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1.Introduction

~ Over the past five decades, economic losses related to hydro-meteorological hazards have
increased, but the human toll has fallen dramatically. This is thanks to scientific advances in
forecasting

Over the last three decades, many world regions have suffered from water crises and drought
.The Middle East and Northern Africa region can be considered as the most water-scarce
region of the world ,These countries, including Iraq, Turkey, Iran and Syria .

The complete understanding of the range and rainfall amounts received in a certain location,
can provide the designers, planners and decision makers useful guides prepare for and deal
with the consequences of precipitation anomalies

Iraq is located between latitude (29.5°- 37.22°N) and longitude (38.45°- 48.45°E).

Rainfall in Iraq is characterized by an unorganized distribution of both spatial and temporal.
The annual, seasonal and monthly mean rainfall varies considerably with years. The rainfall

year in Irag is from 1 October to 31 May. O

This study aims to investigate flash floods in Iraq by plotting the cartographic maps by using
synoptic and dynamical analysis of meteorological reanalysis data. N
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Figure 1, Physical map of Iraq according to
topography and its location. It shows the location
of meteorological stations that used in this study
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3. Results and discussion

3.1 Synoptic and dynamic analysis of
the heavy rain that fell in Basra
Station on January 24, 2017.
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3.2: Flash flood modeling

3.2.1: The first model:

Table 2: The highest rainfall for selected stations (2017-2007)

48.3 52.7 27.3 46.6 52.1 75.3 66.3 44,7  27.1

62.4 64.7 . 51.59

60.6 24.7 41.2 52.3 44.7 444 117.2 453 589 724 25.2 53.35

29.5 587 37.5 3.3 1.5 4.4 22.48

Baghdad 24.6 14.5 15.1 17.4 29.1 67.5 89.9 17.8 84.9 29.6 23.9 36.25

19.9 17.3 7 41 47.2 225 40.6 24.1 13 8 8 22.6
13.70 21.8 23.101 20.2 30.80 23.7 32 33.80 60.3 43.60 18 29.18

Nasiriya 75.8 20.4 18.5 14.7 11.6 40.3 68.4 60.7 228 20.5 4.8 32.59
Basrah 40.3 18 27.8 7.7 122 26.2 29.6 58.5 41.6 256 543 31.07
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Figure 3. (a)The highest rainfall that fell during single rainstorm. N
(b) The average of the highest rainfall that fell during single rainstorm.
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3.2.2: The second model

Table 3 average with the highest number of rainy days and rainfall records and the

) correlation coefficient between the rainy days and the rainfall amounts. —
stations 2009 2010 2011 2012 2013 2014 2015 2016 2017 Avg. r¥
Days 5 6 4 7 7 6 6 9 4 6 5 5.91
Mosul 0.37
rain(mm 48.3 32.9 48 35.302 | 52.10 10 33.1 66.3 38 44.7 27.1 39.62
Days 5 (o) 5 5 7 4 7 9 6 6 5 5.91
Kirkuk 0.27
rain(mm) 60.6 24.3 14.6 47 32.9 24.6 117.2 38.6 40.8 10.1 25.2 39.63
Days 6 5 8 4 2 3 4.67
Khanagqin 0.15
rain(mm) 4.3 58.7 7.2 1 155 4.4 12.85
Days 4 3 4 4 5 3 6 7 5 6 4 | 464
Baghdad 0.07
T i 3 1 26 || e 35 | 161 | 167 | 849 | Nicons|EECEEEEE
Days 2 3 2 4 5 6 4 3 3 2 3 3.36
Rutba 0.41
rain(mm) 19.9 15.8 0.01 11.8 6.3 22.5 21 7 6.2 8 0.6 10.83
Days 4 g 3 2 3 4 7 8 5 4 3 4.18
Hai 0.46
rain(mm) 13.7 20 23.1 10.4 1.4 8.8 17.8 33.8 22.9 43.6 1.9 17.95
Days 4 2 4 3 3 3 6 5 4 5 3 3.87
Nasiriya 0.34
rain(mm) 75.8 20.4 1.5 2.4 9.5 40.3 45.9 60.7 4.5 2.6 4.8 24.4
Days 3 2 2 3 3 3 6 2 3 2 4 03
Basrah 0.46
rain(mm) 40.3 15.7 27.8 6.4 4.3 13.8 6.1 58.5 16.8 25.6 21.4 21.52 i
F
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Figure 4.
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(a)The average of the highest number of rainy days. (b) The highest number of rainy days. (c) The average of the highest
number of rainy days with rain. (d) The highest numberof rai N~

ys with rain.
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3.2.3: The third model

Table 4. The dverage with highest frequency of rainstorms and their amounts in the selected stations (2007-2017)
anhd,the.edrrelation coefficient between the highest frequency of rainstorms and their amounts:

stations 2007 2008 2010 2011 2012 2013 2014 2015 2016 2017 Avg. r¥

Frequency 9 5 8 6 6 8 6 7 7 6 6 6.73
Mosul - -] 5
Rain(mm) | 26.2 | 0.804 | 28.10 | 56.003 | 118.80| 50.8 35.9 53.9 | 22.804 | 42.201 50.1 44.15 .
Frequency 5 5 6 6 5 7 6 7 6 6 8 6.09
9 0.51
Kirkuk
Rain(mm) | 34.3 | 49.001 | 54.50 | 29.20 | 71.80 52.4 40.30 | 80.20 37.4 88.7 95.1 57.54
Frequency 4 6 7 5 4 3 4.83
9 0.24
Khanagqin
Rain(mm) 35.1 21 15.5 6.4 3.4 2.3 13.95
Frequency 4 5 7 5 5 5 6 5 5 5 7 5.36 e
Baghdad I
Rain(mm) | 32.2 | 23.703 | 11.40 5.50 25.10 | 83.20 | 70.80 | 35.80 | 28.20 | 30.30 | 42.00 | 35.29
Frequency 5 3 5 4 6 6 7 5 5 3 5 4.91
0.12
Rutba
Rain(mm) | 16.3 10.5 0.70 24.50 | 20.80 0.20 13.91 36.50 | 13.60 | 0.001 11.00 | 13.46
Frequency 5 5 5 6 5 6 6 5 5 5 6 5.36
Hai 0.01
Rain(mm) | 3.304 | 45.304 [ 6.40 26.20 | 50.10 32.1 51.50 | 46.90 | 56.90 | 35.20 31.2 35.%
Frequency 5 3 4 5 6 5 6 5 6 5 8 5.27
e 0.15
Nasiriya
Rain(mm) | 9.202 | 1.401 7.10 29.20 | 19.90 | 19.30 7.80 83.05 | 36.10 11.6 19 22.15 ’
Frequency 5 4 6 6 5 5 3 3 5 3 6 4.64 X
Basrah 46.70 0.06
Rain(mm) 3 31.6 39.60 | 17.50 22.4 28.9 40.20 60 43.80 26.%| 64.10 | 38.27
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3.2.4: The Fourth Model

Table 5¢ The total annual rainstorms with the annual rainfall amount in the selected stations (2007-2017)

and the correlation coefficient between the total annual rainstorms and the annual rainfall amount

—
atio 00 003 009 D10 U 0 0 014 0 D16 U 0
Rainstorms 40 30 32 35 41 39 33 36 36 35 28 35 0.2
Mosul 288.80 3
Rainfall(mm) 193.8 | 216.31 | 223.81 | 240.61 | 294.71 | 278.61 | 455.51 | 340.81 9 216.00 | 145.10 | 263.1
Rainstorms 27 27 32 27 35 34 29 37 40 26 31 31.36 | 0.2
Kirkuk 8
O | Rainfalmm) | 173.1 | 134.91 | 225.81 | 267.21 | 221.81 2925" 0| 394.30 | 319.00 | 315.50 | 321.50 | 204.50 263'8
. | Rainstorms —_— —_— —_— —_— —_— 26 23 28 20 15 8 20 0.8
Khanagqi 1
n Rainfall(mm) —_— — — — — 116.4 169.35 170.3 14.9 4.9 10.1 80.99
Rainstorms 20 22 33 27 27 26 27 32 29 27 30 27.27 i
0.0
3aghdad 124.5
Rainfall(mm) 99.21 | 59.11 | 67.52 | 92.51 | 96.02 | 184.42 | 296.72 | 107.52 | 190.92 | 104.52 | 71.82 - 02
Rainstorms 12 15 24 26 29 29 33 30 17 3 21 21.73 0.7
Rutba )
Rainfall(mm) 58.40 | 72.90 23.31 109.01 87.92 73.01 135.21 | 157.61 41.90 10.30 21.81 71.95
Rainstorms 21 26 27 22 24 28 27 30 28 21 21 25 0.6
Hai 4
Rainfall(mm) 64.51 87.62 85.32 80.30 120.31 81.20 156.81 | 188.61 | 194.61 | 123.51 43.10 ”51-.:
Rainstorms 22 17 29 20 28 24 28 31 28 24 28 25.36 | 0.4
Nasiriya 112.5
Rainfall(mm) 1 65.50 56.91 57.61 85.11 116.22 | 174.22 | 219.72 | 93.22 68.3 29.7 98.1
o 23 13 29 16 21 22 14 5 19 19 17 T
Basrah 139.2
Rainfall(mm) 1 67.10 89.81 57.007 | 65.30 115.30 | 48.31 60.5 131.50 | 86.90 128.20 | 89.93
~— - 7 — /
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Figure 6. (a)The highest total annual rainstorms (2007-2017).
(b) The highest total annual rainfall (2007-2017).
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Conclusions

The results of the statistical analysis showed that the length of the duration of the rainstorm is not a significant
Fgc'ror in the formation of the flash floods, because the length of the rainstorm duration does not necessarily lead
to an increase in the amount of rainfall, except in the case of its association with the strength of the rainstorm
intensity (the amount of precipitation/unit time), Therefore, this model is canceled from relying on its results as one
of the models that determine the locations of the effective flash floods.

The results of the statistical analysis showed that the increase in the frequency of rainstorms does not necessarily
lead to an increase in the intensity of the flash floods, because this increase in the number of iterations may
increase the probability of rainstorms that do not lead to the formation of flash floods to cause damages or stop
the daily life of humans.

The increase in (the amount of precipitation/unit time) leads to an increase in the risk of flash floods, because it
reduces the chance of Infiltration, evaporation, runoff entering a storm drain or rivers.

We also have assessed the synoptic conditions of one of the highest flash flood events, in Basra city taking place
December 23-24, 2017. The upper (250 hPa) and middle (500 hPa) atmospheric conditions present an upper-
level trough leading to this episode.

Southern Iraq (Basra city) was affected by the divergence of horizontal wind and associated with upwards
motions. Simultaneously, the low-level atmosphere, experiencing the convergence of humidity from the Red Seq
and the Persian Gulf.
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