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Questions

- Do high reflecting concrete surfaces have the potential
to reduce the thermal heat stress and to improve the
local urban climate?

- How is the agreement between the measured and the
calculated surface temperatures and main energy
balance components above different types of sealed
surfaces?
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INTRODUCTION

Several studies showed that an increase in albedo may lead to a
reduction in air temperature (e.g. Synnefa et al.(2011); Akbari et

al. (2012))

Akbari et al (2012) showed that an albedo increase of 0.01 may
lead to a long term cooling effect of 3 x 101> K (for a 1 m?

surface)



Influence of albedo on the average temperature of a city

ATD =3.11 ALBIN

ALBIN =increase of albedo, ATD = decrease in temperature

12 4
X 4 5
z
e
7 08
]
v
:. -
R 051 0 Santamouris, 2014
:
Ly L Q)
nﬁ 0,4 | 0 d%
& -
e 0 o-
EU.E- 0 s
0,0
el Increase of the Albedo
0 o

0 it 2l Qls  Qd Qidd @ Dy 0%

Fig. 1. Correlation between the possible albedo change and the corresponding decrease of the average ambient temperature in urban areas,



Methods:
- Experimental Investigations

Measurements of albedo, radiation balance, surface and air
temperature of various sealed surfaces

- Model simulations for chosen city districs
of Vienna and for typical urban canyon

Simulations with models Envi-Met and TEB



Experimental investigations: location of
measurements
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MEASUREMENTS

Measurement campaign
(17.7.2014)
Measurements with a mobile system

- Measurements of the short wave
and longwave radiation balance
above each surface

- Measurement of the albedo of each},f,,_.:."' o
surface T

- Measurement of surface



Routine measurements
Measurement period: 18. July 2014 - 10. October 2014
- of incident shortwave and longwave radiation

of reflected shortwave radiation and emitted longwave above
each surface

- of temperature of the 6 surfaces with thermal IR sensors and with
thermoelements

- of the air temperature in 10 cm height above each surface
- of air temperature and humidity in 2 m height at one point
- of wind speed and direction

- of vertical ground temperature profile



Modelling

Modelling of urban energy balance and of meteorological
components using

- the micro scale urban energy balance model Envi Met
(http://www.envi-met.com)

and

- the topo scale urban town energy balance (TEB) model
(Masson, 2000)
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Measurement of incident and reflected shortwave (SW)
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ALBEDO of the 6 surfaces
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Surface Albedo Measurement
uncertainty
Concrete 1 0.5668 0.0123
Conv. concrete [0.4298 0.0073
Asphalt 1 0.1186 0.0032
Asphalt 2 0.1257 0.0018
Concrete 2 0.4655 0.0018
Concrete 3 0.4841 0.0013




Thermal IR Measurement
17. July 2014 11:46 MET
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temperature using IR sensors
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Measurements on 17.7.2014:

sunny, 2/8 cloud fraction.

Surface Albedo Surface Temp.
Concrete 1 0.5668 27° £1°C
Conv. Beton 0.4298 34° £ 1°C
Asphalt 1 0.1186 42° +1°C
Asphalt 2 0.1257 40° £ 1°C
Concrete 2 0.4655 30° + 1°C
Concrete 3 0.4841 29° + 1°C




Comparison longwave measured and calculated

Surface Longwave Longwave g required to get
measured (mean | calculated with a fit
over 15 minutes) | Stefan Boltzman
law

e =1
Using mean of
measured surface

temperature
Concrete 1 with high 462 W/m? 471 W/m? 0.98 (£ 0.007)
reflection
Concrete 2 with high 503 W/m? 508 W/m? 0.99 (x 0.008)
reflection
Asphalt 1 518 W/m?2 545 W/m? 0.95 (x 0.018)

Asphalt 2 528 W/m? 539 W/m? 0.98 (x 0.02)



Surface Albedo Surface Emissivity Specific  heat
temperature capacity
[°C] [J/(kg.K])

Asphalt 1 0.12 40 +1°C 0.95 #0.02 901

Asphalt 2 0.13 42+1°C 0.98 #0.02 901

Conventional (0.43 34 +1°C 0.99 #0.02 721

concrete

High reflecting|0.57 27 +£1°C 0.99 #£0.02 891

concrete 1

High reflecting|0.47 30 £1°C 0.99 #0.02 891

concrete 2

High reflecting|0.48 29 +#1°C 0.99 #0.02 891

concrete 3
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Simulations with the urban
Energy balance model Envi-Met
(3.99 Beta version) (Bruse et al)

A) Simulations for the test area



Input parameters of EnviMet

Global radiation measured (fit obtained with EnviMet)
Longwave radiation EnviMet Algorithm
Albedo Measured (input of EnviMet)
Specific heat capacity (Input of EnviMet)
of surfaces assumption according to lit.

IS going to be measured
Emission constant measured (Input EnviMet)
of surfaces
Wind measured in 2 m (Input of EnviMet )
alr temperature and measured

humidity (forcing of model possible)
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Comparison of measured (Meas) and simulated (Sim) surface
Temperature 20. July 2014
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Surface temperature

1,02 - =0.56
1,015
é 1,01 f’\\v(
©
£1,005 /
' y
D
= 1 —cpg 2 instead of 1.8
3 —ipsilon 0.98 instead of 0.9
(¢D)
E 0’995 —\Wind 0.5 instead of 3
o m/s
g 0,99
0,985
0,98 e e e H8Y N8RS 8E 8 SNERS
Time

cpg = specific heat capacity in K/(J.kg); epsilon = emission constant



B) Simulations for chosen city districts:
Simulation of the effects of changing albedo
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Surface temperature at noon
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Potential temperature in 1.6 m height at
noon
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Mean radiant temperature in 1.6 m height
at noon
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Simulations to find solutions for reducing thermal
stress on humans

(very first results)
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Simulations for street canyons



N-S oriented street covered with high reflecting concrete
(A=0.56)

wall between street
and pavement

Width of street Buildings
4m 10 m high
Width of

pavement 2m

Pavement (asphalt)



Simulations for street canyons
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Mean radiant temperature(MRT) in1m height as a function of street

surface
Middle of street canyon
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Mean radiant temperature above pavement on the left side of the street.
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Pavement for all simulations=
asphalt
Albedo (A) asphalt =0.11

hedge: street = concrete(A =0.56) hedge between street and pavement,
wall: street = concrete(A =0.56) wall between street and pavement,
nothing: street = concrete(A =0.56) nothing between street and pavement
whole street asphalt : pavement + street = asphalt



Mean radiant temperature above pavement on the right side of the street.
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hedge: street = concrete(A =0.56) hedge between street and pavement,

wall: street = concrete(A =0.56) wall between street and pavement,

nothing: street = concrete(A =0.56) nothing between street and pavement

whole street asphalt : pavement + street = asphalt



Comparison Envi-Met with TEB
Preliminary results



Comparison of mean radiant temperature calculated using TEB and
surface with albedo (A) = 0.56 with Envimet simulations at center of
street for asphalt (A=0.11) and concrete (A=0.56) surface
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Conclusions (1)

Agreement between measurements of surface temp. and EnviMet
simulations within 3°C

Difference of surface temperature between surfaces is well
reproduced (more analysis is going to be done!!)

Higher albedo leads to a reduction of the surface temperature at
noon of up to 15 °C and probably to a reduction of air temperature

Increased reflected shortwave radiation leads to higher

mean radiant temperature (by up to 5°C) and to increased
thermal stress



Conclusion (2)

- First results seem to indicate that as soon as surface of pavement is
asphalt pedestrians may be protected from the thermal stress due to the
higher reflection from the street. More simulations for height of 1.5 -2 m
need however to be made

- First comparison between Envi Met and TEB show a reasonable agree-
ment. More analysis will be made.



Conclusion (3) Remarks
Our study confirms previous results

- The reduction of surface temperature (micro scale) caused by
an increase in albedo e.g. Synnefa et al.(2011)

- The influence of albedo which leads to an increase in mean
radiant temperature and heat stress (e.g.Lee et al., 2014; Hui L1,
2012)



Conclusion (4)

Further remarks

European and US cities have albedo around 0.15 to 0.2
(Taha, 1997)

Sealed surfaces cover around 29 to 44% of the area of
cities. (Akbari and Rose, 2008)

On the assumption that 20% of the urban areas are street
(not including the pedestrian footpath) and

assuming and average albedo of streets of 0.3,
Introducing high reflectance street surface with albedo of
0.5 => average albedo of city would increase from 0.2 to
0.25



Thank you for your
attention!!



