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ABSTRACT

This study dealt with the analysis of the changing of thermoscépe, which indicates the
pattern of surface temperature condition of landscape elements, such as concrete building,
trees, topiary, lawn and bare soil. Source of data was the visual data of surface tempera-
~ ture of those landscape elements that obtained by operating infrared thermovision camera
which connected with video cassette recorder. The visual data were then employed with
computer system for visual image analysis. Based on each surface temperature of land-
scape element, we compared the changing of surface temperature pattern through 24 pieces
of thermoscapes running for 24 hours, and we analyzed eachpat’tern of surface tempera-
ture condition.

Evaluating through the sequential thermoscapes,
thermal condition of landscape element each to other.

there was considerable .difference of .
‘Tulip tree showed the similar
- changing pattern of surface temperature with that of air temperature, and concrete build-
ing showed different surface temperature in large number between the day and night. The
study showed the changing pattern of thermoscape, that canopies of vegetations acted as
lower surfaces temperature at mid day, but on the other hand the concrete building showed -
different surface temperature before and after receiving solar radiation, considerably.
From the scene of thermoscapes, it was clear that, the concrete building was the domain
of high surface temperature, while vegetations was the domain of low surface temperature.

INTRODUCTION

Recently, we have seen how a great number of
population flowing down into city areas. City is
being conscioused as a source of amenity and
human civilization, is impressed to bring people
more and more from countryside to inner-most
city. To meet citizens’ needs on housing, busi-
ness and their moving,. thus city serves such fa-
cilities; for those purposés city -should. prepare
buildings - and pavements for housing .and busi-
ness places; and according to:shoot forward busi-
ness city makes transportation net-work. The
more advanced in civilization of city the more
dense building and transportation net-work is:
This phenomenon, the growth of city, then have
made new problems to citizens themselves.

One of the main problems faced in city is the
hot environment, especially during summer ( 2.,
3 ). As a city high densely constructed with
buildings and pavements, it becomes easier to
receive and store solar radiation, which hence
makes the city hotter. Moreover, the existence
of greenery open spaces in city have been re-
stricted caused of higher value of land and giv-
ing priority on the development of construction.
Vegetation of greenery open space growing in
city has the ability to utilize energy from solar
radiation for evapo-transpiration and store as
carbohydrate; it means that greenery. open space
has an-important role to control urban.hot envi-
ronment (2,6,7,8]. Restriction of greenery -open
space on one side, and the development of con-
struction on the other side leads urban env-
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ironment. become hotter. This situation - hence
more severe during summer where more solar ra-

diation strike to the city surface, inducirig‘ the
" whicdh indicate the thermal condition of surfaces

existence of so called the urban heat island.
Hereafter, urban environment becomes unco-
mfort for citizens daily activities. Because of the

hot condition then people ought to cool with
cooling system equipments their surroundings, -
~ le. at home, office, building or other indoor

room, but actually, this effort no more than in

turn aggravate the condition outside worse
caused by heat emitted from the equlpments'

(4,7). It seems that human comfort is ‘being con-
sidered for human -daily life. Previous studies

suggested that proper’ conditions were the main

requirements, and main stimulus;- for develop-

ment of civilization. And some industrial engi- -

neers also have studied productivity of workers
in various countries at various times, showed

that worker productivity dechned in t1me of ex-

cessive hot (2,3).

For indoor comfort, some studies have been -

conducted by civil engineers and architects. They
studied how to set up building which is designed
to lease natural air flow and how to use natural
energy to meet‘indoor condition favorable - (10,
11) . For outdoor, some previous studies also
have been conducted to look for the basic knowl-
edge on the phenomena of urban heat island, and
to look .for the policy to make effort on the

more using natural -energy in order to lower the

pressure of hot environment. Yamada (9) con-

ducted observation on the - distribution of air

temperature and the effect of urban open space
on urban climate at Kurihashi, Saitama
Prefecture in summer. The similar study was
also conducted by Pichakum et al- (5] ‘observing
the distribution of air temperature and the ef-
fect of urban open space. These previous studies;
unfortunately, only touch-upon the relation of
green space and the change of air temperature.
We need much more detailed image data of ther-

mal behavior in order to realize those results in

the design activities. For this purpose, the ther-
mal behavior of various surfaces of landscape

elements in a certain scene must be analyzed,

and visual thermal data. should be obtamed ‘We

/introduce the idea of thermoscape

Thermoscape therefore is defined as that

of landscape elements located in urban areas,

’ utll1zed to analyze the thermal’ effectiveness of

vegetations in the context of landscape des1gn

_Thermoscape is shown by thermographs created

through a newly established image- processmg

system and’ it indicates the patterns of thermal
performarices which, with the help of images can
be observed by man. Main purpose then is to
produce visual image data of thermoscape which
function as fundamental sources for evaluating

-comfortness of living environment in urban areas

in the context of thermoscape-design process.
METHOD

This study dealt with observation on characteris-
tics of thermoscape, a pattern. of thermal condi-
tion of landscape surfaces through- ‘thermo--
graphs. : ' o

(1) - Location and Time _

‘It was considered that the site could be clearly
viewed by infra-red thermovision camera. (hereaf-

- ter called ITC), and the scene should occupy the

hard and soft materials such as trees, ground

cover and building surfaces. To meet this pur-

pose, a site at Faculty of Horticulture, Chiba:
University was selected for study. This site in-
volves : (1) concrete building, (2) tulip  tree
(Liriodendron' tulipifera); (3) topiary, (4) lawn
and (5) bare soil. Those surfaces could be
clearly viewed by ITC set up in room of th1rd‘
floor of A building. - :

"Observation on the thermal characteristics was

~ held on .summer 1992, from 19°: 00 of August 27

to 18: 00 of August 28..1t was an observation
on series of time, conducted every hour due to
grasp the changing pattern of . thermoscape dur-
ing 24 hours. ' ‘
(2) Equipments o

The equipments needed in this observation weré
as following : (1) Infra-red Thermovision Camera (2)
Thermometer Tanita (3) Video- Cassette Recorder
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(VCR), and (4) Computer system. ITC has the
ability to reap thermal condition directly in a
distance, because the surface of each landscape
element emits unique electromagnetic wave that
can be read by ITC it’s temperature degree.

Thermometer was used to measure air tem-
perature during observation, and the air tem-
perature was recorded at outside of building ad-
jacent to ITC in order to obtain input data for
producing thermographs. The degree of tempera-
ture was read as round number (1°C), because
ITC only able to get input ambient temperature
data in round number. However ITC itself able
to read the degree of surface temperature up to
one decimal. The thermal data were recorded by
video cassette recorder (VCR).

(8) Setting up ITC

From the observation point it was able to view
each landscape element. Landscape elements were
located in the west side of ITC, so that the sur-
faces of concrete building (of E building), tulip
tree canopy and topiary canopy were observed by
ITC as west side surfaces. The other two land-
scape elements, lawn and bare soil, positioned
lower than ITC were observed as those upper sur-
faces. '

Figure 1 shows the existing condition of land-
scape elements being viewed by ITC, and Figure
2 gives more detail of distance, the section of
location of study viewed by ITC. ITC was posi-
tioned at A-building at right side, and the ther-
mometer was placed adjacent to it.

Fig.1 Existing condition of observation
area viewed from measuring point.

A C D E F G
distance (m): 154 90 69 65 50
emission: 0.94 098 098 095 098
A: 5 story E-building E: Bare soil
B: Library F: Lawn
C: Tulip tree (Liriodendron tulipifera) G: 3 story A-building
D: Topiary MP: measuring point

TM: air temperature measurement point

Fig.2 Cross section of observation area.

(4) Measurement

Air temperature was measured using ther-
mometer Tanita every hour from 19:00 of
August 27, to 18:00 of August 28. This measure-
ment just only recorded air temperature as round
number (1°C) without specifying into one deci-
mal because of mechanical demand of ITC.
Operating Infra-red Thermovision Camera (1]
In order to reach properly data, ITC should be
adjusted by setting up buttons built up within
the body. Emission of each kind of element has
specific number, for example emission for con-
crete building is 0.94, for vegetation 0.98, and
soil 0.95. Gray tone quantification
rated into 10 intervals of color vision ranging
from lowest to highest. Therefore, based on this
color segmentation, it is easy to read thermal
performance of surfaces of landscape elements.

was sepa-

The color segmentation ranges from blue to
white as shown in Figure 3. It indicates the
range of temperature from the lowest (blue) to
highest (white), thus, for example, any given
area of thermograph with red color is higher in
temperature than another area with blue color.

Fig.3 Color segmentation of Thermograph,
ranging from lowest (left) to highest
(right) surface temperature.

Figure 4 shows some samples of thermographs
measured with spot and isocol. The difference of
two only lies on the represent of cross sign on
spot thermograph. On the right side of those
two samples there is a table of recorded data
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Fig.4 Samples of thermograph measured in spot
and isocol surface temperature

(5) Recording Data and Analysis

Data of thermoscape was grasped by ITC for
10 seconds both at spot and isocol observation.
Recorded data then was read by computer
Macintosh IIFx, using software Photoshop. The
changing pattern of photographs
hours was produced into 24 pieces color photo-
graphs arranged by using software MacDraw-
Professional. This setting of thermographs then
was printed out using color printer. Thermoscape
can be compared each other by using color seg-
mentation, which was produced into 10 intervals
using software Ultimage.

during 24

RESULTS AND DISCUSSION

(1) The Changing of Thermoscape through Isocol
Surface Temperature

Thermographs were produced from isocol data
base of each landscape element. Thus for five
kinds of landscape elements during 24 hours (24
times of observation), it could be produced 120
pieces of thermographs in color. In this manner,
we only select once that represent a whole scene
of thermoscape involving whole landscape ele-
ments, so that we present here the changing of
thermoscape observed in focus on tulip tree can-
opy, with the emission of 0.98.

Figure 5 shows the changing of thermoscape
set up of isocol data with the emission 0.98.
These thermographs represent the changing per
hour of thermoscape pattern during 24 hours
from 19:00 to 18:00 on the next day drawn in 24
pieces of thermographs. In overall view through
all sequence of thermographs, it is clear that
there is a changing in color pattern that the can-
opy of tulip tree surface temperature was lower
than those of other landscape elements. But at
11:00 the shape of building becomes clear, indi-
cating that the temperature difference between
building surface and tulip tree canopy’s surface
increases. Up to 15:00 only tulip tree canopies
show greenish, representing the thermal condi-
tion of them cooler than other landscape ele-
ments. At 16:00 surface of lawn is identified as
red color area, showing a more little different
surface thermal condition with tulip tree. The
next step, from 17:00 to 06:00 the thermal dis-
tribution of each landscape element becomes
clear, which represent the characteristics of their
own.

Surface of concrete building shown in white
color along the series of thermographs indicates
hot surface all through the day. Even during
night-time without sunlight from 19:00 to 03:00
building surface is shown in white color indicat-
ing hotter than other surfaces. On the contrary,
tulip trees canopies are shown in green to blue
colors in the whole day, indicating that tulip
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Fig.5 Set of thermographs shows the changing of thermoscape during 24
hours measured in isocol surface temperature and emission 0.98
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tree canopy surface temperature is in a great
difference with the building surface thermoscape.

Among the vegetations (tulip tree, topiary and
lawn), tulip tree canopy clearly shows cooler
during day time from 6:00 to 18:00. Even in the
afternoon after receiving solar radiation di-
rectly, from 13:00 to 18:00, west-side surface of
tulip tree canopy still shows cooler than those of
topiary and lawn. On the other hand, building
surface does not have this capacity, but store en-
ergy from solar radiation implying on the in-
creasing of it’s surface temperature (7) . In this
manner tulip tree canopy shows the biggest po-
tentials of ”cooler portion ” of a scene which
may cause people feel comfortably.

Topiary canopies seems more responsive to
solar radiation than tulip tree canopies. From
07:00 to 16:00 topiary canopies are shown in
white color, indicating hotter than tulip tree
canopies. Hereafter, from 17:00 to 06:00 surface
temperature of topiary canopy clearly represents
cooler surface than lawn surface.

Among the vegetation, lawn surface shows the
hottest. From 07:00 to 15:00 lawn shows the
white color, as building surface also shows
white, it indicates that lawn surface is respon-
sive to store heat from solar radiation. During
16:00 to 06:00 lawn surface shows reddish than
building surface, indicating lower surface tem-
perature during this time than building surface.
Bare soil surface shows hot during sun shines,
and still hotter than vegetation canopies until
the mid-night. But at 06:00 it looks like lower
surface temperature than lawn or building sur-
faces. It indicates that soil surface is more re-
sponsive than lawn in absorbing heat from solar
radiation.

From the thermographs we can see how the
proportion of cool area occupies, and in . in-
verse, we also able to see how the hot area occu-
pies to the total area of a tested scene. Concrete
building acts as the domain of hot surface.
Bare soil :
is also the domain of hot surface temperature,
but shows more fluctuative than building. Cool
area is the domain of vegetation, which in this

19:00

study, tulip tree canopy shows the primary cool
area. Thus, by evaluating of thermoscape, we
conclude that vegetations, especially the tulip
tree canopies have important roles to moderate
visible thermoscape oriented environment.

(2) The Changing of Spot Surface Temperature

Table 1 shows changing of surfaces tempera-
ture. In this table is also shown the change of
air temperature during observation in order to
examine the difference of temperature with those
surfaces temperature of landscape elements.

28 29 26 26 24 26
20:00 29 27.2 24.8 24.4 23.5 24.2
21:00 29 26.6 24.2 23.8 22.9 22.8
22:00 27 21.3 24.6 24.2 23.2 23.5
23:00 27 26.7 245 23.7 23.2 23.5
24:00 27 26.3 244 23.6 22.9 23
1.00 27 26.1 24.4 238 229 23.4
2:00 27 26 24 23.7 228 23.2
3:00 27 25.1 23.4 23 21.6 22.1
4:00 27 241 22.6 21.5 21.2 21.2
5:00 27 23.6 22.7 22.2 20 20.5
6:00 28 24.7 234 231 23 22.6
7:00 31 23.6 23.6 23.6 28.5 24.3
8:00 31 253 23.9 25.4 31 36
9:00 31 26.6 25.9 28.8 35.2 41.2
10:00 32 274 26.5 29 36.7 471.3
11:00 32 29.5 28.8 31.8 37.5 49.8
12:00 33 28.7 29.2 329 37 52.2
13:00 33 33.8 29.9 34.9 36.5 53.1
14:00 33 38.5 30.1 36.5 36.1 48.4
15:00 32 42.7 30.9 36 34.8 478
16:00 32 43.8 30.1 33.9 33.1 41
17:00 31 41.3 28.3 26.7 26.7 29.5
18:00 30 31.2 25.5 25.9 24.8 26.3

Tab.l The change of some spotted surfaces
temperature (°C).

Data of air temperature are noted as round
number because of the ability of ITC being in-
putted only by round number of air temperature.
While data of spot surface temperature were
noted as data with one decimal. The air tem-
perature indicates the thermal condition of ob-
servation point, and do not represent the air
thermal condition near the canopy. We need
more detailed data to explain the case.
(2.1) Building Surface Temperature

Based on Table 1, here is seen Figure 6 show-
ing the change of concrete building surface tem-
perature compared with change of air temperat
ure. It is clear that during 19 : 00 to 12 : 00
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surface temperature shows lower than air tempe
rature, but hereafter, during 13 : 00 to 18 : 00
shows conversély. 1t is caused by the situation
that west-side surface of concrete building during
19:00 to 12 : 00 could not receive solar radia-
tion direcfly falling to it, and hereafter up tu

18 : 00 it received heat from solar radiation di-

rectly causing increasing on surface temperature.
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Fig.6 Change of building surface temperature
compared with air temperature.

During 19:00 to 05:00 surface temperature
showed decreasing smoothly as air- temperature
did. It was caused of no solar radiation falling
into the surface. However during 7:00 to 12:00
surface temperature increased smoothly, because
of eventhough could not receive solar radiation
directly, but receive indirectly as diffused solar
radiation. After 12:00 it received solar radiation
directly causing increasing of surface tempera-
ture drastically. It reached peak  of temperature
at 16:00 at the value of 43.8 °C, and then de-
creased drastically until 18:00. Through the
whole day, surface temperature reached the low-
est temperature at 05:00 at the value of 23.6°C .
The highest different between air temperature
and building surface temperature occurred at
16:00 with range of 11.8°C which building sur-
face temperature was higher. :
(2.2) Surface Temperature of Tulip-tree Canopy

The changing pattern of -surface temperature
of tulip-tree canopy seemed similar with that of

Temperature (°C)

air temperature. However, it can be seen from
Figure 7, along 24 hours of observation, the

change of surface temperature of tulip-tree can-

opy is always lower than air temperature.

During the whole day, the changing was smooth.
During: 19:00 to 05:00 temperature decreased
smoothly and reached the lowest at 22.6°C, here-
after increased as air temperature did, and
reached peak at 15:00 at the value of 30.9°C.
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Fig.7 Change of surface temperature of tulip-
tree canopy compared with air temperature.

As mentioned above, during 24 hours of obser-
vation, the surface temperature of tulip-tree can-
opy was always lower than air temperature. It
indicates that the canopy of tulip trees is effec-

tive in using solar radiation to evapotranspirate

so that surface temperature does not increase in
a great number, even during solar radiation falls
directly to it’s surface. During very hot time
(12:00 - 14:00), the canopy surface temperature
showed 2.9 - 3.8°C lower than air temperature.

(2.3)

Figure 8 shows change of surface temperature

Surface Temperature of Topiary’s Canopy

of topiary’s canopy for 24 hours during obser-
vation. During 19:00 to 4:00 as air temperature
decreased, surface temperature of canopy - also
decreased, and reached the lowest temperature at
4:00 at value of 21.5°C. From here to 12:00
under diffused solar radiation the canopy surface
temperature increased to reach equal level of air
temperature. As the west-side surface directly

receiving solar radiation ,after 12:00, surface
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-temperature increased, and reach - the peak at
14:00 at the value of 36.5°C. Hereafter surface
and turn back to . the

temperature decreased
cycle.

Temperature (*C)

) L
0o Q Q0 o9o
eeceeee
DS - N O
TN YR eEROog - dR2Irenr

~——8——toplary . —{——arr um:l

Change of surface temperatﬁreof vtopiary‘
canopy compared with air temperature.

After receiving solar radiation directly from
13:00 to 16:00, topiary canopy’s surface tempera-
ture was higher than air temperatuir'e. The differ-
ence of temperature at this time was recorded 3.
5°C. The lowest temperature of topiary’s canopy
surface was 21.5°C reached at 4:00. The highest

difference of temperature between air tempera- -

ture and topiary’s canopy surface was recorded
at 7:00 at the range of 6.4°C. In this time spot-
ted surface of west-side topiary’s canopy still
could - not solar radiation directly.
However it is considered that west-side surface
of topiary increased  temperature to the level
higher than air temperature after directly receiv-
ing solar radiation.

(2.4)
Figure 9 shows the changing pattern of lawn
surface temperature for 24 hours compared with

received

Lawn Surface Temperature

air temperature. It can be seen that from 19:00

-to 5:00 surface temperature decreased smoothly,'
and at 5:00 reached the lowest temperature at
20.0°C. . During the period of 5:00 to 11:00 sur-
face  temperature increased drastically, and
reached peak at 11:00 at the value of 36.5°C..
After reaching the peak,  surface. temperature

then slow downed, and after 16:00 drastically de-
creased and back to the cycle.

Temperature (‘C)
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Fig.9 Change of lawn surface temperature
compared with air temperature.

Lawn is planted at ground level, so that it is
easier for lawn to receive solar radiation directly
from sun. This evidence can be seen from figure,
that after 5:00 surface temperature increased
drastically. Here is also considered that just
after receiving solar radiation (after 8:00),
face temperature reached to the level higher than

sur-

air temperature. However after 17 : 00 to 7 : 00

surface temperature was lower than air tempera
ture. '

At hot time, surface temperature shows up to
3.5°Chigher than air temperature. And at the
lowest point of surface temperature (at 5 : 00),
it shows 6.5°C lower then air temperature.

(5) Bare Soil Surface Temperature

Figure 10 shows change of soil surface tem-

perature compared with air temperature during

- period of observation. lt is clear that during 19 :

00 to7 : 00 the surface temperature was lower
than "air temperature, and looked like trend to
decrease. At 5:00 minimum surface temperature
occurred at the value of 20.5°C. After 5:00 to
7:00 gradually increased, and then drastically
grew ‘1ip, and reached the peak at 13:00 at value
of 53.1°C. Hereafter surface temperature slowed
down to turn the cycle. '

—92—
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Fig.lO : Change of soil surface temperature
compared with air temperature.

During 8:00 to 16:00 surface temperature
- showed higher than air temperature, and at
13:00 reached the highest difference with air
temperature at range of 20.1°C. It is also clear
that after receiving solar radiation directly from
sun, soil surface. increased temperature drasti-
cally, and soon reached to the level higher than
air temperature. '

Graphic in Figure 7 shows that the changing
of surface temperature of west-side tulip-tree
canopy was similar with the changing of air
temperature, and during observation the canopy
surface temperature was always lower. Changing
of west-side building surface temperature was
similar with the change of west-side topiary can-
opy’s surface compared with air temperature (
Figure 6 & 8). Both indicated that after directly
receiving solar radiation they increased surface
temperature to the level higher than air tempera-
ture. Changing of lawn surface temperature and
soil surface temperature were also similar in.
compared with air temperature (Figure 9 & 10).
both
showed lower than air temperature, but just
after directly receiving solar radiation, they in-
creased surface temperature drastically reaching

Before sun-shines, surface temperatures

to the level higher than air temperature.
It is identified that concrete building surface
showed hotter than tulip tree canopy’s surface

through the whole day, while tulip tree canopy’s
surface temperature showed cooler than other
vegetation (topiary and lawn) during. sun-
shines. We also see that the surfaces of lawn
and bare soil are very responsive to solar radia-
tion. It is. also identified that the west-side sur-
face of topiary’s canopy, after 12:00, is also re-
sponsive to the solar radiation falling to this
surface.

The result of study on spot surfaces’ tempera-
ture also shows in accordance with the result of
previous study (2) . However this study is not
in the effort to give evidence of studies con-
ducted before, but in order to make clear on the
result of observation setting on isocol surface
temperature. And here, thermographs printed out
based on isocol surface temperature can be used
to make decision on the evaluation of thermal
performance of landscape elements (thermoscape).
It means that thermograph, made of isocol sur-
face temperature data, is an important yield for
evaluating the thermal characteristics of sur-
faces of landscape elements which form certain
scene. For landscape architecture and ecological
landscape design, it is a good opportunity to
offer thermal performances of landscape" ele-
ments, especially those of urban open spaces in
the context of human comfort and amenity of
landscapes.

CONCLUSION
Thermograph analysis shows the detailed
judgement of the changing pattern of high and
low surface -temperature of landscape elements.
Evaluating through the sequential pattern of
thermographs makes it clear that a specific dis-

‘tribution pattern of lower temperature of can-

opy’s surfaces occupy large portion of scene in
the tested scene at mid-day. This lower tem-
perature is domain of vegetation, which the can-

- opy of tulip trees showed the lowest surface

temperature. On the other hand, the specific dis-
tribution of higher temperature was also exam-
ined. In this manner, concrete building occupied
a large portion in the scene.

This evidence suggests to urban landscape




planner and designer in arranging ideal propor-
landscape elements to meet with
comfortness of landscape. This thermal stability
of tree canopies against solar radiation in the
landscape scene, indicates that, when they are in-
troduced in. a proper
apppropriate proportion in the scene, they act as
thermal moderator of hard landscape elements
~created of concrete. The behavior of thermoscape
of concrete building surface indicates the neces-
“the building face
.direction”in order to reduce solar radiation inte
rception, -which a building acts as heated object
in the landscape.

tion of

manner or in an

sity on the consideration of
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