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Abstract:

Water footprint and virtual water are important strategies in managing water
resources for crops and international food trade, as crops and agricultural
society while reducing products can be chosen to meet the food needs of
pressure on local water resources. Therefore, this paper aims to estimate and
analyze the water footprint of some important crops such as tomatoes,
potatoes, wheat, barley, olives and olive oil. This paper shows that wheat
crops are the largest consumers of water due to the long period of and barley
time it takes for the crop to reach the production stage. Potato and tomato
crops are close in water requirements, but the autumn leaf of potatoes
ing crop due to the large volume remains less water consuming than the spr
of blue water (rainfall) compared to the spring crop. Likewise, the tomato
crop, the autumn period is better compared to the summer period due to the
presence of a good amount of blue water and the summer season as the
me of added green water and the amount of gray water. These are volu
making in terms of choosing the period of -indicators to support decision
extension of goods from the other cycle to conserve local water. It is also
water (360 days) and the clear that olives consume a large amount of
shortest irrigated olive trees as they need large amounts of green water, gray
water and olive oil. About four varieties of olives are consumed.

It is clear that according to the consumed materials, wheat is the most
e compared to crops. It is clear from this paper that the imported valu
pressure is great on water resources, as green water is the highest value in
all water footprints of crops, and this has weakened the water resources in
Libya.

Keywords:

#2025 Lol e (SUl alal) (525) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

ter, blue water, green water, grey water, water Water footprint, virtual wa
scarcity, water requirements, agricultural crops.

:pa—Aaldl

) sall 513 8 Aage ladl yiul Agual y@Y) elaall s Al dacag) il
Joalad) Ul (Ko Eua 430 o sall A gall 35kl Jralaall Al
) sall o nall Q5 ae acinall 4513000 cilalall 3l dpe ) ) 3l cilaiiall
Uard Alall daad)l Jlaty el A3l el and SN dduladl)l Al
sl G ol el s adll y Galatadl g alalelall Jie daledl Jualall
slaall Y cllgiuadl & el s malll Jualae o 484l 2 s gl Cua
WY Ay Joasll 3 Jsanadl LA Al Gl 5 gl Jlal kil
Byl (An ST Alall ilaliia) 8 4 jlite gd alalahall 5 (udallaill Jualsa g
sl obaall ans 5SE dgm )11 5yl (e slall eBlgind i Gudallall 44 A
iy yall 5 yialls aklolall Jseane G g )l 55 2l & lae (ALl jUalYT)
85 alls el olall e Ler Y liaS 25a sl Ainally 4 jlie Jmdl) (e
ot el e )l sluall A€y Gl Ciliaall ¢) il sluall anal Lguall
G AY sl e adud) dlxia¥l syl laal Caa (e il AT acal G e
slall (e 328 S Wi O si 3l O oy LS ddaal) slaal) e dlailasll
o) il slaall (e 8 S S liag Cua Ay pall (5030 el (as 360)
sl el Galaal )l M sa el ¢ s 3l 5 5 daala )l slall
8 4 1) i) YT Al g el panialy ASIgsall olpall s () ey g
Gan Al 3l sall o € Jarazall () 4855l 028 JIA (e oy Jaalall
JSi 138 5 Jralaall Akl Glaadl JS 3 eV dadll a o) juadldl el
Ll A Al o)) sall e Uakas
slall el 3l sl ciucal Y1 sl cigilall dacadl 3 Agalidall culalSl)
Ae) )l Jocalaal) duild) cilalaiat) dslall 3 jaill dduabe )l slall co) yadll
+ dadial)

DI o) G dpanl Al Gagladl ST aal (e dudall olpall 50 3 el

(UNESCO, 2030 caua) Jslay el 300 o5 il allall GlSa Al

#2025 Lol e (SUl alal) (526) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

s ¢[36] Alad) s (3o dpaall (& el 5 ) Sl Sl il ral 5 [25620]
dalaie yiads ol (e aal) & Lpabiay) Lpaiill e Jale o8 clall Jigiaae
Jlad dihid) dala g alladl b o300 ghliadl KT e hawgiall aall (s
i Loy OSall 2xe yl 35 Ay g yall e300 8 an sill daii Lnd dali oLy il
o ([9e10611] (Flall alaa¥l (23,508 haad BlA ) paadll il oa
O daldy (el )3l ZEDl anhy el alasiu¥) ahee odlall g gl
ol 1385 cla yilas e Sl SlaeY) e € IS5 aaiad Iy el del 3l
8L ¢l «[50¢52] (increasing productivity water) sball daaliy) 3.l )
more ) sl o ki JSI 5T Lalii) o Lo bty Aol )30 (8 olall Al
(e daly [28¢29] Adldl 3l gl e Jazall Judssl &ldg ¢ (crop per drop
(the water footprint) 4ulall feadl s zeiall 13 2l Laaind & a1 ]
e Gy 858 Ailal) dacadll « [30¢32] (Hoekstra) allal) 4ed8 o geia 5
alae doleal) 038 Ulal ansiy ool Talaall JMA (e Aaliall Alall Waa ) 5a
[51¢52] (water foofprint accounting) dsill Zacall

Jalat s bl en g o 3 s all 8 dendisal sbaall e dudadll
ZU s olaall aladiul (A8l apil Coulic elya) gay clluall sk
A2 Y Al s3 (Sl Aeadiall sludll 3ol ulde A il Jpalaall
ize Al &5 1A ¢ [46049] s Ay shay aadind Jay ol Al e Claslas
de el SIS (o)) dihaie (s shue o slia 3l aniill Juadl dglall dauladll
(diverted) 4 gasall obiall (5 il anall Jlea) dud 48h 8 a9 ¢« [40¢42]
Lol gl clalia¥) Jealy oV ddead (pumped) 45 siaadl
[49:45] 5 pr 90 IS 38l Jualaall

A (e B3l oluall aladind 5 o jilia ani o) oY Aingie waE Al Cagug
o sall sball aaa g (WFC) dualaall 0l daadl Jia @l jligall Jilas
Sills ol (B ) saaill an gl paail gl 5 ghadS de ) all Uas e (RIS)
Aglad A 50 ez il meiall Gudat A e elldg )l 3AS) s Al e
Al Al a8 Jualaall

O %5 e J8) alad) Tyl sl Gua dilan llall Jso ST (e Ll a3

Sle bl o)) G axe &l B ey g yhaall @Y ghagll alaaa (230 dalis

#2025 Lol e (SUl alal) (527) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

(@Se e gl 7236) S 2021 Aiw @lhll il dua Akl o)) gall
[2¢4¢37]

Lo giall 3 5Bie (pe 8 Ba0akall abian (e Ll (8 2 dl capal a2l G
s 4 gl olaall ol (S L adiad cllAl ¢ (2021 Gun)) (allad)
> slaally Al gl leld Lud asdi ais (1997 ole) %97 Jici
o) A sl Adkiall ¢ [16263] (lsall daball Lisgll) Covunsy g N Lial 52
(51l 3aleall 55 jlanl)
(S s g salaall s (e (B ¢ jall) o gl dshaiall
(V) daall i sa) 4 ) dlaial)
(B)e pasa) A il dakaiall
(BN 5 el 2 gn) BESN 5 el dddaiall
Ostle 940) (e ST el de ) )0 )l [1] sbaall Aalall Al sl 2 Connny g
[3] (2xSe Jie U sile 109) delivall 5 oyl 5 (cuasa sia
s (0.2m) (e i e olall Cauilia 8 o sagd 4 gall 2l sall e Jarall (gl
sbaall de g3 ) sail (ol Laa o3 jlinl) diaie (& 2005 L (2.3m) ) 1972
Oy 45 (5.5ds/m) ) (1.49ds/m) (e SbeSl Jaa sill da )y adi Hla
[26] (5.72ds/m) Y (0.94ds/m) o= ¢l 52l
dcls dle 3ol aa g Y @) ey HlaedD Lad ) olaall iy g o 85 L
Jie 8 o9 Lile Uaa 45 jlae (Ll 2541) 2l cllging Ll a8 25 SN aany
[27] (S22202) mans (S 674) 515205 (S 168) Lsist
leie 2019 caSe jie ke 5.9 (gmy [ sbaall eSlginl o (Say ACal)
Ae Y Aabaie Gan) ladl) @l e 903 Jiay sa 5 Aol gl 3 %83
4] (A=1005

(Global water saving the rough trade) sl b o bl Jads
Claadll s alid) o pinl Gk oo dlall 5 oall @y Joall Lot 2id ol (S
oaall 3 lad aaiaiy (Bl Al daay) Gl Jsll (e (Lol Al ey
sbll o ddadlaall galiail y oo 22y I3 (Virtual - water) daal Y|
[7¢4] 2 DU Al oLl Ll

#2025 Lol e (SUl alal) (528) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

Sl oy (RIS) (WFC) 4ildl daadl sliall aladiul &l yiisess
Jralall
SN e oyl panit o5y [1] Coalall dadd (531 Lpual S8 olpall o sgia g
(1) Sd 7 sase o LS il
(Jpanall Aaliall g 4oyl 6 43aa0 HUaeY) olue (e s ga 1 81 puadd) slall
aseie Jlay o8 5 (ETgreen) dsasal sai ol (i) jadl) g e s Jiciy
[14] (Peff) aill Lol
Glad (e sl bl cans Clilee (e £ sena 2 (ETblue)s@u 3 sl
Jymanall o laill il 5 Ha) cililee (o 6 Jas by Al eliall Alelall dyilal)
33 Y g il Al cllee & i il sle & Gl UalY) Jsdaa 5 (ETC)
(Slginall s 022l oluall)  anl asedadl 138 Gl oary awy Gl
.[43<44] (Freshwater consumptive uses)
Lgllaall dall obaall ans gay Sl Jise 585 (ETQray) dzsbad) slual)
@l oldl ddle 58 Jn (ale plaal aa g ¥ ecllislal) Al gas lagin
rAlaleall o & Al Y olaall (18 [224¢46] Calill 35 [23426]

Wfc = WFgreen + Wfblne + Wfgray (1)
dAdaaal) (e o) puaaddl slial) Gl San g

_ CWUgreen

WFggeen - T (2)
(m3/ha) ;‘)'aij‘ aw dya;.d\ e\i&:\u\ :WFggeen

#2025 Lol e (SUl alal) (529) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

olaall cilasayd L ) g1 53 (1) Js

-

MA,\S\
£, dlal

b alil) o Jpand) G Gl 8 e alus 85 WRQgeen Of 43D o
FAO ) (Peff) dadll jae¥) Clusa (e Y Milly 5 jlae) e adint s yka
sl Jlea}) anall il e WFQgeen U3 4l daad) i 245 (24
il e agl panall Aalisl) o a gt JalSIL ool )31 sall dendioal)
[6¢7] S

WFblne = <22 (3)
s jlaal) Gt of 1Y FWhIne of [18¢27¢52] ofiald) o LiSH 5 s
Oe Al s dane 5 5aan) aladil s alaadl ol 8 Jie g0 ddee pe 5 AY)
OSay GlAl 4 gl (o ST Llia Aledll (g ) elae A0S o 5y Sl ~3LaY)
[3¢43] A saill e Asladl) A lua sl

CWADlue=WAg + YIv.;, WA 4)
(S sanall il Al 4 suaall (5 1) olie 40aS :Wag
L e 5 cula 59 A 55 et (e gl g ALl Clileall & (WA
CWCblIne = min [CwAblne , 10 . (ETc — Peff)] (5)
dcl 3l el ddhie Wal )l A ddledl s ETC i (Sag
(FAO 56:33:24)
sa3 dal e Gaun [21] (Eelslls 43 dalaia) dlalae delua sile) (Says
<)

ETc=Xi-; . EToj (6)

2025 Guole g (AUl aladl) (530) O3 il 5 sl dael) - ulda il Alae



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

:0) S
(J) Jsanall saidls jo sise (i) presall o g s J seanall Jalea :KTC
8S 4l b Lexie Pelf 5 ETC ow GUAl) 58 CWChIne of 4l as
(el Dae (50 Akl cilaliay)
[4] S smill e ol 3l o) jadll sluall Alabaal) dela (Say IS
CWU = CWUgreen + CWUblne (7)

JR e Y5 e sy (el s Alaal) gl slae BHla) e aladiul
1[9] A sl e buialy ) gliays s M allas dale

o (8)

10.(ETc—Peff)
(m3/ha) el s ) Y1 RIS
(M3/ha) saill o sall Aadll (550 olie :NAg
(mm/year) Jsasall zull Ha :ETc
(mm/year) Uil Uas) :Peff
a5 e eV s palil) 5 N G anls e JBT S 1) (RIS) disall of e
ISy (ol daa s pldll Y GlXS s (Uall) 1- > R 15 >1 (1) 2150 L0

RIS =

[38] G
sl H Jaalaal)

Lallal) dalsall (e (%3) 0o ST (s G5l de 5 hal) Aalusall s
5.2 G osle 7.2 s e 05l el e miail Candlly de ) all
12 &85 il gsle 8.2 (Y Joal alaia¥l i 55 5 (1992) Aiw 5 ad o 5ol
932 Leia [1] (2013) & 5 ok () sk
s Ll 8 58, e W S )l e gl sad el
G5l Cu) e S 519109 s (2020) 2l g5l e $b190340
3]

Ll o Lale ¢ daall il 3 agu s dpelaial 5 Apalatd) dpaal <013 5 50l o

Aabiie a8 uany) (53l Cu ) U] (B allall g sie o (1) et il Jins
J1¢14] (el s asae )

#2025 Lol e (SUl alal) (531) Ol g (ualiall 2aall o alda 48l Alsa



Ll A A 50 Jaalaal) (land Al Y olual) g Ailal) daad) ks

<35 (kgiha 882) wsdls (Kg/ha 613) el ¢ysia 3l Ul ke of Lle
[3] s g5 all JiSa/an8240.54 el e/ 5i1153.25 s
b paall Jualss aal (e (Solanum tuberosum) cublad) J gasa day
Agobal Ao als oMy 3oV madl) amy @l Sl 8l i Al
Go sy padll Jualas (e de 5 je dalue SISV Ll Jualas aal 5855 508
197 Atasill Alilal)
O 58 s Aailaidll) ALYl e (Solanum Lycopene ) ablakall Jguasa yiiny
8_S Al dpaal 535 dpa V15 SN 8 T il W JUS) 5 jumdl) Jualas aal
[21]

2y Ll s atl ) Jaalaall (g iy s Jis Jgenne aal gall) g
Ao 5l dalue il (a5l s gyl el any wl )l il J geandl)
a5 (5880Mha) zlisys sl Aalus G (%8.8) 1150204 Nos
Ll (8 Jealaall aal e g5 Gl Lee ) G ol Jualne il el
257 A slall s d8lal) o kel aleatl Hhas
(1) s (8 a2 LS Al daad) a8l Caia g Sy

rellgtione of dadedd dyilall danad) (1) Jsia

LAl alaaia) BTN
o)yl oliall danay ¢ jucadlf oliall danay olia dlaaY)
olsa Mgl £\8 ) ) slsall danay 18 ) ) slsall danay Aslgina € olsa
olra gl Agala 1) slual) danay Agala )l olual) danay

(1) sy

(aUailly Calaay) qag

-

Ailal) dasad) o g 385 Ja) ja (2) JS4

2025 Guole g (AUl aladl) (532) O3 il 5 sl dael) - ulda il Alae



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

s daanll (G ymmdn g 3] gmal)
de gy sall dalisall Cums (e Lid 3 Al SV Jaalaall (0 de sene JEA) o
(s sl DL

(oA 3 b5 e) (el Jpmna L1

(Adsa s dan s 3 g e) abledall J a2

el J a3

ol J e 4

sl S5

sl ) 6
(Gl ga -Opady glill) Adslaal) aladinly J guanall g bl ziil) g Aul) il a3
:[1:248]

ETc=Kc.ETo 9)

10 o

(mm/day) ol sasall =l A0 :ETe

i g/ Cpaty/ gl J emna Liad a3 s (MM/ha) (el il ,all :ETo
:[2] Stiga pals / 3131\ Aalaa ddaud) gy gut,-)m il Al 3

0.408 A (Rn—G)+x¥ ———

ETO — T+273
A+ ¥ (1+0.34 Uy)

U,(es—ea)

(10)

:0) S

- (Mm/day) ol &l Ad:ET,

el il sbaall Jiai & g J geanall 7 ghaws e el ¢ ladY) s :RN
(MT/m?/day)

(M/m&/day) J sasal mlaws vie el ¢ lei¥) 515 ;G

(C0) i (2m) i) die dpe sl o) sell 550 n dn 2 Jangia 1T
(2m) glis ) sie (Misec) bl i s s sia :Uy

(Kpa) geiall jlad) baxa tes

(Kpa) =il jlall iz e

(Kpa/c®) Jadl b sinia et A

(Kpa/c®) (o i) ol oy

2025 Guole g (AUl aladl) (533) Ol 5 paalad) saall - (s il dle



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

1[20:32] s obaal) Maa) i

— ETo .Kc. Kr+ Peff—R (11)

Ea (1-LR)

IRg

10 G

(mm/day) sl el Jea) : IRg

(B i gl (gl B (il Jalaa (KT

(263l slaall i) Alladl) HUaeY) ole :Peff

RPEN I EREN 3

(il 5,0 85 /Uil s N 75) (sl ASuli3elS (Ea

(U5t s ey madll 9515 /abladall g (udaldadll 9410) Jardl Jalas (LR
2] (sbeall dalad) Al Caniny)

:[33¢3:38] Uataall cpa (218 31 olrall) Alladl) jUaal) juaki a3 g
P .(125-0.2 (P)

Peff = (12)
125
ALBLAY g G.M.d\
syl b Al ) i) A) a5 (2) Jga
o) J shagd) Jladl) J ghag) iy A ETo
mm/manth bl
mm/day

55.7 19.9 2.6 1

14.9 5.3 2.7 2

264 94 3.7 3

21.7 7.7 5.2 4

7.5 2.7 6.7 5

0.1 0.0 7.9 6 3

0.0 0.0 8.0 7 %

0.0 0.0 7.5 8

12.1 4.3 6.4 9

21.1 7.5 4.7 10

324 11.6 3.0 11

35.7 12.7 2.2 12
227.6 81.3 1826.1 € saxall

2025 Guole g (AUl aladl) (534) Ol 5 paalad) saall - (s il dle



Ll B de) 3l Jualaall Gl Al YY) oliall g duilall daad) e

Jalea i Gl (2) s (B O 0 WS il il janll s oy
35,0) ablakally (A Ay Ay B50e) (ublladly juedlls maill Jsass
(3¢4¢5¢6¢7¢8¢9) JSIY) 3 (e b LS (Aaan 5 v

(1.05)

/ ; (0.65)

3 (0.3) / \
5 ®
3
S
20 40 75 45
@l,,l‘i\ e

Jyanall Jalaa g o) saad Ll (B alll J guana Jalaa sy (3) Jsi

22025 (ke e S alaal) (535) Ol g Gualall 23l - (ulda 8l Alaa



Ll B de) 3l Jualaall Gl Al YY) oliall g duilall daad) e

(1.05)

/ ; (0.65)

$adll Ja) o Jgha

(0.3) /

20

30 60 40

el,,lii\ e

Jmanall Jalaa g sl amad Ll (B i) J guana Jalaa g3 (4) JSG

02025 le el A



Ll A A 50 Jaalaal) (land Al Y olual) g Ailal) daad) ks

(0.75)
(0.45)
i) 0.40
3 (0.40)
3
1
30 40 45 30
?l,fi\ e
(252 360) 12— 1 & G5 3) (5) Js
(1.08)
(0.83)
-3
;;: (0.42)
3
1
30 40 45 30
ALY e

A(p3: 145) 7 — 2 (2 phlabl) (6) Jsi

22025 (ke e S alaal) (537) Ol g Gualall 23l - (ulda 8l Alaa



Ll A A 50 Jaalaal) (land Al Y olual) g Ailal) daad) ks

(1.12)
/ ; (0.85)
i) 0.43
3 (0.43) /
2
3
25 30 40 25
ahfﬂ e
(p52120) 8 — 4 (Aua phlsh (7) Joi
(1.08)
(0.87)
:—g” 0.42
3 (0.42)
3
!
25 35 45 35
ALY e

(p5:135) 6 — 2 () ubillald) (8) Jsi

22025 (ke e S alaal) (538) Ol g Gualall 23l - (ulda 8l Alaa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

(1.08)
/ ; (0.87)
3 0.02
PO (0.42)
3
3
25 35 50 35

aLl,‘Y\ e

(p52140) 9 — 2 A ubiliad) (9) JS
1050 g pbilakall g Gudaldagd) g i) g all) Jualaal duilall daasd) il 5a (3) Jss>

EREEr
L/kg | Kg/im? | daadiolia | ol sl K
A Galay | plB)) | sl uad

2610 | 4.60 3380 105 65 | 3310 )
1909 | 0.33 2545 80 60 | 2405 e Al
170 | 4.35 140 70 55 65 | Ghid/adatdayl)
240 | 6.10 175 70 25 80 | (/b
306 | 7.85 185 75 25 85 (] plalalal)
370 | 9.45 195 80 15 100 | (Aua/ablakl)

10098 | 0.17 9180 20 240 | 7920 Qs

35343 | 0.043 | 28558 70 768 | 27720 | Qs e

saall malll Jgmna Ladls lplua o3 (Al ol S (3) s uas

Wi (%94.450) seills sl el sl (%97.929) s IS ¢l pndl)
(%46.429) JSé Luballad) i (%86.245) ¢l sl slaall <55l 53l
S duall s (%45.946) n ) ablahall Wi (45.714) (xm)lls i 3l
a5 Al (5l olie A e Jay 1385 (51.282) Sy Aumibiiia Al

2025 Guole g (AUl aladl) (539) O3 il 5 sl dael) - ulda il Alae



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

A Ailiaall Cilagaall 5 Baan] Camy el 5 eadll A dale ) elpall L gL )

sl

ee il g madll g Sy Oshl e pas JS0 slial) deS gl ) Jaa3 LS
Of Cas Galalladl &l & jlie el dals allakall e JS1 e 30US
oo ) A e ge T Ay sha il a2 alalabal

s Telis (Rl 3891 olaall) Jualaall s olsall (e Ll (Say Al olsal) s gria 53 (4) J 98
sdauadil) de ) 310 g Al dd) claliay)

(28 i 0 gala) daudal i8Y) olpall dpas d gl
583.37 (siua ablah
521.59 2 phblab
462.33 (0 bl
431.96 oA bl
9763.78 et
8361.09 g
140324.20 O )

1262.43 Gl

(A A 8 Jualaall i) Ja) L) ) ggdi (5) Joda

S ) | oubly | Gublay | Ak phlab | jeddl | madll |

Qo) | G | ey | hA | e | ‘

2

A
2.2 10.4 39.3 68.6 | 68.6 1
22.0 | 401 | 447 427 | 116.3 | 1185 2
312 | 569 | 117.6 106.1 | 120.2 | 156.8 3
509 | 88.3 | 260.4 246.2 170.4 4
75.4 | 129.3 137.0 | 333.3 5
95.5 | 162.3 322.1 | 284.0 6
98.9 | 160.1 418.2 7
92.1 | 156.7 350.9 8
73.7 | 126.8 127.8 9
499 | 88.2 169.1 10
273 | 45.7 140.6 28.4 | 27.2 11
132 | 273 98.6 70.1 | 58.4 12

629 | 1149 | 423 575 | 1228 | 1020 | 404 600 | (Aleal)
22025 ole e (AU alaal) (540) Ol 5 paalad) saall - (s il dle




L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

s JsanaS el s malll Jualaall miill Al 4 (5) Jsn s
N5 Gl U sl (s JsanaS (g e (& ablahll g Guballadl
(2o sall

5ol (A ahlakall s JUSa/3 jie 1149 sall zlisg g il of aadl
Jypasal o ga? jia 6005 4045 ausall /2 e 10205 1228m?/se (sivall
Al clalis¥l gl Laadls dmnlly L all 55 2l 8 Gubllall
el () Aasdle ae ) G udallal g il o5 6 3l o5 adalalall gl
olaall As sl g slall (s Jaaiy 43 agall Janalaall
s Cilua gil) g AaMAll

Qe siy LS Ll 3 40l olaal) 8 Jualadl ) ga il ) ally duad jll o8 2y
sy 48y jla & 5 cAgilall dacal g dual ) olaall allai aladiul ey Sl
Go AaSal Y (e ke pd sl @lldg dua gl paell Aalad) 03155 Bale Y
oWl @l 5 alud) Mo dlaaally dpal Y olpally oy Lo ue A sl olall
Ol )y GlAS s el 5 madll o elpall WL FSY) Jualaall o) Y|
sl el A5 L5 e S

allall 3 1ol Al el (adlss e dead) cang 43l ) i Al all o3 g
A0 8 o) 5 Ao sl s Hued) Sl pall JLeSial Lgaal (e Jals sliall e i il
Sl 5 3 gaall s giall o Al siall slaad) e BaEELYT 5 bl B A sall oluall
kil sale) ang Laa (Lol slie aladiiad) 4y ) A8kl aladin) dpaal e
Glalia¥) @l Jualaall de) ) Jility ey @l g dglall s due )3l clulull
Calaall Gl Jay 55 alud) A il sluall yie o yudU olas¥l g dniiyall Al
dpdal yiY1 olall amliar ool S5 o daally dliiaadl Sla) ¥
Al daadl

#2025 Lol e (SUl alal) (541) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

Al Aol @U-d\

saaiall aedl) Al dalaiall del ) Clelias) (2018) 45 del )3l 43 Y) dalaia

sl ey, (FAO)

Ot Sy st Gasnd sl qainaly Z ) sl (2013) duel 3 duaiill A jal) dadiial 2

Sl ok &1 osall sl 3

bl B el iyl ok e la iy 4yl cilulid) (2015) <lagllae (3,0¥) .3

10.

11.

Ll i) pha el ) )l A ST il Al (0530 5 el
(FAO STAT 2019) 4=, 30 s L2e ¥ dalaia cilily 32cd 4

1 Jalady) ARl an) sl
Allan, J.A., 1998. Virtual water: a strategic resource global solutions to
regional deficits. Ground Water 36, 545-546.
Allen, R .G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop
Evapotranspiration Guidelines for Computing Crop Water Requirements.
Irrigation and Drainage, FAQ Irrigation and Drainage, Rome, Italy.
Daccache, A., Knox, J.W., Weatherhead, E.K., Daneshkah, A., Hess, T.M.,
2014. Implementing precision irrigation in a humid climate — recent
experiences and on — going challenges. Agricultural Water Management
147, 135 — 143.
Garcia Morillo, J., Rodriguez Diaz, J.A., Camacho, E., Montesinos, P.,
2015. Linking water footprint accounting with irrigation management in
value crops. Journal of Cleaner Production 87, 594 — 602.
Gonzalez Perea, R., Camacho Poyato, E., Montesinos, P., Garcia Morillo,
J., Rodriguez Diaz, J.A., 2016. Influence of spatio temporal scales in crop
water footprinting and water use management: evidences from sugar beet
production in Northern Spain. Journal of Cleaner Production 139, 1485 —
1495,
Hoekstra, A.Y., 2003. Virtual water trade. In: Proceedings of International
Expert Meeting on Virtual Water Trade, vol. 12, pp. 1 — 244. Int. Expert
Meet. Virtual Water Trade.
Hoekstra, A. Y., Chapagain, A.K., Aldaya, M.M., Mekonnen, M.M., 2009.
Water Footprint Manual State of the Art 2009. Water Footpr. Netw, p. 131.
Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M., Mekonnen, M.M., 2011.
The Water Footprint Assessment Manual. Setting the Global Standard.
Hoekstra, A.Y., Mekonnen, M.M., Chapagain, A.K., Mathews, R.E.,
Richter, B.D., 2012. Global monthly water scarcity: blue water footprints
versus blue water availability.7.
Mekonnen, M.M., Hoekstra, A.Y., 2011. The green, blue and grey water
footprint of crops and derived crop products. Hydrology and Earth System
Sciences 15, 1577 — 1600.
Monaghan, J.M., Daccache, A., Vickers, L.H., Hess, T.M., Weatherhead,
E.K., Grove, I.G., Knox, J.W., 2013. More crop per drop: constraints and
opportunities for precision irrigation in European agriculture. Journal of

#2025 Lol e (SUl alal) (542) Ol g (ualiall 2aall o alda 48l Alsa



L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

the Science of Food and Agriculture 93, 977 — 980.
https://doi.org/10.1002/jsfa.6051.

Moriana, A., Orgaz, F., Pastor, M., Fereres, E., 2003. Yield responses of a
mature olive orchard to water deficits. Journal of the American Society for
Horticultural Science 128, 425 — 431.

Rodriguez Diaz, J.A., Cammacho Poyato, E., Lopez Luque, R., Perez
Urrestarazu, L., 2008. Benchmarking and multivariate data analysis
techniques for improving the efficiency of irrigation districts. An
application in Spain. Agricultural Systems 96, 250 — 259.

Salmoral, G., Aldaya, M.M., Chico, D., Garrido, A., LIamas, R., 2011. The
water footprint of olives and olive oil in Spain. Spanish Journal of
Agricultural Research 9, 1089 — 1104.

UNESCO, 2009. The United Nations World Water Development, Report 3
— Water in a Changing World. Paris, France.

Vanham, D., Bidoglio, G., 2013. A review on the indicator water footprint
the EU28. Ecological Indicators 26, 61 — 75.

Water Framework Directive, 2000. Directive 2000/60/EC of the European
and of the Councils of 23 October 2000 Establishing a Framework for
Community Action in the Field of Water Policy 2000/60/EC, pp. 1 - 73.
Bastiaanssen, W.G.M., Steduto,P.,2017. The water productivity score
(WPS) at global and regional level: methodology and first results from
remote sensing measurements of wheat, rice and maize. Sci. Total Environ.
575,595-611.

Cherlet M, Hutchinson C, Reynolds J, Hill J, Sommer S, von Maltitz G.
World Atlas of De- sertification. 3rd edition. Publication Office of
European Union, Luxembourg, 2018.

FAO, 2019. Water Use in Livestock Production Systems and Supply
Chains — Guidelines for Assessment (Version 1). Livestock Environmental
Assessment and Performance (LEAP) Partnership, Rome.

Hoekstra, A.Y., 2016. A critique on the water — scarcity weighted water
footprint in LCA. Ecol. Indic. 66,564-73.

Hoekstra, A., Hung, P., 2002. Virtual Water Trade: A Quantification of
Virtual Water flows between Nations in Relation to International Crop
Trade. Value of Water Research Re — port Series No. 11. UNESCO-IHE
Institute for Water Education.

Hoekstra, A.Y., Mekonnen, M.M., 2012. The water footprint of humanity
Proc. Natl. Acad. Sci. 109,3232-3237.

Hoekstra, A.Y., Wiedmann, T.O., 2014. Humanity's unsustainable
environmental footprint. Science 344, 1114-1117.

ISO, 2014. ISO 14064: Environmental Management — Water Footprint
Principles, Re- quirements and Guidelines. International Organization for
Standardization, Geneva, Switzerland.

2025 Guole g (AUl aladl) (543) Ol 5 paalad) saall - (s il dle


https://doi.org/10.1002/jsfa.6051

L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

JRC, 2018. World Atlas of Desertification, Patterns of Aridity.
https://wad.jrc.ec.europa.eu/patternsaridity European Commission. Joint
Research Centre (JRC).

Mekonnen, M.M., Hoekstra, A.Y., 2011. The green, blue and grey water
footprint of crops and derived crop products. Hydrol. Earth Syst.
Sci.15,1577-1600.

Mekonnen, M.M., Hoekstra, A.Y., 2014. Water footprint benchmarks for
crop production: a first global assessment. Ecol. Indic. 46, 214-223.
Mekonnen, M.M., Hoekstra, A.Y., 2016. Four billion people facing severe
water scarcity. Sci. Adv. 2.

Mekonnen, M.M., Hoekstra, A.Y., 2020. Sustainability of the blue water
footprint of crops. Adv. Water Resour. 143, 103679.

Mekonnen MM, Gerbens — Leenes PW, Hoekstra AY. The consumptive
water footprint of electricity and heat: a global assessment. Environmental
Science: Water Research & Technology 2015; 1: 285-297.

Rockstrom, J., Lannerstad, M., Falkenmark, M., 2007. Assessing the water
challenge of a new green revolution in developing countries. Proc. Natl.
Acad. Sci. 104, 6253-6260.

Rockstrom J, falkenmark M, karlberg L, Hoff H, Rost S, Gerten D. future
water availability for global food production: the potential of green water
for increasing resilience to global change. Water Resour. Res. 2009;45:
WO00A12.

Vanham, D., Leip, A., 2020. Sustainable food system policies need to
address environment-tal pressures and impacts: the example of water use
and water stress. Sci. Total Envi-ron. 730,139151.

Willett, W., Rockstrom, J., Loken, B., Springmann, M., Lang, T,
Vermeulen, S., et al., 2019. Food in the Anthropocene: the EAT-Lancet
Commission on healthy diets from sus-tainable food systems. Lancet
393,447-492.

Zhuo, L., Mekonnen, M.M., Hoekstra, A.Y., 2016. Benchmark levels for
the consumptive water footprint of crop production for different
environmental conditions: a case study for winter wheat in China. Hydrol.
Earth Syst. Sci. 20, 4547-45509.

FAO. The Future of Food and Agriculture — Trends and Challenges; Food
and Agriculture Organization: Rome, Italy, 2017.

FAO. FAOSTAT Online Database; FAO: Rome, Italy, 2020.

Kummu, M.; de Moel, H.; Porkka, M.; Siebert, S.; Varis, O.; Ward, P.J.
Lost food, wasted resources: Global food supply chain losses and their
impacts on freshwater, cropland, and fertiliser use. Sci. Total Environ.
2012,438,477-489.[CrossRef] [PubMed].

Chapagain, A.K.; Hoekstra, A.Y.; Savenije, H.H.G. Water saving through
international trade of agricultural products. HESS 2006, 10, 455-
468.[CrossRef].

2025 Guole g (AUl aladl) (544) Ol 5 paalad) saall - (s il dle


https://wad.jrc.ec.europa.eu/patternsaridity

L A e )3l Saalaal) iand Al siBY) slaal) g Asilall dauayl) ik

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

Sibert, S.; Doll, P. Quantifying blue and green virtual water contents in
global crop production as well as potential production losses without
irrigation. J. Hydrol. 2010, 384,198-217. [CrossRef].

Liu, J.; Yang, H. Spatially explicit assessment of global consumptive water
uses in cropland: Green and blue water. J.Hydrol. 2010, 384, 187-197.
[CrossRef].

Liu, J,; Zehnder, AJ.B.; Yang, H. Global consumptive water use for crop
production: The importance of green water and virtual water. Water
Resour. Res. 2009, 45. [CrossRef].

Hanasaki, N.; Inuzuka, T.; Kanae, S.: Oki, T. An estimation of global
virtual water flow and sources of water withdrawal for major crops and
livestock products using a global hydrological model. J. Hydrol.
2010,384,232-244. [CrossRef].

Chapagain, A.K.; Hoekstra, A.Y. Virtual Water Flows between Nations in
Relation to Trade in Livestock and Livestock Products; Value of Water
Research Report Series No. 13; UNESCO-IHE: Delft, The Netherlands,
2003.

Hoekstra, A.Y.; Chapagain, A.K. Water footprints of nations: Water use by
people as a function of their consumption pattern. Water Resour. Manage.
2007,21,35-48. [CrossRef].

Gerbens-Leenes, P.W.; Mekonnen, M.M.; Hoekstra, A.Y. The water
footprint of poultry, pork and beef: A comparative study in different
countries and production systems. Water Resour. Ind. 2013, 1-2, 25-36.
[CrossRef].

FAO; WHO. Sustainable Healthy Diets-Guiding Principles; Food and
Agriculture Organization (FAO); World Health Organization (WHO):
Rome, ltaly, 2019.

Bulsink, F.; Hoekstra, A.Y.; Booij, M.J. The water footprint of Indonesian
provinces related to the consumption of crop products. HESS 2010,14,144-
128. [CrossRef].

Dalin, C.; Wada, Y.; Kastner, T.; Puma, M.J. Groundwater depletion
embedded in international food trade. Nature 2017, 543,700. [CrossRef]
[PuMed].

Hoekstra, A.Y. The Water Footprint of Modern Consumer Society;
Routledge: London, UK, 2013.

Chukalla, A.D.; Krol, M.S.; Hoekstra, A.Y. Green and blue water footprint
reduction in irrigated agriculture: Effect of irrigation techniques, irrigation
strategies and mulching. Hydrol. Earth Syst. Sci. 2015,19,4877-4891.
[CrossRef].

2025 Guole g (AUl aladl) (545) Ol 5 paalad) saall - (s il dle



