
I

A
a

o
b

a

A
R
R
A

K
U
U
M
C

1

t
p
e
t
s
w

b
t
a
t
r
i
t
o

(

0
h

Energy and Buildings 64 (2013) 1–9

Contents lists available at SciVerse ScienceDirect

Energy and Buildings

journa l homepage: www.e lsev ier .com/ locate /enbui ld

nvestigation of urban microclimate parameters in an urban center

. Dimoudia,∗, A. Kantziouraa,1, S. Zorasa,1, C. Pallasb,2, P. Kosmopoulosa,1

Laboratory of Environmental and Energy Efficient Design of Buildings and Settlements, Department of Environmental Engineering, Democritus University
f Thrace, Greece
Department of Technical Services, Serres Municipality, Greece

r t i c l e i n f o

rticle history:
eceived 21 September 2012
eceived in revised form 2 April 2013
ccepted 25 April 2013

eywords:
rban microclimate
rban canyon
icroclimate parameters

a b s t r a c t

The local climate of an urban area can be greatly affected by the urban thermo-physical and geometri-
cal characteristics, anthropogenic activities and heat sources present in the area. A growing interest in
microclimate issues has been raised as they represent important factors in achieving energy conservation
and sustainability inside the cities, where a big amount of the population lives.

This paper presents the analysis of microclimatic conditions in urban street canyons in a city of North-
ern Greece, Serres. A number of field measurements were carried out during summer 2011 aiming at
investigation of the microclimate parameters that affect thermal conditions in the city’s streets. The
present study focused on the experimental investigation of wind characteristics (speed and direction)
ooling degree hours and thermal profile (air temperature distribution) of an area consisted by several building blocks in the
city center.

The data analysis concentrated at the differences that were observed inside the canyons, along dif-
ferent streets and the comparison between the microclimatic parameters in the urban center and the
suburban area. Estimation of the cooling degree days for the area shows the increased energy needs of

s dur
the surrounding building

. Introduction

The local climate of an urban area can be greatly affected by
he urban thermo-physical and geometrical characteristics, anthro-
ogenic activities and heat sources present in the area. The urban
nvironment modifies micro-climate in numerous ways [1]. So,
here is a growing interest in microclimate issues as they repre-
ent important factors in achieving sustainability inside the cities,
here a big amount of the population lives.

The urban growth has caused significant changes in the radiant
alance of the urban space, the convective heat exchange between
he ground and the buildings, the air flowing above the urban area
nd the heat generation within the city. The main consequence of
hese effects is the difference of air temperature between urban and
ural areas [2]. This called urban heat island (UHI) phenomenon, it
s responsible for 1–6 ◦C higher air temperatures in the city cen-

er than the surrounding suburban and rural areas and is the most
bvious climatic manifestation of urbanization [1].
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The phenomenon is present in many cities around the world
[2–5]. The urban microclimate is mainly influenced by increased
building density with the canyon geometry, the use of materi-
als with inappropriate optical and thermal properties, the lack of
green spaces, increased anthropogenic heat and increased air pol-
lution [6,7]. So, the main differences between the urban and rural
microclimatic conditions that affect human comfort result from
differences in air temperatures and wind speeds [8].

UHI elevated temperatures, particularly in summer, can affect
the city’s environment and quality of life. They can cause health
problems and heat islands can lead to worsened air quality because
of accelerating rate production of photochemical ozone in high
temperature and increasing emission of ozone precursors [9]. UHI’s
are also an energy efficiency concern, because increased urban
temperatures also increase energy consumption, especially dur-
ing the summer period, peak energy demands and energy prices,
whilst also increasing considerably the ecological footprint of cities
[2,10–12].

In order to limit the effect of heat islands and improve microcli-
mate conditions various mitigation techniques have been proposed
involving the use of highly reflective materials, use of cool sinks and
increased plantation [1,13]. Trees and green areas have a large effect

at moderating the microclimate and also contribute at cooling the
cities [14,15] as evapotranspiration from vegetation foliage reduces
air temperature and increases humidity [16]. Vegetated areas are
known to be comparatively cooler during daytime than most other
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The first campaign included continuous measurement of micro-
climatic parameters and specifically the air temperature (T), the
relative humidity (RH), the wind speed (WS) and the wind direction
(WD). The mini weather stations for monitoring the air temperature

Table 1
Meteorological data for Serres, 1971–2004.

June July August

Absolute (maximum) air temperature (◦C)
Average 36.0 37.7 36.7
Maximum 39.4 43.8 42.0
Minimum 32.5 34.6 31.7
Average maximum air temperature (◦C)
Average 30.2 32.4 31.8
Maximum 32.2 35.6 35.5
Minimum 26.7 30.0 27.8
Average air temperature (◦C)
Average 24.5 26.6 25.7
Maximum 26.4 29.4 28.7
Minimum 21.8 24.6 22.1
Relative humidity (%)
Average 54.7 52.0 55.0
Maximum 64.4 62.0 65.0
Minimum 42.6 39.1 41.8
Fig. 1. View of the selected study area.

rban elements [17]. Mitigating the heat islands effect is therefore
 key element to achieving sustainability in a city and it can be done
y improving the urban microclimate [2].

The urban microclimate and measurement of the city’s heat
sland can be investigated by different approaches, like by fixed

onitoring stations, by mobile measurements, inside and out-
ide the urban areas, by remote sensing. In order to research the
arameters that influence the urban microclimate, measurements
t ground level and/or different heights around buildings and city’s
locks, scale models and simulation work can be employed [18].

The aim of the current study was the investigation of microcli-
atic conditions in a densely constructed urban complex consisting

f different building blocks in the center of a medium size city and
ocument the UHI. The investigation took place in a city at the
orthern Greece, which is considered as one of the warmest cities
uring the summer period in Northern Greece. The parameters
hat were examined was air temperature, wind characteristics, as
hese characteristics are affected by the canyon geometry, orienta-
ion, weather conditions and thermal properties of the constructive

aterials.

. Methodology

.1. Site description

The investigation was conducted at the Serres city, located at
1◦05′N and 23◦33′E, in Northern Greece in an altitude of about
1 m above the sea level. The study area is located in the central
art of the city which is characterized by a densely urban structure
Fig. 1). The site considered has about 14 building blocks and 10
treets. The buildings are characterized by 4–5 floors height and
re built in the decade of 1970s (Fig. 2). The ground floor of the
uildings in the blocks is for commercial use (shops), while the rest
f the floors are residences. Each floor is about 3 m and the ground
oor is 5 m high. The ratio Height of the buildings to Width of the
oad in the urban canyon is H/W = 1.4 in average. The majority of
alls’ faç ade is beige in color and about 35% of them are covered

y windows.
The selected site corresponds to a typical geometric config-

ration of the urban streets in the center of the city (Fig. 2).
he buildings bound roads of 8 m width, with about 2 m width
idewalks on both sides – 1.5 m in one street. The streets are cov-
red by asphalt with pavements on both sides, covered mainly by

ight color, conventional pavement (concrete) tiles. Car parking is
llowed on both sides of the streets.

In the densely built study region there are only three restricted
pen spaces (a small green area in a crossway road, a park and a
Fig. 2. Urban geometry and streets’ configuration of the study area.

playground area), which are covered by green, soil and tiles. These
areas could be to reclaim so as to configure better microclimatic
conditions inside the urban canyons. There is also a church and a
small school building with a lower height than the other blocks,
and a yard around.

Analysis of the climatic data for a period of 30 years (1973–2004)
from the cities in Northern Greece documents that the city of Serres
is characterized by the highest air temperatures in summer period
in Northern Greece. The city presents intense heat problem during
summer with thermal episodes of high air temperature that exceed
the 40 ◦C (Table 1).

2.2. Description of monitoring campaign

A number of experimental procedures were organized in the
study area. The field surveys involved detailed microclimatic mon-
itoring by two  different monitoring campaigns, one with a fixed
measurements net and one with a set of portable equipment.
Wind speed (m/s)
Average 2.1 1.9 1.6
Maximum 5.0 4.7 4.0
Minimum 0.4 0.3 0.4



A. Dimoudi et al. / Energy and Buildings 64 (2013) 1–9 3

a
(
e
i
p
t
p
t
c
fi

w
d

s

T
T

Fig. 3. View of the selected stations of fixed measurements.

nd relative humidity were placed in 6 fixed measurements points
MP) in the study area (Fig. 3). The location of the monitoring
quipment took into account the geometric and the morpholog-
cal characteristics of the region. Two of the weather stations were
laced along the same road (A Street, 1MP, 2MP), one in the ver-
ical direction road (C Street, 3MP) and the other three along the
arallel road to the first (B Street, 4MP, 5MP, 6MP). In this aforemen-
ioned road (B Street), one station was at the beginning of the street
anyon, one at the middle and one at the end near to a crossway of
ve roads and a small green roundabout (Fig. 3).

The fixed weather stations for air temperature and humidity

ere placed at about 4.5 m height and recorded the microclimatic
ata every 5 min.

The sensor for recording wind speed and direction was an ultra-
onic wind sensor of 2-axis, with low start speed in 0.01 m/s. This

able 2
echnical characteristics of measurement instruments.

Temperature/relative humidity HOBO Pro V2 Temp/RH dat
Temperature range/accurac
RH measurement range/acc
Outdoor temperature sens
Temperature range/accurac
Data  logger 

Wind  speed/wind direction WindSonic ultrasonic win

Wind direction range 

Operating temperature 

Wind speed range/accuracy
Resolution/response time 

Threshold 

Photo-radiometer Delta OHM 2102.2 photo-r
Operating temperature 

Storage temperature 
Fig. 4. The portable weather station.

sensor is suitable for measuring wind speed in densely urban cen-
ters, where the wind speed can be extremely low due to urban
configuration and geometry. During the measuring period, the sen-
sor was  firstly placed for 6 days at the fourth measurement point
(4th MP,  B Street) and for the rest period at the first point (1st MP,
A Street). It recorded data every 10 min.

In order to evaluate the microclimatic conditions within the
urban street, a series of measurements were collected by a portable
weather station (Fig. 4). Table 2 describes the technical characteris-
tics of all measurement instruments. The portable station recorded
at 1.8 m height the air temperature, the relative humidity, the
wind speed and wind direction and solar radiation. This height was
selected as representative of the conditions prevailing at pedes-
trian’s level and additionally measurements are not affected by
activities at pedestrian level (walking, cars’ movement).

The experimental procedures with the portable weather station
were carried out during the midday hours from 13:00 to 16:00 at

hot summer days. The measurements took place at the six mea-
surements points, in both sides of the road, as the microclimatic
parameters, such as shadowing, are influenced by the street’s ori-
entation and the urban geometry.

a logger
y −40 ◦C to 70 ◦C/±0.2 ◦C over 0◦ to 50 ◦C
uracy 0–100% RH/±2.5% from 10% to 90%
or
ay From −50 ◦C to +90 ◦C/±0.15 ◦C

Stylitis 10

d sensor
2-Axis ultrasonic wind sensor
0–359◦

−35 ◦C to +70 ◦C
 0–60 m/s  (116 knots)/±2% @12  m/s

0.01 m/s  (0.02 knots)/0.25 s
0.01 m/s

adiometer
−5◦ C to +50◦ C
−25◦ C to +65◦ C
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Table 3
Summary of microclimatic variables for the surveys.

Microclimatic variables

Wind speed WS
Air temperature Tair

DT measurement point MP
Wind direction WD
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Table 4
Wind flow characteristics in two streets, in study area.

Main WD More intensive wind Max

WD WS (m/s) WD WS  (m/s)
Temperature difference DT
Greater Serres area GSA

Also, data from the nearest suburban meteorological station of
he Hellenic National Meteorological Service were used to compare
he climatic condition of Greater Serres Area (GSA) and microcli-

atic condition of the study area. The meteorological station is
ocated in South-East suburban area of the city, in a not densely
opulated area.

The experiments that are presented in this paper were per-
ormed in the period of 27 July to 24 August 2011. High
emperatures were prevailed during this summer period.

. Results and discussion

A discussion is initially presented focusing on the microclimatic
arameters of wind characteristics and air temperature, inside the
rban canyons in the city’s center. The microclimatic data recorded

n the study area are also presented along with the meteorological
ata of the GSA for investigating the correlation and the interaction
etween them (Table 3).

The discussion focuses on analysis of thermal behavior inside
he streets, the comparison between the microclimatic parameters
f the urban center and suburban area.

.1. Analysis of the air flow

The main direction of the air flow in the A Street is East
E) and South (S) with incidence amount of 28.5% and 27.9% of

he monitored period, respectively. The more intensive wind has
outh-West direction (SW) with average wind speed of 0.7 m/s.
t follows the South (S) direction winds with average wind speed
.58 m/s, which are also the second appeared main direction winds

Fig. 5. Average wind speed for each w
A Street E (28.5%) SW 0.7 SW 1.5
B  Street SW (35.6%) NE 0.5 NE 1.5

in the street (Fig. 5). The maximum wind speed that recorded during
the experimental period was  1.5 m/s  for SW direction.

In the B Street, the main direction of the air flow is South-West
(SW), for the 35.6% of the monitored period. The more intensive
winds have North-East (NE) direction with average wind speed
0.5 m/s  and the South-West (SW) and West (W)  with average wind
speed 0.45 m/s  (Fig. 5). The maximum wind speed was 1.5 m/s,
North-East direction (Table 4).

In the A Street, the wind speed was  increasing from the 9:00 to
12:00 h, during the measurement period. At 12:00 the average wind
speed was  about 0.6 m/s. For the next 5 h the wind speed had high
values and the highest average wind speed was  0.7 m/s  at 15:00.
During the afternoon time, the wind speed was  decreasing (Fig. 6).

In the B Street, the wind speed was  increasing until 14:00 h,
where it was observed the higher wind speed (0.6 m/s) com-
pared to the morning hours. In the afternoon, the wind speed was
decreasing.

3.2. Wind characteristics at the urban canyon

For the comparative analysis of the anemological characteris-
tics of the studied area, the data from the portable weather station
which was  recording data at a height of 1.8 m,  from the fixed wind
sensors at a height of 4.5 m and from the meteorological station
which was  recording the meteorological conditions for the Greater
Serres Area (GSA) were used. The analysis of data is referred at
13:00 and 16:00 h and on the days that measurements by the
portable weather station were conducted.

The research aimed at investigating the differences on air flow

between the densely populated urban area and the suburban of the
city. Also, the wind speed differences according to different heights
and the time of the day is analyzed.

ind direction in the two streets.
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Fig. 6. Hourly average wind speed for the two streets.

It is observed that the wind speed in GSA is higher than the wind
peed (WS) inside the street canyon when the A Street is examined
Fig. 7). Also, as regards the wind speed in the study area, the speed

t the pedestrian level (1.8 m)  is higher than the speed at 4.5 m.
o, it is conducted that WSGSA > WS1.8m > WS4.5m. The maximum
ind speed was recorded during the afternoon (about 16:00 h) in

Fig. 7. Average hourly wind speed in the 1st 
Buildings 64 (2013) 1–9 5

all of three weather stations, regardless of the height of the weather
station. Specifically, when the wind speed in the meteorological
station GSA was 3.08 m/s  (14.08.11, 15:52), the wind speed at the
pedestrian’s level was  0.73 m/s  and at 4.5 m was 0.61 m/s.

The wind speed in the GSA is higher than inside the B Street,
too. The wind speed inside the canyon is not differentiated with
the height. So, the speed is about the same in 1.8 and 4.5 m above
the ground (Fig. 8).

So, the wind speed inside the streets in the urban center is lower
than the wind speed in the suburban area. From the recorded data, it
is observed that the wind speed in the urban canyons on pedestrian
level and on 4.5 m is about the 1/3–1/4 of the wind speed of the GSA.

3.3. Air temperature distribution

In order to investigate the mechanisms that determine the dis-
tribution of air temperature inside the street canyons in the city and
the temperature differences between the urban center and the sub-
urban area, air temperature measurements were performed inside
the canyons. The air temperature distribution was  analyzed in order
to investigate the impact of the urban structure on microclimate.

In the study area, six fixed weather station for measuring the
air temperature on 4.5 m height were placed, at intervals of 5 min.
The portable station recording the air temperature on 1.8 m,  in the
six MP,  in both sides of the road, specific days, at midday hours
between 13:00 and 16:00 h. The ambient air temperature of the
GSA was  taken by the nearest suburban meteorological station of
the Hellenic National Meteorological Service. This data referred in
Fig. 9 presents the daily fluctuation of the average air tem-
perature for all days that measurements took place. Each curve
corresponds at a fixed station and shows the daily fluctuation of

MP,  in different measurement heights.
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Fig. 8. Average hourly wind speed in th

he air temperature, every 5 min. The curve named GSA shows the
emperature fluctuation for the greater area of the city, based on
very 3 h data.

The maximum air temperature of GSA in the suburban area is

bserved at 12:00 a.m., while for the stations inside the urban cen-
er between 15:00 and 16:00 h, 3–4 h later than in the suburban
rea. The air temperature in GSA is decreasing after mid-day (12:00)
ntil 3:00 in the morning of next day when it starts increasing.

Fig. 9. Daily fluctuation of air temperature for the six MP
 MP,  in different measurement heights.

The temperature in the study urban area remains higher than GSA
for more hours, because of the later appearance of the maximum
temperature. At 15:00 p.m. the air temperature between the city’s
center and suburban is about the same, while at the next hours

until 5:30 in the morning, the temperature is higher inside the
streets.

The air temperature in the city is about 5.0–5.5 ◦C higher
than the suburban area during the afternoon and night (between

 inside the urban streets and GSA in the suburban.
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Fig. 10. Fluctuation of air temperatur

:00 p.m. and 6:00 a.m.), while at the morning and early afternoon
6:00 p.m. to 3:00 p.m.) it is lower by up to about 7.0 ◦C.

Thus, the air temperature in the study area is maintained higher
or longer time during the day. The high temperatures and the low
ind speeds conditions inside the urban canyons of the study area

esult at unsatisfactory cooling and lack of ventilation potential
f the streets. Also, the surfaces and the coating materials of the
rban area absorb heat and remain thermally charged until late
t afternoon, emitting larger amounts of heat to the environment
or longer time periods. This contributes to further increase of air
emperature, affects the urban microclimate of the area, encour-
ges the development of urban heat island effect, and results at
nsatisfactory thermal comfort conditions in outdoors spaces.

Comparison of air temperatures between measurement points
nside the urban canyon and one measurement point which is
ocated in an open area in a crossway of five roads with a green
slet in the middle (6th MP). In Fig. 10, the difference of the 6th MP
rom each other MP,  in daily basis can be obtained.

From the analysis of the data, the conclusion that is extracted is
hat the temperature inside the streets is higher than in the open

rea (6th MP). Exception is some time intervals, mainly during the
orning hours were observed. These intervals were at 8:50–14:25

or the 1st MP,  at 8:45–11:55 and 23:20–0:20 for the 2nd MP and
t 9:25–10:30, 17:00–20:15 and 23:15–00:30 for the 3rd MP.

Fig. 11. Daily sum of degree hours for each 
rence between each MP and 6th MP.

The temperature inside the streets is up to 0.8 ◦C higher during
the morning and up to 1.0 ◦C higher during midday while during
the afternoon and evening (17:00–0:00) the difference is less than
0.40 K. This is an interesting observation, noted that the measure-
ment points are near to the 6th MP  at the same neighborhood.
Especially the 4th MP and the 5th MP  are along the same road but
inside the urban canyon while the 6th MP  is in a crossway.

3.4. Estimation of the cooling degree hours in the study urban
area

In the analysis below (Table 5) the cooling degree hours (DH) are
estimated. The temperature base for the degree hours estimation
was considered to be 26 ◦C for the summer period. The reference
temperature of 26 ◦C has been chosen according to the prevailing
climatic condition in Greece and thermal comfort conditions [19].

For the period 27/7–24/8, for each of the six measurement
points, the number of hourly temperatures which are higher than
26 ◦C was  estimated. Also, the percentages of degree hours which
are higher of 26 ◦C are presented. It is observed that these percent-

ages are above 60% of the whole number of hourly temperatures,
for all stations.

Considering that the reference temperature of 26 ◦C for the
existing relative humidity ensures thermal comfort conditions in

Measuring Point (MP) based on 26 ◦C.
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Table 5
Cooling degree hours for each of the six measurement points.

Measurement point (MP) MP1 MP2 MP3  MP4  MP5  MP6

No of hourly temperature >26 ◦C, during 27/7–24/8 413 409
Percentage of degree days >26 ◦C, during 27/7–24/8 61.46% 60.8
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perature distribution in deep urban canyons for natural ventilation purposes,
Fig. 12. Rations of �DH(26)i/DH(mean daily temperature) for each MP.

xternal open spaces, it is concluded that the air temperature
n the study area configure dissatisfactory microclimatic condi-
ions inside the city. The increased cooling degree days are also
ssociated with discomfort conditions inside the buildings and an
ncreased demand for cooling energy for the surrounding buildings.

For the period of measurements, the daily sum of degree hours
or each measurement point is presented in Fig. 11. The daily sum
f the degree hours is between 10 and 90.

Also, the ratio of the sum of degree hours to daily mean value
f DH for each day, based on the mean daily air temperature for
ach day and each measurement point i, �DH(26)i/DH(mean daily
emperature), is presented in Fig. 12. According to a previews study
19], when this ratio is greater that the unit then the correspond-
ng station is considered as an urban station. The six monitoring
tations are located in an urban area where air temperatures are
igher than in the station that is located in the suburban area of
erres. Also, the study area is regarded as an area where the heat
sland effect appears. So, although the degree hours are not used for
he determination of the thermal island effect [19], there is a coin-
idence in this study area between the determination of an urban
tation based on degree hours and the appearance of urban heat
sland.

. Conclusions

The city of Serres, where the experimental study took place, is
he warmest city of Northern Greece, according to the meteoro-
ogical data of the Hellenic National Meteorological Service, for a
eriod of 30 years.

According to the data analysis, the wind speeds inside the urban
anyon in the study area are lower than in the suburban, GSA.
pecifically, the wind speed in the pedestrians’ level (1.8 m)  is the
/3–1/4 of the suburban area. The wind direction differentiates
ccording the geometry and orientation of the streets.

Because of the serious reduction of the wind speed in the urban
anyons, there is an important limitation to apply natural and
ight ventilation in the dense urban environment. So, the city’s
locks are not satisfactory ventilated. Natural ventilation is a well-
nown technique that may  contribute to restrict problems such

s high ambient air temperatures due to urban heat island effect
nd degraded air quality. Also, it can contribute to the improve-
ent of thermal comfort conditions in open urban spaces and to
 412 421 428 404
6% 61.31% 62.65% 63.69% 60.12%

the decrease of energy consumption or need for air conditioning
during summer period.

The air temperatures in the study area are about 5.0–5.5 ◦C
higher than in the suburban area, during the afternoon and night
time. This is due to the urban configuration that obstructs the air
flow and city’s ventilation. Also, the constructive materials with
high thermal conductivity and heat capacity (such as asphalt and
covered materials) tend to conduct heat into their depths and to
store more heat in their volume. This enhances the storage of heat
during the day and its slow release at night, maintaining the tem-
perature of ambient air on high levels. This increases the intensity of
the phenomenon of urban heat island. Instead, during the morning
the air temperatures in the city are 7.0 ◦C lower.

Also, the estimated cooling degree hours demonstrated that the
percentages of values that are greater than 26 ◦C are above to 60%.
Likewise, the six measurement points are urban stations and they
are locates in an area where the urban heat island effect is appeared.
The increased cooling degree days are also associated with discom-
fort conditions inside the buildings and an increased demand for
cooling energy for the surrounding buildings.

The above results indicate the important role and how the urban
geometry configures and alters the microclimatic conditions in an
area. The morphological characteristic of city’s planning (width of
roads, height of buildings etc.), the existence of open and green
areas and the constructive and covered materials influence the air
flow inside the urban canyons and the thermal balance in the local
microclimate.
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