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Abstract: This study presents a model for the physical planning process of thermal comfort (TC), which is very important for outdoor
recreation planning, using thermal perception maps (TPMs). For this purpose, a TPM of Isparta Province was produced according
to the physiologically equivalent temperature (PET) index from climatic data of the province. To determine the TC structure of the
province, climatic data were collected from 16 meteorology stations. The RayMan 1.2 program was used to obtain the monthly PET
values of the stations, and the inverse distance weighted interpolation technique in geographic information system (GIS) software was
used to produce monthly PET maps and a TPM of the province. The most comfortable months and regions for outdoor recreation
activities were identified by TPM according to the PET values. These months and regions are listed in order, beginning with the most
comfortable, as follows: the entire province, with the exception of the towns of Egirdir, Kegiborlu, Barla, and Kumdanli-Hoyran in May;
the towns of Kegiborlu, Egirdir, Uluborlu, Yalvag, Kumdanli-Hoyran, and Sarkikaraaga¢ in September; Barla and Kegiborlu in June; and
October for the town of Kasimlar. The contributions that TPMs offer for planning the most appropriate areas and periods for outdoor
recreation are described.
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1. Introduction

The thermal comfort (TC) of a region is one of the most
important factors affecting human life because climate
shapes our lives, preferences, and choices. Recreation is
very important for physical and spiritual renewal, and the
suitability of the climate is of great significance wherever
recreational activities are conducted (ASHRAE 1966;
Fanger 1973; Olgyay 1973; Brown and Gillespie 1995;
Hoéppe 1997; Suminski et al. 2008; Alcoforado et al. 2009;
Gourbi 2010). Areas that offer TC make it physically and
psychologically possible for people to concentrate on their
activities; thus, these areas provide greater satisfaction
(Fukuoka 1997; de Freitas 2003). For this reason,
considering TC factors when selecting locations for
recreation will contribute significantly to the achievement
of satisfaction (Liddle 1997; Eliasson 2000; Kliskey 2000;
Bell 2001; Schiller 2001; Morilldn-Galvez et al. 2004;
Nikolopoulou and Lykoudis 2006; Lin and Matzarakis
2008; Topay and Cinar 2008).

During the recreational planning process on national,
regional, or local scales, criteria such as transportation,
physical possibilities, cultural values, topographical
structure, political concerns, visual values, originality,
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naturalness, and carrying capacity are usually considered
(Baud-Bovy and Lawson 1998; Braun et al. 1999; Eliasson
2000; de Freitas 2003; Giil et al. 2006). In some countries,
human TC parameters do not usually receive sufficient
attention (Svensson et al. 2003; Zauli Sajani et al. 2008).
The reasons for this omission are as follows: scientific
determination of a region’s TC structure (Gémez et al.
2001; Nikolopoulou and Lykoudis 2006) and the associated
mapping processes have been developed only recently,
communication and information sharing between
climatologists and planners have been lacking (Eliasson
et al. 2007), and the use of TC to construct regional and
temporal distribution maps has not occurred because TC
has not been available or the use of TC for this purpose
has not been coordinated. The consideration of TC has
not been included as a planning stage within the planning
period (Topay 2007; Wong et al. 2011).

The TC criterion is not currently given sufficient
attention in the recreational planning process. The aims
of this study were to map the most suitable areas and
periods for outdoor recreation in Isparta Province using
geographic information system (GIS) applications and to
present a model for the production of supporting maps
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reflecting TC for use as a stage in the planning process.
These investigations were conducted using information
regarding TC.

“Development of potential of the alternative tourism
regions and thus increase in the country’s tourism shares”
was determined as a national tourism policy target for 2023
(KTB 2012). Isparta is one of Turkey’s important centers
for outdoor recreation activity (e.g., river tourism, hunting,
botanic tourism, air sports, religious tourism, winter sports
tourism, bird watching, cave tourism, and plateau tourism).
Because it has rich opportunities for outdoor recreation,
Isparta Province was selected as the study area to provide
an example of the use of this method. The province’s
environmental plan, mapped at a scale of 1/25,000, follows a
development model that uses only transportation, economic
value, physical facilities, income, and preferences as criteria
for the selection of recreation areas. Defining TC, mapping
this structure, and incorporating the information in the
planning process in light of scientific standards has not been
sufficiently studied in Turkey despite the importance of the
subject. This research is unique to the Turkish experience.
The methods produced by this study will use GIS technology
and will be designed from the point of view of TC. They will
address the need to identify suitable areas and periods for
recreation and to map and implement recreational plans
according to a TC structure defined in space and time.

2. Materials and methods

The study area is defined by the administrative borders
of Isparta. The province is located between 37°18'N and
38°30'N and between 30°20'E and 31°33’E (Figure 1). It

has an acreage of 8933 km? a mean altitude of 1050 m
(ICDR 2009), and a population of 411,245 (TUIK 2012).
High mountains of up to 3000 m are located within the
province’s borders.

2.1. Meteorological characteristics

Isparta Province is influenced by the warmed air of the
Iceland low-pressure system. This air mass extends from the
Balkans to the middle of the eastern Mediterranean during
the winter. The Siberian high-pressure system produces
a dry cold and sometimes reaches the region during the
winter. Tropical air masses come to the region from North
Africa as winter approaches. The Basra low-pressure
system and the Asor high-pressure system influence the
region during the summer. Climatological analysis using
long-term observations made in Isparta Province show
that the province is located in the transitional area between
the Mediterranean and Middle Anatolian continental
climates. Aspects of the Mediterranean climate are
observed in the southern part of the province, and aspects
of the continental climate are observed in the northern
part (ICDR 2009).

Meteorological data from 1975 through 2006 are
available from 16 stations located within the Isparta
Province borders. The long-term averages of monthly
mean temperature, wind speed, and humidity were used
in this study. The data were supplied by the Turkish State
Meteorological Service (DMI). In studies by climate
scientists it is emphasized that a 30-year data set is the
minimum required to elucidate the overall structure of
an area’s climate; a 30-year data set was thus used in this
research. The geographical coordinates and altitudes of the

Figure 1. The location of Isparta Province and the meteorology stations in Turkey.
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stations and the years for which observations are available
are shown in Table 1.

Meteorological aspects of different areas of the province
could reflect the microclimatic structure resulting from
the province’s generally undulating topography. For this
reason, data from meteorological stations at different
locations were used to indicate the detailed climatic
structure. Distribution of the stations within the provincial
borders is shown in Figure 1. A digital elevation model
(DEM) of Isparta Province was used to visualize the
topographic structure.

2.2. Creation of thermal perception map

Thermal perception maps (TPMs) showing suitable regions
and times for recreation in Isparta Province were obtained
from the climatic data. These regions and times reflect
the TC for Isparta Province. The study gathered sufficient
data to identify regions and periods and to map them in
a spatial format that was suitable to determine TC. The
values of the physiologically equivalent temperature (PET)
index were used to determine the TC. PET is one of the
most important indexes available for developing TC for a
region and is predicated on the concept of energy balance.
This index considers aspects of climate (temperature,

humidity, radiation, and wind speed) and allows them to
be reflected in the results of analyses based on the index by
incorporating human physical characteristics as well as the
climate parameters themselves (Hoppe 1993; Hoppe 1999;
Matzarakis et al. 1999). Calculation of the mean radiant
temperature, an index, makes it easier to evaluate the
thermal components of the climate in connection with TC
(Matzarakis and Rutz 2005). Table 2 shows the PET index
values obtained by considering these aspects of human
physiology.

The mean monthly PET values obtained from station
data using the RayMan 1.2 program were transferred
to a numeric platform using ArcGIS 10 software. TPMs
based on PET maps and physiological stress values were
made to show the distribution of monthly mean PET
values for the entire province. This information was
used to determine suitable regions and times for outdoor
recreation according to the TC calculated for the province.
April, May, June, July, August, September, and October are
the months during which most outdoor recreation occurs.
These months may include suitable values according to
the TC in this location. PET data and TPMs were only
produced for these months. The maps obtained show the
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Table 1. Coordinates, altitudes (A), and years of observation (YO) of stations (DMI 2010).

Meteorology stations Coordinates A (m) YO

Isparta (Is) 37°45"N, 30°33"E 997 1975-2006
Yalvag (Ya) 38°18"N, 31°11"E 1096 1975-2006
Egirdir (Eg) 37°52"N, 30°50"E 920 1975-2006
Senirkent (Se) 38°06"N, 30°33"E 959 1975-2006
Atabey (At) 37°57"N, 30°39"E 1000 1975-2006
Anamas-Aksu (An) 37°48"N, 31°04"E 1200 1983-2003
Barla (Ba) 38°01"N, 30°47"E 1100 1987-1992
Bagkonak (Bg) 38°13"N, 31°16"E 1146 1987-1996
Gelendost (Ge) 38°07"N, 31°01"E 850 1983-1988
Kumdanli-Hoyran (Ku) 38°20"N, 30°59"E 1050 1984-1995
Kasimlar (Ka) 37°32"N, 31°11"E 1100 1987-1993
Kegiborlu (Ke) 37°57"N, 30°18"E 990 1975-1990
Sttctler (Sit) 37°29"N, 31°00"E 1000 1975-1993
Sarkikaraaga¢ (Sa) 38°05"N, 31°22"E 1180 1976-1995
Uluborlu (Ul) 38°05"N, 30°27"E 1160 1975-2006
Yenisarbademli (Ye) 37°43"N, 31°23"E 1150 1983-1994
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Table 2. Distribution of PET index values, thermal perception, and physiological stress
relating to these values (Matzarakis and Mayer 1996; Matzarakis et al. 1999).

PET (°C) Thermal perception Grade of physiological stress
4 Very cold Extreme cold stress
8 Cold Strong cold stress
13 Cool Moderate cold stress
18 Slightly cool Slight cold stress
23 Comfortable No thermal stress
29 Slightly warm Slight heat stress
35 Warm Moderate heat stress
41 Hot Wtrong heat stress
Very hot Extreme heat stress

level of comfort for different locations in the province and
for different periods.

In this study, the RayMan 1.2 program was used to
obtain the monthly mean PET values from meteorological
stations. The RayMan 1.2 program contains a model
developed to calculate short- and long-wave radiation
flow affecting the human body in simple and complex
environments. The program calculates radiation flux
densities, sunshine duration, shadow spaces, and
thermophysiologically relevant assessment indices using
only a limited number of meteorological and other input
data and presents the results in the form of graphics or
charts (Matzarakis et al. 2007; Matzarakis et al. 2010).

Some studies conducted in Isparta Province showed
that 1200 hours and the hours immediately following were
preferred for outdoor recreation activities (Akten 2009;
Nayir 2009). For this reason, the PET values obtained from
the stations at 1400 hours were used to produce the TPMs,
and these values were interpolated over the surface of the
entire province using ArcMap 10 software. Therefore, the
inverse distance weighted (IDW) method, generally used
as a simple local interpolation technique (Lo et al. 2002),
was used. The IDW creates an interpolated surface by
calculating the values of unknown locations as the weighted
sum of the known values within a certain neighborhood
of the unknown point. The weights of known points are
inversely proportional to their distance to the unknown
point. Hence, known points that are close to the unknown
point have a greater influence on the precision value than
the points that are farther apart.

Eq. (1) is used to calculate the output cell value for the
IDW method.

Z mj/df/i 1/d W

Here, m, is the point value and di is the distance
between points (de By 2001).

3. Results

The following results were obtained from the analysis of
the yearly mean humidity values for Isparta Province. The
town of Egirdir was the most humid area (64% humidity),
and the town of Gelendost had the minimum humidity
value (51.4%). The yearly mean humidity value for Isparta
Province was 56.7%. An examination of the monthly
mean humidity values for Isparta Province shows that the
most humid month was December (71.6%) (Table 3). The
results from the examination of the wind speed data for
the province show that Egirdir exhibited the maximum
mean annual wind speed (3.4 m s™). The lowest mean
annual wind speed was found in Gelendost (1.2 m s™).
The yearly mean wind speed for the province was 2.2 m
s'. An examination of the monthly mean wind speed
values for Isparta Province reveals that the months with
the maximum wind speed were February, March, and July
(2.4 m s') (Table 3).

The analysis of the annual mean temperature data
for the province showed that Siitgiiler was the hottest
town (13.1 °C). The town having the lowest annual mean
temperature was Sarkikaraagag (10.2 °C). The yearly mean
temperature for the province was 11.8 °C. Examination
of the monthly mean temperatures shows that the month
with the highest temperatures was July (23.1 °C) (Table 3).

The monthly mean humidity, wind speed, and
temperature data for the stations included in the study
were entered into the RayMan 1.2 program. The resulting
monthly mean PET values are shown in Table 4. A
classification was made according to the values of the
PET index. Slightly cool (13-18 °C) areas and months are
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Table 3. Mean monthly wind speed (ws, m s7'), mean monthly humidity (h, %), and mean monthly temperature (t, °C) values of stations.

Meteorology stations

Is Ya Eg Se At An Ba Bg Ge Ku Ka Ke St Sa Ul Ye

ws 2 2.1 3.5 1.8 1.8 14 3.4 1.5 1.4 3.3 1.3 3.1 2.1 1.9 2.6 14

1 h 72 74 76 69 69 76 69 72 66 68 59 69 65 67 70 78
t 1.8 3 2.1 1.4 1.8 0.5 0.7 -0.6 3 1.8 2.5 2 3.3 -1.0 1.1 0.2

ws 2.4 2.4 3.9 2.0 2.1 1.7 4 1.5 1 3.4 1.6 3.8 2.2 2.1 3 1.7

2 h 68 72 72 65 66 73 65 69 60 66 63 65 65 66 66 75
t 2.6 1 2.8 2.4 2.6 0.7 1.7 0.7 2.9 2.2 3.2 2.8 3.6 0 2 0.1

ws 2.5 2.4 3.8 2 2.1 1.6 3.5 1.5 0.9 3.4 1.5 3.4 2.1 2.2 3.1 1.7

3 h 65 66 67 60 59 68 61 60 55 59 59 59 60 62 61 62
t 5.9 49 6.3 6.3 6.1 4.5 54 4.4 53 6.1 6.2 6.3 6.9 4.7 57 4.8

ws 2.6 2.3 3.8 2 2.2 1.6 2.5 13 1.2 3.3 1.8 3.5 2 2.2 29 2.1

4 h 62 63 64 56 55 60 51 52 53 53 56 54 58 55 57 51
t 10.6 9.9 11 11.3 10.7 9.6 10.9 10 10.9 11.4 11.4 11 11.3 9.8 10.6 10.5

ws 2 2.1 3.2 1.7 1.8 14 2.5 1.5 1.2 3 1.6 3.1 1.8 1.9 2.3 1.9

5 h 58 59 61 52 51 58 46 51 47 47 53 49 55 55 55 50

ws 2 2.3 3.3 1.8 2 14 3 1.5 1.3 31 1.6 3.4 2 1.8 2.3 19

M 6 h 52 53 54 46 43 55 46 50 47 42 49 43 50 51 50 45
E t 20.2 19.1 20.6 20.9 20.5 18.3 19.5 18.3 19.3 20.4 20.2 19.9 20.3 18.0 19.5 19.0
T ws 2 2.8 3.5 1.9 21 1.5 4.1 1.9 1.7 3 1.6 3.8 23 1.9 23 1.8
I: 7 h 47 46 51 41 37 52 41 50 39 36 41 35 44 45 46 40
t 235 22.7 23.8 243 242 21.7 23.4 21.7 23 23.6 24.1 235 23.7 21 22.6 22.2

ws 1.8 2.6 3.2 1.8 2 1.4 3.3 1.8 1.7 2.9 1.5 3.6 1.9 1.8 2.1 1.8

8 h 49 47 53 42 36 52 35 47 40 33 39 35 43 42 46 38

t 23 22.6 23.3 24 24 214 234 22 22.8 23.7 24.1 23.4 23.7 21.2 22.4 22.1

ws 1.8 2.2 3 1.5 1.8 1.3 2.7 1.6 12 2.9 1.4 32 1.7 1.8 2.1 1.8

9 h 54 52 57 47 41 56 58 49 40 34 38 37 44 43 49 41

t 18.4 17.9 19 19.2 194 17.1 19.9 18 19.5 20.1 20.5 19.7 20.3 17.4 18.1 18.3

ws 1.8 2 29 1.4 1.7 14 3.1 1.5 1.3 2.8 1.5 3 1.8 1.7 2.3 1.6

10 h 62 62 65 57 51 63 52 58 46 48 51 49 51 55 59 50
t 12.8 11.9 13.6 13.1 13.9 11.7 13.4 12 12.5 14 14.6 13.5 14.7 11.6 12.6 12.4

ws 2.1 2 3.4 1.5 1.3 1.4 3 14 12 2.9 1.5 2.8 1.9 2 2.7 1.5

11 h 68 71 72 65 62 73 64 69 61 64 63 61 61 65 66 68

t 7 5.5 7.5 6.8 7.7 6.1 7.4 4.9 7.3 7.1 8.2 7.5 8.8 5.3 6.7 6.2

ws 2.3 2 3.4 1.7 15 1.5 3.6 1.4 0.8 3 14 2.8 1.8 1.8 2.7 1.3

12 h 73 75 76 70 71 77 72 75 63 70 69 70 66 69 71 79

t 3.1 1.9 3.8 3 3.3 2 3.1 1.1 3.1 2.6 3.8 3.3 4.8 0.8 2.8 14
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Table 4. Mean monthly PET values of stations.

PET (°C)
1 2 3 4 5 6 7 8 9 10 11 12
Is 1.1 2.5 7.2 12.9 27.1 31.3 31.1 23.9 15.4 6.8 1.5
Ya -0.9 0.7 6.3 12.8 24.5 27.9 28.1 13.8 53 0.6
Eg -0.7 0.7 5.6 11.3 17.7 24.1 28.3 28.0 14.1 5.5 0.8
Se 1.0 3.1 8.8 15.1 28.6 32.6 32.3 26.1 16.9 7.9 24
At 1.4 3.1 8.3 13.8 272 31.7 314 24.9 16.7 9.5 3.3
An 1.2 2.1 8.1 14.5 27.0 30.8 30.6 244 15.5 7.6 1.9
Ba -2.3 -0.8 4.9 13.2 17.8 26.3 27.3 23.3 13.3 5.7 -0.2
Bg -0.5 2.6 8.2 16.1 26.4 29.2 29.6 24.0 15.3 6.1 1.1
Ge 3.7 7.1 12.3 17.8 23.6 28.9 31.6 31.1 27.7 16.4 9.4 55
Ku -1.0 0.4 5.8 12.3 28.5 28.6 - 14.3 54 -0.2
Ka 3.5 5.0 10.3 15.8 33.3 33.4 27.9 - 9.5 4.1
Ke 0.0 0.7 59 11.6 26.8 26.9 - 13.5 6.0 0.9
Si 2.4 4.0 9.2 15.1 30.6 31.6 26.7 17.4 9.1 4.2
Sa -1.9 0.2 6.4 12.8 28.1 28.4 14.2 5.0 -0.3
Ul 0.9 0.7 5.8 12.1 29.0 29.1 13.9 53 0.4
Ye 0.5 1.5 8.0 13.7 29.9 29.5 234 15.3 7.3 1.9

13-18 °C: Slightly cool

- 18-23 °C: Comfortable

23-29 °C: Slightly warm

shown in gray, comfortable (18-23 °C) areas and months
are shown in dark gray, and slightly warm (23-29 °C) areas
and months are shown in light gray.

Province-wide PET values varied from 11 to 18 °C
during April. The physiological stress classification placed
the towns of Kegiborlu, Uluborlu, Isparta Center, Egirdir,
Kumdanli-Hoyran, Yalvag, and Sarkikaraaga¢ in the cool
category. The rest of the province was classified as slightly
cool (Figures 2a and 2b).

Province-wide PET values varied from 17 to 24 °C
during May. The towns of Kegiborlu, Egirdir, Barla, and
Kumdanhi-Hoyran were slightly cool; Gelendost was
slightly warm; and the rest of the province was comfortable
(Figures 3a and 3b).

Province-wide PET values varied between 22 and 29
°C during June. Kegiborlu and Barla were comfortable. The
rest of the province was slightly warm (Figures 4a and 4b).

Province-wide PET values varied between 26 and 33
°C during July. Kegiborlu, Barla, Egirdir, Sarkikaraagac,
Bagkonak, Yalvag, and Kumdanli-Hoyran were slightly
warm, and the rest of the province was warm (Figures 5a
and 5b).

Province-wide PET values varied between 27 and 33
°C during August. Kegiborlu, Barla, Egirdir, Sarkikaraagag,
Yalvag, and Kumdanli-Hoyran were slightly warm, and the
rest of the province was warm (Figures 6a and 6b).

Province-wide PET values varied between 21 and 28 °C
during August. Kegiborlu, Uluborlu, Egirdir, Sarkikaraagac,
Yalvag, and Kumdanli-Hoyran were comfortable, and the
rest of the province was slightly warm (Figures 7a and 7b).

Province-wide PET values varied between 13 and
18 °C in October. According to the physiological stress
classification, the town of Kasimlar was comfortable. The
rest of the province was slightly cool (Figures 8a and 8b).
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a b
Figure 2. PET (a) and TPM (b) of Isparta Province in April.

a b
Figure 3. PET (a) and TPM (b) of Isparta Province in May.

a b
Figure 4. PET (a) and TPM (b) of Isparta Province in June.
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b
Figure 5. PET (a) and TPM (b) of Isparta Province in July.

b
Figure 6. PET (a) and TPM (b) of Isparta Province in August.

b
Figure 7. PET (a) and TPM (b) of Isparta Province in September.
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b

Figure 8. PET (a) and TPM (b) of Isparta Province in October.

4. Discussion

The TPMs used in this study were each prepared for a
specific month. Some previous studies addressing shorter
periods have presented daily or weekly results. However,
planning decisions involve longer time periods. For this
reason, the data that will be used to support plans should
contribute to developing the sufficiency of planning
decisions. For recreational planning that includes all
of Isparta Province, a monthly TPM corresponds to an
appropriate period due to the topographic structure of the
province, geographic location, and extensive area involved.
Mapping of the comfort structure for longer periods
(e.g., seasonal and annual) will not produce sufficient
detail. Accordingly, these longer-period maps would not
be sufficiently meaningful to produce correct planning
decisions. The desirability of using a monthly basis for
TPMs used in planning is confirmed by many studies
(Eliasson 2000; Morillon-Galvez et al. 2004; Alcoforado
et al. 2009). The use of longer time scales for mapping
topographically complex regions like Isparta Province
would not allow the climatic structure to be presented in
full detail.

In some studies conducted to definea comfort structure,
the data have been presented by using graphics rather than
maps (Gémez et al. 2001; Schiller 2001). However, maps
that present a comfort structure are better for illustrating
the planning studies and give more effective results. The
reason maps are effective is that it is very helpful to specify
the most comfortable periods and regions for the benefit
of planners and tourists. The selection of regions for
recreation can be aided by maps that specify comfortable
regions and periods. In addition, it is possible to identify
relevant interactions by matching these maps with data on
other characteristics such as topography, plant cover, or
lakes. In this study, the comfort structure and comfortable
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periods are revealed by maps. This approach highlights
ways in which TC interacts with other data.

Currently in Turkey, no applications that include
consideration of the TC criterion for recreational planning
studies exist. This factor is emerging as an important
subject to consider in rational planning studies. Many
previous studies have emphasized the important role of
TC in spatial planning studies, the need to use data on
climate and conduct studies at a microclimatic scale, the
importance of communication and knowledge sharing
between planning disciplines and climatologists, and the
development of planning instruments (Eliasson 2000;
Branderburg and Arnberger 2001; de Freitas 2003). The
current study defines the comfortable areas and periods in
detail on a monthly basis for Isparta Province and provides
important data for further recreational planning.

GIS instruments make an important contribution to
the planning process. They also provide the possibility
to perform different analyses through repeated matching
with other parameters (Svensson et al. 2003; Morillén-
Galvez et al. 2004; Alcoforado et al. 2009; Kantor and
Unger 2010; Wong et al. 2011). In this study, detailed
TPMs were created using GIS instruments and produced
on a medium that was 50% transparent. In this manner,
TC and topographic structure could be examined together
by matching them repeatedly. This approach is informative
because the climatic structure is affected mostly by
topographic structure. The interaction of climatic
structure with topography should certainly be defined for
the purpose of recreational planning. Furthermore, some
previous studies used a GIS platform to repeatedly match
data from different areas (Svensson et al. 2003; Morillon-
Galvez et al. 2004; Alcoforado et al. 2009; Kantor and
Unger 2010; Zengin et al. 2010; Wong et al. 2011). Some
important analyses could be performed in this manner.
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Isparta Province has a continental and mild climate
corresponding to its geographical location. Its varied
topographic structure produces variation in the climatic
structure of the province. The following results are
evident if they are evaluated in light of the combined
data on annual meteorological mean values, topographic
structure, plant cover, geographic coordinates, and lakes.
The winds that come from the south are influenced by
the flat topographical structure of Egirdir, Keciborlu, and
Barla. The flat topographical structure of the area naturally
results in high wind speeds. The lowest annual mean wind
speed was found for Gelendost. The mountains to the south
of that town shelter it from the wind. In the spring (e.g.,
February and March) the wind speeds are high because of
the air flow resulting from temperature differences. Egirdir
Lake affects the humidity. The central regions close to the
lake have relatively high humidity values. The humidity
could reach nearby areas and interior regions where the
topographic structure is flat. The town with the lowest
humidity in the province is Gelendost. Although that
town is near Egirdir Lake, its low altitude results in higher
temperatures and decreased humidity.

The examination of the monthly mean PET values
shows that the comfortable regions of the province are
located in its central and northern portions. The most
suitable months, listed in decreasing order of suitability,
were May, September, June, and October. According to
the physiological stress classification, Kegiborlu, Uluborlu,
Isparta Center, Egirdir, Kumdanli-Hoyran, Yalvag, and
Sarkikaraaga¢ are cool in April. The wind speeds are higher
in these regions during this period. Some of these towns are
located in the north and are therefore closer to locations
having a continental climate. Throughout the province, a
greater number of comfortable areas appear in May because
the humidity is decreasing. The decrease in humidity is
associated with lower rainfall, an increase in temperature,
and decreased wind speed. Some southern regions, low-
altitude areas, and humid locations near the lake could

References

Akten S (2009) Korunan Dogal Alanlarda Ziyaret¢i Etki Yonetim
Yaklagimi (Gélciik Tabiat Parki Ornegi). Yitksek Lisans Tezi.
Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii, p. 159.

Alcoforado M]J, Andrade H, Lopes A, Vasconcelos ] (2009)
Application of climatic guidelines to urban planning: the
example of Lisbon (Portugal). Landscape Urban Plan 90: 56—
65.

ASHRAE (1966) Thermal Comfort Conditions, ASHRAE Standard
55-66, American Society of Heating, Refrigerating, and Air
Conditioning Engineers, New York.

Baud-Bovy M, Lawson F (1998) Tourism and Recreation Handbook
of Planning and Design. Architectural Press, Oxford.

be considered uncomfortable in terms of TC. In June, the
most comfortable regions are Keciborlu and Barla due
to the combination of temperature, humidity, and wind
speed. The decrease in wind results from the topographic
structure and produces more comfortable conditions,
although the temperature is rising. Comfort also results
from the humidity produced by the lake. During July, the
southern portion of the province is more uncomfortable
due to geographic location. Some regions in the north and
near the lake have a more comfortable structure due to their
geographic locations and proximity to the lake. During
August, uncomfortable conditions are common province-
wide. Some locations near the lake, some northern areas,
and some regions with high wind speeds are relatively more
comfortable. During September, the regions with high wind
speeds, some locations near the lake, and some northern
parts of the province are comfortable, whereas the southern
regions have a less comfortable structure. During October, a
slightly warm structure is present throughout the province.
During this period, wind speed, humidity, and temperature
combine with topographic structure and geographic
position to affect the TC.

For outdoor recreation activities, the most comfortable
regions are as follows: all locations in the province with
the exception of the towns of Egirdir, Kegiborlu, Barla,
and Kumdanlh-Hoyran in May; Kegiborlu, Egirdir,
Uluborlu, Yalvag, Kumdanli-Hoyran, and Sarkikaraaga¢
in September; Barla and Kegiborlu in June; and Kasimlar,
located in the southern part of the province, in October.
Slightly cool, comfortable, and slightly warm conditions
are present at Barla for a continuous 7-month period.

This study defined the comfort structure by region and
by period for use in planning disciplines. A method was
proposed for producing comfort maps. These maps could
easily be included in the planning process and would
furnish significant assistance in making correct planning
decisions. The study offers meaningful guidance for future
recreation planning studies.

Bell S (2001) Design for Outdoor Recreation. Spon, London.

Brandenburg C, Arnberger A (2001) The influence of the weather
upon recreation activities. In: Proceedings of the First
International Workshop on Climate, Tourism and Recreation
(Eds. A Matzarakis, CR de Freitas), ISB, Greece, pp. 123-132.

Braun OL, Lohmann M, Maksimovic O, Meyer M, Merkovic
A, Messerschmidt E, Reidel A, Turner M (1999) Potential
impact of climate change effects on preferences for tourism
destination: a psychological pilot study. Clim Res 11: 247-254.

Brown RD, Gillespie TJ (1995) Microclimatic Landscape Design.
John Wiley & Sons, New York, USA.

119



TOPAY / Turk J Agric For

de By RA (2001) Principles of GIS. ITC Educational Textbook Series,
Enschede, the Netherlands.

de Freitas CR (2003) Tourism climatology: evaluating environmental
information for decision making and business planning in the
recreation and tourism sector. Int ] Biometeorol 48: 45-54.

DMI (2010) Isparta ili Tklim Verileri. Devlet Meteoroloji Isleri,
Ankara.

Eliasson I (2000) The use of climate knowledge in urban planning.
Landscape Urban Plan 48: 31-34.

Eliasson I, Knez I, Westerberg U, Thorsson S, Lindberg F (2007)
Climate and behaviour in a Nordic city. Landscape Urban
Planning 82: 72-84.

Fanger PO (1973) Assessment of man’s thermal comfort in practice.
Br ] Ind Med 30: 313-324.

Fukuoka Y (1997) Biometeorological studies on urban climate. Int J
Biometeorol 40: 54-57.

Goémez F, Tamarit N, Jabaloyes J (2001) Green zones, bioclimatic
studies and human comfort in the future development of urban
planning. Landscape Urban Plan 55: 151-161.

Gourbi BR (2010) The zoning of human bioclimatic comfort for
ecotourism planning in Gilan, Iran-south west of Caspian Sea.
Aust ] Basic Appl Sci 4: 3690-3694.

Giil A, Oriicit OK, Karaca O (2006) An approach for recreational
suitability analysis to recreational planning in Golciik Nature
Park. Environ Manage 37: 606-625.

Hoppe P (1993) Heat balance modelling. Experientia 49: 741-746.

Hoppe P (1997) Aspect of human biometeorology in past, present
and future. Int ] Biometeorol 40: 19-23.

ICDR (2009) Isparta Gevre Durum Raporu. T.C. Isparta Valiligi il
Cevre ve Orman Miudiirliigii Yayini, Isparta.

Kantor N, Unger ] (2010) Benefits and opportunities of adopting GIS
in thermal comfort studies in resting places: an urban park as
an example. Landscape Urban Plan 98: 36-46.

Kliskey AD (2000) Recreation terrain suitability mapping: a spatial
explicit methodology for determining recreational potential
for resource use assessment. Landscape Urban Plan 52: 33-43.

KTB (2012) T.C. Kiltiir ve Turizm Bakanlgi Tirkiye Turizm
Stratejisi. Available at http://www.ktbyatirimisletmeler.gov.
tr/TR,11699/turkiye-turizm-stratejisi.html (accessed 16 June
2012).

Liddle M (1997) Recreation Ecology. Chapman & Hall, London.

Lin TP, Matzarakis A (2008) Tourism climate and thermal comfort in
Sun Moon Lake, Taiwan. Int ] Biometeorol 52: 281-290.

Lo CP, Yeung AKW (2002) Concepts of Techniques of GIS. Prentice
Hall, New Jersey.

Matzarakis A, Mayer H (1996) Another kind of environmental stress:
thermal stress. WHO Newsletter 18: 7-10.

Matzarakis A, Mayer H, Iziomon MG (1999) Application of universal
thermal index: physiological equivalent temperature. Int ]
Biometeorol 43: 76-84.

120

Matzarakis A, Rutz F (2005) Application of RayMan for tourism and
climate investigations. Annalen der Meteorologie 41: 631-636.

Matzarakis A, Rutz F, Mayer H (2007) Modelling radiation fluxes in
simple and complex environments-application of the RayMan
model. Int ] Biometeorol 51: 323-334.

Matzarakis A, Rutz F, Mayer H (2010) Modelling radiation fluxes
in simple and complex environments-basics of the RayMan
model. Int ] Biometeorol 54: 131-139.

Morillon-Gélvez D, Saldana-Flores R, Tejeda-Martinez A (2004)
Human bioclimatic atlas for Mexico. Sol Energy 76: 781-792.

Nayir O (2009) Isparta Bolgesi Korunan Dogal Alanlarinda
Ekoturizm Talep ve Egilimlerinin Belirlenmesi. Yiiksek Lisans
Tezi. Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii,
p. 139.

Nikolopoulou M, Lykoudis S (2006) Thermal comfort in outdoor
urban spaces: analysis across different European countries.
Build Environ 41: 1455-1470.

Olgyay V (1973) Design with Climate: Bioclimatic Approach
to Architectural Regionalism. Princeton University Press,
Princeton, New Jersey, USA.

Schiller G (2001) Biometeorology and recreation in east
Mediterranean forests. Landscape Urban Plan 57: 1-12.

Suminski RR, Poston WC, Market P, Hyder M, Sara PA (2008)
Meteorological conditions are associated with physical
activities performed in open-air settings. Int ] Biometeorol 52:
189-197.

Svensson MK, Thorsson S, Lindqvist S (2003) A geographical
information system model for creating bioclimatic maps -
examples from a high, mid-latitude city. Int ] Biometeorol 47:
102-112.

Topay M (2007) The importance of climate for recreational planning
of rural areas: case study of Mugla Province, Turkey. In:
Proceedings of Third International Workshop on Climate,
Tourism and Recreation (Eds. A Matzarakis, CR de Freitas, D
Scott), Greece, pp. 29-36.

Toy S, Yilmaz S, Yilmaz H (2005) Determination of bioclimatic
comfort in three different land uses in the city of Erzurum,
Turkey. Build Environ 42: 1315-1318.

TUIK (2012) Nifiis Verileri. Tiirkiye Istatistik Kurumu, Ankara.
Available at http://www.tuik.gov.tr/PreHaberBultenleri.do?id
(accessed 4 April 2012).

Wong NH, Jusuf SK, Tan CL (2011) Integrated microclimate
assessment method as a sustainable urban development and
urban design tool. Landscape Urban Plan 100: 386-389.

Zauli Sajani S, Tibaldi S, Scotto E Lauriola P (2008) Bioclimatic
characterisation of an urban area: a case study in Bologna
(Italy). Int ] Biometeorol 52: 779-785.

Zengin M, Kopar I, Karahan F (2010) Determination of bioclimatic
comfort in Erzurum-Rize expressway using GIS. Build Environ
45:158-164.



