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ABSTRACT

Dwelling in cities and city development together with quick increase of population and development of
industrial activities with unplanned consumption of fossil fuel have intensively increased pollutions with
consequences which will cause different diseases in short period, will lead to some climatic oscillations
and its environmental effects such as the change of desirable periods in view of comfort climate in long
period. The objective point of view of this research was to study the climate in Shiraz and its effect on
comfort conditions for human physiology. In this research, using 55 year climatic data (1952-2006), the
relative humidity and temperature through the application Guni comfort climatic model, the desirable
months for the comfort of human physiology have been determined in the five 11 year periods and the
linear process of these changes have been estimated for the next 11 years. The results of this research
show that the temperature trend in Shiraz station is increasing and most months have heating process in a
way that it is expected that in the coming future, the cold months will have more favoring conditions for
physiological comfort of residents and correspondingly in the warm months, heating tension will have

remarkable increase.
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INTRODUCTION

The expansion of dwelling in cities and city
development together with quick increase of
population and development of industrial activities
with unplanned consumption of fossil fuel have
intensively increased pollutions that its
consequences will affect people in the form of
pulmonary diseases and the aggravation of cardio-
pulmonary diseases in short period. It will also play
arole as a factor in increasing climatic oscillation
and its environmental effects such as the change
of desirable months in view of comfort climate in
long period. Climate change is a concept which
can not be defined easily. But it can be studied in
different views; for example the concept of climate
change maybe considered as the effect of changes
of daily temperature and relative humidity with
time (minimum and maximum average). By this
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description, first the desirable climatic month for
the human comfort in the past and present
conditions are determined and then it is considered
that by climatic change, the present desirable
months will be changed to now conditions. The
concept of human comfort is the collection of
conditions which are suitable for at least 80% of
people in view of temperature state, in other words,
people feel neither cold nor warm. Some
researchers know neutrality of temperature state
as a more accurate term, since the human does
not feel cold, warm and local discomfort due to
climatic issues (Ghobadian et al., 1997). In such
conditions, the human organism can keep its
heating balance in the best possible form, without
gaining energy. In the formation of human comfort
conditions in climatic view, four elements of
temperature, humidity, wind and radiation are
important. Among these elements, temperature
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and humidity have more effects on health and
comfort of human and for this purpose, most human
comfort measurement models have been deployed
on these two factors (Alijani, 1993 ; Miguel ef al.,
2002; Frank, 2005; Miguel et al., 2005, Wang
et al., 2005).

Considering the great effect of climate on human
comfort, the man has ever seeking optimal usage
of his surrounding climate and many scholars such
as Gyger ,1965; Hoshoovar ,1965; Balafootis
et al., 1987, Dier, 1989, Guny, 1989, Gerrigoor
et al.,1987; Welt, 1998; Tampson et al., 1997;
Hoshoovar, 2002, Mochida, et al., 2008 have paid
attention to that. In this paper results of a study on
the climate features in Shiraz station , relevant to
climate comfort are stated.

MATERIALS AND METHODS

In this research, the relation between two main
climatic elements, relative humidity and
temperature, have been identified and studied in
Shiraz station for five statistical 11 year periods
from 1952 to 2006. Initially, the type of Shiraz
climate was calculated using Eivanph method for
each of the months of five statistical periods and
general view of changes in the climatic
components of the region were presented. In order
to observe the climatic oscillations of the related
station during the 55 year statistical period and
considering the average of data for each period,
the type of monthly climate has been identified.
Therefore for this purpose, Eivanph humidity
coefficient method has been applied (equation 1
and 2):

I=P/2E (1

In the above equation, the denominator of fraction
is the total value of evaporation in different months
of year which can be calculated based on the
following equations:

E = 0/0018 (2.5+T)(100 -r) 2)

In which:
I: Eivanph humidity coefficient
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T: mean of monthly heat temperature in °C

r: mean of monthly relative humidity in percent
E: monthly evaporation value

P: annual rainfall value in mm

E: total of evaporation in the months of year based
on (cm).

It is to be mentioned that if the output of this
equation be I>1.5, we will have a very frosty and
humid climate and if the output be 1<0.12, the
climate will be desert type.

The Bureau of Meteorology in Australia (2006)
provides a website describing the importance of
determining the apparent temperature (AT) in
order to assess the thermal stress and therefore
the human comfort level. Wind speed, air
temperature, air humidity and solar radiation are
taken into account based on a mathematical model
of an adult walking outdoors in the shade, as
proposed by Steadman (1984). This model is an
extension of the initial definition of AT developed
in the late 1970s to measure thermal sensation
indoors. Both the heat index and the wind chill
index are provided by the Bureau of Meteorology
(2006) for people to make an educated choice
regarding their activity. This is only one example
where human comfort is analyzed in everyday life.
A slightly different approach has been taken in
the area of human biometeorology where the focus
is on the development of comprehensive heat
budget models, which take all mechanisms of heat
exchange into account. Input variables include air
temperature, water vapor pressure, wind velocity,
mean radiant temperature including solar radiation
in addition to metabolic rate and clothing insulation
(Jendritzky et al., 2002). The complex heat budget
model forms the basis of the development of a
Universal Thermal Climate Index (UTCI), which
is the subject of the COST Action 730 (http://
Www.utci.org).

Using Guni model, the comfort degree was
estimated for the aforementioned 5 periods with
linear correlation method, the estimated values of
relative humidity and temperature for the next 11
years ending to 2017 have been obtained by Excel
software and drawn in Guni bioclimatic diagram.
In bio-climatic indices, the effort has been made
to consider the simultaneous effect of environment
heat and humidity and these indices have been
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used in local and global scales. In this research,
Guni Comfort diagram was used with its axis
designed as temperature in relative humidity in
percent. In the lateral parts of the diagram, the
worst climatic conditions have been shown by
freezing and heatstroke line. Considering the
present humidity, radiation and rate of airflow, the
comfort region has been drawn in the form of two
approximate extended regions in the middle of
diagram. Applying Guni Comfort diagram, the
desirable months in view of physiological comfort
have been identified. For this purpose, the air
parameters such as the mean daily temperature,
mean of minimum and maximum temperatures and
the mean of daily, minimum and maximum relative
humidity have been used. First, the aforementioned
55 year data (1952-2006) were averaged by a five
11 year periods and a long-term 55 year period. In
the next phase, in order to show the bio-climatic
condition of each month and each period, the
averaged data of relative humidity and temperature
have been used as follows:

A) The first case includes the mean of daily
temperature and the mean of daily relative
humidity. These two elements indicate the
mean of daily bio-climatic conditions.

B) The second case includes the mean of daily
maximum temperature and the mean of
minimum relative humidity. The combination of
these two elements indicate bio-climatic
conditions in the warm hours of day.

C) The third case includes the mean of daily
minimum temperature and the mean of
maximum relative humidity; the diagram is to
indicates bio-climatic conditions in the cold
hours of night.

After determining the comfort climate (mean, day
and night hours) for the aforementioned five
periods, by using correlation equation as well as
interpolating line and variance, different figures
of climatic components, temperature and relative
humidity, have been calculated and foreseen for
the next eleven years, up to 2017. Finally, using
the estimated figures for 2017, the average bio-
climatic conditions, night and warm hours in
different months of Shiraz station have been drawn
in Guni bio-climatic diagram.

The aforementioned processes have been done
for all components and periods separately and the
results were drawn in Guni diagram.

RESULTS

Climatic conditions of Shiraz station
Identification of monthly climatic area for the five
studied periods

Tablel shows the Eivanph humidity coefficient for
Shiraz station for five 11 year periods( 1952-2006).

Table 1: Type of monthly climate of Shiraz station for the
five 11-year periods (1952-2006) using Eivanph method

Terms Months .

Jan. Feb. March  April May June
1952-1962  26.52 437  0.0023 0.0000 0.0046  0.0240
1963-1973  13.69 1.61  0.0764 0.0000 0.0018 0.0012
1974-0984  15.85 122 0.2509 0.0000 0.0001  0.0225
1985-1995  19.25 1.53  0.0667 0.0002 0.0050  0.002
1995-2006  13.48 1.37 0.0834 0.0000 0.0171  0.0041
Terms Months

July Aug. Sept. Oct. Nov. Dec.
1952-1962  0.0000  0.22 1.10 7.17 9.96 36.62
1963-1973  0.0000  0.08 2.01 2.55 11.01 40.80
1974-0984  0.0054  0.13 0.84 5.02 9.29 43.90
1985-1995  0.0000  0.19 0.57 5.14 8.41 26.92
1995-2006  0.0047  0.01 0.68 3.53 8.96 30.26

These results indicate very frosty and humid
climate for the months of January, February,
March, November and December, but these
coefficients have decreased in the recent years
for these months. The climate for other months
are considered as desert type with the humidity
coefficient of these months decreasing in recent
years. In general, considering the calculated
coefficients for different months and periods, the
conditions show more dryness in Shiraz station.
Results of regression method for different climatic
components (relative humidity rainfall,
temperature,...) one as fallows:

1- In all months, the mean of daily temperature
showed a significant increasing trend, but in
the months of January, February and March it
is random.

2- The mean of minimum temperature in different
months in Shiraz station has shown a significant
increasing process, but the mean of maximum
temperature for some months such as
February, October and November has had a
non-significant and low increasing process; as
for some months such as January and March,
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it has had a non-significant low decreasing
process and for the remaining months, the
increasing trend of temperature has been
variable between 2% to 5% level.

3- The remarkable point was the decrease in the
mean of temperature difference for all months,
and the decreasing trend of most months was
significant in the level of 0.1%

4- The value of relative humidity (mean,
maximum, minimum) and its trend for most
months was decreasing decreasing and the
process had a greater significant level for the
minimum mean of relative humidity than two
other components (mean and maximum of
relative humidity).

5- The value of monthly rainfall and 24 h rainfall
for most months showed decreasing trend that
which were not significant.

36

6- The mean of wind vector indicated that the
corner of blowing is approaching west from
northwest with the significant of 0.1% for the
months of April, December, 10% for the months
of March and July and for the remaining
months, this west approaching process was
random. But the process of wind speed for
most months was decreasing with significant
of 0.1% for November and December, 2% for
October and 10% for September, and it
indicated the decrease of wind speed in Shiraz.

Fig. 1 shows fully significant and increasing
process of daily temperature for the month of
August with R=0.68; in the same month, the mean
of relative humidity with R=0.18 showed a
decreasing and random process. This process has
been done for all months and components but due
to the great amount of data, we have sufficed to
Table 1 as a sample.
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Fig. 1: The trend of changes for the mean of relative humidity and daily temperature
of Shiraz station for August (1952-2006)

Guni heating comfort index

Average of daily bio-climatic conditions

(Figs. 2-4)

A)Inlong-term average diagram (1952-2006), the
months of May, September and June are located
inside the comfort region and August is tangent
with comfort region. July is above comfort
region and it requires wind speed of 0.5 m/s to
reach the comfort state. Other months are
below the comfort region in a way that October
is the nearest cold month to comfort region and
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January is the farthest. For example, in October
there is a need to 150 watt/m* of heat or radiation
energy and in January. to 900 watt/m? of energy
to reach climatic comfort.

B) In the first 11 year period, May, September and
June are in comfort region, August and July
are tangent to comfort region and other months
are far from comfort region.

C)In the second llyear period , August also
entered the comfort region; July is still attached
to the comfort region, but this situation has been
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changed again in the third period and August
again went out of comfort region.

D)In the fourth 11 year period, October has got
closer to the comfort region, but the remarkable
point is the exit of June from comfort region.
This condition is also seen in the fifth period
with a little difference.

E) By estimating for 11 year period up to 2017,it
is shown that the months of June, July and
August are above comfort region, but it is
expected that in the future these months take
some distance from each other in comparison
to the present situation. But September and
May are in the comfort region as before May
will have a significant change than before and
may be in the next periods (the next 20 years);
it will get out of the comfort region and October
will substitute it. It is also observed that May
and November are in the same horizontal length
and this situation shows the same temperature
condition for these 2 months in 2017; however
January, February, and December are seen with
the least change than the fifth course.
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Fig. 2: Guni comfort climatic model average of daily bio-
climatic condition for past term

Bio-climatic conditions in the warm hours of

day
Fig. 5 shows the bio-climatic conditions in the
warm hours of day for past term. Fig. 6 shows

the bio-climatic conditions in the warm hours of

day for present term and Fig. 7 shows bio-climatic

conditions in the warm hours of day for future

term.

A)Considering the long-term average, April is in
the comfort region, but July is the farthest warm
month from comfort region. This month requires
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Fig. 3: Guni comfort climatic model average of daily bio-
climatic condition for Present term
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Fig. 4: Guni comfort climatic model average of daily
bio-climatic condition for future term
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30 drops of water in each 450 g of air together
with airflow. January is also the farthest cold
month from comfort region that requires 750
watt/m? heat-radiation energy to reach
comfort.

B) In the first 11 year period, April has been in the
comfort region and October is attached to it
from the top, from bottom, the nearest month
to the comfort region is November that in the
second period, the situation has been altered in
a way that October has moved upward and
November entered the comfort region. These
conditions were repeated for the third period.

C) In the fourth period, April and November is in
comfort region as before. But April moved to
right in comparison with previous periods. The
important point is the movement of warm and
cold months to the warmer areas of diagram.
January required 750 watt/m? of heat-radiation
energy to reach comfort, but in the recent
periods, this amount has been decreased almost
to 730 watt/m’.

D) The fifth period shows a new situation in a way
that November gets out of the comfort region
and April moves to the end right of this region,
October takes distance from the comfort region
and March has been getting closer to that.

E) As it is shown in the diagram to forecast for
2017, the warm months will get drier in
comparison with the fifth period, since they
require more water drops to reach comfort, in
a way that in the fifth period, just July requires
15 drops of water in each 450 g of air,but it is
estimated that in 2017, this situation would be
also for the months September, August, June
and July.

Bio-climatic conditions in the cold hours of

night (Figs. 8-10)

A)Long-term average of data shows that neither
of the months is in the comfort region. But the
months of July, August and June are the closest
months to the comfort region accordingly.
However, January, December and February are
the farthest months from comfort region and
they are in the limit of freezing line.

B) From the first to the third 11 year periods, the
conditions are similar to the long-term average.
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But in the fourth period, the change in conditions
has been in a way that the months of January,
December and November get beyond freezing
line, and July enters the comfort region. But in
the fifth period, August also enters the comfort
area and the months of January, December and
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Fig. 5: Guni comfort climatic model for Bio-climatic
conditions in the warm hours of day for past term
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Fig. 8: Guni comfort climatic model for Bio-climatic
conditions in the cold hours of night for past term

February take a little more distance from
freezing line in comparison with pervious
periods.

C) It is estimated that by 2017, minor change will
be made in the cold months of the year. For
example in November, the rate of humidity and
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Fig. 9: Guni comfort climatic model for Bio-climatic
conditions in the cold hours of night for present term

temperature will be increased a little and this
month will move a little toward the comfort
region. September and May will have reverse
conditions in comparison with the fifth period,
in a way that it is expected that by 2017,
September gets closer to the comfort region in
comparison with May. June which get closer
to the comfort region in comparison with the
fifth period, but August and July will be also in
the comfort region.

DISCUSSION

Average of Daily Bio-Climatic shows that in the
first 11 year period, May, September and June are
in comfort region, August and July are tangent to
comfort region and other months are away from
comfort region. But By estimating for 11 year
period up to 2017, it is shown that the months of
June, July and August are above comfort region,
but it is expected that in future these months take
some distance from each other in comparison with
the present situation. But September and May are
in the comfort region as before that the month of
May will have a significant change than before
and maybe in the next periods (the next 20 years),
it will get out of comfort region and October
substitutes it.
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Bio-climatic conditions in the warm hours of day
shows that in the first 1lyear period ,April has

been in the comfort region and October is
attached to it from the top, from below, the nearest
month to the comfort region is November that in
the second period, the situation has been altered
in a way that October has moved upward and
November entered comfort region that these
conditions repeated for the third period. As it is
shown in the diagram to forecast for 2017, the
warm months will get drier in comparison with
fifth period, since they require more water drop
to reach comfort, in a way that in the fifth period,
just July requires 15 drops of water in each 450
g of air, but it is estimated that in 2017, this
situation is provided for September, August, June
and July also.

Bio-climatic conditions in the cold hours of nigh
Long-term average of data shows that neither of
the months is in comfort region. But the months
of July, August and June are the closest months to
comfort region accordingly. However, January,
December. and February. are the farthest months
from comfort region and they are in the limit of
freezing line. It is estimated that by 2017, a minor
changes is made in the cold months of the year.
For example in November, the rate of humidity
and temperature is increased a little and this month
moves a little to comfort region. September and
May will have a reverse condition in comparison
with the fifth period, in a way that it is expected
that by 2017, September gets closer to comfort
region in comparison with May. June also gets
closer to comfort region in comparison with the
fifth period, but August and July are also in comfort
region.

In respect to evaluate the temperature sector for
Shiraz station, increase and meaningful process
for much to the months are observed; this manner
is affected with global warming.
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