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Abstract

Climatic change is one of the most important topics at the world. Temperature plays a major
role in detecting climate change. The aim’s study is determining the spatial and temporal
variation of the temperature through the period of about 72 years (1941 - 2013). The
researcher choose (Mosul, Baghdad, Basra) stations to represent all of Iraq area. The study
adopted the analysis method, and then determines the trend of temperature. It turned out.
Through, the study that the world temperature tends to increase, which turned out to that it is
better to divide the study period into two stages. To illustrate the extent, of the existence of
differences, it has been turned out there is an increase in temperature, but the increase in the
first period (1941 - 1976). Was less than a second term (1977 - 2013), there are also
increasing in temperatures less direction from southern Iraqg to the north.

Keyword: Maximum temperature, Minimum temperatures, Mann—Kendall, Trend, Baghdad.

Vol: 12 No:4 , October 2016 ISSN: 2222-8373

126


mailto:Baltemimi41@yahoo.com

DIYALA JOURNAL FOR PURE SCIENCES

Spatial Variation of Monthly Temperatures as an Indicator of

Climatic Change in Iraq

Basim Ibraheem Wahab

Aalial) e yanll ) pdige W il &y g 31 jad) cila sl AUSal) culh) (3l pad) b

L 5 asd ) anily
sall asle aud o glall IS A eativa) daalal)

galidud)

Aaliall @l ) e CalSI 8 L 5 1550551 all A 5o canli ¢ allall 8 aanial sall abl aa) Baliall Cl il e
Caalill 8 35 (2013 — 1941) as 72 saal 5 ) jall & 2l il 315 D) ool daas ) Al jall oda Congs |
225 &5 Geg ¢ lail eiall Al all chadie) | Gl yall JS Jads Cumy (5 paaall ¢ alais ¢ Joa sall) Gildans sl
ol Al e¥) ¢ a3 a anty bl el el alladl Jlesall G Al all OMA (e adl | 351 all Gla 0 s
O ozl dg ¢ gwde e g8 dgay e Olal Gl e ) ALISH Al Hall Bae sl JumdV) (e b 4xe
e B OIS (1976 — 1941) (s¥) 3l 8 ) 5301 080 ¢ 551 ) il 5o b 1) 35 Jaaally s LaalilS (il )
Sl sai gin e slai¥l Jar sl jall s s 3l 3 )y« (2013 — 1977) 45 4l sadl)

iy cJaall (JailS -l s aall ) pall ila o (alaall 5 ) jall Cla o idalide clals

Introduction

Global warming is the most significant environmental problem at the world is experiencing
today as concluded by the Inter-Governmental Panel on Climate Change IPCC Reports.
Climate scientists have concluded that the earth’s surface air temperature warmed to about (
0.6 - 0.2) °C during the 20th century, accompanied by changes in the hydrologic
cycle.Temperature plays a major role in detecting climate change brought about by
urbanization and industrialization . Atmospheric warming affects in (air temperature, lands,
and water resources, which in turn affects patterns of precipitation and evaporation.
Greenhouse gases are atmospheric gases such as carbon dioxide, methane, and nitrous
oxide.[1]. Several long-term temperature studies have done on different scales, which show
that there is a temperature increase globally [2]. They showed that the rate of annual warming

for global land areas over the 1901-2000 periods was 0.078°C per decade. In addition, as in
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which showed that the surface temperature of the Earth increased by 0.6°C - 0.8°C during the
20" Century. [3]

Previous studies:

In study.That temperatures, rates, especially at winter months, have increased, up to 3°C.
Within a period of (25 years), where it was in 1972 about 6°C increased to 9°C, in 1997. It
became clear, through the study, the influence of temperature on expansion of desertification
in the world, surveyed by reducing the amount of precipitation connecting rain to the earth's
surface, and thus, the resulting benefit is less than it was in 1972 [4].

Another study, explained extremism in temperatures for selected Iragi stations, and it found
that the (moderate warm , cold waves ) , are more observed compared at Iraq compared with
the intense waves, even that the medium waves cold and warm waves are more observed at
Irag compared with long waves|[5].

A study.About the general trends of repeating the heat waves at Basra, (1961-2000). It is
found that the temporal dimension of these waves, associated with a weather conditions,
prevailing of pressure systems, especially Indian seasonal thermal depression, and the thermal
depressions repeat at the upper atmosphere, it turns out that, there is an increasing of the
frequency of heat waves, through the recent years at Basra. Another studies [6], Study showed
that, the summer temperatures had increased during the last 3 decades of the 20™ Century,
while the mean annual temperature records had a warming trend,

Over the 1939 to 1989 period over Turkey [7][8], And a significant warming trend, after the
years 1957 and 1967 for the minimum and maximum temperatures in Jordan [9]. In addition,
a study [10] showed that, the maximum yearly temperature was persistently exceeding its
mean value during the last two decades and a considerable warming temperature trend and the
rainfall decrease were the main reasons of the aridity in the Middle East, which should
considered for rural development, and water resources management in Irag. Another study
[11] showed that there was a statistically significant temperature increase of 0.07 "C /decade

over Kuwait during the period 1950-1990. The variability of wintertime, surface air
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temperature (SAT). Of 24 observing sites in the KSA based on time series over thirty one
years, (1978-2008) [12] , showed that, there was a warming trend in winter temperature
during, the last 2 decades, at most sites and there was a significant warming trend, after the
year 1997 with a rate of 0.03 °C /year. Through the study [13]. About (Aspects of climatic
change at Garmyan area) for the period (1972 — 2009) , showed that the rate of temperature
has been increased to about 3 °C especially in winter because it was about 6 °C at 1972 , but it
increased to 9 °C, that effected on water cycle and rainfall through evaporation process .

Study Area and general climate:

Iraq is located in a sub-tropical, which is dominated, Mediterranean climatic region, Iraq lies
approximately between, 39 - 48 E, and between 29° 5° - 37° 22'N [14]. Bordered by Turkey
to the north and Iran to the east, Syria, Jordan and Saudi Arabia to the west and the Arabian
Gulf and Kuwait from Iraq south .His area of 435 052 square kilometers. Surface sections of
Iraq divided into :- (the alluvial plain, covers about quarter of the, or about (132 500 square
kilometers), the desert plateau is situated in the west of Iraq covering less than half the area of
Irag, or (168 552 square kilometers) and a height ranging between (100 -1000) meters and
intervention, including the island area. lraq climate characterized with hot dry summers and
cool rainy winter. Iraq Climate is continental subtropical and the arid season extends for more
than seven months. , Solar radiation duration time reaches 12 hours / day, and a temperature
of up to shade more than 45 °C, (at summer temperature at the shadow reaches more than 45
°C) maybe more than (48 °C) at both of (July and august , while it could be reached below
than 0 °C at winter , since that the range could be 48 °C [15].

Data and Trend Detection:

The study aims to determine the effect of Temperature in climate change, by comparing the
values and characteristics of this climate component and spatial variability within a period of
up to (72) .Through a comparison between the three chosen stations (Mosul, Baghdad, and

Basra). As it represents all of Irag, Fig.1shows the study stations.
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Fig.1 geographical locations of the meteorological stations
Trends detected in the time series of all the data indices analyzed by means of the Mann-—
Kendall (MK) test. Which was commonly using for hydrologic data analysis can be using to
detect trends that are monotonic but not necessarily linear. The Mann—Kendall method has
been suggesting by the World Meteorological Organization (WMO) to assess the trend in
Environmental data time-series [16] [17]. The MK method assumes that the time series under
research are stable, independent and random with equal probability distribution. This test
consists of comparing each value of the time-series with the others remaining, always in
sequential order. The number of times that the remaining terms are greater than that under

Analysis is counted [16] The Mann—Kendall statistic is giving by:

s = Zn:zn: sign( xi — xj) T ¢ )

i=2 j=1
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Where n is the length of the data set, i X and j x are two generic sequential data values, and the

function sign ( xi — xj) assumes the following values:

1,if (xi—xj) >0
sign(xi —xj) =< 0,if (xi—xj) =0 i (2)
—1,if(xi—xj) <0

The S statistic therefore represents the number of positive differences minus the number of
negative differences found in analyzed time series. Under the null of that there is no trend in
the data no correlation between considered variable and time, each ordering of the data set is
equally likely. Under this hypothesis, the statistic S is approximately, normally distributed
with the mean E(S) and the variance, Var(S)) as follows:
0)=S(E
1 q
Var(S) = T nn—1)(2n=75) — tp(tp — 1)(2tp +5)]...(3)
p—1

Where n is the length of the times-series, {p is the number of ties for the p ! value and q is

the number of tied values equals values. The second term represents an adjustment for tied or

censored data. The standardized test statistic Z is given by:[17]

S—-1
— ifS>0
V Var(S) R
Z=<0 ifS=0 .. e (4)
S+1 ,
if$S<0

k\/ Var(S)

A positive Z indicates an increasing trend in the time-series, while a negative Z indicates a
decreasing trend. The presence of a statistically significant trend is evaluating using the Z

value.
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The data used in the search that include the monthly rates temperatures obtained from
(General Meteorological Organization and Seismology unpublished data) [18] for the period
(1941-2013) for the three stations (Mosul, Baghdad, Basra) the researcher has objected to the
problem of the presence of missing data values for the years 2003 and 2004. Lost data even if
a few percentages can cause problems in the analysis lead to erroneous conclusions drawn.
There are several ways to estimate missing values in meteorological data. To deal with lost
data model was used (Box-Jenkins Box-Jenkins) A linear model to predict the use of the most
time-series data lost during the past three decades, Box Jenkins ARIMA model uses past
values of one variable to predict the values in the future. So it classified as a single variable
model and Box models can divided - to Jenkins models: such as (Self-Regression model
(SR)), and the moving average model .A (q) [19] [20]. Table (1) shows the location of the

three stations for the longitude and latitude and height above sea level [21].

Table (1) the study areas and the longitude and latitude sites [21]

) ) [ : Height above sea
Station Name station code longitude Latitude ™
eve
Mosul 608 43.09 36.19 223
Baghdad 650 44.24 33.18 31
Basra 689 47.47 30.31 2

This study is based on a problem with a remark in the presence of high temperatures, but the
feature of this rise is not a specific time and place, (is it increasing or decreasing?). The
relationships between this course and between climate changes are unclear. Therefore, the
study adopted analytical methodology to link data for the years studied, and then determine
the temperature trend then compared to the recipe temperatures for each station. In addition,
determine the trend to find the value of Q (°C /year) using the Mann-Kendall test. The value
of positive Q (°C /year) indicates an increasing trend in the temperatures and negative value

indicates a tendency to decrease in temperature increase rates, so it was extracted values data
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Q for temperature. To study stations. For the first of two periods, (1941- 1976). A period of
36 years, and the second (1977 - 2013) for 37 years, which set out in the Table 2.

Table 2. Q and Z values to study evidence of the three stations values

Q (°C/year) | Q(°C/year) | Z(1941-1976) | Z (1977-2013)
Mosul 0.007 0.045 0.46 3.82
Baghdad - 0.019 0.048 -1.31 5.05
Basra 0.007 0.065 0.68 471

Table (2) showed significant warming trend after an analysis of the data. That there is an
increase in temperature values, however, the levels of this increase did not specify. Therefore,
the researcher resorted to statistical analysis using the (Mann-Kendall test). Which indicates
that, the first period (1941 - 1976), has been characterizing by the increase in temperatures, of
up to 0.25°C; it means that temperatures have been increasing during this period, at a rate of a
quarter degree. On the other hand when analyzing the characteristics of the amount of
increase in the period that followed between (1977- 2013) using the same test, It shows that
the rate of increase was 1.62 °C in Mosul station 1.78 °C in Baghdad station and 2.4 °C in
Basra station. The study shows that the stations indicated an increase in temperature with,
different values of this increase in each of the three stations. The search record another result
that the rate of increase get reduced toward of northern of Iragq , where the increase was in
Basra higher than Baghdad, and in Baghdad higher than Mosul It should be noting.

The lack of compatibility, in the direction and path temperatures, for the first period between
(1941- 1976), where Mosul and Basra stations, recording an increasing temperature values.
While, Baghdad station, recording a decrease in the increasing temperature values taken as a
negative sign value. The reason behind that is the amount of change in the increasing
temperatures reached values. Lower than the general trend, while keeping the fact that this

general characteristic is the increasing temperatures in stations. As shown in Table 2.
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Results and Discussion

1- Monthly analysis of the temperatures values for the three stations.
Monthly average temperature for period (1941-2013) for the stations (Mosul, Baghdad, and

Basra) shown in Table 3.

Table 3. Monthly average temperature for the period (1941-2013)

Jan. Fab | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.

Mosul 6.9 891 127 | 179 | 245 | 309 | 343 | 334 | 284 | 21.2 | 135 | 8.44
Baghdad 9.6 122 |1 16.6 | 224 | 28.6 | 32.8 | 35.0 | 343 | 305 | 24.3 | 16.5 | 11.0
Basra 124 148|192 | 25.0 | 31.1 | 344 | 359|355 | 322|269 195 | 13.8

Baghdad - Mosul | 2.8 26 |26 |26 |25 |16 |09 |12 |17 |26 |3 2.8
Basra - Baghdad | 2.7 32 |39 |45 |41 |19 |07 |09 |21 |31 |3 2.56

Generally illustrated the path of temperature ' the values are homogeneous to be low in winter
and increases in trend follow summer , And then re-fall in autumn, But at the same time it
gives a clear perception that the values of temperatures in the south of Iraq are higher than in
the center and north. As in Baghdad and Basra stations. The highest values of the three
stations were recording in July and the lowest rates in January, which is illustrating in Fig 2.
However, it is clear that there is a difference in another place seems clear when take the
difference between the values of months, table 3 shows the difference between each of the
stations (Mosul and Baghdad) and stations (Baghdad and Basra). As it seems that the
difference is greater when take the rate of months of winter and spring. Fig. 3 shows
difference between temperature values decrease between May and Sep. The highest values of
the difference recorded at (Mar. Apr. Oct, Nov.). Moreover, there is another result, (that
you can specify the difference between the stations of Baghdad and Basra values, lower when
compared to the difference between values of Baghdad and Mosul stations. The difference

between Mosul and Baghdad curve is, greater than between Basra and Baghdad. In addition,
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the highest difference between Mosul and Baghdad stations record in March, while the
highest difference between Basra and Baghdad on Nov.

Illustrated in Fig.3, It can be due to a Mosul's situation in northern Baghdad, and Mosul
located at sea level highest compared to Baghdad, the deference's is clearer at March. While
the big difference between Baghdad and Basra, is clear on Nov. Because Basra locate near to
the Arabian Gulf and its Influenced by arrival the Seasonal Indian depression.

40
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35 I S ——— Basra

30

25

20

Temperature ° C

L L L : L ' L ' ' '
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Figure (2) temporal and spatial variation of temperatures path at the study stations

Baghdad - Mosul
Basra - Baghdad

differens

T T T T T T T T T T T T
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month

Fig. 3 the difference between the temperatures values at studied stations

2- The annual analysis of the values of temperatures in the study stations.

Values that determine the annual rate path's feature of the temperatures in the three stations
(Mosul - Baghdad - Basra) for a period (72 years) present in Table 4, Where Basra station
recorded higher rates than other stations. In addition, the path of the lowest values has taken
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the same direction, as it recorded the lowest temperature in Mosul, Baghdad and Basra. Other
results that can be observed , is recording maximum rate of temperatures in 2010 at the three
stations , which illustrated in teble.5 , which explains the general path is increasing that
temperature tend to takes , it was appears from results the linear regression of the temperature
data of the three stations, as follows. increase in the values of the temperature in Mosul
station of 19.7 °C at 1941 to 20.5°C at 2013 , and at Baghdad station, it was 22.4°C in 1941
to 23.3°Cin 2013, and at Basra, it was 24.6 °C in 1941 to 25.6 °C 2013 .

The Linear regression was 0.8 °C in Mosul 0.9 °C in Baghdad and in Basra 1.0 "C and 95%
confidence level. This refers to a trend to increase the temperature of the stations through the
duration of the study mentioned and shown in Fig. 4. However, they differed in the year that
recorded minimum temperatures, in Mosul the minimum annual rate during the period (1941 -
2013) in 1992, In Baghdad Station record minimum rate in 1974, while in Basra station, the

minimum rate in 1943 for the same period as shown in the Table 5. If we followed to extract

the difference between maximum and minimum, temperatures value for each station.

29
28
27
26
2S
=24a
23 [V A&
22 | \'- -

21

Temperauer°C

20
19

18

Fig (4) path of temperatures in Irag a period of study in the study stations.
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Table (4) the average of temperature through (1941 — 2013) at studied stations

series d Basra
1 1941 20.4 22.8 24.1 38 1978 20.2 22.3 24.3
2 1942 20.6 23.4 243 38 1979 20.9 23.4 25.3
3 1943 20.2 21.9 23.0 39 1980 19.7 22.3 25.3
4 1944 20.1 22.7 24.0 40 1981 194 22.6 25.7
5 1945 19.2 22.1 23.7 41 1982 191 215 24.4
6 1946 19 22.4 23.7 42 1983 194 22.1 24.7
7 1947 20.6 23.3 24.9 43 1984 20 22.3 25.1
8 1948 191 21.8 23.3 44 1985 19.8 22.6 254
9 1949 18.6 21.8 23.2 45 1986 20.3 22.9 25.7
10 1950 18.8 22.1 23.8 46 1987 20 23.2 26.1
11 1951 19.8 23.1 24.9 47 1988 19.6 22.5 24.8
12 1952 20.1 23.2 245 49 1989 20.2 22.9 25.1
13 1953 18.9 22.2 23.9 49 1990 20.1 22.7 25.9
14 1954 19.6 23.2 24.6 50 1991 20.3 22.7 25.2
15 1955 20.2 234 245 51 1992 18.3 21.7 245
16 1956 19 22.6 235 52 1993 19.2 22.4 25.7
17 1957 19.1 22.8 23.8 53 1994 20.5 23.2 26.5
18 1958 19.9 234 24.5 54 1995 19.9 22.7 26.1
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19 1959 18.8 22.8 23.4 55 1996 20.6 235 27.2
20 1960 20 24.2 24.7 56 1997 19.3 22.2 25.9
21 1961 19.6 22.6 23.9 57 1998 21.2 23.3 27.0
22 1962 20.6 24.1 25.2 58 1999 21.4 23.8 27.0
23 1963 20.3 22.9 243 59 2000 20.9 23.1 26.8
24 1964 19.6 22.1 233 60 2001 21.2 23.7 27.3
25 1965 20 23.1 245 61 2002 20.9 23.3 26.8
26 1966 21.6 23.9 25.0 62 2003 20.3 23.3 27.0
27 1967 19.5 22.1 23.4 63 2004 20.9 23.3 26.6
28 1968 20.4 22.8 24.4 64 2005 21 23.3 26.6
28 1969 20.3 23.4 24.8 65 2006 20.8 235 26.4
30 1970 21 225 24.6 66 2007 20.9 23.7 26.5
31 1971 20.3 21.7 24.1 67 2008 215 23.8 26.1
32 1972 19.3 21.4 23.3 68 2009 21.2 23.7 26.6
33 1973 20.2 21.8 24.4 69 2010 22.3 25.4 27.9
34 1974 19.9 21.3 23.9 70 2011 20.3 23.3 26.5
35 1975 19.7 21.6 24.1 71 2012 21.1 24.1 27.2
36 1976 19 21.4 23.9 72 2013 20.5 235 26.4
37 1977 20.3 22.2 24.7
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Table (5) maximum and minimum temperature of the annual rates and years Date

station Max year Min Year Difference
Mosul 22.308 2010 18.308 1992 4
Baghdad 25.4 2010 213 1974 4.1
Basra 27.9 2010 23 1943 4.9

It turned out that the differences recorded in Mosul reached to (4) degrees between 1992 and

2010. The increase was in favor 2010,
in Baghdad station, was 4.1 degrees between 1974 and 2010, It is also in favor 2010, and in
Basra station, the biggest difference reaches to about (4.9) degree between (1943 — 2010),

which is also in favor 2010 which is illustrated in Fig.(5) .

30
25
g
20 =
=]
o
Mosul. 15 a
10 £
Baghd. *
5
Basra | 0

stations

Fig. 5 variance value of Maximum and Minimum temperature at studied stations

3- Monthly analysis of the values of maximum and minimum temperature.

It can be determine the path trait, of monthly maximum and minimum temperatures,
for the three stations. Table 6, shows the increasing in trend of temperature from winter
towards summer. Which is illustrated that the trend temperature, increase from winter,

towards summer. As in Figures (6 and 7).
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Table (6) path of maximum and minimum monthly temperatures

Months | Mosul Baghdad Basra

Max Min. Avr. Max Min. | Avr.. | Max Min. | Avr..
Jan. 10.8 2.6 6.7 13.7 4.4 9.05 155 7.2 11.35
Fab. 135 4.7 9.1 154 8.4 11.9 18 11.1 14.55
Mar. 17.4 9.3 13.35 21.1 13 17.05 | 22.6 15.6 19.1
Apr. 22.9 14.2 18.55 25.8 18.8 22.3 29.8 135 21.65
May. 27.6 20.8 24.2 315 25 28.25 | 349 27.1 31
Jun. 333 28.4 30.85 |35.1 30 3255 | 385 309 | 347
Jul. 374 32.1 34.75 37.7 32.8 35.25 | 404 32.6 36.5
Aug. 35.9 30 3295 |37.8 312 | 345 39.8 319 | 35.85
Sep. 33 254 29.2 33 283 | 30.65 | 35.6 28.3 | 31.95
Oct. 24.1 17.3 20.7 27.1 16.9 22 30 22.6 26.3
Nov. 17.3 94 13.35 194 11.7 1555 | 22.1 15.6 18.85
Dec. 12 4.7 8.35 141 7 1055 | 175 10.1 13.8

45

—— Mosul
Baghdad
——— Basra

Temperature °C

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. (6) Trend of maximum monthly temperatures at studied stations
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Fig.7 Trend of minimum monthly temperatures at studied stations

4- Annual analysis of maximum and minimum temperatures.

It became clear from the foregoing that the maximum and minimum temperatures values have
taken a similar path at studied stations. When analyzing whether maximum or minimum
temperatures. In order to clear status annual spatial variation. Between the study stations. The

table 6 shows that the path taken by the temperature tends to increase.

Table 6 Annual's path of maximum and minimum temperatures at studied stations

Month Mosul Baghdad Basra
Max | year | Min | year | Max | year Min | year | Max | year Min | year
Jan. 10.8 | 2010 | 2.6 1964 | 13.7 | 2010 44 1964 | 15.5 | 2010 7.2 1964
Fab 13.5 | 2009 | 4.7 1959 | 154 | 1987 8.4 1959 | 18 2010-1963 11.1 | 1959
Mar. 174 | 2008 | 9.3 1945 | 21.1 | 2008 13 1943 | 22.6 | 1969 15.6 | 1943
Apr. 229 | 2008 | 142 | 1949 | 25.8 | 1989 18.8 | 1949 | 29.8 | 2000 13.5 | 1943
May 27.6 | 1999 | 20.8 | 1963 | 31.5 | 2007 25 1963 | 349 | 2012 27.1 | 1963
Jun. 333 | 1998 | 284 | 1950 | 35.1 | 2006,2010 | 30 1998 | 38.5 | 1998 309 | 1949
Jul. 37.4 | 2000 | 32.1 | 1976 | 37.7 | 2012 32.8 | 1976 | 40.4 | 2012 32.6 | 1949
Aug. 359 | 2006 | 284 | 1950 | 37.8 | 2010 31.2 | 1984 | 39.8 | 1998,2000,2011 | 31.9 | 1944
Sep. 33 1982 | 254 | 1949 | 33 2010 283 | 1961 | 35.6 | 2010 28.3 | 1949
Oct. 241 | 2010 | 17.3 | 1975 | 27.1 | 2010 169 | 1943 | 30 2002 22.6 | 1948
Nov. 17.3 | 1998 | 9.4 1978 | 19.4 | 1983 11.7 | 1978 | 22.1 | 1998 15.6 | 1978
Dec. 12 2001 | 4.7 1953 | 14.1 | 1996,2009 | 7 1953 | 17.5 | 1996 10.1 | 1972
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5- Analysis of The relationship between the maximum and minimum temperatures ranges of
different years.
Showing, through the Table 6 that, the maximum and minimum temperatures, values vary
spatially and temporally. It has been identified attribute this discrepancy. It remains to be
analyzed range between maximum and minimum temperatures. This characteristic can be
determined from the Table 7. In general, there are no specific pattern for the general path of
ranges between maximum and minimum. As if to say, that Baghdad is higher than the other
two stations, or vice versa. However, it noted that, range is during the winter and autumn
higher than during the summer. It can be say that, the reason for this is due to the great
temperature contrast, between night and day during the winter, Compared in the summer.
Therefore, the range be less in summer. In addition, variation of pressure systems, that
effecting on Iraq is larger during the winter than summer. Which is diversity, of the pressure
systems prevailing less? On the other hand, we find that, the thermal extent that record in
Baghdad. To some extent, it's less of it compared to the Mosul and Basra stations. Table 7
.The reason could be due to topographic variation, which is in Mosul bigger than in Baghdad.
As for, southern location of Basra and it is affected of the Sudanese Trough. Greater degree
of Baghdad. Contributed to be, a range of temperature in Basra highest than Baghdad in most

months.

Table (7) ranges values maximum and minimum temperatures during (1941 - 2013)

station Jan. | Fab | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
Mosul 7.3 7.9 6.8 7.6 7.5 5.3 4.9 6.8 8.7 8.1 8.8 8.2
Baghdad 7.1 1.7 102 | 47 6.6 4.9 51 6.5 7 8.1 7 9.3
Basra 7.4 6.5 7.4 7.3 7.9 7.8 7.6 7.8 163 |7 6.9 8.3
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Conclusions

1- The difference in temperature is greater if we take the rates of the winter and spring
months, while the difference between the values of the stations is reducing in summer. In
addition, the differences between the values of temperature decrease between May and
September. While the highest values of the difference recorded a (Mar. Apr., Oct., Nov.). In
addition, the difference between values Baghdad and Basra lowers than the difference
between the values of Baghdad and Mosul. As the difference between Mosul and Baghdad
curve is largest than between Basra and Baghdad. Highest difference temperatures, between
Mosul and Baghdad record at March. While the highest difference between Basra and
Baghdad recorded at November.

2- Basra station recorded highest rates among other stations, and the path of lowest values has
taken the same trend, in other words, the lowest temperature was record in Mosul then,
Baghdad and at last Basra. The three stations agreed the highest rate recorded temperature in
2010. In addition, general path between the temperatures tend to increase, but they varied in
the year recording a minimum temperature. In Mosul, a minimum recorded an annual rate
during the study period (1941 - 2013) in 1992. In Baghdad station, record in 1974 while, in
Basra station a minimum rate record in 1943.

3- Illustrated, the lowest difference in the annual rate was (4) °C in Mosul, between(1992 —
2010). The increase was in favor of 2010. At Baghdad, the increasing comes to be about (4.1)
°C, between(1974 — 2010), and even at 2010. At Basra, where the difference was biggest it
comes to be about (4.9) °C, between (1943 — 2010) , and it is also, even at 2010.

4- Characterized general path, increasing temperatures In addition, that the result value of the
increase during the first period (1941- 1976) at Mosul and Basra reached 0.25 °C, that means
the increase is equal to (quarter Celsius degree) during the first 36 years. While, the outcome
of the increase at second period, (1977 - 2013), estimated to about 1.62 °C at Mosul, 1.72 °C
at Baghdad and 2.4 °C at Basra.
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5- Linear regression value was 0.8 °C at Mosul, 0.9 °C at Baghdad, and 1.0 °C at Basra, in
Confidence level of 95%. It has refers to, a trend to increase temperature for study stations for

the period mentioned.
We can mark the existence of climatic change significantly through the following indicators:

1. The overall average temperature tends to increasing.

2. The minimum values of the temperature of the three stations recorded in the years leading
up to 1975.

3. While the highest values recorded a in the years that followed in 1983, Meaning that
temperatures are increasing, although, a range between the minimum and maximum

temperature were few, But it is increasing.
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