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RESUME

Les s®cheresses menacent |l es ressources en
des r ®giaomsiesemiomme | a Ppl g®PneedeCMi tteée dPay
mani r e exhaustive | es s®cheresses m®t ®or o

Pr®cipitation Standardis® (SPI) de 1981
Agricole (aSPl) de 198rant 2de2 1n e ufe ss tdaotninoknes
ont ®t ® mi nuti eusement anal ys®es apr s cor

CHI PS pour am®l|liorer | a pr®cision. Les r ®s
moi s humi des etsisgrisf,i satnisv @ eth®@taenacte®e dans |
(SBR) via | eKeanedsal Id.e Qeapnenndant , |l *ana-l yse d
12) a r®v® ® une tendance significative 7 |
rendemecnutlst udreess, en particulier dans |l a pro
probabl ement due 7 une pr ®ci pitation ad®q
moderni s®es qui renforcent l a r®silience d
cagtaphie spatiale des s®cheresses a ident
comme | a r®gion | a plus sensible ° | a s ®c

Il "influence de |l a s®v®rit® des Gt®BRcCh@RVY eIsEERBE
des strat®gies de gestion de | "eau adaptat.i

mai ntenir | a productivit® agricole dans un
ces connaissances danen le@aaugeastti bas dpel irteisa
essentielle pour garantir |l a durabilit® et

vul n®r abl e.

Mo tcd ®s S®cher esse, Pl aine de Mitidja, S®
|l ndice de Pr®cipitation Standardi s®, |l ndi ce
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ABSTRACT

Droughts threaten water resources aardi dagr i

regions | i ke the Mitidja Plain, Algeria. Th
and agricultural droughts usingfrioem $398ddano
and the Agricultural Standardi zed Precipita
nine meteorological stations were meticulo
CMhyd and CHIPS tools to enhaerceaea &datamnaey.
bet ween wet and dry months, with no signifi
(SBR) vi a-KtemedaMannmn est . However, t hel2agri cu
revealed a signifiaanhhgi wcthasmpgovedndropo
citrus production. This i mprovement is ik
moderni zed agricultural practices that bol
Spati al dr oduggrhtti fmaepdp itnhge icent r al Mietnisd jta vkl
region, with elevation playing a crucial r o

underscore the wurgent need for adaptive wa
drought risks and sustain agriyculltnuareglr agri ;nd
insights into water resource management ani
the sustainability and resili earecge onf. agri cu
KeyworDdrso:u gvhitt,i dj a Mé¢ tae or ol ogAgcrailcudtought ,di

Standar di zed PAgerciicppittaaotdi@ornd ilzredde xP,r eci pi t at i
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ChaptleNTRODUCTI ON

1.Blackground

Drought, a complex and multifaceted natur al
various sector s, particularly in regions wlt
are tightly interlinked. It rtasechgeapgptecipgi
resulting I n adverse consequences for wat
generati on, and (Wialndlai fe¢e p@rhees drhvpadtoe)osnemnfd dr
beyond mer e water shortages, affecting er
particularly in regions |like North Algeria
severe.

I n particular, the Mitidja Pilaiaoragrioadautletdurie

production and water. Mscunregimanagetthe mgth| ar

as It suppoadrsaagimagwviitieant i ncluding cul ti
vegetabl es, which are integr(aMedtdo ledcaall .ar
Furthermore, the Mitidja Plain is essential
are heavily relieddugooubgwatuért i péeerveer sAh
intensi fy, the i mpact on water availabilit
pronounced, posing a signif(iBawmderrhalka,t 02 lh
The study of drought i n t he Mitidja Pl ai
met eorol ogi cal drought s, mar ked by a prol
droughts, which manifest as decreased strea
agicultur al drought s, characterized by the
stages highlight the gradual progression o
yields and water resources. The iimctrheea srn exgi

necessitate a thorough understanding of thi

| ohgegrm ri sks of( Hahilso upzhenonmednon 2017) .

This research is timely and essential, as |
coming decades wunder various <climate scenar
the regionds chall enges. The ieoamelc tae dr adpe cdl

growing mepuyukhdemdépnatds water, and eQievregny tshe

regiondbs reliance on its agricultural secto



addressing the effects of drought on agrioc

ensuring susta(Maddie a@tevall opmzhiid) .

Sever al studies have examined the broader i
yet | imited attention has been paid to the
there is a significant gapc alnerkpmsotwdl nedd gter ecro
drought particularly in terms of i ts i nf
availability. Understanding these dynamics

adaptation strategies, eesvddeamhaelrlgyy inne xtulse
underscores the interdepende(nMeaei zof & hBRowef et}
2023) .

Considering the growing concerns regarding
regi on, t his research seeks to fild]l t his
met ®loogdircoalght s in the Mitidja Plain. Throu
provide val uablreegiimsibgetr abii nittoy tthe dr ought
devel opment of strategies that can enhance

safeguard agricultural productivity.

1.Probl em Statement

The Mitidja Plain in North Algeria is vita

managemearetyv er tflaeecleesss si,ncirteasi ng chall enges fr
intensity of droughts, which transition frc
phases. Thi si gpnriofgirceasrstil@yni petdatesn, str eamf
recharge, and soi |l moi stur e, adversely af
avail,abwhHiighyuai &I for the | ivedi aonddshefnai
economy. Despite the i mportance of addressi

| ack of degpmadiefdi,c rsetgudines t hat explore the
d hydrol ogical droeghté&é on dhobosghtean Bxo

-

n
egions does not adequately capture the L
ondi tions and their effects on water reso

c
knowl edge gap i mpeafefsedthievel edred ogpmte nmhi toif gat

i mnef friecsioeunrtce management and inelaaeed rvs
Therefore, this thesis seeks to fildl t his
agricul tur al and hydr ol ogi cal drought s ov

~2~



projections under various cli-masedssenat eget
enhancragiroehséisl i ence and ensuring sustainab

security.

1.QGbjectives

1.3Malin Objective

This study meitmeortod ags x@ds anmdal droughts ove
analyze drought -Keeddklnusettrdgotd.he Mann

1.3Sp2ecific Objective

1-To clean, downscale, and simulate future n
2-To analyze historical and future met eor o
Precipitation Index (SPI) at wvarious ti mesc
3To analyze hi storical agricultural dr oug
Precipitation Index (aSPIl) at different tin
4To provide actionable insights into drough

1. Rlesearch Questions

1 How ef fageet ilvieased correction and downsca
i mpl emented in the CMhyd tool , I n i mprovin
hydr ol ogliidnaglr mddcke Mi ti dja Pl ain?

2. How can the Standardi zed Precipitation I

met eorol ogi cal droughts in the Mitidja Pl ai
3How effective is the Agricultural Standar
hi storical agricultural droughts in the Mit
4 What are the historical trends and patterr
the Mitidja Plain, and how have these dr ol
agricul tural productivity?

5How do meteorological drought s, character
agricul tural droughts in the Mitidja Plain?



6 How can the insights from analyzing droug
management strategies and agricul t utrearim pol

sustainability and resilience to drought?

1. bustification for the Study

The Mitidja Plain in North Algeria is. a reg
Howevémgcest growing vulnercahimaittey veoi dbolugh:

chanlgre@dader @efmedéetos ol ogi cal , agricuposeal,
serious risks to water resources, agricul t
regilamnbsl i hood and economic stability. As a
to understand the patterns and i mpacts of

strategiessubabiabbghiwytprincioples

This study is particularly significant for
Devel opment Go al 2 (Zero Hunger) Aamad y3DGg 6
historical and future drought data wusing t
Agricul tur al Standardi wed | Ppeoivpidtatviadualbh
drought trends. iThhdashe iMigiiglhjtas Pwialiln hel p pr ¢

gui ding strategies to maimnurad nwaatgeri crud & au rad

The research also fills a critical knowl edc
droughts in this region, which have often b
providing |l ocalized data and tiaifloogrme dS DrGe clc

(Cli mate Action) by helping stakehol ders a

change on water and agriculture.

Ultimatel vy, t his research wil|l support t h
management and agricultural policiepby cont
ensuri-hgrmongsiliencé@heagatody drblLglhptrovi de

necessary to protect and enhance the region

sustainabl e devel opment by addressing the <c

agricul tural drought s

Il n conclusi on, this study is essenti al for
l' i veli hoods of communities in the Mitidja
| ocal authorities, and stakehalddersewietfi et



droughts and foster a sustainable, resilien

devel opment .

1. Tehesi s Layout

This thesfsovleapsess s 9fructured as foll ows:

Chapteéelrntlroddbi somhapter presents the backg
topi c, defines the problem statement, out | |

explains the significance of the study, and

Chaptddri tZ2r at urTeh i Be wsieecw:i on sy rptulbd siszheesd dnd €
relevant to the topic. 't 1 s organized intoc
types, (3) drought characteristics, (4) dr

drought assessment hatp parnoaal cyhseiss, iann dAl(g7e)r idar.o u

Chaptdddratm and MeTlthhiosd oclhoagpyt:er descri bes the
characteristics of tihte pMiotviiddjeas Rlleatian | st uodfy
hydrol ogical, and remote sensing datasets ¢

met hodol ogi cal procedures used for data pre

ChaptoeRresa |l t s andl hDiss ccuhsaspitoenr: presents the
anal yses, including those based on the St a
Standardi zed Precipitation Index (a&pkrd), t
di scusses the key results and compares then

Chapte&Concl usi on and RBeucromame recea t ti oen : maj or
concerning t he original research -balsjeact i
recommendations for integrated drought moni

area anddesaggeet future research.



ChaptlelrTRERATURE REVI EW

2.QAv er viDerw uogfh t

As a significant naitnufrlaweampcheesaemeerchprdroegtl

economy, agricul tuMeany afnadctlurmans htagel tthhi s
i ncl udi-aatgmosehher i ¢c i nteractions, c¢climate va
water utiOne adafi otnhe chall enges posed by dro
attri btuheidrcaloating intensity and accelerat

condi(tViici®@smtreano, 2016)

Withinmate stugsdiaeds ocad o pwalnttmattheatf | uct uati o

accessibility, playing a pivotal role in ag
intricate natur e of drought ,Smheetnesor bt opi d
agricultural, hydroktaghcakbceasdt abchgecohbos

monitoring and quanti ficaMiicmntaeanol, i RONLE )dy

Cli matearmndebpensabl e tools for comprehendi
nonet hel ess, rectifying biases inherent ir
projections. Theser unoidneilozsi gnhita c ialt t r abet es é
hydrol ogi cal parameters, enriching our cCorl

drought occurrence and di s?BiULDUIHTLACIE D] ©IAISH

The repercussions of droughts extend to p
heightened sunlight expovsauppoeressnceedeédctiés
hem a cruci al el ement i n ecoRdlylg Y Bt LL@AWeaId tH

—+

MNNbThe intricate relationship among modi f

Q

nd vegetation also affects the intensity a

interrelation with the hydrol ogical cycl e a

Efficient drought management strategies al
all eviating the i mpacts of drought events
prediction, and trend monitoring isamduci a

mi tigating the associ a(tFeidn nceosnsseeyq ueetn caels. ,a n2d0



2.2r ought Research in Mitidja Pl ain

2. 2Aglr i cul tur al Dependency

The Mitidja Plain represents a wiavetralscagrci
directly influences crop yi edndse randd mldaganagl é
patterns and their r epfearcnuuwlsa toinnsg psltaryastkesg ice
to agricultur7@adops WO WOWMTE Yy 7?2Exf SW=ZMZNb 1O

2. 2Na2 er Ré&Mao@ageenent

Thregemaomount ers nomabhadguarodpst aebesrcaeas due t

patterns and substanti al d e mabExda nfi choi mnwgg ¢ it is ¢ L
can facilitate i mproved planning and distr
sustainability and diminishing the I|Iikeliho

watee’r§ O9cE N§O[ WAW7E 7?2Exf AW=ZMZNb IO

2.2Cl13 mate Variability and Change

Li ke numerous other regions globally, t he
patterns. The scrutiny of hi storical and c
i nsight bBnpiact o of hel i mate change on regional

assi sdarnmagmdiampg ati on and mESODc B NEsEO[ MERTEN| B
Z=M=Nsb IO

2. Z.0&L1ioeconomic | mpact s

Drought s exert profound socifoercrmearosmita mreeon
communities reliant on agricultudevelCompngl
pol itwmi essupport affectedheopgtiatiulonsr andset @t
econ@m®mpP9cE N§O[ WAW7E 72?2Exf AW=ZMZNb IO

2. Enyironment al Consequences

Prolonged perciamdisgg@dér ds miulghdegr adlaanodosn¢came C
modi fi.caResoenasr ch f ocusing endedawmaiehtyvicammen
preservation by pinpointing critical ar e
H7§09cE N§O[ WAWT7E 7?2Exf AW=MZNb tO



2. PoBdicy and Pl anning

The effi caci ourse snpaonnasgee neon td raoudgfthd r med epali it @i
pl anning. Through the expl oaadi phaohedsogat
more precise risk evaluations and strategie
for mitigating the adverse i mpacdttdo9oE Ng U
QWUW7E 7?2Exf AW=MZNb O

2.Brought Definitions

Numerous definitions of drought are utilize
hydrol ogy, and waterr & festowirdigfsf eerceomnto ntyy) d r oonf

vari abl es.

There is no precis-apamddafniinwietrisan | pf adr ea
Di fferent hydr omet evpool ogcacmabmivcari abl ess,
demand i n other makgi ons cwaddfliedgméegdaigougphts
(Mi shra & .Singh, 2010)

Wil hite and Glantz categorized drought defi
& Glantz, 1985). Conceptual definitions are
the concept of drought and deveelxoapmpd req u grht
Oxford English Dictionary (2011) defines dr
(LI ®lydhes, 2014). As another example, the \
glossary defines it as a Ttpemitoéyg oFrohlomgrma
of precipitation to cause aHsgheDus2®y4dy ol o

This study adopts an operational definition
ti mescales of meteorological, hydrological,
sectidns i nvestigates t he craepltautrieosn sthh e s e rbteit
starting with the meteorological anomal i es

i mpacts on the | and surface.

2.Drought Types

Wil hite and Gl ant z (1985) identified fou
hydrol ogical, agricultural b6 Fiaghw(lr 29ncw® eb owo |

these drougantdheate mpelratt ed ag bet ween them (



MNatural elimate variability

Precipition deficiency High temperatures, high winds, =
[amount, intensity, timing) low relative humidity, greater 2

sunshine, less cloud cover 5 E

[

Reduced infiltration, runoff, s £
deap percolation and Increased evaporation 5
groundwater recharge and transpiration =

.E Soil water deficiency | =
s I 5=
5 £
= Plant water stress, reduced 'g 5
E biomass and yield <
r
Reduced streamflow, inflow to =2 =
reservoirs, lakes, and ponds; 5 =
reduced wetlands, _5 e
wildlife habitat Z =
| Economic impacts | | Social impacts | | Environmental impacts

FigurZzhronol ogy of drought occurrence and i
types (Source: WMO, 2006) .

2. Mel eor oDroogiigcha |

Met eorol ogical drought, being the most comm
of aridity and the dur at i oine hoafr adcrtye rp ezreido dosy.
exceeding a specific number of dayPsanwigtohu lpira
et al ., 1998)

Met eorol ogi cal drought is a | ack of precip
phenomenon i1is often accompanied by high te
which increase evapotranspiramalomtirmtamrsd (Hu
(2004) , met eorol ogi cal drought occurs when
an exten.dwed emeroil odyi c al drought i's regional
circumstances resul ting siingnpf & cidpeittwaeteinonr e
(Mulinde et al ., 206tleér)m rlati nifsald e srcerciobredds ,b yw
to define it in regions with hiaghldy avy @raisa Ir
with insuférmieatnfahlgp data (Lake, 2008; Mu

~90~



2. AAg2 i c uDrtowrgalt

Agr
pas
me t

dev

Cha
eva
st a

act

Agr
i mp
t he
mu |
and
ope
sus
sen
bet

icul tur al drought arises when soil mo i ¢
ture vyields. Definitions of agricultura
eorol ogical drought characterideficesit sen
iations from nor mal c(oPnadni atgiooun si ,a aentd adv.a p
ngon (1987) defined agricultural dr ought
potroathempamad ito initiateTatnad asmudt@u nt arrd
tagtheatul tur al drought focuses on "soil
ual and potent"i al evapotranspiration

icul tural drought relates diff eargemtri ama
acts such as precipitation and evapotra

re is no direct relationship between pr
tifaceted controlling f actoorss,, silnocpleu d isnoc
the intensity of the precipitation ever
rati onal definiti onndosf caognrsiicduelrtautriaoln dorf
ceptibility of crops during different r
escence) (Wilhite & GIlantz, 1985). This
ween meteorol ogug&lixpdndciadrni dwcusg emmbgwd h

2. Hy3r ol Drgoiucgahl t

Hy d
hyd
dr o
i nd
Hy d
rat
def
i n
Nal
det
on

str

rol ogical droughmpacetf i ofi tdroy spdroicuds omn t
rology rather thahhéeé heawet Ebyeqlegtcygabfah
ughes often determined by their effects
ependently of meteor IPagiagalul a md edagrailcuyl

rologic drought refers to the effects o

her than the meteorol ogical explanati on
ined as the sustained and -arveegwaagneal | lye eealt
streams, | akes, reservoirs;Muagnids h@ar, o u2nOd2v
bantis & Tsakiris, 20009; Wi nkl er, 2017)
ermine hydrological droughicastreami hbWwe
the amount of water. Therefore, the occ
eamf lsow hchefoiadnihte ct ondi ti ons ( Nal bantis &

~10



Gener al |l y,i gtnhirieceainda@ bet ween meteorol ogica

because it takes | onger for water deficits
cycle (Winkler, 2017) . This | ag demonstrat
defi ci thsy dtrow | tolge icra | consequences.

Understanding the relationship bet ween me
i mportant for water resource managers and

droughts. Therefore, this study ai msughbt an:

types.

2. B50&Li oeconomic Drought

Socioeconomic drought definitions encompass
while incorporating el ements of meteorol ogi
definitions often relate to the csampypilderainndg
both tempor al and spatial prockRasagodudloira aea
1998)

Socioeconomic drougtdefi set bbbejceaaubshee i N f ecatt
bet ween meteorol ogical, agantahuel tswrcala,l amd e
factmfd uwatengusage within a specific regi
insufficiermpteowddecadst-n¢fwgltlsand standard of |

of water negatively affects the supply of g

According to scientists, the temporal and s
components that should be incorporated int
words, the supply of economic moadspddaciufcihc e
is heavily influenced by weather conditions
to population growth and increased per <cap
considered a situation imrm whiodh suhe@ademand
supply becaursel aotfe dd snmeart thfeal | I n water supp

the compl exdiitmenasndnmdl thiat ure of socioeconaor

types, this studyndbobssnbypeentrally focus
2.borought Characteristics

According to Zargar et al . (2011) , drough
severity, duration, and spatial distributio

~1%



drought characterization should be based o
spati al di stribution. STmhighedsitnuidyi ofnqgl laonvwasl yM
using these fIA vger acphhaircaaclt erreipsrteiscesn.t ati on of ¢
in FRg2re

Index

Threshold Level

Ir ————— Drought
P ' NI
E Severity (S
Duration (D) i._---i e
Time

Figardefinition of drought chamadi éredt bgs
Ahmegd2024) .

~1 2



Tabll &Mai n vardharl aect droirzi ng drought events

Vari abl e Descripti Rel evanc
Frequency Number of dr gMorfer equent
defined time |[can cadee ml
i mpacts on
Severity (magRel ated to thWater defi ci
computed as tilneeded for
di fferences, |(e.g., 1rri
val ues, bet wegwater consu
indicator (DIllenergy ©prod
threshol d use
|l evel of dryn
S=EDJ|] < thres
I ntensity Severity divi|jCharacteriz
duration of tipotential f
Durati on Number of dayLonger drou
time steps ofjpropagate f
the hydrol o
with a high
cascading a
effects
Onset First day, moRelevant i f
for which thegstarts in s
bel ow a givenwith greate
tixthependent t/li ke seedin
and ripenin
relevant fo
management
decl arati on
emergenci es
Cessation Met eorol ogi cdRel evant f o
returned to n
within nor mal
restoring soi
pasture growt
restablishes,
and | akes ref
End Agricul tural |[Relevant fo
ecosystem pr o
returns t-o av
drought condi
reservoir | ey
averpagkeought
conditions; s
conditions re€
to nor mal con

l
=
oy



Peak mont h Day or month |[Period with
t e

mo s t subst a

2.16ndi c atlonrdsi caensd

Drought indi caatendsspeaedsahdecesstruments for
drought situations. |l ndi cators encompass qu
streamfl ow, groundwater | evel s, reservoir |
portrtalyenghysical condi tion o f a drought .
computations extrapolated from climatic or
i ndi ctad orey daheatseeverity of de @ ughtme daraomes
regblol@aglY!l YGYNDRAcCTGWS!I N URAe qRYOWAW ¢ ql WAe! qUIII

I ndices streamline intricate cl|lommaunicc atsismn
chanhel i verse stakehol der s, including the
evaluations of drought severity, | ocation,

measured by deviations from standaotdei htex
commencement , concl usi on, and spatial SCOope
to the i mpacted areas, whhy et td mimigt iaantdi adrur
of t heb~dXqddWg Nt YNRAcTWS! NEcURAcqRYOWAW ¢ qll WAE I

Drought monitoring is a complex process t
vari ables used to characterize i1, such as
( Ki mani , 2019; Mi Achiriae v& dSiumrsg m,g 20 1oQu)g.h t i n
combining various draughalli ndi emperatuseche
single numerical value (Ganesh, 2007; Ki ma
these indices provides a clear and compr ehe

effective than raghtdadmd fmak imag aign fngr e @ ud e
Numerous drought indices, surpassing 150 1in
and assess drought severitl2yYy10Al aicCaald!| et s,
Nal bantis & Tsonekiemri,s ,20D2@809; SNKil eéecdeonys itthse 1
suitability for a particular application, €
to required daitmdexdi $ eismhuercerst. | Wosuperior

advang wigteegdp Itio¢ ieyess 2006 ; Ki mani , 2019; W

Drought i ndices are typicampgctcl|l absy ftrheetl a b

vari abl es they atrhee aussseo cofatdeids cwiiptlhi,narnyd dat

~1 4



categories: met eorol ogical, agricultural, i

Zargar et al . ,s 2i0ntln)oduvoerde olver Ni eameyer i n
cat egeomrd®empasses comprehensi ve,-basoenmtbi cheaduygh
indices, broadening the classification spec
Indi cators and indices are pivotal in formul

Early Warning Sysna&«kmsaig dma melwenlss onThese
comprehensive grasp of the regional ass mat e
an array of data origins, including model
indi elatlqBsl YOYNDRAcCOGWSI NcURACqRYOWAW: ¢ qll wWAel qU

2. Mex eorol ogi cal Drought I ndices

Met eor odoguglat i ndi ces ar e connected t o C
temperatur e, and evapotranspiration (Wi nkl
indices are the Rainfall Anomaly Index (RA
1967) ,iBKeamcbrought I ndex (KBDI ; Keetch &
|l ndex (EDI ; Byun et al ., 1996) , and Standa
( SPEI ; -S¢iraemtoe et al ., 2010) .

The most popul ar met eorol ogi cal I ndex 1is
devel oped by McKee et al. (1993t)r. aBafserdmss od
nor mallo#zgesm precipitation time series into

mean of agtamdamnd deviation of one (Wi nklIler,
is its ability to monitor conditions over &
shdgretrm agricuttéagrumahy dadmal d diagals, p 2OP&s e Mi s h
2010) . McKee's index can be calculated for
of 3, 6, 12, 24, and 48hmotpskHdtcEan gcarro pe ts ta
particularly during ti8esgr mawi ag saetaiscom.al Svple

6 and2SBIKff erande-ll ®mmm precipitation trends, r

Zargar et al ., 2010). The Worl d Meteorol ogi
the most dwiddeluyyhtise ndex worl dwi de. |t has
publications for drought monitqQgring and tre

~15



Tab2l 8et r ol ogi tnathtosadlonudyihcd e s

Metrol ogy |l nput Pa Addi tiinofnoarlmat i on
Ari dAdnowmbhh g(eAXXAIPTPETET Operationallyavailablef d rn d i
Decil es P Easypyal cekampl enm
Aust auésied ul
Ke eitByhr Bmo ulgrhd ¢P, T Calculationsarebasednt h e
( KBDI ) cli médteer elant er e s
Percenbf NormalPrecipitatior P Si mplaé cul ati ons
St and aPrdei czieptintcP Hi ghl i ghted by
(SPI1) Met eor Olrggaindazda
astarting point
met eordlFoggbal
monitoring
WeightedAnomaly P, T It useggriddedd at @ro ni t
StandardizeBrecipitation dr oudihto piegalons
(WASP)
Ar i dind(eAI ) P, T ltcanalsob @ s ed!| i mat
classifications
ChiZlan deXxZ 1 ) P | nt etn@ramgrupvd@iPd a t
Cropi st md(exMI [P, T We e kvlay aarmese qu i r e (
DroughtArealndex( DAl ) P I ndi man £s®@as on
performance
Dr ouRyehcto n n ali saks|P, T Montthd gypeantdur e
( DRI1) precipitatiora rree qui r e d
Ef feDtoveht EDIP Programavailablee h r au g ke
contwatdor i gi nat
Hy d-r o e rCoelf fofc PT Eas€wyl cuhbhadlea weirsa
SelyaninoHTC) examph&Rsu s sFieadre r
NOAM®Tr o ulgnhd{eNxD | P Bestusedn agricultural
applications
Pal mer Dr oughtPTAWC Nogreen due to
(PDSI1) calcul ati onfsorars
completed at a
Pal fhemdex P, T,AWC Onet hmrea noyut p ®PiIDS |
cal cul ati ons
Rainfall AQB&IP SericaolmMpat equi r
SelfCalibratedPalmemDrought P, T, AWC Not green due
SevelrnidiegiecDS | ) 0 talculationsndserially
completelatarequired
St an d aAndoi nzkehdd e P Pointdatausedodescribe e g i
(SAI) conditions 7
Standardize®recipitation P, T gu?phtllil%gosllgil L)jltjwaitaer? utr

Evapotr alhnms g(eSkP:

temperatureomponent

~16



Agricul tur al FP,T,Mod Pr odutc¢heslo wetahs t er
f ®r o u(gAR1 D) Uni $tealt es of Am
t eswiedde Uty $ irdeeg i ¢

Crop-specificDroughtindex P, T,Td,W,R a d , Qualitydata of many variablégs s

(CSsSDI) AWC, neededmakingi ¢ hal | & o
Mo dC,D us e

Reclamatioribroughtindex P,T,S,RD,SF Li keSeur \Wmada 8uppl y

( RDI) | ndex,onkhuwti ns a

Component
bi~IJaqlYl YOYNDRACOWE!I NEURACqRY UL ¢ qlJl WA

2. 65.02 | Moi sture Drought I ndices

Approaches to assessing agricultural drougt
the resulticmgoudeglit ci $oidlurwatger bal ance valu
dat a, ssucthu aasndi nm-leaned @ cGa&tha, ngr si mul ated us
(Winkler, 2017; Zar gaesteablails. hed20ilnldi.c eSe veel
estimate agricultural water stress. These
Thornt hwaite & Mather, 1955) , Crop Moistur
Specific Drought I ndex (CSDI ; Meyer & Hubba

Tab3 &gri cul t uln @dto géhd|onudg Icte s

. . Input -, . .
Soilmoi stur e paramet e Additionalinformation
SoMbi sAuno ma b W|P,T,AWC Intendedoimproveuponthew a t €
bal @aPD& |
Evapotrabsespi ciMod Compt¢akculwnainbbnhE
| nd eEXT DI ) i npast squi r ed
SoilMoistureDeficitl nd e jMo d Weekly calcul ati
( SMDI ) deprthsmpl toal ed | a
SoWattron &gM5) |AWC,RD,ST, |[Due t o vaodrkdiop
S WD t y pierst, e r ppovlkaatra goain &
chall enging.

bi~IJaqYl YOYNDRACOWE!I NEURACqRY UL ¢ qlJl WA

2. HyIdrol ogi cal Drought I ndices

Hydr ol ogi cal dirdbacghttendizeeshai chel ayed hydr
comprehenBhesdybheaklewetser | evel s in streams,
aquifers (Keyantash & Dracup, 2002; Zargar
Il ndex (SDI; Nalbantis et al., 2009), the St
2015) , and etdheNVaSteanhncdaredi 4 ndex ( SWI ; Bhuiya

~17



using streamfl ow, reservoir, and groundwat
sources. I n this study, the focus was pl acce

its demonstrated simplicity and efficacy.

Tabdl &Hy dr ol Dorgoi tidgatiiato gandl ndi ces

Hydrol ogy l nput Additionalinformation
paramete
Pal mg dr o |DorgoiuciP,T,AWC Sericaolnppatequi r e
SevelrndepxHDI )
St and aRedsiezi@udp iplR D Similar calcul at
| nd(eSxRS 1| ) resedatoar
St andaStdriezaendh t(S F Uses the SPI pro
(SSFI) streaddtlaaw
Standardil zeck | \GW Similar calcul at
( SWI ) groundwater or welleveld a t a
insteadb preci pitat.
Streabf bolgshde|SF Similar calcul at
(SDI) usisng e adnd tl msvb &€ a d

precipitation
Sur Wead 8&8upp hd e »PRD,SFS Ma nnyet h odahdlgri iew
( SWSI) products areom@mpa
bet ween dabj ot a
met kdhad.sen

A g g r eDgraytneensdse yP,ET,SF,RD, |There is codebutmathematics

(ADI ) AWCS explained nhHe t eratur e
St andaSndoi wneedldt |P,T,SFMod |[Came s edo i t Bnowpach
Ral ndleSiMR 1 ) information

B~WaqUYl YaYNRAECGWS! NecURAcqRYU WAL ¢ qlJl WA«
2. Redmote Hamseidn @rnoduigchets
The devel opment of Earth observation satel!]l
1980s revolutionized drought monitoring and
of fer the advantage of provi didnegr ievadamsgr at en-
spati al i nformation at Fbotmh aglcdhadatandgi €@
remote sensing draetlaatneodn ivtaorrisa bdreosu gshuuc h as p
and evapotr Anslpiti @aniadh vy, it has blmpacusef

drought on ecosystems (AghaKouchak et al .,

Various types of satellite data, i ndlaading
have been used-rteod at etdr vave athdl esg hofthep lpdmott 0,

which can be affected by drought, has al so

~18



on ecodyhstsemecause edlu@segpbhotasynt heti c capa
in the absorption of solar radiation at phc
resul t, s everbals erde Matoaughdnsindg ces have bee
state of the albdyd vegretaceonndheal th (AghakKo

2008; Zargar et al ., 2011).

Among the arraybaoded emod et asteinasn nigndi ces, t
Vegetati on Il ndex ( NDVI ; Tucker, 1979) and
Condition Index (VClI; Kogan, 1990), Tdempera
Vegetation Health I ndex (VHI; Kogan, 1995) ,

metric calculated by assessing thei dfirfdreaden
radiation divided by etkhkéeensisuel yiTihmeg s dfi omkd g ix
conditions and monitofAglgaldtwblradk vetgealat j ok
al ., 2010; Zhang et al ., 2013).

Tabsl &R:emot e I|8d@aosyandigndi ces

Remotss ensi ng [ nput Additionalinformation
Enhaveget at i Sat | toeds not separ at
(EVI) fromlsdmr es s
EvaporativeStresd n d( eExS SatPET | to edsohta aleo hg s aan
oper agri mdwad t
NormalizedDi f f er Sat Cal cuflombgtcati
Vegetationndex(NDVI)
Temperatur€onditionindex Sat Us u & loluanldowmni g\ BV |
(TCIl) cal cul ati o
VegetatiorC o n d il tnid ¢ Sat Us u & loluanldowmni g\ BV |
(vcl) cal cul atio
VegetrtduRehspd SatP,TAWC| G9 0 g hioreim hierg &
| nd(e\ke g DRI ) L CER stress
VegetkhHdadlommd(ewH Sat Onet he atst etnmpd rsi
dr o wghtregnos enh dgad
Water Require| SaNaqgd,C Operationaforma nyo c a t
I ndex ( WRSIp ad
WRSI )
Nor mali zed Di Sat Produced oper a
I nd(eskDWA nida n d ModerateResolutiodn ma g i
Sur Wa tlemr d(elxS W Spectr ordaadti @ n
SoAdj ude g@atland Sat Nogrodapedat i @
(SAVI)

b~ WaqUYl YGYNRHACOWS! NCURACqRYUWAW ¢ qlJl WA«
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2.GlI obal

Trends in Drought

2. Hist olreocadrsBatt erDnesu@ghobally

Droughts pose significant chall enges gl oba
States, Australia, Pakistan, Chi na, Hungary
drought severity, frequency, aeag tdlue auan gentd
for i mproved under smoadnedtionggmiamnidg aptree dii mp & & te ¢
( Mohammed et al ., 2022)

Nonet hel ess,antotaingplats eraelgatoinosn i n drought oc
|l atitudes may observe a reduction in. droug
Howevé&de, uneven spread of rainfaldl coul d sti
hydrol ogi cal drought s. Even in regions wit
severe droughts may rise due t odamo, el @ andiemg

i nadequate (SbBriilameatetalat, o2021)

The r easnetairccihpates a more pronounced surge |

cent

fore
severit
signi fi
Austr al
Predict
demonst
drought
mi tigat

ury
further
C

advances, particularly in scenario

pl anetary war mi bg antnc defpdthed,mithgmyg

asts. Advanced Ssimul ations i ndi cate a

y of droughts when compared to the
cant rises iinnolaudiorugUNMeege danSt awvtoe 4 ,d w
ia, and substanti al (pRErritasn odt AdlIr.i,c a2

ions of met eorol ogi cal drought risk
rate that fasmtHhle 5SAOLtomdMAE€d nddkel pv
dangers become more prominent, un

i on measures t o Bprrieavne nett tahle.s,e 2s0e2vle)r e
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Drought frequency Unprecedented droughts

1.5°C
Pge:
= PR v e

i J{} ”v' #e S
e

Fi g3irZshange in meteorol dqgeivealt sddewcghldte)f r equ

from the reig6h0)paset2(@0O08fior four projected
air temperature (left) more seawsmadlar dt g u g inta
recorded i n th2e0I®ce(nrti gphatst (1981

2. EnZironmentoal

Drought exerts diverse effects on the envir

sustenance of flora and fauna, and in time
dwi ndl e, and their habitats coullde bter asnusbijeen
enduring i mpact s on t he environment ar e |
deterioration or | and and ecosystem desert.

|l oss of vegetation cover amaeé Rnaddipveld ointgyy di

~2 T+
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ditionally, drought can |l ead to the depl
ality in rivers and | akes, af fldetnign ge t a cau
15)

. Ag3 i cuSectoal

e agricultural and forestry sectors ar e
ricultural |l osses and associated damages
gmented expenses for farmers, swsdh yad oirn
ppl ementary water reservoirs for i vestc
nufacturers of tractors and food products

i mpactedfleproidmichi @sheandilntyedoedpesu sc
etl es. Further mor e, drought can have sig
ctor (Havens, 1954).

. PubWacter Supply Sector

blic water supply systems also bear the &
cessibility combined with escal ating dema
SoWMHemds . waves can exacecer rthathe itghd eqietdu ateima
ter volumes can also compromi se WwWahaar qu
ad to challenges in maintaining a reliabl
d publ iThef paiblliitci ensa.t @it suepley opeetf d ®ecmi v
nage water resownmrcesr anpt edassuppltpnheof cl e
e demands of the popul &hieaoan &8 Mtihpeg 2 @reocut goh
at are impacted by drought i nclude energ
dustry (Havens, 1954).

. PoweBener é&S¢coaor

garding power generation, the production

rivers and r edeqrvmadmso el Brcawght spooweer o ut

ternative electricity sources | ike gas t
sses is contingent on the hydroelectric
rther more, tphoewenralf aacnidl intuicd seamay need t o
et hle mi ted availabilitdyoaffhtcooAsng waebseatlt
sruptions in power supply and increased r
urnov/es et et al ., 2016)
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2. BSt6G uct ulrrefsr aasntdr uct ure Sector

Variations in moisture | evels can i mpact
contraction during drought spells can infli
in France, soil subsidence fromodtbaghtahtbasas
fl oods. Overexploitatdroou®ht(agmpfd edrts aclan, e2x
2. Molr Bescmh or

The tourism and recreation indusmnalgs asan
numerous activities rely on water. Both su
Additionall vy, commer ci al shipping operatior
l ow water f 1l ow, affecting entiebptre segamnde.| i
i ncrperaiscees f or essenti al (cOlrmanio deitt iaels. ,| i2kOel 3f)
2. 1Tn®/lusSEctal

|l ndustries spanning diverse sectors, -encomp
intensive sectors, suffer adverse effects f
sales, and overall business activities may
Reduced water availabilitgecraamasdiinsg uptt od uncd
i ncr ecaosltesgnd urcee mpet i ti veness and potential |
2. 5.0 sexlt or

To tackle the soci al i mplications of droug
modi fications encountered by i ndividual s,
repercussions. The soci al i mpacts of, droug
perpetuate cycles of poverty, trigger <conf
l'ifestylseLahgeetatalon, 2015) .

2. 7Grl®du n d S:adtear

Groundwatvenrt meeti ng the gl obal demand for f
to agricultural irrigation and residenti al
of the irrigation requirements wor pdWwiade. an
't is uaseastome@eamental resource during dro
scenarios where surf@Resee@rntae&nt soturales, a2 @®0%
Howewvxrc,essi ve (gr oumaswarteguldteepd eitn omot ewor t |
|l evel s, especially in regions characterizec

~2 3



scarcity challenges. Prominent regions i mpe

in Australia, the Central Valley of Califor
the Tibetan Pl ateau. The unsestairmaghbloe sutpirle
notable risk to water and food security, p

societal ( Bpkerousesiahs, 2017) .

Fi g4r2eelRr e soetnetnst ipa l i ntercondrecdagltiest amos@ cd
(Erian et al., 2021)

Note: A fragment on the outer part of the
dr awn between each sector, the size of the
t r eodd .

2. Brougmt Africa

Drought and desertification represent fund
severity that confront sustainabl e develop
chall enges ext amnde wasfdfed ¢yt, s ecaerpulmigi c heal th
operations, built envinddommerti ,c e@nal oignitcearln :
(UN, 2007)

The primary cause of most drought occurren
conditions |l eading to the accumul aweabhernf

patterns causing a decrease in precipitatio

~2 &



to heightened. eWVhaep omregdgadtoinvea aitmpact s of drou

human actions such as deforestation

, exce
practices, which di mini sd&nidnhaed esqouialt'es scoaipla cci
met hods, resultimN,220Gd)i | deterioration

The continent has observed a significant fr
il lTustrat(edb2i)nowki gouroeught st arnedlsataesd ac aptiavsottr
Af ri cRo.t empaaclt of <c¢cl i mate change is poised

related calamities such as drought . Resear
regions in western Africa face the highest
and droughts due to escalating temperatures
suggest that the most arid rediuansh eaf dtelse cq
posing a persistent risk of drought i n nume
dry -huumb d regions) , consequently l eadi ng

conseqg(uleNn,c e2s007)

Cape Verde Gy m bi e

” Dijibouti
Guinca-Bissau  Ouinca

Benin  Nigeria
2 C&e  Gpaga
Sierm Leone d'Ivoine

Liberia Togo Camercon

Liberia Equatorial Guinea
Gabon
Dem

Republic of Congo

Angola
| 1-2

B car
[ B S Namibia
69 : ‘
: Lesotho

no data/no events

I

Fighrdr ought events per cBu8ahgr éadmomf niodgd t
(UN, 2007)
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e ramifications of drought and desertif
rdensome occurrences pared ag eenrceemerf a piorv eAftry
l' i ance of Africa's economies on sectors s
d agriculture, l nadequate infrastructure,
and unvombdfe mat wrn alatiesources, and vari
e continent's susceptibility( Gro ntoh e yef feetc
22)

the region, it is nexepwegstBbgumeat hwomenst
sponsibility when faced with the degradat
nsequently, Africa has persistently exper
mi nes, l i mi ted Bcongsbhetbt watendi tebors| O0FBE
rious social framiufeindgeattdiso nasn dd udee stexot Dy ec at
22)

8 . mpacRoo@ncurift Africa

e most severe outcome of drought is f ami
mprising around 50% of the annual budget
tnessed in southern Africa fromsZ®Qidryw:
e drough3 lied?20®0€2a shortfall of 3.3 mil/
timated 14.4 million individuals. At the
2 million Kenyans reliedted #40%wWdofhi theap
ceeding the typical |l evel s by more than t
ocese of Malindi, Kenya, to offer seeds a
verely impacted hbhy,dnomghousl|l Aftheasamaty
ortages due to the compounding i mpacts o
d Vidal, 2005) and deserpgerfrmamentonduevhi o
ange. Countriesabweh Bal &wihj oRriatr &€a mban
e wor st hit, with an estimated 15 mill i ol
gi tuiami dlhger, Dji bouti, and Sudan deteri
tions experienced their ,pwrirregtahbhvedt s
nsecutive(®©®evmolkoyeoeghal ., 2022)

~2 6



2.19nt egrated Drought Monitoring and Assessm

Monitandngssdjeesghes i mportaet area's early
mitigating the adverse effects on social, |

2015) . Recent research has emphasi zed t he
hydrol ogical, and r emot edrsoeungshi tn ga. sds&et sasdnieens p h
demonstrated that combining indices enhance
for a more nuanced interpretation of t he

assesgsionght requires a comprehensive under
di fferent drought s. Il ntegrated approaches
assessing and comprehensively addressing dr
rel ationships bet ween hdoiw fienrteengtr attyepde sa sosfe sdsr
facilitate a holistic understanding of thei

2. Rél ationship between Meteorological and A

A prolonged periotdeatisi hes uflhfiiogegiel ost aan aiansfcaal dl e

onnation's agricultural, ecobbgumak, eanal s
Sultana et al ., 2021) . The intricate relat
droughts is the core of these consequences.
Met eorol ogical drought i s caused by a reduc
in soil moi st Wit empandt ame i oceraapr extended
directly affect wat er availability in the
agricultural droughts (Gidey et al ., 2018;
ramificatrohegotametdeoughts in the agricult

in areas such as Somalnmaa, EKénypaj aSosSohtAf IS

Zi mbabwe, where both meteorological and ag
(Gidey et al ., 2018) . The consequences al s
which is regarded act oone cofntrhduprngany f

desertification in ari&«hasdi s&miZamried ,r €@i2d
2018) .

Sever al studies have accentuated the inter
drought s, shedding |ight on their correlat:.i
al . (2021) found that agricultsrmbhi dbypyughutus

~2 %



a decline in vegetation, as measured by the
and an increase in Land Surface Temperatur
positive correlation greater thanSPBLH4amcet
NDVI amonhhé 8i me scale, which could serve :
warning purposes in Eswatini. I n addition,
positive correlations -yobedmwelealg SSRd anlmenrdianN [0 \hl e
Ri ver Basin of Chi nlahu Ffuir tdared mdaeei EPp2@HAO M
preci piotsattiiorelwy tdorNDe/llatiens t he sprilmg caomd raa

air temperature has a negative relationshig

regions of Ilrampaatcemt agtricgl|theiat product
|l ntegrated assessment met hodol ogi es ar e Vv
i mplications of meteorological and agricul't
indi ces, remote sensing techniques,asamdsst ¢
t hémpract on agricultural systems, and aid ir
(Choi et al., 2013).

2. Ré¢l ationship between Meteorological and F

As a multifaceted phemaménme, acidos@lat i @a¢ c sIC

varisowes et al sectors dependent on climate a
Two types of drought s, met eorol ogi cal and |
aspects in the general context of water sca
Met eorol ogi cal drought refers to a water S

precipitation and evaporation ovperreca ppatrattii

freqguwenayases over sever al mont hs to one )
subsequentdleyf iicnietnicateisng n surface water and
to the onset of hydr ol 0290 2c2a)l. dTrhoiusg htt r a( nRsoi ste
drought propagati on, under scoireasl tdédred choyndrea
droughts (Li et al ., 2021) . However, under ¢
drought i's cruci al f or-i nedfufceecdt | d/ied ays taedrdsr e(sR
2022) .

Assessing the relationship between meteor ol

essential fpregentnyiawagraatnidogn, ( Wu et al ., 201

~2 &



is the primarsyeatrethdenesgqakkswrate this reciproc

studies using correlation analysis have pro

2. DPought Analysis in Algeri a

Al geria is a southern Mediterranean countr.
The country has experienced severe and per ¢

by a significant deficit i n prerci pBobattbh
Benmessaoud, 2017; Dahmani & Meddi2 0123011 ;

Substanti al drought conditions were initial
occurrences in 1981, 1989, 199@) yl99hest9pd
droughts have had a pronounced i mpact on t|
to a substantial reduction in crop yields a

Ghriss, Mitidja, anda$idi 2Bell;ADjed | (CAdH i tee
2013) .

Climate data collected in northern Algeria
met eorol ogi cal patterns. These changes encc
maxi mum temperatures coupled withattassua:
tempor al and spati al scal es. Such trends

conditions that have permeated various part

2013) . Numerous scientists hawel cdmcclaud eodh
Medi terranean Basin, situated between contr
the Mediterranean Sea, contributes to thes
Atl antic Oscillation (NA®) a(HoeRIDI1Bg &Swuasla.
These meteorol ogeazahi sppidassdqvendas, part.i
reaches of Al geri a. The regi on witnessed
(approximately 30 %) ii8 0 0addev elr9s7e0l sy acawf ni peacreéd ds
and groundwater recharge. Consequentl vy, d
activities may have been affected. Agricult

rainfed crops pl ummeting by umpdthmt i5®%rbet
production has registered a notable declir
i mplications are also evident, mani festineg
encroachment of desertificati omui ¢ Mami& &t &l
2018) .
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Th
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Ba
b a

ut

e Tafna Basin, a significant hydrological
ced challenges due to reduced crop yield

sin ahadsiins,sshch as the WaWadiBoBku mais s aVa
sins, have examined meteorological and h

ilized the Standard Precipitation I ndex

Tafna Basin since 1980. Sitmirli areldy dr Raeilgdh is ¢

b a
I n
re
Be
ev
Dr

Th
un
be
f o
s o
me
re

S u

sin using SPI, Streamidroma IDrzoeudg h@i flfnedreexn c
dex (NDVI ) , revealing fluctuations i n d
searsaftdr sas Dj el |l oul i et al . (2019) , Ghe
nsl i maheon(cehlt#)at ed -boans i diisf fweirtehnitn. stlihbee yT a f
aluated the hydrological I mpacts of droui
ought I ndex (EDI), ®Bhtiahddbughitdemnthi dy

CB8ncl usi on

i s revi ew emphasi zes t he critical sign
derstanding the intricate nature of droug
t ween meteorological, agricultheahecasdi b

r comprehensive approanohbhespor aattiegg amadtt if

urces and methodol ogies are imperative

asur es, and adaptive strategisegutaoadbadakl e
view strongaddyopieaa@®mgmeancecd approaches, f o
stainability amidst recurring natural haz
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Chapt dATBRI AL AND METHODS
3. 1Introducti on

This chaptemedélodmeédtge € at hér amewor k and da

evaluate agricultural and hydrological dr o
constitutes the foundational pillar of the
met hodolloogyye denipo scrutinize the trends, ra

drought phenomena concerning water resour

designated region.

The methodol ogi cal framewor k i s meticul ou:
datasets and analytical i nstrument s, t her e
patterns and their consequenti al ismp luisd antgi

worl dwi de datasets ca$t bmantde cbgnbay yab sngr M eeda d

indi ces, and using geospati al techniques t
drought the research aspitée tempoedld awnd
dynamics inherent in drought occurrences.

This chapter initiates a comprehensive del
climatic, hydrological, and agricultural in
data sources, encompassing met eorodlso gianad |,
articulates the indices and analytical me t
drought phenamdand. on, the chapter scrutini
adopted for the processing, aoamaleysient | gr iaffif
the correctness and dependability of the ou
By i mplementing this methodol ogical approa

insights for the sustainable management of

in agricultural practices within the Mitid]

3.2tudy Area Description

3. Lebgraphical Characteristics

The Mitidja Plain is |l ocated between the |
l ongitudinal coordinates of 2AE and 4AE. |

~3F



Al geria and extends over a substant.i
including the Wilayas of Al gi er s, Boumerd
ecologically varied plain is subdiandetdhent
western Mitidja, each exhibiting di gthienct
pl ai n extecansdesmiin8d@2 GkOmk m i n wi At he monmeatks eyt en s i
sublittoral Mekih d lesr r aanleaalne pdtaianl ., 2022)
2’0"0"E 3“0‘.0"E 4’0'.0"E 5”0‘9"W 0°q'0" 5’0'.0“E 10‘9'0"E
< Algeria Map
@ The Wilayas Map . “@, e 7 .
2 B -
& °z e £
/
: z b z
z| / z
z zo | / B
;g' [ == & Ki S -£ g o §
8 b s 0 - €0 %0 120 "(3? 0-220-440_ 880 1,320 1,760 )
1cm =13 km l1cm—172krrl| : .
2°3q'0"§30!0"E 3“0"0"5 3°zq-‘bf*§°"5 5°0'0"W 0°0'0" 5°0'0"E 10°0'0"E
" Legend Coordinate System: WGS 84
\ - UTM Zone: N 31
“@' Case St“dy Map Projectione: Teransverse Mercator
$ Mitidja Plain |Datum: WGS 1984
Z £ |l |Algeria
3| & | The Wilayas
Alger
Blida
, Boumerdés
0 25 400, 980 1,470 1,960 Tipaza
2°300°E 3°200°E

Figoirddi ti dj a (FHladianw mahpmed et al , 202
Figur)@Bl(ustrates the geographic and admini
northern Algeri a, emphasizing its division
shaded in green, |l ies along the Mediterran
including Algiers (1) in the northeaxitt,r aBou
regi on, and Tipaza (4) in the west The r et
We s t Mi ti dja, whil e t he dashedrilkesnebset wep
municipalities and provinces.
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Algiers Tamentfoust ES
%

 |36°46's0" )——": g% - —
%S =

Mediterranean Sea

i

2022'57"

FA
i
~
~
&3 = | 36°25'46"
PN o Algeria :]leltes Plain Mitidja
e Boumerdes Lo~ ]States

14 105 7 38 9 Blida EMuncnPam'es
@) Tiraza | — Limifes

kilometres

Fignrisocation of (Bel Mouti de¢ta &I aj n202

3.Z1I2 m@hacacteristics

The Mitidja Plain is classified asiGeog®eessi
classificdKioomnekbyetenl ., 2006) . El evated
di stinguish this climatic cl assriifdh awiimtne rd.u
mean annual precipitation within this geogr

wheas the average Temperature rangéMefddom 6
et al.T,he2023) on has ex paetriice nvcaerdi asbiiglniitfyi,c awnit
from well9 7(31)90t6o dr Y 0d8d8ni,odsesadlagd t el9%% rain
(Makhl ouf efthealt.emp20 23 ure records are acce
met eor ol ogfircdam® 368t aoi M 18. Within the <confi

di scerni bl e | Tecmrpeeasaet uirre evaesr dbbgeeen observed,
trend of 1 AC (Drouichepetgalssi 2@TI@Firg Newne
8. BMakh!l ouf .et al ., 2023)
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Trend line

Temperatures (°C)

Temperatures (°C)

Moving average
Temperatures

—

1935 1941 1947 1953 1959 1965 1971 1977 1983 1989 1995 2001 2007 2013 2019

Years

Fi g8rdnnwaalervagieat i onTeanp etrin@ urdbean EI Bei da weat he
(Perlioox® 1(8Makhl ouf .et al , 2023)

FigwWr)Presents the annual rainfall variati

met eorol ogi cal -tsetmptoiread s .prletce pspattiioon vari al

with the highest annual average premm)pitat.i
and the | owest average annual precipitation
mm. Furthermore, the scrutiny of the graph

segments: 1) a wet segment ffrrooom 11990764 ttoo 12907
most significant rainfal!l regression was noc
al i gnment of precipitation regression tren
temper at 2r0dd8) ( U Y4y est sattehgeo rp tee ntthiiasl itnot ea
period in codA®i7 &8s i(rMae&krhtiboéufl a6 al , 2023)

Hamiz Barrage DarElBeida ——Reghaia Baraki ——Larbaa
1600

1400
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1000 -
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200
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T

g 2 8§ § 8 ¥ g B8 &8 8 B 8 8 &5 & = 2

D (<2} D D D D D (=2} D D D D o o o

~ ~ ~ -— ~ ~ ~ -~ ~ ~ - ~ ~ ~ N ~ N
Years

Fi g@arennual aver afgarhgee kb encepaetslhtdait(a@@dBOs( 8Wa k h|l ouf et
al .,. 2023)
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Future climate projections indicate a decre

evenmpamwtaitregq availability @aNMdddigretcubalt uy albl

3. Ma3Qr sp

The Mitidja plain constitutes a remar kabl
heterogeneous aysiseolrdtimmegnt c uckfg i wm@fgi t iTohues c | |

condi ti onsahlwnrdd annutt ratahigert o ivaafdigpV et :a¢ ecer eal s,

fruits, especially Citrus, and industri al C
the average wheat yield in the Mitidja pl:
vegetable crops, iemp@leu i, n gc atno nyai teol eds baentdw epe n
hect(SawWAeTCH Pr @0@é@the specific yield of Citru
26 tons per hectare (MERROUCHI et al -, 202
producing ar ea hceocvtearreeds abno Rt0 168,,0 0 pr esentir
pl anted area. (MERROUCHI et al ., 2023)

3. Hydrol ogy:

The hydrol ogical pattern of the study zone

season from May to September and the wet s

knows extreme rainfal./l events, estpecdhdndge.d
we observed a decrease in the total annua
evelnHasl | ouz .et al ., 2018)

The basin is derhaamaatgveer kzed beynse wauefaoers
water drid@sh nhaygder ol ogi cal systemladpr Mmaa¥yr ahn
Hami z EIHamd ac h, which exhibit irregul ar f 1l c
Medi terranean Sea. Both precipitation and

natur al repleni shmegBoubllerbahae, a2019) al aqui

3. Leml ogy and Hydrogeol ogy:

The Mitidja plainheslianhal édgive all 9tlraatng cor

including sandstone, mar | s, sand, and I i
formations characterized by gravel, sand, !
alluvi al depasyi tlse ncseerst.aiTnhiengagsuiilf er system

~35



| ayer s: a confined Pliocene aquifer COmMmpoSs

Quaternary alluvi al aqui fer comprising pebl
aquifer I's |l ocated at a signi.filcmntondterpd ht
Quaternary aquifer exhibits a thickness var
table | evels fluctuating from 4 to 30 m. R
t hr oadghquat ef al | |, infiltrationgatfi osnurrf @arcaef
subterranean contrib¢gBoaoadsrbabm,tRBO681B)i dean
3. Hyalr ol ogi cal Regi me:

The region has undergone a notable decline
of approximately 20% from the year 1905 to
per decadeastirsouensdt ilnBatnend. The hydrohbdbgl tahtb

water and surfacensunotufe pbeparntdi o©r.s5% of

r e

Fi
hi
fe
ar
ch

(e.

specBowaémybal a, 2019)

g1 @.I3l ustrates the study area in norther

ghlights the geographic and geol ogical <co

atures such as Wadi Mazafran and iWaaus Har
eas, including the Blidian Atlas Mount ai
aracterized by Quaternary alluvium and d
g. ., Boufari k) essential forelgyonol ogi cal
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3. Lrobundwater:

Groundwater movement in the study area i s

However, two | ocalizedepgregpgxisesn,onbBaverf acron
excessive groundwater extraction. El evated
indicating significant changes i n ground
pump(iBboguder bal &l e2@1@y hydraulic gradients

associ at eadswirtahh utmhes st eep inclination and t
A reversal in flow direction from the sea
seawater intrusion. There is a pronounced d
to 2010, accompanied by hei ghtceamuesdc sdl isnreiatw

i nt r(uBsobuwodner bal a, 2019)

3. Re8 evance of the Study Area

The Mitidja Plain is a vital agricultural h
and vegetabl es. -sictal ®&| 90 rs g@mportns sicaregne s , m

on stabl e wat erre gawanlcsaIpitli ibt ytihtryeha¢t e ndr awg h t

producti wietsyo,urweaet esrustainabilityThéipeéhi hoa
irrigated mainly wusing Groundwater, but nof
Mitidja) are irrigated from Dams. However,

supply needs for the popul atyi ofngr tdter awaetgeir

(LOUNI'S A. et al ., 2022).

Given its economic Iimportance and vulserabi
an ideal case study for assessing drought
dynamics is essential for developing targe
agricultural resilience in the face of incr

3.RBesearch Design

3. Fybe of Study

This studvaatdoptasi ae remsdck aagikrdierdwesstiigaanalo ana
i mpacts of agricul tural Mind dbhjydrPollaocigni.c aTh ed

approach ensures objective assessment using

~3 7



while the observational -vacrplecctp dtotcairsress amd

wi t hmawti p uvlaartiianbgl e s .
3. Me2 eorol ogical Dat a:

The prmecepadbdl ogi cplerdanhantsounceasdhi s i nves:
measur ement staeamres Mwitti dij@a d&d ai n. These
l ongi tudi nal records o f cClevmatumeti evaprroi | aobgl i ec
drought patterns. Mor eoivegnminiiitstead nntdya ti and eotr man
notstaati on da&atd lextends to

Tabbl &rthe nine sel ect e demdedistuirdejnmee nRI asitmat i ons

Station Name station number Latitude in decimal Longitude in decimal | elevation m
MEURAD BARRAGE 20306 36.449 2.405 300
PONT CW 7 HADJOUT 20325 36.530 2.428 59
TIPAZA 20335 36.583 2472 182
HAMIZ BARRAGE 20602 36.605 3.352 130
OULED ALI 20627 36.644 3.291 67
PONT D9 20629 36.656 3.328 77
BARAKI 21421 36.688 3.090 20
MOUZAIA 21132 36.461 2.701 150
SOUMAA 21234 36.503 2.893 177
FigdnepRAx(i n Gauges Distribution Map il lustra:
systematically distributed across the four
for collecting rainfall dat a t hr o uhgahsoiust oafn
the Selected Rain Gauges Map is placed on r
to the Mitidja Plain, a region of consider a

~3 8
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36.900

Selected Rain Gauges Map

36.600

() Selected Rain Gauges
[T Mitidja Plain
Google Satellite

36.300

2.400 2.700 3.000 3.300

Figl2®el ect@eaundsp n

3. Precipitation:

The orgampikéedtion of daily, mont hl vy, and vy«

for understanding diverse drought indicatot
(SPI) . Such datasets per mit a meticul ous
tempor al scal es, yielding significant i ns
met eorol ogi cal drought s. Data-temr mddilluxctprae
whereas monthly and annual dataseawrsd sf aecn d |
seasonal variations in rainfall. The SPI,
hi storical averages over a defined tempor a
drought i ntensity, duration, rlaypydi deegiukeinc g1
surveillance of drought conditions.

3. Jemperatur e:

Appraising dai |y temperature extremes and
significant climate indéeracioals iImnmkaeandemapbd:
requirements and soi l moi sture | evel s. Thi
the rate of water | oss from both soil and

~4 0



interplay between temperature and precipit
intensity of agricultural and hydrological
scenarios by Dboost i naggevaavpacttirnagn spairlat mons tr
negativelggrimpulcttu mal yi el d. Consequently,

data, temperature data furnish a holistic u

3. Evapotranspiration:

Evapotranspiration (ET) improves the precis
water resource availability and ecosystem
evapotranspiration metrics intotdriomghsyshe
and proactive warning mechanisms. This sigl
the daily evapotranspiration deficit i ndex

attributes with enh(aznhcaendg2 e ipaolr.a,l gr anul ar

Drought Risk Assessment SPEI vs. SPI: The ¢
|l ndex (SPEI) i ntegrates ET, thereby indicse
Standardi zed Precipitation I ndexer(a3HAlo)n,s whyi
et al ., 2016) . Regi onal Di fferences: The ef
upon regional characteris-timbtedgad#hthone teloabrrIc
environments (Rehana & Monish, 2021).

3. Rlesearch Framewor k

The study synthesizes hiderowviedalda¢ mpiet is¢ ala
anal ytical techniques to evalwuate and proj
amal gamates a |l ongitudinal e X ami rdd tnigo nt ha fe e
decades, whi ch i mpacted crop yields and w
extending over the next three decades, e mp

hydrol ogical systems.

3. Dat a Gathering and Resources

This investigation employs historical dat a
decadesi2@4®B1 These ar e pivot al resources
phenomena within t he Mi tidja Pl ai n. Thes

~4 +



encompassing streamfl ow, precipitation, an

cruci al for eval uating hydrol ogi cal drougl
temperature datasets facilitate tdatet earsrse saf
Evapotranspiration. The previously menti on

including the Standardized Precipitation |
Precipitation ¢ nateevotfierissP-fvges,o Thhiegshen obser v at
dependable i nput for trend analysis and dro

3.4Vo2 | dwi de data passes

To augmentdetrhiev esdt adtaitoan and extend the tempor

internet sources, s pannWungeta ami.ds ima@gnl To)he 34

coordinate for selected rain gauge will be
(Cli mate Hazards Group I nfraRed Precipitati
GirdMET _4KM_ Dai |l vy, from climate

https://app.climatdédm@imnel.98rlg/tcd | 21@23En ¢ on d

station's dat a. Mor eover, t he CORDEX
https://doi . or g/fldr. 2MF3R8 14/ 4c,d sHibsct9olreidcca3dl dat a
data (2006_2045) to make downscaling and

|l ntegrating these gl obal and regional dat ¢
hydrol ogi cal reessideg ¢gapsebyn adhed station
comprehensive tempor al and spatial context
suppl ementary drought i ndi ces, validating

trends signihgcaegl gnafFfdcought occurrences

3.4CMhyd (Climate Model Data for Hydrologic

CMhyd is a methodol ogi cal instrument for e
from gl obal and regional climate model s. |

met hodol ogy, speci-tocaétyedbydattapbeunge da i

model s and downscaling techniques,; CMhyd
programming | anguage, empl oying a variety
NumPWan(der Wal't et al ., 2011) , Sci Py (OIl'iph

conjunction with the PYQ@u42cappel nc &t Semn ber a

~4


https://app.climateengine.org/climateEngine
https://doi.org/10.24381/cds.bc91edc3

3. 4FBafmewor k

Th€Mhyd ,t delvel oped by Rathjens et al . (201
mo d e | outputs for hydrological model i ng. I
techniques, ensuring that raw cli mate model

adjust ment makes the data suitable for eva
hydr ol ogi(cAEl. Kc.havmgecshi dowByetpradlv.ii ,di2a@l2a) r obu
data integration, the CMhydhytdooll ognlcahce®s:
climate wvariability and supports more acec
(Borden & Goodwin, 2022)

Simulated .
Observed . . . Simulated future
. historical climate .
climate data . climate data

Identify biases /
parameterize bias
carrection algorithm

Apply bias correction
algorithm

Corrected Corrected
historical future
climate data climate data

Fi gu3®i as correc(tRatnhjfearmsneavtor&!l ., 201
Fi gulB® Bi( as correction frameworKk outlines
empl oyed in climate research to correct bi:
met hodol ogy plays a crucial role in improvi

acawre projections and a better understandir

~4 3



=] CMhyd

Observed dimate input (ASCII) Climate Model

Select Variable =2 ~] netCDF Input ASCII Input

lect i th
Select bias-correction method Select Variable

Select Domain
Select Model

Select Evaluation /
HHHHHHH al Scenario

Select Future
Scenario / Experimen t

Select output directory

Process

Figu4@héMhyd apbseat elfhecangebiemditchaet e
st 8p& 28.3dpRat hjens et al ., 2016)

3.41 8BpAt Observed Dat a

Vari abl es: PreciFortnaatti:o nAS Cllelmpfeirlaetsh ooea:.cteai n
Hi stori cal observations {(Ratmhjremgs oghé adnoni
observational datasets yield precise, empi
geographical | ocales over protracted durat.i

with model outputs.

3.4CBi smhate Model Dat a

Vari abl es: Precipitation (pr), maxi mum Te
( TmiPre)rii ods: Period: The <climate datai encom
2005) and prosped20 4per) epdri ocjaet cetdi oonns r(e2p0rOe6s e n t
pat hway (RCP) scenarios, offering insights

greenhouse gas EeRasbkbjemstetja@ktpr2@s6) .

3.4PBeprocessing

Data Extraction: Retrieve pertinent <cl i mat €
ensuring alignment with the specific | ocati
| ocati ons) . Data Synchronizati omnd Awitrhelnati e

~4 4



historical time series for overlapping int

representation. This phase is paramount for
Ssimulations, ensuring that cameapiiaedincanedb
mat ched t e mpPatal| edmnst aestetasl ., 2016) .

3.4BBas Correction

Correction Methodol ogy: Employ sophisticate
scaling, which modify model outputs by empl
observed values. These techni gues arre fumed

across the data spectrumchbBelgea méEhaodel obmj

future projections by integrating observed
dat a. Distribution Mappingt o Appl gn smatdebt i
probability distribution with observed dat
Confirm that the rectified data <closely ¢
validation assessmentse {Thesmptales i gutcpurt
accurately mirrors observed climate data, r
(Rathjens et al., 2016) .

3.400tpput Generation

Data Format: -Acrcrhe ovteed hckatbasaest s i n for mat s
modeling tool s, such as SWAT (Soi l and Wat
corrected data can be effortlessl| yt einmattdgr a
Organi zation: Arrange the output by <cli mat e
period (historical or future projections),
systematic methodol ogy f acriilsiotnatoefs dihvee resaesy
correction approaches, (E&ahbhpensegewoankifl| o®0é

3.408tput

Bi £9rrected Datasets: This section delineat
bi-asrrected precipitation and temperatur e
encompassing both retrospective anasptsessp@ae
pivot al i nputs for hydrological model i ng el
under pin Tihrme mdariless: The conclusive output
bot h historlE€&i@05¢gpoarhcs fut uir2@4 3p)oreeicaat sd (

~4 5



Representative Concentration Pat hway ( RCP
seamless integration into Quyadriotlyo gA sxsad s smoed
segment entails the generation of comparat.|
that elucidate the disparities between obse
corrected informatiiohat Suahqualkiubaiizaei enal
process, thereby aiding inti adtimed hglidigc aep i
(Rathjens. et al ., 2016)

3.rought I ndices Calcul ati on

This section meticulously analyzes the met
drought indices, each offering unique insi
phenomena. The indices identified( 3mlc)l uadred

Agricul ture Standardized Precipitation | nde
3. 55tlandardi zed Precipitation Index (SPIl)

The Standardized Precipitation Index (SPIl)
entails the application of a gamma probal
precipitatGNsi drae¢laseffsat. model4yuantifies p
over various time scales, providing a more

enabling bmakiengdeci wabar (Raduetc.ealma,nazd@ing

The Standardi zed Precipitation I ndex (SPIl)

a gamma probability distribution to the ot
characterized by a probability density func
Q6 P ot o ThEicd n (Eq. 1

T34

WheUrepresents thhe ¢$hepasich@hetdmetmoamma func
Wdenothe precipitation amouftl oveamikmdcweas e

summi ng the monthly precipitation data over
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p T0 ()
1 rép P = hi 1 (Egqg. 2)
Wher e:
~n p S oA
o | lw z ' Tw Q (Eq. 3)
For n observation
The next step involves cal @wgUatamgi nhempcluan
gamma functi on. Because the @amnla da smadibfu

cumul ative @YylotbawabrbogdudHdd to aprewainpi tfaotri

probability (Asadi Zarch et al ., 2015).

oY n p N Ok (Eqgq. 4)
Where q is the probability of zero precipit
The final step transfoms Itnhe d¢lmulsdtainda r mr
variable Z, representing the SPI value. Thi
Wuet al . (2006) :

@ YOO o © 00 &0 ( E 5
* Y 0 06 Q0 Qo q

~ ~

FoOoH (o0 .05, I—— (Eq. 6

An 8l DBHX)<1.00 | I—— (Eq. 7

The coefficientcQ, c1, c2, d1, d2, andd3 are constants provided by Abramowitz and
Stegun (1965).

Tocomprehassmsiset gr dirogiigha ISPhaltweemeas mput ed on
various timescal es, i-h),] udl i meagn) tam 36 u(@BBh)t ,.h s mo n
and 12 meln2t)h.s T(hIPRI t empor al di stribution o
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characterization of drought (severity, inte

|l nterpretatiessemt$SRI Vvarueategori zing met e
Tab7l 8&: cl| as ssiyfsitceamt iboansed on t he SPIlI, RDI, an

SPlI, RDI, aDrought <categ

Val ues

1.51.99 Seveweely

1.0 1.49 Moderwet el y

-0 . 19099 N e &Normal

-1 .1 a.49 Mo d e draughe

-1 i BL.99 Sev drmuiht

(Source: Jang, 2018)

3. AgZ2i c bBlttanmrdaPdecepdinaasSpPh

The Agricultural Standardi zed Precipitatioc
i nstrument for assessing agr-scaltar alegdopaoe
| everaging commonly availabl e met eorol ogi ¢
evwmdti amegpatctei pitati on, which i s essenti a
integrated into the Drought |l ndi ces Cal cul

efficient drought characterizati on and ma

mai ntaining agricultural productivity in ar
al ., 2022).

The I mpact of aSPI on agricultural produc
precipitation measurement, which directly <c

accurate assessmentt lodnadiotpi omaale ri mdviad d sa bti H

this aspect (Tigkas et al ., 2022) . Further.
stakeholders such as farmers and policymak
all owing for prooamitti ve@atmetsdvoenrss etr oepf f g C el
straightforward application of aSPI i n ope
routine agricultural mmaalkaigregnemrt g ¢ @ Inpe O vii erlga
and water resource allocation (Tigkas et al

~4 &



The computation of aSPI within the DrinC fr
i Rigubpepwh(erein the corresponding index is di
per mi ssible for each dr-oogmal i adeéxgé&mDma en
both deemed appropriate. for the derivation

= -
%= Drought indices (=53]
Drought Index
[1 SPI (Standardised Precipitation Index) aSPI (Agricultural Standardised Precipitation Index)
[] RDI [Reconnaissance Drought Index] [] eRDI [Effective Reconnaissance Drought Index)
[] SDI [Streamflows Drought Index) Precipitation Deciles ([FD])

aSPIl [Agricultural Standardised Precipitation Index)

Dutput file: C:A\Documentsidrought_results\aSPl-Bm. xlsx Browse. .. Open after calculation
Dristribution
@) Gamma ) Log-normal
Effective precipitation [Pe] estimation method
@ U.SB.R. (O US. DA [CROPWAT version) () U.5.D.A [simplified version)
O FAD. ) Mo modification [input data is effective precipitation]

Calculation settings
Reference period [time scale)
) 12-month ) B-month ) 3-month O 1-month (®) Other [define)

All All All |6 ~ |-rnonth [Dec ~

Time step [calculation time interval]

(@ Arnnual ) Monthly Group results per period

Multi-points mode Help

! Calculate

Fi glb ®r ouigrhdicaé¢ € ud eattti iomg s

Il n gamma distribution, the probability dens
W —2— o QT HEW n (Eg.8)

| whigahnlbar e shape and scale mpar@mené@randresp

G i s tl’ﬁejn@)gn'briﬁmma'ﬂ:d)

The paroamEtaenr she esti mated by:

o) TE‘)Fﬂ () £ g
s P P r (Eag. 9)
I'n whiiclh Z— Moreowesr t he | engttihmd yeamrisds of |

The cumul at IGKe ipy odbearbiiMad yfrom Equation (6)
~4 9



0w “ch'chT :r ®w Q7TQw (Eq. 10
LettimdgEqtuatix/n (8) becomes the incomplete
06 % O 0 Qo (Eq. 11
As already mentioned, the above i®fdeftinec

precipitation for a selectvabbupeprobdabsl zeyao

cumul ative distribution function i s:
Ow n P n Ow (Eq. 12

Tabdl &@r ought <cl| assveasl ubeass.ed on aSPI

aSPl Value Category
02.00 Extremely wel
1.50 to 1.99 Severely wet
1.00 to 1.49 Moder ately we
0.50 to 0.99 Mil dly wet
iT0.49 to 0. 4 Nor mal
T0.50 to 1O0. Mi |l d drought
T1.00 to 11. Moder ate drou
T1.50 to 1T1. Severe drougt
o1 2 Extreme droug

3. Drdulgphdti Caelscultaad li on

Drought I ndices Calculator (DrinC) software
of At hens. DrinC, r eacrotgsré rzieedn riftl @yrrhfaigsts @ ,vveer s a
i nstrumkemad weddlysisacr oss diverse regiongsyripmgarti
areas (Tigkas, 2008; Tigkas et al ., 2015) .
il 1l ustFri gtu@k s hows i€ BIRIUlandons in this st
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= DrinC
File Edit Data Process View Window Help

BEMEER BB

" 22 || % Drought indices =

Inguat fies Dicught Index
File location [ SP! [Standardised Preciptation Indes)  [] a5PI [Agriculural Standarcised Preciptation Index)
Fracipitation data Fle [res] | \Ussrsimes\Decuments\Drought atsestment andmontoer| | Browse. ] RDI (Reconnaissance Drought Indes) [ eRDI [Effective Reconnaissance Dicught Indss]

FET data fle fmm) [CWsersimest0 \Drought 53 (i, [ 5D (Stresmiow Drough Index)

3 C\ser Oy \Drought Browe. 5Pl [Standardized Frecipitation Index)

Dt avalablity Dupat e CAUsersnes\Documents\Diought sssessmant| | Browse..  Open aiter caleustion [

Load fles

®0ct- Fist 1962 ~ Distrbui
D s [ Symtietic seiies eibuon _

fHypearr [ - Calculate PET ® Gamma O Lognomal

Calculation settings
[ Dsta losdl epticas Hep

Rederence periced [time scaa)
12 marth : {®) Dithet [defing]
12~ imonth t

Time sep [calculation time interval] S Help

Oroud @ Monhly [ Group esuls per period
Calculate

Fi gL &raphisealt e &lddcher i nC

3.Ter end Analysis

Examini arganlgn mgd patterns | inked to climate,
provides a crucial understanding for develo
change concerning agricultural management a

Mu l-stcial e trend analysis of met eorol ogical,

provides vital information for developing m
frameworks for agricul tural pl amma ng kKuma rw,
2018, Poonia et al ., 2021) .

Trend analysis tests can-pheameassicf medhas sp
tests require data to meet nor mal-paryametdr iim
tests require only indepedrmrsdeamgecpa r(@a@auectivrci c& Mar

Kendal | estimator test, t hi s s+aunddy - uwsnend

drought trends. in the Mitidja Pl ain

3. TThe MeemdemMK) (trend test

The Modi f-Kendd aMmakKn)n( mr end t est enhai#«easlal he

E x

(MK) test by addressing issues related to
dat a, whi ch can skew resul ts. Thi s htmod i
assessment , wher e accurat e trend det ect i

management

f

(0]



The Maennnd al | ( Mann, 1945; Ke rchalrle,l| alt M5 )a stsre
of the order of observations anwli dehleyi rapplme

to test for significant trends in hydroclin

The test eval uat ¢9 toHe nmou ltkrhabhydpeoat ghdet srose & (

monotonic increasing or dec-Kemdahtf SeEsandst
calcul ated as foll ows:

Y i Q& (E®. 1
Wher e:
Xj] i, ®bserved dafjanidv arl eusepse dtoirv g/leya.r s
nn Total obsmberatofons in the time series.

sgn{ix) Signum function defined as:

phHQ" Qo &'Q p
i Qb Qo mRQOERQp (Ed. 1
PhQ Qo &®Q p
Whenn O 8is approximately normally distributed with a mean of zero and variance

computed as follows:

., Il p¢l v B 060 pco v (E®). 1
Py

Wher e:

m: Number of tied groups.

0: Siitdiefd group.

The standar diZzMEXB :t est statistic
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Y p

v———HQW T
P i
&) . QW T (E®). 1
I[P «
> Yp"..,
'"E———HQW ™
v wwl
A positivEMKmadegat iima)i cates an increasing (

| ZMKZU/VRal ue at the desU(r5&ah gihgrsi fsitaadnyce ilnedl
signi fi eeanocee.dNomuafy ZWKBUW/,@enoting no detect

3.Brought Assessment Accuracy:

Studi es have -Mk otwens tt hcaatn tyhieelnd di fferent re
particularly in identifying significant tre

is critical for planning anddimaentagelme,nt2 QLD

3. ncl usi on

This cohuaptitneesmet hodol ogi cal framewor k and
eval uat e agmeitcecwlrtadlrrasgligdansd wi t hin the Mitid]
heterogeneous datasets, advanced analytical

tcoomprehensi vetgugmtdepat baedns, their temport
t heir i mpltiheatr equisonf'sr wat er resourcdséeeand

met hodol ogiemaslumtegspdoagh’ accuracy, fee&liingbi |

actionable insights for sustainable water
resilience.

The study area, the Mitidja Plain, is chara
and agricultural significance. Il ts Mediter
production make it a vital agemgiiowml tsursalls cleyph
drought, exacerbated byxtkramaienvafi glioluint
significant chall enges to water availabili
description of the studlyamaetderi atcil aslj nlgy d
geol ogi cal featur es, underscores the I mpor:t
i ssues of drought and water resource manage
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i n
dr
mi
hi
dr
de

I n
i n
me
un
t h

r e

e research design adopts a quantitative ¢
d gl obal dat asets to anaDryawegHtr ciumgditc d ¥ ed
andardi zed Precipitation Index (SPIl) and
SPI ) apmdvaitdeed ed assessment of drought <con
ing advanced tools |ike the -Dooughbtetndlc
del data from CMhyd, e ndarbo ueg hat nsueavnecreidt yu,n d

equency.

end analysi s, conducKendd atMK )n(@gme shte, Mofdfi e ri s
sights Ftnetrom tphaet t eong of met eorol ogical,
ought s. This analysis is essentioalksfoaro d
tigate the adverse effects of cllntmagreatcihm
storical data with futurecapitmate prsjean
ought d yannatmi ccisp aa recs fswtpwproe t c mg!l Ilpagmped, ve

c i-md koinn g .

concl usi on, t his chapter l ays a solid
terpretation of drought phenomena 1in th
thodol ogi cal approach, the study ai ms t
det anding of drought i mpacts and to provi
e resilience of agricultural systems and
sources in the face of increasing climate
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Observed historical Simulated historical Simulated future
climate data climate data climate data

Identify Biases
Apply Biases
algorism correction
Corrected Corrected

Data Collection & o
historical data future data

Preprocessing

Drought Analyses
R S 1
|
I
A
Figur®et hodol ogy frgmewor k summa
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ChaptRESUILTS AND DI SCUSSI ON

4 .Cl eaning Dat a

I n
c |

i n
ou
p o
Th
t e
t h

co

Fu
St
en
t e
re
t h
en
to
f u
di
ma

mo

this research, data coll ectedatfhroamumihne
eani ngrandsprpepg to guarantee precision a
cluded detecting and rectifying inconsi st
tliers in the initial d artea siert .t Dau ea rt eoa ,t he
rtion ofwatslbee ndawod®dtta outdated, with recor
ese ol derundsauifteeelilsecowesepochr asr éehey did i
mpor al resolution Weqappleided oCMipyad cs cfet waa
e data to a finer spatial makolngti aon atp@r

mprehensive regional anal ysis.

rthermore, WPSOI(i mazedHahar €HI Group | nfra
atipont dalt at o cl ose the data gaps, resul ti
compas sitrmg i c al and future peandodgap Thgs
¢ h ne nqaubeleendv ecratarnsge gl obal or regionai clim
sol utmoare degtpd i cabl e to | ocalized researc
e accuracy of our climate projections, |
vironment al condi tsipoencsi.f ilcn ccohr goroar catt @ rnigs tsitce
more predbiased poediicconons. The refined c
ture timelines, is essenti al for compr eh:
stinct condi tUlotnismaatfehligsa c he tshfcadrarheoty yd ead idssi
king in environment al pl anning and pol i c\)

st precise and current data accessi bl e.

4 BRais Correction

On
bi

r e

Ta

e of the Bias correction methotsneartpewk
as corr etchtwiasn ametihed Sbi asruschgCH&ERPRP ga
f erGorsche me et al ., 2019)

bol d.i near scaling method factors

Mont MEURAD PONT (Tl PAZHAMI Z | OULE|PONTBARAK MOUZAI| SOUMA

BARRAQG 7 BARRAGALI D9 A
HADJOU
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Apr|0. 55 0.583 0.52/0.52 0.5 |0.4/0.44|/0.64 0.61

May|0. 74 0.69 0.69/0.53 0.6 |0.5/0.63[0. 83 0.67

Jul 0. 13 0.09 0.07/0. 14 0.180.1({0.09|0. 12 0.17

Aug|0. 19 0.16 0.14/0.12 0.130.1(0.18|0.17 0.18

Sep|0. 5 0.52 0.5 [0.47 0.48/0.4/0.62|0.65 0.58

Oct|0.62 0.58 0.540.56 0.630.5/0.65|0.7 0.68

Nov|1l. 86 1.92 1.89|1. 37 1.451.3/1.59|2.06 1.69

Tab(l%p4)esents the biasutbinestithe hacesesar

e
p
v
u
e
u

c C O O

nhance weather model forecast s, ensuring

atterns throughout vari ous mewi tssenats ©hal c

ariations that influence the model's dep
nderpredicts rainfall during the winter mo
xampl e, November regi ster s2.t0Oh6e, hsiigghneisfty ibniga
nder esti mdtli ocno npfarreai nfoa act ual dat a, hi gh

mprovements to boost the precision of wint
ummer months, such as July and August, the
octeon factors recorded at | ow values (0.
verprediction against the observed rainfal
ower and more inconsistentFrrodamdlhbthe pathe
orrection factors are moderate, with June
42, suggesting an overprediction of rainf
nderline the critical ereedtitmataidomustandeum

' ti mately endhacarcecaigbitlhiet woaedoss all seaso
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4 RBainfall Analysis

I n this study, we analyzed rainfall data ob
the Cumulative Distribution Function (CDF)
corrected data produced by CMhydvadfutawar & .h
di stribution of rainfaldl amounts across var

and corrected datasets correspond with act

rainfall, we d$ow@dhty beasdetoermiche ondptadess
accuracy, espaacaeadilyt ideasamialli tfyl uctuati on
occurrencdsibBetanad ysis is vital for compreh
the reliability of rainfaldl projections and
MEURAD BARRAGE
1.1
S et T LT
0.9 1 ~--"
0.8 1+ g
07+ £l
06+ .
005+ v’
©o4+ ’/’
82 :/’ - === Bais Corrected_Data Uncorrected_Data
0.1+
0 : : : : : : : : :
0 50 100 150 200 250 300 350 400 450 500
Rainfall Manthly (mm)

Figu84&h@umul ative distriaMetuiran fBamc@igen

The Meurad Barragle@.y acommaadd e sl att lne guwmedrcr edt
datasets through the Cumul ative Distributi
grey | ine) tends to -pumaeireisttdtmadre man tnHsa | (
overest i nAparteeciiipm thmidqh hs (over 300ocm)yectepdcde
(dashed blue Iine) aligns more closely witHh
predictiThhlei medebrrecti omesimgaiifdfialaintprye cindta
demonstrat ano dtedild sICiMhy dt o adj ust for underes

i mproving its reliability.
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PONT CW 7 HADJOUT

Rainfall monthly (mm)

1.1
08 T =\ et m—
0.8 + e
= 0.7 + So”
w 0.6 + AL
o o5 T y
O 04 + P
0.3 + _2*
8:% ¥ - === Bais Corrected_Data Uncorrected_Data
0 } } } } } } }
0 50 100 150 200 250 300 350

400

Figu94&h@umul ative di

striakhuttioomn

fCoWh @t iHam j |

FiguOe 4¢ompares unadjusted rainfcalrlrerce edr dis
(dashed blue Iine) at Pont CW 7 Hadjout. T
totals of 200 mm or | ess and over egrniifmact aenst
i naccuracies in the modelcosrrpercetdeidc tdiaotnas .s hlo
hi stogram, indicating bettEehricaasl icborrarte cotni otnc
enhances data accuracycahdroheei comes oivi & |
ensuring reliable forecasts.
TIPAZA
1.1
14 B I
09 4 N
0.8 + e
& 06T
5823-- /-,'
© 8% :,r’ = === Bais Corrected _Data Uncorrected Data
o1 ¥
0 } } } } } } } } }
0 50 100 150 200 250 300 350 400 450 500
Rainfall Monthly (mm)

Fi ga04&h@umul ati ve

Fi gwro¢ 4compar es

U n cooo rrreecct teedd arnadi

di striabutTi pmazfauncti o

nbf i aal sl dat a

significant di screpanci es. The uncorrected
while +flherd&dbcted data aligns more accurate
unocr rected data occasionally overesti mates
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severe t han t he underesti mati ons at | ower
effectiveness of bi as correction i n refin

reliability across various rainfall ranges.

HAMIZ BARRAGE

22 - === Bais Corrected_Data Uncorrected_Data

CDF ¢)
000000000
LA T T T T T T T T

\

OoRNWRUIBNOOREF

100 150 200 250 300 350
Rainfall Monthly (mm)

o
a1
o

Figat@&h@umul ati vef wn g(ttGrDdt) u tHiaonm z Bar r age

Figernd)( compares uncorr-eotrtedctadnfiath dartat
showing significant differences. The uncorr
and slightly overesti matceosr rietc taebdo vaed y3a0voarkmh g
observed trends, enhancing prediction accurt
rainfall forecast s, which is cruci al for e
deci-mdakinng in irrigatiomit ifdatoidonc ondlrtoil mata

sustainabl e water management

OULED ALI
11
i+
0.9 + —==="
<077 e
w 0.6 + foZ
O 05 + Z”
O 04 + g
8% ::,_o" = === Bais Corrected_Data Uncorrected_Data
0.1 f
0 } } } } } }
0 50 100 150 200 250 300 350
Rainfall Monthly (mm)

Figa2&h€@umul ative distriabutOiue e df Ahct i ol
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Fi gwRrde) (compares unadjusted raiqtiballectdatadEé
(dashed blue 1ine) for Ouled AlIIi, hi ghl i gh
applicatconr et ibormss The wuncorrected data coc
l ow intensities, particularly around 200mm
300 mm. I n cowtorasetct edthelabaasal i gns more cl
demoatsitmg a significant enhancement i n the

i mprovement wunderscores the effectiveness ¢

and ensuring they better reflect actual rai
PONT D9
1.1
S S
0.9 + —"——’_-
<07 T ST
w 0.6 + 'd
o 054 ~
o041+ A
8:% 1.7 = === Bais Corrected_Data Uncorrected_Data
0.1 ¥
0 : : : : : :
0 50 100 150 200 250 300 350
Rainfall Monthly (mm)

Fi g2a34&h@umul ative distrialbutioomn D@Oncti o

Fi gWr3e) (compares wunadjust eadj(uwsotlad (gdaesyheld
precipitation data for Pont D9, revealing Kk
The unadjusted data consistentl yo u2nOdOe riens t i n

conttrhaes-akdijausst ed data aligns more closely wi
the effectiveness of the bias correction in
rainfall totals (ogwédr d&808& &mmj) ghttlhye w@wmerdg wut
although the deviation is minimal compared
|l evel s. This comparison highlights the i mg
reliability sof rainfaldl forecast
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BARAKI
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14 S

0.9 4 —

0.8 4 -

<074 s
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Figaddh@umul ative distrialBatria&km functi o
Figkrle (presents the Cumul ative Dilsacgatbiudn o
comparing uncorrectedof(settddgf(dashedebhl| aac
The uncorrected data consistently wunderest.
Il n cotnhe wwirasect ed data aligns more closely
the curve flattening to reflect more accur
slightly overestimates rainfall for oamount
compared to the signlidwerantaiumfdelrle smo mtah s .0
whil e the model performs well for higher ra
mont hs with | owercpreecpiedatdtiadcm. eThechi ael
providing a dmarce urralticabrlegpremsent ati on of r ai

MOUZAIA
1.1
[ EEEEE——————
0.9 + ‘7"'—
0.8 + -
ToT "
505 T o
oddr
8:% ::" = === Bais Corrected _Data Uncorrected_Data
0 : : : : : : : : :
0 50 100 150 200 250 300 350 400 450 500
Rainfall Monthly (mm)

Fi g5 €&h@umul ative distriaMotwwizam af uncti o
Fi glkrsle) (compares uncorrected r atcmofralelcteat a:
(dashed blue Iine) for Mouzai a, highlightin
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predictions. The wuncorrected data consi ste

indicating a c¢l| eaar rbeicatse,d whaitlae atlhiegvigi lamso r e

rainfall patterns, demonstrati ng defdfagcat isvd
overestimates rainfall above 400 mm, the di
underesti mation at | ower | evels. These find
bi ases, ensuring more acgubat ®oe meddiwat ieong

pl anning and management deci sions.

SOUMAA
1.1
1+
81 .
<07 + atial
w 0.6 + ~"'
o 054 A
O 04 + Pl
03 1 _o”
0.2 bz
O.(l) T : ——-- Bais Cprrected_Data I Uncoryected_Data
0 50 100 150 200 250 300 350 400
Rainfall Monthly (mm)

Fig2a86&h@umul ative distrialbwtuimam functi o

Fi g2l 4Compares uneorrrrectteed amd nlfiad d dat a
revealing key insights that can guide water
data consistently wunderestimates rainfall
conttrhae ichoirasect ed data aligns more closely

the effectiveness of the correction factors

data slightly overestidiasesepanoayail$ mbooe
more significant underestimation at | ower |
addressing biases in data and model s to ens

for effectiveegdwrnne nganagevmdretr, ri ncl udi ng

preparedness efforts.

n this study, we evaluated the i mpact of b
he Cumul ative Distribution Funetoirarec(t @RF ) e
rom nine meteorological st ateinodn swh eTrhee urnecsou

ata underesti mat-grde criap intfaatlilo nd umao mtgh sl oawn d

Q_Q_—hr—"

uring@rbacghpitati oncoeawerncttse.d Tdhaet ahi gsr oduced
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aligned much more <c¢closely with actual obs

accuracy, especially in capturing seasonal
For stations | i ke Meurad Barrage and Pont C
underesti mated rainfall for amounts -Dbel ow
precipitation events albcoowe e3cO0e dnrdlaelsare caoornrtermc
of fering a more reliable representation of
observed at ot her stations, including Tipa

correction enhandeadc ctulreatrmd dJelr'esp ratsielnitt yoot h
totalT®ese i mprovements are vital for water
is critical f ema ki migorimed rdaqiagiiom, fl ood

efforts.

The analysis at stations | ike Pont D9, Bar s
of bias correcti onor rlenc teeadc hd actaas es, h aavweed ba amt

observed rainfaldl pat seremshanwegmede rpsrceadriicntg Vvt
Soumaa, the bias correction addressed syst e
and slightly reduced overestimations i n hi
correction's valueyin refining model accur a
Il n conclusi on, the findings from al/|l stat
correction in improving rainfaldl predictio
with observed rainfall patterns.eskeinasatcontr
r ai refsesleln,t i al for climate research and effe
reinforce the i mportance of wusing advanced
in precipitation dat a, uhd K imredg efl gr ssupptoaitn a
pl anning and environment al management .

44Met eor oDroagu ActedlIsy s i

This section analyzes meteorological droug

Precipitation I ndex (SPIl) at different ti me
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1-month of SPI

SPI Value
o
o
o

Fi garT&hemdnt h Standardi zed PMEWLRAD tBABARRAGH n
(19288040)

Figure @74) presents the-fnonth Standardized Precipitation Index (SPI) at Meurad
Barrage from October 1981 to September 2040, highlighting significant-tehiort
drought events. Key droughts occurred in 1990, 1998, 2000, 2022, and 2030, with the
most extreme beinthe June 2030 event, marked by an SPI valu 8fL. The graph
reveals a mix of wet and dry months, with approximately 15% of months classified as wet
(SP1>1) and 12% as dry (SP}X. The analysis shows that while damp and dry periods
arebalanced, several severe drought events, particularly in 2030 and 2027, emphasize the
need for monitoring shoterm drought conditions. These findings are crucial for water
resource management and regional preparedness, highlighting the potentialefoeextr

droughts in the coming years.

3-month of SPI

4.00
o 3.00
1=
g 0:00 \‘ | i H “ :“::: | ikl
5 -1.00 | ] Al RIS
n -2.00
-3.00
-4.00
N D oD N HOP PN DL DN LD DN DD N HLD
5 R R XS S S DS S AP N NV VS e
QQJO ?\Q« \)Qo O‘?)O ?Qk \}% QQJO vQ« 0% QQ)O ?9& \)% QQJO v.Q& Qéo QQ;O ?‘Q& v\)%
Year

Figa84&hemdBnth Standardi zed PvMEWLHRAAD tBBARRAGH n
(198Q@40)
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Figure (4.11) presents then3onth Standardized Precipitation Index (SPI) at Meurad
Barrage from October 1981 to September 2040, providing insights into more sustained
wet and dry spells. The analysis identifies several significant drought events, igcludin
the extreme 1989 drought with SPI values315,-2.61, and-2.06, and the prolonged

1991 drought, which reached its peak severity in December. Additional droughts occurred
in 2003, 2005, 2011, 2018, 2025, and 2030, with SPI values belovwwWhile we periods

(18%) occurred more frequently than dry periods (14%) over the 59 years, the most severe
droughts were observed in 1989 and 2011. The wettest periods were recorded in 1982,
1992, and 2016, with 2016 being one of the most extreme wet periode. fiftegs
emphasize the importance of monitoring mediemm drought conditions to improve

water resource management and ensure preparedness for both dry and wet extremes.

6-month of SPI

3.00
2.00

100 |
0.00 !

-1.00
-2.00

-3.00

-4.00

SPI Value

Figa94&hemdnt h Standardi zed PYMEWKLRAD tBBARRAGH n
(198804 0)

Fi guwr3) (pr esemotnst ht iS¢ addar di zed Precipitati
Barrage from 1981 to 2040, revealing signi f

year s. The analysis identifies severian sev.
May 1989, wher e -B.P34 ,vailuckisc ateiarcdheal peri od ¢
notable droughts occurred in December 1991,
by SPI vadluesl nbecloonw r ast , wetr epefri @qg s e ntelrye,

significant wet spells in May 1982, July 1
January 2017, mar ki ng an exceptionally dam
often than dry periods (15%)v,erien,ditchaet irnegg itohr

experienced more rainfall, with these fluct
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SPI trends for effective water resource ma
emphasi ze the need for atdaepmi deosghaseg@gineées

spel |l s.
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Barrage from 1981 to 2040,-tkekrghdrobhghnbhgepeées
most extreme droughts occurred in 18826and
i n August2. 129289 namdbdkecember 1991. Other notabl
2011, 2018, 2025, and 2030, with prolonged
these dry =event s, the analysis al s202 %) ev e a
compared to dry periods (16%), with the wet
being one of the most extreme wet periods.
preci pi ttahtei 05n& noghveedrh® | mpor t anc et eafm nlda nmoiutgadrtis

manage water resources effectively and ensu
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i ' l bt lo s “ Wil ”r' M.l
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l1Month SPI Tliim@®Bcale (198
Dur at i (
Onset| Ter mi n Mont hy Severi| I ntens
No-8 3 De-8 3 2 -2.18 -1. 09
Ma 38 6 Se®6 5 6. 36 1. 27
Fe®8 Ma-8 8 2 2. 02 -1.01
Ma 8 8 J udh8 2 2. 13 -1. 07
Fe®9 No® O 22 -36. 14 -1.64
De-g81 Au-§ 2 9 -12.80 -1. 42
No-9 8 O0c99 12 -14. 67 1. 22
De-@5 De-8 6 13 -30. 49 -2.35
May 8 Se(p8 5 5. 53 -1.11
Aptl Mai 1 2 2. 02 -1.01
Oc1l1 J aln2 4 4. 22 -1. 05
J uIn3 J ull3 2 -2.00 -1. 00
J aln8 Oc138 10 -12. 31 -1. 23
De-25 Ap-2 6 5 7.59 1.52
No-3 1 De-81 2 -2.64 -1. 32
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No-@ 5 J a6 3 -3.81 1. 27
Fed®8 Oc3 8 9 -14. 21 -1. 58

The anal ydils) idnetTaaibllse nfet eor ol ogi cal drough
usi ngmantlh2 Standardized Precipitation | nde
significant drought evemosthrdrbughti ghomdF
to Novembewi t1M 9& -36e viedr iatnyd oafh. 6 At eanmthtt i 4 3
drought from December 2005 t-30 D&% eanbcdrarn 0i016
of2. 35. Shorter droughts in 1983, -29@8@, amcdcd
-2 . 1md i ciating that even brief dry periods ca
of droughts in the 1990s, 2000s, and 2010s
drought s, rangingifgmomi @ amgo li fAil mpuawahls syst e
resources, under sdcerrimn gnotnhd omeed fammd porg a
analysis emphasizes the complexity and var.i
highlighting the ompgditt anmmcnagefjmeeatf adtdi wa r d

systems to ensure the sustainability of wat

1-month of SPI
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HADJOUT( 1 92804 0)

Fi gBrZe) (presemwoins ht Seambdardi zed Precipitatio
Hadj out from 1981 to 2040, Hieg m ingehtteionrgo |
drought events. Not abl e drrecaicghhit@@ionc cMiaryr eld9 8
reac-Bi8Ag; in DecemBenO]lD8bhdberadbBBEEG, with
the 1991 drought Sheginngritcbhgnhtmestvesevebser vec
2018, and 2025, with prolongsdsdayssepehbwed
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freq ncy of wet months (15%) compared to
occurring in 1982, 1987, 1997, 2015, and 20
findi

water resource management, @I etchg@inadiiom ex
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Hadj out from 1981 to 2040, Hieg ml ingehtteionrgo | ©
droughts. The most extreme drought -Dct@rred
foll owed by a notabl e dr2ou7gsht. Ot hNeorv esnmibgenri f:
were observed from February to April 1989,
2030, with many events refletowsgthmraol ovedge ¢
occurred more frequently (HA8%WPOtwialmh srlye pwe
periods observed in 1982, 1992 .da2melr5i, o da nidn
2020. These findings underscore the variab
i mportance of mcoerrim odrrionugg hme dciounndi t i ons f or
managemematmdd awset periods can significantly
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6-month of SPI
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The most extreme drought occurred. 2893 May
an2. 08, making it one of t hesidgrniiefsitoccuapghat B O ¢

occurred in December 1991, November to Dec
2011, November to December 2018, moFsethrsueavwer €
events occurring in 1989 and 1998. The ana

frequently (20%) than dry periods (15%) ove
in 1982, 1992, 2015, and 2020, 2@2@pecTheésg |
highlight the variability in precipit-ation

term droughts for effective water resource

9-month of SPI
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Fi gBrag presemamnst t ht ad9ndar di zed Precipitatio
Hadj out from 1981 to 2040, hi ghlighting se
extreme drought occurred from May td4d.3&pten
te3 11, reaching its driest poi nt I n Augus
prol onged event from December 1998& .t06 FReldr u
2.14, and severe droughts in November 2004
May 202®monithe S®1 analysis shows that wet pe
than dry perthaes59 2WRr @véerought s, particul
were significant, -wex6,pe201lo5d,s amd 120022, 1i9rOc5
extreme in 2022, were also observed. This a
medituem m dr maghge Wwater resources effective

in precipitation over the period.
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TabllleAnal yzing Met eor ol o BONT@A@W 7 HADIWUTYt nBat t e
alMont h SPI Tl2@Bcale (198

Dur at i ¢
Onset| Ter mi n4 Mont hy Severi] I ntens
No-8 3 De-8 3 2 2.07 -1.03
Ma8 6 Oc86 6 -7.02 1,17
Fe®8 Oc-8 8 9 9.73 -1.08
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Fe®9 No® O 22 -40. 21 -1. 83
J a2 Ap-9 2 4 4. 66 -1.17
Sep2 Oc9 2 2 2. 34 1.17
Oc98 Oc99 13 -:17.92 -1. 38
J ah6 De-06 12 -15. 24 1,27
J ah9 Feb®9 2 2.07 -1. 03
Seb3 Oc13 2 2. 14 -1. 07
No-t 9 De-t 9 2 2. 12 -1. 06
De-2 4 No#® 5 12 -22. 36 -1. 86
Ma-8 1 Oci1 8 -:11. 31 -1.41
No-3 4 De-8 4 2 2. 27 -1.14
Sed5 Oc35 2 2. 15 -1. 07
No-3 8 Fed9 4 4. 46 -1.11
The anal y$4s idetBablse meteorol #gintcalCWdi7otlgtt
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1981 to 2040, hi ghlighermgmeéeeeral ogigal f di
The most severe drought occurre8. 1h, Dfecleimd
by another si gritfoibeantl 9®r8q u gMi2t. hi Ga nO0OS fhle r v alc
droughts occurl.eld7)i,n Niay 61)NBIA N BelbBOyar wi 2
some events showing prol ongedl.dsr7y)n easnsd, Jsuuncel

2. 04) . Oyesar whe peBriods (25%) occurred moi
(20%) . Despite several severe drought s, p a
highlights some extreme wet periods in 1982

var i alpirleictiypiitrmti on patterns antdertrhedri anpgphtts

effective water resour ce management .
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most severe drought occurred #2n8Bbebrfwoaitypwt
another significant drought i-2n. 5NBo.v eOrtbheer 1mOc
droughts occur-tefd4)n DeneémAd®)8,31 Mall.cdh2 2D 5 |
May 2Q@14197], indicating prolonged periods o
periods (30%) occurred more frequently than
mo s t seveoecdromedBBd and 1998, stlxtsemdy we
periods in 1982, 19BHEL, gHI99@ht 20tlbe wadi 20i2
patterns and emphasizes tkem chpougbadhsefof m

resour ce management .
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drought occurred in May3.R®889,f owiltolwean b$Plar

dought i n November 192849wi Ohhaen SPgnivlail ua
recorded i4a. 34he DOBOMBdE), 19D H49)2,00dbnd Sept
2011. £3) , indicating notable periodsesdwef dr

(25%) occurred more frequently than dry peil
highlight the variability in precipitation
1987, 1993, 2015, and 2020. Tnhoenisttoudy gu mdeedr

term droughts to manage water resources eff
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TabllzeAnal yzing
Ti mescdl@&@)dP( 198

Met eor ol o QgPAZAU s iDliEVenht th FBaPtlt e

Dur at i (
Onset| Ter mi né Mont hs Sever.i I ntens
No-8 3 De-8 3 2 2. 35 1. 17
Ma 8 6 Oc85 6 6.65 -1.11
Fed8 Oc-8& 8 9 9. 23 -1. 03
Fe®9 No9 O 22 -38. 88 1. 77
J a2 Ap-9 2 4 4,29 -1. 07
Sep?2 Oc9 2 2 2. 22 -1.11
Oc98 Oc99 13 -17. 41 -1. 34
De-@5 De-06 13 -28. 35 -2.18
May 8 Sep®8 5 6. 21 -1. 24
De-t 1 J aln2 2 2. 04 -1. 02
J aln8 Oc18 10 -12. 96 -1.30
De-2 5 Ma-2 6 4 -4.60 -1.15
J ah8 Febd8 2 2.47 -1. 24
Sed8 Oc28 2 -2.13 -1.07
No-3 1 De-81 2 -3. 37 -1. 68
No-B 5 J ado 3 -3.55 -1. 18
Fed8 Oc3 8 9 14,72 -1.64
Table (12dé4) aahsal ymeie®or ol ogiTa gplazdi? @ daPiBdl p at
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peri ods.

sever al

Among

significant-tdrmug-hdr modgys

t he

mo snto ng v eervee nd r o o gohnt sF eibsr

Novemberi ta B9 6 xt we me3 8s.e8v8e raintdy adnf 7 7n,t emnmaskiitnyg oi
of niohset eahdnedt i droughts in the de
a -mM8nth drought from Octobetrl 7L H98 :tHlon B@Atsa k¢
and -rmo rlt3h from December220385,
-2.18) . prolonged

on
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drought tiontDe
underscor e
agmionakht ot ha
September 1992, a
dry {f£e0id®d.déog . wlheh

These drought s
resources hasd
1983,

sever e

regional water
November

but |

event s i n

frequent ess
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cyclical nature of droughts in Tipaza, part
recurring vulnerabilityThe &madleysiasn de mphod soir
for effective droughtt emnam angaetneern tr esstoruartceeg i pel:s
warning systemse teveaddresisnctrreeasi ng Thirequ
understanding is cruci al for ensuring sust

regi on.

1-month of SPI

SPI Value

Fi gaa2&hkemont h Standardi zed PHARIZBARRAGEt i on | n
(19288040)

Fi gurde) (presenoing ht Ise¢ abhdardi zed Precipitatioc
Barrage from 1981 to 2040, -theirgnh |drgohutg hntg esvee
most severe drought occurred 3n 2B3ec dmld dro wk'
anot her extreme drought i n-3068B830b®t hE99 8ot wibt
were recordeéd. BA) Mapuld.0B8BO) 2 0DSp-l(etmbpr E6 DDLU
2018.29) , andl.Jln)e, 2wli2t5h (s e vbeerianlg ocfh atrraed e r
prol onged dryness. The analysis reveals tha
periods (15y¥®arowletr h etiegrhnb &heotreeor ol ogi c al dr o
1991 and 1998, had a notable i mpact. These
shdgretrm droughdteerfde®mrdiitvieomwsater resource mana
were observed in 1982, 1992, 2015, and 2020

periods in the dataset.
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Februar-y. 29)1l-8vohhdé BPI analysisnacyvefal weta e
(20tohamy perioddg helHW) ¥VHoewerser , significan
observed, especially in 1989 and 1998, emph
These findings highlight t-ther m mproou gaimtc ec ori d
effective water Trhees omertd e smha megd medst .occurr ec

2020, with 2020 being one of the most extre
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Figure @4.4) presents the-fonth Standardized Precipitation Index (SPI) at Hamiz Barrage,
highlighting several significant miterm droughts. The most severe drought occurred in May
1989, with an SPI value 62.79, marking one of the most intense droughts in thesda

Other notable droughts include June 198333), November 1998%.77), June 20051.60),

July 2011 {1.74), and July 2025-1.55). The analysis shows a higher frequency of wet
periods (30%Yhandry periods (20%) ovethe 59 yearsSevere drougbt particularly in

1989, 1998, 2005, and 2025, underscore the variability in precipitation. In contrast, the
wettest periods occurred in 1982, 1987, 1993, 2015, and 2020, with 1987 being the wettest
year. These findings emphasize the importance of mamgtanidterm droughts for effective

water resource management.

9-month of SPI
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Figure @5.4) presents the-thonth Standardized Precipitation Index (SPI) at Hamiz Barrage,
highlighting several significant loagrm droughts. The most severe drought occurred in
August 1989, with an SPI value-&.78, marking an intense and prolonged period aiesy.

Other notable droughts include June 19831¢@), December 19981(83), September 2005
(-1.68), October 2011-2.27), and August 20251(.73). The analysis reveals substantial
variability in precipitation, with wet periods occurring 1&f#dhe time and dry periods 22%
overthe 59 years. e severe droughts of 1989, 1998, and 2011 stand out, particularly the
extreme 1989 drought. In contrast, significant wet periods occurred in 1982, 1987, 1993,
2015, and 2020, with November 2015 being the wettest. These findings emphasize the

importance ofmonitoring longterm drought conditions for water resource management.
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Tabll3eAnal yzi ng Met eor ol o JAMEZBARRBGEOUSg 2 Pat t e
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Dur at i (

Onset| Ter mi né Mont hs Sever.i I ntens
Ap-86 Oc8&6 7 -8. 62 -1. 23
Ma-8 9 Oc20 20 -39. 47 1. 97
J a2 Ap-9 2 4 -4 .85 -1.21
Sep2 No-9 2 3 -3.59 -1. 20
Ma-9 9 Se99 7 -7. 86 -1.12
Ma-0 0 Ap0O 2 -2.09 -1.05
De-05 De-06 13 -30. 28 2. 33
Ma-0 8 No-0 8 9 -12. 04 -1. 34
De-t1l J aln2 2 -2.55 -1. 28
J uIn3 Oc13 5 5. 45 -1. 09
J aln8 Oc138 10 -13.13 -1. 31
J anho Ma-2 0 3 -3.07 -1.02
De-2 5 Ap-26 5 6. 17 -1. 23
J anh8 Febd8 2 2. 45 1. 22
Sed8 Oc28 2 -2.30 -1.15
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No-@ 1 De81 2 3.17 -1.59
Fed8 Oc38 9 -13. 53 -1.50

The anal ysli33 4det aabke met eor ol oddiaama Iz dBraa u ahg
(1930a40nNdeveal s several signif i ctaenrtm da-modu glhdn
term dry periods. Among t-lmenmobsevenxt rfememdm
to October 199039 .wi7% hanad sadnv 8ifn, tt egmasoiktiyn go fi t &
most preaondonmgesdt intense droughts i n the dat
from December 2005 to December 23M®.628 |lamrsd ia
i ntens2i.t3y3,o0fhi ghlighttngnitéeesevegioni mPa he
i ncl udentah 9dr ought from Mar ch 2102.80 4,0 iNmotveerm

-1..34) and sever al s homdretrh ddroauwdhtss ismucMarl
December 2011 (sever2d.ty92vtéadbdes Thengiemagr fr a
Hami z Barrage, especially in the | ate 1980
with brief and extended dry spells posing s

The analysitshempdaadi Zes effective drought
strategi es, proacti ve watteerr nt opnlsaenrnviantg otno mn
i mpact of frequent and severe drought even
i mportancedoésprepaensuring sustainabl e agr

Barrage.
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Fi gaT&hkmont h Standardi zed POURBEHDIAPI{ 0 88l on 1| n
2040)

Fi guwr7g. 46howsmomnthle Standardized Precipitatio
highlighting sewvermldsogghtfieaent shoThe mos
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in December 1991,3wd4h mar ISIPig val per iodd of
notable drought-2. L6y uOe2 Mgy 12898 (-EFcBd®uary
with sever al droughts al so obserhvaeed wen 2p0elrl
occurred 25% of the time, whiykeardhe mesitode
drought s, particularly in 1991 and 1998, e |
and the need f erer mo ndirtoourgihmgse &tuomradt nesr reso.l
management. Wet periods were particularly |
with 2020 being one of the most extreme wet

3-month of SPI
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1.00 ‘ m H
oo HETFEIE U HIIERHIE HERERE R
-2.00 — UE| |

-3.00

SPI Values

Fi ga8@&h&mont h Standardi zed POUERBEDIAPI{ L 88l on 1| n
2040)

Fi gur8g 4c6howsmomnthle Standardized Precipitatio
revealing sevetrtal msdgoudhtcaapi sbhdes. The mo
in November 1998, -2wi8t8h, anl $PIwedalbye amfot her
Febmrwalwi8toh an SPI54al Oehef notable drought
-1.99), MdroOw)20@5n2. &y -moOihtm GSPI analhwsi s
wet mecicodred 25 %, whil e dry tper i509d sy baacrcso |
variability in precipitation pattertnesr nrunde
droughts for effective water resource mana
observed in 1982, 1987, 1993, e2MmtS5te awdtir & h2

periods in the dataset.
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6-month of SPI

SPI Values
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2040)

Fi guwr9g 4c6howsmomnthle 8Standardized Precipitatio
identifying severml dsogghfi epnsothed. The mo
in May 1989, wi3t.hl14an fSORIl owmeelduebyofanot her i n
198, with a+#.39BlL Walhee onfot able @réd&dbght dAuigne
201-1. 63) , andl.Jsubn)e-m@Tdi2dd 6% P | analysis indic:
occurred 25% of the ti me, tchbep g realdhst soe ddryo u
events highlight the variability in precipi
water resource management. The wettest per.i
and 2026, with 2026 beingodnei nfthdedaoss et

9-month of SPI
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t hrough -mmohnet hSPtIi nBescal e anal ysis at Qul ed A
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severe August 1989 dr3.u@gh,t , whvidah wvaans StPH e vmd
dataset, followed by the notabl@2pDeaprdbiehel
July 2006 droug@htS6wi tOh ham SkPlgned iicmniNowde mh
201-2. {1 SPl) and.Qdt &eén ,202® ( atter notabl
The analysis indicates a htihgdneyr pferreiqgoudesn c(y2 0o
the 59 wethsthe most sevér88 darmnau g2h0t0s6 . o cTchuers
highlight the variability in pretcempmtdrtowaqh
conditions for water resource management. T
1993, 2015, and 20®&f6,t hwa tro 2t0 2e6x tbhred meg wente p

12-month SPI:
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2.00
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Figbht@&hkZnont h St andar di zed POUEBEDIApI{ 21 &88ilon |
2040)

TablldeAnal yzing Meteor ol oQULERALI Urieligyilont Rat t e
SPI Ti mes2z@adPe (198

Dur at i (
Onset| Ter mi ng Mont hg Sever.i I ntens
MayB 6 Oc& 6 6 7. 24 -1.21
Ma-8 9 Se®0 19 -38.53 -2.03
J a2 Ap-9 2 4 4. 39 -1.10
Se®2 Oc92 2 2.29 -1.15
No#9 8 Oc29 12 -14.80 1. 23
Ma-0 0 Ap-00 2 2.11 -1. 05
De-0 5 De-06 13 -28. 04 2.16
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Ap-038 Sep8 6 -8. 49 -1. 41
De-t1l J aln2 2 2. 33 -1. 16
J uh3 Seb3 4 4.15 1.04
J aln8 Oc18 10 -13. 93 -1. 39
J ano Ma-2 0 3 3.11 -1. 04
De25 Ap-26 5 6. 18 1. 24
J a8 Febd8 2 -2.60 -1. 30
Au-g 8 Oc238 3 -3.51 1,17
No3 1 Dec31 2 3.11 -1. 55
No-B 5 J adho 3 3. 27 -1. 09
Fr-28 Oc38 9 -14. 01 -1.56

The anal y 444 d emediiecebosreol (0gi c al dQ uol uegdh tAIl pia t(t1e9
204®0ndeveal s sever al significant -stHdeomglhatnde\
| ohgegrm dry periods that have i mpacted the
dr ought smoinst ht hder olu9ght from March 1989-to0 Se
38. 688 an i nz2.em3, tmalkifng it one of the most
Ot her major drooghhs drocalghdefaoin3 December =
wi th a s28.e0rd tayn dofazn. li6n,t eamosd tthy doPfo u g terf r om
1998 to October 119980 wdarndcd &n iénvted nnd iatdyd fafi o
more exvemdesed several shorter droughts, suc
recorded, with durations ranging f2r..dm 2antdo
-8.49. These recurrent droughts, partiheul ar |

region's tvalmreireafbidnada yprol onged dry spell s.
of developing robusatedgoeghti mpnagemgneéasty
promoting sustainable water and agricul tur a
frequent and intense droughts in Ouled Al i
|l ohgerm pl anrmitngr eamte appruace s t's asaq@rfieguwlatrudr alh e

resour ces.
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ude the severe e2v.e3dndt)s, ofe cManb2l 2 899,9(18 R kE
obk9983(&L), =with the | atter being the ma
rred in May 1983, February 2005, Sept e

u
ensity and pr-momoinlgedPIdraymalsys idsSshmecdceuar!rse c
e frequently (25%)théab9 di@aeeer ,0dse ( r0e
ecially in 1991 and 1998, underscore the
need for -treom torowghtshoondi ti ons for
agement. The wetteOt82perlioBd's wWOr9e83 , 0 RDeLr5vy

O being particularly extreme.

3-month of SPI
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include the severe ewv2enlt7s) ,ofN oFveebmblear® $1) 919988 A(d:
March 200%. 3(45P,1 wi th the most extreme dr oui
Ot her signidccanteMayyugdads5X)SPand Mar-ch 20:
1.28), hi ghlighting theont hnShsianwl g8dsdul
periods occurred more frequetnhd y5.9 2kb@4g ¢ & ehra,n
severe drought s, particularl yiitry 1998rard g
patterns and emphasi ze t hteerimmpdrmrduwmqicte @dndr
effective water resource management . The w
1993, 2015, and 2026, withwet2pebiceotyg iomet lo

6-month of SPI
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100 SRR LAY &
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SPI Value

Fi gb4dh@mont h Standardi zed PPONTD9p1 #204i00)n | n

Fi gwrde 40i ghl i ght st simnméieanod!| csdhioc 4 | drougl
t hr ougronthre $PI analysis at Pont D9 from 19
in May 192892)SPINovemRer77)99& n(dSRPr¥6h 2006t
the most extreme drought occurring in May 1
August 2011.17 )SPand Juln.e6 72)0,2 5b o(tShP Ima=r ked by r
Themont h SPI analysis shows tt h@25%ett tpaem idrdy
(20 %) oveeandbeat 59he most severe droughts i
variability of precipitation patterns. The.
shdgretrrm drought conditions for effective wat
occur¥X¥®&2, n1987, 1993, 2015, and 2026, with

periods in the dataset.
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9-month of SPI
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Fi gwr5¢ 4(1 1l ustrat etsersm gmd tfa acramlt o gli ocnagl drougl
t hr ougronthre QPI analysis at Pont D9 from 19
in August -298D) ,( SPéc emble.r831)9,98andSPI2al=y3 2006
with the most intense drought being in Augu
in November-22@5) @8HI Sept dmbldr) ,2ma% ked8PIlby-=
dryness. The analysis revealshdnhogéef 256 fo¢q
over yeéaer B dspite more wet periods, the seve
the significant variability in precipitatio
of monitbermgdtoanght conditions for effect.i
wettest periods were recorded in 1982, 1987

most extreme wet periods in the dataset.

12-month of SPI
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TabllbeAnal yzi ng Meteorol ogONGRAUsDalagMgmt h Patt e
SPI Ti metz@aDe (198

Dur at i (
Onset| Ter mi né Mont hs Sever.i I ntens
Ap-8 6 Oc8&6 7 -8.67 -1. 24
Ma-8 9 No®9 O 21 -40. 54 -1. 93
J a2 Ap-9 2 4 4. 91 -1. 23
Sep?2 No-#® 2 3 -3. 53 -1. 18
Ma-9 9 Se99 7 -8. 12 -1.16
Ma-0 0 Ap-00 2 2. 17 -1. 08
De-05 De-06 13 -30. 14 2. 32
A p-0 8 OcQ 8 7 9.93 1. 42
De-t1l J aln2 2 -2.50 -1. 25
J uIn3 Oc13 5 -5. 38 -1. 08
J aln8 Oc138 10 -13. 24 -1. 32
Fed0 Ma-2 0 2 -2.05 -1. 03
De-2 5 Ap-26 5 6. 23 -1. 25
J ah8 Fed8 2 -2.50 -1. 25
Au-g 8 Oc28 3 -3. 35 1. 12
No-B 1 De-81 2 -3.18 -1.59
Fed8 Oc38 9 -13. 54 -1.50

The anal ydi5sddetnaiTlasol met(eor ol ogiRant dDB u(glha 8
204&0nNrdeveal s sever al notable drought events
and recurring shorter droughtnontThh ed rnroousgh ts e
March 1989 to NovembeA01990andi eh. &N,6 emhsirdt
stands out as one of the mosdgi ¢ miefvireaan tvras u @
l13nonth drought from December 2035 .t104 [nencde nal
i the n s i2t. y3 2qg f-naonndt ha d7r @\upg h tl 1986 to October 1¢
o0f8. 67 and af.i2dt end i tayd do-titeironm droo utghhetsse, |soenve
droughts occurmoendt,h idnrcoduwgdhitngi na March 2000 a
and 2013, wi trha nrsgeivred .i & BRo. ool uugdhth not as extr e
shorter hidgbbugrgehgsi otnhhes voal necabrkenty dry spel

~9 06



nature of drought s, particularly in the | at
need for proacti ve drought management and
emphasi ze the | mposrhtdarstce a@afid ppreplaonggd fdr ou
enstthe sustainability of the r.egilhhe’' semgat
droughts with varying durations and sever.
systems and sustainabl e water nmdanacdementf rsetc

dry spell s.

1-month of SPI

SPI Value

FigbhT&hEmont h Standardi zed PBARAKI (pl 3804109 n | n

Fi gwr7g 40i ghl i ghts setverml metgorbl ogntalshdr
identifiedmohtbu&PRPIl theallysis from 1981 to
occurred in October -21.9998,, fwiltlho waend Pyl av anloute
1989 (2SPHI5)= Ot her significant droudhtdd)wer ¢
September 2A0853)(SRhd=J-n81202%5héSBRhakysis
periods occurred 25% of the timesewdrnity do
droughts in 1998 and 1989 highlighttlrse tth®e v
yearemphasi zing the i mpermadceughtmocondot i o
water resource management. Wet periods were
and 2026, with 2026 as one of the most extr
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3-month of SPI
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Fi gbBg 4presents sevetrtaelr nsingentiefoircoa notg i nmead i udm
identifiedmohtbu®Pl theaBysis from 1981 to
occurred in November-21898, fwiltdlwaend ®FI analt il
in Februar y2.159289 (O8Fler= notable droughts we
=2.23), May-22@a8),(8RU Auvbus52)-m0oBlbea (BPI anal
reveals a frequency of wet 2&i) otdlhwee (3B %) e arc

indicating notable fluctuations in precipit
the i mportance otffermmmndnougmtg anerdd iutm ons f or
management. The wettest periodg0®2&curmwridd i2r

being one of the most extreme wet periods i

6-month of SPI
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occurred in May 1989,14wi tfloldm w&kRI bwalame t dfe
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November 139B4)Y SPOt Fer notable drou3dhb54)too
August 201.145)S,Plamrd J-unB2PMmdhh e SBIPI =anal ysi
that wet periods (35%) dthtenbBbyrddcptpeagi sd
variability in precipitation, These severe
monitorti @mgm mdmdought conditions for effecti
wettest periods were obsef0ewi,tihn 21092862 , b eli9n8g7

the most extreme wet periods in the dataset

9-month of SPI
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FigéOep 44 hows several significant extended m
t hr ougnho nthhre ¥PI analysis between 1981 and 2
in August 1989, -3wiOtdh dm | S Plwewa Ibwe nooft %D e dr
(SPi2.92), Jul®.8a06 (NBRPEMB2.r05)0,11and PDe ce mt
(SPFL.#1) -molhhheh SPI analysis reveals that W
periods (20%epaowearnt tshgnbdi camlty drmug®@898, ap
demonstrate considerable variability in pr:
i mportance of monitoring extended drought
management. The wettest p93r,i 02d0sl 50,c caunrdr e2d0 2 6n

being one of the most extreme wet periods i
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Dur at i (
Onset| Ter mi né Mont hs Sever.i I ntens
Ma8 6 Oc8&6 6 6. 93 -1. 16
Ma-8 9 Sed0 19 -37.30 -1.96
Se®2 Oc9 2 2 -2.26 1. 13
No-® 8 Oc99 12 -15. 98 -1. 33
Ma-0 0 A p-0 0 2 2.08 1.04
De-05 De-06 13 -27.58 2. 12
Ap-08 Se(p8 6 -8.29 -1. 38
No-t 1 J aln2 3 -3. 33 -1.11
J aln8 Oc138 10 -13. 96 -1. 40
J anho0 Ma-2 0 3 3. 21 -1. 07
De-25 Ap-26 5 S5.70 -1.14
J ah8 Febd8 2 -2. 45 -1.23
Au-g 8 Oc2 8 3 -3.67 1. 22
No3 1 De-81 2 -3.05 -1.53
Fed8 Oc38 9 14,12 -1. 57
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The anal ysli6g 4didet Aabblse met eor ol ogBacraalk iid r(olu9g8hl
204@&ndev enalndr ought event st,erwi tahh élbr dntohd gs/h osrpte
observed. The most severe drought occurred
19 mont hs, with ad7.exGrameé skEvehtit ehsotflyerof
drought eevem@8ntwasdrtohught from December 20065
sever i2t7y. 58f and a®. 1L 8%f erhgigthy i ghtviunghetr adi Irie
prol onged dry periods. -n®marht edrr odurgohut gsh tisn, 1s9
along wi tihn other 2000s and 201028, 0&2dAd&ever
indicating r e cWhrirliengnodir yasspiehé¢ smsa,soiatybsese
consi der analtyeri nmapvaacitl abi | ity and agricultura
drought s, especially in the | ate 1980s, 19 ¢
drought monitoring aThe mMamrdysmentdesnomatt & @it ¢
of pr epsahrearntd -t enm drought events tha safsagla

regional agricultural resilience

1-month of SPI:
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Figa2&:hkmont h Standardi zed PMOVZAIAp(ilt9a8tli on | n
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Fi guwr2g 4pi ghlights sewverml metgar i ogntalshadr
Mouzaia identi-rhioretdh t&RPlouagmaltyhei sl from 1981
drought occurred I n Mad. 0199,8 9f, o IWi a ve da nb yS Pnl o t\
February 2003 )(SMar=h. 23)1,1 48P J2xrn®7 )2-0 2Bh d S

mont h SPI analysis reveals that wett hpeer59 ds
year glowever, extreme droughts, paetscghatfly
variability in precipitation patterns. Thes

shdretrm drought conditions for effective wat
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occurred in 1982, 1987, 1993, 2015, and 202

periods in the dataset.

3-month of SPI
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Figuerdd. 4(hi ghl i ghts diegm fmetaendr omedii «cma l dr o
Mouzaia i dent i-mmaretdh tS$Rlougrhaltyhsei s6 The most
May 1989, with3.a3n2,SHIolvalweed dofy notabie dro
2. 55650)d August -12.034) -(nS6RPHeh =6S P | anal ysis revea
(25 %) occurred more frequetnhtel y5 9 hiaena pdsrtye ptel
extreme drought events in 1989 and 2®mB6 unc
emphasi zing the neetdefmrdmomnghtor cagdimeido musn
resource management . The wettest periods w
2026, with 2026 being one of the most extre

9-month of SPI
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based -monthe S®PI analysis. The most severe ¢
an SPI -¥a0lue fodl | owed by not ab2 .e6 M) oaegdh t Qc ti
2011 (-S.P@4)=-molhhen ESPI analysis shows that w
frequent than dithepdOi glesme @20 %) erveeme dr oL
in 1989 and 2006, highlight t heiwmar italei Inietey
monitor-t agmldngught conditions for effecti
wettest periods were observed in 1982, 1987

the most extreme wet periods in the dataset
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SPI Ti meszaDe (198
Dur at i (
Onset| Ter mi né Mont hs Sever.i I ntens
No-8 3 De-8 3 2 2. 31 -1. 15
Ma 8 6 Oc86 6 6. 76 1. 13
Ma 8 Au-g 8 4 4. 28 1.07
Fe®9 No®9 O 22 -39. 12 -1. 78
Oc98 Oc29 13 -16. 96 -1. 30
De-05 De-06 13 -28. 39 2. 18
Ma¥ 8 Se(p8 5 6. 76 -1. 35
J aln8 Oc138 10 -12. 93 -1. 29
De25 Ap-2 6 5 5.78 1.16
J ah8 Fed8 2 2. 53 -1. 26
Sed8 Oc28 2 2.21 -1.10
No3d 1 De-81 2 -:3.30 -1. 65
No-B 5 J adhob 3 3. 73 -1. 24
Fed8 Oc3 8 9 -15. 29 -1.70
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1982, 1987, 1993, 2015, and 2026, with 202€¢

the dataset .
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12-month of SPI
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SPI Ti metz@aDe (198

Dur at DX
Onset| Ter mi n4g Mont hy Seve(rS) | nt elnls)
De-8 3 J ath4 2 -2 .03 -1.15
MaB 6 Oc86 6 6.914 -1.16
Ma-8 9 Se»0 19 -378 9 -2.00
J a2 Ap-9 2 4 4027 -1. 07
Sep92 Oct-92 2 2. 32 -1.16
Nov-98 Oct-99 12 -14.50 -1.21
Mar-00 Apr-00 2 -2.10 -1. 05
Dec05 Dec06 13 -28. 47 2.19
Apr-08 Sep08 6 -8. 46 -1.41
Dec11 Janl2 2 -2. 38 -1.19
Junl3 Sepl3 4 4. 30 -1. 07
Janl8 Oct-18 10 -13. 97 -1. 40
Jan20 Mar-20 3 -3.20 -1. 07
Dec25 Apr-26 5 6. 01 -1.20
Jan28 Feb28 2 2. 43 1. 22
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Aug-28 Oct-28 3 3. 44 -1.15
Nov-31 Dec31 2 -3.16 -1.58
Dec35 Jan36 2 2.25 -1.12
Feb38 Oct-38 9 -14. 01 -1. 56

The anal ydi@& dert dabbkbeméteor ol od@goumaal(198lr ou g h't
2040)andreveals both shoterm and prolonged drought events with significant impacts on
the region. A particularly severe drought occurred from March 1989 to September 1990,
lasting 19 months, with an extreme severity33.98 and an intensity e1.99, represding

one of the most intense droughts in the dataset. Additionally, there were other noteworthy
droughts, such as the -b3onth drought from December 2005 to December 2006, with a
severity 0f28.47 andanintensity of-2.19,highlightingthe region's vulrmability to extended

dry periods. Shorter droughts, including those in 1983, 1992, 2000, and the 2010s, generally
lasted between 2 to 6 months and showed severity values ranging2rbdnto -6.94,
suggesting recurring dry conditions that could affectewatvailability and agricultural
productivity. These recurring drought events emphasize the cyclical nature of dryness in the
region, with droughts spread across multiple decades, notably in the late 1980s, late 1990s,
and the 2010s. The data underscotes importance of proactive drought management,
including monitoring andlevelopingstrategies to cope with shednd longterm drought

events aneénsure sustainable water resources and agricultural stability.

The analysis of meteorological drougi#tterns across multiple locationkeurad Barrage,

Pont CW 7 Hadjout, Tipaza, Hamiz Barrage, Ouled Ali, Pont D9, Baraki, Soumaa, and
Mouzaiausing the 1Zmonth SPI timescale (1982040) reveals critical insights into the
frequency, severity, and duration of drought events in the region. The results demonstrate a
recurring pattern o$hortterm and prolonged droughts, with significant events such as the
22-month drought in Meurad Barrage (198990) and the X8nonth drought in Ouled Al

(1989 1990)exhibiting extreme severity and intensity. These prolonged droagltshorter

but frequent dry spellsighlight theregion's vulnerabilityo water scarcity and its cascading
impacts on agriculture, ecosystems, and water resources. The cyclical nature of droughts,
particularly in the 1980s, 1990s, and 2000s, underscores the importance of understanding
long-term drought dynamics to anticipdteure risks and implement adaptive strategies.

The 12month SPI index proves to be a valuable tool for analyzing drought patterns, as it
captures both sheterm fluctuations and lonterm trends in precipitation deficits. By

examining the severity, duration, and intensity of droughts, this studyifieertritical
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periods of water stress, such as tharighth drought in Pont D9 (2008006) and the 10
month drought in Hamiz Barrage (2018), which had significant implications for water
resource management and agricultural productivity. The variability in drought Ehestacs
across different locations further emphasizes the need for localized drought monitoring and
management strategies. The findings highlight the importance of using -thert@ SPI

index to assess drought risks, as it provides a comprehensivestandarg of drought
impacts over extended periods, enabling better planning and mitigation efforts.

Overall, the analysis underscores the critical role of thma@@th SPI index in understanding
meteorological drought patterns and their implications for water resource sustainability and
agricultural resilience. The g®n's recurring and cyclical nature of droughktdls for
proactive measures, including improved early warning systems, sustainable water
management practices, and letegm drought preparedness strategies. By integrating SPI
based drought monitoring into regional planning, policymakersstaictholders can better
address the challenges posed by both gkamt and prolonged droughts, ensuring the
resilience of communities and ecosystems in the face of changing climatic conditions. This
study highlights the importance of continued researah raonitoring to refine drought
management strategies and mitigaterdggon's socieeconomic and environmental impacts

of droughts
4 MABgricul tural Drought Analysis

Utilizing the 3month and énonth of aSPI reference periods for analyzing agricultural
drought dynamics from 1981 to 2021 allows for a more comprehensive understanding of
regional drought patterns. Then®onth period is particularly valuable for identifgirarly
warning signs of drought, as it can capture shkern precipitation deficits that may signal

the onset of agricultural stress before it becomes more severe:ribetl period provides

a broader view, revealing more persistent drought conditlmatsntay have longdasting
impacts on soil moisture, crop yields, and overall agricultural productivity. This extended
period is crucial for understanding the potential lbeign effects of drought on the region's
agricultural systems and food securityy Bxamining data over the 40 years, the analysis
highlights shorterm fluctuations and persistent drought patterns, offering insights into how
prolonged dry spells can affect crop production and food availability and emphasizing the
importance of adaptivenanagement strategies for maintaining agricultural resilience in

climate variability.
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3-month of aSPI
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Fi g u7r2¢. shgws several periodawhen the aSPI values fall belovl.O, indicating
moderate to severe drought conditions. The most severe drought episodes occurred around
19871990, the early 2000s, and the R2id10s, with aSPI values reaching beleO,
indicating &Extreme drought' conditions. Other periods, such as the early 2000s, also

experienced 'severe droughonditionswith aSPI values dipping belowt.5.

6-month of aSPI
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The émonthaSPIF i g U 13 pred€als several notable drought episodes throughout the last
few decades. The most intense droughts occurred in the late 1980s, early 2000s; and mid
2010s, during which aSPI values fell bele®O, signifying "Extreme drought" conditions.
Other significan drought periods were observed in the early 1990s, late 1990s, and late
2000s, where aSPI values reached the "Severe drought" category b&rteath
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The 3month aSPF i g ' r4 gilldgtrates several notable drought occurrences over recent
decades. The most intense droughts occurred in the late 1980s, early 2000s;200s1id

when aSPI values fell below2.0, signifying "Extreme drought” conditions. Significant
drought phases atude the early 1990s, late 1990s, and late 2000s, where aSPI values

plummeted into the "Severe drought" bracket belb\.
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6-month of aSPI
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The 6month aSPfi g u#f %).ddpicts several pronounced drought episodes over the past
few decades. The most severe droughts occurred in the late 1980s, early 2000s; and mid
2010s, with aSPI values dipping bele®0, indicating 'Extreme drought' conditions. Other
significant droughtperiods include the early 1990s, late 1990s, and late 2000s, with aSPI

values reaching the 'Severe drought' range beldbv
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Figure (7 6).sHowsthatthe period from 1981 to the early 1990s was marked by significant
drought conditions, particularly in the 1980gth notable negative aSPI values observed
during several months in 1985, 1986, and 1987, often falling betveamd-3, indicating

severe moisture shortages that likely adversely impacted agricultural output. In contrast, the
years from 2010 to 2021 eikiit a more varied pattern, with alternating positive and negative
aSPI values, reflecting both wet conditions and moderate droughts. This variability suggests
increasingly erratic and unpredictable precipitation patterns, potentially linked to broader
climate change effects. Notably, the period from 2018 to 2021 demonstrates a cycle of
alternating drought and wet conditions, indicating a potentially more variable climate regime

that could challenge agricultural productivity and planning.
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Figure(7 7).reeals extreme drought periods in the initial years (19820), particularly

during the late 1980s and early 1990s, with aSPI values frequently ranginglfions,
indicating severe moisture shortages that likely had detrimental effects on aggjcultur
especially in rainfed systems. The most intense droughts occurred in 1988 and 1989, with
values consistently belovi, highlighting prolonged dry spells that would have significantly
impacted crop yields and necessitated advanced irrigatidnvater management strategies.

In contrast, the period from 2000 to 2018 shows increased variability, with alternating wet
and dry periods, particularly evident in the 2010s. For example,i2018 exhibited

significant fluctuations, reflecting growinginpredictability in precipitation patterns,

~108



potentially linked to broader global climate change. Negative aSPI values, typically between
-0.5 and-3, signify water shortages that directly threaten crop production. In contrast,
positive values indicate ample rainfall that, although beneficial fgr growth, can lead to
flooding, waterlogging, and increased susceptibility to plant diseases, ultimately impairing
crop quality and yield. This variability underscores agricultural systems' challémges

adapting to increasingly erratic weather conditions.
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Fi g @@ B yredeals multiple severe drought episodes from the early 1980s through the mid
1990s, particularly during the late 1980s and early 1990s, with aSPI values consistently
below-1 from March 1989 to March 1990 and several months dropping b2|omdicating
significant moisture shortages that likely severely impacted rainfed agricultural production.
Another notable drought occurred between 2000 and 2006, with values ranginrg.dm

-1.5 and particularly severe conditions in 202806, wherevalues reachedl.61 and1.88,
imposing substantial stress on agriculture, especially in regions with limited irrigation. From
2000 to 2018, precipitation variability increased, marked by alternating wet and dry spells,
reflecting growing unpredictabilitpotentially linked to climate change. For example, the
sharp decline te1.24 in March 2016, followed by a recovery to positive values in 2017,
highlights this instability, posing challenges for agricultural planning and risk management.
Severely negativaSPI values, such ak.88 in February 2006, indicate significant moisture

deficits that could lead to crop failures, particularly in rainfed systems, necessitating
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improved water management strategies like enhanced irrigation. Conversely, high positive
aSPI values, such as 2.28 in November 2015, while beneficial for plant growth, can cause

flooding, soil erosion, and other adverse effects, further complicating ligradwutcomes.
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The é6month aSPK i g (@ © eréveals significant fluctuations in precipitation patterns,
characterized by alternating wet and dry phases, with negative values indicating drought and
positive values reflecting wettéhannormal conditions. The data highlights considerable
monthly andseasonal variability, driven by global climate influences, suggesting that
precipitation is seasonal and influenced by broader climatic trends. Notable drought periods,
such as those in the late 1980s to early 1990s andith20d@0s, were marked by severe
moisture deficits, with values as low @42 in October 1989 and.46 in April 2006,
significantly impacting agricultural productivity, particularly in rainfed systems and regions
with limited irrigation infrastructure. Aese dry spells were often followed by wetter
intervals, such as the notably rainy years of 2@036 and 201i72018. Since the early
2000s, precipitation variability has increased, with frequent transitions between wet and dry
conditions, exemplified by ghsharp decline in early 2016 (reachiB@9 in March) followed

by recovery in 2017. This growing unpredictability, likely linked to broader climate changes,
poses challenges for agriculture, as prolonged droughts strain farming systems, while
extended weperiods can lead to soil erosion, waterlogging, and flooding, even when overall

precipitation levels are favorable.
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Figure (80.4 showsthat droughts of 19801990 and 20052006 were significant periods
marked by extremely negative aSPI values, with Febrii@8® recording a severe drought

at -2.27 and March 2006 reaching.03, indicating substantial moisture deficits. These
prolonged dry spells likely caused crop failures, water shortages, and reduced agricultural
productivity, particularly in rainfed areasth inadequate irrigation infrastructure. Since the
2000s, there has been a noticeable rise in precipitation variability, exemplified by the sharp
decline in March 2016-0.84) followed by a recovery in November 2016 (1.74), reflecting
the increasing unpdictability of precipitation trends. This variability, potentially influenced

by climate phenomena like El Nifio and La Nifia and the broader impacts of climate change,
has led to frequent fluctuations between wet and dry periods. For instance, betweamd®2015
2017, aSPI values ranged from 2.24 in March 2013.20 in September 2017, highlighting

the growing challenges of adapting to erratic weather patterns for agricultural planning and

water resource management.
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6-month of aSPI
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Fi g@nressh o w stheimbshintense droughts were recorded in the late 1980s and early
1990s, patrticularly in May 198%eaching-2.87, andin December 1989%eaching-1.78,
leading to prolonged moisture shortages that severely impacted agriculture. Another
significant drought occurred in March 2Q@6aching-2.27, andin January 200G&eaching

1.46, particularly affecting areas with inadequate irrigation systems and threatening rainfed
crop yields. Additional notable dry periods were observed in March 2000 and August 2003,
when aSPI values dropped to harmful levels, indicating extended droogditions. In
recent years, precipitation variability has becama&re pronounced, particularly between
2015 and 2017, characterized by alternating wet and dry phases. For example, March 2016
recorded an aSPI 60.84, followed by a recovery in subsequent months, with November
2016 reaching an aSPI of 1.79, highlightithg growing unpredictability of precipitation
patterns. The latter part of the 2010s continued to exhibit fluctuating conditions. November
2017 showed an aSPI €9.92, and December 2017, an aSPFR0, underscoring the

ongoing challenges of adaptinginhcreasingly erratic weather conditions.
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3-month of aSPI
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The aSPI figurg8 2 .displays cyclical variations characterized by alternating periods of
drought and wet conditions. For instance, the early 1980s experienced both positive and
negative values, reflecting inconsistent moisture levels, while the late 1980s and early 1990s
shoved predominantly negative values, indicating extended drought periods. Notable
extremes are evident in the data, particularly between 1988 and 1990, when severe drought
conditions led to aSPI values dropping as low2a26 in Februgy 1989. Conversely, the
mid-1990s were marked by wetter conditions, with aSPI values peaking at 2.65 in August
1997. In the last decade, the data indicates a mix of drought and wet conditions, featuring
significant extremes such as aSPI value€df7 inSeptember 2017, alongside a peak of 2.15

in November 2015, which reflects very wet conditions.
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6-month of aSPI
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The 6-month aSPI figure 8§3.4 analysisreveals periodic fluctuations characterized by
alternating drought and webnditions. Notably, the early 1980s exhibited a mix of positive

and negative values, indicating variable moisture levels, while the late 1980s and early 1990s
were marked by consistently negative values, suggesting prolonged drought periods. Several
extreme events are evident in the data, particularly from 1988 to 1990, when severe drought
conditions prevailed, with aSPI values plummetinga@8 in May 1989. In contrast, the
mid-1990s experienced wet conditions, peaking at 2.62 in July 1987. Recestdvendhe

last decade reflect a combination of drought and wet conditions, with notable extremes such
as a significant drought in August 2017, with an aSPI valu#.66, alongside a peak value

of 2.10 in November 2015, indicating very wet conditions.
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3-month of aSPI

3.00
2.50

2.00

1.50

1.00

0.50

0.00 Ay i T ‘ T I fis 1

s Rl SRR R AANR
-1.00 1] et | H |
-1.50 x ” ] |

-2.00 ‘ | |

-2.50 |

-3.00

aSPI Value

be'\ PP Jb% P PP R DD L RO DL D P
(%)

o 5 N Q N Ky Y Q N o ’ X7 < e
Q :‘\QS o ® ?g% WO O WK %Q,Q & W e Q\Qﬁ o @ V\’%

N

Year

Fi g8&4&hemdBnth Agriculture Standardized Prec
(19xB8A21)

The 3-month aSPI figure 84.4 analysisreveals cyclical fluctuations characterized by
alternating periods of drought and wet conditions. Notably, the early 1980s exhibited a mix
of positive and negative values, reflecting variable moisture levels, while the late 1980s and
early 1990s were marlleby predominantly negative values, indicating prolonged drought.
Significant extreme events are evident, particularly from 1988 to 1990, when severe drought
conditions led to aSPI values plummeting2d%3 in February 1989. Conversely, the mid
1990s expeenced wetter conditions, with aSPI values peaking at 2.78 in September 1991.
In the last decade, the data has shown a blend of drouglitaamgiconditions, including
notable extremes, such as a significant drought in September 2017 with an aSPI value of

2.01 and a peak wet condition in November 2015 with a value of 2.21.
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6-month of aSPI
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The 6-month aSPI figure 85.4 analysisreveals periodic fluctuations characterized by
alternating drought and wet conditions. Notably, the early 1980s exhibited a mix of positive
and negative values, indicating variable moisture levels, while the late 1980s and early 1990s
were marked by condently negative values, suggesting prolonged droughts. Severe extreme
events were observed between 1988 and 1990, with aSPI values plummeiag to May

1989. Conversely, the mit990s saw wet conditions, peaking at 2.27 in June 1982 and 2.21
in July1987. In the last decade, the data has shown a blend of drouglgrapdonditions,
including significant extremes such as an aSPI valu&.d8 in August 2017 and a peak of

2.27 in November 2016, highlighting the variability in moisture conditions over time.

3-month of aSPI

aSPI Value
WONPRRO0ORRPNNW
QUIOUIOUIOUIOUIOUTIO
cleo]lolololololeololololele]

N P I > P B @: §>:® RIS

% v
/] ; & & N . < ¢ ,
QQ) Q\QS Oo e\(b ?9% \° \\) eo ?Q %GQ <<® \\) QQJ Y‘\'DA OQ %\(b ?Q%

Year

Fi g 4dhemd3nth Agriculture Standardized Precipit
2021)
~11+6



The 3month aSPI figurg8 6). démonstrateperiodic fluctuations, alternating between
drought and wet conditions. In the early 1980s, a mix of positive and negative values
indicated variable moisture levels, while the late 1980s and early 1990s were characterized
by consistently negative valuesiggiesting prolonged drought. Severe events are evident in
the data, particularly from 1988 to 1990, when aSPI values plummeted to as-aGais
November 1998, highlighting a significant drought. Conversely, thel®@ds experienced
wetter conditionswith aSPI values peaking at 2.66 in March 1982. In recent years, the data
reveals a combination of drought ash@mpconditions, with notable extremes such as aSPI
values of-2.17 in September 2017, indicating significant drought, and 2.15 in November

2015, reflecting very moist conditions.
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The 6-month aSPI figure §7.4 analysisreveals regular fluctuations characterized by
alternating periods of drought and wet conditions. Notably, the early 1980s exhibited a mix
of positive and negative values, reflecting variable moisture levels, while the late 1980s and
early 1990s were domited by consistent negative values, indicating prolonged drought.
Significant extreme events are evident, particularly from 1988 to 1990, when severe drought
conditions led to aSPI values dropping-881 in May 1989. In contrast, the ri®90s
experiencedvetter conditions, with aSPI values peaking at 2.64 in July 1987. In the last
decade, the data shows a combination of drought and wet spells, including notable extremes
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such as an aSPI value df.55 in August 2017, indicating significant drought, and a peak

value of 1.81 in November 2016, which suggests very wet conditions.

3-month of aSPI
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The 3-month aSPI figure 8§8.4 analysisreveals periodic fluctuations characterized by
alternating drought and wet conditions. Notably, the early 1980s displayed a mix of positive
and negative values, indicating variable moisture levels, while the late 1980s and early 1990s
were marked by predamantly negative values, suggesting prolonged drought. Significant
extreme events were evident, particularly from 1988 to 1990, when aSPI values plummeted
t0-2.27 in February 1989 due to severe drought. Convetbkelynid1990s experienced wet
conditions, with aSPI values peaking at 2.66 in March 1982. In recent years, the data indicates
a blend of drought andiampconditions, with notable extremes such as a significant drought

of -2.17 in September 2017 and a peak value of 2.15 in November 2015, reflecting very wet

conditions.
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The 6month aSPI figuré89.4) readings exhibit periodic variations, alternating between dry
and wet spells, with thearly 1980s showing both positive and negative values that reflect
varying moisture levels. The late 1980s and early 1990s were characterized by more
consistent negative readings, indicating extended drought periods. Notable extreme events
are evident inlte data, particularly from 1988 to 1990, when severe drought conditions led
to aSPI values dropping as low-2s381 in May 1989. In contrast, the ri®90s experienced

wetter conditions, peaking at 2.64 in July 1987. Over the past decade, the data Imaa show
mix of drought and wet phases, with some extreme readings; for instance, August 2017
recorded a significant drought with an aSPI valueld5, while November 2016 saw a peak

of 1.81, indicating very wet conditions.

The most severe drought periods across the studied regions occurred from the late 1980s to
early 1990s, the early 2000s, and the-20d0s, with aSPI values often dropping below

2.0, indicating extreme drought conditions. For instance, between 1987 @bdrédions

like MEURAD BARRAGE, TIPAZA, and HAMIZ BARRAGE experienced significant
drought episodes. The early 2000s also saw similar impacts in areas such as OULED ALI
and PONT CW 7 HADJOUT. The most recent severe droughts were noted between 2015
and 2017 especially in TIPAZA and SOUMAA, where aSPI values feH2®.

Seasonal variability mainly affects shastcle crops like vegetabl@squiringprecise water
management. In contrast, fruit trees with deeper root systems are more resilienttershort

droughts but suffer prolonged moisture deficits.

~119



There is an increasing trend of precipitation variability, especially since 2000, with locations
like MOUZAIA, SOUMAA, and BARAKI showing sharp fluctuations between wet and dry
spells. The alternating conditions from 2015 to 20170LED ALI and MOUZAIA
highlight this growing unpredictability, posing additional challenges for agricultural systems.

4 . T8end Ahfhalry SiP$

In this section, we present the findings and discussion of the trend analysis conducted on the
SPH12 (Standardized Precipitation Index) drought index using the Manlall trend test.

The analysis included SPI values for 1, 3, 6, and 12 months, bugmbcsint trends were
observed across the entire study period from 1981 to 2040 for any of these indices. As a
result, the focus was primarily placed on the-SRIwhich is particularly useful for detecting

and assessing lortgrm meteorological droughtisat affect water resources and agriculture.

This analysis aimed to identify any significant trends in drought conditions over the study
period,emphasizingoth temporal patterns and the intensity of drought occurrences. The
SPHF12, which reflectsl2 months provides critical insights into loAggrm drought trends

andis widely used in drought monitoring and analysis. The M&endall test, a non
parametric statistical method, was employed to detect trends in the data without making
assumptions about thederlying data distribution. The test's main parameter, the S statistic,
and its variance werased to determine whether the trend was increasing or decreasing
(Mann, H. B. 1945; Kendall, M. G. 1975). A significance level of 5% was adopted, and two
hypotheses were proposed: the first hypothesis suggested that a trend exists/dltieei

more significant han t he significance | evel (0), an
opposite. All calculations were performed using the statistical tool XL Btatanalysis of

drought periods for each site, based on SPI values, was carried out, and the trend was tested

accordingly.

4. Melrad Barrage

The Meurad site is in the western part of the study area; the analysis of all SPIs yielded the
same conclusion: no significant trend. ustfocus on SPI 12 noted a balance between wet
and dry months throughout the period, suggesting a form of hydrological stability, which can

experiencarought and wet conditions in syeriods

Tabll%Met eor ol ogi cal d rMewqgBatd rfargeépRde2n cy i n t h
ti mescha2@) (198
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Droughts Categories Number of Month | Total Droughts Frequency %
Extremely Wet 17 110 16

Very wet 4 2

Moderately Wet 51

Normal Precipitation 475 475 68

Moderately dry 73 112 16

Very dry 26

Extremely dry 13

Table (19.4) delineates the prevalence of meteorological drought classifications in the
Meurad Barrage, utilizing the SRP timescale from 1981 to 2040. Precipitation was
categorized as normal predominated, and 475 instances (68% of the total) were recorded,
signifying stable environmental conditions for most of the timeframe. Conditions categorized
as extremely wet and moderately dry were observed with equal frequency at 16% (17 and 73
instances, respectively). In contrast, conditions classified as very wet (4@cestand
moderately wet (51 instances) were comparatively infrequent. Severe drought conditions
(both arid and extremely dry) were uncommon, with 26 and 13 occurrences, respectively.
This indicates that, although extreme wet and dry phenomena do tratisgireccurrence

is infrequent relative to normal precipitation. In further detail, investigations led by McKee

et al. (1993) regarding the Standardized Precipitation Index (SPI) reveal its effectiveness in
assessing drought severity and frequency, apresgly enriching the analysis of these
hydrological issues.

The study period was subdivided into two superposed periods of 40 years. The test results

were presented in the following table to detect possible trends.

Tab20eMet eor ol ogMarman Kermndiglhlti n rteme Maewad ydi Bar

usi ng 2SPI mdsl@aBMepnd (2200401
19812024 20012040

S 108.000 S -16.000

Var(S) 0.000 Var(S) 0.000

p-value 0.281 p-value 0.862

U 0.05 U 0.05

Ccv 0.250 Ccv 0.240
No trend Stable
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Table(20.4) presents the results of the MaKendall trend test for two periods, 192024

and 20032040. S statistic is positivegnd thep-value (0.281) exceeds the significance level
(U = 0.05), suggesting no statistically significant trend, thus concluding "No trend." In
contrast, for 2002040, theSis -16, indicating a negligible negative trend, with-agdue of

0.862, also not significant, leading to the conclusion of a "Stable" trend. The coefficient of
variation (CV) values (0.250 and 0.240) is below 1, indicating low variability. These results

suggesno significant trends in either period, with stable conditions prevailing. Studies like

Mann (1945) and Kendall (1975) support timerpretation of such statistical tests in

hydrological and climatological research.

4. P.o0aCtW 7 Hadj out :

The site is not far from the fir§tut situated at a low elevation compared to the. firke
analysis of the drought periods is summarizetbw:

Tab2leMet eorol ogi cal drPooudi/iHa d j eggiurech 2P Ili n
ti mescald®4(q)1981

Droughts Categories Number of Month | Total Droughts Frequency %
Extremely Wet 22 104 15

Very wet 40

Moderately Wet 4 2

Normal Precipitation 469 469 67

Moderately dry 93 124 18

Very dry 17

Extremely dry 14

Table (21.4) summarizes thé&requency of meteorological drought categories according to
time-scale SRI2 in the Hadjout region of Pont CW 7 Hadjout using 12840 data.

Normal precipitation was by far the most common category, at 469 instances (67% of all)

which shows aignificantdegree of stability within the data. There were 22 Extremely wet
droughts (15% of all)and moderately dry ongscked up again at 93 spots (18%ery wet
(040) andnoderate wet (042) occurred very muSkveredrought (extremely and very dry)

was onlyexperienced 17 times, 14 times for severes{gnificantly) dry. This shows that

although there are wet and dry extremes, they do not compare to the amount of normal

precipitation. This agrees with works such as McKee e1883, whichoutline the capacity
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of SPI in quantifying drought events and severity to provideoper hydrological trend

analysis.

Tab22eMet eorol ogical drought MRoCWKHKadd eolult t r
using2SRPIli mesc-a0D24) na-p@962001

19812024 20012040
S 100.000 S 4.000
p-value 0.319 p-value 0.972
U 0.05 U 0.05
CV 0.280 CcVv 0.26
No trend No trend

Table (22.4) presents the results of the MaKendall trend analysis for meteorological
drought in the Pont CW 7 Hadjout region using the-BPtimescale for 1982024 and
2001:2040. For 1982024 the S statistic is positivéndicating a slight positive tren8till,

the p-value (0.319) isnore significanthan the significance levék 0.05), suggesting the
trend is not statistically significant, leading to the conclusion of "no trend.” Similarly, for
2001-2040,the S statistic is positivand low indicating an almost negligible trend, with-a p
value of 0.972, which is also not statistically significant, resulting in "no trend." The
coefficient of variation (CV) values (0.280 and 0.2&jicates moderate data variability
These results suggest no significaahtts in drought conditions for either period, with stable
conditions prevailing. This aligns with studies like Mann (1945) and Kendall (1975), which
highlight the use of the ManrKendall test for detecting trends in hydrological and
climatological data.

4. 6liPpaza

Tipaza is considered a coastal site; analyzing the drought index values, we observe the same

equilibrium between dry and wet months.

Tab23Met eorol ogi cal drTopght fils2e qtgien®ePsic a Ine t(h:
2040)

Droughts Categories Number of Month | Total Droughts Frequencyo
Extremely Wet 18 120 17

Very wet 47

Moderately Wet 55

Normal Precipitation 466 466 67
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Moderately dry 71 111 16
Very dry 24
Extremely dry 16

Table(23.4) presents an overview of meteorological drought categories in the Tipaza region,
utilizing the SP112 timescale from 1981 to 2040. Normal precipitation emerged as the most
prevalent category, recorded 466 times (67% of the total), reflecting mainly stdiieew
conditions. Extremely wet conditions were noted 18 times (17% of total droughts), while
moderately dry conditions had a slightly higher occurrence of 71 instances (16%). Very wet
and moderately wet conditions were observed less frequently, withdd3%aoccurrences,
respectively. Severe drought conditions, categorized as very dry and extremely dry, were
uncommon, with 24 and 16 instances, respectively. This indicates that, although extreme wet
and dry episodes occuheyare less frequetthannormal precipitation. These findings align

with research by McKee et al. (1993), highlighting the effectiveness of the SPI in classifying
drought severity and frequency, thus offering a solid framework for assessing hydrological

trends.

Tab2deMet eorol ogical drought Manpa&endeSPI tr
12 timescadaD24)nabd@92r001

19812024 2001-2040
S 102.000 S 2.000
Var(S) 0.000 Var(S) 0.000
p-value 0.309 p-value 0.991
U 0.05 U 0.05
CVv 0.280 CVv 0.260
No trend No trend

Table (24.4) displays the outcomes of the MaKendall trend analysis for meteorological
drought in the Tipaza region, utilizing the SB timescale for 1982024 and 200-:2040.

For the period 1982024,S is 102, indicating a slightlyositive trend; however, theyalue
(0.309) exceeds the significance levg@E0.05), implying that the trend is not statistically
significant, leading to the conclusion of "no trend." Likewise, for 2040, S is 2
suggesting an almost negligible trend, withaapue of 0.991, whic is also not statistically
significant, resulting in "no trend.” The coefficient of variation (CV) values (0.280 and 0.260)
reflect moderate variability in the data. These findings indicate no significant trends in

drought conditions for either period, with stable conditions prevailing. This is consistent with
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studies by Mann (1945) and Kendall (1975), which emphasize the application of the Mann

Kendall test for identifying trends in hydrological and climatological data.

4. @6Hadni z Barrage:

The site issituated in the east part, which is considered rainier than the western part because
the rainfall gradient is increasing from the west to the east in Algeria. There are more wet
months than dry ones.

Tab2beMet eorol ogical drHamgatr hgeqg-t8@8nogmSP¢Etanh
(1928804 0)

Droughts Categories Number of Month | Total Droughts Frequency %
Extremely Wet 15 123 18

Very wet 4 3

Moderately Wet 65

Normal Precipitation 467 467 67

Moderately dry 67 107 15

Very dry 21

Extremely dry 19

Table(25.4) presents an overview of the frequency of meteorological drought categories in
the Hamiz Barrage region based on the-SPltimescale from 1981 to 2040. Normal
precipitation emerged as the most prevalent category, recorded 467 times (67% of the total),
highlighting primarily stable conditions. Extremely wet conditions appeared 15 times (18%
of the overall droughts), while moderately dry conditions were encountered slightly less
often, with 67 occurrences (15%). On the other hand, very wet and moderatebndiébns

were noted more frequently, at 43 and 65 instances, respectively. Severe drought situations
(very dry and extremely dry) were comparatively uncommon, with 21 and 19 occurrences,
respectively. This indicates that, although extreme wet and dntste&e place, they are

rare comparedo normal precipitation. These findings align with research conducted by
McKee et al. (1993), which underscores the effectiveness of the SPI in classifying drought
severity and frequency, thereby offering a solid framework for evaluating hydrological
trends.
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Tab2eeMet eorol ogical drought Mann Kendel |
usi ng2SPIli mesc-a024) na-p@96R001

(1981-2024) (2001:2040)
S 64.000 S 36.000
Var(S) 0.000 Var(S) 0.000
p-value 0.526 p-value 0.685
U 0.05 U 0.05
CVv 0.27 Ccv 0.26
No trend No trend

Table (26.4) displays the findings of the Masifendall trend analysis related to
meteorological drought in the Hamiz Barrage area, utilizing theL3fimescale across two
timeframes: 1982024 and 200:2040. For 19812024 the S statisics stand a4, signifying

a minimal positive trend. However, thevplue (0.526) exceeds the significance thresHald (

= 0.05), implying that the trend lacks statistical significancel@adsto the inference of "no
trend." Likewise, for the timeframe 20@D40,S is 36, reflecting & even less substantial
positive trend, accompanied by avalue of 0.685, which is also statistically insignificant,
concluding once again with "no trend.” These outcomes indicate no noteworthy trends in
drought conditions for either interval, suggesttaple conditions. This finding is consistent
with earlier studies by Mann (1945) and Kendall (1975), which emphasize the applicability

of the MannKendall test for identifying trends in hydrological and climatological data.

4. @Oud ed Al

For the site oDuled Ali, we observethe same wet and dry months as the previous site.

Tab27eMet eorol ogical drCuu dlit ds-ERogeBRyscal ¢ h

(1928040)

Droughts Categories Number of Month | Total DroughtsFrequency %
Extremely Wet 12 124 18

Very wet 53

Moderately Wet 59

Normal Precipitation 470 470 67

Moderately dry 61 103 15

Very dry 24

Extremely dry 18
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Table (27.4) summarizes the frequency of meteorological drought categories Duileel

Ali region using the SP12 timescale from 1981 to 2040. Normal precipitation was the most
frequent category, occurring 470 times (67% of the total), indicating predominantly stable

conditions. Extremely wet conditions occurred 12 times (18% of tb@alghts), while

moderately dry conditions were slightly less frequent at 61 occurrences (15%). Very wet and

moderately wet conditions were more common, with 53 and 59 instances, respectively.

Severe drought conditionsar(d) were relatively rare, with 24and 18 occurrences,

respectively. This suggests that while extreme wet and dry events occur, they are infrequent

compared to normal precipitation. The results are consistent with studies like McKee et al.

(1993), which emphasize the utility of the SPtategorizing drought severity and frequency,

providing a robust framework for analyzing hydrological trends.

SP12

Tab28Met eorol ogical drought Mann
ti mdsleaBO24) na-prd4QpR001
1981-2024 20012040
S 64.000 S 22.000
Var(S) 0.000 Var(S) 0.000
p-value 0.526 p-value 0.808
U 0.05 U 0.05
CcVv 0.280 CcVv 0.270

No trend No trend

Table (28.4) presents the results of the MaKendall trend analysis for meteorological

Kendel

drought in the Ouled Ali region using the SE timescale for 1982024 and 200:2040.

For 19812024,the S coefficient is64, indicating a very slight positive trendowever the

p-value (0.526) isnore significanthan the significance levelE 0.05), suggesting the trend
is not statistically significant, leading to the conclusion of "no trend." Similarly, for-2001

2040,Sis 22, indicating an even weaker positive trend, witialue of 0.808, which is also

not statistically significant, resulting in "no trend." The coefficient of variation (CV) values
(0.280 and 0.270)ndicates moderate data variabilitfhese results suggest no significant
trends in drought conditions for either period, with stable conditions prevailing. This aligns
with studies like Mann (1945) and Kendall (1975), which highlight the use of the-Mann

Kendall test for detecting trendshigdrological and climatological data.
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4. ot D9:

The same trend was observed for the previous site, with some wet months greater than dry

ones.

Tab29%Met eorol ogical dr oomo tu sfiflnéyg uSRAThey cian et h
(19288040)

Droughts Categories Number of Month | Total DroughtsFrequency %
Extremely Wet 13 124 18

Very wet 45

Moderately Wet 6 6

Normal Precipitation 465 465 67

Moderately dry 6 8 108 15

Very dry 21

Extremely dry 19

Table(29.4) summarizes the frequency of meteorological drought categories RotiteD9

region using the SPI12 timescale from 1981 to 2040. Normal precipitation was the most
frequent category, occurring 465 times (67% of the total), indicating predominantly stable
conditions. Extremely wet conditions occurred 13 times (18% of totalgits), while
moderately dry conditions were slightly less frequent at 68 occurrences (15%). Very wet and
moderately wet conditions were more common, with 45 and 66 instances, respectively.
Severe drought conditionsar{d) were relatively rare, with 21 nd 19 occurrences,
respectively. This suggests that while extreme wet and dry events occur, they are infrequent
compared to normal precipitation. The results are consistent with studies like McKee et al.
(1993), which emphasize the utility of the SPI itegarizing drought severity and frequency,

providing a robust framework for analyzing hydrological trends.

Tab3l0eMet eorol ogical drought MBRontuksBiindge |SPIt r
12 timescadaD24)napd@96r001

19812024 20012040
S 66.000 S 24.000
Var(S) 0.000 Var(S) 0.000
p-value 0.513 p-value 0.790
U 0.05 V] 0.05
CV 0.270 CV 0.280
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No trend No trend

Table (30.4) presents the results of the MaKendall trend analysis for meteorological
drought in the Pont D9 region using the 3RItimescale for 1982024 and 200:2040. For
19812024, theS coefficient is66, indicating a very slight positive trenHowever, thep-

value (0.513) isnore significanthan the significance levelE 0.05), suggesting the trend

is not statistically significant, leading to the conclusion of "no trend." Similarly, for-2001
2040, theSis 24, indicating an even weaker positive trend, withaafue of 0.790, which is

also not statistically significant, resulting in "no trend.” The coefficient of variation (CV)
values (0.270 and 0.280nhdicates moderate data variabilitfhese results suggest no
significant trends in drougttonditions for either period, with stable conditions prevailing.
This aligns with studies like Mann (1945) and Kendall (1975), which highlight the use of the

MannKendall test for detecting trends in hydrological and climatological data.

4 . B.aft aki

It always had the same behavior as the previous sites, with a prevalence of wet months

compared to dry ones.

Tab3leMet eor ol ogi cal drBoaurgahkti nfdr 2eSqPuienmecsyc a Ine t (h:
2040)

Droughts Categories Number of Month | Total Droughts Frequency %
Extremely Wet 13 127 18

Very wet 52

Moderately Wet 6 2

Normal Precipitation 476 476 68

Moderately dry 52 94 14

Very dry 25

Extremely dry 17

Table (31.4) summarizes the frequency of meteorological drought categories in the Baraki
region using the SP12 timescale from 1981 to 2040. Normal precipitation was the most
frequent category, occurring 476 times (68% of the total), indicating predominantly stable

conditions. Extremely wet conditions occurred 13 times (18% of total droughts), while
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moderately dry conditions were slightly less frequent at 52 occurrences (14%). Very wet and
moderately wet conditions were more common, with 52 and 62 instances, respectively.
Severe drought conditionsar(d) were relatively rare, with 25 and 17 occurrences,
respectively. This suggests that while extreme wet and dry events occur, they are infrequent
compared to normal precipitation. The results are consistent with studies like McKee et al.
(1993), which emplsze the utility of the SPI in categorizing drétigeverity and frequency,

providing a robust framework for analyzing hydrological trends.

Tab32eMet eorol ogi cal
12 timescadaD24)nabd@926r001

drought

MBana&endebEPI tr

19812024 2001-2040

S 48.000 S 32.000

Var(S) 0.000 Var(S) 0.000

p-value 0.637 p-value 0.720

U 0.05 U 0.05

CVv 0.27 CVv 0.26
No trend No trend

Table (32.4) presents the results of the MaKendall trend analysis for meteorological
drought in the Baraki region using the SRtimescale for 1982024 and 2002040. For
1981-2024,the Scoefficient is48, indicating a very slight positive tren8till, the p-value
(0.637) ismore significanthan the significance levelE 0.05), suggesting the trend is not
statistically significant, leading to the conclusion of "no trend.” Similarly, for Z0B10,S

is 32, indicating an even weaker positive tremdgth a pvalue of 0.720, which is also not
statistically significant, resulting in "no trend." These results suggest no significant trends in
drought conditions for either period, with stable conditions prevailing. This aligns with
studies like Mann (194%nd Kendall (1975), which highlight the use of the M&mmdall

test for detecting trends in hydrological and climatological data.

4. Mo&i zai a

Mouzaia is asignificant site in the central part of the Mitidja plain; it can be considered an

indicator site. This one follows the same behavior as the last sites.

Tab33Met eorol ogi cal
(198Q40)

d rMowghati af rde2qg uhepnncByB kian et h
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Droughts Categories Number of Month | Total Droughts Frequency %
Extremely Wet 18 118 17

Very wet 47

Moderately Wet 53

Normal Precipitation 471 471 68

Moderately dry 67 108 15

Very dry 24

Extremely dry 17

Table(33.4) summarizes the frequency of meteorological drought categories in the Mouzaia
region using the SPI2 timescale from 1981 to 2040. Normal precipitation was the most
frequent category, occurring 471 times (68% of the total), indicating predominantly stable
conditions. Extremely wet conditions occurred 18 times (17% of total droughts), while
moderately dry anditions were slightly less frequent at 67 occurrences (15%). Very wet and
moderately wet conditions were more common, with 47 and 53 instances, respectively.
Severe drought conditionsar{d) were relatively rare, with 24 and 17 occurrences,
respectivelyThis suggests that while extreme wet and dry events occur, they are infrequent
compared to normal precipitation. The results are consistent with studies like McKee et al.

(1993), which emphasize the utility of the SPI in categorizing drought severitseguency,

providing a robust framework for analyzing hydrological trends.

Tab34eMet eorol ogical drought Mann Kend-el
12 timescadaD24)napd@926r001

1981-2024 20012040

S 82 S 4.000

Var(S) 0 Var(S) 0.000

p-value 0.415 p-value 0.972

U 0.05 U 0.05

CV 0.27 CVv 0.260

No trend No trend

Table (34.4) presents the results of the MaKendall trend analysis for meteorological

drought in the Mouzaia region using the SRIltimescale for 1982024 and 200-2040. For
19812024, theS coefficient is82, indicating a slight positive trenétill, thep-value (0.415)

is more significantthan the significance levelJ(= 0.05), suggesting the trend is not
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statistically significant, leading to the conclusion of "no trend." Similarly, for ZIB10, the

S is 4, indicating an almost negligible trend, with avgdue of 0.972, which is also not
statistically significant, resulting in "no trend." The coefficient of variation (CV) values (0.27
and 0.260) indicate moderate variability in the data. These resultsssuggsignificant
trends in drought conditions for either period, with stable conditions prevailing. This aligns
with studies like Mann (1945) and Kenidél975), which highlight the use of the Mann
Kendall test for detecting trends in hydrological and climatological data.

4., 658.0 maa

This site is situated in the soutkentral part of the study zone; the Blidean Atlas mounts

influence it.

Tab3beMet eor diroguigchal fr Soueuwasaiynd 2SR lihme s-cal e
2040)

Droughts Categories Number of Month | Total DroughtsFrequency %
Extremely Wet 14 105 18

Very wet 51

Moderately Wet 60

Normal Precipitation 469 469 67

Moderately dry 61 103 15

Very dry 24

Extremely dry 18

Table(35.4) summarizes the frequency of meteorological drought categories in the Soumaa
region using the SPI2 timescale from 1981 to 2040. Normal precipitation was the most
frequent category, occurring 469 times (67% of the total), indicating predominantly stable
conditions. Extremely wet conditions occurred 14 times (18% of total droughts), while
moderately dry conditions were slightly less frequent at 61 occurrences (15%). Very wet and
moderately wet conditions were more common, with 51 and 60 instances, respectiv
Severe drought conditionsar{d) were relatively rare, with 24 and 18 occurrences,
respectively. This suggests that while extreme wet and dry events occur, they are infrequent
compared to normal precipitation. The results are consistent with studies like McKee et al.
(1993), which emplsze the utility of the SPI in categorizing drought severity and frequency,
providing a robust framework for analyzing hydrological trends.
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Tab3eMet eorol ogi cal
ti mesc-da024) na-p@96R001

12

drought

M8& o o nulsai nndge |SP It r

19812024

S 66.000

Var(S) 0.000

p-value 0.513

U 0.05

CVv 0.280
No trend

2001-2040

S 30.000

Var(S) 0.000

p-value 0.737

U 0.05

CV 0.270
No trend

Table (36.4) presents the results of the MaKendall trend analysis for meteorological
drought in the Soumaa region using the-$Ptimescale for 1982024 and 200:2040. For
19812024, theS coefficient is66, indicating a slight positive trenéHowever, thep-value
(0.513) ismore significanthan the significance levelE 0.05), suggesting the trend is not
statistically significant, leading to the conclusion of "no trend." Similarly, for ZIB10, the

Sis 30, indicating an even weaker positive trend, withhaafue of 0.737, which is also not
statistically significant, resulting in "no trend." The coefficient of variation (CV) values
(0.280 and 0.270) indicate moderate variability in the data. These resgliess no
significant trends in adrught conditions for either period, with stable conditions prevailing.
This aligns with studies like Mann (1945) and Kendall (1975), which highlight the use of the

Mann-Kendall test for detecting trends in hydrological and climatological data.

Tab37esmet eor ol ogi cal drought MMhhi Hpuasdienlgai br

SRPR12 timesc-daD24)nabd@96r001
19812024 20012040
Site S P value | U Trend | Site S P value | U Trend
Meurad | 108 0.281 0.05 No Meurad | -16 0.86 0.05 | stable
Barrage trend
Pont 100 0.319 0.05 | No Pont 4 0.97 0.05 | No
Cw7 trend Cw7 trend
Tipaza 102 0.309 0.05 | No Tipaza |2 0.99 0.05 | No
trend trend
Hamiz 64 0.526 0.05 | No Hamiz | 36 0.685 0.05 | No
Barrage trend trend
Ouled 64 0.526 0.05 No Ouled 22 0.81 0.05 | No
Ali trend Ali trend
Pont D9 | 66 0.513 0.05 | No Pont D9 | 24 0.79 0.05 | No
trend trend
Baraki 48 0.637 0.05 No Baraki 32 0.72 0.05 | No
trend trend
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Mouzaia | 82 0.415 0.05 No Mouzaia| 4 0.97 0.05 | No
trend trend
Soumaa | 66 0.513 0.05 No Soumaal| 30 0.737 0.05 | No
trend trend

The MannKendall trend analysis results across various sites (Meurad Barrage, Pont Cw7,
Tipaza, Hamiz Barrage, Ouled Ali, Pont D9, Baraki, Mouzaia, and Soumaa) for the periods
1981-2024 and 2002040 consistently showino trenad in meteorological drought
conditions. This is supported bywpal ues t hat exceed the signi
both periods, indicating that the observed trends are not statistically significant. However,
there is a noticeable decline in the Sistat, which assesses the strength and direction of
trends, between the two periods (for example, from 108&dor Meurad Barrage, 100 to 4

for Pont Cw7, and 66 to 30 for Soumaa). This reduction in the S statistic may suggest a subtle
shift towards de&asing trends in drought conditions, particularly in the later period {2001
2040). This finding aligns with regional climate models, such as those presented by Zeroual
et al. (2019), which forecast a decreasing trend in rainfall from 2000 to 2098. Timendecl

S statistic, combined with the stable ortnend conclusions, implies that while significant
trends are not currently detectable, the region may be moving towards drier conditions in the
long term. This highlights the necessity for ongoing monitpand adaptive water resource

managementonsideringpotential climatic changes.

4 . Tr eAndal ysi s of aSPI

The trend analysis of the Agricultural Standardized Precipitation Index (aSPI) focuses on
assessing how agricultural drought conditions have evolved. Unlike the general Standardized
Precipitation Index (SPI), which measures overall precipitation, the af&lifically
examines the "effective precipitation,” or the portion of rainfall available to crops and
vegetation. This makes it a more relevant tool for understanding the direct impact of drought
on agriculture. For the trend analysis, data from 19810f1 2vere analyzed, focusing on

aSPI values for 3, 6, and-h2onth periods. By incorporatiraglequag precipitation, the aSPI
provides a clearer picture of how changing rainfall patterns have influenced crop
development and agricultural conditions oadequate time

T a b3l 8ed.ist of abbreviations

Abbreviation | Drought category
EW Extremely Wet
VW Very wet

MW ModeratelyWet
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NP NormalPrecipitation
MD Moderatelydry
VD Very dry
ED Extremely dry
aSPIl Meurad

50
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2

1 o

. | i
EW VW MW MD VD ED

m aSPI3 maSPI6 maSPI12

o

Number of months
o

Fi g@ 0 4griculturaldrought frequency in thieleuradusingaSPI13, aSPI6 and aSPI12
timescale (1982021)

TheaSPI analysis at the Meurad site revesadgificant hydrological trends across different
timescales. Shoterm conditions gSPF3) indicate moderate wetness, with 81 months
(25.2%) of wet conditions, while loAgrm conditionsgSPF12) show a higher incidence of
extreme wet events (15 EW months, 4.7%), marking the most extreme wetness across all
timescales. Normal precipitation is predominant, occurring ir388lLmonths (66-50.1%),
reflecting overall hydrological stability. Prconditions are inversely related to timescale,
with aSPF3 experencing the highest dry months (76, 23.6%), decreasing to 58 (18.0%) for
aSPF12. This suggests that frequent skterim droughts are often mitigated by wetter
periods at annual scales. NotaldgPF12 has the highest number of extreme wet events and
the fewest total dry months, indicating that prolonged wet spells can effectively reduce
drought impacts over longer durations. In summary, wetness increaseght frequency
decreases with longer timescales, while normal precipitation remains dominarst @tros

scales.
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Fi g@ t #4griculturaldrought frequency in theont CW7usingaSPI3, aSPI6 and
aSPI12timescale (1982021)

The aSPI analysis across different timescalestteg Pont CW?7site reveals distinct
hydrological patterns. Sheteérm conditions §SPF3) show moderate wetness (82 wet
months, 25.5%) balanced by frequent dry periods (77 months, 24.0%), includamid26
months. The mediusterm @SPL6) represents the wettest scenario (87 wet months, 27.1%),
while the longterm @SPF12) features the most extreme wet events (20 months) but also
persistent moderate drought conditions (51 monidyemedry months remain consistent

(7-8 months) across all timescales, while normal ipretion dominates (66-69.8% of
months). The data demonstrates a system where increasing timescales amplify wet extremes
while reducing drought intensity, withSPF12 showing both the highest extreme wet
frequency and lowest very dry occurrences, suggesting that prolonged wet periods effectively

compensate for shorter dry spells at annual scales.
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Fi g@ 2 4griculturaldrought frequency in th€ipazausingaSPI3, aSPI6 and aSPI112
timescale (1982021)

The aSPI analysis across multiple timescales reveals a consistent pattern of hydrological
variability at theTipazasite. Shordterm conditions §SPF3) exhibit moderate wetness (86
months, 26.8%) balanced by dry periods (78 months, 24.3%), with notable very dry
occurrences (26 months). The meditearm @SPF6) shows increased wet conditions (91
months, 28.3%) while maintaining similar dry frequency (77 months, 24.0%). Most
significantly, the longierm scaledSPF12) demonstrates a distinct shift, with extrewst
events (13 months) nearly doubling the extreme dry occurrences. @ 8WSP43) and total

dry months decreasing to 66 (20.6%). This pattern suggestshbaterm droughts are
frequent butire increasingly compensated by wetter conditions at longer timescales. Normal
precipitation remains dominant across all scales {68.9% of months), indicating overall
hydrological stability punctuated by alternatidgmpand dry episodes that become less

severe at annual scales.

aSP| Hamiz
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Fi g@ 3 Agriculturaldrought frequency in thdamizusingaSPI3, aSPI6 and aSPI12
timescale (1982021)

The analysis of th@SPI across three timescalesSPF3, aSPF6, andaSPF12) reveals

variability in wet and dry conditions at tiH#amizsite. Wet conditions were observed for 87

months (27.1%) aSPF3, 80 months (24.9%) aSP}6, and 93 months (29.0%)a&PF12,

with the highest frequency at the annual scale. Dry conditions occurred for 77 months

(24.0%) ataSPF3, 83 months (25.9%) aSPF6, and 68 months (21.2%) aPF12, with

aSPI6 showing the most frequent dry events. Extreme wet events were rare but peaked at

aSPI3, whilearid events were most frequenta®PF12. Normal precipitation accounted for
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about 4849%, indicating overall hydrological stability despite fluctuations. Key findings
include a wetter longerm trend adSPF12 and mediurterm vulnerability aBSP+6. Short
termextremes tend to be wetter, while letggm extremes are drier, suggesting that longer

wet periods compensate for droughts over time.

aSPI Ouled Ali
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F i g @ 4 :4\griculturaldrought frequency in th@uled Ali usingaSPI3, aSPlégand
aSPI12timescale (1982021)

TheaSPI analysis reveals distinct hydrological pattetrithe Ouled Ali site across different

timescales Shortterm conditions §SP+3) show moderate wetness (89 months, 27,7%)
slightly exceeding dry periods (73 months, 22.7%), with normal precipitation dominating
(316 months, 68.5%). The medittarm @SPF6) maintainsa similar wetdry balance (85 vs
79 months) but shows increased very wet conditions (35 months). Most notably, the long
term scale §SPF12) demonstrates a significant wetness predominance (90 wet months,
28.0%) over dry conditions (68 months, 21.1%), featuring both the highest very wet

frequency (41 months) and extreme dry occurrences (14 months). This pattern suggests that

while shortterm variability is balanced, annual scales reveal more pronounced wet
conditions with occasional intense droughts. The consistent normal precipitationadcross
scales (31816 months) indicates overall hydrological stability, with increasing wet

extremes at longer timescales that partially compensate for drought severity.
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aSPI Pont D9
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Fi g @ 5:4\griculturaldrought frequency in theont D9usingaSPI13, aSPI6 and aSPI12
timescale (1982021)

The multitimescaleaSPI analysis reveals a progressive shift in hydrological patteths at
Pont D9site. While shorterm conditionsdSPF3) show neaequilibrium between wet (87
months, 27.1%) and dry periods (76 months, 23.7%), longer timescales exhibit distinct
trends. The annual scaleSPF12) demonstrates pronounced wetness (92 months, 28.7%)
with the highest moderate wet frequency (58 months), contrasting with &idenonths

(12 vs 24 ineSPF3). Extremeevents follow opposing trajectoriegxtreme wet occurrense
decrease from 1B%PH3) to 8 monthsaSPF12), while extreme dry events double from 8 to

16 months. This divergence suggests that while the system maintains overall water
availability through sustained moderate wet conditions, it becomes increasingly vulnerable
to severe droughts at annuallssaeven as the frequencyasfd months diminishes. Normal
precipitation remains dominant (3@25 months, 64:85.6%) across all timescales,

masking these underlying hydrological shifts that only emerge throughsoalé analysis.
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Fi g @ 6:4\griculturaldrought frequency in thBarakiusingaSPI3, aSPI6 and aSPI12
timescale (1982021)

The analysis 0BSPI at theBaraki site across different timescales (3, 6, and 12 months)
reveals distinct hydrological patterns. In the sterin @SPF3), wet episodes accounted for
27.4% (88 months) and dry periods for 23.7% (76 months), with normal precipitation
occurring 48.9% of the time (314 months). In the mediarm @SPF6), wet conditions were
slightly more frequent at 26.5% (85 months) compared to dry spells at 24.9% (80 months),
with normal precipitation making up 48.6% (310 months). Fomatimeual timescaleaGPFH

12), wet conditions increased to 29.6% (95 months), while dry spells were less frequent at
20.6% (66 months). Overalyid events were rare, ranging from 2.5% to 4.4%, while very
wet and moderately wet conditions contributed significantly to the variability irpthete
occurrencedespite shorterm fluctuations, this indicates a general tendency towards wetter

long-term conditionswith no significant trend observed during the study period.
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Fi g @ T :4\griculturaldrought frequency in thiRlouzaiausingaSPI13, aSPI6 and aSPI12
timescale (1982021)

The multiscaleaSPI analysis reveals a distinct hydrological pattern where wet conditions
intensify with longer timescales, while dry extremes show contrasting behavior. Annual data
(aSPF12) demonstrates the strongest wet signature wittxiremelywet and 31 very wet
months- the highest values across all scalasda notable reduction iarid months (10 vs

26 in aSP13). However, this wetting trend coexists with a concerning increase in extreme

drought months (13 iraSPF12 vs 7 inaSPF3/6). While normal precipitation remains
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dominant (63.866.5%), the emerging pattern suggests climate instability, where longer
timescales simultaneously enhance both wet extremes and severe drought susceptibility. This
paradoxical finding indicates that while annual water availability appeavsafale overall,

the system is experiencing amplified hydrological variability that manifests as more frequent

extreme events at both ends of the moisture spectrum.
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Fi g @ 8:4Agriculturaldrought frequency in thBoumaaisingaSPI13, aSPI6 and aSPI12
timescale (1982021)

TheaSPI analysis reveals a clear transition from sterh variability to longterm wetness
at theSoumasasite. While the total wet months remain consistent across timescaié4 (88
months), their composition shifts dramaticallyaSPF12 shows a doubling of very wet
months (42 vs 22 iaSP}3) alongside fewer moderate wet months. Dry conditions display
an inverse pattern: though total dry months decrease fronaSH-3) to 65 GSPI12),
extreme droughts intensify (15 ED monthe@PF12 vseightataSPF3). This hydrological
transformation suggests that shitm fluctuations (& months) present balanced vaey
conditions Still, annuakcales reveal a system where intense wet periods coexist with severe,
though less frequentraughts. The predominance of normal precipitation {304 months)
masks this underlying polarization toward hydrological extremes at longer timescales,
indicating a climate pattern where water availability becomes simultaneously more abundant
yet more vadtile annually.
The aSPI analysis across multiple sites highlights increasing climatic variability, particularly
at longer timescales, consistent with observed Mediterranean climate change trends (Giorgi,
2006; Lionello et al., 2014). While normal precipitation remainmidant (6370% of
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months), there is a growing occurrence of extreme wet events and severe droughts at the
annual scale (aSHR), mirroring the "drygetsdrier, wetgetswetter" paradigm observed in
regional studies (Vicent8errano et al., 2014). Two key trends emergea @ignificant rise

in extreme wet events (up to 20 months) and very wet conditions, and (2) an increase in
extreme droughts (up to 16 months) despite a reduction in total dry raarpghttern recently
termed "precipitation whiplash" (Markonis et al. 220.

These trends suggdbiat Mediterranean climate systems are becoming more volatile, where
prolonged wet periods partially offset but do not eliminate drought risks (Trerabkaly,

2020). Shorterm analyses (aSBI6) often fail to capture these shifts, as shown by similar
underestimations in other Mediterranean basin studies (Iglesias et al., 2018). The increase in
extreme droughtand reducedrid months pointo more concentrated dry periods, aligning

with anobserved intensification of drought seveidespite fewer drought months (Vicente
Serrano et al., 2014).

Tab3%eMankendal | test of aSPlI 3,6 and 12
Site Trend test aSPI3 aSPI6 aSPI12
S -2931,00 -787,00 7072,00
p-value 0,40 0,82 0,04
Baraki alpha 0,05 0,05 0,05
CVv -791,00 -4237,13 -8250,41
Trend No trend No trend Increasing
S -3671,00 -791,00 6732,00
p-value 0,29 0,82 0,05
Hamiz alpha 0,05 0,05 0,05
Ccv -1486,62 | -11147,93 13047,32
Trend No trend No trend _Probably
increasing
S -577,00 3961,00 13986,00
p-value 0,87 0,25 < 0.0001
Meurad alpha 0,05 0,05 0,05
CVv -1204,62 -3768,64 -5682,06
Trend No trend No trend increasing
S -399,00 3413,00 13582,00
p-value 0,91 0,32 < 0.0001
Cw7 alpha 0,05 0,05 0,05
CcVv -694,99 -1274,63 -1057,74
No trend No trend increasing
S -1215,00 2165,00 12086,00
Mouzaia p-value 0,73 0,53 0,00
alpha 0,05 0,05 0,05
Ccv -688,39 -1630,22 -3696,64
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Trend no trend no trend increasing
S -3485,00 -711,00 7700,00
p-value 0,32 0,84 0,02
Ouled Ali alpha 0,05 0,05 0,05
Cv -1237,80 -6930,14 -22507,97
Trend No trend No trend increasing
S -3689,00 -699,00 7022,00
p-value 0,29 0,84 0,04
Pont D9 alpha 0,05 0,05 0,05
Ccv -1507,48 -9999,77 13587,24
Trend No trend No trend Increasing
S -3149,00 -503,00 7942,00
p-value 0,37 0,88 0,02
Soumaa alpha 0,05 0,05 0,05
Cv -1011,76 -4042,54 -13631,77
Trend No trend No trend Increasing
S -963,00 2671,00 13400,00
p-value 0,78 0,44 < 0.0001
Tipaza alpha 0,05 0,05 0,05
Cv -603,04 -1258,15 -2383,16
Trend No trend No trend Increasing

The observed increasing trend in the annual Standardized Precipitation Indet Za8&h

be attributed to enhanceadequat precipitation, which has positively influenced soil
moisture conditions and agricultural productivity in the Mitidja Plain. This hydrological
pattern correlates with documented improvements in crop yields, particularly for citrus fruits
- the region's dminantagrarianproduct. Official agricultural statistics from the Algerian
Ministry of Agriculture (20062020) report a significanbcrease in citrus productioif his
suggestsa potential linkage between the letegm wetter conditions indicated by aSPX

and improved agricultural output. These findings align with established geohydrological
principles where sustained increasesadequat rainfall enhance soil water availability,
creating favorable conditions for perennial crops like citrus. The temporal correspondence
between the aSHI2 trend and agricultural productivity metrics underscores the importance

of longterm hydrologichpatterns in shaping regionagrarianoutcomes.
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The observed significant increase in crop yields can be partially attributed to the upward
trend in the Agricultural Standardized Precipitation Index (aSPI), which reflects improved
precipitation conditions over time. However, tlisld increasecannot be solely explained

by precipitation patterns. Other factors, such as the adoption of advanced irrigation
techniques and the modernization of agricultural practices after 2000, have likely played a
crucial role in enhancing productivity. These teglogicaland infrastructural improvements

have contributed to more efficient water use and better management of agricultural resources,

further supporting the observed growth in crop yields.
4 Brrelation between SPI and aSPI

Correlation coefficients were calculated between SPI and aSPI 3,6 and 12; a strong

correlation was found for all sites, as illustrated in the following table.

Tabdoellorrel ation coefficient bet ween SPI an
R SPI/aSPI
Site 3 6 12
Baraki 0,9915 0,9970 | 0,9998
Hamiz 0,9918 0,9973 | 0,9998
Meurad 0,7245 0,7586 | 0,7348
Cwv 0,9913 0,9979 | 0,9998
Mouzaia 0,9910 0,9974 | 0,9996
Ouled Ali 0,9917 0,9972 | 0,9997
Pont D9 0,9918 0,9972 | 0,9998
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Soumaa 0,9916 0,9971 | 0,9997
Tipaza 0,9912 0,9973 | 0,9997

A strong correlation between SPI and aSPI is evident, which can be explained by the
significant influence of hydrological conditions, particularly rainfall, on agricultural drought.
Since both indices are influenced by precipitation, any changes in ranefatls can
substantially impacsoil moisture, crop yields, and overatjrarianconditions. As rainfall
directly affectswater availabilityfor crops, fluctuations in precipitation patterns can lead to
variations in agricultural productivity and drought severity, further highlighting the

interconnectedness of hydrological conditions famchingoutcomes.

4 Mapping of Drought Events

We analyzed the results amdentified that the driest period occurred in November 1989
across all sites, as indicated by both aBPand SRIL2. To further visualize this period, we
employed the Kriging interpolation method to map the spatial distribution of the drought
conditions The resulting maps, which illustrate the extent and intensity of the drought during
this time, are presented below. These maps provide valuable insights into the spatial

variability of the drought and helpnderstandts broader impact on the region.
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The figures reveal that the driest region in the Mitidja Plain is its central area, indicating that
the drought (or wetness) gradient does not strictly follow the general westward decrease in
rainfall observed across Algeria. Furthermore, it was obsehatdhiie Meurad Barrage site
exhibits less sensitivity to drought compared to other sites, potentially due to its elevation of
approximately 300 meters. This elevated position may also account for the weaker correlation
between SR12 and aSP12 at this l@ation. By regionalizing drought events, we can
identify key factors influencing drought patterns in the region. These findings provide the
basis for creating a sensitivity map that will enhance our understanding of the spatial

variability of droughts andontribute to more targeted drought management strategies.
4. COnclusi on

This chapter summarizes all the results obtained, starting with the bias correction of the
CHIRPS data due to the lack of complete observed datasets. These data were used to estimate
drought indices: SPI and aSPI. The results showed a globally symmétein paross all

sites between dry and wet monthi$ie trend analysis using the MaKendall test did not
reveal any significant trends for the past period (12824) or the future period until 2040

for SPI1. However, aubstantiaincrease in aSPI was observed from 1981 to 2021, which
considerably impactsrop yields, as seen in the case of citrus yields.

Further inrdepth analysis is needed fddeteorological and agricultural droughts by
extending the time series analysis to include data before 1981. This would help identify
breakpoints and utilize available climate forecasting models to project beyond 2040. The goal
is to determine whether the detected insesia aSPI is statistically significant and to assess

the possibility of identifying a trend in the SPI index.

~14S8



Chapt@ONGLUSI ONREACNOMMENDAT | ON

5.Concl usi ons

This study employed a comprehensive drought assessment framework combining
meteorologicahndagriculturd approaches to evaluate drought dynamics in the Mitidja Plain
from 1981 to 2040. The analysis utilized the Standardized Precipitation Index (SPI),
Agricultural Standardized Precipitation Index (aSPI), and-boasected climate data to

characterize drouglpiatterns across multiple timescalasd that concluded in:

1 Balanced Hydrological Conditiong he analysis of SRL2 showed a symmetrical
distribution between wet and dry months, with no statistically significant trends
detected in either historical (1982024) or future (20012040) periods, indicating
relative climatic stability in meteorological drght patterns.

1 Increasing Agricultural Drought Resilienc&he aSP{12 exhibited a significant
increasing trend, suggesting improved adequate precipitation and soil moisture
conditions, positively influencing agricultural productivity, particularly in citrus
cultivation.

1 Spatial Variability in Drought Sensitivityprought severity varied spatially, with the
central Mitidja Plain identified as the most droughtne area. At the same time,
elevated regions like Meurad Barrage showed reduced sensitivity, likely due to
orographic effects.

1 Impact of Modern Agricultural PracticeBespite periodic droughts, the rise in crop
yields highlights the role of improved irrigation techniques and agricultural
advancements in mitigating drought impacts.

1 Need for Extended Data AnalysiBhe absence of significant SPI trends may be due
to limited temporal coverage; extending the analysis beyond 2040 with climate
models could reveal lorgrm trends and breakpoints in drought patterns.

1 Strong Correlation Between SPI1 and aSilke high correlation between SPI and aSPI
underscores the dominant influence of precipitation on agricultural drought,

reinforcing the need for integrated drought monitoring systems.
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5 Recommendati ons

Based on the research findings and limitations of this studyolibe/ing recommendations

are proposed for future research:

T

Enhanced Drought Monitoring Systemmplement advanced early warning systems
combining SPI and aSPI to improve drought forecasting and agricultural planning.
Sustainable Water ManagemeRromote efficient irrigation practices and water
conservation strategies to mitigate drought impacts, particularly in the central Mitidja
Plain.

Expansion of Climate Dat&xtend drought trend analysis using longer historical
datasets and future climate projectibmsinderstand lonterm patterns better
Agricultural Adaptation Strategie&€ncourage droughesistant crop varieties and
precision farming techniques to enhance resilience against climatic variability.
Policy InterventionsDevelop regiorspecific drought mitigation policies, focusing

on water allocation and infrastructure improvements in-higihareas.

Further Research Investigate additional factors (e.g., temperature,
evapotranspiration) influencing drought severity to refine predictive models and

adaptation measures.
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