Faculty of Business Economics and Entrepreneurship International Review (2018 No.3-4) 35

ORIGINAL SCIENTIFIC PAPER

RECOGNITION AND ADAPTATION OF CLIMATIC
AREAS IN CHAHARMAHALAND BAKHTIARI
PROVINCE OF IRAN IN TERMS OF TOURISM
CLIMATE COMFORT

Mohsen Abbasnia’3, Mahnaz zarabi'4, Ali Hossein Zadeh's , Amin
Hasannejad®

ABSTRACT

Climatic phenomena play a significant role in development of the tourism industry. An
appropriate climate may bring positive responses of tourists. The tourists plan their journeys
considering the climatic and weather conditions of their destination. Chaharmahaland
BakhtiariProvince is a mountainous region in west of Iran which enjoys various distribution of
climatic elements especially rainfall and temperature due to topographic diversity. Statistical
methods of factor analysis and cluster analysis were applied to obtain a precise recognition about
the climatic zones of the province. 26 climatic variables were selected from six existing weather
stations in the province. The results obtained from factor analysis showed that province climate
is affected by four climatic factors which are listed here in order of significance: rainfall factor,
serene sky factor, thermal factor and humidity factor. Then, four climatic regions were
distinguished in the province by means of cluster analysis that was administrated on matrix of
factor grades. At last, using PET index, evaluation and comparison were carried out for climate
comfort at stations representing each climatic region during a year. The results revealed that May
was the best month in terms of climate comfort conditions. Thermal stresss began from June and
reached their peaks in July and August. Boroujen and Kouhrang stations entered the climate
comfort range in September while same conditions happened for Shahr-e-kord and Lordegan in
October.
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INTRODUCTION

Nowadays, influence of climatic and weather conditions on life, health and comfort of
human being and also on development of tourism industry is studied as a scientific branch named
human ecological climatology (Ezatian, Momenzade, 2011). Being the main context of human
activities, recognition of natural potentials is known as a basement for ecological and spatial
planning. In this regard, climate segmentation and recognition of effective elements for each
region are helpful to define climate features of the regions. Nowadays, complete success of
developing plans for tourism, agriculture, industry, irrigation projects, transportation, sanitation,
etc. may be achieved when they are accompanied with recognition of climate areas and use of
their various potentials.

Chaharmahaland Bakhtiari Province is a mountainousregion in Iran Plateau with a 2150-
metre altitude that extends from 31 degrees and 9 minutes to 32 degrees and 38 minutes northern
latitude and from 49 degrees and 30 minutes to 51 degrees and 26 minutes eastern longitude.
Various land reliefs and high mounts with western winter air masses crossing the province have
led to creation of some different small climates (Zende del, 1997, p 23). Also, this province is an
interesting destination for tourists due to its historical and artistic monuments and its appropriate
weather during the year. However, this important tourism destination seems to be developed in
recent decades with no codified plans or attention to its natural and climatic potentials. It may
reach a sustainable development by proper planning in tourism industry. For this purpose, it is
necessary to investigate the appropriate time and place for each region to prepare itself for tourists
after that all characteristics of climatic regions were entirely recognised.Segmentation of local
phenomena has a long history in geography. The necessity of segmentation may be distinctively
seen in climatology (Alikhani, 2000, p221). In the past, conventional methods were applied for
climatic segmentation. In 1909, Copen became the pioneer in the field who offered an important
climatic segmentation method with only taking temperature and rainfall annual averages into
account (Ganji, 2003, p40). Thenceforth, conventional and single-variable methods were
gradually replaced with multi-variable statistical techniques, principal component analysis and
clustering which are used for climatic segmentation. Puvanswaran criticised climatic
segmentations in which one- or two-variable methods and declared that as a multi-variable
phenomenon, climate segmentation has to be performed through multi-variable statistical
methods. The ability to increase or decrease the climates of a certain region was mentioned as
benefit of multi-variable methods (Puvanswaran, 1990, p591).

Steiner study in 1965 was a premier in the field of new statistical methods appliance. He
determined climatic regions of the U.S. by investigating sixteen climatic parameters. Other
researchers (Newnham (1968), Ehrendorfer (1987), Bunkers et al. (1996), Fovel (1999), Bjoern
et al. (2010) and Yons (2011)) have widely used these methods to reduce variable sides and
recognise climatic regions. There are numerous researches in the climatology literature of the
world which are performed using these methods. Climatological studies in Iran were mostly based
upon conventional and single-variable methods while multi-variable statistical analyses have
been used since recent two decades. For instance, Heidari and Alijani (1999, p57) distinguished
three perpendicular factors (humidity, temperature and wind direction) using 49 climatic
variables in 43 weather stations over the country(1963-1990) by decomposition methods.
Considering the mentioned factors values, the surveying stations were categorised by Ward’s
clustering decomposition method and it was concluded that this method is acceptably in
accordance with Iranian topographic units. In another research, Masoudian (2003, pl176)
characterised six climatic factors (thermal, humidity and cloud, rainfall, wind, mist and thunder)
using 27 climatic variables in 120 weather stations over the country; then, Iran was divided into
15 climatic regions using the clustering method. GeramiMotlagh and Shabankari (2006, p188) in
an article titled as climatic segmentation of Bushehr Province proved that the most important
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constituent factors of the province climate were: the wind-humidity factor, the rainfall-cloud
factor, the thermal-vision factor and the wind-mist factor. In result, these climatic factors divided
Busheher Province into five climatic regions. Also, Salighe and Esmailnejed (2008, p188)
managed to divideSistan and Balouchestan Province into five climatic regions using five climatic
factors. In another research, the obtained results from factor and cluster analyses on climatic
segmentation in Isfahan Province revealed that usage of new multi-variable method for exact
recognition of major creating factors of weather regions led to more trusty data for future
investments in various scientific divisions rather than conventional single-variable methods
(Amir Ahmadi and Abbasnia, 2010, p56). In the newest research, Hashemi et al (2015) were
prepared the zoning maps of tourism climate comfort across the Zanjan province by using of GIS.
Thus, acquaintance with natural features of each region, especially the weather, may be of
importance in planning and investment. Studies on relation of the climate impact on tourism
industry have not been wide; however, history of such researches goes back to 50s. At that time,
the attempts were concentrated to estimate the comfort conditions of man by using mathematical
and statistical relations and graphs and also by means of climatic factors such as temperature,
humidity, wind speed, etc. (Sari Saraf et al. 2010, p101). According to the definition, thermal
comfort condition is called a range in which temperature adjustment mechanism of human body
stays at minimum (Giovni, 1976, p28). Thus, tourism industry plays an important role in
development of the regions as is known as the main source of income, business, growth of the
private sector and development of infrastructures. Many factors influence tourism expanse that
an important one is the climatic conditions of the destination which is highly considered. In fact,
weather and tourism industry are mutually dependent; in other words, the weather may act both
as a restricting factor and a definitive one for tourism industry (Shackleford and Lecha, 1997,
p46), (Shackleford and Olsson, 1995, p239).The best method to reveal the appropriate time for
touring is using the climate comfort indices. Mieczkowsi (1985, p220) defined tourism climate
comfort index using seven climatic factors and assessed climatic desirability for tourists.
Zolfaghari (2007) characterised the proper touring time for Tabriz by means of PET and PMZ
indices and also determined a 45-day climatic comfort period for the city from early May till mid-
June, a 240-day coldnessstress period from late September till mid-April and an 80-day heat stress
from mid-June till mid-September. There have been many investigations about effects of
ecological climatic indices on human comfort conditions using different methods which may refer
to Mohammadi and Saeidi (2009), Qanbari et al. (2010), Esmaeili et al. (2010), Barimani and
Esmaeilnejad (2011), Ataei and HashemiNasab (2011), Deb et al. (2010) and Ping Lin et al.
(2011).1n this field, MansouriDaneshvar et al (2013, 59) in a study over Iran showed that the PET

index is one of suitable thermal index In compliance with climate of Iran.

These days, weather has the leading role in development and construction planning of a
region and climatic conditions of a place is a significant parameter which most of the tourists take
into consideration for choosing their destination. In this study, according to the fact that climate
comfort investigations about recognition of effects of weather conditions on tourism capabilities
of various regions of the country has been rare;it was primarily tried to perform climatic
segmentation for Chaharmahaland Bakhtiari Province by means of new factor and cluster
analyses methods and secondarily assess the best time and place for tourists visit during the year
using PET climate comfort index for each city representing an extractive climatic region of the
province.
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MATERIALS AND METHODS

Firstly, an exact recognition of small existing climatic regions in Chaharmahaland Bakhtiari
Province was achieved by means of multi-variable statistical methods and geographical
intelligence system. Surfer, Spss, ArcGis and Excel was used during different stages of the study.
Hence, annual average values of 26 climatic variables (precipitation more than 1, 5 and 10 ml,
average dry temperature, average of minimum and maximum of temperature, temperature profile
range, minimum and maximum of absolute temperature, water vapour pressure, surface pressure
at stations, snow and sleet, frost, vision less than 2 Km, 7-8 octa cloudy sky, serene sky, number
of rainy days, temperature more than 21 °C, average relative humidity, minimum and maximum
of relative humidity, sunny hours, maximum daily rainfall, total annual rainfall, average wind
speed and misty days) obtained from 6 weather stations and was used after analysing and
removing faults. Weather stations conditions are demonstrated in table 1.

Table 1: the weather stations of the province conditions

Duration of

Station Type Altitude Longitude Latitude statistical
period

Borujen Synoptic 2197 51.18 31.57 1988-2005
Kouhrang Synoptic 2285 50.07 32.26 1987-2005
Lordegan Climatology 1580 50.49 31.31 1995-2005
Shahr-e-kord Synoptic 2061 50.51 31.53 1995-2005
Edalat Synoptic 2323 50.56 31.53 1972-2005
Zaman Bridge  Climatology 1810 50.54 32.29 1964-2005

(Courtesy of Iranian organization for meteorology)

Due to topographic diversity and lack of testifying stations throughout the province and to
cover all of the area accurately with climatic variables of the province, IDW interpolation method
was used. In this method, a net with proper mesh size is spread over the area and climatic elements
values are estimated in nodes. Data obtained from the stations are used as testifier to assess degree
of certainty of node data. Since in IDW interpolation method (reverse distance) it is assumed that
sample points have weighted effects and are affected by place; in other words, the nearer place
pixels to sample points are more affected by these points rather than further place pixels; then,
the reverse distance interpolation method was used for segmentation.

By means of IDW interpolation method, 26 climatic elements were expanded to the area of
46 nodse. So that, the distance between each node was 20 km and 6x26-matrix (variables x
stations) was altered to a 46x26-matrix (variables x nodes). The later correlation matrix was used
as the input factor analysis model with an R array. Factor analysis consistingof some statistical
techniques aims to simplify complex data groups. In this method, the correlated climatic variables
are combined together considering the internal correlation and a new variable named as major
element or factor is obtained. Equation 1 demonstrates the factor analysis pattern:
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Equation 1
Xgty = by fr Ul fo oty o 1€

Xy =y frt w2 fo+lom frn 1€
XMy St fi L fo et [ HE

Decomposition of the correlation matrix of area data in spss gives factor grades matrix on nodes
with dimensions of 46x4 (factors x nodes) and factor loads matrix on variables with dimensions of
26x4 (factors x variables). The whole set of these matrices shows that which group of climatic elements
have a greater impact on climate creation in different divisions of the province. Mostly, the final results
of factor analysis are used as raw data for clustering method (Alikhani, 1381). Next stage is to answer
that how many climatic regions were there in the province which is carried out by means of Ward’s
clustering method in a hierarchical way. Therefore, the nodes were categorised using the cluster
analysis on factor grades matrix. In this method, grouping of observations is done according to the
distance among them i.e. the observations with less distance are placed in the same group. The distance
is measured by Euclidean geometry. Firstly, degree of dissimilarity is calculated by measuring the
Euclidean distance among the climatic elements of all place points of matrix P (Equation 2) and then,

clusters that merging them together gives minimum variance and diffraction values would be merged.

d:=(p, - p.)(P, — P.)

2
s is the Euclidean distance between the point (or group) r with coordinates of (¢pr ,Ar) and
point (or group) s with coordinates of (¢s , As), pr is the climatic variable of point (group) r and
ps is the climatic variable of point (group) s.

In other words, there is same number of clusters and observations in the beginning of the
clustering process while all observations would summed through one cluster in the final stage.

Afterwards, in order to recognise the tourism climate comfort features of each region, the

representative station of each region was investigated in terms of PETY index. Itisan important thermo-
physiological index which is derived from energy balance of the human body (Hoppe, 1999, p72):

M+W+R+C+ED+ERe+ESw+S=0 Equation 3

Where M is metabolism rate of body, W is output of physical work, C is convection heat
flow, R is pure radiance of body, ED is the evaporative latent heat flow of water from skin, ERE
is total effective thermal flows in heating, evaporation and transpiration and ESW is the flow of
effective air in evaporation and body transpiration.

All of the terms are expressed in Watts and M has usually positive while ESW, ED and W have
negative values. If the human body is gaining energy, the equation gives a positive answer; however, if
the human body is losing energy the answer would be a negative value. The categorising numeric
thresholds of the index with descriptive status of physiological and thermal stress conditions are given in
table 2. Since, calculations are very time-consuming and complicated;after that necessary conversions
were made on climatic factors (temperature in Celsius, relative humidity percentage, wind speed in m/s
and cloudiness in octa), then, daily data was given to the software as Rayman model input the output
associated to monthly categorisation of PET index for each station representing a climatic region was
obtained according to the thermal sensitivity during a year. According to defined thresholds in table 2, if
the index value was between 18 and 23, the tensionless physiological period is set in the region and values
more than 23 would cause heat stresses and values less than 18 would lead to coldness stresses.
Accordingly, diverse conditions may be observed throughout the province during a year.

Equation 2

17- Physiologic Equivalent Temperature
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Table 2: Values of PET index threshold at different degrees of human sensitivity

Physiological stress degree Thermal sensitivity PET
Extremely intensive coldness stress Very cold <4
Intensive coldness stress Cold 4

Intermediate coldness stress Cool

Low coldness stress Slightly cool 13
No coldness stress Convenient 18
Low heat stress Slightly warm 23
Intermediate heat stress Warm 29
Intensive heat stress Hot 35
Extremely intensive heat stress Very hot 41

STUDIES ON CLIMATIC FACTORS OF CHAHARMAHALAND
BAKHTIARI PROVINCE

Factor analysis with basic and rotational components (Warimaxls) showed that 26 climatic
elements of the province may be divided into 4 factors according to their internal correlation. The
summation of these factors expresses about 97.8 per cents of variance values of the entire data.
Thus, these factors play a significant role in formation of the climate of the province. After major
factors had been recognised, spatial analysis maps of factors were plotted to determine degree of
predominance of each factor for each part of the province after major factors had been recognised.

FIRST FACTOR- RAINFALL

This factor illustrates 37.6 per cents of total variance of data. Therefore, it is the most
important factor in climate of a region. Precipitation, cloudiness and poor vision are the most
effective variables for the first factor. Sunny hours, average of dry temperature, average of
maximum temperature and misty days show reverse relationships towards this factor. The major
dominance of rainfall factor was observed in western and north-western parts of the province and
it was reduced with heading towards the East (figure 1).

SECOND FACTOR- SERENE SKY

This factor shows 21.9 per cents of total variance of data and has a straight relation with
serene sky and temperature above 21°C variables. The most dominant region of this factor was
seen in southern parts especially Lordegan station (figure 2).

18_ In this type of rotation, the rotary pattern is headed to a situation in which only few variables
throw large eight on factor and other variables have approximately no weight. (Durencomp,
1991, p158)
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THIRD FACTOR-THERMAL

This factor represents 20.9 per cents of total variance of data and thermal variables have the
most weights on it. Rainfall, frost and average wind speed show reverse relations. The dominant
region of this factor was Zamankhan Bridge and Lordegan stations and it was weakly seen in
Edalat station (figure 3).

FOURTH FACTOR-HUMIDITY

Possessing 17.3 per cents of total variance of data, humidity is the last effective factor in
climate of the province. Maximum, minimum and average of relative humidity have a straight
relation with this factor; while, average of dry temperature, sunny hours and wind speed
demonstrate reverse relationship. This factor was dominantly observed in Zamankhan, Edalat and
Shahr-e-kord stations (figure 4).
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THERMAL COMFORT CONDITIONS OF CLIMATIC REGIONS IN
CHAHARMAHALAND BAKHTIARI PROVINCE

By means of Ward’s clustering method (clustering based on distance), the stations were
categorised according to the factor grades. Figure 5 shows the clustering tree and cluster
interceptions which distinguished four climatic regions.
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Figure5: Tree diagram of climatic regions of Chaharmahaland Bakhtiari Province
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After that it was revealed each node belongs to which climatic group, the results were given
to GIS software and climatic regions map was plotted (figure 6). Neighbouring nodes were placed
mostly in same groups and coveredintegrated spatial domains. So that, boundary of climatic areas
became distinct.
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Figure 6: Extractive climatic regions of Chaharmahaland Bakhtiari Province

Eventually, each station representing a region was studied in terms of ecological climatic
and thermal comfort conditions using PET index results after designation based on existing
climatic and topographic features.

a. Semi-mountainous and semi-wet region (representing station: Shahr-e-kord)

This is the smallest region of the province including a tiny area in north-eastern parts.
Thermal and humidity factors are highly seen in this area. Hence, a very various situation may be
seen in Shahr-e-kord during a year in terms of climatic and tourism comfort conditions. Coldness
stresses are dominant in January, February and March with different degrees. It is necessary to
note that coldness intensity decreases since March. There are no physical tensions in May and
then different degrees of heat stress may be seen which start in June, peak in July and August and
end in September. No tension status again may happen in October and after November, coldness
tensions increase till December and then (figure 7.a)
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b. Mountainous and wet region (representing station: Kouhrang)

The main characteristic of this region is extreme precipitation. Then, this factor has the most
spatial dominance in the region. The average altitude is 2285 metres. Being mountainous and
consequently cold, Kouhrang station experiences the highest number of frosty days during a year
in the province (about 130 days).

PET calculations for Kouhrang showed that intense coldness sensitivity is dominant during
January, February and March that this station experiences the coldest weather in the province.
After March, coldness intensity decreases so that in May, comfort conditions are observed in the
region. After all, weather tends to warmness and thermal sensitivity reaches its peak in July and
August. No stress condition happens again in September (figure 7.b).

c. Warm, wet and moderate region (representing station: Lordegan)

The most dominant factors are serene sky and temperature while humidity acts weakly.
Therefore, high temperatures and serene sky are major features of this plain region. PET index
outputs for Lordegan are the same as Shahr-e-kord. This city enjoys a complete normal situation
and perfect for touring during May and October. The mere difference is about coldness tensions
in autumn and winter which are not very hard. This fact may be considered for winter journeys
(figure 7.c).

d. Cold, semi-wet and moderate region (representing station: Boroujen)

This is the largest climatic region of the province which includes central, western and eastern
parts. Then, climatic diversity is seen in the distance among plains and mountains of the region.
Precipitation factor has the least effect on climatic features. It means that this region experience
less rainfall in comparison with other regions. Recording 129 frosty days a year, Boroujen station
is the coldest spot of the region. PET index results showed that May and September are the only
months being in tensionless status. The city does not experience intensive heat stresses during a
year which has to be considered by associated authorities (figure 7.d).
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CONCLUSIONS

Human beings have always been interested in experiencing the climatic conditions of
various parts of the world. Although, Chaharmahaland Bakhtiari Province is uniformly affected
by certain synoptic conditions in atmospheric multi-scale systems; however, due to diversity of
local factors and especially topographical diversity, it enjoys many small climates and
heterogeneous climatic areas. Therefore, it was tried to recognise these small climatic regions by
means of multi-variable statistical methods. Four major climatic factors (precipitation, serene sky,
temperature and humidity) were recognised after factor analysis on 26 climatic elements. The
rainfall factor having 37.6 per cents of total variance of data has the most effective role among
all of extractive climatic factors in the province. So that, climatic differences are very sensible
with increase or decrease in rainfall in western and north-western parts of the province due to
existence of distinguished mountains and being exposed to western mass rains. Overall, these
extractive factors were used to justify 97.8 per cents of climatic behaviour of Chaharmahaland
Bakhtiari Province. Four distinguished climatic areas were identified after determination of
spatial domains of factors by means of Ward’s clustering method and. Then, the representative
stations were investigated in terms of thermal and tourism comfort conditions by PET index. The
PET results for stations are similar that all of them experience coldness intensities in winter. The
situation undergoes reduction after April. May was chosen as the best time in terms of climate
comfort conditions. Heat stresses start from June and reach their peaks in July and August.
Boroujen and Kouhrang stations entered the climate comfort range in September while same
conditions happened for Shahr-e-kord and Lordegan in October.

In conclusion, by recognition of effective climatic factors at any point and adapting them
with PET climatic comfort index results, it is possible to inform the tourists where to go and when
the perfect time is. Other practical benefits of PET index are: consideration of all climatic aspects
that affect tourism industry e.g. thermal and physiological sides, being a combination of
climatological, tourism and bioclimatic aspects, capability of estimation of index values for future
touring months and periods and practicability for tourism industry users. These days, the positive
effects of tourism in tourism-ecological point of view may attract people, authorities and even
international organisations to some areas in order to preserve them.
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