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ABSTRACT

Weather and climate have a double-edged effect on tourism. It can be considered both as a limiting and a devel-
oping factor for tourism. In this regard, having access to precise bio-climatic information can be of high use to
enhance the quality of tourism services. This study has evaluated the Bio-climatic conditions of the tourists in
Mashhad, a North-Eastern city in Iran, through the use of thermo-physiological indicator of physiological
equivalent temperature (PET). Studies have been done for the hours of 9:30, 12:30 and 21:30 of the local time
using the statistical data of the period between 1978 and 2007. According to the results, the longest period of cli-
matic-comfort-hours is around 21:30 (mainly in June, July, and August), and the shortest duration of cli-
matic-comfort-hours is around 9:30 (sporadically assessed in April, May and October). The Bio-climatic condi-
tions during the Nowruz Holidays are only comfortable in the evenings. Especially, there is the challenge of cold
stress in the mornings and more specifically, at nights. However, the best condition of the whole assessed times in
summer holidays (that is June 22nd to September 23rd) is at 21:30. Summer days are not ideal for tourism due
to the heat stress. The daily change of PET index shows a Gaussian curve, the peak of which (indicative of too
much heat stress) shows July, and non-stress condition can be seen on both sides of this curve.
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1. Introduction category, tourism ranks the fourth after fuels, chemicals
and food.

According to Tourism Towards 2030, the number of
international tourist arrivals worldwide is expected to
increase by an average of 3.3% a year over the period
2010 to 2030. Over time, the rate of growth will gradu-
ally slow down, from 3.8% in 2011 to 2.5% in 2030, but
on top of growing base numbers. In absolute numbers,
international tourist arrivals will increase by some 43
million a year, compared to an average increase of 28
million a year during the period 1995 to 2010. At the
projected pace of growth, international tourist arrivals
worldwide will exceed 1 billion in 2012 and reach 1.8
billion by the year 2030 [1].

Tourism is strongly affected by climate conditions and
“Corresponding author. suitable climatic conditions are considered as sources of

Over the past six decades, tourism has experienced con-
tinued expansion and diversification. It has become one
of the largest and fastest growing economic sectors in the
world. In spite of many shocks, long-term trends are in-
deed impressive: tourism rose from 25 million Interna-
tional Tourist Arrivals (ITA) in 1950 to a record 980
million ITA in 2011 [1].

The overall export income generated by inbound tour-
ism, including passenger transport, exceeded US$ 1.2
trillion in 2011, or US$ 3.4 billion a day on average.
Tourism exports account to as much as 30% of the
world’s exports of commercial services and 6% of over-
all exports of goods and services. Globally, as an export
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investment [2]. Weather and climate have a broad sig-
nificance to tourist decision-making and the travel expe-
rience, significantly influencing travel patterns and ex-
penditures worldwide. Climate is a key factor considered
by tourists, consciously or implicitly during travel plan-
ning, and represents both a push and pull factor for tour-
ists [3]. Nowadays, many tourists decide their region and
time of journey based on weather conditions. An interna-
tional survey of 66 national tourism and meteorological
organizations found that a large majority (81%) felt that
weather and climate were major determinants of tourism
in their nation [4]. Hence, due to the considerable in-
crease of tourists in recent decades and the role of ideal
weather as a central factor in choosing tourism destina-
tions, the importance of having access to bioclimatic in-
formation is highly conceivable [5].

Generally, the study of climate effects on the human
body is done through bio-climatic science. This science
presents the complicated and simultaneous effects of cli-
matic variables on human body in simple forms as bio-
climatic indices. These indices present numeric values to
become understandable for people, and to provide com-
parisons for different areas through bioclimatic aspects
[6]. The latest progresses of bioclimatic science in recent
decades have resulted in the emergence of three groups
of indices. The first group is empirical indices, such as
uncomfortable index [7], wind-chill [8]. The second set
is synthetic and bio-climatic indices such as [9-11]. The
third set, emerging from thermo-physiological, is known

as physiological-thermal parameters; some of the most
renowned of which are Physiological Equivalent Tem-
perature PET [12-15], Predict Mean Vote, PMV, Stan-
dard Effective Temperature, SET [16], and outdoor stan-
dard effective temperature OUT SET [17]. An ideal bio-
climatic index should include physical, physiological,
and psychological parameters; besides, the energy bal-
ance between body and atmosphere should be considered
[6] (Figure 1).

Iran, among the world’s eighth leading countries con-
sidering its cultural and historical sites, and based on the
diversity of landscape and continental ecotourism attrac-
tions, ranked in the top five countries of the world.
However, little research has been done to establish envi-
ronmental and continental information for tourists. Most
of the studies done in Iran have used the primary and
synthetic indicators such as Olgy, Gyvny [18], Trojung
[19], effective temperature index [20], and TCI [21].
They often used a monthly time scale, and just the bio-
logical aspects of climate have been assessed. Besides,
applied climate research in this field is very limited ([22-
24)).

The purpose of the present study is to assess comfort-
able temperature of Mashhad for tourists on an hourly
scale, because the city is one of the most important his-
torical and religious tourism resorts in Iran. The assess-
ment is done via Physiological Equivalent Temperature
PET on an hourly scale and the most suitable times for
tourism and for traveling to Mashhad are depicted.
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Figure 1. Facets of climate in tourism (de Freitas, 2003).
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2. Methods and Data
2.1. Area under Study

Mashhad is the second most populated city in Iran, with
8% of the total population of the country, located in the
province of Khorasan Razavi. It is located between 37° to
32° north latitude and 40° eastern longitudes, 999 meters
above the sea level (Figure 2). Based on the Coupon
classification, the city has a cold semi-arid climate (BSK)
[25]. Respectively, 19.1% of Iran is dominated by this
type of climate. Thanks to the mausoleum of the Shiite’s
Eighth Late Leader (Imam Reza), Mashhad is Iran’s most
important Religious tourism center. Besides, Firdausi’s
mausoleum (the greatest Persian epic poet who lived in
10th century) attracts millions of tourists to itself annu-
ally. According to the records of Cultural Heritage and
Tourism Organization of Khorasan Razavi, annually 25
to 30 million pilgrims and tourists visit Mashhad. Distri-
bution of tourists throughout the years is shown in Fig-
ure 3.

2.2. Data

To assess Physiological Equivalent Temperature, this
study used the Meteorological data from Mashhad syn-
optic station. The necessary data included mean tem-
perature, relative humidity, wind speed, pressure, water
vapor, and cloudy days; all of which were obtained daily,
for mornings (06 UTC time or 9:30 local time), after-
noons (12 UTC time or 15:15 local time), and nights (18

UTC or 21:30 local time). Furthermore, the daily mean
(average of daily data) in a 20-year period (1978-2007) is
included. The meteorological data has been obtained
from Meteorological Organization of Iran. In addition,
the frequency of occurrence of climatic phenomena has
been calculated and presented on a monthly scale.

2.3. Physiological Equivalent Temperature
(PET)

To assess the impact of climate on human comfort and
climate comfort studies, variety of models and indicators
are invented and developed in the second half of the
twentieth century, among which, the models based on
energy balance equation of the human body are more
praised and have attracted more attention [26]. The first
model of the heat balance was introduced and described
by Fanger [27], which is still in use. This heat index pre-
sented the prediction indices of mean vote (PMV) and
the percentage of dissatisfaction (PPD), to assist engi-
neers in designing an indoor condition. Two decades later,
Jendertzky et al. (1990) were succeeded in assigning
suitable variables to Fanger method to modify it for the
outdoors conditions [28]. This model is known today as
MEMI model [29]. MEMI model stands for the energy
balance for human. MEMI model is a part of thermo-
physiological heat balance models, which are the basis of
PMV and PET model. MEMI model is an energy balance
equation based on the human body as shown in the fol-
lowing equation [14]:
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Figure 2. The geographical location of Mashhad, Iran.
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Figure 3. Distribution of the number of tourists to the city of Mashhad in the years.

M+W+R+C+ED+ERe+Esw+S=0

Where, M is the rate of metabolism, W is the output of
the physical work, R is radiation of body, C is the heat
convection, ED is the latent heat of evaporation on the
skin, ERE is the sum of thermal effect of heating and
evaporation and transpiration, and ESW is the effective
air flow in body’s evaporation and sweating. All terms in
this equation are based on Watt sunlit; M is a positive
value; and W, ED, and ESW are often negative. In this
case, if the body is gaining energy, equation is positive,
and if it’s loosing energy the equation is negative. The
above equation is controlled by the following climate
variables ([13,14]):

- Temperatures: C, ERE

- Humidity: ED, ERE, ESW

- Wind speed: C, ESW

- Mean radiant temperature: R

Among MEMI model outputs the Physiological Equi-
valent Temperature index (PET) is one of the most com-
prehensive and widely used indicators to evaluate envi-
ronmental conditions of climate for tourism [30]. The
main advantage of this index is that its output is based on
Centigrade. So the results can be understandable for the
tourists and the tourism planners who may not be famil-
iar with the environmental climate jargons. Table 1 pre-
sents numerical thresholds of this index, as well as the
heat sensitivity and physiological conditions related to it.
According to Table 1, the range from 23 to 29 degrees
centigrade is considered as the climatic comfort. It is
noted that a little warmness (23 < PET < 29) and a little
coldness (13 < PET < 18) can be managed by wearing a
jacket to change the uncomfortable climatic conditions
into a comfortable one that is suitable for tourism [31].
Therefore, practically the numerical values of PET be-
tween 13 to 29 degrees centigrade are considered as a
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Table 1. PET threshold values of the different degrees of
sensitivity [15].

PET(°C) Thermal sensitivity ~ Grade of physiologic stress
Very cold Extreme cold stress
4
Cold Strong cold stress
8
cool Moderate cold stress
13
Slightly cool Slightly cold stress
18
Comfort No thermal stress
23
Slightly warm Slightly heat stress
29
warm Moderate heat stress
35
Hot Strong heat stress
41
Very hot Extreme heat stress

comfort zone. To calculate PET, Ray-Man software has
been used [32]. This software has the ability to estimate
the average temperature of the radiation (Ttmr), thermo
physiological PET, PMV, and SET indices.

Required data includes locational data (latitude, longi-
tude, and altitude), climatic data (temperature, relative
humidity, vapor, pressure, wind speed, and cloudy day)
and personal profile data (height, weight, the default sex);
in this regard the sample of the study is of 175 cm height,
75 kg weight, and the male genders are considered. The
thermo-physiological data (including the amount and
type of activity, and the heat resistance of clothing, esti-
mated as 0.9 clo, and the amount of activity is 4 km per
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hour) [32]. Figure 4 shows the flowchart of continen-
tal-thermo human environment.

3. Results and Discussion
3.1. Hourly Assessment

Tourists are to enjoy the natural and geophysical resources
and other attractions in the destination. In this regard,
climate is an important geophysical factor that dramati-
cally affects the tourism industry. Many tourists and tour-
ism planners are looking for an easy access to climate
information on a short time scale (e.g., hourly); so that
they would be able to choose the best times for visiting,
shopping or pilgrimage. In this study, the selected hours
of the local time representing morning, afternoon and
early evening, 09:30 am, 15:30 pm, and 21:30 pm, have
been assessed. Rayman model output results for the se-
lected hours, based on the categorization and in a matrix
form, including 365 cells representing the whole year
span, were calculated for the thermal sensitivity of PET
and are presented in Figure 5.

As shown in Figure 5, the days of January, February
and December are in the heat-sensitive conditions of cold
and too cold days. The cool tension at 21:30 is also ob-
served at the end of February. It is due to Siberia high
pressure that causes cold and dry climate during the cold
season in the North East of Iran, which makes limits to
environmental climate for tourists during this time pe-
riod.

March 21, coinciding with spring and the Persian New

Atmospheric environmental
-Air temperature
- Vapor pressure

Year in Iran, the first thirteen days of which are consid-
ered as the New Year holidays (Nowruz, the Persian’s
ancient feast, from March 21th to May 3rd), is consid-
ered as the most intensive period of intra-national trips in
Iran. It should be noted that most of these internal travels
are headed to Mashhad based on its religious, historical
and cultural heritage. According to Figure 5, if we con-
sider 9.30 am as the basis time for climatic comfort as-
sessment, the most appropriate time to devote to travel is
in late April, early May, and the late September to early
November. On the other hand, if we select 15:30 pm, we
observe that the comfort climate time in the fall begins
later while in spring it begins earlier. Similarly, if the
analysis basis time be 21:30, the climate comfort time
starts at late June and lasts until mid-August.

As can be seen, Mashhad is protected from heat stress
at night throughout the year. Instead, at the same time,
the duration of cold stress is higher. Consequently, it can
be inferred that the climatic comfort time of the day is
divided into three periods. The first period is from mid-
April until May, the second from end of May to mid-
September, and the third period is from mid-September
to mid-November.

The longest period of climatic comfort occurs at 21:30
p.m. for about 61 days, and the minimum period occurs
at 9:30 am. with duration of 35 days. The longest period
of heat stress occurs at 15:30 which begins in May 25th,
lasting to September 24th for about 119 days. The long-
est period of cold stress also occurs at 21:30, which ap-
proximately begins from early October to Mid-April for
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Figure 4. Human environment assessment based on temperature [33].
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Figure 5. Yearly Bio-climatic conditions in Mashhad.

160 days. The minimum period of cold stress occurs at
15:30, beginning from November 12th to March 28th, for
a period of 131 days. June should be considered as the
beginning of Heat-stress tensions. During the warm pe-
riod of the year, all of Iran is covered by Azores sub-
tropical high pressure, with a relatively dry and stable air
[34]. Summer season in Iran (June 22nd to September
23th), coincided with the holiday period, is considered a
peak period of trips in Iran. Subsequently, according to
Figure 5, the best time to leave home in summer is 21:30
p.m. Figure 6 shows the frequency of occurrence of the
climatic conditions for several days during the entire
period of the study. For example, the weather conditions
at 9:30 and 21:30 are colder than other time spans. Be-
sides, the occurrence of climatic comfort is at its highest
at 15:30.

OPEN ACCESS

Figure 7 presents change process in PET parameters
for 09:30, 15:30, and 21:30 time spans and the 24 hours
average. The climate comfort zones in these charts are
shown in different colors. As shown from the figure, the
PET index changes over the year in Gaussian shape, with
its peak coinciding with high measurements of the PET
index (numbers above 30°C), the heat-sensitive, and hot
lines; this peak starts in mid-June and continues until
mid-September. The minimum measurement of this in-
dex is located at the end of the curve in the early January
and the end of December. The Nowruz and summer
journey peaks are shown in two separate boxes. As can
be seen, in the summer (June 22nd to September 22nd)
the curve of 21:30 is often located within the range of
climatic comfort. It is worth emphasizing that only at the
end of summer holidays the range of climatic comfort
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Figure 7. Changes of PET Index for the hours of 09:30, 15:30 and 21:30. the daily average is also shown.

and daily graph curve, identified as 9:30, is in the cli-
matic comfort zone. Also during Nowruz holidays, in
early spring (March 21st to May 2nd), only the curves

within this range are located in the climatic comfort zone.

Throughout the year, the curves for 21:30 are at the bot-
tom and the ones for 15:30 are always higher than others;
respectively allocated the lowest and highest index val-
ues of PET to them.

3.2. Recurrences of Phenomena Affecting the
Comfort of Tourists

In spite of the fact that individual environmental infor-
mation, climate information, and other physical compo-
nents (such as cloudy day, temperature, humidity, etc.) or
the synthesis of environmental parameters such as com-
fort temperature, and the continental viability indices are
of high use for tourists and the tourism planners, these
parameters are limited in systematically assessing the
effects of atmosphere and its parameters on human. Hence
complementary information to the continental viability
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indices are necessary, such as physical and esthetic pa-
rameters; therefore, through using the sum of these in-
formation, comprehensive assessment can be made for
weather conditions affecting tourists and tourism [6].
Figure 8 shows the frequency of the PET index based on
monthly scale in Mashhad. For instance, the highest fre-
quency of being too cold is observed in January, and of
being too hot occurs in July. The probability for the oc-
currence of each of the heat and comfort parameters,
such as physiological equivalent, temperature, its ampli-
tudes, and the esthetic parameters, such as cloudy or
foggy days, and physical parameters such as wind speed,
rainfall, and water vapor pressure, were used for com-
fortable bio-climatic zone and are shown in Table 2 for
each month of the year. The results are done by Excel
software and are presented in Figure 9. For example, the
probability of a sunny day in January is 40 percent and in
March to early July it is 90 percent. Tourists and the
tourism sector planners can make a plan based on the
probability of each of these phenomena to be able to
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Table 2. Factors, Ranges, and Source of thresholds [35].

Factor Range Literature

Thermal comfort 18°C<PET <29°C [30]
Cold stress PET <8°C [30]
Heat stress PET > 35°C [12]
Hot day PET > 41°C [12]

Stormy day Wind speed > 8 m/s [36,37]
Wet day Precipitation > 5 mm [30]
Sunshine Sky cover < 5/8 [35]
Foggy day Relative humidity > 93% [30]
Rainy day Precipitation > 1 mm [30]
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Figure 9. The probability of the occurrence of phenomenon in Mashhad for the period 1978-2007.

manage them properly while facing them.

4. Conclusion

As discussed, and with regard to low cold/hot tension
ranks, the acceptable range of climatic comfort of PET
index can be considered between 13 and 29, and can best
be recommended as an appropriate time for tourism. This
is based on low heat and cold stress above and below the
comfort zone. According to Figure 6, during the period
studied (1978-2007), the highest frequency of climatic
comfort conditions occurs at 21:30 p.m. Similarly, ac-
cording to Figure 9, comfortable climate conditions are
most likely to occur in March and July. Moreover, based
on Figure 5, climate comfort occurs in two periods dur-
ing the year, between 9:30 and 15:30. The first period is
in the spring and the second one in early fall. It should be
noted that the comfortable period (21:30 pm) is relatively
long in the summer season. Because of heat stress, other
times are not good for tourism. The longest climate
comfort period occurs at 21:30, and the shortest one oc-
curs at 9:30. The longest period of heat stress occurs at
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15:30, and the longest period of cold stress occurs at
21:30. Furthermore, the shortest period of cold stress
relates occurs at 15:30. According to Figure 7, the curve
of changes in PET index is in a Gaussian shape; therefore,
the curves on the high peaks of PET are above 30°C, and
the minimum point is located in the low PET index. The
curve is repeatedly consistent within the range of cli-
matic comfort at 21:30 in summer (22nd of June to 22nd
of September). However, at the end of summer vacation,
only curves of 9:30 are located in comfort climate range,
and the curves of 21:30 are outside this range. Nowruz
holidays in early spring (21st of March to 2nd of May),
only have the curve of 9:30 in the climate comfort zone.

5. Recommendations

Based on Figure 5, which shows the distribution of the
number of tourists of Mashhad throughout the year, the
Peak period of journeys is from April, July to August.
Accordingly, the followings are recommended:

1) According to Figure 9, the best hour for journeying
in April is 15:30. So it is advisable that tourists leave for
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visits during these hours.

2) Similarly, with respect to Figure 9, the best hour of
the climatic comfort in July to August is at 21:30.

3) In the same way, the main bio-climate constraints in
Mashhad are high and long cold stress months of De-
cember, January, February, and March making the time
not suitable for tourism and recreation.

With regards to the items listed above, it can be con-
cluded and summarized that:

1) During the summer holidays (22nd of June to 22nd
of September), due to a hot feeling in the afternoons and
sometimes early mornings, night time is better for tour-
ism and excursions.

2) During the Nowruz holidays (from 21st of March to
2nd April), which is the peak period of domestic travels
and tourism, the cool tensions in the morning and early
evening causes some restrictions. But in the afternoons,
the climatic conditions are very good for tourism and
expeditions.
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