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ooding is a natural phenomenon of the hydrological c
e worl d. Due to human intervention on thlhehammnmedti omgi
tercour setsi,on hef rtelde r el ow and the inevitable extensi
owing urban hazard. Several cities are currently fac
veral factor sirarmeamnitf & shtea toiro mg,i nwhoifc h hleeaves its under
l-toemmgm process that requires a colossal amount of wor k
e scientific conseoabasge,n dthrer ernotlley offl ooldismaatree | ar ¢
responsible behaviour of humans. Among the cities in
the southwest of the cosuwmbjrgct the fecusr ofit tdand de
ver al factors. Controversial topography, di ssected
owt h, and irresponsible human imbleemenThe nr agcel wtlilo rf
at | east the minimization of its consequences, req
owl edge by Il ocal stakeholders must be reafi ntfhoirsc epdh ébryo n
order to mitigate its consequences. The main objec
ntri butions to acquire additional knowledge on the f
nfall data - 20t18tha mappiong 1878t he factors intervenirt
nally a synthetic analysis.

ywoAllisa,flcadad hazard, urban | andscapeoetbircieamni al rair
I ntroduction

city of Abha, Ircecga t8ends dif n Atr ad i a9 u ti Is w eshttare uacttt uerrai |z ecdo nipj
is reflected in its topographical di v evraslilteyy,s .a T"h
udinal differences influence the climate chgdr.act e
d, this city is confronted with several hagfar ds
nsibility: the substratum, the altitudes, the slc
ating devastating floods, a regional framewor k in
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ironment @oiskt's ctid ya Thighsituation is accentuated
ani zation" archeyr @éfawnlgteisd d iStolgpe s9ei ghborhoods are per
pes, or on ancient terracesar e ndealdl ¥ heeAS prgROEMO U
is situation results in numerous hazards that can be
ilt areas and streets, which can affect several pl ac
o g after highlighting the characteristics of the 1
fe PSOmMme
ti y usi
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thematic maps are used (topographic, hy
dat g -2041D8A)8,a [wi | | be processed statisticall
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FigutLecati on map of Abha city (source: Data b

2Previous Work on Flood Study in Saudi Arabi a

Studies of ftdhed wor okl e msnaiim Pl enty, Prosperous and for:
hydrological, c¢limatic and geomorphol ogical sciences.
designed to addr esss ddieatvead itow surcthan |felngged. a

A | arge and s omehkisttisc aotne d hlei tfelroaotduirneg subject in Saudi
Me k a h, Jeddah and Ryadh frequently opposed to tere phe
management (Shwehdi, 2006 ; Qar i, 2009; Subyani et al ,
Al amri, 2011; GG6mami kit at ,22P2adH dAalkl Raud,l ,2@D8,6; Ameur,
Abdel kari o, eAst@d mmarOil Ei ssa Zaidan et al, 2020, Ledr aa
Assir region remain rar e and descriptcoesi dartalelr
numindresesatrcthaes been comsdwety dheoss teawdtelnmoorrepdh otlhoeg iGeeaol s p e
the various aspects of flood and its impact in Abha ci
and its tributaries. This study, bvaisdeed eosns ean thiyadlr oacd d intai
on the physical processes of floods, taking into accol

affect the hydrol eqitcdlmemnd sp amgde adfl et teo gwemer ate sever
3Research Met hod

A separate data sets was used for this study, which des
the relationships that exist between several paeameé¢eer
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result of the combination of at | easti whwec hpshea mb y dr o,
climatic approach which requires the study of these tw
t o fonmulotwi dai sci plinary methodol ogy which is based on t}
analyzes and we take into account of three aspects:

31 StaRnitsoOnBdmpiamidchaod sMe
The first statisti oxlesmeémnlygod nde laantailrygsi so of hel pmati c

neglecting other <climatic parameters. This behavior is
and more precisely At drife relireetalce e mi PEP aaardd fP DR dwas made t
of monthly rainfaldl amounts. These hedtpmesstcal meashi eh
season and moA0KA8 Boudyheel®d8&.d Tme tsheec qpmrce dii sc tii mtne rod s tf
and the cartographic modeling of the results.

3.2 Tdret ogr amphichh App

I't usesrateuvi ai dat abase, based on the use of many doct
map at 01/ 22Q@0 1 ite I mages and Google Earth Pro I mages
by Map Puzzle program, climatic mapg aamdcleaxeldoittoattihen As

3.3 Qlhaentitative Component

This -dhydmaodoi c analysis shows the sensitisvirtuxtaf at heoenp
topographical diversity, a "jagged" urban fabric, an a
vulnerable to flooding.

4.Cl i mAspect s: St atgi Ri&i oddaldPr dcessin

The climatic characteristwecshofa fbeuci oyn obhiAlflad | ama ad
fl oods. The c¢climate of the region of Abha is mostly a
aroundA@0ARBt ani .). eThalpeakR919angd Crwmi Pé. 8AeCl bws3ar e
12.9A C. Rel ative humidity is highly variabl e. Evapotr
amounts f or -1t%88 paerre oa@B bleSh7e0d 6 0 1-Indhi6 a & Jn\Vdh &t btohe r ai nf al |
for the gp6ABBdTa9d@Bswer this question this parameter w
seasonal and monthly.

The annutaHe raveeriage rainfall, -20d189 uli at(eZdd 8o VEBermevw 1a | y eaaurt s
Met eor ol ogy and Environment protection). The annual r
maxi mum value is recormeids imed®r8Be dvhiin e2GhM%E. mi ni mu

The graphical translation of the annual rainfal/l qguant
value; the first one, in 1997, is significante, tahte 508 2h.
four are |l ess significant: 463.3 mm in 1990, 386.6 mm i
values are below 100 mm: 87.4 mm in 1994, 90.8 mm in 2

ri ghgtgessws a decline in rainfall. A comparison betweenr
usachitéhwe f ol l owing results and a series of indicators:
23 out of 41 values, that i s 56%tdfe talveramgreudlorr &ihref &
majority of these values mark the second part of the s
of the study period. The year 1999 isiafddtle dteltdti n®eepa
when the annual total is only 180.6 mm (Figure 2 a).
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Fi guArnal rainfall amoaihii& and di fference:
(Source: dat a&o0plrBgcessing 1978

The average r-pemif @adllo9i897,8 tttheatesquum | 21 oy &@19s 6 imsn. T-hat of
2018), or 20 years, is only 319.8 mm; this means a dec
calculation of the deviations from the a&apesagéevahndali
dozen or more | arge quantities were noted: 420.3 mm in
582. 1 mm in 1997, 412.3 mm in 1998 and 368. 3 Immramged,l
1982083 afAd9IBIOqQFigure 2 b).

These quantities can generate torrential rains capabl
calcul ated f er01t8hd sperbi.cod Y QMo ef fi ci eah bf MPan)ati dB0s
et al , 2014), a value that shows the annual raingall f
to identify, through the calculation of the standard d
The statistical processi nAgnsaldlQoryletde tld d fd etnhtd fye d&ri sv eo fc at
31 years, are marked by an average degree of rainfall,
stand deviation (6). The rainfall represented by thre
relatively rainy and 2.4% for each of the other two de
respectivetggeby 1hé aw2aitnfaadd + s3 maniNemsted i-naiomyy o
with 7. 3%. I't can be identified Hy 6t)heandt anrad &rsd t che wieaty
Seasonalher stctasohRé CanPiadt)atAbha st ati o20f1&r itshefp®EHAdLt ¥
rains are by far the most i mportant and constitute hal

place with 21.5% and 21.1% respectively (Figure 3).
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very rainy rainy relatively rainy moderate relatively non-rainy
Fi gurnenuBaali Af al | l evel s in Abha s2t0alt8i)on ( Sour ce:
Autumn rains make up only 6.3% of the annual total. Seec
val ues, obtained from Totalnvbobu2$6. 9 ammei hremrildgd mnr
seasonal averages are 51.6 mm and 46.3 mm respectively
mm (370.9 mm) in winter. They are above 10mm)mn n( la2u5t.u8m
The minimum values are very | ow. They are practically

4
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9.9 mMm in summer.

I n splthengspring is considered the wettest sela9%s8m18 n Ab
116. 9 mm, obtained from Tot al val ues. The seasonal rai
value is 437.7 mm while the |l owest is only 20.6 mm. Th
natafr et hese spring rains They can exceed the 400 mm t
above 200 mm (1998, 1990, 2016, 1983, 1981 and 1986),
2006, 1982, 301@4,1919‘593,fb948®een below 100 mm and nine
2003, 2009, 2011 and 1992).
The maxi mum values are recorded before 1999 while the
the trend I nhel bfasmmpunbhg, rwhich tend to decrease (Figul
from the average rainfall relative to the spring seaso
1986, 1990, 199heylo9e@orard 2@5pectively 108.8 mm, 92
148. 1 mm (Figure 4 b) These relatively high quantitie
400 __ %o
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Figu$eridng rainfall quami8ty and variation
(Source: dat a&oplrBgcessing 1978

|l nmee:r I n the summer, the seasonal average rainfall bec
range from 125.8 mm to 9.9 mm. However, with the excefj
which exceedtl0@wmmii ¢ htehrlesédo | dt ai®d meu ty &caan styictl iet: i odl .
1995, 81.5 mm in 1996, 100.9 mm in 1997 and 91.6 mm ir
with 103.3 mm, 1992 wi@h. 92mm8 HMomenyle 2r0d 0Oamwe tdhdr act e
totals as in 1980, 1985, 1986, 2004, 1989, 1991, 19914
variable character, such a coerfdtied emyt ard alamo att i lor iexyc
5a) . The graphic representation of the deviations from
of the rainfall evolution. They ar ey clharrgaec tvearliuzeesd, bsyu ctf
1992, attract attention (Figure 5b). The weakness of t
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I n WiintTdire stasisgiobltprecesason's data highlights cer
for this season, compared to that of spring, is eery I
very variabl e as esnhtownf bvyartihaet icoone fefgqiual to 153.5%. The
reach relatively high values; 370.9 mm in 1983 Howeve
ni l (l ess than 10 mm 0b6tedOYear2adDldur20Q4th2ogearazoeal
exception of a few cases, it can be noted that the hig
recorded after this year. iTnhirsaifnifnadliln,g,i swhciocnhf iirnnde dc abtye
right, whi chprseudgigcetsitnsg vfallouoedsi hng and harbinger of flood
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(Source: dat a&o0plrBgcessing 1978

The result of the calculation of the deviations from t
negative deviationscewhaile phei secendeviedttiesstbohat ar
seasonal totals of 193 mm, 370.9 mm, 143 mm, 142.8 mm
and 2017 respectively (Fig.flobdinghese values are pre

I n aut ulnMne seasonal rainfall amounts nevtehre eexxcceeepdt i100n0 pr
for the years 1992 and 2011 which record, respectivel.y
peri o@ U, 78r ai nf all is below 50 mm. Some values are ni
shows the scarcity in winter season totals. Howeeer, i
clearly increasingndlhideedis slightly inclined from ri
of the deviations from the average shows only few anon
period tha mu s ti mpe rrt amtnede, orf arméley ptolsé ti ve variations w
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FiguFel 7. rainfall amo2adM1® and variations

(Source: dat a&o0plrBgcessing 1978

The trend Iines for each season hndhcatasa daecfiahé r1ai
summer rainfall. The annual rainfall trend is deglinin
to a risk of flooding, characteri z2e0 1t6h.e Syeeaasrosn all9l8y2 , t1h%e
is very frequent in spring, frequent in summer and | es

6
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in aytBumrmed, 1986)

Mont hl fheatment hly rainfall BMmoaunmm isn aXdanwmdr ya. | Tohwe y epire
April with 50.9 mm. They quickly decline in June with
and 23.8 mm respectively. From September TheyDacembers,s

(Figure 8).
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Fi guMen®8hly rhythm e201p8 eci pi tation 1978
(Source: dat a&o0plrBgcessing 1978

Monthly rainfall quantity

I n the study of the moRtOHI8y rtaitaed duwsr 4P tmoen t greer,mpdodr all &7
fluctuations through statistical processing by calcul a
which also allows to identify the characteristics rel
Empasis will be placed on positive deviations that ind
noticeabl e. Only values greater than 30 mm, represent
torrentitfaworat @eps were carried out:

I-First of all, baeonin@éemmni fai endtnit hn yhdsasi s, the rainfall
wi || be called potentially torrenti al r aiomsorf rpant drhtei &
for all months in the study period are processed. The
mar ked by this phenomenon, or 9.1%. The PTRs make up 1
2-Secondly, the PTRshfslwessfoédthgegseonsulting the dail
has reduced the number of real torrential rains (RTRs)
phenomenon of flooding.

For the &Brrsedsbvageatcthe monthly | evel 20h&t tlse ar ¢ o
as foll ows:

*I'n Jgandawvy showers are counted: 65.1 mm in 1992, 55.6
mm in 1999.cdhkgt veehk p0®8&B5 and 2005.

*The mont h ,o0fj ursetbrluiakrey t he previous one, counts five st
in 1983, 153.9 mm in 2017, 124. 1mm in 1982, 106. 6 mm i
mm were recorded before 1992.

*I'n Marsséhven potentially torrential rains are :
mm in 1986, 60. 2 mm i 1983, 45,2 mm in 1995 an@wo41.1
successive year s, 19 and 1998.

n
97
*'n Aprtihle number of potentially tor
in 2004, 56. 7 mm in 2018, 54 mm i n
and 43 mm in 1993.

* n Malye number of showers is on
43.5 mm in 1981 and 37.1 mm in

*'n Jangingle shower (50.4 mm), sidered potentially

o]
*The mohuthge ®drded four potentially torrential rains. 69
mm in 1995.

renti al rains i s ni
2006, 53ce2ssmnve ny elao

ly five and take place
1984. These rains occur
con
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*As i Auguwkays, four tpotrentiall ghowers. They took place i
37.8 mm in 1987 and 35.3 mm in 1997.
*Only two showeSasptaembIdrecdornmthed ni 2011 and 34.6 mm n 19
*I'n O¢t omérny one rainfal3l9.i8s mecorded in 2018 with
* I n Notvwonbemower s Wenvembecomwded 3.1 mm in 2013 and 3
*I n Decembepotentially torrential rain was recorded in
The number of potentially toirlrendti a20%.,aiindf adHari asctdér. i T
rains. For -2thke8 ,pecrneodddyYy 78ut of five is potentially to
half of these rains. January and (Bebmear ynwohwihst)ers hmo et
(Figure 9). For the second stage, it walsl8dectihdaetd itso tpor
values. Six years are concerned by this ophernemerso(;20t18
2016 and 2017) after it. At the monthly Il evel, torrent
April, June and August with 7.6% each. Rainfall he&mount
General authority of Meteorology and Environment prote
e January - February
‘I il | el jm 1.
-wt%HMW WreAblAR BN e sune e e g
wo March April
“ I I | L]L” Ill Ij,lj, ljll I.JULll L
\J:‘ ’-“. & J Py L 7% .*_J' 'U.U’U'U.”' 'U" { o \.0\.-’\«'\«{- J Lt A }‘
. € w
€ w ey g “ June
e S »
ol
5 L." 1.3“ | | | |
§ codeddb Al bFRHARFRAY B aupsspmmse g s
-5 B IO VIS TESTETSEFFTFTTISPPP P
s 40 -U:n
S 2| Jul g -
'E:; y o August
O .
- ©
va:-
..| |
T T TR TGS S “«u SHARE AR DA A ME A o)
:‘_ September » October
1, N .
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: ' , ! ul' lu.uul MTRITIOT
tAl S H AU S WL _u_u.u;,' eidlbl AR IMAREAN o b b WP INES)
Figubevidati ons from the ave®28d&)monthly preci

(Source:

dat &20plr8gdcessing 1978
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These exceptional dai ly rai nsudaaftfcencne ntthse ahnydd rcoa no gg ecnad r
recurrence of extreme rainfall e(Blnaghsed,adleS®DaBIBEAS by 2 N
et Abdel kahemfokRDa®%)ng approach c oonlsoigsitcsali mm ejsopiomtsiey oa n
catchments according to the urban expansion that has m

TablTeorlr enti al rains (S»@t8&r: data processing 1978

Year Mont hs D a yddast e Quant it
1992 February 1 99. 0
/1 February 4 45.9
1996 June 15 279.9
2013 Mar s 24 46. 9
/1l May 1 44 .9
/1 May 19 43.9
20114 Mar s 30 55.0
2016 April 14 175.0
/1 August 1 37.0
2017 February 14 59.9
/1l February 15 44.9
/1 February 17 59.9
/1l February 18 68.0

23!]000 ZSSIOW 239:100 242.000 2‘5:)00 248I000 251 .000

Spatial average rain
(in mm)

I High : 278 mm

Low : 62 mm

—_—————Z

202?000
T
2025000

IOI?UN
|
T
2020000

T
2015000

201! f(lﬂﬂ

L [y W |
0051 2 3 4Km

FigurTehelG.pati al average rain0i8 the city of

(SouDaxtea from the General Authority for20M&8ro0r ol o



ht tepsic/c/lsenet . org E a rStch eRecsear ch VolLpPNo1;2021

5 Amentor Yuofremhe UebsahokXx

The | arap Y de gure 11) shows a | arge urban extension in
part in the second place. Residenti al devel opment h a
considered in tofe waasetr doratdeuvursauest ainability of the
urbanization, the majority of the streams are now cond
Land use N
I 0am |
— Road [
§| [ streams i |8
2| N Natural plant cover g

[ Agricultural area

Barren lands

Bl Residential area

T
2020000

201?000
T
2015000

T T T T
233000 238000 239000 242000 245000 248000 251000

Fi gurLeenldl . use map of Abha city (SogteeEawbhkPcaritmadeo
observation)

51 An urban sprawl in vulnerable sectors

One of the first basics in the management of wurban dev
able to provide |l ocal stakeholders with a solid datab
fl oodieregl, lumdan sprawl alone does not -lgyenegr aatree arsi,s kt.h eE
pattern wil|l further increase the runoff cloadtfiimg eali n
chafHged ga, 2c0iltdy) .ofThéeebha, with its highly undulating to
example of a city threatened by flash floods that do
urban fabric incO@®@&s bdbetdvreamaiod’l apydbYy 020, mainly to t
(Google Earth Pro image 2002 and 2020). This growing ¢c
fl epordone areas (such asst hEl Ddensa¢k eandleasekendi syrtflce E
130éhtani., 2019)

A ARy
AR

FigurTehelZ.api d expans-Ebn MouUur olkp nihdesdheentsheek f | oodabl e se
Cha¢(afibutary of Wadi Abha) (Source: Googl e E

10
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Fi gurPe olg¥.amming of newrnhekgbbkBotbosdsni hhkbi eh Badiaa r
Earth Pro | mage, 2019)

Al of them are developedadd!|l sebi dbml patedubgt mbogntdandf
habitats | ocated on the middle and | ower slopes cannot
with convective rainfall. I|Ittaheuladeb@onotademhamnt ol c¢o
backups-slopestéen the drainage of rainwater, pumping sy
these technical risks requires a huge amount of work w
5. 2GrAowi ng Hwosuistiyirdi clbet hEex pansi on Ar

The habitats threatened by the rise in water | evels du
or at the convergence of sevéegakrestlddamstt hat adse I impe
transversal and | ongitudinal | ayout of the watercour s
el ongated meanders on the other.

As a result, the narrwwhdgngf gbhgevakheysrieate hammew,
el ements being carried, | eading to the formation of a
certain rupture of this i mpo,undamedcdwrmwstlrleamcdirstirni cthse
This observation concerns the two neighborhoods EI Me n
80% of -upeabaewa,l tbased on the inventory of flooded area
During the floods of February 2017, these districts al
were the first to be affected. In the five districts

threatensl%eamdeentupmfanedae, buaded on the inventory of
(Table 2 and Figure 14).

11
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Fi gurThelds.l opes map sour rAddme(aHguy caend matps produced on
topographia) map of Abh

However, the magnitude of the risk is cl oseelxyi sltiimkge ds o
moi sture and the state of the sewers. The Asserian com
ti h8l ehd®8bBhere were |l ong periods of very few floods,

areas where streams overfl owed.

Tabl e 2. Esti mate of the area subject to flood risk
(Source: work carried out bB@ast®daond fhel Goobbser £Eatit bonpr

) ) Tot al _ _Sect0| Ri sk .

Distric Built |[di spose Bui lt

K n? %
akm

El Mens ek 4, 2, | 1, | 77 50
Ennassim 3, 1, 0,5 43 42
Noom ne 6, 1, 0,5 32 24
el Badi aa 5, 1, 0, 20 21
Mour ouj 7, 2 3, 0, | 13 48
Rawdha 11, 5, | 1, 31 50
Sol tana 4, 2, 1,5 56 56
Ennahdha 3,8 1, 0, | 31 39
Ezzouhour 6, 0, 2 0, 39 4,
Massi f 13, 1, 0, 7, 13
Charafi a 2, 1, 1, 80 57
Centre vill 5,1 5, 1, 31 98
Khalidia 1,3 1, 0, 13 88
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