can reduce the impact of the
Urban Heat Island (UHI) effect by shading heat-absorbing surfaces
and cooling the air through evapotranspiration (McPherson, 1994).
Vegetation can also reduce diurnal temperature ﬂuctuation due
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Fig. 5. Surface temperature proﬁles for Period A and Period B.

to exposure to direct solar radiation (Dunnett & Kingsbury, 2004).
The surface temperatures of vertical greenery systems have been
observed to be cooler than common building materials such as
light-coloured bricks, walls and black surfaces (Bass & Baskaran,
2003). This reduction of surface temperature can lead to a lower
cooling load for the building interior (Alexandri & Jones, 2008;
Mazzali, Peron, Romagnoni, Pulselli, & Bastianoni, 2013; Papadakis,
Tsamis, & Kyritsis, 2001; Peck, Callaghan, Bass, & Kuhn, 1999;
Pérez, Rincón, Vila, González, & Luisa, 2011; Wong, Tan, Tan, &
Wong, 2009). Vertical greenery can also help insulate buildings
against noise. Various studies have shown that the sound adsorption coefﬁcient of walls increases with greater greenery coverage
(Van Renterghem, Hornikx, Forssen, & Botteldooren, 2013; Wong,
Tan, Tan, Chiang, & Wong, 2010).
Although much has been written about the beneﬁts of vertical
greenery for surface temperature reduction and lowering energy
demand for cooling building interiors, little has been written about
how vertical greenery affects outdoor mean radiant temperatures

(Alexandri & Jones, 2008; Bass & Baskaran, 2003; Chen et al.,
2013; Cheng et al., 2010; Dunnett & Kingsbury, 2004; McPherson,
1994; Papadakis et al., 2001; Peck et al., 1999; Perini et al., 2011;
Wong et al., 2003; Wong, Kwang Tan, Chen, et al., 2010). Much
less is known about how the implementation of vertical greenery
will affect outdoor mean radiant temperature. The evaluation of
thermal environments is done via comfort or heat stress indices
(d’Ambrosio Alfano, Palella, & Riccio, 2011; Epstein & Moran, 2006;
Fanger, 1972; Gagge, 1971; Höppe & Mayer, 1987; Parsons, 2003)
and often requires the measurement of air temperature, mean
radiant temperature, air velocity and relative humidity. The mean
radiant temperature (tmrt ) can be considered as one of the main
factors contributing to both indoor and outdoor thermal comfort,
as indicated in previous studies validating the relation between
thermal comfort, shortwave and long wave radiation ﬂuxes from
the surroundings (Mayer & Höppe, 1987; Mayer, 1993). The objective of this study is to quantify the effects on tmrt due to exposure
to vertical greenery. This is done by measuring the tmrt in front of
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Fig. 6. Air temperature proﬁles for Period A and Period B.

two green walls over a period of time. One of the green walls is
subsequently removed to understand the impact on its removal on
tmrt .

- Surface temperature (ts ) of concrete wall behind green walls; and
- Estimation of mean radiant temperature (tmrt ) in front of the
green walls.

2. Methodology

Properties of the two green walls are shown in Table 1. Both
green walls are categorised as plant carrier systems. The Suntory
Midorie system consists of a lightweight sponge material which is
supplemented with nutrients. This system uses a dripping system,
where an irrigation pipe is installed on the top most and water
slowly drips to the lower part of the wall, such that excess water
ﬂows back to the water tank. The light-weight Shimizu Parabienta
System is a panel-type wall greening system which uses a dripping
system where pipes are connected directly onto each panel of the
planting media, and any excess water ﬂows to the drain.

Two sets of data were derived. The ﬁrst set of data consisted of
tmrt collected from the two green walls (Green Wall A and Green
Wall B). Green Wall B was then removed and the second set of data
consists of data of only green wall A and the exposed concrete wall
that was Green Wall B.
Measurements are made for the following:
- Air temperature (ta ) in front of the green walls;
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Fig. 7. Comparison of tmrt proﬁle for Points 1–7 for Period A and Period B.

The surface temperature of the concrete wall behind the green
walls was measured using thermocouples (Fig. 1). There was a thermocouple wire attached to the concrete wall behind each green
wall (Points X1 and Z1), as well as one between the green walls
that is directly exposed to the sun (Point Y1). For every point in the
exterior, there was a corresponding point on the other side of the
wall to measure the temperature on the building interior (Points
X2, Y2 and Z2). There was a total of six measurement points.
The tmrt and ta in front of the green walls were estimated
up to 2 m away in intervals of 0.5 m. The sensors were approximately 1.7 m above ground. The two green walls have similar
dimensions and plant carrier system but consist of different plant

types. The measurement of tmrt is done via the use of a globe thermometer (Kuehn, Stubbs, & Weaver, 1970; Nikolopoulou, Baker, &
Steemers, 1999; Vernon, 1932). The globe thermometer was ﬁrst
developed for indoor measurements, but has later been applied
outdoors (Nikolopoulou & Lykoudis, 2006). The Vernon globe is a
150 mm diameter copper sphere painted black with a thermometer positioned in the middle of the sphere. For convenience, smaller
globes were developed. The 38 mm globe thermometer is a common option as the globe used is a table tennis ball, which can be
readily purchased and conveniently replaced (Humphreys, 1977).
The accuracy of the 38 mm globe thermometer can be adjusted to
cater to outdoor conditions by recalibrating the mean convection
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Fig. 8. Points 2, 4 and 6.

coefﬁcient. This method has been tested in Sweden (Thorsson,
Lindberg, Eliasson, & Holmer, 2007) and shown to be effective in
outdoor conditions. For this study, tmrt is estimated using customised globe thermometers calibrated for localised usage (Tan,
Wong, & Jusuf, 2013). The LAI of both green walls were calculated
by removing a 10 cm by 10 cm segment of the green wall, measuring the total leaf area size with a ﬂatbed scanner and extrapolating
it to the size of the green walls. Close-circuit television was used to
monitor the effects of shading on estimated tmrt .
Measurements were conducted on the roof top of Block SDE2
in the National University of Singapore, Singapore (1◦ 17 44 N
103◦ 46 36 E). Also known as the Greenery Technology Laboratory
(GTL), the site measures approximately 9 m by 9 m (Fig. 2). Two
green systems were installed on an existing wall. The environment
around the green walls is open space, and the room behind the
green walls is a smoke-stop lobby that is not mechanically ventilated. There was no machinery or heat generation equipment near
the green walls.
Singapore has a tropical rainforest climate with no distinctive seasons, uniform temperature and pressure, high humidity,
and abundant rainfall. Near-surface air temperatures usually range
from 23 ◦ C to 32 ◦ C. The relative humidity averages around 79%
in the morning and 73% in the afternoon. April and May are the
hottest months, and the monsoon season from November to March
(National Environment Agency, 2011). For this study, measurements were conducted from 27th September 2011 to 13th March
2012. The measurement period was divided into Period A and B,
where Period A denoted the measurement of both green walls,
and Period B denoted measurement with Green Wall B removed
(Table 2). Only data for clear, sunny days were used for analysis.
Selection of the days was based on solar irradiance data measured
on-site with a pyranometer. Measurements were made at 1 min
intervals and averaged to hourly intervals for analysis (Table 3). A
total of 28 points were set up for tmrt and ta measurement. Each
measurement point, which consists of a customised globe thermometer ﬁxed at 1.7 m above ground and an air temperature sensor
housed in a PVC pipe, was secured with a concrete footing. For
the purpose of discussion, the measurement points are aligned
and named as shown in Fig. 3. Air temperature was measured at
measurement spots 1 to 28 as well as the weather station. As the
green walls were exposed to self-shading and overshadowing at

different periods of the day, daily data were grouped into ﬁve
periods corresponding to changes in exposure to solar radiation
(Fig. 4, Table 4).
3. Results and discussion
3.1. Surface temperature (ts )
The surface temperatures of the two green walls was compared
to a portion of the wall directly exposed to the sun. The aim of this
comparison is to determine the surface temperature reduction due
to the green walls. Data for ﬁve days were used for the analysis of
Period A and for nine days were used for the analysis of Period B.
The daily data were averaged to produce a single proﬁle for every
measurement point.
An increase in surface temperature is observed for Point Z after
the removal of Green Wall B. Point Z1 has a ﬂat proﬁle for Period A,
but increased steadily to reach a peak of 34.3 ◦ C at 17:00 h for Period
B. The removal of Green Wall B has resulted in an increase in surface
temperature of 6.7 ◦ C. The maximum difference in diurnal surface
temperature for the building interior (Point Z2) for Period A was
0.3 ◦ C, but signiﬁcantly larger for Period B (up to 3.8 ◦ C). With the
Table 3
Instruments used for measurement.
Variable

Instrument

Air temperature, ta
Globe temperature, tg
Wind speed, Va
Surface temperature, ts
Shading characteristics
Leaf Area Index, LAI

HOBO Weatherstation, H21-001
HOBO Thermocouple Data Logger, U12-014
HOBO Weatherstation, H21-001
HOBO Thermocouple Data Logger, U12-014
Close-circuit television
Canon All-In-One Printer, MP276

Table 4
Time range used for analysis.
Time range

Period

Condition of wall

1
2
3
4
5

00:00–07:00 h
07:00–14:00 h
14:00–17:00 h
17:00–19:00 h
19:00–00:00 h

Night to sunrise
Self-shaded
Exposed to direct sunlight
Overshadowing from trees
Sunset to night
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Fig. 9. Plot of Points 2, 4 and 6 against solar irradiance for Period A and Period B.

exception of Green Wall A, diurnal temperature ﬂuctuations have
generally increased.
The exposed concrete surface (Point Y1) exhibited the highest
surface temperature for both periods (Fig. 5). The highest value for
Period A was 35.7 ◦ C at 15:00 h. The maximum value was much
higher for Period B (44.6 ◦ C at 17:00 h) and occurred 2 h later. The
increase in temperature was 8.9 ◦ C. The interior surface temperature (Point Y2) also increased after the removal of Green Wall B. The
proﬁle of Point Y2 was relatively ﬂat for Period A, but increased signiﬁcantly and peaking at 34.6 ◦ C at 19:00 h for Period B. The removal
of Green Wall B has signiﬁcantly increased the surface temperature
of the exposed concrete wall. The temperature of Y1 is generally

much higher than Point Z1. This may be due to the fact that Point
Y1 was located closer to a structural concrete column, and thus
exposed to a higher thermal mass.
The surface temperature of Point X2 was similar to Point X1
for Period A but was consistently higher in Period B. No signiﬁcant
ﬂuctuations were observed. The removal of Green Wall B had no
signiﬁcant effect on Green Wall A.
3.2. Air temperature (ta )
Air temperatures at all 28 measurement points in front of
the green walls were analysed. Fig. 6 shows that the range of
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Fig. 10. Comparison of tmrt proﬁles at 0.5 m intervals from the wall for time range 3, Period B.

air temperature did not ﬂuctuate greatly. The maximum range
recorded was about 1.1 ◦ C for Period A, and increased slightly to
1.5 ◦ C for Period B. This is similar to a study conducted by Wong,
Kwang Tan, Chen, et al. (2010), where the ambient temperature
range recorded 0.6 m from green walls and a concrete wall was
1.25 ◦ C.

3.3. Proﬁle of tmrt across measurement Points 1–7
The tmrt proﬁles for Period A for measurement Points 1–7 are
shown in Fig. 7. It can be observed that a portion of the readings
near the bottom does not deviate signiﬁcantly across the 7 points
(19:00 h to 07:00 h). As the sun rised to its zenith, the average tmrt
increased steadily, and the difference between the 7 points begin
to exhibit increasing amounts of deviation.
A distinct pattern is observed from 15:00 h to 17:00 h, where
most readings peak at Point 4. This pattern exhibits itself most evidently at the highest recorded tmrt at 15:00 h. A comparison with
Fig. 3 shows that Point 4 was the spot that was closest to the part
of the wall that was exposed to direct sunlight, whereas the other
points are covered with Green Walls A and B. This pattern diminished signiﬁcantly until the ﬂuctuations cease from approximately
21:10 h onwards.
The same patterns were observed for Period B. However, higher
peak readings were recorded. This is expected, as there was more
concrete surface that was exposed to direct sunlight for Period B.
Measurements of Points 5–7 are also higher than in Period A during
time range 3. The difference in tmrt value is clearly only signiﬁcant

during time range 3 (14:00–17:00 h). Outside of this time range,
the difference in tmrt between Points 1–7 is minimal.
3.4. Proﬁle of tmrt for Points 2, 4 and 6
The diurnal tmrt proﬁle is compared with the corresponding solar
irradiance proﬁle. To simplify the analysis, only 3 points were plotted. The points are show in Fig. 8.
Fig. 9 shows the diurnal tmrt plots across Points 2, 4 and 6
for Period A and Period B. Time ranges 1 and 5 show no relation
between the tmrt proﬁle and solar irradiance (due to the absence of
sunlight). Time range 2 shows an increase in tmrt with solar irradiance. Similarly, time range 4 shows a similar trend, with tmrt
decreasing with solar irradiance correspondingly. It can be seen
that the tmrt values correspond to ﬂuctuations of direct and intense
solar irradiance (time range 3). More importantly, the largest differences in tmrt for the different points occur during periods of peak
solar irradiance. In other words, tmrt in front of the Green Walls are
reduced during periods of peak solar irradiance.
Similar to Period A, time range 1 and the later part of time range
5 show no relation between the tmrt proﬁle and solar irradiance
(due to the absence of sunlight). Time range 2 shows an increase in
tmrt with solar irradiance. Similarly, time range 4 shows a similar
trend, with tmrt decreasing with solar irradiance correspondingly.
It can be seen from time range 3 that the tmrt values reached their
peak at approximately 17:00 h, and it does not correspond to the
solar irradiance peak to the likes of Period A. It would seem that
the exposure to increased concrete surface area has resulted in a
delay of the diurnal tmrt peak. Increased longwave radiation may
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Fig. 11. Comparison of points for Periods A and B at peak solar irradiance.

have been stored and subsequently emitted by the exposed wall
surface, resulting in the time lag.
This time lag is further scrutinised by comparing tmrt proﬁles at
0.5 m intervals away from the wall (Fig. 10). It can be seen from
Graph A that the tmrt rises rapidly from 14:00 h to 15:00 h and
reaches its peak at 17:00 h, when the solar irradiance has passed
its peak. As the distance from the wall increases, this phenomenon
gradually decreases until the effect cannot be observed on Graph D

(2 m away). A comparison shows that the time lag is approximately
2 h.
3.5. Proﬁle of tmrt plotted against distance from wall
To understand the effect of tmrt with increasing distance from
wall, measurements are taken at 0.5 m increments, up to a maximum of 2 m. Fig. 11 shows three sets of measurement for Periods A
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Fig. 12. GIS visualisation of tmrt .

and B. The measurements are positioned at 0.5 m intervals starting
from the centre of the green walls and concrete column. The highest tmrt value recorded for Period A is at 13:20 h and the highest tmrt
value recorded for Period B is at 16:20 h. The removal of Green Wall
B has caused a general increase to the tmrt proﬁle, especially to the
points closest to the wall. There is an increase of 12.7 ◦ C for Point
2, 12.9 ◦ C for Point 4, and 10.9 ◦ C for Point 6. The increase in tmrt for
points away from the wall (Points 9–16–23, Points 11–18–25 and
Points 13–20–27) ranges from 1.9 ◦ C to 6.4 ◦ C.
The effect on tmrt due to the removal of the wall is most significant within a region of 0.5 m. The highest recorded difference is
12.8 ◦ C for Point 4.
3.6. Visualisation of tmrt using geographical information systems
(GIS)
All 28 points are used for data interpolation using GIS. This facilitates rapid analysis of the conditions of the surveyed area. Hot spots
can be identiﬁed easily with this method. Measurements for a typical clear sunny day are used for visualisation via GIS. Fig. 12 shows
the tmrt map of selected timings from 15:55 h to 00:35 h. It can be
seen that the hot spot (dotted circle), which corresponds to Point
4, has a signiﬁcantly high value compared to the rest of the points.
This trend can be observed until approximately 00:00 h, although
the magnitude of the difference differs drastically across different
timings.
4. Conclusion
The purpose of this study is to observe the effect of green walls
on the temperature of a surrounding environment.
Surface temperature measured behind the green walls show
that the green wall can reduce the surface temperature of the
building envelope. This effect is not restricted to areas covered
by the installation of a green wall; areas that are in close proximity to the green wall can also experience a reduction in surface
temperature. The implementation of green wall helps to reduce
ﬂuctuations of surface temperature. The removal of Green Wall
B only resulted in a slight increase in air temperature. However,
there is signiﬁcant difference in the tmrt , especially within 1 m of
the green walls. The maximum increase in tmrt after the removal of
Green Wall B is 12.8 ◦ C. When one green wall is removed, the effect
of time lag can be observed. The peak readings in tmrt are delayed
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for approximately 2 h. Since the LAI of both green walls are similar,
no signiﬁcant correlation between LAI and temperature reduction
can be ascertained.
Results show that the implementation of vertical greenery can
lower the tmrt of its surroundings. The effect of this attenuation is
evident for up to 1 m away from the wall. However, this lowering is
effective only during periods of intense direct solar exposure. The
effect is minimal during times when the green walls experience
self-shading or overshadowing. Consideration should be made to
the placement of vertical greenery to ensure maximum exposure to
direct sunlight so as to take advantage of its tmrt reducing attributes.
This study revealed that the effects of shading provide the optimal form of tmrt reduction. When both green walls were present
the peak tmrt occurred at 15:00 h, but with more concrete exposed
when one wall was removed, the peak occurred at 17:00 h and was
10.9 ◦ C to 12.9 ◦ C higher at 0.5 m away from the wall. Measurement
points further away from the wall also recorded an increase in tmrt
ranging from 1.9 ◦ C to 6.4 ◦ C. Areas that do not have access to shade
may consider the utilisation of green walls, strategically placed to
provide further reduction to tmrt . This can help architects and urban
planners make informed decisions during design conceptualisation
and to achieve better overall outdoor thermal comfort.
The physical dimensions of the green walls are not considered in
the analysis, and may become a variable in subsequent attempts at
measurement. Similarly, the type of plants used will also be varied
to explore the effects of different types of plants on the effects on
tmrt .
The use of GIS for data visualisation enables convenient visual
comparison between tmrt proﬁles of different timings. The interpolated values serve to provide a method to assess the tmrt of any
given space that is easily comprehensible to architects and planners. From the ﬁgures, it is evident that vertical greenery facilitated
the reduction of tmrt both in the day and at night, to varying extents.
The proposed methodology enables systematic quantiﬁcation of
the effects of vertical greenery on mean radiant temperature, and
can be used for the measurement of other forms of vegetation in
the tropical urban context.
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