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3° compared to present day (1°) [ensemble mean]
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the ensemble mean change of GWR between the current 1°C world and a potential 3°C GW

Reinecke, R., et al.: Uncertainty of simulated groundwater recharge at different global warming levels: a global-scale multi-model ensemble study, Hydrol.
Earth Syst. Sci., 25, 787-810, https://doi.org/10.5194 /hess-25-787-2021, 2021.



W A N B R i i
(Y s
™y JENG

—_— :J'-' | i

LINITED MATHONS q‘,%? 15

InGm .l o

ad gal) oluall Apdillfpedd 1) a8 s -1
18 s slall 23830 / el e 5 sl ol sal) -]
A sall oyl () il ) il ddliaall (3l -
288 Al i Ui 5 4 gall olaal) ) el )l AaS a8 Tt 5 1) g0 jUaaY) laaS Canli

L (e Aaldiia) g Aliial) 5 ial) 8 Da8 giall &y ylaall Y slagll (e A08 sal) sbaall () el I puas
Aaalid) dadal

Al cilaliay) At gall o) o i3 22
Jaalaall duila) cilalial) sl o
k)l Olaliay) e 4dliall ¢l el ‘)...u"t\ LS (5 4k




7\ A gal) oluall Apdasl) [ gl 1) Ao 3 Aigal) Ja) gad) -]
AL

FACTORS AFFECTING GROUNDWATER RECHARGE
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1. DIRECT MEASUREMENT
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2.

EMPIRICAL METHODS
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WATER TABLE FLUCTUATION (WTF)
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4. DARCIAN APPROACHES
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S. MODELS INCLUDING Al METHODS

GROUNDWATER MODELS
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ARTIFICIAL NEURAL NETWORK (ANN) TO CALCULATE GROUNDWATER RECHARGE

6. TRACERS
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ENVIRONMENTAL TRACERS SUCH AS CHLORIDE (CL) ESTIMATION IS BASED ON MASS BALANCE STUDIES
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Start by Defining the Problem

gt za sl

@kl 23 pall

5 _yilaall 9 ilaad)
X ““J

Unmafactury Mn:sdel & Field | CPYEPVERY

Satisfactory Model

E:‘a Ja.ﬂ! &gl
s il pua g

Make Recommendations/Decisions




RN Vet
T 8N
LIMNITED MATMOMS H‘%Er I'I'|

IgGm Y o o
ESCWA .
Ales)

aal Jiag Gy sl Ak gl slaall ol ladl) B0l T g 5 i Y1 i palll o
Adlaas o dawel) D Jig o s A8a1) (e A gaie Ay B2 el
bl

A PICTORIAL REPRESENTATION OF THE GROUND-WATER ) :\:é);j‘ Dl:\AJ\ ew (}‘é\j M }A =
(FLow sYSTEM
- A s ouell s dan sl guad) g Jhall agdy jandi Gaaly o
’”"If l\ — €23 pail b Ldlasl iy ) algl) cililaall o L
' fagall & L
Clalid) cdllaal ad b Le
el 5 Lgman cny ) cLaladl) o La

_M\é‘é@:\.ﬂh 5 ghd oA @JQ’&Y\GSM@A‘A‘ sl &) o

Conceptual model




M)

: dalucal) Balea g¥) (8 olpall ficeall pf by all daslald) g 40 Lalad) Ay o) Adalinl) Alateal) Sabal) Jada Alilaa 5 oo 13 98 pan (dany

0 (kxx 8hj+ 9 (k ah}+£(k %j:WJFSS%

a ax ay Yy ay 52 zz 52 61‘
(LT X,Y,Z ailaay) cilalasy) g Alal) Jalall 4,3 5l K
(L) T oeill e Sil nell kel H o
(oa)) Al Jalall Alls 3) (SPECIFIC YIELD) &l dsitlarall gy Jday 5 SPECIFIC STORAGE oo sill a3l Shgs
(T1) ) ol Apdail) Jiay 2s W e

Jiaa)ﬂ\uj_)uwcl.A.“JJﬂ:\du‘y\}iGSsy\é\;w\cbuéﬁzumﬁ)w\ﬁc:d&\@)ﬂ\;w\ckuz\s_)m‘ss% Al sl
@ saladl 185 Y & il sasd 5 8 Jelad) mhas (e sl 3aa) 5 (8 03l ) Gilcadd) 5 ) slall aas Leily o jed 5 4d) Caliay

el e



S L
£

Al

}_,?;’f-&':"

o sball Cguia L paiy Y AN ANl a5 :STEADY STATE 3 _jiiuall Al e
Oh : : . . 0 :
Si— 2l 05%s (gl gl dalll Gl sall) Ga 3 e G Al 55 Y5 G S
il U glse A8l Aolaal)

Aarii elall o guia Lgd ey Al & S TRANSIENT STATE &_fiusall e dllad) o
Ol g a3l il



Al oY) da g il -1

Initial Conditions
£,= 0 (o) ie elall Capuia ad g 550 o

known head distribution at time t,

aaall Lo 5 yall-2

Boundary Conditions

dihie 3gas die (Olall) atide ol (helall) uial) clual Azl ) libe (e 5 e 4aall Ly 5l

2l

A9l e (e o Sllia

Sia 3 sy 5l e s) AaiiS Al CHLAGSH 5 g g Aagii Agily 38 3 gaa -

Groundwater ) 4 sall slall asii b ghad o (Streamlines) Clisall o sl Jie 480 g 0 393a -
(divides




Finite Element Method
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Several versions available GAU).J\ R U—"J‘M) sac <llia

There have been six major releases of the core MODFLOW version:
MODFLOW-84, MODFLOW-88, MODFLOW-96, MODFLOW-2000, MODFLOW-2005, and MODFLOW 6.
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* SOME GRAPHICAL USER INTERFACES FOR MODFLOW

e GMS wwwems..com

* PMWI N (WWW.IFU.ETHZ.CH/PUBLICATIONS /SOFTWARE /PMWIN/INDEX EN)

* MODELMUSE (FREE) (nr1ps.//wwWW.USGS.GOV/SOFTWARE/MODELMUSE-A-GRAPHICAL-USER-INTERFACE-
GROUNDWATER-MODELS

GWV (WWW.GROUNDWATER-VISTAS.COM)

VISUA I- Mo D F I-OW( HTTP://EN.WIKIPEDIA.ORG /WIKI/VISUAL MODFLOW )

MODFLOW CODE “CORE CODE”
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Stress Packages in MODFLOW gk 8 4l o Jal) aaf

1. Well PGCnge } Specified Flux

Recharge package

—_

River package

Drain package

— Head-

Evaporation package Dependent Flux

e

General head package —
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WATER BUDGET METHODS
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Deriving Groundwater flow Equations
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Woater withdrawal and production in selected Arab States by source

100% = = |(
o

Y

0%

f0

5%

0%

0

0%

10% I
0

libye Djibouti Saudi Sieteof Tonsia Algeria Oman Yemen Lebenon Jordan Ufﬂd Banrain (atar Morocco Sudan  Eqypt Kwraﬁ Irag  Somafia
Arabiz  Palesting

==

&

ES

&=

ES

=

&

S

&

2

Er‘urat&s
B Groundwator withdrawal ] Surface water withdrawal Desalinad water [l Direct use of reated municipal Direct use of agncultural
produced wastewatar drainage watar

ESCWA Water Development Report 9



A pad) Jsall e S LEE el (o gl) (84S jidie 4 g A0l 4800 43 Gllin o
e il o3a aladind Ghal) ge S Ay sl a0 Gas L Leg Lot

cralia JS5 () e o) Jaladia

o oS Sy yig s ) OLETI ala 3 £ sainse el olae JAlai g 408 sall olaal) Sisli o

400 N -AzZores

Madeira

Canaryrs /

20" N-
Cape Verde

Tropic of Cancer ' k,/k\'

Lale 3adizall Cilaaisall daia g 4d gall sliall 32 6

\w

CaspianGe

— 40" N

‘Mt. Lebanon

Desi—Tabul&}\x
L~
‘{Sacii- 1) -

North Western Sahara

Nubian

\ r/j L 20° N
e ) .
. Lake Chad &,:f ) ;

3adatiall je dalgll 408 eal) Cilaulall




GROUNDWATER RECHARGE 4uilell 4021l) a8 (yalsdi) 4 5e (Say o
bl 32 ) Adliall &l jaxdll 4aty 4,8 gall Calauall
Lﬂg'ﬂ\f&\'&)ﬁmﬁ'&dﬁﬁ%ﬁ@\pdﬁ&L@jjh)g)ﬁ\djk@]\&%ub\é&\ B
A8 gall olaall 4,083 AISa] (e 2l oadand) (LAl 8L ) (g2
4 sk (aliad) g Lae 4y sl Ol yial Galdall ) glaliall (amy (i i paill duwisahy L2
A sl olaall sy (5 hpandl et A it Nl 5 ATl 2y 5l
jﬂ\ﬁ)\)ﬂ\:\;‘)agm‘)\@ué#\@-ﬂ“QM\LML)AEW .3

Cl 5arilly dadi yal) o 35 Aa 0 g GWR 4 sl olaall 0323 :alédi) (sae Ciliad jall jelaiy o
GWS 4 sall olbaall (g 380 (o Iy Hili 5 o all (3 pdiall g Lty 5 Jladi 8 deald LAl

Future climate change
| pes Changes in Increases in PET
snowmeit rainfall i
Changes in _
i N7 il mpaticn
e ®

Changes in infiitration
v {}

(_ Changes in groundwater storage )




By =
UMITED MATIONS mlﬂ S .'.L|
IgGm o
ESCWA ;
K1Y
BJ}JAAM u\.sj)sl\ 4.9.1‘)}: 2 “’@ﬁ;.f
Finite Difference Method R ﬁg‘?
. mEEmm ! .‘Lr o L
e ps ) saiall Ll a Aliieddl el il ¢y SEiSHEEEEESSS
3) Explicit sl (585 08 4 5 (pllile Gaie ) G gl 7/1 i ==
IAmplicit 4riasa S 80 cowl
[ —

* Modflow (1988,1996,2000,2005,2017)




Darcy’s Experiment (1856): Darcy investigated ground water flow under controlled
conditions
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W 3D EQUATION

SUMMING THE MASS BALANCE EQUATION FOR EACH COORDINATE DIRECTION GIVES THE TOTAL NET INFLOW PER
UNIT VOLUME INTO THE REV

. A\\BD A<OURCG M VOLUMETRIC FLOWA/ RATE PER LINIT V/OLLIAME INLIECTED INTO REV

0
_0q, 94, 0q, W LS oh
ox 0y 52 ot
S Y - h'_’

q "
& Net inflow* = Change in

volume stored* _ o
*per unit volume per unit time

- Substitute components of q from 3-D Darcy’s law

21, 8], 2 ), 2, )y 508
Ox Ox oy 7 0oy Oz Oz ot
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CHANGE OF RECHARGE VALUES OF GROUNDWATER
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0 Hi' I?'ill-lll h;ﬁit'l ' ﬂh-.i‘\-'-' i B R e e e IN out IN-OUT
I L e ol =
| ’ Ch f
Bl @hEEE) Sheiremm r - Recharge Recharge s ©
j ek S e — == Lateral average
T8 B e b - from from Well Lateral Flow
- i e —] Rainfall irrigation i annual
u':{!.:['" E ] storage
N ¥ Reference
e [, ] P :..- L armmie p q
- e b e R IUUUNPLIEAN 245,685 127,978 803,951 511,863 692,882 -27,131
! |.:|=|ﬂ:-:un- O - s Cres * ;":“” iy N 2020
; i Oyl Padagm Hrw 2021-2030 222,094 155,581 848,505 622,325 604,191 -337
rdalions A .ﬂl 1. .
i J:!'-F_Hi:‘#ﬁm st Elrwa I 2031-2040 249,738 155,581 840,845 622,325 625,448 -1,609
(e TLE S Brwerma y
n:!m:--.-:u- i Bl I T 2041-2050 171,137 155,581 863,194 622,325 565,224 2,364
e T bl L1
[T 5 2051-2060 205,974 155,581 853,515 622,325 594,430 -1,685
EJ ﬂu:m arep— 2061-2070 185,349 155,581 855,225 622,325 575,677 -1,847
e ~ Average 206,858 155,581 852,257 622,325 592,994 -623
q e R Relative change in comparison to refence period (%)
- 2021-2030 9.6 21.6 5.5 21.6 -12.8 -98.8
T T
| ; ;Ei;-:";t 2&% 2031-2040 1.6 21.6 4.6 21.6 9.7 -94.1
| ! E-:.;_; E' E%E 2041-2050 -30.3 21.6 7.4 21.6 -18.4 -108.7
::.'.!_.:-'-":.:"gd ixm 2051-2060 -16.2 21.6 6.2 21.6 -14.2 -93.8
I A . L_'_ 2061-2070 -24.6 21.6 6.4 21.6 -16.9 -93.2
L] e e i’ 1
ALL | A -15. 21. d 21. -14.4 -97.7
| e = g verage 5.8 6 6.0 6 9
- -15.8 21.6 6.0 21.6 -14.4 -97.7
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