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Introduction

Since 1950 the number of heat waves 
worldwide has increased, and heat waves 
have become longer. The hotter days and 
nights have become hotter more frequent. 
In the past several years the global area 
hit by extremely unusual hot summer-
time temperatures has increased (Stef-
fen, Hughes & Perkins, 2014). A heat 
wave is generally defined as a period of 
several days to weeks of abnormally hot 
weather. The National Weather Service 
(NWS) defines a heat wave as “a period 
of abnormally hot weather, uncomfort-
able and unusually humid”, and usually 
takes two or more days (Karl, Melillo 
& Peterson, 2009). In recent years, the 
Middle East region has witnessed a no-
ticeable rise in temperatures (Brown & 

Crawford, 2009), which clearly affects 
the daily behavior of the human being 
and his health in addition to its effects 
on plants, which led to the expansion of 
desertification and the deterioration of 
the vegetation cover, as well as affect-
ing the food supply, water resources, and 
ecosystems. Hence, the increase of tem-
perature average is considered one of the 
signs of climate change, which is one of 
the causes of environmental pollution so 
it is expected that heat wave incidence 
and intensity continue.

The Middle East spans several cli-
mates zones, where the eastern part is 
Mediterranean, the northern part is con-
sidered to be subtropical while the Ara-
bian Peninsula has a hyper-arid desert 
climate. Different climate zones are 
found in the various mountain areas. The 
region has among the hottest and driest 
conditions found in the world. Numer-
ous heat records were in the Middle East 
in the summer of 2010 with temperatures 
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reaching 52.0°C in Jeddah (WMO2011) 
(Brown & Crawford, 2009).

The first region-wide trend analysis 
of the Middle East extreme indices ob-
served in the period 1950–2003 at 52 
stations covering almost 15 countries 
was reported by Zhang et al. (2005). 
The results observed from this study 
shows statistically significant and spa-
tially reasonable trends in temperature 
indices, which clearly indicate tempera-
ture increase in the region. Analysis of 
long-term temperature data suggests that 
since the 1970s the frequency of heat ex-
tremes has increased in the MENA (Tan-
arhte, Hadjinicolaou & Lelieveld, 2015). 
Simulating the climate of the region is 
a challenge for climate models (Evans, 
Smith & Oglesby, 2004), due in part to 
the high natural inter-annual variabil-
ity, the topography of the region which 
includes multiple mountain ranges and 
inland seas, and the presence of a slight 
cooling trend in recent decades despite 
the global trend being a warming. This 
paper attempts to determine the most 
suitable probability distribution of daily 
maximum temperature and check the ac-
curacy of the fitted probability distribu-
tions using the goodness of fit criteria.

Middle east climate

Middle Eastern climatic conditions 
vary greatly, depending on the season 
and the geography, but simply can be 
characterized in two words: hot and dry, 
although winters are mild with some 
rain. Is a region that spans southwestern 
Asia, western Asia, and northeastern Af-

rica. Although much of the Middle East 
region has a Mediterranean climate type, 
with wet winters and dry summers. Al-
though the hot arid, or desert, climate 
predominates in the region, the well-wa-
tered highlands of Turkey and the moun-
tains of Iran and Ethiopia are important 
as sources of the region’s major rivers. 
The Middle East is as one of the regions 
most affected by dust, in the world, next 
to Africa. Dust or sand storms are caused 
by the outflow from low-pressure cells 
passing through a desert area from West 
to East. Sand storms can occur through-
out the year in the Middle East, but the 
prime months are May–September.

The climate of the Middle East 
ranges from the warm summers and cold 
winters of highland Turkey and Iran, 
through hotter summers and cool winters 
of northern Mesopotamia and the Medi-
terranean coast, to the extreme tempera-
tures of the Arabian Desert. Most, but 
not all, of the region is arid (Hasanean, 
2015).

Study area

Middle East region located approxi-
mately between 10° and 40° latitudes 
and with 20° and 65° of longitude line 
approximately, and this region located 
basically southwestern Asia and north-
eastern Africa. It extends over 2,000 
miles from the Black Sea in the northern 
region of the Arabian Sea in the South, 
and about 1,000 miles from the Mediter-
ranean Sea in the West to the mountains 
of Iran. The Middle East domain used in 
this study is shown in Figure 1.
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Material and methods

Data
The data used in this study are 

monthly daily mean of maximum tem-
perature at height of 2 m covered Mid-
dle East as a grid of 1,581 points extends 
from 15–65° N latitudes and 15–45° E 
longitudes with a uniform grid interval 
of 1.5° longitude and 1.5° latitude for 
selected months (March, April, May) 
represent spring and selected months 
(June, July, August) represent summer 
for the period 1979–2018, at the time 
00.00 UTC, from the European Centre 
for Medium-Range Weather Forecasts 
(CMWF), model ERA-interim. This 
model is characterized by providing data 
with clarity degree (0.75° × 0.75°) by 
having two forms of data (full resolution 
and low resolution) in the first type, the 
amount of spatial accuracy of the data 

can be controlled, while the second type 
is the degree of clarity as shown in Fig-
ure 2 (Paul, 2013).

Probability distributions
Many probability distribution func-

tions (PDFs) have been proposed in re-
cent past years, but in this paper logistic, 
Rayleigh and gamma distribution are 
used to describe the characteristics of 
maximum temperature. 

Logistic distribution
The logistic distribution is a continu-

ous probability distribution. Its distri-
bution function is the logistic function, 
which appears in logistic regression and 
feed forward neural networks. It resem-
bles the normal distribution in shape but 
how heavier tails. Its probability density 
function is given as (Al-Kadim, 2011):

FIGURE 1. The Middle East
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 (1)

–∞ < x < ∞
where:
μ – location parameter,
s – scale parameter,
x – random variable. 

Rayleigh distribution
Rayleigh distribution is a continuous 

probability distribution named after the 
English Lord Rayleigh. The distribution 
is widely used:

In communications theory to model 
multiple paths of dense scattered sig-
nals reaching a receiver. 
In the physical sciences to model 
wind speed, wave heights and sound/
/light radiation. 

–

–

In engineering to measure the life-
time of an object, where the lifetime 
depends on the object’s age, for ex-
ample: resistors, transformers, and 
capacitors in aircraft radar sets.
In medical imaging science to model 
noise variance in magnetic resonance 
imaging.
Rayleigh distribution is a special 

case of the Weibull distribution with 
a scale parameter of 2. When a Rayleigh 
is set with a shape parameter (σ) of 1, it 
is equal to a χ2 distribution with 2 de-
grees of freedom.

The notation x Rayleigh means that 
the random variable x has a Rayleigh dis-
tribution with shape parameter (σ). The 
probability density function (x > 0) is:

 (2)

The expected value of a probability 
distribution is:

–

–

FIGURE 2. Daily mean of maximum temperature [°C]
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 (3)

Substituting in the Rayleigh prob-
ability density function, this becomes:

 (4)

This Wolfram calculator will solve 
the integral for you, giving the Rayleigh 
expected value of σ√(π/2).The variance 
of a Rayleigh distribution is derived in 
a similar way, giving the variance for-
mula of (Aslam, Tahir, Hussain & Al-
Zahrani, 2015):

 (5)

Gamma distribution
Gamma distribution is a family 

of right-skewed, continuous probabil-
ity distributions. These distributions are 
useful in real-life where something has 
a natural minimum of 0. For example, it 
is commonly used in finance, for elapsed 
times, or during Poisson processes.

Gamma distribution PDF
If x is a continuous random variable 

then the probability distribution function 
is:

 

 (6)

 (7)

where:
Γ(x) – gamma function,
σ – shape parameter. 
s (sometimes θ is used instead) – rate 
parameter (the reciprocal of the scale 
parameter).

Variables σ and s are both greater 
than 1. When σ = 1, this becomes the ex-
ponential distribution. When s = 1, this 
becomes the standard gamma distribu-
tion. Alpha and beta define the shape of 
the graph. Although they both have an 
effect on the shape, a change in s will 
show a sharp change (Artemiou, 2009).

Goodness-of-fit test
Goodness-of-fit tests are used to 

check the accuracy of the predicted data 
using theoretical probability function. To 
evaluate the goodness-of-fit of the PDFs 
to the monthly maximum temperature 
data, Z-test was used.

Z-test
The one-sample Z-test assumes that 

the data are a simple random sample 
from a population of normally distrib-
uted values that all have the same mean 
and variance (known). This assumption 
implies that the data are continuous and 
their distribution is symmetric. The cal-
culation of the Z-test proceeds as follows 
(Weaver, 2011):

 (8)

where:
X – mean of sample,
A – mean of population,
S – standard deviation of population,
n – number of observations.
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Results and discussion

Basic statistics of maximum temper-
ature for the study area for each month 
are shown in Table 1.

The estimation of parameters of all 
the PDFs considered in this study were 
carried out using maximum likelihood 
method and estimated parameters for the 
mean of each month of different PDFs 
used are presented in Table 2.

By using STATSTIC program to es-
timate the probability density function 
was calculated using a number of distri-
butions (logistic, Rayleigh and gamma 
distribution). Through the distributions 
the table was obtained.

In the logistic distribution the high-
est probability of an average maximum 
temperature in March, April and May 
was as follows: 0.077, 0.079, 0.093, in 

June, July and August was as follows: 
0.119, 0.1395, 0.1399 (Figs. 3, 4).

The highest probability of an average 
maximum temperature in the Rayleigh 
distribution in March, April and May 
was as follows: 0.0289, 0.0331, 0.0201, 
in June, July and August was as follows: 
0.0182, 0.0177, 0.0179 (Figs. 5, 6).

The highest probability of an aver-
age maximum temperature in the gamma 
distribution in March, April and May was 

as follows: 0.064, 0.049, 0.036, in June, 
July and August was as follows: 0.0259, 
0.0219, 0.0211 (Figs. 7, 8).

Value of statistical test for different 
distribution of Middle East, test was per-
formed between the calculated and tabu-
lated value of each distribution as shown 
in Tables 3, 4 and 5 for all distributions 
(logistic, Rayleigh and gamma).

TABLE 1. Basic statistics of maximum temperature for all month at the study area

Month
Mean Median Maximum Minimum Standard 

deviation
°C

March 21.11 23.44 45.65 –16.43 1.41
April 22.03 25.49 36.30 –24.29 0.96
May 30.18 31.34 50.62 –23.99 1.10
Jun 34.49 35.21 52.63 5.89 0.92
July 35.67 36.20 53.79 8.83 0.84
August 36.32 36.33 54.70 8.39 0.94

TABLE 2. Parameters of different probability distribution

Probability 
distribution Parameter March, April, May June, July, August

Logistic
location 25.76 33.9

scale 3.00 1.91
Rayleigh scale 25.76 33.9
Gamma shape 80.1 321.8
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FIGURE 3. Logistic distribution for the maximum temperature in March, April and May at the study 
area
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FIGURE 4. Logistic distribution for the maximum temperature in June, July and August at the study area
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FIGURE 5. Rayleigh distribution for the maximum temperature in March, April and May at the study area
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FIGURE 6. Rayleigh distribution for the maximum temperature in June, July and August at the study area
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FIGURE 7. Gamma distribution for the maximum temperature in March, April and May at the study area
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FIGURE 8. Gamma distribution for the maximum temperature in June, July and August at the study 
area
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Determine the null and alternative 
hypotheses null hypothesis: No differ-
ence in average and the mean of maxi-
mum temperature alternative hypotheses. 
There is a difference in average and the 
mean of maximum temperature, by us-
ing Eq. (8) for Z-test as shown in Tables 

3, 4 and 5 for three probability distribu-
tions, find tabulated Z from Table 6. If 
the value of significance level 0.05, so 
tabulated Z = 1.96. Decision and inter-
pretation: Therefore, we reject the null 
hypothesis.

Conclusions

Probability analysis of monthly daily 
mean of maximum temperature of Mid-
dle East was carried out by employing 
three probability distributions namely lo-
gistic, Rayleigh and gamma distribution. 
Goodness of fit of these distributions was 
tested by Z-test for monthly daily mean 
of maximum temperature. Logistic’s 
distribution is found the best fit distribu-
tion. By comparing the value that was 
extracted for each of the summer and 
spring months with the tabular values, it 
was found that the calculated values are 
greater than the calculated values and 
when compared with the tabular values, 
it was found that the table values for sum-
mer months are greater than the tabular 
values of the spring months, therefore, 
we reject the null hypothesis and accept 
the alternative hypothesis, and this is 
concluded in this research through this 
distribution. This same statement applies 
to the other two distributions: Rayleigh 
and gamma distribution (Bhakar, Iqbal, 
Devanda, Chhajed & Bansal, 2008; Wat-
terson, 2008).
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Summary

Estimate the probability density func-
tion of maximum temperature for the 
Middle East. Pollution is one reasons for 
increase temperature which leads to increase 
the heat waves which have large socioeco-
nomic and healthy impacts on Middle East. 
By using monthly daily mean of maximum 
temperature at height of 2 m covered Mid-
dle East as a grid of 1,581 points for selected 
months (March, April, May) represent spring 
and June, July, August represent summer for 

the period 1979–2018, from the ECMWF, 
model ERA-interim. Many PDFs have been 
proposed in recent past, but in present study 
logistic, Rayleigh and gamma distribution 
are used to describe the characteristics of 
maximum temperature. This paper attempts 
to determine the best fitted probability dis-
tribution of maximum temperature. To check 
the accuracy of the predicted data using theo-
retical probability distributions the goodness 
of fit criteria Z-test used in this paper. Ac-
cording to the goodness-of-fit criteria and 
from the graphical comparisons it can be said 
that logistic distribution provides the best fit 
for the observed monthly daily mean of max-
imum temperature data.
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