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EFFECTS OF ROADSIDE TREESON THE THERMAL
ENVIRONMENT WITHINA STREET CANYON
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Abgtract:  In this paper, the micro-climate and the sensible heat flux in a street with thick tree
crowns was investigated from a series of observations during summer. The difference of ar
temperature is negligible throughout the day compared to a pardle street without tree crowns.
However, for the radiation field, there is a clear shidding effect for solar radiation and downward
long wave radiation, consequently the road surface temperature will differ. The sensible heat flux
at three meters height above the road surface was measured by scintillation method. The heat flux
in the street with tree crowns was Smilar to that without tree crowns, dthough there was a large
difference in road surface temperature between them. The estimated exhaust heat was extremely
large and the measured hest flux was dominated by this artificid heat flux. Such alarge exhaust
heet could partly be explained by the parked vehicles in both sides of the roadway which would
keep the air conditioning running.
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1. Introduction

The annua average ar temperature in Tokyo has risen 3 degrees Celsus during the last
hundred years. Its rate is five times larger than that of globa warming. The mitigating effect of
green spaces in urban area has been expected to be comparable to that of water surfaces. In Japan,
its cooling effect in hot and humid summer is especidly important and it is consdered as an
important method available for city planning (Hamada and Mikami 1994, Hagishima et al. 2004,
Narita et al. 2004, Sugawara et al. 2006, Hagishima et al. 2007). However, in built-up aress in
Tokyo, it is difficult to find new space to create green aress like urban parks. A paved road surface
iIsamgor heat source during daytime in urban aress. Stored hegt in paved materias is released
after sunset, and it aso contributes largdly to the heat idand phenomenain nighttime. Therefore, to
plant roadside trees and to cover the road surface with tree crowns is an effective way to decrease
the sensble heat flux from the ground surface and to create a more comfortable therma
environment for the pedestrians (Sakaida.and Suzuki 1994, Hatayaet al. 2007).

In this paper, results are shown from micro-climatological observations performed dong a
dreet with thick tree crowns, "Nakasugi Avenue’, during summer. “Nakasugi Ave.” (here after
“G-dreet”) is located in Suginami Ward in Metropolitan Tokyo. It is dmogt draight in a
north-south direction and tall zelkovatrees are planted on both sides of street. These roadside trees
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creste a“green tunnd” aong the street in summer. They are deciduous trees, o in winter time the
sun light reaches the street surface. To identify the therma effects of these trees, measurements
were dso made dong another dreet, pardld to the “G-dreet”. This reference dreet is
“Koenji-ekimae Avenue’ (here after “non-G-stregt”) which has amost the same dimensionsand is
located about 1 km east of “G-street”. It has only got a few smdl trees dong the street and there
are no congpicuous shaded aress by the tree crowns on the road surface (Fig. 1). The
measurements were made during two days, September 17 and 18 in 2003.
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Fig.1 Map of observation areaand route of moving observation.

2. Measurement M ethods

2.1 Sationary Observations

The downward shortwave and longwave radiations were measured with pyranometer and
infrared radiometer a a stationary point in both streets. A three-cup anemometer and an Assmann's
aspiration psychrometer were aso set up a 2 m height for the measurement of mean wind speed,
ar temperature and humidity. To evaluate the sensible heet flux from the road surface directly, the
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scintillometers were set across the street diagondly, near the stationary points. The transmitter and
the recelver were set on the boundary between the roadway and the sdewalk. The laser beam
height was 3.1 m above the ground and path length was 93 m in “G-gtreet” and 75 m in
“non-G-greet”.

2.2 Moving Observations

The radiation under the tree crowns was not spatialy uniform, and the scintillation method
esimated the sengble heat flux as a weighted average dong the laser path. Therefore, it was
desirable to measure the heat flux difference between the Streets as a spatialy averaged vaue. So a
pyranometer and an infrared radiometer were mounted on the rooftop of a vehicle, and moving
observations were performed aong the route including both target streets. In addition, an infrared
thermometer was set at an inclined pogtion at the front edge of the hood to monitor the road
surface, and a thermistor thermometer and a capacitive humidity sensor were indaled into a
naturally ventilated radiation shield, mounted &t the front edge of a protruding pole & the roof top
level. The time required to perform each moving observation was 24 - 40 minutes in daytime and
17 - 19 minutesin nighttime. Theinterval of observation was one hour in daytime, and three hours
in nighttime. The data sampling frequency was 1 Hz.

3. Resultsand Discussion

3.1 Comparison of the Microclimate within the Sireet Canyons

Figure 2 shows the variation of short wave radiation (Si ) and long wave radiation (Lt ) in
both streets. These plots were caculated from moving observation data. Based on the time records
for severd passng points dong the measuring route, the data was picked up while driving the
vehicle dong the target street, and then an average was caculated for these data sets. Sometimes
these included data registered during traffic lights stops within the target street. The downward
short wave radiation over the street with tree crowns was about one-third of that without tree
crownsin midday. It clearly shows the effect of shielding the solar radiation by the * green tunnel”.
On the contrary, the downward long wave radiation under the tree crowns was about 20 — 30
Wm? larger than that without tree crowns throughout the day.
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Fig.2 Timevarigionsof the downward short and long wave radiation in both Streets.
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The comparison of ar temperature and humidity is shown in Fig. 3 and Fig. 4. The air
temperature difference is smaller than expected; it is & most 0.7 degrees. As for the absolute
humidity, the variation in both streets was quite similar; the difference was amost negligible.
There are a few reports which imply that the increase of humidity in dense green areas has an

adverse influence on human comfort. In this case, however, there is no evidence for such a

negetive effect by the tree crowns. Another possible negative factor of roadsde trees for thermal
sensation is to wesken the wind speed a pededtrian level. Although there was only data a
dationary points, the wind speed difference between them was not so large (Fig. 5). It is partly
because the observations were limited to rather calm condition.
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Fig.3 Timevariation of the air temperature in both streets.
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Fig.4 Timevariation of the relative and absolute humidity in both sreets.
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Figure 6 shows the comparison of temperature differences between road surface and the air a
pedestrian leve in both streets. Because of the shading effect of the tree crowns, the area-averaged
road surface temperature in “G-greet” was about 8 degrees lower than that in “non-G-gret” in
midday. During the night, however, the road surface temperature under the tree crowns was one or
one and a half degrees higher than that without tree crowns. Thisis because the radiative cooling
was diminished by the tree crowns in “G-dreet”. In both Streets, these temperature differences
were always positive, it means that the road surface was a heat source for the air in the street
canyon even under the tree crowns.
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Fig.6 Temperature difference between road surface and air in both sreets.

3.2 Sensble Heat Flux within the Sreet Canyons

Sensible heat flux in both streets was estimated with two different methods; one a bulk method
and the other a cintillation method. In the bulk method, sensible heat flux (H) [W m? is
expressed asfollows:

H=c,pC,(T,-T,) @

where ¢, isspecific heat of ar at constant pressure [Jkg*K™], p isdensity of air [kgm®], C, is
bulk transfer coefficient, T, and T, ae surface and ar temperaure [K]. Here, the
spatially-averaged vaue of the temperature difference shown in Fig. 6 was used. As for the bulk
transfer coefficient, the following experimental formula by Fukumoto and Hirota (1994) was used:

C,, =0.0027+0.0031J . @

Here, U, isthewind speed a 0.6 m height above the ground [m s™]. Assuming a logarithmic
wind profile, U, was calculated from the wind speed a 2 m above the ground U, [m s a
the stationary observation points.

u., 0.6
Uo.ezrlnz ®
L kU,
© In2/z,) @

where u, is the friction velocity [m s%], k is the von Karman's congtant and z, is the
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roughness length [m], here assumed to be 10* m.

In the bulk method, sensible heat flux only from the road surface was evauated, o0
anthropogenic exhaust heat from the traffic was not taken into account. On the contrary, dl
sensible heat flux at the laser path leve, including the exhaust heet, was detected when using the
scintillation method (Fig.7).
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Fig. 7 Difference of the sensible heat flux for each evaduation method.
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Fig.8 Sensible hest flux for each evaluation method and the difference between them.
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Fig.9 Comparison of the estimated exhaust hest flux in both streets.

Figure 8 showsthe sensible heat flux estimated by both scintillation and bulk methods. In these
figures, the hest flux difference between the two methods, which is considered to be exhaust hest
from traffic, is dso illustrated. The peek of the scintillation method appeared at noon, and it
amounts to 180 W m? As for the street with tree crowns, the heat flux measured by the
scintillation method was not as smal as expected. The pesk vaue in the G-dreet is dmogt the
same as that in the non-G-gireet. Concerning the heat flux estimated by the bulk method, it was
quite low, even in the non-G-street. The pesk value was 50 W m™ for the non-G-street, and 20 W
m? for the G-street. Such a small heat flux was partly due to the weskness of the wind speeds
measured at the Sdewak at the stationary points. Over the road, the traffic produces turbulence. It
means that the calculated bulk transfer coefficient C, in equation (2) was underestimated
compared to the red Situation near the road surface.

Consequently, the exhaust heat flux estimated as the difference between the scintillation
method and the bulk method was remarkably high in both streets (Fig. 9), particularly in the
G-street. The pesk in the G-street exceeded 150 W mi in midday, and it contributed to most of the
heat flux at the Scintillometer level. One possible reason why the exhaust heat was larger in
G-dreet was the exigtence of parked vehicles aong the roadside. In this hot season, many drivers
have short rests in shaded lots, so the number of parked vehicles was significantly different from
the non-G-dtreet. In addition, these vehicles did not run air conditioning whileidling.

According to some experiments, the fuel consumption during such idling is about 65 m// 5
min for a2- ¢ displacement car. Asthe cdorific value of gasis34.6 MJ// , the heet rlease from a
car is estimated to about 7500 W. A car occupies an areaof about 7.5 m” and therefore the exhaust
heet flux from the area occupied by parked vehicles amounts to approximately 1000 Wm2.
Supposing 10% of the road surface is occupied by parking vehicles, the area averaged exhaust
heet flux amounts to 100 W m®. Adding this to the exhaust hest from the passing traffic, the
caculated value for the G-street is not so improbable.

4. Conclusons

In this paper, the micro-climate and the sensible heat flux in a street with thick tree crowns was
investigated from a series of observations during summer. Though roadside trees were expected to
have an important mitigating effect on the heat idand, the difference of ar temperature was
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negligible throughout the day compared to a parald street without tree crowns. Also, theincresse
of humidity and the decrease of wind speed were not discernible. As for the radiation fied, there
was a clear shidding effect for solar radiation and downward long wave radiation, consequently
the road surface temperature was reduced. That means that the main reason to fed comfortable
under the tree crownsis not the air temperature but the radiation effects.

The sensible heet flux three meters above the road surface was measured by the scintillation
method. The heat flux in the street with tree crowns was quite similar to that without tree crowns,
athough there were large differences in road surface temperature between them. To separate the
anthropogenic exhaust heat from the heat flux measured at three meters, the heat flux from the
road surface was calculated using the bulk method. The estimated exhaust heat was extremely
large and the heat flux at three meters was mainly occupied by thisartificia heet flux. Such alarge
exhaust heat could partly be explained by the parked vehicles on both sides of the road, which
were running their air conditioning whileidling.

For future condderations, there are still some problems in the estimation of the sensible heet
flux. One is whether the scintillation method can be applied to measurements within the urban
canyon without any adjustment. Another is how to determine the road surface transfer coefficient
including the traffic induced turbulence. Also the heat flux above the tree crowns has to be
clarified in order to evauate its effects as a countermesasure to the heet idand.
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