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Objective: The main objective of this study is to assess and analyze the performance of the
existing operation system under various operation scenarios and to examine the water and
energy productivity in the agricultural units.

Method: In the first step, the surface water distribution was simulated using the existing
operation system under different operation scenarios. Then, spatial evaluation of surface
water distribution and the calculation of groundwater extraction in 459 agricultural units were
carried out. Finally, the performance of the surface water distribution process was evaluated
based on the localized indicators.

Results: The results showed that under normal operation conditions, only 43 agricultural
units (9% of the network area) had surface water productivity in the good range. In contrast,
436 agricultural units (94% of the network area) had low energy productivity. Furthermore,
the carbon production index indicated higher emissions in 292 agricultural units out of the
total 459 units.

Conclusions: The findings of the study revealed that, with increased water scarcity in the
second operation scenario, the situation deteriorated significantly in all indicators. These
results highlight the urgent need to improve and enhance the efficiency of the operation
system and alternative methods of surface water distribution within these units.
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Introduction

The present study evaluates the performance of the irrigation network operation system of Nekuabad
in Isfahan based on localized indicators of the water-food-energy nexus. The use of these indicators,
based on the relationships introduced in previous studies, does not allow for an independent evaluation
of the contribution of surface water to the food production process and, consequently, does not enable
an assessment of the performance of surface water distribution among water rights holders within an
irrigation network. The overall objective of this research is to comprehensively evaluate the
performance of the Nekuabad irrigation network operation system, taking into account the one-way
interaction between the two components of water and energy, and based on localized water and energy
evaluation indicators for use within the confines of the irrigation network. It is worth mentioning that
the indicators related to the two components of water and energy utilized in various studies concerning
the water-food-energy nexus at the level of countries or watersheds, when applied within the irrigation
networks of Iran, will not yield accurate results.

Material and Methods

In this regard, the steps taken to conduct this research can be summarized as follows: Step One)
Development of hydraulic flow simulation models in the main and secondary channels of the Nikabad
irrigation network using the Integrator-Delay method in MATLAB, followed by calibration and
validation of the developed models; Step Two) Simulation of hydraulic flow in the main and
secondary channels of surface water distribution based on selected operational scenarios; Step Three)
Spatial analysis of the surface water distribution process differentiated by operational scenarios and
groundwater extraction differentiated by operational wells in a GIS environment, aiming to accurately
determine the contribution of surface and groundwater for each of the 459 agricultural regions; and
Step Four) Calculation and spatial analysis of localized water-energy linkage indicators.

Results and Discussion

The temporal-spatial analysis of the simulation results regarding the surface water distribution
situation expressed as the surface water delivery index, revealed that not only was the situation
unsatisfactory during normal operational conditions (where the amount of water diverted at the
diversion dam equaled the total agricultural water demand of the entire irrigation network), but this
situation is also assessed as completely unreliable in times of intensified water scarcity. The average
surface water delivery index under normal scenarios was approximately 63%. In contrast, during
intensified water scarcity, it dropped to about 30%, considered weak and unacceptable regarding
surface water distribution adequacy. This situation has led to about 350 out of 459 agricultural units,
covering 78% of the network area, being categorized as having weak surface water productivity with a
range of (0.01 and 0.49) Kg/M3. With intensified water scarcity, this situation worsened, such that
apart from one agricultural unit categorized as average, the other 450 units, covering approximately
99.7% of the network area, fell into the low surface water productivity category with a range of (0.01,
0.44) Kg/M3. Therefore, from the perspective of water indicators, the system's operational
performance can be seriously questioned. This issue is also confirmed concerning the two energy
indicators (consumption and energy efficiency indexes). The energy efficiency situation was even
more disappointing; under normal operational scenarios, 436 agricultural units (approximately 94% of
the network area) had an EP index with a range of (0.16, 0.19) Kg/KWh, classified as low energy
efficiency. Under the low-water operation scenario, aside from one average agricultural unit, the other
458 units, covering about 99.7% of the network area, fell within the low energy efficiency category
with a range of (0.03, 0.06) Kg/KWh. Similarly, the carbon production index values indicated higher
emission levels in 292 agricultural units out of 495.

Conclusion

Therefore, based on the results obtained in this research, the performance of the Nekoabad irrigation
network operation system can be questioned, and the distribution of surface water among the water
rights holders can be considered unsatisfactory. Therefore, developing modern operational systems,
including automatic control systems, or generally removing open channels used for the transmission
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and distribution of surface water and replacing them with a pipeline network is suggested as a
modernization option for irrigation networks. The use of localized indicators in this research could
provide a framework for the accurate assessment of automation, renewal, improvement, and
modernization.

Authors Contributions

DR: Investigation, Methodology, Software, Modeling & Simulation, Formal analysis, Writing—
original draft. - SMHS: Conceptualization, Supervision, Validation, Writing—Review & Editing. —
AR: Conceptualization, Supervision, Validation, Writing—Review & Editing.

Data Availability Statement
Data available on request from the authors.

Acknowledgments
The authors would like to thank all participants of the present study.

Ethical considerations
The authors avoided from data fabrication and falsification.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Conflict of interest
The authors declare no conflict of interest.



Wignd DS jlw o9 S ALl 3 (5 ;50 30 b (Xt OT &3 395 Wil 9 0 Shos b3
(Oleao! ST o0 (5 LT Al 359 90 Axfllan) (53 I—10E— T

Yo * . & & -
I SRejey ol I Y‘u-"-’“’“u o B (540 S I “Wx.-"") L yd

24 bbl) L ol e o8iily o mob mlis 5 (g5y0luiS BASishy (oylouel) (g550LuiS (g yglid oasiils o (wdiges 09,5 by owlids IS wﬁoidﬁb A

dorsa.rahparast@ut.ac.ir

oy Loyl el oyl o8l (aub mlio g (65,9l Uil o loyel) (g5)slisS (6 y9lid 0S8l | g 05,5 bl Y

mehdi.hashemy@ut.ac.ir

4oy Loyl ol el oyl i o8l (aubs mlio g (65,9l Uil o Lo yel) (g5)slisS (g y9lid oSl | g 05,5 Ll Y

roozbahany@ut.ac.ir

oS> o Sl
Uign (Slsog soiaslis 38505 b ol bl laduol SIS (gll 48 g0 y00 Bl 3o byl 4 pils ddllas 1Equbg0 Wl £o
& plie-l g3y Alio

Caxidg (ow)p 9 d)l.))_gb)_ﬁ). Calizee (glag liw Comd D990 d)b)go)e(_ bolo 3 Slas oo o ‘_ﬁlg)‘)\ addllas oyl ul‘" Gan 1BaR
el o5 slaasly 3 55l ol oo

fl_?o'l Gl d)l.))_gb)_ﬁ). dh’}:)h—w LU D990 d)b)go)e(_ silobw 3l odlazl b L;daw A,j &% Silwduds ‘ng PK » :W u.:’s)
wolps e Sygo ely; Anly YOU SUSE 4 ordcudldy duojp; ol i dusle 5 (daw O wjg GKe ol o 1
B B oy 290 013l o Sl SSi b (o o @5 a8 0,Skes

3 b Ol (69040 (45 paw 2o yd ) Lely; 3o lg B 53 s ¢ Jloyi (6l 0y Canmadg 53 oS 3 Ui odalcuwsas ol i@l
YAY ;0 o0y Ay pad bl (cpiomen D9 (b (6551 (6590 4 (4K o 2o )d AF) (ol)5 anlg ¥YF 0 a8 b 10 )l jl8 Cogd DS
D oS YL il S elyj sslg

ol gy Lo pasls (oolod 0 (gpSede jsbdy Cumdg > (630,00 (o2l 13 (oS L5 b aS o (Lt 5uis ol 26 S Al
ol comrgima 55 e O gaisf psSols (slmagd 5 csfsymoyte Slaloo LLLS )5 dgme & pyse 15 5 Slo 20l ) ol
OIS

VEX/-5IYD 18l 43 g U
VY[ VINY 1655550 &)U
VXYY il e \U

N R AR P I

1ojlgads’

90t

o g jlwdid
(g1l g
ISt
LipgleiS A oo

—l g B g3l sagm slopadli Sl s pSope b (o O @ig 1018 3,Sles 5wl (Slaeigy (s dam el oble oy s oy D WKins]
DY2XAD (DY ¢ il teassT dloeo | laduol SU1eSS (o)Ll 45 26390 dalllas) (o5 H13e
https://doi.org/10.22059/1JE.2025.385613.1850

©NoIE

BY NC

Seig) ool (Fhals (edle (sage dpw ) Lo ©

ol olaisls sl st



mailto:mehdi.hashemy@ut.ac.ir
mailto:mehdi.hashemy@ut.ac.ir
https://doi.org/
https://doi.org/
https://doi.org/
https://orcid.org/0009-0000-9712-3936
https://orcid.org/0000-0001-9962-1437
https://orcid.org/0000-0002-8458-4538
https://orcid.org/0009-0000-9712-3936
https://orcid.org/0000-0001-9962-1437
https://orcid.org/0000-0002-8458-4538
https://orcid.org/0009-0000-9712-3936
https://orcid.org/0000-0001-9962-1437
https://orcid.org/0000-0002-8458-4538
https://orcid.org/0009-0000-9712-3936
https://orcid.org/0000-0001-9962-1437
https://orcid.org/0000-0002-8458-4538

’f’ruw)‘Féjlw‘"0)}&55)}’})“}!’4&0 qu

Aol
ol gl 03l 5w 1y pinaios wlio 5l Lol ¢ el gy eside sla (659l mpw il g o dawgd damen A,
iz gblio o) ol dgdone milio yawass yw y Culd) o dxio g (65)0ldS (6 pub Blas gly o bl iol58l ¢ yle
oAb ySodzey y553e (Al ccorldl Clpis Jihoas ol o8 (slmoyd 05 g psrb b g 03,5 A EUS Bpcs Elsil
A 52 0)Ldee WY &y (o8 awyiand pie & (lg o calisre milio B pan p> calisie (gla yisy (po i coldy ol gl
Copice Copodl 4y g oo Lwly oyl 53 3,8 0,ls) canlio  1AE S 4 48 aakee AFY 5 Sl Ol @ 485 ygdio VAY (50
9 p3po slajls g @lie waliseo Clial oo ol L5 odgas (oM 138 g (65,0 el Mg 3,509, 69530 @lio 51 luby
xS IS4 bl pte ol s sy g A8l (o8 g0 132 g (651 ol Ll (g3l oS olislys |y oyl
Slllas glaodgi e g ol slal o oS 5 S slagilo Jae o (YIV ( S 5 Sloe b)) cabises sl s lis
(953 G5 40 A gi b S ool by 4 Y sl 43855 g (5,5 20 53 i Cupte i 3 (s3I
Cnm 48, b adbgy (clay Syl 8,5 s )3 b cuglite polaw 5 caliste Clalllas gio oyl jd (s5501 g e ol (i
Ol s wlide 1) sadplosl Gldllas degasme g5 oo (IS (60 punnll <5 b paimods .l 005 ploa] 465 £ 5o s
UL 2505 K8 (55,918 T s 5 255 sl o Sl ) s s 53 o oo gy J3b o s
S b 3 (65y5LiS O e sl a8 sl 1S3 LLs anl gl & 4 bigs e 19530 Slalllas sdes 48 canl (S
(55198 S ygmo (el (sl ylSaly (il l ] (el pae (B85 i 3 5 (56 Blompdgi 4 s b W (5905
P L;Ltb)&.a:‘) u|9_..cd._: cu_x\a_m g.j =39 d)léﬁo% slaalel D)Slo.c dlﬁ.’;)l 9 u"l’))' ‘ung dl.asa”b KR W J:J.)dq
5 et 3B 250wyl slaailols o lals el sl 4B S 8 Caglyl )3 gmel sl Of glie Janly ot
Slasly o slalbdS slalE il g Wde ials coledyd 9 hey srolSiw! o (655 Bae ials cl.molyiqi Lg);.bw—l
LTSS oyl 48 615y 00 dloliw 3, Shoe oLl 5l conl ©jlie pusls Limgh S Ban 3599 d)lge 4 a>gi Ly
5ol gl slapasls ok s s 5 5 Sl iz 99 G 4oy S, 85 5 0 b A Seyge (2b5) ledel
Si-ls ;.j s3> 90 L ladye sl yas i oS canl 5 LS .l d)'.zg] A 83 gaome 5D edlaiwl (gl 0ud g5l o (555
uﬂol_, &l SCS& pas cpal Cpl s il Laless (280 ol 4 yoxie iga 43 )5 I8 &y o] bl slaasus B3gaso
gildlid Y ol (215 4l o SSi 4 g5l g T o e slmo 1 (0505 5 () (45)5lS
Uloyle e cpl sl osias 3 Jlas 0 o8 Clial waddll) Glows g 38,5 Jlas 3 bl 8L dgs o8 4 Slisios
Lngby)L_w Cod ULQ(Q_.o‘ :L],S.» d)Lj &.M) d)].))go).ed Llolw el ‘_s’>r.|a.w c_j 6)93 645.5 ‘-4*-**03 d)bw ch‘ OAn )]
=5 sy S a4 onbadlyy (s Sl (i 3yl 5 (e O @i e byl pgd Bam (e ()b o
xS S L <l slaasly S8 4y (65,50 9 J Cu o 3y Shas mols obj)l ipow Bua (a4l pdaw )0 dwds
ua>L.w ;L;X.\a_w ui UL‘PU ua>‘.w J.oLw) u]))] d)Lj g.iw.: gg: 2 odlaswl dl).: on)L»L;oy d)))‘—ui Lo LSLQ’L)”L"
J el ile ol GBS 5oyl (0n)S Mg paSLE 5 (5l (ygore LS (b T (590 00 LSS (65l B e
S5l Bgn slapasls Ll p oleduel SIS (ol &S ()l e e Dol 3 Slas (25))



O O D § oy y /origy 8053w 02 S AL 31 (6 350 30 b (b O @595 aiul 3 8,8 dae 235

el loalolns byl Bun b g5Hlie Ol Wgy e (i)l Uagy 63854 digejpd 4B SS90 Sllllas osas
9y gl VV+ (GlSen 5 (Sl VN (lilSen 5 (S Ste) 3 )Shos ) (slaaiz )5 Bl g a2 ) olide )3 39290
VNV GhLSon g LS VoYY ()0 5 (502 J3) 35> 65pslisS slaslg) Silwsog: 9 dmgs 5 (VIV 9%y99) 63 9
5y Sloe o) sloymslis 5 o Giold cblsy) cpl 3 ol 485 Eyg (Y2 VA ooyl 5 bloolS” ¥+ FY S0 gyt
S5y a2yl Slallles y> (g5l 5 158 Ol (ool (9000 «cs3 il g ol pgorte g3l 5 ol Bpae pasls ol
L oo Olalllas cals] )3 Y+ ( SLS) 0 48,5 S & g dawgs cdey30 50 O Cupie i)l Ban b (5 p10e-L]
(JUie (gl 10 ol ysS o clo sl (5854 & 2 sanl As> o )3 (55,3l LIS > e Ay papass B
5l e jloslitl (yilisy Sl any (dliy S ol B0 CandVl )3 (0 9 Ol i digy parass gl daogs
5 Ol i S oromal Jae dawogi YN (LS g oJLe) (gilumtinne Joo B 2 (55,0l O At parass
5 OlightS” oolatdl @lio (il ST & e (45gliS sl 9 55 ol ulio 3l g Bolizal Bam by 52 )40l
591 o dnangi g (YO (olSon g Slab) i 590 3 3] A S0 5 aomaciunnj oy Oly8b 2905 o
Gyae oy oy 5 )l (659l oy b)) eblB b (5531 5138 ol gy oluly |y e (liier (o)l dilaie il
525200055 3] gl (sl L (68 LS saste 35 5l (glaigad (VIR (5o 5 5d) ()bl 3 (51 9 o oo
4 b O s gilas g aBges cdsYole ¢ LS a9 ) alob ciwms 3,8des 5l S (oylol (claaSiis > (gyld 0540
9 JUl sloaibols )3 4295 BB QUL (ionen 5 oaSd )3 (Ve aSl g o¥oS V) (hSen 5 (iged —5095) (ladisd
S35l oly pi joome 33N 4y JUBl )5S de (sl by 4y ]5)liS eriine STy sl 0392 (VoY (e 5 95L3) @2 jo5
il g Slaes) «l) Cusl 4B S (gloanlid gy ol 0 8IS Jlo o oS (slooy> 285 5l Ly L9 ol 45 03,
239 65250 (gilwdud 4 B &S diis by Sdg i jleans gla Jie b3l pl )0 ealatwl 3590 15 (VF+Y ¢ Slals
S g 850 e g Sloj byl 4 pladl o Slas b)) slaasls el s il Sloj (sl olido 5> (b
3y90 Gliee g 340 ol Slual (135 jlas 3 b (alisee (Sdgpin b Je blo)l cpl ) 428 o0 4Sd a3
S du9 5 g Sl 3)8as (2b3)) 5 (Sdapiem (Slodnnd dodsn pius S D)) B L ilad 5 )18 ooliz
Jie S g 4 plBl sl 4l |, SOBEK 5 HEC-RAS aile (g6 (sl Jo b o3l bl &8 (65,5Li8
Gan L (W Slagigy 5 Hald eitls (2380) 13 sm (oS 5 oS J oolial b (5558 O o8 diadgn
Jas 3l o3zl b g0l 5528 )3 "plale ()l 8 (Lol JUS )3 sl 5o (s ooyt aulytr (Sgyian 3,Skos 3500
3y9 3o 35100 Lo hg) (5l e Blobw 5 Sos 2l o padld (B4 L 5 45 (gjlwans DUFLOW
slaJUl s oy wilwans 6l LHECRAS Juo 30 Jlu )3 ()80 5 Jau (Y10 (23) <8558 b))
EMES] 3aLS 53 (g5lcyyto slodis 35 5 39350 (6l 0t Dol blss 5 132,85l Lol 3 (gl 85 S, Lo
oS Sl ©pgo cpl & Gaiod Ay Jol e e 00 18 adllas g oy 3)90 1) (63919 Sleer (23 OlpS ) (L
L aeyio 3l @b oo 3 o dusgs (il 3,5 pgeo 430 il 5o Buta 1= (50l g s ool Sllas
Ll pgd (B (Shiaged pitned ol (§950 (5ol (SaaSid 6yl oo slaailabi y3 T (590 00 il Bl Ban
laalebu Jo51 )3 ,58ie Wgy dawg (i comlio ()l Saliongyiosn sl Jbo dawg & cul (] j) (S 30

&lolw u.»l)l_f =g d‘f LS))"‘_U] .\J}u P suo LS’L))‘ L)‘°5) :kxwy ‘d,.n}u L)’] L;"‘D‘ XV zu»lw‘ d)' 2 ) d)lb)go).gg

1. Bayesian
2. Mahatra



VFe ¥ lawoj oF o ylois i) 0,90 i 558)9 )bt sST dlxo O+

A (oo yee Dbl 5 )Shas s (sl (b)) LBy ol xS 4 5 Baios (ol ] (g)le] 8 S (g o050
Gl oo .)lj}fv d)L,;l

g3 wliai g

Sleho! SUT oS (S ) g 53 WT i

ol g LMl ol sl 45 )15l (635 50 dilato )5 @g,0a0l5 ool ddge o Bly () JS2) 2LISS (gLl 48
23,5 o ) 3 gy & 4 oMl ool (ghadlaie Ol e85 1 aios ol (ol Ay > 005 5laex
Soms YVXS L5 YYYY oldlis (oye 3 o] SlKe Cundge g ol 1S 5o YA dgas 5 aSus (o)1 po e Jbyd Colune
Olise cpl & Canl yio oo VYo ddlaio oyl 0 AVlo SH)L Ske Canl 485 L5 5,5 OVFY B OVYY Lldlas Jsb o
aalaio pl )0 3y gy e &S Cunl by cpl il jio e V¥ Dgds 3 (lpl 0 AVl (SW)b bawgio I eS8 jluws
2wl 39500 015t sddilay Gl o gylul dSs ol Gl 84S el Lol mie w00 35l 10 Jlo )3 yie duo VA< ¢ 25>
Sl ol el jplatods cul) g o Lol JUS 418 93 (glel 8868 ol ol (el Lie 12 U135 3yl s cyslo
S35 85w B+ (65,50 b ccandV S bguiay O praw aulaid g J S ol oad @lisl al)l ool I3 idg cos
3 JSize ool 863 Job > Sl o @8 5 L0 205 o g0 DUCKBIIT ol 85l 4 5 Jiol S350
155l gl g dwd O oty ol Gleddais 8456 a5 515 o ploul WSl 85l VPR 5 WY i iy adn D 5 oy sla JUK
Dy pls]

ST JUU 30 T b9 g 2399 5 3l
osliz_al MATLAB Jlj 8l 5 Lama ;3 (ID) (6= JIS5l (3L Jso J obys Sdgpiun sibotends (el gy ol
Sl (Sl @i 9 Jags Bljgy iapael) 1Sl soaomyd (Sl juis Sloj slaasliyy b oMbl Jols (Sl b 0
e G il g c3ISy e Gt -l el s 99 4 Ol g Dol Lol JUS o3l 12 950 Jao 53 095
iolan g8 g0 48,5 a5 3 Sl ot sl SIS Sl SR )3 & sl (g ytelyly S AT e el Ol S
(VN (Ghald eils 5 Sleajsy «la) 3930 Sl (V) daly ©jg08 S50 (al 2 oS
Qeanal(® = qin(t— 1) () dka,
(SeC) a3t dM3/S) 03 iy & 83935 22 Qeanal {M3/5) Sy CSs (s & 399 (5 Uin <l 45
Jols 1y Jace Sl (150 5 458 o oo 5 S e (pgd (i50) o Sy iele iy usl (SEC) 3T loj T
JUE 8L 5l 2958 5 02905 b polwlys (As) o3 cdiseo clafl s 0 Ol (8] g Coluns s 255 o
il gl LB gl )8 850 5 oloj Bjg> 3 (V) Ay &0
(¥ dai

As 8O = Geanai(® = Gout®

A5 1(S) = Qeanat(s) — dour(s) & h(s) = 1= [dcanai(s) — dour (s)]

ol (M3/8) T iy oo 59 5l (2ey% (03 Qout dM) 5 o Bas N (M?) 0,85 pdaw Coluws Ag o] 3 a5



O Y O D § oy y /origy 8053w 02 S AL 31 (6 350 30 b (b O @595 aiul 3 8,8 dae 235

Legend

G130 500 (sWole ¢ b O &3597 (S 28T g LU cgdan 45 1,5 dolg 03 jumw Jolud iR yl Axdllne 3590 B3guoce .Y JSi
o] 31950 A e 43 10 595%0

ST 4% 53T &l (s (5519 30 30 S dilol

Tty an piY ad il jlednd Jao b g dngi clio buzme )3 (P) (ol ) ool a6 ol (o0 e &ilols Jue

JrS Slagbyy cr 28 5l 48 ol (P (NSl = ol y 538 Jol Gloll @ly 53 (oonlis J 587 29, oS o

[y Sygots bty sloolo s 5l sy (23 Sy P 58 02068 by il oo sl & ciliseo gliao )5 SeusdlS

e Al 15 (Y)

AQ(k) = K, [e(k) — e(k — 1)] (¥ i,
el Slj el 4l p e yio cuns p @alald loojle Sl gygee (23 Slys Jlaie AQ(py B9 A,

Kp 5 S 5Loj o5 5 o)l Sloj p5 St gk — 1 gk (gl il acban pgd, 5l Ol el 515 Bl o

sl (gl o iy

SIPIE— T Wigm b3 5 Sl

o)l ] a4y 3w By (15w 3 &S gy Lol Sllllas Jl o b gy ol o o)l slopasls bl s,
839d e 3 (65,0 HRE—Ol Won p e b)) gy dawgs Bam b aS Lol Alie 93 4 ol oo b3 oyl 5 .85 O g0
o Lol (g)lol aSs SO (Y-VY (Sl eisla g Slagjey «l) (61,0 0 Blobos 83ga5e 13 g (Yo ¢ 3K) ac 30
Sloisen Jlos o Lacyl cacal olly joShe b)) (slaadls Ol 45 Cul s 4 p5Y oo 3,5 o)Ll
byl Jeoasy (65,50l 5900t 5 S5l Bpae (glopadls sl 4B S 00 16 g 10 (5531 9 o e 90 oo
59 ol Bpae S L G381 5 ()bl 356 (o)l Blobus 3,Slas 38> (23] Il g (55l 418 b o] ot
e 13 295 o) o8 09 Ol lie By Sl & e Sl e Ol (gpgee Gl (Jlte (sl Wlond Ol aste
Laasls gy cuple )3 (K0uSs bl Liie g cute sl ol dajasls ol o olbls) . cusly aalgs olie ol
Lidlato 5 (55,9t EVgmme 5y A5 0 olions sobots ol B pe Gl Jlio (gl o 55 (iluosn BB 5 atiag
L s adlio oyl )3 B s 0 33 35 1y (s555] Bae Gl 33l Sl 0,158 o 8B Ol (690 00 a8 290
dyme 4ol 3 a8 (L)l sl el Jl pluS o (hnd dawgio (o) (&S (satod (w5 b)) @B gjlo oS
D)5 plyd o sl (g9ddugd )y Kl clonds

ke (ol sl 9 e 5155 5 s o iy ol L s o (F) i, 2iotae T i o
2 odlawl

1. 1 ;
Py = 7Z[EZ(PLI)]; P, = % if Qu < Q, OtherwiseP, =1 (¥ dly,
T R r



’f’ruw)‘Féjlw‘"0)}&55)}’})“}!’4&0 anv

ol JUIS )5 adly claig Sl JS slass R (SEC) (o)l w002 loje T o(auod) o aujsr coliS asls Py e 5 oS
PS5 dod Voo &y CliS adld ke b sl (MP/5) (559l Ol (Lol (3 Qr g 1Sl y2 4 (s (2 Qo
A4S &wd dw 4y ySie 4adld 0 pte s il canaids wlulp ¢ b oplb sl o3 ) o Ggllas Jlade g
o @95 Blolw (Py < 80) s 9 (P4 € (80 —90)) Jod 6 (P4 € (90 — 100)) Cogllae ()l 0,80,k
ol gl BB Al oo

sl 00 1)1 () Ay & pgoty (e Ol (5590 00 235 3 i T (5590 30 PSS

ton

s o iy o s (R S 320 (S0
151y i sl 01 Lol L (M3)

u.’?t.la.w;j ‘5)95)4‘).: (a S.IQJ‘)

Vgl g 0332 4)jo Jl @l (o (slotileber 55,5 5 gy (ol FWlha 6393500 4] 4 455 b 48 Sl unidgs & pY

3ySlas 59 molue bl g 0d9m Coli imgh !y 3,5des dae s dlio pl Big> 40 dsyie > Ol o pte Con
ol ol Cad 4 e S oS Y guame

oy olly o Cuslaoly oo 53 By (5551 ygl g dnslme b 3900 35 ol (551 ()2 15351 D pae S

(WA ()Sen 5 (505 45 plosl (7)

(% i,
_ 2/73.DV

OPE.(1-TL).1000

TL waey losly OPE (M) g5l oo V (M) gl glis) D (kWh) sy (bye (5551 JS EC (ol o oS

(el Yoo caey ;503 (6l g conl Bolo (S8l lacaey sl L) @5 9 Jlil ol

EC

il 00l L1 (V) dlasly 50 (6551 (p90 000 2310 585 P S 29008 AL
ton.

s o i o s (R #5330 (B0

2oly yn (gl 0rd B pae g5 (KWH)

Aol Cawd & (653l Grame (adli jl e Aeexhes solg ya (gl asls ol (o550 lude

&5l o9y = (V dal,

e oS Cusl 0ad (Byun (F) daly B 13 g5l Bpae (a3 L3 Aol 3 ()8 W5 gy (nl )2 30T Wl Sl
S 2y (W) phlSan 5 (o0 aie 5 oadasl) oy b amape (LS 1y ilel Jab )3 ()8 g5 S
gl 3 o iU )8 @b cplply D9 e dnSle30)S 2SS PV il & jomie (lnl )3 5y csluclygls

sl ColulaslS )3 () SIS VY (o sl

g sasl
Ol S (g jludmi 5390 Tl o 35,519 40 38 S g L

Ay Joe o aadodhy Jued 0 (Su )l glaedly Sloj Julow cpsls guimd 3 (g1 o sty (slagsjlus pus jslaiod
S lgisdy oIy baisled g sl Gl sl iy oee )3 00l (23 wglisie (slagSIl el 53 .0 pbosl 3LgSS 3ol
gl Jold (Gloj Jilod amlis ol 48)5 Jl )5 ol > S (siludend Al byd plsisdr (60 00 slge L
e 5358) 5195 T 850 ooy 45IS o ¥ o 3 o3 o iy 5By Jlaiol ol a5 o it
blanily asdS Jlo Yo j0 1) e68s Slolyd oyt diwd 93 (pl 45 3gus oo (gl D &wd g3 > (VFr oYY

03yl LS foame duoyd Vo L5 Voo dgan 0 bloul an e 10 bioss 031 by (630500 (g92,l ©
Qo) Yo /5 18485 Jlois! bawgis

3390y LSl ggazee 10 YO b Ve I a8 (Bl sty oo > (g (9 10 )3 T oS ()b o st cssylis
Qo3 VoI5 18685 Jlain! bawgio o



O F O D § oy y /origy 8053w 02 S AL 31 (6 350 30 b (b O @595 aiul 3 8,8 dae 235

SSwoliddg jd Joho (R0 g g
Ghiilaie I ¢S 45 Laugs 4 gloniigyuSo il SleMbl ol ID 50d3l3 dausgd e Jdo oxiwcons 5 xils
WA ol Lol ;3 059, VI 5 50 OY (6,15130 00 59 dus 0 bgyyo banodld oyl ] o plouil gy 00 (¢ yglxen ool
JoB eln i lgicas 1 SOT (glaojlor ()3T (03 oy ¢ Jde (omimly (gl ol VFo o 5 IYAQ g VTAY 5 IYAY AYAY b
a2l ol sl el walas g Jae (oeily jlan wad odlitul (slosalie plis b (glodnd polis 3Ll cap yuis
iy iy 8395 glyms (MAE) lhs (clbs Sl o o5 Canl &pp0 ol & a3 o) s 0 1y oiwcono
ol a Sl 4 dagi b sl jho ply padlS (pl dige e sl a5l GaSopio o/ e 0 (priwcono 893 gl g ¢/ <00
(CRM) lomy (slbad gy a3l b8 o al)) puslio €85 Jbo &5 85 aoess lsise ebIeSun s dingy e &) 55Sdo
CRM 1y Olie it 4ol e dogi b it =+ /A8 g = [e oA il 5 oy ( Priwcono g (Prily o3 sl
) s <l ool rtucon 5 2xtuly Jolye 13 Jao Jp BB 85 31 (Sl sl cul o ol ol yio
cwlio y3dLie ol Cuwd &y o/ A oriwcons bygd (sly g o/ 2V ply (ol 5593 (gl {RMSE) et Slayye (1Kko

$3 AT Wign sl ki

P ST g2 ol

JSs 3 GIS Jljdle 3 alitsl b osdaslon (asli Lausgto Lo @S o 10 Ol g ColiS SIS oo &) pglaioa,
0 Ld bawgle plie (SuiSTy (e dunlie g (o) p el ((SSe il glis A Bl )l oyt (lage U SSE 4 Y
0L (pSilae (sdinig 4 Billae sl 03905 alyd |y (610500 ilisee (slagy i o8 oSl 4 Ol s colis
(U155 bl iy 4y Sy Silate) sV 1 ColiS Ladls divgy lias o 55 & S5 55 o] oedaws o o5 cliS
Colis padld lade a8 o (b 1) (g5 5359y (2ol (S 4 als (Lol (o JUI sleesl) cundiml Cuomay
YL polie b (45 oyt i) ol JBIS Slitel 5 ol 082 oIS pgbodts & sl ] 5 WSl JSi el > oodlo sl
O gig CaliS Conidg dSd ()b 5 555 0 Slagite 4 pf i Aol L gl 85 (5 Congllas ||
Pede Job S s

Adequacy of Surface Water
Distribution (%)

(1) Manual Operation (2) Manual Operation
Status quo Water Shortage
Scenario: Normal Scenario: 30%

12520 e SWg2 i Co5 b O @19 Wil (g5 Lwdd (SIS0 ol Y S
b O 8595 CollS (Sl (FuS1y Sl Jolid




1P Gliwoj oF oyl )] 0,90 o558/ a5 alro O+

P T (5590 300 S

A anly FOU S dn g (oS 5 Jloy ()10 (5o liw 93 ot xbaw Ol (690,00 (oSl budbagwlxe yolio
3L @l el g gz Sl s ye SULIFS 3 0ad Bpme (oges (MaRb wilie wlio oy p b G5 )
(590 )4 ¢ (EP>1 5 Kg/M ) u9> ul (590 3% L;lf Alwd dw D u‘»l“’ u;l C"L" | u.ul.ml); 4 ..\43)5 odlail u‘ (5590 %
Jalos e ol ol g sl Sbj)l 5 punnds o8 {(EP<0.5 Kg/M®) & 51902 9 (Kg/M® 1.5>EP>0.5) buwgo o
839 te L WP as i clyj asly ¥Y j0 (Jloy ()00 (699yb o iogd xbaw o (6590500 (Jol diwd @
WP aslis ely; aslg ¥ s Lags o oS oyl o0 (son)liw cov 8,5 )15 Ggs iwd ,d (VO B/A) &l s

85 ) o 65l g0 e &wd 3 KIIM® (VVD/A) &l puss 55930
)I Aoy VF/¥ dgd> ))) Lﬁ_c‘)) A_‘>-19 b4 2 gJLo).: LS)ID)—.’")'QJ. dy)l...w ) Ja.wyuo u.’ﬂam u] 59082 P9 wd ®
O 6y50 e &iwd KGIM? (+/F /) Sl i 8390500 L WP adli ely5 als W 5 (oS (61550080 (55 b

szm_>|9 éulq%)s Co S| &;ﬁl oy 45 odel Cowd 4 3 (Y‘ JSE)WP L byl o (# ulfw) EP » o.,\plc'_lu»bd.g
P9 S0yt Solios 0 S 1t bl 4B S 15 Caias WP dod 13 (5 0000500 (s525lies 93 52 5 (o5
Jloys sl pope kalyds WP (a3ls (:S3ke o gosay il dasMe LB (o)l &8s JS p WP ) Sader a8
Sl oy bl ) a8 Jlod il ool Cawd 4 KGIM® /¥4 5 VA X135 1l (a5 pow b gl sloaios gl

Kg/M3 / 5 5 /aA MOV 35 S8 ke s ias 55 e alie  nS

EY

Water Productiity (WP) - Ke'M3

Water Productvity (WP} - KgM3

165 9 Jlo 51300500 SLg sl o0 @dw I 690500 A LS lages Y IS
S!S a0 S le
S (ljwe 9 00d mandi Avexhee Jolo YO & aalllas 590 dilaio cingly cul )3 b 03 udgi 35 ke 4 jeboilen
Gy el Slusbe ol ool 48,5 13 ol o] 15 85 sl ool 3as EYLs (5] B puae gan J Jsbos 1o (555
09,5 0 a4 S a0 isled |y (655l Bras (slaojl jlges 28] jomme F S5 40 Canl onds &3yl 0 o ¥ ISKE 43 )0 (555
soblen LlaB S )18 (Bpas clodgioe cpl ) &5 W3 o Ui |y (2laJsho Sl )laged (S3g0s j9r0 9 04D (s
U - o ) GByas 85U 6y c sl FOR oy 1 eanl VY e 3905 45 U Jobus 3asi (1 2y ons] o 3905 51 45



Of Ol o g Cow s /.o digs 8 g3l 09 (S AL 31 (650 2 b (Al O @398 wiulpd o Shoe (b3,

i85 55 0 JSTb 3l SlgolS” J5m VAV 1 AV 3gd yo cansl Jgho £+ 3900 a8 )] o a8 5 ol gl VAVVD-
Wl 05 031 LS (655 B yuae adli Bud gding

it Erey ey i o rew

G5 Spuao S WS 13 3L1sSS g, LT Al 53 &8l (1,5 g FOU guivdiws F JSUS

(1) Manual Operation : (6) Manual Operatiol
Status quo Water Shortage
Scenario: Normal Scenario: 30% - 40%

SIS (6l 8 e 13 (51510 0t S0l 31 O Sl 31 B (5551 B pne (S0 o D S

S Si9008 S
bl &8s anlg O SCSE a9 oS 9 Jloy ()00 (592 )liw 95 ot (6553 (6y90 00 LS dbaumlie yolie
Ll el g oy g sy 0l Bymo (soges (b i mlio awyp b BT L)"‘ 2 ol ol &)1 F JSS :LJ9§4
EP>0.5 ) YU (65,51 (659000 (oS &iwd duw > (a3l oyl ol )] bl a5 005,35 oolazl (65501 (690500 (a3 Lo

iCuol 13 25 4 jeSde lassly 1 (65,31 (gy90 0 (el Olyuss Bgy Jdoo ol cpl el SL3)]

SUIGSS (bl 885 sub lepbians) (o5 22l FOU jl o > YL (551 (spg0 ¢ < Jgl dwd @
Olyoss B3g0 0 L EP (a3l ol); aslg ¥YF 0 ¢ Jloy (615 0500 (g92)liw Codi10pml (655 (690,80 — pow diwd @
diwd PKYIKWh /oY= /ef ol s 5350 e Ly, 500 4 sl FOA pls g 48,5 118 bawgio &twd j> &S 2l);
ol dgpiio 557 JSS (slalaged 3 o psblen Cunl s @ Y b5 cnl 130855 )15 (b 551 agere
M8 s (65, 6pg0 e Aiwd )3 )3 0t Sl 93 58 3 (s ladely BlBlacy B o ST Al o )4,
ol adas Mo JB o)Ll &s |5 p EP pSeciie ialS pgd (6)l3,m0500 (o liw 3 (olnS b b i3 S
Blolw ¢ pincal (oplpln cowl 039 3o > AV/YO L SAEY 83gaxe 3 EP aslis jialS e oS ey



1P Gliwoj oF oyl )] 0,90 o558/ a5 alro OV

Gl Aoy g odaliio B

oS 9 Jlod (51320 580 (S92 )bww 93 o35 (5531 (5590 582 s L Btddrlone y23lie S UK

oS g asle

it 3 b Loy oy il YU polio 5l Slo - A 5V csla IS5 ollao— CO, il sl 3l orslamsdy gl oy
839a50 )3 |y (xaw Ul @jgi opiSols (slaogud b (o)l dgu0 4 s 45 Canl ol dlg FOR ggemmo 5l ely5 anlg YAY
BAiS uSwin (£oid &S Cunl 02 &y ely; aals ¥F 9 VR 0 cud gy S Ll el polie a8 e iy sty oyl
sl ohj sloasly ol o (e O @i 5l 6k (slaoged

Carbon Emissions (CE) per Crop Production Unit (Kg Co2 per Kg Crops)

5
i LR 3™

U ‘”ﬂ \‘ u\" lt lir ,# Ll 'w w \ W'

u

1

|

14’
et

1
56, z
Fbraney  semue

PP My aslh palie cwiomed g £l,5 sty SIS 4 sabdmwlow (2,5 Mei (5 alie Y JSUS
S5 Jgamo o Sk b 5ljle

-

10
[e]

IO ONmD|
e
B SCERDE

Carbon Emission (CE) Kg CO2
)

[ 085081697
[ Jsre97- 12254
[ 12508 163392
[ 163.392- 204239
[ 204239 - 245,087
[ 245087 - 285,934
T 205 93¢ - 6702
[ w72 7629
[ Js7529- 408476

(1) Manual Operation N_. (2) Manual Operation
Status quo - Water Shortage
Scenario: Normal Scenario: 30%

SUISSS 6l 850 b 3 oS 9 o s slos 0% 315 s S guizeing i A U



O'A Ol od 9 Cow yudd y /. higmy S0 g jlw 091 O L g So s b b u,J X595 dulyd o Sloc <Ly

s
aceldl > g 4Ll Y g o (IS g ey slog s cos (5 b0l S 5Slae oLl sl padls (o8 s dods
Wl 005 Ty

O Jogs Lasls Jool JUK Glbl s (Jloy (ggn)liw cov a5 by ol zoli : oxdaw O a9 595 CuldS (b Ll
B ¥A 550 50 y550e adls 9 1) 2,8 o JUI Glbl & cund (5500 Cundg &5 0dg) yuxiio o d A G5+ 35L >  xdaw
ol dop ¥ i e O gt jasls aSd sop Ve sg0 LJ)QJ S gl cov .l 039y yuiio Juoyd VY
bl s a3 e Ol (BLS 20j95 3 95095l pl (6150 00 Blobo Ul 45" 3905 Yl yobo oyl o5 oo
Amd o Ui S50 b g yiedaol (63,Shee u,.ob Slolw o UJWS s balyi b gyl poses Jloy baylyls o o> oLl
O (VF+)) ohlSen g il 9 (WYAQ) oh)san ¢ (20 elS Gladng ) odelcandds B3gaoe j3 (adls oyl Baelcwna gls
ol ol Cand

OLSKel el 03 oaliiul §uizs ol )3 gl (sl yeShe (adls Sl 4 dn g bt xda O (5590 yo S L
JoB e 5y Slae 2ol a 39050 Caond ol 3 &) BB cou oM )05 393 d lains b sdelcandds zols duwlie
YAIY 3900 55 Jlay ()10 y00 S92yl st oS ¢ ygbds fanl 3LIgSS 6yl 4t 3 o mojg5 Blols jliselol
o b8 5 b odaw Ol (6y90 500 diwd P KGIM® o[V =+ /¥ @l o5 B3gaome L WP sl 4805 pdaws | duo
O (y50 e &t 3 KGIM® /o V= /B s 3950 b S prdas 1o p> QY 3505 13 35 oS (6)10500 080 (50l

85 )18 ol

=+ /N &l i 539000 b EP el 35 prdaw 1 o p3 AF 390 50 Jloyi (613 0 00 (59 ke o a5 omuis 9,8 Al
o o) AV 3gacs )3 55 S (o)l o e ooyl o 2,5 J1B b (65, (sp90 540 diwd > KG/IKWhH +/\8
o=l Cel sy dn piY 88 LB ol (650 (690,00 Atwd > KOIKWh «/o¥—+ /o5 &l s 839000 L EP a0l
$509S Ol Co e b sy slaailob (655 G pa losily LB )3 (65,5l88 Ol e iS4 dgaome yasls imgly
S o 4o (LBl g5 SIS ol ) s3pgbiS Call 1 b d5m0 a5 3 (1030 o b Bl 2 5)
slacdd plo b ladpe (655l Bpae plosly 09 atdlyyy joSie (b))l l8 55 (139 4 je jl )l Cudgices STl
G0 ol 8o o 00D g 35 5 i &S jaboyled ¢ Jlo ol Dgus o 43S (a3 13 0 Cldld g g iy (S Lagye
Sl oad (5,5 9 Al oo ioej) ol by 55 9 (6500l Ol agos g i JUanl gloailob 5,Slas 23 | badye
w2 (655 Bpas S oo Cunl oads a8 \S Ja5 10 pusd 9l 5 Cull cdsjjo 4 dgame (65,0liS slaculed lu oS
JoB o8, a8 0 S o Sloy 40 VYo ) o dee 5] O cadlaie j3 Jld claols duoy> VY gas a8 By i (o bl 3
aslid 3es (slools cloicds yso Ar jl yido Bos b olbols disej cpl )3 sddplonl ldlas 3 (b 3 ol Lol
o) 65y9liS Ol Gpuan JS 203 50 dgds 13 45 51> jie Al yidin Bes Lo yd YOIM g0 5> coluss] opl b g o
Byan S o WV 9is £ amoyd dos yio v yShis b ¢ BoseS (slaols a8 Cunl Jboyd oyl iiS oo oppoli |y aSis
S o ool |y adlaie (650l

sl g o5l g YL palie jl S o asls oyl il odelcawnds gl wyp 0wy Woi 9 (5591 8o (b Ll
»ly e o =59 el cbogus b ol)S Sy 4 5l &S ol 4l sl o yd SV dgds e Wdgi b b e )8
colss asli b sblis o (gybliae bls)l aS sl lis SIS oo zuls piored S o dlpiiis basly oyl 8350500
Dy oo 0333 ;368 )8 il g (g5l Bpan (s gblio b S pdan o yd A/D 39 ¢ piglae o O (590540
S)b cilles (V) oK 4



1P Gliwoj oF oyl )] 0,90 o558/ a5 alro d+4

oS 9 Jboy g luw Codi (6550 Sgm 3,8os 25y S LS (oF gl B ) Jgsr

S5 o900 b Ol (6590540 &35 Bpas & Ol Lo byl W
%)

omb bwge YL L hege op ok bege YU L hege os oS
lird Yy - Y- 55 Y Y SA TFY 10 YA Vs Jolg slass

Jbey alw
aFAA F - VEIYO  VEYY RS AUBA AV VAR LS AN Y/¥A Loy
¥oA \ - ¥ra % Y Yy ¥4 yay YA % ¥ Jolg olass )

L,dlrvs S92yl
Aa/VA /v - Q0/5¥ YIv .15 o/ MEL ASER WEY YV NG Lo yd

Bolgun g (5 35 4o

i) 2 @l B i) besd BBl lediol SIS ()bl 4 > o O g aulE byl 4 adllas )
sbapasls J) 3o ol 3 el ) (B Lo pasls (554 piion Bises o (gl sladilol 5 ,Shos
15S3e Slm sl (ilwiags iy cpl 3 Canot] Pl G55 05 o3lizl (5 1iim ] Wgnr ptine lliao ;5 ozl
2 oddByme bulgy oluly) yS ke (slapadls (65, cusl (ol 80d ) (il oo Dol 2b5)1 > (854 sl
o Ol g anlp o Sles b)) ol @ 4 g 138 W duli ) (o O e Jie (b)) oSl ity lllas
5 o ol il glie <83l (ie ol pus ool ol S a8 i e |y )bl 856 S s > gl (o
sl 5 ol Gilsee plie mrew (silwiples ol Cpoal ool cidiee 25 (slaodgiome )3 138 g abls > ivejy;
i sl s e (s O B g dlazel LB Gl g 0 5oyt Blols 3, Skas (3903 S35 50 w0559kt
Lacias o8 ol (lis 3dos wl 5 005 ) (sl pad i plos B 1 oo O 55 Cumdy (il @l SSem e
i dlatel JuBye LS gbody (oS 205 b Cumdg ol 4l 0355 JoB LB Cumig Jlo (5 000,00 Cndg
1y oLlssS (gylel &8s (615 o a0 dilobw 5, Slos Cuslad b ylg5 o ¢ 30850yl 53 odelcwodds guls 4 dliwl b oplpls g 0
ol (g0 e e glmailebs daogs culpliy 903 (A5 osllacl |y gl palis (o o @isi 50 Sl
s L ol uiSole g o O @i g sl jlyy sl JUS (9905 )6 Jla 31 IS ot b 8058 ]S (slaailele
ol 03Bl s sl paSl (6554 23,5 o oty (o)l laaSid (il e sloan S plgieas Jlanl cladly
s O g ladilobo (ilugte § Silate (silog (Sl cloan S 585 b)) slp ) syt Bl e (Guios

D9l wald o)l slaesis )



Oy Ol o g Cow s /.o digs 8 g3l 09 (S AL 31 (650 2 b (Al O @398 wiulpd o Shoe (b3,

References

Allam, M. M., & Eltahir, E. A. (2019). Water-energy-food nexus sustainability in the Upper Blue Nile
(UBN) Basin. Frontiers in Environmental Science, 7, 5.

Bayat, F., Roozbahani, A., & Hashemy Shahdany, S. M. (2022). Performance evaluation of
agricultural surface water distribution systems based on water-food-energy nexus and using AHP-
Entropy-WASPAS technique. Water Resources Management, 36(12), 4697-4720.

Campana, P. E., Zhang, J., Yao, T., Andersson, S., Landelius, T., Melton, F., & Yan, J. (2018).
Managing agricultural drought in Sweden using a novel spatially-explicit model from the
perspective of water-food-energy nexus. Journal of Cleaner Production, 197, 1382-1393.

Culas, R. J., & Baig, I. A. (2020). Impacts of irrigation water user allocations on water quality and
crop productivity: The LCC irrigation system in Pakistan. Irrigation and Drainage, 69(1), 38-51.
Dejen, Z.A. (2015). Hydraulic and operational performance of irrigation schemes in view of water
saving and sustainability: sugar estates and community managed schemes In Ethiopia.

Wageningen University and Research.

Del Borghi, A., Tacchino, V., Moreschi, L., Matarazzo, A., Gallo, M., & Vazquez, D. A. (2022).
Environmental assessment of vegetable crops towards the water-energy-food nexus: A combination
of precision agriculture and life cycle assessment. Ecological Indicators, 140, 109015.

El-Gafy, I. (2017). Water—food—energy nexus index: analysis of water—energy—food nexus of crop’s
production system applying the indicators approach. Applied Water Science, 7(6), 2857-2868.

Fabiani, S., Vanino, S., Napoli, R., & Nino, P. (2020). Water energy food nexus approach for
sustainability assessment at farm level: An experience from an intensive agricultural area in central
Italy. Environmental Science & Policy, 104, 1-12.

GOmez-Limon, J. A., Gutiérrez-Martin, C., & Montilla-L6pez, N. M. (2021). Priority water rights. Are
they useful for improving water-use efficiency at the irrigation district level?. Agricultural Water
Management, 257, 107145.

Kaghazchi, A., Shahdany, S. M. H., & Roozbahani, A. (2021). Simulation and evaluation of
agricultural water distribution and delivery systems with a Hybrid Bayesian network model.
Agricultural Water Management, 245, 106578.

Kamrani, K., Roozbahani, A., & Shahdany, S. M. H. (2020). Using Bayesian networks to evaluate
how agricultural water distribution systems handle the water-food-energy nexus. Agricultural
Water Management, 239, 106265.

Karanisa, T., Achour, Y., Ouammi, A., & Sayadi, S. (2022). Smart greenhouses as the path towards
precision agriculture in the food-energy and water nexus: Case study of Qatar. Environment
Systems and Decisions, 42(4), 521-546.

Karimi, P., Qureshi, A. S., Bahramloo, R., & Molden, D. (2012). Reducing carbon emissions through
improved irrigation and groundwater management: A case study from lran. Agricultural water
management, 108, 52-60.

Liu, C., Zhang, Z., Liu, S., Liu, Q., Feng, B., & Tanzer, J. (2019). Evaluating agricultural
sustainability based on the water—energy—food nexus in the Chenmengquan irrigation district of
China. Sustainability, 11(19), 5350.

McGrane, S. J., Acuto, M., Artioli, F., Chen, P. Y., Comber, R., Cottee, J., ... & Yan, X. (2019).
Scaling the nexus: Towards integrated frameworks for analysing water, energy and food. The
Geographical Journal, 185(4), 419-431.

Namany, S., Al-Ansari, T., & Govindan, R. (2019). Optimisation of the energy, water, and food nexus
for food security scenarios. Computers & Chemical Engineering, 129, 106513.

Parihar, C. M., Meena, B. R., Nayak, H. S., Patra, K., Sena, D. R., Singh, R., ... & Abdallah, A. M.
(2022). Co-implementation of precision nutrient management in long-term conservation
agriculture-based systems: A step towards sustainable energy-water-food nexus. Energy, 254,
124243.

Sharu, E. H., & Ab Razak, M. S. (2020). Hydraulic performance and modelling of pressurized drip
irrigation system. Water, 12(8), 2295.

Siciliano, G., Rulli, M. C., & D’odorico, P. (2017). European large-scale farmland investments and the
land-water-energy-food nexus. Advances in water resources, 110, 579-590.

Soler, J., Gamazo, P., Rodellar, J., & Gémez, M. (2015). Operation of an irrigation canal by means of
the passive canal control. Irrigation science, 33, 95-106.



