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Introduction

The rain is the most common type
of precipitation in our atmosphere and
when liquid droplet falls to the earth
surface. The source of precipitation is
water vapor, which is always present
in the atmosphere in varying amounts;
there are three major types of rain can
be distinguished depending on the dif-
ferent factors that cause the airlifting
and formation of clouds and rain falling
as well as meteorology factors (Niwas,
Slngh Singh, Khichar & Singh, 2006):

Convectional rainfall: this type of

rainfall occurs due to the ground

surface heating. When the land
warms up, it heats the air above it.

This causes the air to expand and

rise. As the air rises it cools and con-
denses. If this process continues then
rain will fall. Convectional rainfall
occurs for a very short duration but
occurs in the form of heavy showers.
This type of rain is often accompa-
nied by lightning and thunder. It is
called ascending/rising rain because
it is the result of a rising process of
the atmosphere, which is exposed to
thermal heating and clouds resulting
from this type cumulus and cumulo-
nimbus (Saxena & Gupta, 2017).

Cyclonic/Frontal rainfall: this type
of rainfall occurs when a warm
and moist air mass (warm front)
meets a cold and dry air mass (cold
front). When both masses come
together, warmer air is forced to
rise over cold air. The moist warm
air condenses as it cool, which
causes cloud and rain. When there
are condensation nuclei and when
the atmosphere arrives at saturation
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ratio. Frontal rain produces a variety
of clouds, which bring moderate to
heavy rainfall. They are called with
this name because they are formed
by the collision of two air masses
and clouds resulting from this type
stratus, altostratus, cirrus, and cu-
mulus (Goyal, 2016).

— Orographic rainfall: this type of rain-
fall occurs when moisture-laden air
encounters a mountain range, the
air is forced to rise. It cools off at
the higher elevation and this con-
denses water out of the air and cre-
ates clouds and rains. If the tempera-
ture is cold enough, the precipitation
falls as snow. It is called orographic
rain because it is influenced by the
terrain when falling. Clouds forms
and precipitation occurs on the wind-
ward side of the mountain and an-
other side of the mountain is called
the leeward side, it receives very lit-
tle precipitation and clouds resulting
from this type stratus, altostratus and
cumulus and occurs in the northern
and northeastern regions (Ahrens,
2013; Lackmann, 2013), as shown in
Figure 1 (Gabler, Petersen, Trapasso
& Sack, 2009).

Sun heats the | Warm air rises, cools oo o
land and the [ and condenses,
alr above forming clouds

Condengain
foma zioeds

Literature review

There many from studies to find the
effect of rainfall on soil erosion for the
selected station in Iraq and found when
analyzing the monthly total rainfall for
18 years that rainfall varies according to
the station height and geographic loca-
tion as well as by months.

Where northern stations recorded
the highest loss of the rain while south
stations recorded the lowest loss of the
rain and was the higher loss of rain dur-
ing winter months (December, January
and February) and was the lower loss of
rain during summer months (Al-Obeidi,
2008). Some research showed that the
highest rainfall was in the northern re-
gions, especially in Sulaymaniyah sta-
tion. The lowest rainfall was in Babil
station for the period of 2000-2013. The
amount of rainfall began to fluctuate and
decrease during 2007 due to temperature
variation (Salman, 2015). However, there
a seasonal study of convective available
potential energy (CAPE) is done using
6-h ERA-Interim data over West Africa
during 35 years (1979-2014).

Climatology of CAPE presented in
terms of seasonal means, variances and

Warm, moist [l Air cools and
airis forced M condenses,
to rise over forming

high areas clouds

Air descends,
warms and
becomes drier

FIGURE 1. Rainfall: a — convectional, b — cyclonic/frontal, ¢ — cyclonic (Gabler et al., 2009)
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trends shows large values toward 12°—
—16° N with maxima during summer, ac-
cording to higher relative humidity due
to the arrival of monsoon in West Af-
rica (Meukaleuni, Lenouo & Monkam,
2016). Also, their synoptic study of the
role of convective available potential
energy on formation rainstorm over Iraq
and resulted in convectional precipitation
coincides convective available potential
energy this due to Low Mediterranean
Sea and Low Sudanese and the northern
regions of Iraq have the highest CAPE,
followed by the central regions and
southern regions, accompanied by the
highest rainfall values (Namdar, 2017).

Convective available potential
energy (CAPE)

CAPE is the amount of energy a
given parcel of air would have if lifted
a certain distance vertically through the
atmosphere. CAPE is effectively the
positive buoyancy of an air parcel and is
an indicator of atmospheric instability,
which makes it very valuable in predict-
ing severe weather. It is a form of fluid
instability found in thermally stratified
atmospheres in which a colder fluid
overlies a warmer one. An air mass will
rise if it is less dense than the surround-
ing air (its buoyant force is greater than
its weight). This can create vertically
developed clouds due to the rising mo-
tion, which could lead to thunderstorms.
It could also be created by other phe-
nomena, such as a cold front. Even if the
air is cooler on the surface, there is still
warmer air in the mid-levels that can rise
into the upper levels. However, if there is
not enough water vapor present, there is

no ability for condensation, thus storms,
clouds, and rain will not form (Schultz,
1989; Riemann-Campe, Fraedrich &
Lunkeit, 2009). CAPE exists within the
conditionally unstable layer of the tropo-
sphere, the free convective layer (FCL),
where an ascending air parcel is warmer
than the ambient air.

CAPE is measured in joules per kilo-
gram of air. Any value greater than 0
J’kg ! indicates instability and an increas-
ing possibility of thunderstorms and hail.
Often exceed the potential energy values
in the thunderstorms 1,000 J-kg ' and in
extreme cases may exceed 5,000 J-kg™'.
Generic CAPE is calculated by integrat-
ing vertically the local buoyancy of a
parcel from the level of free convection
(LFC) to the equilibrium level (EL):

T"}par - T"}env dZ
T

v@f’ll/

ZII
CAPE:jZ g( (1)
f

whereas:

Z, — height of the equilibrium level,

Zr — height of the level of free
convection,

g — acceleration due to gravity,

T, Vpar virtual temperature of the specific
parcel [°K],

T,,,, — virtual temperature of the envi-
ronment [°K] (Doswell III & Rasmus-
sen, 1994; Gettelman, Seidel, Wheeler
& Ross, 2002).

Convective precipitation (C,)

Convective precipitation is also
known as thermodynamic precipitation.
While dynamic precipitation only needs
saturated air and lift, convective precipi-

198

O.T. Al-Taai, Z.M. Abbood



tation requires an additional component
called instability (Wang, 2013). Uplift
due to instability release occurs when the
air rises on its own after being lifted to a
certain point in the troposphere. Instabil-
ity is commonly assessed by examining
the Lifted Index (LI) and CAPE. Both
these indices can be used to assess the
acceleration rate of air once air from the
lower troposphere is brought to a level in
the troposphere where it will rise on its
own due to positive buoyancy. Instabil-
ity causes the air to rise much faster than
it would be forced lifting alone (Abbood
& Al-Taai, 2018a). Think of convec-
tive precipitation as falling from thun-
derstorms with strong updrafts while
dynamic precipitation falls from a deck
of stratus clouds. Convective precipita-
tion tends to have lighting, thunder and
heavy rain while dynamic precipitation
is more of a gentle long-lasting rain with
no lightning and thunder (Abbood & Al-
-Taai, 2018b).

Data and methodology

Study stations and location

Data were taken from the European
Center for Medium-range Weather Fore-
casts for monthly CAPE, C, and T, for
30 years, from 1989 to 2018 over Iraq.
As Iraq is located within the arid and
semi-arid region, it is characterized by
variance rainfall between one year and
another and this variation in the amount
of rain has made there are years charac-
terized by high quantities of general lev-
els it is a wet year, and other decreases in
the amount of rain it is a dry year (Zaka-
ria, Al-Ansari, Ezz-Aldeen & Knutsson,
2012). Iraq is located within the south-
western part of the continent of Asia.
The northeastern part of the Arab world
and extends between the two latitudes
29.5°-37.22° N and longitudes 48.45°—
—38.45° E; it includes the following sta-
tions as in Table 1 (Al-Timimi, 2012),
see Figure 2.

TABLE 1. The geographical locations of Iraqi stations (Al-Timimi, 2012)

Station Longitude [°] Latitude [°] Elevation [m]
Emadiyah 433 37.05 1236
Salahaddin 44.2 36.38 1075
Sulaymaniyah 45.45 35.53 843
Sinjar 41.83 36.32 583
Dohook 43 36.87 554
Zakho 42.72 37.13 433
Arbil 44 36.15 420
Rabiah 42.1 36.8 382
Taleafer 42.48 36.37 373
Kirkuk 44.35 35.47 331
Nukheb 42.28 32.03 305
Dukcan 44.95 35.95 276
Sumeel 42.75 36.87 250
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TABLE 1 cont.

Station Longitude [°] Latitude [°] Elevation [m]
Mosul 43.15 36.31 223
Rutba 40.28 33.03 222
Tuz 44.65 34.88 220
Khangin 45.38 34.35 202
Qaim 41.02 34.38 178
Anah 41.95 34.37 175
Biji 43.53 34.9 116
Hadithah 42.35 34.13 108
Tikrit 43.7 34.57 107
Samaraa 43.88 34.18 75
Heet 42.75 33.63 58
Najaf 4432 31.95 53
Ramadi 43.32 33.45 48
Kabhalis 44.53 33.83 44
Baghdad 44.4 333 32
Kerbela 44.05 32.57 29
Hella 44.45 3245 27
Makoor 43.6 35.75 22
Kut 45.75 32.49 21
Diwaniya 44.95 31.95 20
Hai 46.03 32.13 17
Samawa 45.27 31.27 11
Amara 47.17 31.83 9
Nasiriya 46.23 31.02

Basrah 47.78 30.52 2

Statistical used

There were several statistical tests
but selected Spearman rho tests for the
order of this work has been selected
regression analysis. In particular, the
simple linear regression to predict the
relationship between CAPE, C, and T,
(Bolboaca & Jantschi, 2006; Hron, Filz-
moser & Thompson, 2012). Where used
statistical program Sigma plot to calcu-
late the value of the slope of the regres-

sion (b) and the value of p-value simple
linear regression way and Surfer program
to graph total yearly mean of CAPE, C,
and T, over Iraq and GIS to graph Iraq
map (Padua, 2000; York, Evensen, Mar-
tinez & Delgado, 2004) and statistical
used represents in following equations:

— simple linear regression (SLR)
Y=a+bX 2)

— Spearman rho test (SRT)
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FIGURE 2. Locations of Iraqi stations
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Then calculating the amount of
(d;) through (d; = k; — i) where (i) val-
ue ranging / =1, 2, 3, ..., n. Where n
is the number of measurements in each
of the two varieties in the correlation, d;
is the ranked difference between the i
measurements for the two varieties. In
a statistical hypothesis test, the p-value
is the level of marginal significance rep-
resenting a given event’s probability of
occurrence. To calculate p-values, you
can use p-value tables or spreadsheet/
/statistical software (Al-jaf & Al-Taai,
2019a). A smaller p-value indicates that
there is stronger evidence favoring the
alternative hypothesis (Al-jaf & Al-Taai,
2019b).

Results and discussion

The total yearly mean of CAPE, C,
and T, over Iraq

Figure 3 shows the highest total
yearly mean of CAPE, C, and T, over
Iraq including northern stations as Do-
hook, Zakho, etc. This is due to meteoro-
logical factors, which include low tem-
peratures, high humidity and low solar
radiation. Which leads to the formation
of many clouds and rain, which are ac-
companied by many different weather
phenomena such as lightning, thunder,
storms and hurricane. While the central
and southern stations are characterized
by high temperature and low humidity
and the amount of solar radiation high,
which leads to a decrease in the number
of clouds and lack of rain as well as na-
ture of the surface and to the nature of
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FIGURE 3. Total yearly mean of T, (), C,, (b) and CAPE (c) over Iraq for 30-year period, from 1989

to 2018

the various air masses that are blowing
on the country, climate changes, air pres-
sure systems, jet streams, the Mediterra-
nean sea cyclone and the Sudanese cy-
clone. Which have an important role in
the formation and rainfall? The amount
of rain is important to improve weather
and climate forecasting.

The total monthly mean of CAPE, C,
and T, over Iraq

Figure 4 shows the total monthly
mean of CAPE, C, and T, over the Do-
hook station. It is seen that the behavior
of rainfall with months oscillates be-
tween increase and decrease. Where the
highest average 30-year of the CAPE co-
efficient was during April and the lowest
in July and August months.

The highest total 30-year of the C,
coefficient was during March month and
the lowest in July and August months.
The highest total 30-year of the T, co-
efficient was during January month and
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning

to the season Indian cyclone (thermal cy-
clone) and it dissolves in mid-summer.

Figure 5 shows the total monthly
mean of CAPE, C, and T,, over the Mo-
sul station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and the lowest in July
and August months. The highest total
30-year of the C, coefficient was during
March month and the lowest in July and
August months.

The highest total 30-year of the T, co-
efficient was during January month and
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning
to the season Indian cyclone (thermal cy-
clone) and it dissolves in mid-summer.

Figure 6 shows the total monthly
mean of CAPE, C, and T, over the Rab-
iah station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and May while the low-
est in July and August months. The high-

202

O.T. Al-Taai, Z.M. Abbood



140

Cape —

[ Average 30 year

120 4
100 4
80 4

60

Convective available potential energy) kg™!

PYJP I R S A A
& TS

Cp I Total 30 year

1200 4 ™

1600

S 1400

1000 o

800 4

> 600

400
Q200

o L
PN &
(@'ﬁ "@”d é'é(' W« é"’* ;\"O 5§‘ @ é’e
W & &
9” o“
3500
Tp I Total 30 year

3000
s
5
g 2500
£
= 2000
2
2
S 1500 -
S
&
3 1000 4
s

500 4

O & @
v
@(9 \>‘° WO 5" Q & @ & &

o" 6*9 :)
Months

FIGURE 4. The total monthly mean of convec-
tive available potential energy (J-kg™!), monthly
convective precipitation (mm) and total monthly
precipitation (mm) respectively by CAPE, C, and
T, for Dohook station

est total 30-year of the C,, coefficient was
during March and December months and
the lowest in July and August months.
The highest total 30-year of the T, co-
efficient was during January and De-
cember months while the lowest in July
and August months. Increased rainfall in
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FIGURE 5. The total monthly mean of convec-
tive available potential energy (J-kg™!), monthly
convective precipitation (mm) and total monthly
precipitation (mm) respectively by CAPE, C,, and
T}, for Mosul station

winter and early spring and autumn this
due to increased frequency of medium
atmospheric depressions and Sudanese
cyclone, there is light rain at the early
summer returning the season Indian cy-
clone (thermal cyclone) and it dissolves
in mid-summer. Figure 7 shows the total
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tive available potential energy (J-’kg™'), monthly
convective precipitation (mm) and total monthly
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monthly mean of CAPE, C, and T, over
the Sinjar station. It is seen that the be-
havior of rainfall with months oscillates
between increase and decrease where the
highest average 30-year of the CAPE co-
efficient was during April and May while
the lowest in July and August months.

The highest total 30-year of the C,
coefficient was during March and De-
cember months and the lowest in July
and August months. The highest total
30-year of the T, coefficient was dur-
ing January and December months while
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning
to the season Indian cyclone (thermal
cyclone) and it dissolves in mid-sum-
mer. Figure 8 shows the total monthly
mean of CAPE, G and T, over the Za-
kho station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and may while the low-
est in July and August months. The high-
est total 30-year of the C, coefficient
was during March and April months and
the lowest in July and August and Sep-
tember months. The highest total 30-year
of the T}, coefficient was during January
and December months and the lowest
in July and August months. Increased
rainfall in winter and early spring and
autumn this due to increased frequency
of medium atmospheric depressions and
Sudanese cyclone, there is light rain at
the early summer returning to the season
Indian cyclone (thermal cyclone) and it
dissolves in mid-summer.
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FIGURE 8. The total monthly mean of convec-
tive available potential energy (J-kg™'), monthly
convective precipitation (mm) and total monthly
precipitation (mm) respectively by CAPE, C,, and
T}, for Zakho station
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The total yearly mean of CAPE, C,
and T, for the selected station over
Iraq

Figure 9 shows the maximum
yearly mean of CAPE, C, and T, over
Dohook station respectively 101.9047
Jkg™! for the 2006 year, 434.2045 mm
for the 2018 year, 908.7591 mm for the
1992 year. The maximum yearly mean
of CAPE, C, and T, over Mosul station
respectively 96 84094 J- kg’1 410.1414
mm, 718.0172 mm for the 2018 year.
The maximum yearly mean of CAPE,
C, and T, over Rabiah station respec-
tively 106.2608 J-kg™! for the year 2006,
400.8977 mm, 692.3379 mm for the
2018 year. The maximum yearly mean
of CAPE, C, and T, over Sinjar station
respectlvely 100.6505 Jkg! for 2006
year, 377.1396 mm, 605.5202 mm for the
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FIGURE 9. The yearly mean of CAPE, C, and T,

2018 year. The maximum yearly mean of
CAPE, C, and T, over Zakho station re-
spectlvely 106. 8305 Jkg™! for the 2006
year, 479.4777 mm for the 2018 year,
935.4565 mm for the 1992 year. Iraq
is affected by the cyclone arrival of the
Mediterranean Sea (rain is concentrated
in northern regions) and the Sudanese
cyclone (rain is concentrated in central
and southern regions) this leading to pre-
cipitation, thunderstorms and changes in
wind speed and direction, atmospheric
pressure, temperature and humidity.

The relationship between CAPE, C,
and T, for the selected station over
Iraq

Figure 10 shows the type of relation-
ship and the strength of the correlation
between meteorological parameters for
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selected station Dohook, Mosul, Rabiah,
Sinjar and Zakho. Where the relationship
between the convective available poten-
tial energy and the convective precipita-
tion is positive and the relationship be-
tween the convective available potential
energy and the total precipitation is posi-
tive too at all station but Mosul station
represents very high correlation while
Zakho station represents low correlation.
This due to heating of ground surface
when the land warms up, it heats the air
above it. This causes the air to expand
and rise. As the air rises, it cools and
condenses this lead to form clouds and
convective rainfall is often accompanied
by lightning and thunder. Which makes
the high correlation. However, Mosul
has high heating but weak condensation,
leading to fewer clouds and rains, thus
rainfall depends on geographical loca-
tion and nature of the region. Table 2
shows relationship between CAPE with
C, and T, for the 30 years over Iraq.

Conclusions

Iraq is characterized by a lack of rain-
fall and limited to winter mainly and
the beginning of spring and autumn
less degree this due to the increased
frequency of medium atmospheric
depressions but in spring and autumn
are less rainy because the Mediterra-
nean declines are losing their impact
on Iraq and the region is under the
influence of tropical continental air,
which is characterized by drought.
Thus, lead to increased drought and
high evaporation due to the amount
of solar radiation high especially in
summer.

Rain is increasing in the northern sta-
tions more than in the southern sta-
tions, where it gradually takes shape
in the north. Rain falls more than the
central stations where the central sta-
tions have more rain than the south-
ern stations. This difference is due to

TABLE 2. The relationship between CAPE with Cj, and T}, for the 30 years over Iraq

Simple linear regression Spearman rho test

;?ﬁﬁg{gﬁgg p Correlation degree Ry relation Station
linear relation <0.001 high positive correlation 0.8 | CAPEvs C, Dohook
linear relation <0.001 high positive correlation 0.8 | CAPEvs T,

linear relation <0.001 high positive correlation 0.9 | CAPEvs C, Mosul

linear relation <0.001 high positive correlation 0.7 | CAPEvs T,

linear relation <0.001 high positive correlation 0.8 | CAPEvs C, Rabiah
linear relation <0.001 high positive correlation 0.6 | CAPEvs T,

linear relation <0.001 | very high positive correlation | 0.8 | CAPE vs C, Sinjar

linear relation <0.001 high positive correlation 0.7 | CAPEvs T,

linear relation <0.001 middle positive correlation 0.7 | CAPEvs C,, Zakho

linear relation <0.001 low positive correlation 0.5 | CAPEvs T,

208

O.T. Al-Taai, Z.M. Abbood



the nature of the Earth’s surface and
the different air masses blowing on
the country.

— The main reason for Iraq’s rains dur-
ing winter and spring is the Mediter-
ranean Sea cyclone, Sudanese cy-
clone, convective clouds, instability,
the pressure systems, meteorological
factor, and airlifting mechanism, na-
ture of the surface, various air mass-
es, terrain and jet streams.

— The relationship between CAPE and
C, is positive and the relationship
between CAPE and T, is positive too
at all station but Mosul station repre-
sents very high correlation while Za-
kho station represents low correlation
this due to the nature of the region,
airlifting mechanism, condensation
and the meteorological factors.

— The Dohook station the maximum
yearly mean of CAPE, C, and T,
respectively 101.9047 J- kg for
the 2006 year, 434.2045 mm for
the 2018 year, 908.7591 mm for the
1992 year.

— The Mosul station the maximum
yearly mean of CAPE, C, and
T, respectively 96.84094 J kg !,
410.1414 mm, 718.0172 mm for the
2018 year.

— The Rabiah station the maximum
yearly mean of CAPE, C, and T,
respectively 106.2608 J- kg for the
2006 year, 400.8977 mm, 692.3379
mm for the 2018 year.

— The Sinjar station the maximum
yearly mean of CAPE, Cp and T, re-
spectively 100.6505 Jkg! for 2006
year, 377.1396 mm, 605.5202 mm
for the 2018 year.

— The Zakho station the maximum
yearly mean of CAPE, C, and T,

respectively 106.8305 Jkg™' for
the 2006 year, 479.4777 mm for
the 2018 year, 935.4565 mm for the
1992 year.

— The Zakho station of Iraq has the
highest total monthly mean of CAPE
accompanied by the highest convec-
tive and total precipitation.
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Summary

Analysis of the convective available
potential energy by precipitation over
Iraq using ECMWF data for the period of
1989-2018. The Convective Available Po-
tential Energy (CAPE) represents the amount
of energy for a sample of air. The sample de-
parts vertically within the atmosphere and
through these values the potential energy to
predict the extreme weather conditions such
as storms, hurricanes, lightning and thunder.
Data are taken by CAPE, convective precipi-
tation (Cp) and total precipitation (T,) from
satellites recorded by the European Cen-
tre for Medium-Range Weather Forecasts
(ECMWF). The choice of 30 years (1989—
—2018) over Iraq station between two lati-
tudes (29.5°-37.22° N) and two longitudes
(48.45°-38.45° E). Otherwise, we have stud-
ied total yearly mean of CAPE, C, and T,
over Iraq, the total monthly mean of CAPE,
C, and T, for the selected station, as well as

210

O.T. Al-Taai, Z.M. Abbood



the relationship between of CAPE, C, and T,
for the selected station. The results showed
that the highest total yearly mean of CAPE,
C, and T, over Iraq was included northern
stations and lowest was included central and
southern stations. The highest total monthly
mean of CAPE, C,, and T,, for Zakho station.
The relationship between the CAPE and
C, is positive and the relationship between
CAPE and T, is positive too at five stations
but Mosul station represents very high corre-
lation while Zakho station represents the low
correlation.
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