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Objective: The objective of the present study is to examine two widely adopted
approaches for quantifying the water-energy-food security nexus in urban contexts:
(1) input-output analysis grounded in modern resource management principles, and
(2) the portfolio approach based on economic theory. Furthermore, the study aims
to identify and elaborate on the key challenges associated with quantifying the nexus
and developing a generalizable computational modeling framework—challenges
that have remained largely unaddressed in previous research.

Method: A deeper understanding of these challenges facilitates the assessment of
sectoral conflicts and supports the formulation of solutions that harmonize resource
demand across different domains. The water-energy-food security nexus represents
the integrated management of the most fundamental natural resources required to
meet basic human needs, shaped by both internal and external drivers.

Results: Without adequate water resources, the production and distribution of
various energy carriers becomes infeasible; likewise, without a reliable energy
supply, access to available water resources cannot be ensured.

Conclusion: The absence of these two essential inputs places food security at
significant risk. Although the interconnections among these three vital resources—
water, energy, and food—are conceptually transparent, they are characterized by a
highly complex and expansive network of interactions.
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Introduction

Water, energy, and food are three foundational pillars of human survival and development,
intricately linked in a dynamic and interdependent system. Without adequate water resources,
the production and distribution of various energy carriers—such as hydropower, biofuels, and
even cooling systems for thermal power plants—becomes severely constrained. Conversely,
without a reliable energy supply, the extraction, treatment, and distribution of water resources
are not feasible.

This mutual dependency means that any disruption in one component directly affects the
others. Consequently, food security is placed at significant risk when either water or energy
availability is compromised, as agricultural production relies heavily on both for irrigation,
processing, transportation, and storage.

Although the interconnection among these three vital resources may appear
straightforward at first glance, the underlying relationships are highly complex, multifaceted,
and influenced by a wide range of internal and external factors—including climate change,
population growth, urbanization, and economic development. The concept of the water-energy-
food security nexus refers to an integrated management approach aimed at optimizing the use
of these essential natural resources to meet human needs sustainably. It requires a holistic
understanding of how decisions in one sector impact the others, and how to navigate trade-offs
and synergies across the system.

The present study aims to explore and critically evaluate two prominent methodologies
used to quantify the water-energy-food security nexus in urban environments: (1) input-output
analysis, which is rooted in modern resource management and systems thinking, and (2) the
portfolio approach, derived from economic theory, which emphasizes diversification and risk
management in resource allocation.

In doing so, the study seeks to identify and articulate the key challenges that hinder the
development of a robust and generalizable computational model for nexus analysis—
challenges that have often been overlooked in previous research. These include data
limitations, sectoral fragmentation, methodological inconsistencies, and the difficulty of
capturing dynamic interactions over time.

By gaining a deeper understanding of these challenges, researchers and policymakers can
better assess potential conflicts among sectors and devise strategies that promote balanced
resource distribution, resilience, and long-term sustainability in urban settings.

Method

In general, the water-energy-food security nexus can be divided into the following groups
from an economic perspective: (1) input-output analysis, (2) trade-off analysis, (3) economic
modeling, (4) supply-chain analysis, (5) portfolio concept.

Given the frequency of input-output analysis in nexus studies, the concept and history of
its integration to the water-energy-food security nexus in urban areas will be described. The
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concept of portfolio management will also be investigated as a new tool in quantifying the
nexus concept.

Results

The nexus acts as a thread that interconnects a network of water, food, energy, climate,
economic growth, and the challenges of human society that the global economy will face over
the next two decades.

Therefore, establishing a systematic framework that can guide this interconnection toward
achieving tangible economic outcomes that benefit society as a whole is essential. Although
the term 'water-energy-food security nexus' may seem to refer solely to the management of
fundamental resources, its intrinsic meaning encompasses the management of the challenges
facing human society

Conclusion

Given the newness of the nexus concept, it is difficult to achieve integrated quantification
methods that can be extended across all spatial and temporal scales and are compatible with
the political and economic structures of different countries in the short term.

The present study investigated one of the most common methods of quantifying the nexus
concept based on an economic theory and a new management method. The challenges in this
field were also discussed, the resolution of which could be the subject of future research related
to the concept of the water-energy-food security nexus.

Declarations

Ethical Approval

The paper is not currently being considered for publication elsewhere. All authors have been
personally and actively involved in substantial work leading to the paper, and will take public
responsibility for its content.

Competing interests
Conflict of Interest — None

Availability of data and materials
Data will be made available on the request.

Authors Contributions

Parvin Golfam developed the theory and performed the computations. Mohammad Ali Moradi
verified the analytical methods and encouraged Parvin Golfam to investigate a specific aspect.
Mohammad Ali Moradi supervised the findings of this work. All authors discussed the results



Water Recorces and Climate Change, Volume 1, Issue 1, 2025 4

and contributed to the final manuscript. Parvin Golfam wrote the manuscript with support from
Mohammad Ali Moradi. Parvin Golfam conceived the original idea.

Acknowledgements
The authors would like to thank all participants in the present study

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



' I PO JOVET'TW [ YO0

_ ToAY FYFR : Sg,iS SLLS
% https://wrcc.qom.ac.ir/

S2ew Gblo 10 (1S Caiol— (53 PI—T Wigw (5 jlw oS S g B35Sy g,
PRI g ¢ g0le Setasma

Muhammad.Morady@gmail.com :asbl!, .l pl o)l 5 ety 2 (S olKiils ¢35 51 (sl piaammns (swdige 09,5 .
P.Golfam@stu.qom.ac.ir :asbll, .yl ,l o (o8 olXisls o pwiige 5 (8 0aSailS oyl o swdige 09,5 (555 ¢ Jgfue 0dinunsi .Y

ouSS> Qo b
—ol s il (o5 50 2l e 19509, 99 (o s ep2 b SRl el 5l B dae allie gg5
(V) 5 (g oo Sl ouiliw—ools Joloi (V) ol (600 Gblie jo 28 Coial-(5 5] iy allie

9 S SilseS 55 Al 0 S 0 5 oloaml )l bl goil )5 pogie
O3S &S Cenl ety Slaieghy ololp presd BB Glow e 55l Joo S 4 phcews

Wl S5 18 a5 )80 VETL ST el s s
|y il (sl i ;o Lo U5 a8 oo el il g loola s obp)l & il ol Spoigbgy  VETo8/V 1,3k g
ol T g 5 (5950 SIS 7m0 il 50 pt 4l (slajls nels (51 VER0 el )l

551 ol a5 (651 sl Jalo calizee el ey (B DT glin aals (g oty
RLIUWESSTR VN L O3 WL SRR .| b 4 Sbowws

oo LU 1 ot salss o blie Jlas lid slye Coiel ianie 59 (al omeB (y30 16 SRt Aeedlsaels
(ehie Copnk g5 kol Wsm
g (5l oS
codsbiw—osls Judow

Y .
- 9doi 0 p ot

/‘""&/M} uiéJLA 6)Q,~u d.]aLe BN ‘:ﬂlﬁ)ﬁ: %l—éjf‘—gi Juy..: ‘_;)'L»L_,,.QS ‘_;Lasu“]b 9 Lao)ig_s) (P9 [alﬁlf “}co.w (_golfo sl
http//doi.org/10.22091/wrcc.2024.11329.1004 .Y £-\Y :())) \F-

el 08 5T 5 otz Hley Codlad e 0 iy Sl ade aw oyl

2- Portfolio
3- Nexus

" e
https://doi.org/10.22091/wrcc.2024.11329.1004 : Jlusus awbs OB Xy ©


https://doi.org/10.22091/wrcc.2024.11329.1004
https://wrcc.qom.ac.ir
http/doi.org/10.22091/wrcc.2024.11329.1004

\f’f A OJLQ.JB A 0)55 ‘f""@/)”"yj u[éJLA

) )yslis DY game adsi wilsh go ualBl ks onyay
il 3150 (65,5 Bpae iolidl caw b g aos rals
.oo)f Leo

oSzl lp W Sgm 0%, alple
Bl 4z LSy s a5, 4 50 Ik anng Sl
Ol 09,5 4 jolaiedy (620 @Bl gz )5 (b
3wl b Glaolz, § Sl aslusgs slolon
wals 5 Sluil g b sbaolog, g58y KisS a5 bl
ol Sglite gz calises blis o sl sl 5 e il
g ol som Sl Wgm porde sl osaie iyl
el ond il o Kamgs s Medlim baolesle
5 dilizee slaisu ol Jolas 1) g fﬂ; 5 °)-)93L.,
L] wo,8 iy ailolis S5 9,0

Sgn (FAD) Yome Jbo lojle Jbg)le> isu
Gl Gl oS, 1, el cunek ko]
S5 el sm) Ws 5o F oo DbLs )l (55l oS
b b 4 LSy Co s sbml 5 (2lie codl
oo Bl g Jold @b 5l ke glaulide yo
o |, WEF Sig Molassl Slea aaze [8] a8 oo o)l
e Sz slaidl g ylul @l ol o 55,5
[7] &S s

dibio o Ol s gl ml8l i b 6,55l
ol 5ol Wign Si 0,505, (ACCWAM) L
Coiad g Joere )l slacdlad o i ) olde
2 S9zge slaisu 4 (I8 o3l g ols Wgw «(ad
Slxods ol38lea G olnl g Glals yralS jslaieds wisy
WSy xeb e S LS L S e ag
00, aieS g wolie i B s o)) Se 5 o lie [V]

e caeb 5ol Wan 9 S5, kS Gaa |,

8- World Economic Forum

°- Adaptation to Climate Change for the Water Sector in the Mena
Region

10- Mannan

YA

doddo -\

e Srae 6o ;i Bl Corex R
Sas ol o5 5 tinh damg oty
Ol yuis V] S alin p caelae (s olul 5 S
—oolamih amacian; Shblre 5 apad egl
58 oolazil 0y Glalifs ool 5l 36 elaza|
@ g, OMare dex | canwg b ;0 slayiS ofga
(hed Wgy aslol Djgo 3 el Genel Gl jo wl,
5 Foke oanl ladle s 22 900 sl
g diplgS S Gras

oaiglyh O ol 5l Sy sl I
slp ol lsieds (lid Coab g3 k0l Wiy psie
V},.w oladl flgie Co Sl dnwgi Blaal 4 oo
Olosles (famy b aslyy iy 3k [V] 0 )
@ i a5 Ceul golazdl pw slazdl (UNEP) ™ JLe
Jome 0y slan! adlae ilidl g o, sgun
cledy aocion s Glod s Gl pSede talS
ool ma Lials o GllHlS clajls Ll uals
Sl s ilie (5590 4 Gialid Az 0 9 1 51 (S0
¥]

&le ! ale Jolss b milio ¢y olazdl o
wolasdl Sl (2))l b (G5 @l SYgams 5 655
Lagnay 3500 (G99 5 (515 slalul; a5 w5 o0 jladiay
BT o 09 | e o 50 Sliods Gl sas a5
88 S50 508 e 98 30 o eediiene pf g ordiae
Gl s @l s gl ol (e plyea
el JUEl gl 3y g ol 5L 0590 (o sloSgn
] 555 BOOLIS B s 4y ailie

(Plie peiae O 5 Ml pogdle

cod |y byl el 58 @Bl s plas > 15 sl S e

- Green Economic

- United Nations Environment Program

- Sanders

- Webber

- The Food and Agricultural Organization of the United Nations

R T



qsolatl arwg g Cumex RIBI Clear St
Sloslinal g (g5 ol wbie glpanl plis oS,
ey cadaial olay 5 2l il e,
Cales 5«55 sladels o al3dl Llsay a5 was
OBaS Brae golaidl gladiie (Bl 4 i
D s

Jols (BRICS) adlate ;o a5 o,5 ;Lo TS 6550
A (229> LSLEe.)éT 9 O i dmgy o b (Sla eSS
S alitee la ity o LolE Liulidl e soladl
@lie p ylad ulilas ol sales (o5 50 i yo 0
5] el solasdl 5, 0 P glp ele o9
Saddy gble pl jo olie cosal wls Ko sgw
oeizen 91 SL Ol e 5 6551 3908 5l o
M shreiny ) ujeS (omie dnd b gk (nl 2
o5 (ol @l a8 (alesl 585 nl eles ;5 (EKC)
oS deSlen jlal o U wgSes  Jmie 2oy ylid
oloul leanly wilgs oo a5 Culils 0429 (goladl i) 4
oais] 50 (5 pmmlio gt jlamme- golaidl slacelw
ol

S Sy S Il 0 w08 Gl o Sen 5 s
adly ol 3l Gl lo ;o Bgm b is b bLS))
Gl (a8l a4 oS S 4 bl yl Lo Ll el
oSt WS oly oKes 5 TS g-omls [VY]
5t Wsn s3leesS b e o sla gy 55 e
(e b e e )3 edes Ojgods gliE Skl
[VF] sl osgy (ol anwgs 5 ¢V olge slapl >

JLid Gl o Cumax 0l (g ,0h bl yo
o (555l (sla e o555l ol slaailalss  coatyf3h
hls &S anngs Jl> ;5 sla 925 )3 o9 ol nl ]
Srtebn Codil Ll witis Solingd g5 anin

13- Liu
16- Terrapon-Pfaff
17- Material Flows

Ol Jols (SigSzr 28,5 Sl o b [A] wio Sy s
6330 Sgete (M (0,5 aeS 5 Lo alBlen (05
[ﬁ] J..'S‘sc SeS éJL.A )| oolazwl 9

2l coab g5 kol Wign (giluaS & jp0 -

SilosoS Gl sute slaiaghy el o8 e

ol GilusS lp ain Cozlr sl Wigy
O3S a5 Gl I 50 cpl [V] sl sauls cansa
s WEF laalbs s5lu]oe 95 az,b e ln o8
slagidn ol SBLIT gileioS O] 58 Cunoe
Gk 3l golasdl Ll [V -] cal 132 5 (650 oo
il el b by (sloogs p sloais 5o g 39w (55lu o8
Gilwtinte 5 9 Sty Gloj 33 0 (2lde Y game
Coodl 5l B pae e slo sy jo mbe (pl arass
Slaal a4 sbhcws a5 1> il Jloye3 ool [l
s S LBl 285 (28,5 L5 )3 (9 pges 0,50
5 &5l ool Cead o Bl Sen 5 VY GY5S

Floyp Baa by ogix sl 31 0 olie oyl
s 2 DY game o 5 0y coed Lil8l
“Yeen) gl ls joas wols las mbs [VV] ws s
s laS i 35 G Gae (T4 1Y+ 1)) b (1344
anie oS Jl ol asly ol as e aw s
doyd Vool i Sley o5l cpl jo 3 ader Al
4 atly T mlio Caod Gl o g anals il
Pl T Sy log oas (olié Y gams wlss
g dibaite opl Slaé Soil el 50 cogen Sl Jule
ORI R DS IRNCIR I 0 RPC S P
Ol a5 ol S0 (gaw 1 g iy BaiiS S s
@l Coal Gl Gln egian Ojgod ad e

Ol ghal o 5l el sy S (§y9p0 ddlate

- Gullati

12- Manufacturing

13- Ozturk

14- Environmental Kuznets Curve



\f’f A OJLQ.JB A 0)55 ‘f""@/)”"yj u[éJLA

Jolds Jeogil cols (6l 5L 0550 mbin eg,055 oo
Dgdige el 0t g Seidly pgriagll W¥gh lads
B Som Ol osiliwmosls Llod slaJgaz
I ade b g )8 ale s Yo axly o lilas Lo o540
S0 oo oyl

l, solamdl ,5b g5 dw oailiwmosls sloJue
(M) oo e (V) pofias (V) :dljo0 Gmesd
aygili cadol I3l 28 5 s s ol st ol T Sl
IRl 60959 Tobaw 0yt S50 y0 a5l 2B
Wilsise OlnSeedl 5 Wie gye olatil S5 5 o
35052 4l (6359 Dl Jdoas | (b o0y i
lbduje ;0 jods csolamll Sgd auitas b oS
Wl 5b 5 BanS el ) b et o 51 e
el g Oleas 8l o ol Lol 5l ab

ooliiwl b oldé el (5,0l Wig (5l oS
" 458l ez (65,31 G pan cosiliw-ools Judow pggie |
Sleas 9 Y adgs sy 5L 3590 (raitns o 5 poiiions)
ool alize slaidu Gl Jolss bl 1) 600
VOUSCS o sailis—ools Lo slednsg, oS e 2b5)

el 00 0‘5)51

alculate the

water and energy
consumption i’
unicipal service

“olleet the data
related to

various types of
urban services

cking Determine the
Blocking of | fucurify Botwten
ocks based on
ervices t -
s the type of service Total water and eneray| | Exporis of

consumption=Require water and
T ment withinthe | ] cnergy
A%gmgﬂ“m\ o system boundaries
water and energy

in
all blocks Total water and energy

Tmports of
water an
energy

consumplion<Require
entwithin the ]
system boundaries

Figure 1. Input-output analysis flowchart
oxiliw—ooly Julow glosais, -V IS
Gblie jo Slas s &5 0 ) S0 sl
stz (Jle glyea gl gauSsh 0

5 G5 55 el eladgi (i g ez (ydme g ysliS
s blie Gl cde LT 51 o pn 4 Logs e oo

5 ol Bras e a8l (S Lulde lgiea

20- Induced
21- Embodied Energy

2 Os S Cu e j0 azg LB sla il obx]
b 53 oan] (gla s Sl (pols 18 Sy 2 yma
b sals ol lalslis
O el 5 disy (53le oS o by, (o)
(Sl jlidy b (SsSz | ily g S olwl 4
5,5 anlys SaS WEF ;oo &l yeais ¢ lacanslons

Nigay (Sl seS sl -V

Soiok g3l Sigy sy Glee SIS Hsboa
(1) 23,5 e 25 (sloog S & golatdl Jlais Sl olae
Sl (1) Mol Judos () odibuwosls Julos
52)985 )32 pstpin (0) < ¢rals 050255 el (F) csolaidl
coddo il sles Sy g, 4o Olallas gl 1y 3 i
azsu )b g o] pagie dslol ;o a5 ol sailiw-osls Lo
&5l W b b e ol o o] ileaz LS
A dele> ools Fad s Bble o glie ool
S o9 Gl Olsieds 5lsi 5 Co e porhe rizes
5 98b 9Tl gy potie (53l seS ) Wilgi o
A dles )

oailiw—oals J.s.l:é' -y

oladl M Jdow eg8 conibaw-ools Jodos
@l sl isn  bliie Siadly 5oLl a5 !
yobay a5 coul gladlaie (el slooladl b Lo slazil
i b Cole glaSad Sll oyl sl Jsens
Sy90 olaidl JS 5 Jlozge oIl Jdow L golaidl
ssba Jel g onl VO] oS e 13 colin
ol 3 ;L:...za Sy Q‘))‘ gL 6‘)‘.‘ Sloo s
[VF] 05 oo oolizul
oailiw—ools sla Jgaz coniliw—ools Ll slie
S ict den sl 0 yumiy a5 olajlaw g baggin b
slo jo Jlo glecas v wiS o o5 ) solaidl

18- Trade-Off Analysis
19- Supply Chain Analysis



Y\ r:lj.lfjd&‘fo|

oéL‘;.».roé‘é g}.~.L7u 6[‘.~Aly) JAB...: uLn.:.n?u -\ Jj»

Table 1. Research on Nexus based on input-output

analysis
Researchers Nexus Method Spatial
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Duan and Energy- Input-output City

Chen [19] Water- analysis, Material

Carbon Flow Analysis
[MFA]
Chen etal. Water- Multi-regional Multi-
[20] Energy physical input- district
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Meng et al. Water- Disaggregated City
[21] Carbon input-output
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Nawab et al. Energy- Extended multi- City
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Figure 2. Flowchart of energy planning based on
portfolio management
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