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Abstract: The temperature variation and distribution over 36 year’s period (1978 to 2013) in AL-Madinah Almunawarah, the second
holiest city for all Muslims, have been studied using Regression analysis and Theil-Sen nonparametric test .The monthly mean of mean
(Tmmean), maximum (Tmmax) and minimum (Tmmin) temperatures levels and their trends have been investigated. The trends in deviations
from the reference period (1978-2013) are analyzed. The results showed that:

e The number of hot days and hot nights increased annually by 0.6216day and 0.6122 night, respectively, while the number of cold days
and cold nights decreased annually by 0.1368 day and 0.5275 night. This implies that during the entire period the numbers of hot days
increased by 22.3776 days while the number of hot nights increased by 22.0392 nights.

e The monthly mean of daily mean temperature (Tmmean) have increased annually with 0.0223 <, 0.0704 <C, 0.0505 <, 0.0267 <,
0.0327 <C, 0.0303 €, 0.0549 <, 0.0762 <C, 0.0315<C, 0.0449 <C, 0.0325 < while the total increases during the entire period were
0.8028 C, 2.5344 <, 1.8252 <, 0.9612 <, 1.1772 <, 1.0908 T, 1.9764 <, 2.7432<C, 1.134<C, 1.6164 <, 1.17< and 1.1556 < in
January to December respectively

e The monthly mean of daily maximum temperature (Tmmax) have increased annually with 0.0243 <, 0.0768 <C, 0.0679 C, 0.0332 <,
0.0366 C, 0.0296 C, 0.0476 <, 0.0817 <, 0.0312<C, 0.048 C, 0.0292 <C and 0.0382 C while the total increases during the entire
period are 0.8748<C, 2.7648 C, 2.444<C, 1.1952C, 1.3176 C, 1.0656 C, 1.7136 <C, 2.941<C, 1.1232 <, 1.728<C, 1.0512<C and
1.3752 < in January to December respectively.

e The monthly mean of daily minimum temperature (Tmmin) have increased annually with 0.0133 <C, 0.0644 <C, 0.0275 <C, 0.0207 <,
0.0208 €, 0.0408 C, 0.0701<C, 0.0938 <, 0.0437 C, 0.0412 <C, 0.0328 T and 0.0265 T while the total increases during the entire
period are 0.4788 <C, 2.3184 <, 0.99 C, 0.7452 <, 0.7488 T, 2.5236 C, 3.3768 C, 1.5732 <, 1.4832 <, 1.1808 C and 0.954 < in
January to December respectively.

e The annual mean of daily mean temperature (Tamean), daily maximum temperature (Tamax) and daily minimum temperature (Tamin)
have increased by 0.0421 <C, 0.0454 <C and 0.0413 <C per year, and 1.5156 C, 1.6344 <C, 1.4868 < respectively during the full period

Both Regression analysis and Theil-Sen test demonstrated positive trends in mean, minimum and maximum temperature levels. Trends are
determined for various sub-annuals (months and seasons) and annual basis of the entire period and showed that AL-Madinah
Almunawarah is suffering from a considerable warming temperature trend which requires specific attention towards the energy demands for
extra cooling, medical preparedness and water resources.
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(DTR) have been studied [11] and demonstrated that the

minimum and maximum temperature increased in almost all
parts of the globe.

1. Introduction

One of the largest challenges since couple of decades on all
geographical scales and across all economic sectors is the

climate change and climate variability[1]. The earth’s
surface temperature and sea surface temperature have been
increasing since the mid-19™ century[2] with manifestations
in national and local scales[3],[4],[5]. Two periods of
pronounced warming have occurred: 1910-1945 and 1976-
2000 and the 2000s were the warmest decade experienced,
and 1998, 2005 and 2010 have been the warmest individual
years in the instrumental record [6],[7].

A long-term temperature study on different scales [8],
[9]showed that the rate of annual warming for global land
areas over the 1901- 2000 period was 0.078°C per decade,
Another study [10] showed that the surface temperature of
the Earth increased by 0.6°C — 0.8°C during the 20th
century.

The recent global trends in maximum temperature,
minimum temperature, and the diurnal temperature range

The lower Tropospheric air temperatures have increased by
0.13°C to 0.22°C per decade since 1979[12]. A positive
trend in summer mean temperature, increase in temperature
and the number of hot days at Belgrade have been concluded
by [5]. Trends in annual temperature and precipitation series
of six stations West Azarbaijan (Iran) were analyzed for 40
years period and showed that that there is an increasing
tendency in temperature [13]

In a study on the climate extremes over Europe using 750
temperature sites cover the period 1960-2000 [14] showed
that the European average trend in annual DTR was 0.09 °C
decade—1. In a study over the west, south and south west of
Iran [15], The Tmax, Tmin and Tmean showed a warming
trend in the annual Tmax, Tmin and Tmean at the majority
of the stations during the period (1970s).

Over turkey, the mean annual temperature records have a
warming trend over the 1939 to 1989 period [16] while the
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summer temperatures have increased during the last 3
decades of the 20th century over the south
Mediterranean[17].

In a study over Jordan, a significant warming trend after the
years 1957 and 1967 for the minimum and maximum
temperatures have been detected[18] and over Kuwait, the
maximum yearly temperature is persistently exceeding its
mean value during the last two decades[19]. Another study
over Kuwait[20], showed that there is a statistically
significant temperature increase of 0.07°C/decade over
Kuwait during the period 1950-1990.

A study of the annual mean temperature in the Korean
Peninsula during the period 1974-1997 showed an annual
increase of 0.96°C(0.42°C per decade) and 1.5°C in the
large cities and in the rural and coastal areas the increase
was smaller. 0.58°C[21]

Utilizing the minimum and maximum daily temperature
from 49 meteorological stations during the period from 1961
to 2004 to study the annual series of mean temperature
anomalies over Italy[22] and found that there is a negative
trend for the period 1961-1981, a more pronounced positive
trend from 1981 to 2004, and an increase of the average
daily temperature range for the whole period

Brunetti et al. studied the Italian climate in the twentieth
century and found that Italian climate is becoming warmer
and drier with an increase of both heavy precipitation events
and long dry spells[23]

Chaouche et al. [24] demonstrated an increasing monthly
temperature trend in June and in the spring thought the
western parts of the French Mediterranean areas.

S. del Rio et al. [25] have studied the mean, maximum,
minimum temperature trends on a monthly, seasonal and
annual timescale to 476 Spanish weather stations during the
period between 1961 and 2006 and demonstrated that the
temperature significantly increased in over 60% of the
country in March, June, Spring and summer in case of
maximum temperature and in March, May , June, August,
Spring, and summer for minimum  temperature. At the
annual resolution, temperature significantly increased in
over 90% of Spain with rise of around 0.3°C per decade.

The Variability of winter time surface air temperature of 24
observing sites in the KSA based on time series over thirty
one years (1978-2008) [26]showed that there is a warming
trend in winter temperature during the last 2 decades at most
sites and there is significant warming trend after the year
1997 with a rate of 0.03°C/year.

Another study showed that a considerable warming
temperature trend and the rainfall decrease were the main
reasons of the aridity in the Middle East which should be
considered  for rural development and water resources
management in KSA [27].

Also, recent seasonal climate study of temperature over
Saudi Arabia[28]demonstrated that the temperature has

increased significantly in the rate 0.72°C per decade in the
dry season (June to September) against 0.51°C per decade
in the wet season (November to April) during 1979-20009.
Also, it showed that maximum (Tmax), mean (Tmean) and
minimum temperature (Tmin) have increased by 0.67°C,
0.51°C and 0.34°C per decade in the wet season and by
0.8°C, 0.72°C and 0.63°C in the dry season.

The temperature over Jeddah, Saudi Arabia, have been
analyzed for 40 years (1970 to 2006) and showed that there
is a significant increase in hot days per year and relatively
smaller decrease in hot nights[29].

Recent study for the temperature over Makkah, Saudi Arabia
[30]during the period of (1985-2013) illustrated that the
number of hot days and nights increased annually by 1.5966
and 1.832, respectively, while the number of cold nights
decreased annually by 0.4054 nights and The annual mean
of daily mean, maximum and minimum temperature have
increased by 0.0398°C, 0.0552°C, 0.0398°C per year.

A study of the temperature data on 19 meteorological
stations distributed through the Saudi Arabia [31] during the
period of 1978-2013 demonstrated that there is a negative
temperature trend (cooling) with 0.03 °C/year for all stations
during the first period (1978-1997) followed by a positive
trend(warming) 0.06°C/year in the second period (1998
2013) with reference to the entire period of analysis.

The main aim of this study is to contribute to the knowledge
of the behavior of mean, maximum and minimum
temperatures occurring over AL-Madinah Almunawarah,
Saudi Arabia, over the period (1978 to 2013) on a monthly,
seasonal and annual timescale. Since the extreme
temperatures can affect many areas of the society. It raises
the power demand for air conditioning, increase water
consumptions, and create dangerous conditions for human
health in terms of protection from heat waves [32], [33]. So
this study may help the decision makers to put the right
policy to avoid any medical dangerous or shortages or
scarcity of energy. The temperature issue in Al-Madinah Al-
Munawarah has special importance since several millions of
people of more than80 different nationalities come to Al-
visit it annually and increased drastically year by year.

2. Site Description, Data and Methodology

Al-Madinah Al-Munawarah is the capital the Al-Madinah
Province and located in the Hejaz region of western part of
Saudi Arabia. It is the second holiest city of Islam and the
burial place of the Prophet Muhammad, Peace Be upon Him
(PBUH), and historically significant city for being the home
of the prophet after the Hijrah (the prophet emigration from
Makkah to Al-Madinah Al-Munawarah). Also, it comprises
the second Holy Mosque (Al-Masjid Al-Nabawy). All
Muslims, visit it during their hajj and Umrah performance

AL-Madinah Almunawarah is the second very famous
Islamic holy city, located around 470 km away from
Makkah Al-Mukarramah, 150km to the east of the Red Sea,
the first holy Islamic city, and the capital of AL-Madinah
Almunawarah Province Figure 1.
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Figure 1: Location of Al-Madinah AI—Munawarah on Saudi
Arabia Map

AL-Madinah Al-Munawarah located on the country's west
side, along the Red Sea coast. (Latitude: 24.55 degree North,
longitude: 39.7 degree East) and has an area of 589 km?
among 151,990km?2 of Al-Madinah Provence, and the city’s
population is 1,100,093 people among 1,962,600 population
of the full region[34]

In the modern times, AL-Madinah Almunawarah has seen
tremendous expansion in size and infrastructure, since more
than 10 million Muslims visit AL-Madinah Almunawarah
annually, including several millions during the Hajj period.
As a result of that, AL-Madinah Almunawarah has become
one of the most cosmopolitan and diverse cities in the
Muslim world. The study incorporates daily mean, daily
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Figure 2: Histugra.m of the Daily
Minirmmun Temperature (*C)

Figure 2 to Figure 4 Represent Bimodal histograms for the
daily minimum temperatures (Tdmin), the daily maximum
temperatures (Tdmax) and the daily mean temperatures
(Tdmean) observed in the period 1978-2013. The bimodality
is due to the fact that Tdmin, Tdmax and Tdmean dataset are
heterogeneous.

Figure 2 shows that the probability of finding minimum
temperatures less than 5°C is very low and most of
minimum temperatures lie between 12 °C and 30 °C. Also
the probability of finding minimum temperatures more than
35 °C is also low.

Figure 3: Histogram of the Daily
Maxirmmun Temperature (“C)

maximum and daily minimum values of temperature in the
current analysis. Figure 1 shows the geographical location
of Al-Madinah Al-Munawarah city on the map of Saudi
Arabia.

The air temperature rise as an effect of the urbanization has
been investigated by Almazroui M. et al., [35] in Saudi
Arabia and concluded that the rise in air temperature is not
likely to be due to urbanization changes resulting from
population increase.

2.1 Quality of the dataset

Before utilizing the data, it has been gone under several
quality control checks (QC) to detect and remove or reduce
errors, loss, incompletion, redundancy, misidentification,
misattribution and contamination in the data in the process
of recording, manipulating, formatting, transmitting and
archiving data to have higher quality, more efficiently and
more consistently observation dataset [36].

Following [36], [37] and [38], the applied QC procedures
were:-

Check of plausibility: to reject those values which never can
exist; for example; the negative values of temperature in Al-
Madinah Al-Munawarah; the daily maximum temperature
which is less than daily minimum temperature...etc

The probability distributions of the minimum, maximum and
mean temperature are assessed using an R-based program
and the results are summarized in Figure 2 to Figure 4. In
these figures, the x-axis represents the temperature (°C) and
the y-axis represents the frequency.

Figure 4: Histogram of the Daily
Mean Temperature (°C)

Figure 3 shows that the probability of finding maximum
temperatures less than 17°C is very low and most of
maximum temperatures lie between 27°C and 45°C and
there is a probability of finding maximum temperatures
greater than 45°C.

Figure 4 shows that the probability of finding mean
temperatures less than 12°C is very low and most of mean
temperatures lie between 17°C and 37°C. Also there is a
probability of finding mean temperatures greater than 38°C.
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The magnitude of the trends of increasing or decreasing
temperature were derived from the slopes of the regression
line using the least square method and the nonparametric
Theil-Sen[39], [40] statistical approach which is commonly
used for trend quantification [41]. The Theil-Sen test
calculates slopes between all pairs of points and the median
of the slopes is selected as Theil-Sen estimate, which is
taken as the trend of the Temperature for the given period.
Furthermore, Theil-Sen test tends to vyield accurate
confidence intervals even with non-normal data and non-
constant error variance (homoscedasticity) and is resistant to
outliers, as it is based on the median of the slopes. Theil-Sen
test was conducted in statistical software R, using package
‘openair’ [33].

Figure 5 shows the daily minimum (blue), the daily
maximum (red) and the daily mean (yellow) temperatures
and demonstrated that daily maximum temperatures range
between 6.5°C and 48.4°C, the daily minimum temperatures
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range between 1.8°C and 37°C and the daily mean
temperatures range between 9.4°C and 41.9°C

Table 1 show that the daily maximum temperature has
increased by 0.0002°C/day and the daily minimum
temperature has increased by 0.0001°C/day, while the daily
mean temperature has increased by 0.0001°C/day during the
whole period (1978-2013).

The number of hot and cold nights and days were estimated
using daily maximum and minimum temperatures recorded
during different year. Days are considered hot if the
maximum daily temperature exceed 35°C (Tdmax> 35°C),
nights are defined hot when daily min temperature reaches
20°C (Tdmin > 20°C), the days are defined as cold when
Tdmax <20°C and finally nights are classified as cold when
Tdmin <15°C [29]. The monthly and annual standard
deviations were calculated. The temperature range has
obtained by taking the difference between the maximum and
minimum temperatures of the daily mean values.
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A Figure 5: Daily maximum, minimum and mean Temperatures during the period (1978-2013) over Al-Madinah Al- ‘
Munawarah

Table 1: Linear regression equation for the daily maximum,
minimum and mean temperature

Temperature (°C) Regression line R2

Daily maximum (Tdmax) | y =0.0001x + 30.267 | 0.0047
Daily minimum (Tdmin) | y =0.0001x + 17.072 | 0.0046
Daily mean (Tdmean) y = 0.0001x +24.115 | 0.0043

3. Results and Discussion

The data of daily maximum (Tdmax), daily mean (Tdmean)
and daily minimum (Tdmin) levels of temperature, monthly
mean of maximum (Tmmax), monthly mean of daily mean
(Tmmean) and monthly mean of minimum (Tmmin) values
of temperatures and annual mean of maximum (Tamax),
mean (Tamean) and minimum (Tamin) values of
temperatures are analyzed and discussed in the coming

sections.
3.1 Temperature Data Summary
The overall variations of maximum, mean and minimum

levels of daily maximum, mean and minimum temperature
during 1978-2013 are summarized, Table 2.

The maximum, mean and minimum of daily maximum
temperature (Tdmax) were 48.4°C, 35.01°C and 14°C,
respectively with standard deviation of 7.52°C. Similarly the
maximum, mean and minimum of daily mean temperature
(Tdmean) were 41.9°C, 28.51 °C and 9.4°C with standard
deviation of 7.92°C and daily minimum temperature
(Tdmin) varied between 37°C and 1.8°C while the overall
mean was 21.39°C with standard deviation of 6.93°C as
given in Table 2..

Table 2: Mean Temperature data Summary during the
period (1978 to 2013)

Label |Max(<C)|Min(<)|Mean(<)|Std. Dev. (<)
Tdmax | 48.5 14 35.01 7.52
Tdmean| 41.9 9.4 28.51 7.92
Tdmin 37 1.8 21.39 6.93

3.2 Frequency of Hot/Cold Days and Nights

The number of hot days (Tdmax > 35°C) and hot nights
(Tdmin > 20°C) and cold days (Tdmax <20°C) and cold
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nights (Tdmin <15°C) during the period of study (1978-
2013) were calculated and depicted in Figure 6. It is shown
that the number of hot nights and hot days per year have
positive trends. The regression lines of best fit show that the
frequency of the hot nights and the hot days increased by

0.6122 nights and 0.6261 days each year respectively, The
number of cold nights and cold days showed negative trends
and the regression lines of best fit show that the frequency of
the cold nights decreased by 0.5275 nights and 0.1368 days
per year.
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Figure 6: Annual frequency of hot days and nights and cold days and nights

3.3 Daily Mean Temperature (Tdmean) Variation

The long term monthly mean temperature (Tmmean) is
calculated using the Tdmean of the entire period and the
minimum, maximum and mean values has been depicted in
Figure 7. As shown, The minimum, maximum and mean of
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(Tmmean) mean values recorded 18.014°C and 36.78°C in
January, August, while the minimum, maximum and mean
of (Tmmin) minimum values recorded 13.9°C and 35.02°C
in January, June respectively. The minimum, maximum and
mean of (Tmmean) maximum recorded 20.52°C, and
39.54°C also in January, August.
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Figure 7: Variations of monthly mean, maximum and minimum of daily mean temperature

The average of (Tmmean), the corresponding standard
deviations (SD), the mean deviation, the range, and the

Table 3: Statistical summary of Tmmean

covariance are given Table 3. From this table, it is clear that Mon. '\?:?)n St?;g)ev Me?gcl))ev' R(aorcl:g);e C(%\)/
the hlgher values of covariance Correspond to hlgher Jan | 18.01417 | 1.352776 | 0.980167 | 6.62 | 2.477286
standard deviations (SD) and smaller values of covariance to Feb | 20.30639 | 1.926061 | 1.537722 | 8.68 | 7.817
smaller standard deviations. Mar | 23.84417 | 1.386188 | 1.071278 | 5.56 | 5.623571
Higher values of COV and SD were observed for the winter Apr | 28.4675 [1.165954 |0.961778 |4.22 | 2.961857
months. The COV varied between 2.47 % and 8.45% May | 32.97833 | 1.203631 | 0.992889 | 4.47 | 3.625714
corresponding to January and August during the year. This Jun | 36.23833 | 0.644114 | 0.521667 | 2.76 | 3.364571
shows that the temperature is most stable in August and least Jul | 36.52667 | 1.213978 | 0.989333 | 4.57 | 6.089714
in January. Aug | 36.78139 | 1.268077 | 0.975222 |5.79 8.453
Sep [35.35194 | 0.80283 | 0.629611 | 3.26 | 3.495571
Oct | 30.235 0.76700 | 0.617222 | 3.24 | 4.988286
Nov | 23.96667 | 1.183267 | 1.470078 | 5.24 | 3.610286
Dec | 19.62528 | 1.470078 | 1.156944 | 5.89 | 3.568143
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3.4 Trend analysis of Monthly Mean of Daily Mean

Temperatures (Tmmean)

The trends of monthly mean values of daily mean
temperature over different years were obtained using linear
regression best fit lines. The linear regression trends for all
the months from January to December are shown in Figure
8(a-i) and the corresponding best fit equations along with
coefficient of determination are summarized in Table 4.
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Table 4: Linear regression equation for all the months
(Tmmean)

Mon.| Regression line R?

Mon, Regression line R?

Jan

y = 0.0223x — 26.52|0.0302

Jul |y =0.0549x —77.25| 0.175

Feb

y = 0.0704x - 120.2|0.1484] Aug

y =0.0762x —115.2| 0.399

Mar

y = 0.0507x - 77.25|0.1483

Sep |y = 0.0315x —27.49| 0.179

Apr

y = 0.0267x —24.77|0.0581]

Oct |y = 0.0449x — 59.44) 0.292

May

y = 0.0327x—32.20|0.0817

Nov |y = 0.0325x —40.93| 0.083

Jun

y = 0.0303x —24.24 0.2454

Dec |y = 0.0321x —44.52| 0.053

The monthly mean of daily mean temperature (Tmmean)
have increased during the entire period Figure 9 the
recorded increases were, 0.0223, 0.0704, 0.0505, 0.0267,
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Figure 8: Linear regression trends of monthly mean of daily mean temperatures
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Figure 9: Tmmean Annual Increase
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Figure 10: Tmmean total increase in the last 36 years
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0.0327, 0.0303, 0.0549, 0.0762, 0.0315, 0.0449, 0.0325
and0.0321in January to December respectively with major
increases in August, February and July. The monthly total
increases in the entire period were 0.8028, 2.5344, 1.8252,
0.9612, 1.1772, 1.0908, 1.9764, 2.7432, 1.134, 1.6164, 1.17
and 1.1556in January to December respectively Figure 9.

3.5 Trend analysis of Annual Mean of Daily Mean

Temperatures (Tamean)

The annual mean of Tdmean is increasing by 0.0421°C per
year. This implies that over the last 36 years the annual
mean temperature of Al-Madinah Al-Munawarah has
increased by 1.1516°C as shown in Figure 11.

Figure 12 shows that the annual deviations from overall
mean temperature show major decreasing trends during the
period (1978 to 1997) and major increasing trends during the

period (1998 to 2013).
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Figure 11: Trend of annual mean of daily mean temperature
(Tamean)
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Figure 12: Trend of annual deviation from overall mean (Tamean)

3.6 Variation of Daily Maximum Temperature (Tdmax)

The long term monthly mean (Tmmax) of the daily
maximum temperatures (Tdmax) were calculated during the

period of study, Figure 12, and show that the maximum of
Tmmax of 46.5°C was found in August while a minimum of
19.96°C in January.
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Figure 13: Variation of monthly mean, maximum and minimum temperature of daily maximum values

Figure 14 shows the daily maximum temperatures which
exceed 44°C which affect the Humidex value and hence the
human activities and health[42]. The best fit regression line
shows an increase of 0.0146 day per year for the temperature
that exceeds 44°C per year. It is well known that the extreme
heat is well connected to the cause of Heat Stroke, Sun
Stroke, Heat Syncope, Heat Cramps, Cardiovascular
Diseases, Epilepsy, Diabetes, Breathing Disorders,

Dehydration, Sunburn, Blisters, Syncope, Viral Infection,
Bacterial Infections, Gastrointestinal Diseases, Respiratory
Diseases, Falls-Sprains/Strains, Cuts and Abrasions, Burns,
Crush Injuries, Bone Fractures[43] and exacerbates many
pre-existing health conditions. The extreme heat specially
with increasing humidity conditions are more stressful to
human health more than isolated hot days [44, 45].
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The monthly mean temperature (Tmmax), their
corresponding standard deviations, mean deviations, range
and COV are given in Table 5. Higher mean values of COV
and standard deviations were observed for winter months
(January, February and December). This indicated that the
temperature in the other months is relatively more stable.

Table 5: Statistical summary of monthly mean temperature
of daily maximum values
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&

1997
1998
1999
2000
2001
2002
2003

E

2005
2006
2007
2008
2009
2010
2011
2012
2013

Temperature greater the 44°C

3.7 Trend analysis of Monthly Mean of Daily Maximum
Temperatures (Tmmax)

Figure 15(a-1) show the linear regression trends of monthly
mean of daily maximum temperature (Tmmax) from January
to December and demonstrated that Tmmax have increased
in all months with annual increase of, 0.0243°C, 0.0768°C,
0.0679°C, 0.0332°C, 0.0366°C, 0.0296°C, 0.0476°C,
0.0817°C, 0.0312°C, 0.048°C, 0.0292°C and 0.0382°C for
the months January to December, Figure 16, respectively.

Mon. Mean Std. Dev. | Mean Dev. |Range COV.
0,

(<) () (<) () (%) This implies that the monthly mean of daily maximum
el ot S L L S| B temperature have increased by 0.8748°C, 2.7648°C,
Feb | 26.70056 | 2.067412 1.645556 8.84 |8.519429 2 4444°C.  1.1952°C. 1.3176°C. 1.0656°C. 1.7136°C
Mar | 30.34306 | 1.588805 1.213389 6.69 | 7.540429 ) o ) o~ o ] . ' i o
Apr | 85.24389 | 1.320018 | 1.068889 | 4.75 | 3.680286 | 2-9412°C, 1.1232°C, 1.728°C, 1.0512°C and 1.3752°C
May | 39.55528 | 1.257761 | 1.065278 46 |4.067857 QUrlng the last _36 years Figure 17.The most S|g_n|f|cant
Jun | 42.74444 1 0.689349 | 0.545778 266 | 3.289429 increases were in August and February and less increase
Jul |42.88306 | 1.19903 0.9925 5.13 |5.288143 were in January and November.

Aug | 43.3425 | 1.361613 1.043611 5.61 |9.063571

Sep |41.98889 | 0.775878 | 0.611778 | 3.22 | 3.462286 The corresponding best fit equation and the determination
Oct | 37.04389 |0.934529 | 0.722 4.28 |5322571 | coefficient are mentioned in Table 6.

Nov | 30.27222 | 1.467453 1.190333 6.77 | 3.239429

Dec | 25.77722 | 1.727379 1.388722 6.69 | 4.235429
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Figure 15: Linear regression trends of monthly mean of daily maximum temperature
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Table 6: Linear regression equation for all the months

e
[=]
=

o
o
et

(Tmmax)

Mon. | Regression line | R2 | Mon. | Regression line R?
Jan y=0.0243x- | 0.0 | Jul y =0.0476x - | 0.175
24.37 27 52.18
Feb y =0.0768x - 0.1 | Aug y=0.0817x- | 0.399
126.4 53 119.6
Mar y = 0.0679x - 0.2 | Sep y=0.0312x - | 0.179
105.2 02 20.25
Apr y =0.0332x - 0.0 | Oct y =0.048x - 0.292
30.91 7 58.64
May y = 0.0366X - 0.0 | Nov y =0.0292x - | 0.043
33.57 94 27.96
Jun y =0.0296xs- | 0.2 Dec y =0.0382x - | 0.054
16.39 05 50.36
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Figure 16: Annual increment in the mean of monthly mean

of daily maximum temperature (Tmmax)
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Figure 17: Tmmax total increase in the last 36 years

3.8 Trend analysis of Annual Mean of Daily Maximum
Temperatures (Tamax)

The annual mean of daily maximum temperature (Tamax)
show an increasing trend with an annual rise of 0.0454°C,
which implies that over the last 36 years the annual mean of

daily maximum temperature of Al-Madinah Al-Munawarah
has increased by 1.6344°C as shown in Figure 18
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Figure 18: Trend of annual mean of daily mean temperature

(Tamax)
2.5 -
2
1.5
1
(s}
| | | |
T B A ML LI
E-O-S ||| |
U
& Kl 1
1.5
2
L o I = B~ < R B o T A= .+ e Y T L (e T < < I = . |
M~ 0 0 0 W 0 @ & O o & © 9 Q © ¢ = o
L= B = B =L = B = 1 =)} oo o O o o 9o O
L I B B T I R B B B B B o B o B o R S = |
Figure 19: Trend of annual deviation from overall mean
(Tamax)

The annual deviation from overall mean temperature show
major negative trends during the interval (1978 to 1997) and
during the period (1998 to 2013) it shows major positive
trends, Figure 19. The maximum cooling was found in the
year 1982, -2.2°C, while the maximum warming was
recorded in the year 2010.

3.9 Variation of Daily Minimum Temperature (Tdmin)

Figure 20 shows the long term monthly mean temperatures
along with the monthly maximum and minimum of daily
minimum (Tmmin) values during the period 1978 to 2013.
The Tmmin varied between a minimum of 7.99°C in January
and a maximum of 32.56°C in August. This means that the
ratio between the hottest to the coldest Tmmin is 4.07.

Volume 3 Issue 8, August 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 02015809

1742




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

Temperatire (°C)

The monthly mean of daily minimum temperature (Tmmin),
the corresponding standard deviations from overall mean,
the mean deviation, the range, and the covariance (COV) are
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Figure 20: Variation of monthly mean, maximum and minimum temperature of daily minimum values

given in Table 7.

Table 7:Statistical summary of monthly mean temperature

of daily minimum values

3.10 Trend analysis of Monthly Mean of Daily Minimum
Temperatures (Tmmin)

The linear regression trends of monthly mean of daily
minimum temperatures (Tmmin) from January to December
are shown in Figure 21 (a-1) and the corresponding best fit
equations in Table 8.The increasing trends in the Tmmin
values were observed in all months of the year, Figure 22,
with an annual increase, 0.0133°C, 0.0644°C, 0.0275°C,
0.0207°C,  0.0208°C, 0.0408°C, 0.0701°C, 0.0938°C,
0.0437°C, 0.0412°C, 0.0328°C and 0.0265°C for January to
December which implies that the Tmmin has increased
during the last 36 years with 0.4788°C, 2.3184°C, 0.99°C,
0.7452°C, 0.7488°C, 1..4688°C, 2.5236°C, 3.3768°C,
1.5732°C, 1.4832°C, 1.1808°C and 0.954°C for January to
December in Al-Madinah Al-Munawarah respectively as
shown in Figure 23

20 * 24
18 Lm0 o e e 8 W0 > + ot
14 e *T T 470 20 ::‘w"”o (R L ag 2

Month| Mean | Std. Dev. | Mean Dev. | Range| COV
(<) () () () (%)
Jan | 11.70667 | 1.402555 | 1.085333 6.07 1.48
Feb | 13.57694 | 1.748704 | 1.379167 | 8.26 | 0.966018
Mar | 16.82056 | 1.16247 | 0.929472 | 5.37 | 0.808467
Apr | 21.15889 | 1.065237 | 0.854939 | 4.51 | 0.256689
May | 25.385 | 0.97759 | 0.762222 | 3.94 | 0.186049
Jun | 28.27333 | 0.800518 | 0.616056 2.98 | 0.154534
Jul | 29.16556 | 1.271021 | 0.985864 | 5.26 | 0.453261
Aug | 29.53083 | 1.478407 | 1.191944 6.54 | 1.076061
Sep | 27.63639 | 1.006772 | 0.798966 | 4.07 | 0.377263
Oct | 22.74694 | 0.828251 | 0.634367 3.29 | 0.19044
Nov | 17.48778 | 1.026949 0.71 5.41 | 0.301696
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3 z
: i e
BN P A i
10 ‘. R * lg . (b} Feb
(a)Jan | | ¢
2

1976 1983 1966 1993 1996 2003 2008 2013

28 4
% 4 . wl e RN N
2 e W *

18
51 (e) May
wl B

1978 1963 1988 1993 1995 2003 2008 2013
30

*
+* ’ ¢
* e *

26 * *
24
2
20 [i)Sep
1a . .

1978 1963 1965 1993 1995 2005 2008 2015

Figure 21:

Paper ID: 02015809

1978 1983 1988 1993 1958 2003 2008 2013

2] [f)Jun

i (i oct

1978 1983 1948 1993 1958 2003 2008 2013

1978 1983 1988 1993 1998 2003 2008 2013

8

6 ¢} Mar 14 4 d) Apr
: (c) 1 (d) Ap
21 R . 0 I )
1978 1993 1983 1993 1998 2003 2008 2013 1978 1983 1988 1993 1998 2003 2008 2013
36 34 - .
4 32 »
32 . * 30 J . o 00 aa

* * Ll
30 - *, 2% * *
2 o TV *
£ > AR % .
24
24 2
22 Jul 0 -
20 (e) 18 [h) Aug
18 . 16 S .
1378 1983 1388 1933 159 2003 2008 2013 1978 1983 1988 1993 1998 2003 2008 2013
26
24 Q |
22 20
20 - 15
18 1% sees MM 15 . *
e, . 1t o .F—“"_W tee ,
12 4 * *

12 K 10 EAA *
10

E] (k) Nov 2 | (1) Dec

& + . . .
1978 1983 1988 1993 1998 2003 2008 2013

Volume 3 Issue 8, August 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

4 . .
1875 1983 1983 1993 1995 2003 2008 2013

Linear regression trends of monthly mean of daily minimum temperature

1743



International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

Table 8: Linear regression equation for all the months (Tmmin)

Month | Regression line R2 Month | Regression line R2

Jan y =0.0133x - 14.9 R2=0.01 Jul y =0.0701x - 110.67 | R2=0.3374
Feb y = 0.0644x - 114.88 | R2=0.1504 | Aug y =0.0938x - 157.73 | R2=0.4472
Mar y = 0.0275x - 38.098 | R2=0.0622 | Sep y = 0.0437x - 59.567 | R2=0.2091
Apr y =0.0207x - 20.117 | R2=0.0419 | Oct y =0.0412x - 59.459 | R2=0.2746
May y =0.0208x - 16.174 | R2=0.0504 | Nov y =0.0328x - 47.899 | R2=0.113
Jun y = 0.0408x - 53.134 | R2=0.2883 | Dec y =0.0265x - 39.521 | R2=0.0371
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Figure 22: Annual increment in the monthly mean of daily
minimum temperature (Tmmin)
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Figure 23: Tmmin total increase in the last 36 years

3.11 Trend analysis of Annual Mean of Daily Minimum
Temperatures (Tamin)

The annual mean of daily minimum temperature (Tamin)
showed significant increasing trend with an annual rise of
0.0413°C which implies that over the last 36 years the
annual mean of daily minimum temperature of Al-Madinah
Al-Munawarah has increased by 1.4868°C, Figure 24.

Figure 25 shows the annual deviations from overall mean of
(Tamin) show major negative trends during the periods
(1978 to 1994) and positive trends in the period (1995 to
2013).

Figure 24: Trend of annual mean of daily maximum
temperature(Tamin)
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Figure 25: Trend of annual deviation from overall mean
(Tamin)

3.12 Using the Theil-Sen nonparametric statistical
approach

Temporal trends of the observed daily minimum, maximum
and mean temperature in Al-Madinah Al-Munawarah have
been analyzed for the recent36 years (1978-2013) to
determine how they are changed over the time using the
Theil-Sen nonparametric statistical approach. The advantage
of using the Theil-Sen estimator is that it tends to yield
accurate confidence intervals even with non-normal data and
heteroscedasticity (non-constant error variance). It is also
resistant to outliers [46]. All trends expressed in (°C)/year.

3.12.1 Annual trend in daily mean temperature

Figure 26 shows the annual trend in the daily mean
temperature in Al-Madinah Al-Munawarah, the solid redline
shows the trend estimate and the dashed red lines show the
95 % confidence intervals for the trend based on resampling
methods. The overall trend is shown at the top-left as 0.04
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(°C) per year and the 95 % confidence intervals in the slope
from 0.04-0.05°C/year. The *** show that the trend is
significant to the 0.001level. The significance level in this
case is very high providing very strong evidence that the
mean temperature increased over the period.
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Figufe 26: Annual Trend i-n daily mean temperature

3.12.2 Seasonal trend in daily mean temperature

Figure 27 Shows four panels for the seasonal trend of the
daily mean temperature at Al-Madinah Al-Munawarah. The
solid red line shows the trend estimate and the dashed red
lines show the 95 % confidence intervals for the trend based
on resampling methods. The spring (MAM) season (left
panel) trend is 0.04 (°C) per year and the 95 % confidence
intervals in the slope from 0.02-0.05°C/year.

The summer (JJA) season (second left panel) trend is
0.06(°C) per year and the 95 % confidence intervals in the
slope from 0.04-0.08°C/year. The autumn (SON) season
(third left panel) trend is 0.05(°C) per year and the 95 %
confidence intervals in the slope from 0.04-0.07°C/year[30].
The winter (DJF) season (first right panel) trend is 0.04(°C)
per year and the 95 % confidence intervals in the slope from
0.02-0.05°Clyear. In all panels, the *** show that the trend
is significant to the 0.001 level. The significance level in
this case is very high providing very strong evidence that the
mean temperature increased over the period.

1990 1965 1930 1995 2000 2005 2010
| TS TSI - ' ' 3 ' i el e———t. ' i
spring (MAAND wurrenee [ALA) ]
0,04 P00, 0.05) wnioeyoar 0.05 [0.04, D.08] unite'ynar T
4
20 ] L —
| < - e ’
- A —— —
- e — — { ,F_,__,-—-—'-—"“". .-
’ r'_‘-—‘-“"_’/" o | " L D m—
I I § L3S S 357 MRS |
ur 28 i ————— > — - .
T 27 t
a ‘
B, 25 .
0
5
(-
= 25 N "~ . -
pors wlormnn lS'_"JI ok o |.C'-_|’l__ |
- . ) ———— r Ty e pr— r—p———— -1
x; U059 009, 0.0%] unitvynar 0.U3 002, DO5] unite'ynar
= 30
o b= .
= R S e [ e
F A t L LY e aes 29
3 et - : e ok | !
p—— - -
> 27
- 26
- b~ a6
T ’ T ! T T T T T T T T -
1950 1985 1990 1995 2000 2005 2010 e ar

Figure 27: Seasonal Trend in daily mean temperature

3.12.3 Monthly trend in daily mean temperature

Figure 28 shows that the monthly trends increase in the
daily mean temperature at Al-Madinah Al-Munawarah with
the values; 0.04°C, 0.03°C, 0.03°C, 0.04°C, 0.04°C, 0.06°C,
0.05°C, 0.06°C, 0.06°C, 0.05°C, 0.05°C, 0.05°C for Jan.,
Feb., Mar., Apr., May., Jun., Jul., Aug., Sep., Oct., Nov. and
Dec. during the period 1978-2013 and the trend is:

Significant to the 0.001 level (***) providing very strong
evidence that the mean temperature increased as in May,
Jun., Sep., Oct., Nov. and Dec.,

Significant to the 0.01 level (**) providing strong evidence
that the mean temperature increased as in Jan, Apr., Jul. and
Aug.

Significant to the 0.05 level (*) providing good evidence that
the mean temperature increased as in Mar.

Significant to the 0.1 level (+) providing evidence that the
mean temperature increased as in Feb.

So, it is clear that the mean temperature increased during the
whole months of the year.
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Figure 28: Monthly Trend in daily mean temperature

3.12.4 Annual trend in daily maximum temperature

Figure 29 shows the annual trend in the daily maximum
temperature at Al-Madinah Al-Munawarah. The solid red
line shows the trend estimate and the dashed red lines show
the 95 % confidence intervals for the trend based on
resampling methods. The overall trend is shown at the top-

1 1

left as 0.05 (°C) per year and the 95 % confidence intervals
in the slope from 0.04-0.06°C/year. The * * * show that the
trend is significant to the 0.001level. The significance level
in this case is very high providing very strong evidence that
the mean temperature increased over the period.

1 1 L

Daily Max. Temp. in Degree Celsius
6~ s
1 |

w
N
|

1 1
= 0.05 [0.04, 0.06] units/year ==

year

T T T
1980 1985 1990

T T T

2000 2005 2010

Figure 29: Annual Trend in daily maximum temperature

3.12.5 Seasonal trend in daily maximum temperature

Figure 30 shows four panels for the seasonal trend in the
daily maximum temperature as follows: 0.05°C, 0.06°C,
0.06°C and 0.04°C per year for the spring (MAM) season
(top left panel), the summer (JJA) season (second left panel),
the autumn (SON) season (third left panel) and the winter
(DJF) season (first right panel), respectively. All panels
show that the trend level is significant to the 0.001 level
(***) which providing very strong evidence that the mean
temperature increased over the period.

3.12.6 Monthly trend in daily maximum temperature.

Figure 31 shows that the monthly trends increase in the
daily mean temperature at Al-Madinah Al-Munawarah with
the values 0.05°C, 0.03°C, 0.04°C, 0.06°C, 0.05°C, 0.06°C,
0.06°C, 0.06°C, 0.06°C, 0.07°C, 0.06°C and 0.06°C for Jan.,
Feb., Mar., Apr., May., Jun., Jul., Aug., Sep., Oct., Nov. and
Dec. during the period 1978-2013 and the trend is significant
to the 0.001 level (***), the 0.01 level (**), the 0.05 level
(*) and the 0.1 level (+) providing very strong evidence for
increasing the maximum temperature as in Apr., May, Jun.,
Sep., Oct., Nov. and Dec. and strong as in Jul. and Aug. and
good as in Mar. and fair as in Jan. evidence that the
maximum temperature increased over the period. This
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confirms the increasing trend obtained from regression in

Figure 13.
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Figure 30: Seasonal trend in daily maximum temperature
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Figure 31: Monthly trend in daily maximum temperature

3.12.7 Annual trend in daily minimum temperature.
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The annual trend in the daily minimum temperature at Al-

Madinah Al-Munawarah is shown in Figure 32. The solid
red line shows the trend estimate and the dashed red lines
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show the 95 % confidence intervals for the trend based on
re-sampling methods. The overall trend is shown at the top-
center as 0.04°C per year and the 95 % confidence intervals
in the slope from 0.04-0.05°C/year. The trend is significant
to the 0.001level which indicated by *** in the top right.
The significance level in this case is very high providing

very strong evidence that the minimum temperature
increased over the entire period.

Dally Min. Temp. in Degree Celsius
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Figure 32: Annual trend in daily minimum temperature

3.12.8 Seasonal trend in daily minimum temperature.

Figure 33 shows four panels for the seasonal trend in the
daily minimum temperature (Tdmin) have increased by
0.03°C, 0.05°C, 0.06°C and 0.04°C per year for the spring
(MAM) season (top left panel), the summer (JJA) season
(top left panel), the autumn (SON) season (bottom left
panel) and for the winter (DJF) season (bottom right panel)

1 1 1 1

respectively. All panels show that the trend level is
significant to the 0.001 level (***) which providing very
strong evidence that the mean temperature increased over
the period.

This implies that the seasonal Tdmin has increased in the
last 36 years with 1.08°C, 1.8°C, 2.16°C and 1.44°C for
spring, summer, autumn and winter respectively.
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Figure 33: Seasonal trend in daily minimum temperature
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3.12.9 Monthly trend in daily minimum temperature

The monthly trends in the daily minimum temperature at Al-
Madinah Al-Munawarah have increased with values;
0.03°C, 0.02°C, 0.03°C, 0.3°C, 0.3°C, 0.5°C, 0.06°C,
0.05°C, 0.06°C, 0.05°C, 0.06°C and 0.05°C for Jan., Feb.,
Mar., Apr., May., Jun., Jul., Aug., Sep., Oct., Nov. and Dec.

1980 1965 1990 1995 2000 2005 2010
! N N B \ T |

respectively during the period 1978-2013 Figure 34. The
trend is significant to the 0.001level (***) providing very
strong evidence that the Tdmin temperature increased over
the entire period and confirms the results obtained from
regression in for Tdmin
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Figure 34: Monthly trend in daily minimum temperature

3. Results Summary

The main findings of this study could be summarized in the
following points:

By analyzing the daily mean, minimum and maximum
temperature during the last 36 years (1987-2013) it is shown
that

Paper ID: 02015809

The number of hot days and hot nights increased
annually by 0.6216 day and 0.6122 night, respectively,
while the number of cold days and cold nights decreased
annually by 0.1368 day and 0.5275 night. This implies
that during the entire period the numbers of hot days
increased by 22.3776 days while the number of hot
nights increased by 22.0392 nights.

The monthly mean of daily mean temperature (Tmmean)
have increased annually with 0.0223°C, 0.0704°C,
0.0505°C, 0.0267°C, 0.0327°C, 0.0303°C, 0.0549°C,
0.0762°C, 0.0315°C, 0.0449°C, 0.0325°C while the total
increases during the entire period were 0.8028°C,
2.5344°C, 1.8252°C, 0.9612°C, 1.1772°C, 1.0908°C,
1.9764°C, 2.7432°C, 1.134°C, 1.6164°C, 1.17°C and
1.1556°C in January to December respectively

The monthly mean of daily maximum temperature
(Tmmax) have increased annually with 0.0243°C,
0.0768°C, 0.0679°C, 0.0332°C, 0.0366°C, 0.0296°C,
0.0476°C, 0.0817°C, 0.0312°C, 0.048°C, 0.0292°C and

0.0382°C while the total increases during the entire
period are 0.8748°C, 2.7648°C, 2.444°C, 1.1952°C,
1.3176°C, 1.0656°C, 1.7136°C, 2.941°C, 1.1232°C,
1.728°C, 1.0512°C and 1.3752°C in January to
December respectively.

e The monthly mean of daily minimum temperature
(Tmmin) have increased annually with 0.0133°C,
0.0644°C, 0.0275°C, 0.0207°C, 0.0208°C, 0.0408°C,
0.0701°C, 0.0938°C, 0.0437°C, 0.0412°C, 0.0328°C and
0.0265°C while the total increases during the entire
period are 0.4788°C, 2.3184°C, 0.99°C, 0.7452°C,
0.7488°C, 2.5236°C, 3.3768°C, 1.5732°C, 1.4832°C,
1.1808°C and 0.954°C in January to December
respectively.

e The annual mean of daily mean temperature (Tamean),
daily maximum temperature (Tamax) and daily minimum
temperature (Tamin) have increased by 0.0421°C,
0.0454°C and 0.0413°C per year, and 1.5156°C,
1.6344°C, 1.4868°C respectively during the full period

e The increasing trend in the annual and the monthly mean
of daily mean (Tdmean), daily maximum (Tdmax) and
daily minimum (Tdmin) temperatures (Tmmin)
determined by regression method have been confirmed
by the nonparametric Theil-Sen method.
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e The increasing trend of the annual mean of minimum,
maximum and mean temperature is confirmed by both
[28] and [47] with slight difference in the rate.

4. Conclusion

The analysis of the hot and cold days/nights based on
temperature thresholds reveals that summers are expanding
and winters are shrinking in Al-Madinah Al-Munawarah,
resulting in more pressure on water and energy sectors. The
increasing trend of intense heat may cause health problems
for the visitors.. The results indicate the vulnerability of the
Holly City. The results would be helpful for the policy
makers to reduce the future risks associated with rapidly
changing climate of Al-Madinah Al-Munawarah.”
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