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RESUMEN

Se sabe que las ciudades son més calientes y secas que sus areas verdes circundantes. Admas de sus aspectos
estéticos, las plantas juegan importantes papeles en el funcionamiento de los ecosistemas urbanos al ofrecer
distintos efectos favorables. La ciudad de Erzurum presenta caracteristicas climaticas continentales extremas
y es sumamente caliente en verano, es decir, durante el periodo comprendido entre junio y septiembre. Hay
pocas especies de arboles capaces de crecer en la ciudad por lo que se piensa que en tales ciudades, el pasto
puede tener efectos superiores sobre los arboles. El presente estudio se llevo a cabo a fin de determinar las
diferencias de temperatura entre superficies de concreto asféltico, tierra y pasto y a 2 m sobre ellas y para
mostrar las ventajas del uso de superficies de pasto en este tipo de ciudades nuevas en desarrollo. Tras el
estudio, se observo una diferencia de la temperatura media de 6.5 °C entre el concreto asfaltico (CA) y la
tierra, 5.3 °C entre tierra y pasto y 11.79 °C entre superficies de CA y pasto, mientras las diferencias de
temperatura a 2 m de altura de las superficies fue de 5.22 °C entre CA y tierra, 2.32 °C entre tierra y pasto
y 7.54 °C entre superficies de CA y pasto. Se ha sugerido al final del estudio que en ciudades nuevas en
desarrollo con caracteristicas similares a Erzurum, los espacios abiertos entre las estructuras y areas a lo
largo de los caminos deben ser cubiertos con superficies de pasto y los espacios recreativos y estéticos deben
permanecer.

ABSTRACT

It is known that cities are warmer and drier that the surrounding, vegetated areas. In addition to their aesthetic
aspects, plants play important roles in urban ecosystems function by providing various favourable effects.
The City or Erzurum has extreme continental climatic features and is very hot in summer time, i.e., the period
between June and September. There are few tree species capable of growing in the city; it is thought that
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in such cities, grass may have superior effects to the trees. The present study was carried out to determine
temperature differences between asphalt concrete (AC), soil and grass surfaces on and 2m above them and
to show the advantages of the use of grass surfaces in this kind of new developing cities. After the study, it
was seen a mean temperature difference of 6.5 °C between AC and soil, 5.3 °C between soil and grass, and
11.79 °C between AC and grass surfaces respectively, while temperature differences 2m above the surfaces
were 5.22 °C between AC and soil, 2.32 °C between soil and grass, and 7.54 °C between AC and grass sur-
faces. It was suggested at the end of the study that in the new developing cities having the same features as
Erzurum, open spaces between the structures and areas along the roads must be covered with grass surfaces
and recreational and aesthetical spaces must be left.

Keywords: Asphalt concrete surfaces (AC), soil surfaces, grass surfaces, temperature differences.

1. Introduction

That the cities have modified climate conditions and for this are warmer and drier than the
surrounding and vegetated areas has been known since the study of Howard (1820). The reasons
and size of this modification have been studied by many authors (e.g. Oke, 1978; Landsberg, 1981;
Huang et al., 1987; Myrup et al., 1993; Grimmond et al., 1993; Souch and Souch 1993; Heisler
et al., 1995; Unger, 1997; Robaa, 2003; Yilmaz ef al., 2007).

One of the primary causes of this modification is that in the process of urbanization, vegetated
land surfaces are converted into concrete and asphalt surfaces (Akbari et al., 1992; Asaeda et
al.,1996; Roth, 2002). The temperature difference between air above concrete runways and adjacent
grass can be as much as 4 °C (Anonymous, 2001). This is due to the reflectivity (albedo) differences
between the surfaces (Pomerantz et al., 2000). Dark pavement materials can store more heat than
natural surfaces and lighter-colored materials (Yang, 1972; Davis et al., 1992; Asaeda et al., 1996;
Taha et al.,1997; Doulos et al., 2004; Synnefa et al., 2006). Lawrence Berkeley Laboratory produced
two major design concepts for mid-latitude cities with hot and relatively dry summers (Garbesi
et al., 1989; Akbari et al., 1992): 1) The use of light-coloured surfaces to enhance the reflection
of incoming solar radiation to reduce solar heating during daytime and hence decrease the need
for cooling. 2) Planting of trees to reduce temperature through shading and evaporative cooling.
Berg and Quinn (1978), reported that in mid-summer, white painted roads with an albedo close to
0.55 have almost the same temperature as the ambient, while unpainted roads with albedo close
to 0.15 were approximately 11 °C warmer than the air. Santamouris et a/. (2001) report asphalt
temperatures close to 63 °C and white pavements close to 45 °C.

Plants improve the urban aesthetics (US Forest Service, 1991; Thompson et al., 1999). In addition
to their aesthetic aspects, plants play important roles in urban ecosystem function by providing
canopy effect (Lee, 1978; Oke, 1978; Souch and Souch, 1993; McPherson et al.,1994; Simpson,
1998), water vapour to the environment through the evapotranspiration process (Heisler, 1986;
Ackerman, 1987), air pollutant reduction (Smith, 1990; Nowak 1994a; Scott et al., 1998; Scott et
al., 1999), carbon emission reduction, storage and sequestration (Nowak, 1994b; McPherson, 1998),
structural heating and cooling cost reduction (Akbari et al., 1992; McPherson, 1994; Simpson and
McPherson, 1996; Simpson, 1998).
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Air temperature differences of approximately 2 to 4 °C have been observed for urban
neighbourhoods of contrasting tree cover, averaging approximately 1 °C per 10% of canopy cover
(Huang et al., 1987; Myrup et al., 1993). In Sacramento, temperature differences of 5 to 7 °C
have been observed between tree-shaded suburban and unirrigated grassland rural surroundings
(Grimmond et al., 1993). In another study, in the city of Erzurum, Turkey, the temperature difference
between urban open area and urban forest was found as 0.7 °C, between urban forest and natural
vegetated rural area this was 1.0 °C and between rural and urban area this was 1.7 °C (Yilmaz et
al., 2007). The effects of evapotranspiration were found to be most noticeable in arid climates in
Davis, California, where temperatures in neighbourhoods with mature trees can be 14 to 16 °C
cooler than neighbourhoods with young or no trees (Huang et al., 1992).

The city of Erzurum has extreme continental climatic features and is very hot in summer
time, i.e. the period between June and September (Toy et al., 2007). In this period, in the city
center, temperatures are at disturbing levels. Although the city is relatively small, it experiences
all unfavorable effects of urban environment because of distorted urbanization and for not
leaving adequate spaces for plants. Traditional pavement materials (e.g. asphalt and concrete) are
predominant and the city faces with the great deterioration of natural vegetation.

There are few tree species capable of growing in the city; however, their growth is time
consuming. For this, it is thought that in the city, grass may have superior effects over trees because
trees grow more gradually and it is difficult to find the species that can grow under this relatively
high altitude and cold environment.

The present study was carried out to determine temperature differences between AC, soil and
grass surfaces on and 2 m above them and to show the advantages of the use of grass surfaces in
this kind of new developing cities.

2. Material and methods

This study was conducted in the airbase area of the city of Erzurum, Turkey (Fig. 1). Data were
obtained from the station at an elevation of 1754 m and a location of 39°.57N and 41°.10E, in
the airbase area lying about 7 km from the city (Fig. 2). The airbase is surrounded by a vast open
area in all directions. There are no buildings or human activities around the station except for the
cultivated area which is 4 km from the station and where plants that do not need watering are
grown (Y1lmaz et al., 2007).

According to the climatic values measured at the station in the airbase area between 1988 and
2003, the mean daily temperature is 5.2 °C, diurnal temperature range is 15.1 °C, the maximum
temperature measured so far is 35.6 °C and the minimum is —37.2 °C. Mean yearly solar radiation
amount is 357.67 cal/cm? day. Annual rainfall is 401.6 mm and average relative humidity is 63.3%.
Mean vapour pressure is 6.0 mb. Mean daily wind speed is 2.7 m/s and prevalent wind direction is
ENE in summer and WSW in winter due to frontal systems (Toy et al., 2007). The hottest month
of the year in the study area is August with monthly average temperature of 19.2 °C and solar
radiation amount of 478.48 cal/cm? day.
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Fig. 1. Location of the city of Erzurum
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The data used were obtained from the Meteorological Observation Station in the airbase area
where an automated weather observation system (AWOS) has been running. The measurement
system in the study area, with a measurement range from —52 to +60 °C and an accuracy of +20 °C
of + 0.3°C, is an automatic observation system capable of getting data every two minutes. The
heat sensors were placed directly on and 2 m above three different surfaces: AC (runway), grass
surface and bare soil surface (Fig. 3). The temperature values from the sensors were transmitted to
the data logger, stored and processed as in previous studies such as those of Anandakumar (1999)
and Bartha (2002). Because the data were adjusted to climatic measurements, the hours mentioned
in the study are at local time.

Because the aim of this study is to determine, if present, the pure effects of the surfaces on
temperature values, calm (windless or less than 2 m/s daily) and clear (cloudless) days were sought
due to the temperature reducing effects of cloudiness and wind. Although observations have been
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carried out for nearly three years, only the temperature values in August 2005 (because of being
the hottest month of the year on the average) were taken, and for the purpose of this study all other
observational days in the month except for the days 1, 6, 8, 9, 12, 13, 15, 16, 17, 18, 20, 22, 24,
25 and 26 were rejected because of the variable weather (as in the studies of Ca and Asaeda,1998;
Anandakumar,1999). During the days except for those mentioned above, the weather was partly
or wholly cloudy or rainy, which is not representative of hot summer days in this area of Turkey.

Fig. 3. Measurement points in the
airport property.

1. Observation station 2. Asphalt concrete 3. Grass area 4. Soil area

3. Results and discussion

From the temperature values obtained on and 2 m above the surfaces on 15 dry, calm and cloudless
days, following results were found.

3.1. Temperature differences on the surfaces

From Figure 4, an evident difference between the surface temperatures can be seen. While AC is
the hottest surface with an average value of 28.74 °C for the whole period, soil surface is warmer
with an average of 22.24 °C than the grass surface with an average of 16.95 °C (Fig. 4; Table I).
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There is a mean temperature difference of 6.50 °C between AC and soil. While it was maximum
at 13:00 h with 11.22 °C, which is followed by 12:00 with 11.22 °C, 14:00 with 10.52 °C and
11:00 with 10.07 °C, the minimum difference was at 07:00 with 2.33 °C. Soil surface is warmer
than grass in terms of averages. The difference in the mean temperature between soil and grass
was 5.30 °C. This difference is the highest at 13:00 with 11.77 °C, while it was minimum at 19:00
with 0.01 °C. AC is the warmest surface throughout the day. A mean temperature difference of
11.79 °C was detected between AC and grass surfaces. The difference is maximum at 13:00 again
with 22.96 °C and minimum at 22:00 with 5.38 °C (Tables I, II).

Table I. Mean temperature values on the surfaces. Table II. Mean temperature differences for
Temperature (°C) the 24 hours (°C).
Hours/ AC Soil Grass AC-soil AC-grass  Soil-grass
surfaces 0 5.53 8.15 2.63
0 19.81 14.28 11.66 1 5.46 8.97 3.52
1 19.00 13.55 10.03 2 5.72 9.09 3.37
2 18.31 12.58 9.21 3 6.29 7.04 0.74
3 15.57 9.28 8.54 4 6.67 7.07 0.41
4 14.89 8.23 7.82 5 6.64 7.59 0.95
5 14.52 7.88 6.94 6 3.46 8.70 5.25
6 15.99 12.53 7.28 7 2.33 10.93 8.60
7 20.52 18.18 9.58 8 2.91 12.07 9.17
8 26.41 23.51 14.34 9 5.22 14.68 9.46
9 32.47 27.25 17.79 10 7.91 18.61 10.69
10 37.93 30.01 19.32 11 10.07 20.71 10.64
11 42.22 32.16 21.51 12 11.21 22.58 11.37
12 45.12 33.90 22.53 13 11.22 22.98 11.77
13 46.51 35.30 23.53 14 10.52 20.77 10.26
14 46.01 35.50 25.24 15 9.19 18.51 9.32
15 44.27 35.09 25.77 16 7.63 15.56 7.93
16 41.46 33.83 2591 17 591 11.73 5.82
17 37.57 31.66 25.84 18 5.66 7.40 1.75
18 32.34 26.68 24.93 19 6.31 6.32 0.01
19 27.50 21.18 21.18 20 5.21 6.27 1.06
20 24.96 19.75 18.69 21 4.57 5.94 1.37
21 23.52 18.94 17.58 22 5.00 5.38 0.37
22 22.12 17.12 16.74 23 5.34 5.99 0.65
23 20.82 15.48 14.83
Mean 28.74 22.24 16.95

Differences AC-Soil  Soil-Grass AC-Grass
6.50 5.30 11.79
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3.2. Temperature differences 2 m above the surfaces

Temperature 2 m above the surfaces is important because it represents the layer that affects the
human activity more than other levels of the atmosphere. As can be seen from Figure 5, there is
an evident difference between the surface temperatures at this level as it is on the surfaces. While
the level above AC is the hottest one with an average value of 26.53 °C for the whole period,
temperatures above soil surface are higher than in the grass surface with averages of 21.31 and
18.99 °C, respectively (Table III).
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Table III. Mean temperature values (°C) 2 m above the surfaces.

Hours/ AC Soil Grass Hours/ AC Soil Grass
surfaces surfaces

0 20.23 14.63 12.55 13 38.27 29.99 27.55

1 19.49 13.69 11.53 14 37.46 30.49 2791

2 17.01 12.91 10.14 15 35.82 30.57 27.78

3 16.38 12.07 9.00 16 33.82 30.43 27.22

4 15.95 11.07 8.34 17 31.53 29.39 24.89

5 14.54 11.37 9.97 18 28.57 25.32 21.07

6 17.85 13.75 14.50 19 26.32 22.60 19.64

7 22.26 18.76 18.50 20 25.22 21.35 18.92

8 26.96 22.37 21.05 21 23.32 20.39 16.52

9 31.53 23.94 22.95 22 21.94 18.28 14.78

10 35.15 26.21 24.52 23 21.02 16.43 13.54
11 37.57 27.23 25.85 Mean 26.53 21.31 18.99
12 38.54 28.23 27.04 Differences AC-soil AC-grass Soil-grass
5.22 7.54 2.32

The mean temperature difference between AC and soil is 5.22. It is maximum at 11:00 with
10.34 °C and minimum at 17:00 with 2.14 °C. Soil surface is always warmer than grass in terms of
averages except for 06:00 when a slight difference is seen. The difference in the mean temperature
between soil and grass is 2.32 °C. This difference is the highest at 17:00 with 4.50 °C, while it is
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minimum at 07:00 with 0.26 °C. AC is the warmest surface throughout the day. A mean temperature
difference of 7.54 °C was detected between AC and grass surfaces. The difference is maximum at
11:00 again with 11.72 °C and minimum at 06:00 with 3.35 °C (Tables III, IV).

Table IV. Mean temperature differences (°C) 2 m above the surfaces for the 24 hours.

Hours/ AC-soil AC-grass Soil-grass
surfaces
0 5.59 7.68 2.09
1 5.80 7.96 2.16
2 4.11 6.88 2.77
3 431 7.38 3.07
4 4.88 7.61 2.73
5 3.17 4.57 1.40
6 4.10 3.35 -0.75
7 3.50 3.77 0.26
8 4.59 5.91 1.33
9 7.59 8.58 0.99
10 8.93 10.63 1.69
11 10.34 11.72 1.38
12 10.30 11.50 1.19
13 8.29 10.72 2.44
14 6.97 9.55 2.58
15 5.25 8.03 2.78
16 3.39 6.60 3.21
17 2.14 6.64 4.50
18 3.25 7.50 425
19 3.72 6.67 2.96
20 3.87 6.30 2.43
21 2.93 6.81 3.88
22 3.66 7.16 3.50
23 4.59 7.48 2.90

Measurements of Asaeda et al. (1996) and Pomerantz et al. (2000) have shown that the pavement
surface temperature peaks from one to two hours after the solar noon and then gradually falls, which
is consistent with the present study where maximum AC surface temperature was seen at 13:00.
But this is not valid for the 2 m-level, where maximum temperature was seen at 12:00.

In a study by Scott et al. (1999) in Davis, California on the hottest days of August 1995,
temperatures above shaded and unshaded parking lots and grass surfaces were compared. It was
found that at a height of 1.5 m shaded parking lot site was warmer than the irrigated turf grass site
for late afternoon through the early morning hours, and cooler than the grass site for only a few
hours, from late morning to early afternoon. During the August 5-7 warm period, the shaded site
was approximately 0.5 °C cooler than grass from the hour ending at 08:00 to afternoon (15:00).
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Temperatures at the shaded site began to exceed grass during the hours from approximately
15:00 to 19:00, increasing to over 2 °C warmer than grass during night time and predawn hours. The
unshaded parking lot site was warmer than the grass site for almost all hours of the day, for the
whole period of August 5-10. In the present study, shading is not a factor to be compared and all
measurements were taken in the shaded box as the standards of Turkish Meteorological Service
states. For this, temperatures both on and 2 m above the AC surface are always warmer than the
grass, which is coherent with the differences between unshaded parking lots and grass surfaces
in their study.

A variety of pavements were measured in the East Bay Area of San Francisco (Pomerantz et al.,
2000) and it was found that afternoon temperatures in the summer ranged upward from 49 to 65 °C and
54 °C was about the average peak. In the present study, temperatures of AC surface were not so
high and average peak value was 46.51 °C, which might be the result of the location of the study
area: roads in sunny, southerly latitudes get higher than 50 °C regularly (Pomerantz et al., 2000),
but the area of present study is on relatively northerly altitudes. The theory of Solaimanian and
Kennedy (1993) predicts that the maximum pavement temperature at lower latitudes will exceed
the maximum air temperatures by about 25 °C. For the standards of Turkish Meteorological
Service, normal air temperature is accepted as that 2 m above the soil surface. From this point of
view, in the present study, maximum pavement (AC) temperature is 46.51 °C and maximum air
temperature (2 m above the soil) is 30.57 °C, which shows that this theory might not be valid for
the cities on high latitudes. However this theory was confirmed by some data such as Dempsey et
al. (1995) in Reno, NV which shows a difference of 22.5 °C between maximum pavement surface
temperatures and maximum air temperatures on sunny days during the summer of 1991, but in
the present study this difference is 15.94 °C. Yang (1972) reported that at Newark (NJ) Airport the
highest pavement temperature reached in August was about 38 °C while other authors (Pomerantz
et al., 2000) reported this value as about 49 °C in Berkeley in September. In the present study this
value was between them with about 46 °C.

4. Conclusions

In an urban environment plants not only have aesthetical values, but also they play a functional
role on the climate by moderating the extreme climatic values such as excessive temperatures seen
above artificial surfaces.

In the city of Erzurum, the month of August is one of the periods when the most intense solar
radiation is experienced with a mean value of 478.48 cal/cm?, but as the study was under clear sky
conditions, this value is expected to be higher. Although all the studied surfaces are exposed to
the same sunlight conditons, it is an expected fact that darker surfaces can absorb more sunlight
and convert it into heat than lighter ones. From this point of view, the grass surface is the most
advantageous one for temperature lowering because of its high reflectivity.

From the outcomes of the present study, perhaps the most important finding is that although
the measurements were carried out in the driest period of the year in the region (for both rainfall
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and humidity) and moisture content of the soil and grass areas is approximately the same, grass
surface has the most favorable features for temperature lowering.

In the relatively high latitude and altitude cities, like Erzurum, where extremely hard continental
climatic features are prevalent, summers are short but very hot. These unfavorable features affect
both humans and plants and there are only a few tree species that can easily and rapidly grow in
these cities. In this respect, trees can not modify the climate in a favorable way for humans and
grass surfaces are thought to be an alternative plant mass for this aim. It is suggested that in the
new developing cities having the same features, open spaces between structures and between areas
along the roads must be filled with grass surfaces and recreational and aesthetical spaces must be
considered.

The study was carried out in a period of 15 clear and windless days. The results would be
different if it were conducted in a whole year period because of the effects of the various values
of wind, humidity, soil moisture and evapotranspiration.

Since this study was carried out in an area away from the urban effects, the results found may be
evaluated as the pure effect of the surfaces on the temperature. Finally, studies about the climatic
elements influenced by the surfaces must be increased in Turkey.
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