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Introduction

Surface air temperature is change
related to change for seasons. These
changes happen in the seasons them-
selves, that is winter became warmer,
spring becomes early and leaves quickly,
and summer becomes longer and hotter.
According to meteorologist research
for many countries, these changes were
used in reference to atmospheric vari-
ability on timescale longer than the two
weeks limit of most deterministic at-
mospheric predictability (Bilal, Kais &
Enas, 2013). That also point to climate
variability, which are the variations in
the mean state and other statistics of the
climate spatially and temporally, usually
beyond individual weather statistics.
This term “climate variability” cannot
deviations of climatic statistics over

a given period of time (e.g. a month,
season or year), some scientist are of the
opinion that this period can transcend
to decades (30 years). Climate variabil-
ity assessed by these deviations, which
are usually termed anomalies. The vari-
ability may be due to natural internal
processes within the climate system
(internal variability), or to variations in
natural or anthropogenic external fac-
tors (external variability), but climate
variability is more affiliated to the in-
ternal variability unlike climate change
(Zeki, 2017). One of the climatic ele-
ments that sensitive to climate vari-
ability is air temperature and that play
significant role on the human life style.
Beside that it is evidence of changing in
the climate system because of the pos-
sibility of calculation this variable for
both cases; temporal and spatial. Air
temperature interacts with other climate
elements such as atmospheric pressure,
wind, evaporation, and relative humid-
ity (Muter, 2014).
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Attributes of the seasons may vary
by location, but there are still broad defi-
nitions that cross most of the boundaries.
The timing and characteristics of the sea-
sons depends upon the location on Earth.
Summer, season extending from the sum-
mer solstice to the autumnal equinox, is
one of the four Earth’s seasons that goes
after spring and foreshadows autumn.
In winter, days become warm than be-
fore hot and really long, while nights in
this season are the shortest. Sun shines
so bright and most active, it means that
everything in the nature gets a lot of en-
ergy form the sun, to support life, breed-
ing and feeding. Summer, long days, and
become hotter creates a special lifelong
conditions for animals and plants activi-
ties (Chitu, Giosanu & Matescu, 2015).
Northern hemisphere is a part of the Earth
that is located north to equator. Summer
is the warmest season of the year oc-
curring between spring and autumn and
constituting June, July, and August. The
hottest month is July, because in this

time Earth gets more straight sun lights
(Wang, Li & Li, 2019).

Most previous work has focused on
the spring-to-summer transition, this
transition period is distinct from the win-
ter and summer seasons and warrants
further investigation. An analysis of this
transition period is also expected to im-
prove our understanding of conditions in
winter and summer. Many studies have
explored anomalies in temperature es-
pecially in summer. These studies have
greatly enhanced our understanding of
surface air temperature anomalies dur-
ing summer. Recently study found out
the mean air temperature increased for
all months and for four seasons because
of global climate change, while dis-
agree with opinion that refer to overlap
in month or season. The maximum air
temperature were increased more than
1°C for spring and summer, while less
than 1°C for winter and autumn middle
and southern Iraq (Hassan & Alhashimi,
2018). The monthly air temperatures
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FIGURE 1. The global temperature differences from average for all Mays from 1895-2020. May 2020
tied for the warmest May on record with May 2016 (National Centers for Environmental Information
NOAA National Centers for Environmental Information [NCEI], 2020)
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(maximum and minimum) recorded high
increased of temperature which happened
in summer, but with less force for transi-
tional months nearby (May and Septem-
ber), so that May is approaching sum-
mer features for maximum temperatures
(Fig. 1), and September is approaching
summer features but for minimum tem-
peratures (Muter, 2014).

The estimation of increased air
temperature in the center Baghdad city
and rural side beside effect of increas-
ing population density that there was
a strong tendency for a temperature
increasing during July and October
(Ahmed & Hassan, 2018). Daily maxi-
mum air temperature studied for long
time (2006-2017) that found 70 ex-
treme events happen 60 of them happen
in Basra. The extreme events in the end
studied period were four more time than
beginning studies. That found evidence
for summer extended to September
more than May whereas both of these
months have summer characteristics
(Vicente-Serrano et al., 2018). Trends
of maximum air temperature exhibited
a clear elevation-warming dependency,
with the strongest warming recorded
at highly elevated sites. For mean air
temperature trends, there are no clear
spatial and temporal seasonal differ-
ences across Peru (Liu, Yin, Shao &
Qin, 2006). Analysis of mean summer
maximum temperature changes in fre-
quency and intensity of daily tempera-
ture extreme temperature variability and
trends over Romania which was found
of maximum temperature rate 21.0%
per decade. It was noted that the level of
statistical significance of maximum and
minimum temperature linear trends per
decade was low during winter, spring

and autumn. But this level of signifi-
cance was very high for June, July and
August months (Chitu et al. 2015).

The length of the season has been in-
creased about 17 days during the 43-year
study period. The monthly record-setting
for cold events were found in the earlier
part of the study period, while the warm
events occurred mostly in the later half,
especially since the 1990s (Wu & He,
2017). The anomalies in the accelerated
transition years display a relatively quick
month-to-month change. This suggests
a plausible contribution of inter-seasonal
variations to the accelerated transitions
(Zarenistanak, Dhorde & Kripalani,
2014). Temperature tendencies indicated
positive change in temperature, particu-
larly in summer and spring over most of
the stations. Moreover, temperature in-
crement in winter is less in comparison
with other seasons. Increasing tendencies
in Tyyin were more than 7p,,, in all the
seasons. Therefore, the increase in an-
nual and seasonal TM can be attributed
to higher increase in 7T, The results
showed that most of the positive signifi-
cant mutation points began in 1990s in
the study area (World Atlas, 2021).

These work focus on provide a com-
prehensive picture of spring-to-summer
climate variability for partially areas, and
then do an investigation of the factors and
processes involved in anomalies during
the transition season is warranted. This
study, describe monthly air temperatures
for Baghdad’s hot season using statistical
method for maximum temperatures and
understand the behavior of begin early
summer and check changes in the length
and the strength of Baghdad’s hot season
between 1970 and 2017, especially the
changes that change in May.
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Data and methods

The study area is Iraq, specifically
Baghdad, where Iraq geographically lo-
cated in the range of sub-tropical displays
in the northern hemisphere between the
two latitudes 29.5-37.5 north of the equa-
tor and longitudes 38.45-48.45 east of
the Greenwich line. Baghdad is the capi-
tal of the Republic of Iraq, shown in Fig-
ure 2. It is one of its largest cities and the
second largest city in the Arab world and
the second largest city in Western Asia. It
is also considered the economic and ad-
ministrative center in the country. Bagh-
dad occupies a geographical position at
the latitude 33.3 north of the equator and
the longitude 44.4 east of the Greenwich

line, this is from a spatial point of view.
As for time, the study was determined by
the duration of 1970-2017 (Iraqi Mete-
orological Organization and Seismology
[IMOS], 2017).

There is in Baghdad governorate
a monitoring station located in Baghdad
International Airport, established since the
airport’s foundation and holds the global
code 650 within the codes registered in
the World Meteorological Organization
where it works on surface monitoring,
called Iragi Meteorological Organiza-
tion and Seismology (IMOS). Using the
monthly data for maximum temperatures
that adopted from for 47 years from 1970
to 2017 for Baghdad city. The study pe-
riod was divided into two periods, the first
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FIGURE 2. Map of the study area (Baghdad governorate) (IMOS, 2017)
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period from 1970-1991 and the second
period from 1992-2017. Thirty years of
data is long enough to calculate an aver-
age that is not influenced by year-to-year
variability. The reason for choosing is the
availability of its data and a continuation
of previous research on this topic that
touched on the overlap of the seasons,
knowing that there are research studies of
temperatures and their general direction.

Results and discussion

Objective study of observation sea-
sonal variation to understand changes
that happen in monthly air temperature
with increasing daily length related with
latitude more than balancing 108 the in-
creasing solar zenith angle so that satu-
ration increases slightly with latitude. In
the case for specific region (Baghdad),
this study focused on the variation for
maximum air temperature in May during
approaching summer properties for limit
period (1970-2017). The study period
was divided into two periods: the first

begin in 1970, while the 1991 was the
end year, and the second (1992-2017).
Due to climatic changes, all months
of the year will increase in temperature,
but this increase depends on two main
points, which are climate variation and
climate changes. When we compare the
distinguished cases (the increase over
the average) for the month of May and
convert them into ratios compared to the
months (June and July), the result in-
dicated that the rate of increase for the
month of May was 54%, while the rate
of increase for the months of June and
July was 50% and 48%, respectively. We
conclude from this that May is qualified
to acquire the characteristics of the sum-
mer season due to this high percentage.
In addition, there should be a difference
in the rates, since May approaches the
characteristics of summer season, June
of the beginning of the season and July
the climax of the summer season.
Temperature tendencies indicated
positive change in temperature, particu-
larly in summer. Figure 3 shown time
series of variation Ty, in May, where
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FIGURE 3. Time series for temperature maximum values in May during 1970-2017 for Baghdad city
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minimum 7,,,, was 33°C in 1972, and
high value was 39°C in 2007; that is,
the different for transfer season for May
(6°C). Therefore, this split came to two
periods from this point and because of
the Trhax- Below 38°C in the first period,
while in the second more than seven
years (1995, 1996, 1997, 1999, 2005,
2006, and 2015) were above 38°C.
These results show different inter-sea-
sonal variation between these two pe-
riods, meaning that each period has its
own inter-seasonal variation. The pat-
tern of T, for each period was differ-
ent too, in the first period more regular
fluctuation than second period that rep-
resent each three years maximum peak.

June represented first month for
summer season, and the minimum value
of Trnax Was 39°C, that is the maximum
temperature for May as shown in Fig-
ure 4, where the maximum of 7y, was
44°C. The inter-seasonal variation for
this month was about 6°C, although the
second period has more wide variance
than first period, but less than May, and
this result confirms the trend in the pre-

I
[¢)]

vious paragraph, which was split the pe-
riod study into two parts.

The Tax for July behavior similar to
June, which represent summer’s charac-
teristics. The minimum 7},,, was 42°C
that the same temperature for maximum
temperature for June, while the maxi-
mum temperature was 48°C as shown
in Figure 5. The inter-seasonal variation
for this month was about 6°C. The max-
imum peak of Ty, for first period was
less than 46°C, while in the second pe-
riod five years was above 46°C (1996,
2000, 2012, 2015, and 2017). This re-
fer to general trends tends to increased
Tmax-

The results that carried out when find
the difference between Tp,,x for June—
—May are shown in Figure 6. The first
period characteristic of the summer sea-
son was the large number of fluctuations
with same wave cycle, while the second
periods have less fluctuation with short
amplitude. Generally the high difference
for T (June—May) was 8°C.

The difference between July and
May is shown in Figure 7. The fluctua-

June

max
A A »
N w A
1 ! 1

N
=y
1

Maximum temperature - T__ [°C]
IN
o

39

T T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

FIGURE 4. Time series for temperature maximum values in June during 1970-2017 for Baghdad city
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FIGURE 5. Time series for temperature maximum values in July during 1970-2017 for Baghdad city
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FIGURE 6. Time series for differences between temperature maximum values in June—May during

1970-2017 for Baghdad city

tion was irregular, and the variance was
about 2°C than average with short am-
plitude except a few years (i.e. 1995) to
represented one of the most important
properties of summer, with high variance
was about 6°C.

When find the difference between
two months in the same season as noted
in Figure 8, the variance in the begging
was 1-2°C then reach to 5°C in 1995

that were compatible with previous
cases, so that May was approaching to
summer.

When compare between summer’s
months with May in the dataset that draw
in Figures 6, 7 and 8. These three cases
for difference of Tj,,x. The significant
increase appear in the 7, during May
and summer months (June, July, and Au-
gust) during the study period as follows
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FIGURE 8. Time series for differences between temperature maximum values in July—June during

1970-2017 for Baghdad city

(1.9 for May, 1.2 for June, 4.4 for July,
4.9 for August). There is also a signifi-
cant T, for Baghdad with similar be-
havior of Ty, in May to June and July
during the second period of the study
period (1992-2017), unlike the first pe-
riod (1970-1991). Two phases in sec-
ond period found out, the positive phase
happened in 1995, 1999, and 2006, four
cases were negative (1992, 2004, 2013,

and 2016), while a few cases recorded in
first period.

For the purpose of comparing the
change for the study periods, Table 1
was adopted from Figure 7, which shows
a comparison between the two periods.
It is clear that the amount of difference
for the first period is greater than the
second period, and this indicates that the
maximum temperatures are close to their
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TABLE 1. The statistics, mean for two periods of study for Baghdad

Period Start deviation at 8°C End deviation at 8°C Mean
1970-1991 0.6 0.5 0.55
1992-2017 0.2 0.5 0.35
characteristics in the summer season. Conclusions

Accordingly, the ratio of the difference
between the temperatures of the two pe-
riods is 63%.

The amplitudes of monthly variability
had same distance from leaner correlation
especially in 1999, and 2013, that repre-
sent coherent wave with summer seasons.
The variance difference for 7;,,,, between
May and June approximately was 2°C for
second study’s period, while exceed this
range in first period. This variance change
to 7.5°C when find difference between
July and May. There is a slight geographic
variation in the beginning and end of the
season, so that May had characters ap-
proaching to strong summer features for
the maximum temperature. The 1992 was
the beginning of climate change, before
1992 May had different behavior to the
summer months, but after the 1992 May
was closed to the summer characteristics
months through behavior point.

Standard deviation is used to find the
dispersion error and standard deviation
for both May and summer as shown in
Table 2. Be confirmed again that May
was near to summer than spring in light of
seasonal variation and climate change.

A surface temperature data set for
Baghdad have been used to study changes
in Baghdad in order to examine the sea-
sons temperature over five decades. Ob-
jective study of observation seasonal
variation to understand that changes hap-
pen in monthly air temperature refer to
extended daily length in summer season
beside the effect of latitude. This lead to
change in solar zenith angle that slightly
increased. Another less effect was geo-
graphic variation in the beginning and
end of the season. Significant point was
summer season had extend in Baghdad
to May instead of June. Since May 1992
the approaching of May was very clear
because May is the first month of year
when summer extend, beside May was
found in spring season before 1992 ac-
cording to properties of maximum tem-
perature. The effect of Baghdad location,
climate change, increased air tempera-
ture, and variation of surface air tem-
perature lead to increased maximum air
temperature for all season particularly in
spring make may approaching to sum-
mer season. Before 1992 these factors

TABLE 2. Statistics characteristics for May, June, and July and the difference for Baghdad city

Statistics May June July June-May | July-May | July—June
Standard deviation | 1.5009 1.0466 1.3121 1.3310 1.4357 1.3138
Standard error 0.2166 0.1511 0.1894 0.1921 0.2072 0.1896
Confidence 0.5816 0.4056 0.5084 0.5158 0.5564 0.5091
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have less effect on maximum for Bagh-
dad city. The inter-seasonal variation
for May, June and July was about 6°C,
this mean the three months are similar in
terms of the variation in maximum tem-
peratures, and this refer to that general
trends tend to increased Tip,y.

The behavior of air temperature for
Baghdad city during the summer months
tends to increase despite the fluctuations
between the increase and decrease. Such
observations are consistent with global
trends in temperature. The results in-
dicate the possibility of confirming the
overlap of May within the summer sea-
son through the minimum temperatures
of Baghdad city and the rest of the Iraqi
cities. After 1992 results revealed a sig-
nificant T,,,, for Baghdad during period
of 1992-2017 shown that the similar
behavior of T, in May to June and
July; on the contrary that first period
(1970-1991). The wvariance difference
for T}, between May and June approxi-
mately was 2°C for second study’s pe-
riod, while exceed this range in first peri-
od. This variance change to 7.5°C when
find difference between July and May.
Standard deviation is used to find the
dispersion error and standard deviation
for both May and summer. Be confirmed
again that May was near to summer than
spring in light of seasonal variation and
climate change.
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Summary

Approaching of May maximum sur-
face air temperature to characteristic
summer season for Baghdad city. Sea-
sonal variability is the complex non-linear
response of the physical climate system.
There are two types of natural variability:
those external and internal to the climate
system. In any given season, natural vari-
ability may cause the climate to be differ-
ent than its long-term average. This study
examines with the seasonal variation of the
maximum temperatures during the summer
season. In addition, the maximum tempera-
tures in May become close to the character-
istics of the summer season. The monthly
data for maximum temperature of May, June
and July were used from Iraqi Meteorologi-

cal Organization and Seismology (IMOS)
for 47 years from 1970 to 2017 for Baghdad
city. This period was long enough to esti-
mate the range of approaching maximum
temperature (7j,,x) May to summer. Re-
sults revealed a significant 7,,,, for Bagh-
dad during the second period (1992-2017)
and fhown similar behavior of 7y,,, in May
to June and July; on the contrary that first
period (1970-1991). In second period, two
phases have been found out, positive phase
and negative phase. The positive phase were
happened in 1995, 1999, and 2006, and the
negative phase was four cases (1992, 2004,
2013, and 2016), while a few cases recorded
in first period. The amplitudes of monthly
variability had same distance of leaner cor-
relation especially in 1999 and 2013 that
represent coherent wave with summer sea-
sons. The variance difference for Tj,,x be-
tween May and June approximately was 2°C
for second study’s period, while exceed this
range in first period. This variance change
to 7.5°C when found difference between
July and May.
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