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https://github.com/ arielgoldin/ GDL_Aquapheric_
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Guadal ajara i s -IhMerxgiecsot6 sc ibteymiovnildti o nov eathabi t ant s. Du
drought s, i ncreasing popul ation and ageing infras
supplying enough water to its(IpMPpRL AN, Th2e0 B03i)d ygr o
water distribBudiondSylgplaywas) ({ E&ch of tahsesscec iaateeads
mainly with one of the four supéerifgiiealBearauseb tt e
system is compartmentaludrmddrps6qrffaommesgd ont o es her c &
wi t ha cncoe stshmtuami ci pal waties whapl apR@ikddvere droug
caustende Cal déeovemacdiami c al | evel s and ehaavdo k god b5e0 0s,hQu O

city dwel waterwbboippmgre t heablB L 8L mb.Mtbhecggr

Pozos well Calderon dam
system
e LaRed
A dam
AqP2
- SA3 AqP1 Legend
Supply area (SA)
SA4

Superficial source

SA2

Subterranean source

> P

Supply line

Potabilization plant

4 ® @ Pumpingnode

Toluquilla — Aquapheric (AqP)

well system
Chapala > Direction of positive low
lake

Fi gwRrGeuadal aujrabrneand sr supply system schemati zat.i

I'n 202RPespoenae to this vulnerability, the Governma
aqgueduct that interconnects the fi%ve esfUupwhyemr Bns
directions in each of itByfbalasegmgntbei adppknde
thiisnfrastructure can significantly inEHowageamnhe ¢

operati dmrpdlhiicy ihmfsr ygetrewcetl worpes d
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During drought, the AgP can be used toBdtshowbut

should this distribution be i mplemented? akhadcor din
l egali nci pl e Sugdwaé BAgidBneg ddsr aThdeedg?7al f r amewor k has no
up with the new infrastructure and hydroclimatic
di stribution for this type of boundary scenari o he
( A. Ay o, per sonal communi.cati on, November 13, 202
I n additiowmaltuel dadheadld engbere are significant unc
systemdébs current ankdehHav(iUiet iseas,ucz2 @22, a@APAe 2O &
hanidn paetto underfunding, the water authority do
high accuracy key variables of the system, such a
gridbés efficiency and the amount ozfedvaweelrl tshyastt € mss
Cities, 2022). On the other hand, the city is prof
suppdych as rainfall harvest, the construction of
new supply ar easeaplaintassteirl Ir uncertain when they v
at whaan#gbatnpact héwgwd(IFCi ti es, 2022).

Theompl|l exihdgciodfhekhng probl em i s fcuorntshteora ianchceeenrt uat e
di stri bwbubd bpamabdWwlse ng this (FnjwBastFidwed Utye t he
physical and technical cihntariactenmliywvtpaessiodl &€ hteo sdis
amounitrm/oshnd due to an edxicfefsesrievnet iaaslt nbudeurrentl y |
water betSvebPwo ztorseSaAdAdol ugBecdadl vy, there are pol it
and agr eememecsi ftyhami ni mum or maxi mum amounts of w
certain BrehAbBby, nfrastructure only dettdremicreenst rladv
di stribution asryedatytt me oWwatearcharundtorfiuryt her speci fy
muc.Bi ntckee populeactoinoonmiatnddv i t i es withiheeachgaemeadusr
t hliismi tsatgina rifircaametsl yh ocwo njsuisdteircaet i ons can be concept

Uncertainties

Lack of agreement of who
should get how much

Availability, new
infrastructure, economic

Leakage, demand,
extraction, etc

during drought and population increase
Constraints
Distribution
gon homogeneous Legal frameworks, Maximum  flows, energy
upply Areas, emergent -
agreements, contracts consumption

measures

Fi gwBrSsummary of uncert ats nof et h amadkeicnogs spbrnoabi lne m.

The combination of uncertainties about the system
of agreement on the values of stakeholders aroul
uncer t(aMamhtkyeyr et Ab. dr20@§B) becomes ,avod el dsgeiqug.nt ,
the appropri AgBi usebef dedidremismoan tal andseftonhbimsc
weat her phenomenon on this highl yThgsp wlodtied gmd b

13


https://www.zotero.org/google-docs/?tqkcHm
https://www.zotero.org/google-docs/?vJbv1B

characterized by andeeplngpelce isd eornt aamena wi t h pot
consequences for the pedpl sukiayipirdg bil  mGwa d &l ahji agrhe
rel evanicpee ratnidn eMhats tféohre saa s on Engineering and Polic

As in any wurban water distribution system, an ope
citybsiwadmuekesr to distritbatehe¢ehpionuwthmd iajie set,iwoal ge r
despite the sys(tLeermmdpse rutn ceetr thealid m,tt WwP@nOaBlpley ,as honol gol i c
be able to incorpor astyes tre@misunteomazihm ngeasf tlo itmet he mi
futur®eo develop such aDeowildicoyn SupJHldrate g B dolntei
Objective @uMGOQOWi zlataonpustice approach derived froc
proposed. As further detailed in Section 2.3, t h
propbBbMBPU metfhooordsdr ought mantabgaemennabnpueitdicees appro
Thicsasiet hwmsnmopportunity for a relevant scientific
knowl edge.

MatY y 2 6t SRIS DI LJ

This redeameh tiwsed thréenl DtMDA) f i el d oF o km olwil teelrgaet. ur e r
were conducted in Web of Science to assess the k
addresageeries and resi)l.t sThien |Aptpeeanadtigsn e wr ehi eWws s

main ta)pMbW for drought bohahagemémicor poerlattidodni i n W
Obj ecdptviemi; z aetairatn ci patory methods for BWDA pirnobl e
MexicdAdditi onwhkEypyhdactfeedy publ ications in the int
topics (excluding Mexi comowaeoldt Yo MD W4)h mtr aMjeaxsi dceasns ct ohnet €

—+ 0

As pointzazdf buet bMDW OROWAE) er suppl ytefmennfoassroan
segqguencimeggl eschtesretr m managemen(tmadagiesneans and oper
| ndexMDU r e soddfreemhour s planning over mahlaige mesny maed
of fers a highly relevantevettle@armain agpemeaerntunditde bmft |
to incor poirmttcco ubgMiU management .

This research spemdtfiadd Ityo fiorcausreoroant e j usti ce
management with a part ibcaispeadt oarpypttabnadc honptteirnsiezcattiioonn
topics, omleynwpr wgeowtndn ot éale f rEBEIMeiwtoa kil e, Robust, Ad.
St abl e Deeply Uncertainrdpgptbwpwayged (DY Batdweigs al
framelwoir pgleasnni ng and bniamclgEnetnit e c oarsd adreadeaigv ons

stakehol der .litnvhodsy elmeenn applied for designing pol
water utitltitwtisesuah as Durham, Raleigh andt@lkeappel
Research ,Trasanwele@lrhsecati on in the(C&Bbobwader Ri ner
applicatiadbmaoofeawpu &h miduwtrs ioReesse @Tedhan gl ¢ he United St
or thBha®Geen found. Additionally, no application
focuses specifically on wabeppodesttobobetweennsi te
Additionally, this research wildl rely on a part.i

justice which was ndctatdhomeg/isdiedeldogy. t hlkei DUr esear cl
beesni gnalsl &nd ghly valuabl eobpethieveo@hfexkani bpdtt malh.t,
Yang et alnd, f202n8)kdinsgi dm compl ex e nivni rcoonnmpeknetkal pr
actor decision arenas witehkptoos$( HMaall lnuegegmianet ealn,
Al t hough ddcccumeeatrpeelr i®fusiesg participatory processe
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https://www.zotero.org/google-docs/?ORDilh
https://www.zotero.org/google-docs/?cvMBEs

therebs stildl sniagn infgi csantendpdde fc,omparitbiuctuiloanrsl yi nf

projects using a Distributive Justice Approach

MwS &3Sl NOK vdzSas2ya

Considering the knowledge gap detailed in the pre
resear ch quweadshtuiesrtti mbants wi | Ir egsweigidreohtehéiesc h of- t hese
guestions will be tackled in one of the three mai

section.
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RESEARCH QUES™

RQHow can we design distribution policies
just water distribution during drought?

SRQHow can | ocal stakemoltdher spirbersigwdgedi r
Sshould be interpreted and operationali zed

SRQ2Vh adpt i mipradbloemm f or mel asbby €and opti me
objective formulations and drought condit:@i

SRQ3How can we sebeotitoohpoptemal distribut
aut horities considering value and system u



Mpiw S & Sh dgiDKA Y S
This r @goghaacsh t hr ®teagn@as nassoct lat ee mopuehsss(fitidenpu r e

4). For each téeectciomrcept ual f r mene Wwoadrkd, tthhee rreessuelatrsc
presefdfhéd.or st Psbhbgem Foirmal athmment,i ciwpakehpyp and th

Optimizati on
f ormul ati ons

and Optimiagéioncludes a simple validati
probl em f or mulsatwiednd tacs ushend&®&w b h o p Bdei ocuagtbbfr nkanl | vy,
the | ast stage, Ta dlheacti s@sopns | Swhpzpaotriton set t i

anthiensi ghts

Support Addlowshgtol i cymaker s t osoefx pd ojrec thiowe sd itfrfaen
di stribution podulcd ebe UTépdar tTiowilfpuattuortey ¢@¢e dbices s wha
obj ecdgholkladsdf or water distribution under

Mo d el
and

Model implementation;

devel opment .
restrifori expetrlNaw hwialt helmd xlpatr é mel

Validation; optimization

Thi s

freomd&sTagee efdi nail n plr odleekp of

Decision Support

stage

Meth_oc_ls_ and Participatory Workshop formulation; Urban Framework design and
activities Drought Indicator testing
Stage 1. Stage 2. Stage 3.
Problem — Experimentation Decision
Formulation and Optimization Support
GDL model; variety of Optimization .
Outcomes objectives, restrictic{ns, — setgngs; Urban — Dl Sl}{p port ol
considerations Drought Indicator fmockup
Fi gurSet ages of the research
1.5.1. Farobd lea$t ia g e
I hmhe cont e@bj oedt iMud tOpti mi zati odef ipmothéamr doe snal a
identifying a set of objectives ctomsbe amntseeithiandd
decision (VMdrsiaabled.s alhii,s 42623) process dewnhaltowesr of t e
ti mevaalsi dati on processes,anduinehitc alppérepaminvast £ d
This$ agke disgmeechetrcat e an ensemble of different prob
that wil |l be used in the nextThet agastom evhyl armheé st Is
designed to provigreolal esimnfgd remiddeld d in dfi dséveet -l hnth g
problem i,sascampliesx chdeapt @niceeStleachoyntdyiny ,qausethiiss
infrastructure is new and notlhithmigthil nyg ctohnmemoanmo unn to t«
documented exampl dormal gui ode . Thar e¢fhtirsewopurlodb | hearv e b
unviable to aim foroamascadrevemgernthepravaedabl e resou

To deuvdleosps e mbfl eobj ectdodentiahgd t he r ealwov &rsthome svtarsi |
conducted in Bpoudght2O0Rvlrértelperre sent ati ves of, the | c
acadeamé& civiThesodeeitgn of this workshop was gui
principles:
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f Structured
The desi gn otfi hahtee rpiaalts cwegsa g ui dperdo pboys et ch eb yf rAafns
et al J)to(29233 egn@mniércattd yprobl efrm ff amrmihleat isamrsu.ct
justice exploration for this propbéimphdthes Di
operati osxnfadri zM®®© onn , 202023 RiZmai enia,p r2e0s2e3n)t e d
during the workshop and off ¢émed r @sneaptrtoepool s atl os t
objectives
T Nowmrescriptive
Despi tdee ftibneerduct ur e, participants wer ehaofcther ed
objectives amntheyesbui dteipoveign@é eirdeas t hat wer e
i ni tcioanlsliybegr ¢ dh e s @afu tWorek s.lbof f er ent resources wer
to the participants t o ignudidcea ttohresi,r ap rcohpaorsaacl tse rs
aScenari o Expbuotr atthheo ni nfolodsi on of additional re
T Norwonvergent
Il nstead of ai ming-upom @rebhgmedeoipireetdi ga,nt s h
grouped nomefcdwmr aleathblodprwhpashed their , own f o
effectively promoting and valuing diversity.

1.5. 2. Exper i Ogtnit mit 2Sbtaiga@am d

The objectivetbonduuhkitst hteaoogwauiesmd aronal experi ments
val i destee tfilmegsph € miazlagaroint hm t hat wi DécibsSu@mpenrdt f or
Toollhi s stage i s paads itchud adrel syi g nmpoofr ttalaneb pftiinmailz attoioo n
will be evedwytcliendscgP needs to be used and the drou

TR propopsteadni zati on approach di frieetrltsaudisdsditnidrarcon
problwhnesr e an adapmtaitv ewapso borpctd mih tetdof i ¢c al orssynt h
t hen tuesetdi matfeorf | amamgeattHhowey ea di stri bution policy

be abdealt owith flowanggpecibdtedhowktand stress for
dat awieltl be suffici&wmn2e0 2Eqgr teeampulmp,i Ghrsalk & ema b é ,
the main sowacse ctfy t @Rltaugee dt o0 gr i Mhisintsw atbi dmtgas n
happemefdbrue, t he AgP shouldebadbhvdihlyls girhtea lplreo ptossed s o
requires thati saofnmorptti meazveadiiilegbnite wat be § beovmesreys r o m
ti mdhat a deci si on. nlededist itoon ablel ynadsecome of t he exper
t heompl ete space of the possible scenarios, not or

Additionall vy, the decisiondasuippioh da ea paporigeaicthdk Irye q u i
expl ordithfoewr ent justice obj ecdtiisvtersiplalaincalees . u sTehdu st,
experiments were designed to ensure that the opti
any drought scenario and ncamlrien a taibdTeh emaf purhijodecrw avye
conducted can be grotulprde it @gedhe foll owing

1T Settings for a reliable and efficient optimiza

To ensure that the algorithm can perform unsup

dr ougdndithenfsol |l owing questions need to be ad
o0 What is tmheambmal lodstf unctilofhesyalthati cma®m en
that the al gori tthhteroumghe? gepxaacfeor al |
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o0 What is the maepanuinmaaanl ween saufr e t hat t he pol
dapproach the gl obal maxi ma for each indiyv
combinatiodrd ®Yroddey

T Optimization formulation definition
As menti Omak{z202y3)j usti ce consideratid@O® kwn be

introducing justice objefcitlinereiphghmahepolpit ¢ imée g a
ParetotbBrobnnid poelfilceicets jtuhsatiTend csoabpdpercotaicvhe si s kno
as-post efoachobobasef i nal optimizasteoassarymwutat enosuyur

t he spgeainfuilcati on ofcamepropwiednd z®lle ol i ci es f
varieolh| eodftTovedspacompardfapni,aapost eandra mixed
fromul aftdtrcamreepr esent at iwasmadce ntoi in$ ndmeatheof

objecti,vens pipeovliide es with the desired perform

T Assumpbiaedd bano Dgrhdi cator

During thetwor kabopdalhlagd t he AQP shoul dh change
relation to drought i ntexisddtriymwyghhd wd wedrio o attdhoer rse
be used for thiasswecif bicaspooablueman water scze
precipitabDubpnndefthei wor sulgge.shate i tfvwdldrew,g ht
mi d on hlkeisghiotuyl dt et e ntshearte eweomnuy dSatavkEig2s 1 00 or
50 |/ daykepeprsBaved yarn utnpitsh obr braonu ¢phdti cwa o r

defi ntelle adr ought cwihidicwoiuod ndeolsdn dleirk el y t hat at
woul al | kEslebwesthes di t e any posussiibnige tdhies tArgiPbut i

1.5. 3. BeppsSt age

The results and insight swefrramime g h a theed odi epsDegvrii 0@ nas t a
SuppdotdlIDTS, composed of <conceptmdhstuspnpdohrte phh miceasls o
designing and selecting ditsd rrdpukoifo richggms! hTemiodse d ol y
deci-makbors to explore how di fhertmansledtsed fi mothg ec
pol i Thim® ckkp i s cauvrarielnatbltyen doncdouwled be used itho a sec
define which odbuiedd itvies shloaedidlod dungdie ra what condit

The D3T st etshtei ndartoeusght i ntensity considering the
water sDmuowghlt intensity is calcul atddhi bgwaheotr b
built faop rl copmd snagld umadt dhee  wo rakbsohbobpw t he obj ectives b
di stribution policy whetutllee vdarroyu gdhetp &insdliboeogn soomd d r e d
hi disectdi adbhupol i cymakiéds choose what usdtepefmdolmjgect
on the output of the Urban Drought I ndicator.

AMu FQbij ecQpitviemi zat i ogne nfelrgactreist ham s et wdi nogpttihma |l p rpaold |
formul ation derived fromfmStlke i BXdpheé&mi2mdihtea tuiseen SIStaag
set of objectives t o nfiolrideefriindpttedposmhbgpohni ¢oes e
objectiacempndmi se s odeutt ioofn o hojre ptphiey & & Ia tpTobsd sea | or i

was selected as it has been proven ©obsfoingeiusnt cien t
rel ated obnj etchh @ v é¢($Sthearvatzu peo ur et al . ,an20 2iln tZmea b
exper i mesntaaptfei dmi 6Se¢ beis.o SAHAdigt)ibynadttlye ditmgad onduct

lhttpsadpg.gdtireamlit. app!/
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https://gdl-aqp.streamlit.app/

amptimization each time the -pedst ofi orbejregoriay®csh ¢ h a
exploration of potential objectives

The objectivegpoavairli olwlee éfidit ea i nd o®vieil toegpreadt Wraes etdh a t
| addwn the theoreticdlIPshtiheamabhheimat foaMubhei mul a
Obj e cQpitviemi z(aRtiinooms, 2023; Sarva et. allhen,20zhle; o2on aeb
wer e fapdrheetri onali zed and selected based on the r
set9oobfj ecwiitvlesa combi nati on aonf eDOJoP o mincd i ochajteocrtsi vaen.d

The over al | Ddefsa vgonu rosf oftvleeirxsh bbs i neé ys kRywchpttii mezidm@ udg
condichamged a distributiofhpsel apyr ios cohveewtdisel rfav ou
such as DirecwhPokiaysbagtehopti mizati oncpubduces
determine the AqQqP fcloomwdd fTffhom samy  r dracghg ethiabd es ol ut i
andpti mal fpol eacdsdwoubhbi ghatheaozpmpmracnit mai oed f or
al | the poscddbite ohAddutymb halMbassfitoliteaynonlbgogi ving t he
t ooltsh et ou seexrpsl otroe al ternative policies

The DB®TIl d be usedknowbetbkgendd mpes hamsi nteractive
explorationdebabPbbhopiPmdtiicaymthwtas obj eucsteindees t o
what condi Pobonewé@hurse transpar enmakiinng thhaeh edac i s i
di stri bactiitoyn afdvranci ng taonvda rodrggehd i s etaldhjreu sixi st r i but i
Polcowld be periodicall yDaPprdatedecuovicngt Ohsesr pamat
l earned experiencesasamd steeawd dalo wietdlgeulmactemt ahety
system and tac otuma walbwmens wat er distri bution
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Deci Mia&km ng Under Deep Uncertainty (DMDU) is the b
decisions in policy arenas chhhamachaui epdDabyp, de
uncer toxicrutrys when therebés a | ack of knowl edge or
scenarhesimpacts of possihkel & ail unteasr we mtuinan pphhef err e
structure and behatisWatdiEertkhre aysteml3).

HdaM Y I BNE &IYKRISNS|Y O NI U &

I'n a very broaddsesthnnedefdefwviatgien rieslmabiomudlo condit
Mi shra & Singh put forth four categoridefpoé€idrot:q

water and its intended uses.

T Met eor olda giugeéalt

Definedefaisciat i n precipit.@thiien cawne b eahamegetsali Yy
in the interannual weadchamgesluc#heg wkhd BWd&@ cchy c | e
as those generated by climate chanpreec iapnidt atthioos
patterns due to changes in the territory, such
T Hydrol ogi cal drought

Defined as tshuer fefei cort sofbsurface water. Thes
met eorol ogi cal drought , changes in management

and other phenomena that affects how water f
underground.

1 Soci oec odroaui gch't

Definaeaddaviation of a water syst emnmdhsi sc agpaarcilde
caused by shocks and stdeemsselso dwr essu,p pd ¢yyedwacth
dryness, et c. Or by shocks and stre®osegsirtb@andam
economic growt h.

T Agricul tur al drought

Defined as a deficit in soil moi sture and cons
changes i n rainfall patterns (bothangnesqguiannt
temperatures that can increase evapotranspirat

I n this project we aim to find theflbemds GDLDtsr iwaua tei
sour.dies speci fic causes of this deficit of water s
relevant for ®hérmat diTenteorfiedtwoireeqch we f ocus on soci o
Ot heat egories of droughtcaemmormentrel efvadrtodpht omdrea
as reservout aoptpopatside the scope of this thesis

Managing drought has bo®dMDUWtuthd ifc@adcuonef asedearoalght
Afone of the most compl(eWi lohi tadlyle 2nOadtOu)rt asl hhyadzr aorcd si om:
as wel soasaltsmpr itchaitd olmesdy o fmalniatgeernmeetnur ewi drho ung hDx N
tackkedi bher -oombest @& ser adiaphtodvse pl anning

The majority ionf tpausbeldiricdaibd o mson r-mbhu§hapaleiresyt ood &
policies that work as best as possi(bJd.e H.n Kawa kakregle
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https://www.zotero.org/google-docs/?jFi4D7
https://www.zotero.org/google-docs/?OYwcQp
https://www.zotero.org/google-docs/?DG3FNb

al ., M®btd) t hese pulsloimeatviac Ma kd@iligee cafi ve OptO) mi zat i |
Some of the most notorious examples incl(lhdaea partf
al ., 2023; Trindadaigiéye vadt. € Ka2sOplp/py ky eandalr.e s e2rOv0o9i)r
model(IManrgt on & Knopm@Pesh@&gu20b8) explorations of spec
deci-maknng such as sCc@uiammoenamrmtlrtalsi2t@akk@)hol der r o
beyond optHemamlaint yvt, adaqgpe2rOaltdi)ve stability and pow
2022) and probabilildsinezadeviasieon adnal 2OILY)

Publications about adaptive policies are the seco
to drought within DMDU. This DMDUWcappro amwelc hraefi sm
modi fy the interventions after the initia,l i mpl «
consi derei mghcertainties about the future a@d.the i
H. Kwakkel .aMi ral et pWlogpae2@2Z2ibptive framework that
hidi earning techniques for groundwat er model | in
rces of uncertainty in water supply planning. .
l'icati onstfmeaus p@PR divpee etHoawev,er2,01a9)ser i es of
l'ications were found that devel oped a framewc
i sions for drought management . Al |l of these p
i onal cooperation,ul fnec ydMirdigntdprdiemaerti taplo.p,ear 2v0 1L v )
bilau yet ad .rrel2i02Bi) | i-afyaiba®Breendade istk al ., 2020

ma
SO

pu

nw - O 0T
- ®® ® C
DEQ O T T C O

al |l vy, the | atest publ ipc @&tsieamnt fsrf a mamw otr tka tt hsad mei n
ustness, adaptability avadmegagtmbiwaitewdaspumplpil g/c
nning un(d@ol ddreotugahlhi s2pAa@B)i cation was the only
ti ce taop pdroocaucghht managemedtt hbodewaBbMDbe main gui
et mé met hods proposed in Section 3.

3 »wWo®» TS

w—o =~ T
oc —o —

21


https://www.zotero.org/google-docs/?DG3FNb
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Gol d et al. (2023)pubsl itchaet ioonnl yt hfaotu ndde atlhsatwi t h | ust
drought management wil) ihaspDMDUeéhApphbemneaittwime around
the search wasd nlerl walkemngheer t body of research that d

DMDU applied to urban water management .

The definition of justice is sUyooatn,t @ OLi9ghnisf isctau
we wi || use the most intuitive and simple definit
to dboorn, POEe) sely becaumpr ehionned offi nihtei onraiins ob
this thesis is to ipdreonduafhyd o avxi pae rkinnoewh teddtgiew Becygoh t

of distributing wateg dhei.ARgeadpbegihse wil | conti nu
approach of |l everaging intuition and striving

experimentation

Within the urbanthbhotast onspmeti ce considerati ons:
systems, that i s systems where there is no contir
(Nyahora et al ., 2020; Raman.i Tehte sael .s,y s2t0e2nBs; aSocel gp
interesting for the case study because, whereas G
under normal <conditions( FKlitt iheass, Rp0d2I2i)t atduobnsegtdr gt
all ocation werdleaslasnd airdent iafli ed 2023 ;whValhi powrl d& aK ¢
be useful as groundwater acconttg efsgr 2D@®)aof t he
A |l arge body of | iterature tackles justice for wa
Distributive JustThcies Pfrriannce wd 1@ksn 5(sDgJwPgmeErn alai sheor vy,
meaning that the fairness of an(ZonabenAsE20ph&Hged
consequences can be assessed using model s, t he DJ
justice consi dertnadeodchs d-menk poiOgmoedre | mor a l t heori es
Procegdusaice, where an action is deemed fmairre i f i 1
di fficult tothHincommppod Bdfedliindymaking
Utilitarianism Suficientarianism Prioritarian Egalitarian

o Sy w ;

i
FigwrDad stributive Justice Principles
Sour Medi fied f rSearh aZzatrar ai n

Il particuhareds a growinbabmpgyemént &t e bbby weectthi hveet m

opti mi zTahtei ofnesur (pr guSbe@d tevocnuged ar e Hgadlliittarrii am,,
Priorian&uwfifainci €épbarnan2019; Sarva et L her2pelnck
were notasnthagedre more complex, difficult to i mp
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https://www.zotero.org/google-docs/?Pfjmc0
https://www.zotero.org/google-docs/?yVErSn
https://www.zotero.org/google-docs/?ASlBcd

suchLoaws r e.griemtad | vy, as fiumtthlee wesdcorsstbeerdii corni, oapt i mi
was selected as it parso v el lk Ia 0 wgeer cex rofe la@nidmilleiatryni n g
opportunities.

The four distributive justice prindapl&achsedein
of the pmitrecippleeas diffif shbemeé sihtodn b ¢ b le eadnidsntcrisiubduet e d

an operational i zat.i ofnhefsreonprtihnec ilpilteesr aatruer eoper ati or
of a justice indicator based on a performance i nc
the parts, Suphbl s péoaetceta Ppojtaa3g €2t03a3lf.urt her di scusc
di fferent operationalization approaches-makidndii ghl

of fering highly val udlthlee fiorugi g@hti srcfi @ etshius edt wd e.

Utilitarsmeisefm the motsheaiided yoRashevwa remtesallt. , 2
proposes that a fatihe dbernefiibtug i orm riissbkvdgagaeset ma x
proportion of the partthse fUmnaldsre itehvies aal mohhps it iua re
di fferences bet weemrmrr ehewnammos s, thdasesprinciople

operationalized wusing aauwt impil tey( &faur nwaati igdint ed . s u |
Znabei ,b®2t02i3) t haewsercaaggee of t he pefbor maecéi ved:
i s uassedno wutility function was defined.

Egal i tpariinacn polfetreenh b edb,utiys where fairness is
the difference beni weédhali shd sp arothesmpdeerraestd vee | us
approach where a just distribution of any part
othécCsull o et al.,. TBD&280appPooanoh BA&9peen critdi
l evelling downtaohitecti @e@gscithh@tt hes utility dist

thaave the most to give it (Thhithebyphewdylidhlade
considered Egalhiotwas pdmapiomplcg mést ed and communi

Prioriprmirmainpl e states that available resourc
conditions odfitnlde plemaletintwel lof thgsditghatr kawnai
(Doorn,E®d1 99 hough this approach is hewytontui
estimate coindiités ounsclhedrwerbffsfhboallyd the priastitis
there arersomdraot hmd ght be marginally better
resources.

Sufficammparnci pletbhenteéds ahmt namamet Whieshokdc
part shdAdony dobleer chir fef enroetn creesl evant . This appr
relevantthe dilsitdreeplewntditad i 0fi es ¢ Doloras #FoOEO)

example, the World Health Organmieggabeewesng st
and 100ThukdawndSeurf ftihcd pernitmacriipaplne any di stributi on
havveore 1T ®h@nl / day/ person would be considered f a

Mor e detail edntdhees certihpitcisonosf di stri butive justice i
Doorn (20dedt)aidred descri ptoifondsnRoht it hebjed dhtiicwse opt
problems i n .ZnAaddckit i(mMal3l)y, there are more compl e

that i ncod poweaifleu nmepthiSamsya et al ., 2021; Xibuyti ng Ct
t hewere not used in this thesis to reduce tme set
t he momtechaxi mi ze expl ainability
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Tabl.Bistributive
Descripti

Limitations
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the overalllinequalities bet o .
performance L')"O‘E— 00
indicators
EgalitarReduce the |Dealing withwiah(Mi ni mGeENhgcoefficient|(Ciullo e
bet ween thjlis being taken B B 00 00
performanceDoesnodt recogn & b0
indicators |inequalities.
PrioritgMaximize thHComplex to defi (Adl er et
t he perf|the | east advan (w(@i)—u(Crere)) ™ £l
indicator (while also optin p— T— ) ity =1
we-b fpfar t t he |l east .ad@uan In(u(z;) — u(Csero)), ify=1
operationalisati
numeri cal assumFWheDﬁndzerﬂore t wo const
by Acdclteral thaolmef|
choi.ces
SufficigEnsure thatDoes nothodveftioned| Mi ni mitzqiengnumber of g No MO O
ar e above wat amontghe parts/ithreshol d operation
threshol d above or below t found tihn
performance |l iteratur
Not®Bhese formulassieoms edemead f uriStaher (20 3fadirscsteideoddixytwalt leo c atd ownr.c & e
|l i sted above are the original sources |isted in that thesis.
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iSchtaivvaez | pjue c teifvheisss . me 2@ ph asti ngher e

optimal . sktbbifeoni ve opti mi zatiisosnu emeotfh ocdosn ftlaiccktlien gt |
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opti mal c ahpobbei mp s oiviedone owijteheotuiteeni ng the condi i
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can s udecirsa b air
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Objective 2

Fi guwr
Not Bl solutions
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NwheE

Som#&OO met hods
There are many

oild cdelsl ed t ne Parditiag @dehnts met hod
mesi gning and communicating polici

N
K
Objective 1
eExemplification of the Pareto Front S

hi ghlight edoininn,atedrd aR aehb ectoanussi edt et eheedr cen 0 n
on both objectiivresgreyndomhtalmasds stoheti
ehas a better performance in both obje

r-@bjye aini vMut DphamyAhg oo i MOBAS ) .
typgee af M6BEARMmdown high perfo

ron
compared MOEAgKDed at & &eedha20Dbéen widely used fo

(Trindade et al
problems wusing

L, 2017 ; Zat ar ai.mo Saclkd zza mhadti salo.n,
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2. 3Palrticipatory Problem Formul ati on
As menti (Afesdrbhzedt2,3adkexploring how tocdesinaabépeect

known as fprmrotullemi on or structuring, hashhaenet heed
aspects of ) MOOsthroawgh ever-yelogptteadni prodoj eat i nvol v
formul ati on stage, many relied on fAdesko anal ysi:
problem structuringl adctod({Ngdli®wrepreot ealt s, r2020;
202.3)Howawgeéelri,s project focuses on justice interpre
appr owvash chtosenmtructure the probl em. l ndeed, st al
pointed out as a negedade@ proomlIDedmird j Bchlieaeber g,
Val i pour & KefTakbckhiwot®@23) of stakehol der i nvol v
formul ation for optimization probl ems:
T Consul tpatoicersses are those where data is gather
groups that is then processed by analysts to
Consulting stakeholders is commonly wused in f

reportaeddoonndergone under cl drafrs agy setemat i ¢k
howeWdrs,ar et halv.e, p(ralp»¥E)etdemati ¢ approach to pr
and validation through interviews with domain
T Coll abopraddevseses are those where a group of in
|l isten to eaphodtubheridrdscbobhat can belosbkbdsfor
famous parti cArprast{lediGrp ]l acecerrecaot i on processes Wi
degree of pt eéhratni cd qoras & |atieant | lbenacdr e compr ehensi ve
transfosmauttvleanrs conbas$ éadt iparmAletshsoeusyltay f e w

exampl es have been found of MOEA formul ati on
participatory pracessemewbal BDdpwadmon & Lempert,
Popper, 2019; PoAhdcirt icGionladl IO 2BYPDHPposes an I nter
Policy Exploration pmakess to expbbee poiliftegre

examine their implications. Although this part
the initial prsothajgeemh € semaubathbons, do recogni ze
process could influence the final problem form

2. 3Ap2ri améA-post eApproach

Theusbobib¢gectives in a MOO can be incorpor altheed i n d
objectives atsh gtatriide edpteit mi zati on -parieorrief eHofwedrretr@a n a
optimization ,aadilbeomaihcaadndglmacs ii bersdd | hpaliinagi es
the Pareto set. This appsboeaSthavwazirpedfuerr yeepdp Eioe da s( 2
robustnessasesbpedtiilvesing criteria for the Pareto
across multiphaebedic @0a2rBi¢gds or med a compoar athievsee atmweol
appacohes fM®OOp aojwe dth st ri buti ve Junsttihcies Pcroimmpcairpalteisv e
the aut hbhahnfpa uaompir ocaaanlf tperno vbiedtep er f o s mi o 4 ih@ms
aposter Howievdrf f ¢ethemween ¢ heemawagifmal certai.n obje
Mor eovpeast eari or i, abpy rhoaavwohvggse ¢ eiwee s t o paptviiadsez er f or
opti mi zateincarbal e@ midkcxkpelror ati on. offhowdp eathe naiear i appr
provimbe® interactivelhkaxifpioenm ecaipportapproaches he

2Literature review conducted using-othHecWelweofopBSCcmenact
(many objective optimization) OR (multi objective opti

26



advantages +dnaki degeci sioowpair ediftooneser t.aditn icsaswrssur e

however i f these results can. bBhwseneirmlifiumadd eponp]
experimentation wcaossmpatohealsie t ¢ ot appr oaches and s
appropriate for this application.

2. 3T.h3Be st @onndpr omRodd ci es

I n MOO pofot ercttisenesol i ci es t leatc hpesr fn@grlm édgtecftdrve a
(Nyahora et al ., 2020; Shavazipour .left tale ,o Rt0i2ni; z ¢
was conductedhebéperfopynghes|l d r epareessnt hdathec an
generate the highest possible value for that spec
t hepti miizdef oai ent , bfysotro peixierirgprl & convergi ng, it Wi
maxi ma t hmts gagpoadledc y.maki ng

Compromise policielsalaarecter laaliedoantee darhadbj petf oem an

best for a combi.Aatsonohoftbbpectompseomi se policie:
asa highl yr erseulletv aofifh eay MO @Ge foifreech mat hematically as t
t o mihepbehtween maloiricetd(VRdsmon, 2023;. Znabei, 2023)
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I n complexenuiatd thgr dmeackiisnigonpti o bli ssnesreyc e o diinftf eeg reantte

worl dviews (e. g. ., peoplebds cultural val ues, pr e
experience (malger dgdecodomsfiloincti ng obj)édMMbaVvEsmi pewe
202.3he process of linking divedsanevel weshthhe ke

required to do spriosurcefi emr € Notr aBBtya S mcgaatg i anlg. s t2akzh)
in collaborativeppodbtemohrami kgowcedge, and joint
t he demdkiimgn precoenes mor e cam@irtetheaxshivegher chance
bei ng-sstgantddi s participatory appr osaoclhute nosnusr easr et hm

| egiti mat e, applicabl e, and resilient to the conr
ecodi cal systems, ul t ti mdtoalme dl eeanddi nngo rteo wh atetl eyr a c «
Thus, participatiameandohknawlkeedgaccadr Ifdrpracddlremnss

characteri zed aliy dv aleeg uncertainty.

Moal I e mi et al . (202B8¢vicewdatt BPMDH éeé€kpermnéenomces in
cecreat idavalnamptetaxonomy of bdsed nerormpiomeatdhanr act er i
in thredap®@hpesydé nt i fied at | east 50 relevant DMDL

cecreation and fdardtdiesdi @as i @angrowing interest on h
participati eon BNIPE pf ofjreocmt sf,raming to i mplementat.
(Moal | e mi an datlfhoer v2aOERMB)UY me f(hModad | emi et al ., 2023
Tab?2Eeat wkenowl edcgreeat i on for DMDU projects
Not®ourced from Moallemi et al. (2023)
Cocreation | Description
, Al l the el ements needed to de
Framin . . . .
framing, decision scoping, st a
'l the el ements needed o nmscod utt
Moti vgSol vinneed to be identified (scenar
problem anal ysi s)
. Al t he el ement s needed onc
Acting : . .
(communication, planning execu
Act or Who is engaged in the process
of power, etc)
. . : When are the stakehol der sweivha
SettinTiming
frequency)

Inter gWhat type of participation is

exchange, ihnotreirzaocnttiaoln)
Rel ationships bbtiweeyp 8tot aecrealf
Power |. ;
| mpact influence over others, conflic
P PolitilWhat influence in the goavcédromasn

ChangeAs the guidamsfowomati on on t he

MOO met hods are ofgemrabkedmd nwharc&k!| dhfferent val
conversgd hey all ow for the simultaneous considerat
Several authors have rienpnopriteende ntthienigr peaxrpteirciiepnacteosr y
projects. For instance, the ParFAI T (Participator
of Tools) method, as discussed by Smith et al. (2
stakehol deruwatiinon haennde wiamporfo vMOO t ool s f or water re
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These workshops help utility mawdder $s nvol vetdt amdu
I

i
feedback on the usabi ity of the tool s, t hereby
optimization outcomes. Similarltyi,ciBm&kthaesrhy pM@O® apgpre
to design sustainable wurban drainage systems, i n

optimization process to ensure that the solutiol
acceptable

However, the | iterature, as highlighted by Afsar
frequently neglectotmel atuonastpagebhplaeamsuming that
been corredtnl y hd esf isit eatheer md | gtriodbn ,emknowl edge cocr e
forvoi dubhgpti mal outcomes and a wanpthe $dhfe erneescoeusrsd & sy
of a systematic approach to problem structuring t
and stakehol der eeangdgemandt vtad i iddht e t he decision v

and constraiops$i meprad ceossh eloevpivres they propose a
the | owest form of paritsi cciomastudrtyatii motne rva cat iionnt,e rtvh e
opportunity t o gfuurdtanecre ffoorrmadti alkesi alhd emorien viod rvieana
i nt er aBeyt iiomcor porating participatory processes, S
formul ation stage, stakehol der s tcleep td am tead B ibthe t ©
ensuring that it accurately refl eevosg |tdhe ondmexlte x i
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At h rseteargees e pr obwas desi gned Deoc idsBuvpepldoopb Idrhedi st ri but
policies of Guada(FaparyabadesSdiugsmphesi mpl i fiegsst i on o
Pat hway met hodol oY Of2ired¢gsme rGdledd e@tn &lecti on 2

Variety of objectives, Optimization Decision
Stage 1. restrictions, Stage 2. settings; Urban Stage 3. Support Tool
Problem considerations Exp erimentation Drought Indicator Decision mock-upl

Formulation @~ andOptimization —— > Support .

Model implementation; Validation; Formulation; Decision support
Participatory Workshop Urban Drought Indicator framework design

FiguwreProgeseear chovdeersvii ggenw

The objective of the ParticipdebineParombdml Fantduh:
optimizati on hfadr nowlud tdi d nast Exrp ebrei nuesnet daet ti ocos8u papnedr t
staglehse. fi was stsbehdaewiagteirngupply mod€li tdevell @pea)
to a MPOOhdm amEBhiwemodel 6s | mpl e me nXLlaRN ofnr & fod & oopwksr tt h e
et al . sh@wrF3igrudr ef tcernducting initial explorations
participatory wortkoscheorptninieys pde ¢ iag n eaitsh eorf igisit g fictes a
for the f wltlagieisngat wocul ar, dehsiisg nweodr ktsoh oppr oowaisd e a
objectireessst,amdté¢comsi derati asedt hat coeedecktategperi me
t hekeci si on support proposal

Fi gwBrxeLRM frafmewot ke optimization GDL Model

Thea nsights from the participatory workshop were
experi ments ai mainngopatti ndiezsatginomgf or mul at i @mt icrmaplabl e
policies for the variety of objectives proaosed i
Mu FCbij ecti ve Evolutiohar VhAbgoe&mdmddndiodEmded t o exp
solution and dr oudlhte d mrsd igthitsadnasig esspmalcheatnid 2 wer e t
proposeDacifs$inahm SuppdbrisTpoksenteDi sauE€bhiapResnal ts
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The prwajbeacsted on t he GDL MrRdietlt @geevieh eorp ewdi tbhhy t he Go
of Guadahagiamgneotnd brcgol | aborati ve moREetl eag pOBRESS
designed to compare the amoamd tohe wamoeun ts uopfp | waetde r
by users for each one of the five SA under differ.
This model i s avail abl-upmoratnn d ol leirlatc twivteh ddeeacti & i .
| ocal authorities, pr eCd éd esd (&M 2P u kalnids h esd2.shuynmnmR r i
ThéDlmodel was simplified for this study by removir
harveandnwgat earndr eaudsaept e dl n ot Piys hothnudy, no validat:
GDL model was conducted-Cad iiets haancGa M ehien theanh e db éf o Re
publicatioAtihese0@2t asets aodt mehbedstaicratrirggs t ha-

described Randpdgesdussed in the |imitations.
Aqu
Legend
Supply area_ g
. . =gl Water users
o

Aquapheric segments K{14]

. B eakage
b | A W o .
. ‘ Node

A

»  Direction of positive flow

qP, ;

Demand,_ = intakes  *average demand Supplys = (source * (1 - loss
[m3/s] ' [m3/s]

Fi gurSeupSmlindemand description in the GDL Mc

+AqP_, - AgP,)* (1-loss

POT ) GRID )

The water flow demanded by users is calculated b
wat-wse in each SA by the average daily consumpt i
consumption for t feor f ®RWr2 dwanteesrt i aselr28 | / day/ per s

| /day/intake, public 6272 | /day/intake (including
and industrial Al4t5h7o d dd adyd npeesrtsiocn .Wsearamethage t heyl o
repr etsheenthi ghest consB8®é&r 9f ot hedé maiandi 2(Bi2 oY) e

Thereb6s a small variation in the distribution of
As the current i mplementation of the GDL model ass
for AalL |l t8is wvariati on i st hoenlaymoduunet toof dIimf&fAekreesn cpeesr
PP1 halbi ¢gideesmtand -dbmasthi c ucsceulsd blehhdBuertesence of
ci-tgntre and some of the most active industrial al
8 https://public.tableau.com/app/profilel/lresidiencia.
AMGV12 4/ Landing
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5% ® Services
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® Public

25%
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SA1 - SAZ2 - SA3 - SA4 SAS -
Chapala Chapala Calderén -Toluquilla Pozos
Supply Area-level City-level
Fi gwrwatdemand per use
SourR€iti26x2)r h dat a202f0 SI APA

The flaweofswppl dedenos wakeshedcoatdetde sources mi nus
water | eakagesi nafnldo wasd daioiwdis ootudtlat h a g ghen.SiAfsh d emave @ In
considers an average of 7% of water | osses in pot
t hat happen before water enters the distriibution
Pozos does not consi ddeore st hniost tgyop et horfo ulgohs sa apso tiatb i |

After the pot,abkel waaktiromaml| dret i njected to the gr.i
water flows can reach or | eave the SA in this stag
flows towdodaq8A#dl a. This vadiud 26RAL ) ensgt iameatready eb w aF
bet ween 2012 and 2021 and was considered constant

t herde@sent wallilzsed hat inject water to the system.

floWus t hey weerde veisat iamanumer i cal <cali bration to b

SA resulting in 20% of the extractiOal demomntamred s
[

destined to Toluquilla. These additional sounbterr al
variables as they are highly wuncertain and would

After the watersedhaandeaInl ptohabaddi ti onal fl ows acc«
bet hendded or subtracted.a Asospern veorVvemwt idosn asso
countercf bAmwiopd i miezsatrd wswsuroens t hat theoAm®@r eoesnd
wateri ahanliablténleheSA esul ting fl ow i sl otsBeéhbo dif st hiebt
water to | eakage and other types of wunaccounted w.
highly sensi ti vref rtaos ttrhuec tagree odnd het her aspects of
of dtahtea | eakage was considered homogeneous for all/l

These uncertainties could have a considerable i mp:
di stributisombpel itooy attain its objectiveeasmThuys,

i ncorporate new, more precise data in the future
these uncertainties were also considered in the d
favours flexibility ameéséseadesagi batthien Séani oobd
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Mutli Objective Evolutionaly
Optimization Algorithm

Non-dgminated
policies

2020 baseline

Fi guro8ummary of tdoetsimnzlaat oon fr amewroolkl drorf drhmulbatsied

The overall simulation and optimization framewor
sections can beFigwmealfhiedpirobl,emwHerenutl hei @eds a
demand deficit objective for eacdgaSAtamdaa @SrNihco

selected as the baseline problem for mMu3ectiioonn f30.r3)
based on si miRiamom,es2®23;h Sarva et al ., 2021)
This model was favoured ov,erf owmorex amoprnipd elxy fiomanlud G

accumul asebadmerse comprehensi v.e Adkdietriiareanltlay,i osni mg
can | ead to higher ttrhuesyt ceaxnd lebakbicosc espttaakbeihloiltdye rass wi t h
of expertise. Thi s iageamtbeal cghe sad@ @ehtksh adiarhg uenhet hat si
computer models are epistemically better for info

Al | the data from this model2. i BheeXcRMbfedameawark a
described bel ow.

3. 1lL.elver s

There are many means t o ma,nasgwec idrasu gnman a ogni nGgu addearh aarj
extr apcattitoenr n #a@d chigt i onal waters. f Howeyeamonhi st hesea
excl usihvoew ywaotner can be distributed using the AQqP
considered in thiasemothel flowsulbdtit be four segment
can pumrp @&@f mwat er i ni nbdoetphe nddiernetclityi. owldst we \beera,we £ how

SA5 Pozos anidio$Aquitdai duefficient pumping power

di fference.phlyhsiiscaclurlriemtt ati on of tWwer k gaknbde nwawsas m
previously unakuntohwonr st ocoft htehe research while condu
Al t hough this formul ati on f otcluisse s f ornmhwyl athen hen:
considern atiesormcdfi ons with other, dfougdfammhegé mant
policy is i mplpeunhe nftleodvst meoul d change and thasgthe

accor dHomwglviehese additi onal l evers for drought man
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3. 1Un2certainties

There are many wuncertainties in howotdlede pgesteeaam sb e
t hat behaviour. Otnh et hteo tdeelmaanndd wsmi tdtehn®e kmbwbas ver

t hkatussed i s fAdodm t2i0o2n0alilty, i $ hcerdemnbkpalreportedall
Patronatongs$igmibloagr htohaiidss iRes conducted an approxi ma

i ntakasSAloeavel that carr iAverawte wreamarntda ibryt iuese. was
2020 data fortyheTlwho!|l@&@pproach that assumes t hat
consumpticanraksooti esanbett aihereds currently insuf

assessment,t hito weoudeerl can accommodate future data t

On the supbéymasaideuncertainties are the -Quattiegs | os
estimated | osses of 35%udn odwerragset ufddire sGpl esent

value was al so cwildal avtedag@ges mutci ¢ yutl WA el efvuerlt hienr
the future as atnhef raa®tarsuchtawree wi th different cha
di fferent atl.ie@¥age i n potabilization is easier to
di fference bet wewthp utheofi ntphud pmtdabi | i zati on pl ant s
the quality of the inflow might affect the amount
potabilizafThesmegrotas®aneesntrated in a source csvV
be updated as more data becomes available.

3.1.4 Rel ati ons

The AMG model deivteil @ eidn beyolRIl aborati on with the GD
Equations 1 and 2:

O0'Qa ¢ Q0¢ b()})}%Q'QﬂD'Qi GD'@(I)OQ Q Eql
YO 1) rpbud 'Q‘l iI"YE OiIzZW@® & € § iy 6r']78p 6r']782 p 4 € byvioo
Eq2
Wher e:
T Lossrefteo sthe water | osplesntisn potabilization

T Losspefers to the wat @i st o eeadvoiolkr each SAOGSs
T srepresents the five supply areas

T urepresents the four water uses (domestic, ser
T krepresents one of the four AQP segment s
By considering accumulations in the cityods water
di fferential equations to incorporate time. HowevVve
value to such a model coul d Ixa tfyouvwodi | do rhppavree d ntca
explainabil iTthytsdhesrsamptle formulation of -ftd&wre GDL

purpose.
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i ngGRhUned,ealny meaticnevdl ves the suppliednflbew an
| cul aTtheeds e metats Alse ycedanl sboe r ef err eidn disc @tedg £ ©Ofrynanc
vereferred as aBQlgseigaokdismbdivna c oowsieaebt av8ured ov
re coimpdieceas otrdsoenyd t i hcomptoamte t hat r(eef.tgg.et ass
i oritarian o pAedrlaetri ocert atlikzbact(tRadnkd/bpgh i tdpr esent mor a

oices of minima an)d. priority to the worst of
sar et dalsti hgw23)hes between out cames tfoorre-aMO® pr
yeut comes based on ndoadtealol@etdad mes s lamdt he current
oject, only modell ed. otibwemes, we h emevathied deadu ethhoa
ere are ongoing eftfiome smanoi tiomp Inegmetnhtatr ecadul d e v
signing more precise distribution policies.

i ngot hkgshomme table highliglrtdadithige einrp @iyt £mone uc
AgP under | ow  Threwmghth odn diihsei wsaesgi.needn tdsed ds o i s
ferences bet wRkee ttdet meode sh,y da afullow dafi f¥ @r e;x a&n
sumes a differedéepamodiumg of tthergggmMewevand do
ta awacsessi bl e that coul d accurat ellhyusr e ptrhees esit m
rmul atieorergfy Tthasumpt indre dwaadneirempelregnye consumpti o
en the AgP iannehewmwgedcamsiumpt ios 0o fll o wi nvh einn
gment in aRyt Wrieg ewlbd bgreauly increase the accu
nsumption metric.



Tdl 8. Model

oudrc opreersf or manc e

indi cator s

NotEBhe subsanmdépdapr etsheent5 Bebs krieptresents the four segments of the
AggreggQOutcome |[Formul ati on PrefereDetails
SAl evel|Supply "Oa €O NN ORI i Maxi mi zflAs there are ot he
capita NENOGGO QE ¢ represent how mu
[/ day/ pe person adasss t o
relatabl e i ndi cég
distribution.
Supplied "O0 &6 NN ®@ARDI i Mi ni mi ziThe absoffieeence
demand d P RENOGOO QEE current value and
[ %] 100% oSuprplei ed. De
FIl ow d| Oa 00/ /&M@ 04 QG e Q@R Qi Mi ni mi z{Di fference betwee
[ A s ] by users and fl ow
md s
CittyevelAverage Yo R QQaGE Q Maxi minUtilitarian Princ
Supplied Arithmeerage Safppt
De ma i &] v Dema.nd
Aver age Y6 R MEh GO Qo G MaximizfUtilitarian Princ
Supply Arit hanedrn ageSwpgplty
capita v capita
[/ day/ pe
Supplied B B sYonnoQade QYonnwQQadesMi ni mi zfEgal i tPariinacn pl e
demand G czu z'Yon nOQade Q Gl NI coef &iupigéeyta
values of the SAs
Supply B B S$YO MDD QO WO f Modon ‘RO Mi ni mi zfEgal i tPariinan pl e
capita G CzZu 2°Y6 ) MEQd O N QO & GIN! coeffi Buppty
capofathe SAs
SAs be Mi nimizfSuffici ntiarciipn e

threshol

pPQWO 1) rnoQuI»oor] Qoo X a Q
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Number of SAd44Ppel
and|l50ay/ person t

max capacity

Energy B o©naéw Mi ni miz
consumpt 1
[ %] Where k represents 4ihse rmAhge? my

energy consumption where al

Due to a |l ack of
consumpti on t h

i mpl ement ati on W ¢
ener gy ¢ ons unapdifioo
ma x i npuars s € b imbkifnleadw
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obl ems are for mul stteack.e hAd dietri oiravield ¥ e e mptr o & h @ m ¢
r muliast i @®nt en overl ooked but camprbbl emg t wc tu ha rhli
Nt ested walucht mssei ngcluding jAstacgecpnespaderiiaod:!
sources invested in this rtehsee adecshi gpnr,o jiencp!| ewreernet
alysis of a participatory meaubhppovbdduchedghhn
rmul ation of the probl em.

e workshop was co2@24 ttwhdt il wA geroiildi 52 r i but e wat e
ereds not enough: towards diAgturaipbwatrtiihena pjoud g tcii cees
epncert ai ntoyf h®@ypyema ad liork tpheacampus ofEGeaddéeaj ar
nterrey

| oNvo mgt r°nm2®z2Pyailnci pl es f ocr &antoiwdrne digledeeswagmk s h o
sideortdeased by gipriemgntati on -womlakitmg prchlsémn a
luding par wi t;bpantabwfdmidlnigarand navigating the
scientific approagloatroi erdatgcekad i a@gr thed@friomil mgn t
the workshop (8¢ertr bon if os@cetlri)ivnegne nigra gtelhme ndct i vi t
r anngo-enegc t or ad ndlalbd veisng suf fisciteanlt|l e ipmee sfeorrt actrioosn ¢

I

n
c
d

ree additionatompsi deairepddeessi wali eagatthi ci ppagptecrivf i pr
rmul at i o nco nvwoirkesrhiorpg t he compl-maxkitryg of whtblciban, de
corporategdeebl ungprd atolhaasy at hi gh degree of nove
all enges and met hods:

T Nowmrescriptive
Participat dreyiwanr lhhatsop o navigate the spectrum
the participaentsdetbses pndpsestructures. A very pr
where the organizers have very specific quest:i
i ts rceasshuehesy raenaadiyhsyedd doc umelnnt epdar ti ci patory p
the other side of the spectrum, pdeascipaanyg h
and structur e ppootve miivregl llsyoolkuetdi donysatth € haeu telkgresn sk
ohaving r esanl thsedtimod&dtecul t t o incorporate into t

Tk discussion withinm&kbeadeglrmedjsauta 6lso W etca sd eoanl wi

di stribution during drought is stildl in the e
November 113nd &fxdh2a)n. wat ars oda@mesi dhhgr ed f ai | ur e of
system, thus lthes mhow focadaiid att bd ome xhtow t 0

managMoi ¢over, there are still few documented ¢
for this type of urbanCwasiedeski srgerliahte tvieo ne aprrl oyb
of dwer al | and sfprecmifng, ptrivéblvear kshop was i nter

room as possible for pawhiimheei pamati i hg preposai.dl
I'n pr,adtiscdaneanht hin the workshop pearstoiutricgeésnt s
they could wuse to frame thééiut hdyesacosasstans!| yan
encour aged nteow pirdoepaoss.e
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Noronvergent

As the workshop was conducted in the frame of
| i mreseduirtcewsas not expeécnhfgiileab pnewedeta how |
be interpreted for distribution othewaptetitCnp&in

objectivesamaunter mdndéegsieeyof influeawece metthe
as presented.,1 moSectwioarkshops with motdéd partic
societal representation, tewotdlschdiglaer eguut eodont wi
|l egitiThascy.wor kshop, however, was designed to
formul ati on options and ideas that could | ate
results from this numerical exploration coul d
process thhehl|l maseracti ve wBokisphwpExspddriay i Gol d
(2023)

1 Structured
The overal/l objectives of c htahrea c we Ir kpar laodbpl cerfno lo If «
conceptualization proposedThbhys Afnscdruded dkf i K
conceptualizati cmmnzeptaenér mgiomibgge cfciommd Iriad end s
deci si onawnar ii aldlicgwa notrisf yf oobj ecti ves as well as
obj ectiaressl yitnitcoalandsaitnau IdartTewdenr ame t he justice
Distributive Justice Prindieypled 0 paendd bybhdminmes pairs
as descrSebcetd oiAm ®i.t2i.,onal | vy, the workshop benef
facilitation materi al and trained facilitators

The wor lgemda, objective and expected outcomes, a

summari Feduliland detailed in the hewttbhestipansi tb

problem formulation was designed and conducted

Intro to DMDU

Dr. Steven

Popper

15 min Intro to DPS &

Registration Distributive Justice
& welcome Intro to Decision-making Principles Conclusions &
speech problem & Scenario tool 10 min next steps
20 min I 10 min T 10 min
Outcomes
Diversity of:
Activity 1 @ . Activity 1 +  Objectives
5 . .
Study case | Generalcase errtaions of sic
60 min — Mixed groups 6 pers o~ 50 min — Mixed groups 6 pers : : :
+ Scenario tool + Distributive justice principles + Adaptive considerations
Objective: Highlight the Objective: Identify sets of relevant L Presentation
complexity of the problem and objectives and guidelines for a . Divergent role play
diversity of solutions. Identify distribution policy. ¢
firsts objectives and stage
considerations. - Convergent stage
1 1 »

I I =
3hrs

Fi gurl&/or kshop,agobnpeati ves gnd tools summar
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ma i
ddveel opment of the distributhws fponadihed eidwi ilipe s ¢
probl emifhoramuglomitdtialmet ef r amewor k propdG23l) by Af sar

Obj
Def
obj
pro
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| nd
Def
| nd
wat
def
hig
al

per

Res
Def
t he
ows

Con
Def
pol
a r

Il nt
Def
per
cap
Thi
mo d
fin

Ad a
Fol
obj
e me
al .
Mu r
obj
wh e

3Qblj ecti ves
The

n objectives of tphriosv iwdoer kisnhsoipg hwesr ef orre Itahtee dp

ectives
inethatsttwe distribbhoisbd i vfe tt.loeTakdfRreamee t he

ectives, t he Di st ruisd untgi vae plruesdteifcien eRir isnecti pd f
poslewevgarntici pants were encour agpgdcect oves o
ueoti aidel i t i onal indicat mrex eisfsatrtyey felt they
i cators

inedatas matrics shaelfdnbe hawedvat er shoul d

icators were divided into per f odeamamrcieb @ nhdd ve
er i s bei ngenhdarsacrti eoronitdseadtaitaomr shat ¢tbel §Abe wus
ine how distributive |julshe cree alh oiurhpgla chte oofp ea
hly determined by what indicator s( Lweepruis eett o
, ,2QhW)s tt lwifs ppabl em formul ati on wahse p3ai d ¢
formance indicators maidbh8y di scussed are sh
trictions

iamedphysical, g oinistt io@ma Imtoeaw wsad eciralcan be di st
Bgme of these restrictions werecomsbraionBs e
ed in the overall di scussion on decision su

siderations

imedel ements that coudd impll emercteattihen defsi a
i cy. For example, the importance of transpa
el evant considRatati ol memde ¢ d ntelde deci si on s

eractions

ined as relevant impacts from other policie
forms or how itFehoakdmpbple depgaghniedi pants m
ture proguladn rtehdauce t he need f or neaurneacsi.pal

S component i sf seatt (a2h@D@)f onhedwhy Aonsidered

el bouwredar iexspbetetet an i mportant @mrthef t
al policy advice.

ptive considerations

| owing somewdtbcossi ofi the supervisors of

ectives for this distribution policy could
rged. This concept groundedmalit(ftaiars nDyh a mit c
, an0dl 3)n an intuitive approach to risk manat
phy & (Bao0&@pai i ncl udweod Kkioigloepshid@mu s , part of

ecdfi viedsrek svhaosp t o gat her | dadaptfior aipdssibhlte
re the objectives vary. in relation to droug
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3PaZrti capdmndat i on

e discussion on who to include in thecaomoadrimcs palt
donstrai naewaiblyabtlhee resources. The Tedede sMomt er
ki hlgeat rteheesnue. r ddhermst Iryoomsihatg e c hnoelnovgyr onment

ecifically designed for eventlsardgoault hase raenedhsa wor

m mewldlal . Al | of these screens can be centrally
n easeketkogy VWweri ed spabBut@l has sa rmdbuitmum seating cap
ditionally, it was onlyuposgi bhhe t hels@cit sSiod & rmeid ¢
ese |l9imi twasodeci ded twbat dt hecwsr Eexlpbpsiendlay | o m®
om governmentnorgoovaedameamdgand § atciuecresd on water pol
ans that social representativeo,ulmglamtoitc ula&rel yp afr
rkshoporder to m@r dpeoralderi mwmnlgwee of soci et al gr ot
uld have btencomreduwudclracnggedal eephk € iTdhpes ef brwas deci de
frame this | ack of representation as aolfi mitat
mbserof soci et al groups to avoi d aandt opkreentiadntid ct haap
ctors took partToi n atchkd ewadrhkesphrdeps mint at i o parti ci

s selectedniy viduat sngvith experience and respc
ctors ,ofswsoltia®dsd ygovernment official.Addndi saal &l
thin the research desi gn, particularly in the
ct,ion was ednscusdiomat ab o utmptl h eod tdmigpaaricat isb atnidon p «
wards vutnersbloé ¢s$séde population would wkeeconsi
nsutl haetd di dl acrqgeedudtci patosyuclilprheecsey Water Res
end&i ( Res, 2022), Prhoeg (Ghl nl BvPalt AN, Ac2 d M)



3. 3Ag3&nda

The workshop durationmsi gasblyBetadinrgsa ncsmimgt wade t he
maxi mum tsmakdethaltders are willifbetagendasinaechudaea
key prestimtceoenitoenx t ual presentations and two main p

After a 20 min buffferetamei vaol acamdnthdé oprotocol al
Uni versity authorities, the workshpypDst aBtedewi Pbaj
one of the founders of the field and | ead researc
Excelli &allfece de Monterrey. This pdesenthéi ohy wBbMDUOe
creatednetwlats are udethemsndubew i n Mexico and ¢t he
Dr . Steven Popper phdefegucedand ah iodhmicieght ed val ue
as a key chall engneakiinn gmapnryolcieescsipssie,s elmeyawdandni ntr odu
the methods, also increasddwabehpgb]jéeghbétedl|l bgi 5 b m
a highly valuable part of the workshop (Annex n).

Acti viiStyudly case

After introdu<nakg ngheroddiesn,om he tools and instru
presemitggirze The objective of the first activity wa
t he demdlkiimgn problem and start identifying some i¢c
objective, instead of a present aitritolne, sthhoee sp aorft iac iw
manager and were tasked with dealing with a si mul
use the AqP to distribute the available water. T

t echntilgaite canhiuchd®welrayer s( RPdFo-aoyngpal eexti tFbtr hi 2018)
actjvihyg participantnd eraacc td cvéee ofc emnbedrdl®e ct i on 3. 3.
thanabtit eedmexmpl ore how to sol ve a apnadr tsieceultahre dirnopuagcl
the AgP fl owsThéaéaeyghaesegtetefceore dinlnirdacsactthesidryought of
motivated thetbtendgPRPRuaskmkbowaft uati on by the partic
RCities (2022) had published Atdlde t Wwintneayl | iyda d wac ¢ ®s s
char actnerdiaztaat itchat t hey cporud pdo suasles thou tg uwedree tehneci orur @
information they wanted.

INPUTS

Drought Scenario RESULTS

Tool + Performance ROLE AqgP Flows

indicat

tndicators . —> Water + Insights on objectives, restrictions,
Characterization Data Managers indicators, considerations and

interactions

Objective: Highlight the complexity of the .
problem and diversity of solutions. Identify Duratllon
firsts elements for formulation. 60 min

Fi gur28u mmarwo rok sfhcotpilvi t y

41



n the tool partici pantasndc auelled tvhies i alf ioz enatt h & n
rent elements of-Cihi®essyt0m)gatThhesednlhyr Rat
l evelling ground to build a common and&het anc

—_n o~

hi
f e
a
rticipants could interact with the system by se
ows of t he wahteeyr csooudrdcreasdi s bymaheafl gw val ues of
ese interactions would affect twhhei enoaitl edlr echwapmgl vy
I

d

oauaocordingl y. The pahoiomsmpraatenal esb tbel dhree
i c(@dlo®tso nueraes what i s the impact of the distrib

_'0—|_"'OSJJQ_§
S5 0T — o9 nu —

>

ile the participanftlsowsref dwatcairs sti m gt bigditen e ac h
ckl e t hsecechracud dret facilitator sp o4 thosftt teiddd etacs thaek en gn
ntioned about the objectives, i ndicator s, consi
epeos ttwe rteherhn aced on a | arge format f aami Ifiutrathiean
amaed cathkydde sdhesipanmtici pants wer memtoitonditriicd
format iMOMQ faocsr mihliasiné wmd kvocabul ary had not been

e discussion was |l eft openwahdrumabhagetar mdghsu
ere isdnetriyeaeisdomabpobioevgver, starting to arrar
tivity @punomezathos probl emvdrimatl eart i goani f g atme woe
e

waldyc ttidv iathyd woul d be useful for the analysis of

e facilitators also had access to triggerf quest
e demdksiimg panotbil ghmt hghthuahcpetenti al solutions.
igger questions |wdreeo adtleriet & dJbfaint Broi et hiepl es, parti
lei mi t@afeaohs prgantchiepriedo (BrQ L@ dummari 8edt i afmor2. 2
exampl e, gwbweams anver gi ng Eawatdsian solution, the
them how they woulbkdtdaal tWwietyhat bienn 8kri chegr wtad eirnd me
supply to Oothies &Bseasall edolijhecOtetveerl | f Nigg g®MWwinng q
resulted from the deskmnmkmilig spsotohfeintrisgndopt i mi za
experiments. These questions along with the rest
be founBacinl tihh@é@eornGAppendi X

a
e
h
r

n
h
h
c
e
h
h
r

h

Act ilfiitnywihteld a round whepaebseaeamrnpl ghoonws dit aeek | ed t he
drought conditions annthalwhaygy waeceheiusdegi shenr f
facilitators made some fih%nli nectodinieenet sb rbeeafkor e st ar
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Acti viiGeyne2r al Case

During the coffee break the facilitation team ga
Activity 1. This summakystwasgttti vwen yprres drmteednai n s
di fferences between t huesitragml e awe rse t thiagchldieglretteod e v
be built qutic kd lyo wma soea dielre pAcg ke df ébumw stbheeb we & | as t hi
effect Asn Thes® visuals were al so upa&rdaltloeli ndxiod uj
from BOOh as thaetowceas bkegseeland&igur9dddi tionally,
facilitators commemeistréedneldeby partciomppakt hanveé lnagt e
a discussi on aobfoutedjpunsitiniipgacl @e@s each segment accor
di scu.ssi on

Af ter summari zing the crmonakilrexi py oods st hiesideciwa roc

mentioned by the participants, the methods of t h
possible path to tackle these compl exintnioevsa.t i M@O
met hod to find numerical solutions to complex pro
Distributive Justice Principles were introduced
integrates the ethical di sbupseonsantat hematichal c
and documented experiences from other projects. T
be used in Activity 2 andwéaesraltse oneradlceedsearc

INPUTS RESULTS

Distributive Justice ROLE Distribution Policy
Principles — Policy _____» Formulation
Lessons Activity 1 Architects e Obijectives

Indicators e Restrictions

Objective: Develop a set of problem Duration5
formulations for exploration. 0 min

Fi gur3&or kshop Aunmmariyty 2

FoAct i yvparwt 2ci pasnkesd wiecatelbe e p hppelsi oy avrhatoiutl edc tdse si gn
a gener al pdolsiteryi bfugeri gtadrye AqHEi st ri bution policy was:¢
constitoientAg® kRasmply and a set of objdmntitvhees itnh ati
design of tokbjworkedephad no Hett enednetobtcdcrtywee wor
runshi s approach waosnfddeddmagd hteodod i nal f dedijertaveet
structures were dBPIP%rese onlke] dbtnil@&@sw hwar ebj ecti ve
(Fi gurdehatahaenweéméses ivmvogr ds and empty spaces that t|
fill witbh defckershe operati drhael isz a tciken soofw etdee o b
i n accowidtatheel owfr st he empitry tsitpeacelj e cftaicviet ihdearnt e&s

formul ati on (Tafb #)@bd deicttiibovneesitki .,k er s wer e distributed
in the cards was |l eft hewopdepbtsakacsommobbdadeffer
condithiogls, mi d anvde rleo wd idsrtoruigbrte)eidd e eof i ¢ hangi ng
objectives based on drought conditions was not mer
t owar desd aphtiisve approach (Section 3.3.1).
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Tab4.8t i cker oebjfeocdairtvvha oa fk sAhcotpi vi ty 2
NotEBheseoel oovmartsch t he ompdsg ismpatchees éam t hFei gQbrdeect i ve Car ds
y perMarginaIizal_‘ZAl, 2, 3, .

[ y/ pers
‘S ied el Water VuI_‘AII ZAs ‘
Il ndex*

'Flow deffslci i "High drought

While the parfbcmpbhhzsngtahteted objecti vae &adipi of
could ask tritgearel poa $hieidemsuc h asofposhsei bcloempl| exi ty
problem. These wer @gkas igareasd immsdealt ion Dlowfr nt,h e2 0DLIOP,

Znabei ,anddr23)included in the F3cilitator Guide (Ap
After a round of presentations from the groups d:¢
comments from the facilitatdhege, naxitialse epsesamndtatwe
i ntrocdaumadeda broader vision of I ntegfatt iWmbseb. 55)c a
i ntroddwmeaedhteo project fwiaméworak |afr gresources to p
change effects in urban environments subject to d

3. 3Madt eri al s

To frame the conversation,s, efkfeeqt ipvaeltyi cd @mamu rsi ceantg
concepts and ensure that the wor kghiceep fvwagu liodvt mrgo v i

and digital materials were developed.
Facilitation Sheet

Al arge AGrfmadci | itation sheet was printed and tape
facilitation sheet would serve to guide the discu
t hat was-phbeidugedoby(Fée gdhpePtoadhttt €« wer e provided for
the ObjectkFivedr€ar dact(i vity 2.

Suppl ementary materi al

A technical support amerdaed ewpalshsgmropitdeod wifth he GDL
the methods of the pheséent aoi av®i dhatak minaphutl dget t
steer t he di scussidinstawdwyt if(&popnemalbhiec Aesli ti onal ly
charact er i ZPaptpieonnd)iveehsebedi st ri buted that inclAsded r e
suchdeamogr agprhd cwat er conpumpuicedi byedRRahav@2-2)

rel avtueldner abi | iptuyp |l ii s dDié d&8mg ez (20R.3aThese wmwmateri al s
availabl e t o dtuhre opahr tAicdiiprantises.

Boundary -Obfecacti ve Scenario Exploration Tool

I nt eracttiove xtpdwlrss dceoassosausal releavalomnast iammds pa@
proposal s pawetedd eenes s tipp beycti sndaockn n g processes i n
compmekti di paiopli(iSdErwar t z ePtaiatiihregs  0t1B89-p & aswiytl re

participat acrayn d atritvietri eesnh {Ro®WVaygapet e.rdtini. gtt h2018)
workshap wide diversity -nnafkegswspeéeics pandddewi shodi f
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familiaristpyecddthcembh hbpnrgobl em of t Men A qu eepr hascatsi ov.e
devel mped dieacitloitate the convermsaiicBipgubalthwee n
t ool had two main | ayers:

T I'nformation | ayer

t
t

0
h

This |l ayer was dtehse gursgedn etca sper dkvniodnd eyYygeembblnat t

could selreewvetatsongd t o f osWétih ediisncfuosrsnmaotnison was
from the City Wat griCiRteisesd.j ea2@22Agenda
o Visual representation of the system

Usi mghapefil es from mahe bwvaasger | aydri,es, S u |

potabilization pl,anada smamdo fs utplpd ys yasteeams c o ul

o Data on the el ements of the system

Hovering on any of the main aelsemeelnlt sp aorfa gtrha

wiBhdescription of thésfppteadfiiand key val ue
o Performance indicators

The onlysilmyleat ed dat a, as opposed to sour.

the values of t he fpoer feaarcrha rScAe cian ciud att erd u s

the sources andThese Aallapeherdrmrce di spl ayed
choropleth fUwer st heou3Al. choose among the

indicators froffatbhe ANG model

T I'nteraction | ayer
The tool was [Bdwea deal bdye stchrei b3e.dl .i nT hS esc tmioodne |
the interaction with the system by modifying
scenaritoos momdd fy the flows of the AgP as means
I n both of these adndtietiiatnoarimat moduwas, provi ded
to explain how the interaction takes place and
o Drougltnario
The drought scenario module enabled the s
derived froonmCdR i &@&s: (2022) Drought t hat re

conditions of scarcity of 2021 when no fl ov

Damnd the otbeérf ghtodyprlewierad RCY®Bt e toiug ht

produced by Meraz et al-Ci{koéegehaanreppbésshl
high drought conditions and could be wused

o Aquapheric fl ows

The toolusearadvliteadd sel ect the fl ow of water

convemtnitd ro,c kfwioswe was defined as positive
as negative
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Herramienta de exploracion de escenarios para el Acuaférico

'\u\./

255 - Pozos
Demanda suministrada:
% 253 - Calderdn
; Dema

Pozos y manantiales Seleccion de Escenarios

ministrada:

23m3/s

Sequia histdérica RCP8.5

25 4 - Toluquilla

Demanda suministrada:

Z3 Calderdn --> 25 Pozos

o0
o 0.0m3/s
O <>
Sistema Toluquilla 25 2-Chapala
Demanda suministrada:

0.5 m3/:

et 105% Z2 Chapala --> Z3 Calderon

Z5 Pozos --» Z4 Toluquilla 0.0m3fs

Z51-Chapala

0.0 m3/s 0 <[>
0 <[> =

Demanda suministrada:

100 %
“ 24 Toluquilla -->Z1 Chapala
- - 0.0 m3/s o] <2 _—
Indicador de desempefio Reiniciar valores
Demanda suministrada - |
el N e I
~
r
© 2024 Mapbox © OpenStreetMap p— A.‘ C‘\

Esta herramienta es una versitn simplificada de |a Herramienta de Soporte de Toma de Decisiones de Resiliencia Hidrica del AMG desarrollada por Resilient Cities Metwork, IMEPLAN e Ithaca
Environmental en colzboracidn con el SIAPA, Iz Coordinacién General Estratégica de Gestidn Integral del Territorio y Iz CEA como parte de |z elaborzcién de |2 Agenda de Resiliencia Hidrica del AMG. Consultar Consl]ltar Agenda

Herramienta de de Resiliencia Descargar en PDF
Acuaférico” arganizado por el Tec de Monterrey v TU Delft, y no deberd ser usads para otro fin. carcterizacion Hidrica del AMG

Para cualquier duda sobre esta herramienta o el taller, favor de contactar & 3 goldinmarcovich@student tudelft nl

Esta herramienta as exclusivameante un mecanismo da facilitacidn elaborade para el tzller "Cémo distribuir agua de manera justa cuando no hay suficiente: Haciz una politica de distribucidn para el

Figuwurd8napshot of the Drought Scenaoir&«asBopl oration Tool Used
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UTILITARIAN JUSTICE OBJECTIVE Grupo __ SUFFICIENTARIAN JUSTICE OBJECTIVE Group __

Maximize/minimize Ensure a minimum of
for

{oJd suppLY AREAS |

A

’;RIORITARIAN JUSTICE OBJECTIVE Group__

A

';:GALITARIAN JUSTICE OBJECTIVE ~ Group__

Prioritize water Reduce the difference

supply for of the
because __________ between the
[SUPPLY AREAS |

A

Fi gur5®&bjective carwmbs kissheodp i n t he
NotEBach pair of figures is the front and backsiadepefobfleetd ardsend eadci,tiaomgalinecar
card, an econgmneromce odbneécai ve card to enable unexpected objectiyv
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Towards a distribution policy for the Aquapheric with a dsitributive justice and deep-iuncertainty approach

Activity 1 - Case Study

Dl_ought SCEI]ariO 2021 INDICATORS RESTRICITONS

What data do you need ‘What social, political or phisical constrains
DEFINE THE WATER FLOWS IN EACH SEGMENT OF to guide the distribution might limit the possible distribution of

THE AQUAPHERIC of water? water?

e CONSIDERATIONS (What factors
should be considered for the design and
implementation fo the distribution policy?

Y
I \'
s

Activity 2 - General Distribution Policy

OBJECTIVES FOR THE DISTRIBUTION POLICY what should the distribution policy achieve?

OBJECTIVES What should a distribution ADAPTIVE CONSIDERATIONSO

policy aim for? (How might the logic behind the
distribution policy change in relation to
the drought intensity?

INTERACTIONS What factors outside
this distribution policy could be necesary for
this distribution policy to perform as work?

RESTRICTIONS

Escuela de Gobierno y

— :
@ Lo, s ERITL Smes  TUDelft
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This study doesndt padln cayt tfhiantdiwogu lad srienfglleect
justice for water distribut iocopnt iufareryaldlr opgdsi @mina
conditienstully, on,at hmes catthedren S
decision support toenaktehast aem Optimization Model 1
operators dtid fexindar e@olicies Implementation and
justice interpmeepti mnseanto validation

dr oug ht conditioonsl nslBuobk, Candidate formulations and
algorithm that c 0 n deuvcetrsy tatmia fin baseline hyperparameters
deci si on nteekidesmdt @ hlkeent Beabkée

objectives as .fiTIhtiesrifngatcurrien o o
flexibility abned-pemfud cilnfgt iee /FrioriandA Posteriori
devel oping an tahdaatp tiisv et wpaarlad ecd Objectives Definition

of drought conditions such a | y
under this approach, rtuhmd tdmptu Final optimization I
supervision of an an bssofsal.l iTn formtfation
optimizarit ef ascucsh as—com\omrgn ,

di scontinui tMiaxs magdo motalgat e Final Convergence a
series of experi ments wer e Assessment
optimization ersuraegshahtebas . .

signi fafcfaemdtl yt he opt i nainzpadsisoi F'”a'og’;'r';'ﬁztgzhyper
drougbmndi andnebjective floeenuil

run Ik owe

vari e

Searc

defin

1. Perform aasiinplie Bhehmondel and optmpniezneetnitoant i on
Thmodel had already -GQieteine svaanidd attheed ogvf eBrrneme rnhte

publ i cdthieoResfi | i en®hluiAg esntdaage f ocused only
Pyt hcooode was working properly and that the
To do so, an optimization with tHerbasheel
Drought scenario, the svaamekuls@Emei nedatisi wgr &

wit hempiersiodaillt i on for the 3 tablEgalithati ami edl ¢

(Fi gw®rle Re s ulwosr kfsphcorpi vi ty 1

For this wvalidation procedur e, a single
Supplied Demand Deficit GI NI. Supplied demand
experiences with MOO have shown that mi ni
maxi ngi zoibnj ectives. TBNSGWMOEAecudsied i sWotrtkéd el A
which has proven usef ullRiimo no,t h2e0r2 3s;i. nd nl aabre ip,r 02 Oe:

2.Conduct an opti micahatiachefrorstithreeeti miorzat  hoeefo

characteémrowsglitc scenari os

Opti mal policies for different dibyt rfiibuteirviengj i
Par et oevsent ,i f those objectives ar ef oromuliandlownd
(Shavazipour et al. , TROZ lapgmadbeh er@®dRIBegd S ct i
of fers the benefit of enabdbjngctgimbaekatxpho®r ai i
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requiring to perform additional optimizations.
pol i ci ewsi tfhoiysrodat er i or i approach are indeed opt.
objectives.

Tosel ectpraobhliemmlf or mul at iwars, ram dptri miazat icamamdi
formulaamtdi 6 0or rtehper etsherneteat iTh @ espdeernfaorpiovisngy f or ea
obj ecwaisvecompat wdédiehree candidate prhfobl eemacthor
representat.i veeddsicte noanraild vy, an assessment of <co
condudhedndiobajteect i ve &oemul ati ons
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A-postetoomul @upphy Demand Deficit)
This represposseaipuiefar mulateilabhedhebeencoi

are included in the optimization. I n this f
the relative difference between the water
By having the | east amount of objectives,

optimizati on.

Mi xédr mulupphy Demand Deficit, Supp)ly per

This formulation i ncerpoedt ®obdj eoki jeusande
objective. The most recurrent objective proc
princi BluepWwiyt pevmscapidteal as wel | as a simpl

cost of pumping water whipkrhiemphiRgtit @sefou
these two objectives are found.

Apri Guipply Demand Deficit, Energy and al |l |
This formulation includes aldpribeiohbhjppcbiact
is similar to the mixedAvfeorraBgugh plt y omabudt amil s
a Utilitari aoppbjedtideemaandd GI NI

se formulations were used for three charact:
formed as expected for the complete drough
racteristic scenarios were tested, anndch as
ng natur al breaks on the drought variabl es.
scenario exploration generated artefacts. T
narios based on observed and empidiocaghscen
digufofnisci ently different Tab®BkEatable and rep

2021 drought
This is the scenario that motivated the con
Damoul dnéangupfadrgrover 4 mont hs.

Chapala incident

Shortly after the workshop, the pumping sy
all egedly due to inst&bi lUntwersahbevaobdeg¢sr
the f1l ows during the days that the aqued:!
publ i.shiiesdt o bacéwdat ho svtelme felsawsnated using t
flow of the Chapal & rAqtues dfulcdw sanbtt mraactted dur
drought . fTrhoen ftlheewt hewerfefoas ssmelde elsjausad | it me t
condi.tions
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Groundwater scarcity
There hebBeanta report gorfo uan dewadtueatcitd mo,ni,n h o we
all the aquifers of the city arger cwmdwateared
scarcity has bsedegm gdidNEshisAN,el Z0-2EZ0t i1 28.23 20R2)
To account for this scenari o f onamwhiitcrhartihley
seleomuédi plier of 0.3 was applied to both
sources were seftl awndihtei dms el i ne

verage flows from the 4 warte rs ls®aulorbcgelnse f or e
ws fordrtough2062ili o were -Goureed( 2022 R The

nari os weempideivedlolpedt o expl ore the uncerta
posscdduled asntdr ess test the system in a suff]

Tabb€EIl ows of the soureseesnfiorosharacteristic

Chapal CalderoPozawel I|[Tol uqui
P Red system | well sy
2021 drought|7. 1 0 2.2 0. 4
Chapala acci|l. 8 1 2.2 0.4
Groundwater 6.9 1 0.69 0.15
ducti nal assessment fofr ¢ hrevdarhgerece epresent a

narios to define hieefpanbfno@mtpetitee zfaitnaln pr «
mul ati on

e the final optamaisza&tsisone nt s oflefciomead,r gence
nari os was conduchyepe rtpoa reamseutreen fstf h acti etnhte t o
urate Pareto Front with sufficient resoluti

er vowaissmesel ected as the main convergence met
rough conve(gdanhaeaimet SatazarThies metri 20283}
vergence and diver sidtiymemys i ommagd a rvion gu meh eo fmu |
h a reference set.



0dBNSOA aA2Y { dzLJLJ2 NI

ADeci sion T&ADESofrptdi st r i Podtiicoftrehse WgP deds.i ghteiod

i nt egtrlaignessi ght $dleif r@emat ure and t he Justtoi cseu pEpxoprito rtah
procedevefoping and selecting di$hei dasign pehtar
DST(Fi gdrjanswer the uncertai ntdiees-mdrkdpnigd mli 8 eacttiioonns o
1.1).

Thipsoblem is characteriregadarhby ngawhatusbdewmut ai beyt h
for water di stri butTihtwmse ufhdre mdldaBtSTuagghst made using

participatory and numeri cal e xrpal tohreart i omanofa jprses
definition pistheerptienmanpl es based oneviadltveer aanud e
therebs a gap between the ideal Idiimittrdtbiudn 0 ni rantdhe

t he DSTdedif-ma katrhse p o s scihloiodsined y e xap | soedke foffebe@ct i ves
rather than presenti ngpraefdeerfriend.to lvjee c tsinvadsl er set

As any complt éxe svpaseemsupplwi Isly sctoennt ionfueGDLo evol ve
under st andi ngThoafs itto. bTeh ea bDSan etwo kinm ecadnredpl girelaet es y st em
evol wtsi can mechani sm t o ftwua-ekleaitnecygesrttearh nahsed code was
built in such a way thbhharattéehezedst hewsgatamt what
can easily be incorporathadliby ommpdatyi ngsatbhev fiuitlue
GDL are uymhkhereanparirmermrtomdwctedii1bing dpacgn of t
drought conditions rather than with a synthetic d

Uncertainties
Participative and numerical exploration of

justice interpretation
Non-prescriptive and non-definitive objective

selection

Easy-to update model parameters and relations

The future

All drought conditions considered

Limitations

m—< Optimization constrains
m—< Non-prescriptive policy selection
Distribution Integrated Water Scarcity Management vision

Fi gur7ie Design Features ofodlhe Decision Suppo
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The | imitations goat htehreed nffrroans ttrhuec tluirteer at ure and i
(Section 4.1.1) were i ncoosmptrradniertt tsien toop Th kné ¢ HISIT o |
constyrapanttsi cul arlgf thewpinpo s beb wkidProyztolse aiAl5t he S,
T Toluqgwetienp | ement edvoad arkgeynent to enable experi

inform under what conditions this |l ack of pumping
and i f additional pumping capacity is necessary.

Politormatl it diant smi ght influence what di stribution |
contraeementgr promises, etc have been abaodouheed
deci-makaesresl ect objectives and Temxipd ofreea ttthree sall sua iiom
of a lack of transparency and account ®bstribut haht
Po cyet batmihrmds objsdotuil de suerndesedvhat .Ac drudiutrieo nPso | i

[ i
Expl omwatrikesechooupl d skbd t bfed arydati orm®i sori duthon Pol i c)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| DECISIONS

— 1. Select objectives

2. Select policy —— !
f INPUTS |
! ! . Policies
| Drought state (source ! Drought Optimization X o
' flows, ) 1 indicator r algortithm B ;gz;?zga?;i = Fl(c;w;lf)ljectlv)es
| : 4P flow,,
| Uncertainties (system !
| parameters) i POLICY SELECTION TOOL

Fi gurB8€Eonceptual Layout of thei Peci BubinosSupoelirti s

Considering these desbgonéeptat beeddSThd btut ifa@ain pol i
Guadal Ajgauragpdissr ipc oposedFiaguléliwg, tiwliodip uthedcurrent
dr ougdindiftimsats cal cul ates an Urban-mRrk@euwghfof mddc by

the current drought intensity can .t hBemseseloencts ua
objectives, the policanedeomilheriadr edetptErofoaqrr nnivin g e
policies for eachaosbywelchti a8 phepocosemgpr omi se sol ut i
deci si on mackheora ecoanny dtelseeggest ed policies to define

segment offhisepAglRessucoelddfloél oownechg t he current
deci sion (Tihme sfyusrdoessn.t ai nt t By mbseurc hofasi nt akes per S
consumgtainom,|] so Ilve auga aftidltei s feature could be used
uncertaintieswiamdl|léewmoltedi effort.
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This section present &rneakien fsiencdtiiRogrsse &lrfooni étchise.
n M Nb OAM LNPOE BSNOY dzf | 8 2 Y

The main activity conducted for the participatory
workshops aofr@&@mohtilong planni2@g mpeprcesesnt ati ves of
Government , Academia and | nter nwaotrikosiffaolg uN®Os | par t i
particular, the Distributio@ormmire&@®®A si nofSpbaontihs ht)h
the Wateaet (USIIARA)y participated bringing highly val

increasing t he potenti al i mpact of tHiighe velsear c
representati veisnsafi to¢c alemmiTec de Monterrey (the |
participated including three deans and the direct

Government Academia

Dean of SoutRegion, Architecture, Math
Director of Centre for the Future of the
Cities

Distribution Directors of the
State and the Water Utility
State Innovation Director

Participants

NGO

‘World Bank

Staft Volunteers

Edmundo Molina, Steven Andrea Martinez, Jose Sanchez,

Popper, Roberto Ponce, Megan Montaiio, Moni Carrillo
Azucena Rojas, Ariel Goldin

Fi gur98 ummarwo rokf shhaorpt i ci pant s

Thwor kshop wawi die sln@twie & ¢t g eainkign o wl e ecgec acdd ngct i ves.
Restrictions and other types of considerations t
f or mulodaft hemt i mi awaetrieongsat hered from t he ptalrdnf ci pan:

i ndi vi dualhaithneteenr vp uerwssu e d . Addi t-s@eatadd 1, bygblimaki a
knowl edge actod on could take place to develop object
applicAfbi éi ttyhe worckks hsoupr vae yf eneadsb as ent t hat was use
and i mprovements of this stage (Appendix 6)
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4 . 1Aclt i v-iStoyyl uiPr oposal s

During Activity 1 h eibs@froidbauttpPoeéen e hitthilrreeget of four ta
proposed a distr i bnuEgiaon tatphparto(ficdlu2rjpweldvoa t abl es U«
Supplied Demand as their main riemmciheat arh et ce xdaecfti rse
values and t he Swtplpdry tpakelsabps eedg i n fdloiwg hvtall y edsi. f fTe
numbér proposed that the di st r iEbguatliiasa micfee wat emr es h
inequalities within the city. They thus proposed ¢
SAs with higher mailgiemalbi ztatiyosuamdas SA3 and SA4

AgP1- |AgP2- |AgPS3 - AgP4 - 125% -
PP2to |PP3to |Pozosto |Toluguilla = Table 1
PP3 Pozos |Toluquilla [to PP1 5100'0 T A N
Tablel | 0.2 0.7 -0.6 -0.6 A P T Table 3
Table2 | 0.2 0.7 0.6 0.6 2T Table 4
e 250, +
Table3 | 0.2 0.6 0.6 0.6 =
o 0% L
SA1 SA2 SA3 SA4 SAS
Table 4 0.5 -0.7 -1 -0.8 Supply Areas

Fi g®rle Res ulwosr kfsphootpi vi ty 1

4. 1.2 Restrictions and Considerations

Restrictions were defined as either I imitations o
mo d e | or the opthmgbpafabheoobpschbmes for the dis
not orriecsu ssmecrttiiomned was tolfe piunwadtsesyi bbieltivteydPm ztolse S A3
and theTdcSlIAuguilla due to insufficiermtydpahoepaidcg po:
di fference. This restriction was -@Goti esonbedauved
i nfrastwasctsurid | n eew aAnudt htotré tWatiwths Uhawaresoficti

unexpected feat Wae Awtf ho hiet AqgWast het erleew eidt iinmuadte
t hea yodisevabi ltihtays seersisfi nggddi t i onal pumping capacity

Additionally, thwrpkaneonpci paed soblfiet heonsi derati on:
for t he design or iDnplt ¢ m@wlt iadoyn.on Tlhds et heonsi der a

summar i zeldusathedr ed i nto :the following topics
T Syst eendsl uti on
o The PP3 will be expanded from t)he tchs3 emt
to account for additional water fl ow coming
the Calderon Dam and its respective Aqueduc

0 Therebs an advanced nédaet iMutniicn ptad iitryc orf p ot
a n&wpply Area wunder 1t dgetSHeArPAwiINtelh wot & curt
infrastructure am® #st.raction permits

T Distribution capacity/justice challenges
0 The most marginalized cammasi twii dash thd wdlelsy
Thus these are the mousteiexhperusrohvogordasnidd e | w avte
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I nt

(0]

(0]

for Additionally, the system currently has |
from the tanks. Thus, t he nei ghbour hoods

incomes could consume the water from the t:
water thiingklseratal titudes to be distributed i
This highlights a characteristics of the ¢
provide water to the most veidd®@Ar abl e nei ghb
When t here' smuinn ssuupped Ibye,epopul ati on and gover
waterud¢ks water Thissri bptésants arerobkem
regul ated, are expensive and highly poll uta
eractions with other policies and emergent

Rainfal proagepictisealreagoowdnigha city, particu

and Haredach neighbour hoods.
Grey watprojeatled suppor tangdumpley beg wnigt yor o mao
the government .and civil society

T Control over water demand/ consumpti on
o The water aut hori tgonctouwlld ohvaewe amoeraes wi t h
consumpti on
o It is legally allowed to modify water supp
during emergencies .but it is rarely applied
These considerations were used in the following ¢
about the i mplementat henAgRdsfdiatei buepen polici
Tab6.Restrictions for model or optimizati on
Consideration or | mpact o Sour ce
Maxi mum capacitl NPUT FIl ow range-|{Wor kshop p
La Red System t l a Red) (Water Utilit
to Bsmwith the
PP3
Ma x i mum extr a, FI ow range Wor kshopart:i
Chapala % s @s6| (Water Utilit
Feder al Di strilk
of the Chapal a
Maxi mum capaci't FI ow range |RCities (2021
m3/ s for Pozos Toluquilla)
and Toluquill a
respectively
Maxi mum fl%w 0fLEVERS |AIl I Ag®gme|Wor kshop p
AgP segments except seg|l( St at e Wat er
counterclocldirectorate)
No flow betweer AgqP SegmenWor kshop p
coundleackwi §(State Wat er
directorate)
50 | /day/ per so|OBJECTI |Supply per Wor kshop p
mini mum suPEpatvye (Human Right g
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4. 1.3 Objectives

During Activitgs 2gnegdtcihmitfzzeatimaolnat i on obpepbseds of he
were built using theFiJagdhare tOlbg eaxddivtei crmaldseript y
whepartici pant s ocbouelcdt olivdeys micagn own struct amres. Th
summar i Zael?.e n

Tab7.e Obj epcbposredwdrek shop

Principle Indicator Drought conditions

Table 1 Supply per capita All drought conditions

Sufficientarian (100l)

Energy efficiency

Costs per m3/s per segment

o : Low drought
Utilitarian Supply per capita

Table 2 - : » : :

Sufficientarian ( non -specified ) Supplied demand Mid drought

Severe

Supply per capita All drought conditions

Prioritarian (vulnerability Index) Non-specified

Table 3

Utilitarian Flow deficit
Sufficientarian (1271)

Sufficientarian (100l) Supply per capita
Sufficientarian (50I)

Prioritarian (marginalization Index)

Low drought

Mid drought
Table 4

Non-specified

Supplied demand

By anal ysdmtgi mihzeastei on f or mul ati oksegweclcani dnsaw t he

Nordefinitiveufahideohhjeendat i ve set

Al t hough there are some repeated patterns, ther
formul Addonhsonally, even t hou,ghguahret iothyji emacfrtld uvderssy enlf
of t he particiapsainntgst ewmeér epameti ci pat ory cmrnedasy esdho
sufficient to adromwcdh @o molmpd iex nvgauteesrt i sohno talsd hboew d i s
during drought. Thug,estulhei senofrckistheolphéetiepeasal i zed
diversity of wvalid potenti abasobH wt itedxrgpsl otrhefatieomman |
exploration and additionalt gpoud sdcbicabaoarver geot ewsae
single set.of objectives

Th&gal i tpariinecn p$ep wli  hp eirs lcrmopsitt ar ecur r ent

Most of #Pphepigheade sqtor idv istilgei bsuatme amount odhovaltder pe
be one of the objectives of the AqP. Two tabl es
i ndependent of drnddughhetrs icgomedli lteads n decessary i n cas«
drought as it woul dp dlei tvibckaulghloybk ¢ cy udtueand the | ev
objectioRr.@Y%eciThenpr Sfugpmpe yvppiemaic atahor faldeassimnel i

to have i ndicator s t hat ar e Fteelcahtnadctia®r Bbno t dho nttor atse
indicators that are | ess rel at abremuivat eofl®aws u € la v
defolSipgplied demand ratio
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Prioritarian-fprimadi glee non

Wherdavs t abl es proposed t o trhrei aqmroistti zZveu | meetrearb | ssu ppplpw
speci fieexdacihtadwy t o transl at e tehgiusat.pradrpeed ipthiec d lalbyo,e § |
proposed the wasewulorfertatbe ( Dt-W&zigrukeex et aanld ,t h2e0 2 3)
Marginalization itmheddekeypiubéans Boddebmmoeret def i ned exze
aggregaarsSAi 1 evel or how to weight thisishdioboatoon

This operationalization wasalal sot met ipnoajieac i s utrér e
di st r iabsuttihen baswtltsatt op aretfd (nBoapei,praksORo3pgposed t o th
where the priority is set by indicators independe
acceswi tthbout wusiThgst he@oAdmB.r mal Prioritarian objec!
i mpl ement uni | atssmualp{ sambr iacalawesiigmt ntdhea vul ner ab

i ndi ceh®mri)ari tari dmeéapefdacd vas a compr onbiesseda sol u
performinganSAorkeatt orhe user wants to prioritise &
sel ect on the decision support tool

Cost objsctrievevant for the Water Authority

The representatives of the Watef Aoabhbsiodeéetiyngttkessi
di stribution of water aslpatheofinheé wihoicihay atdkejdact
t h®t at e Water Di st rpirlowptoiseerd Dihrad c tdourr i nago d tosw sdhr jmowlgdh

be miniamionegd Wt it lhijtaasrtiiacne appr oach. However, when
intense, water should be distrs$bufbdl @i styesnadac
pumping costs vary by segment and directionlaf th
this research, however, pumpe q@h bcrosdlsl wee @meanstssu m
directions as no data coul dwbéehsmoreedctaocrosagdel Th
obj ewtaisvaelefined in its simplest fofmtade Alge® $ULoOws
ami-maxor mal iFzuattuiroen . wor ks coul d i mprove how this ob

Sufficiemt arcdispshoeci at ed wiinthenmsiotuyght128, 100 or 50
Hal f of the participants proposed a distHblwevieon t
drought i nt enlseé drelfyiwvasdnbut just referred to intu
research approac,hwehd caf tolviad yetiemnida Initzuk n o wlee d g e
through exploration tamids eixmptewii tmewné aitd @aa woul d be U
acontsepxetci fi ¢, -basedmDtrbainhdti c@teet i on dh2sl)yndicato
be used by decdlso ansbej mak é ve st o

FIl ow deficiits ilrediscatedrevant

Al t hough woonpeo steadb laen pobj ect i Wleow hdenfdii miatt aodesi t hies ¢
|l ess relevant than the otheAddwoi bomal it ge wrohi amt
around the indi dast srup pfoew iamrggumen usefulness for d
were menti omied.i nwhidda tdat be used in further exper
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I ndi ciantcoorrspor at e motrheavimats uinepvtia dodhfast | er , H2 W1 & deci d
to measure the state of a dgwdteemi osgeuschithiwc mpact sab
i nfl usaciddteypr i et db. un206¢@&) t hossealpgpsosumpthieo npsr oacre
choosing the right metrics to tackl®i ¢ rmied aprctarbdfe m
t hveor k schiospcussi ons was guwitde dantdowanrdd < atttoe s t hat ¢«
di stribution policy.

To frame thi,s tdhiesctulsse®nstrai ght forward perform

calculated with teheb e@Dlle dhadneelt ovwee i « e Scenar. o Expl
These i nwerceatsoerlsect ed because they can,tthe yc aleddleatt
indicators often used dondtatiencimadheagaedeint i amall a ¢
those necessary to calculate water demantdhaensnd wat
indicators ias dwrmhmamwisz ed

Supplied Demand

Th¥®at &rility representatives stressedhathathéepnegand
esti mate ihti sitaxscamimedrnc i @and dtahea outtfanakisstofi bthieed i n
city. However, bot hhotictdhseses podemarndalc areHy so wtr i €n
commerci al dat a,hasn anr ei mofncer rhaatnidon d$slbay edhamangoul
managemept i cAaddiotnisonal | y, some osfy sttheem cd oi neénttesh aovfe t
metand they pawywoantfika&sled on the consumption th
characteristi ¢S APA,t Th@lcddb)uehlt ows of the tanks c:
i mmedpateure of how much water diue Hei ngeakamgsu med,
out put of the tankddirttiacmals!l w,d enetmeatlrli ct asnyksst emesy, e
curraont!| ytioablhaeveetaecoimmel y dacdheast tmbws heafntda ntkhsu s

a |live indicator of water demand

Th8uppliedibamamad or was used bytmosti psict diwd gpeyndlfs
as it was the one set by def aWbwevart has Stkaeaphan!
st ar teexdp Itobree ntooreen e rcenal | enged by t he,stormieg gewmiitrncd equ
t o hhSupp!l per icnadpiictaX loeg t abl es that con(ttiamhiledds uzs i aamgd
mentionddishatidi cpartooprer | vy cad cal rmttheel pdidd wdlrtdences

consumption patterimes uUseftihle Bgelarsdasntda hgot boher

words, we sthmeadtd tshe isveeme proportion etonhbkeddemagd
the specific nBRUs, aoctfevawsa ccho uS Ad. r eeagcuha | a vBad pupel eobft e

Demawtdil e having signS$Sdpplagpapaiti §f eute olmeeisdgeif ed unf
as they have dihfifsern emnte ripgaeldisttamoimoafil d be further |
future woaowklsd amldso depend on the drought intensit.)y

Some participants identified the vasi agSiutphodiire dt he
Demandhdi cat®uppdrnyd per Thapitvariati on resul ts fro
consumption ma@si s hofvindg Br&ke hSsAtls was i nsuppgkedmemt amhye
materials distribuUutAepdetthdditxhe participants
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0,
100% B Public

Industry
75% B Services

B Domestic
50%

25%

0%

SA1 - SA2 - SA3 - SA4 SAS -
Chapala Chapala Calderén -Toluquilla Pozos

Fi gRr2ze Relwat iearresumpt uoad 0@ er
SourR€ities (2022) with data from SI APA

Supply per capita

This inditcheet amoswasused in the problem formul ati ons
reasons mentioned by participanttnodar rtehhiag apd ef em
is used both by water authorities and users. On th

hides the faceashaegsibome motrhea nwaotttelwres rpierry Tursgert o s e
same amount of watddrstperbuctaepintoar ecoul d ess water t

by the inhabitants of the SAs

e
h

I't was al sothaecopgnitoe@0% of the water distributed
consumefbBusSuppheg pemdcapitmat deoxasctly refl ect how
actually avpiolpab|adoinfesirh etilreesshe it sednasyablf how mu
water is avail aabclhe. Siter pmerss hhtlii #i geiodvgt er domsumpt
no-domestic users was discussed. However, the cons
naturally duringrgresght eeadoboAddintyiacomenltpi gorntsi.ci pa
menteidbmat the government halktilreggawadtyercapapply oéon
drought emergency. Und®uepglhe spemcdnapitt@nwoul d mor
reflect the actual wwittehrouatv aciolnasbildee rpienrg puenrcseornt ai nt
in grid efficiency between the SAs.

FIl ow deficit

Thi s i ndle fcian eidh,easdi fference between the (modell e
(modell ed) supplied flowbyarusen pawawso rikisdhioipg a $ th e L
reashbhalsind this | ack of ptreftehle nifcte citcso tudhma e dblied arl eul t aet
m¥ and as the different SA consume differeatu@amoun
of flow deficit to its potential societal 1impact

that the Wat @r meeaisbduyr t mo rcibieaf i ow and outflow of t|
hi ghltigghntpr ef d marnaceatfoors t hat can be seedab-otit mpaat
oriented conversatiomnechnhernltilyamrti emse dmor e
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n®H 9ELISNAYEIBIWIAG 2y 2y R

Using the inpaghtsi proms tyahéer melratecisomf computatio
werceonducted in order to Dbaoi ESdpp @b bTlhieasbel ee xapnedr i unseenf
those focused on ;vhabsdafbogstedepmodcdhetzani ngndor mul
hypear amdtheamal d provide optsetalobodhbjtéeonisvésy ame
onbui h@n Urban Drouddédsi dgnoeddr edtl erc,t the evolution i
based on drought conditidosi pgopbeedobligspapticipa

4. 2Qp2t i mi zati on Model |l mpl ement ati on
As the model had already been suhijtdeets t(R022y alain
Government of Guadal ajara, the only validation co

t hReyt iaonmpl ement ati on of the model and its optimizat
to minimize théo6Gl Suppbektti ©aesmahadb dDeede rBeriyti ng t o do

empi r iwasl lcy)hn@ad8B8@cmd it was compared with the one
of wheksopguzz)e As the results were identical con
optimization i mplementation of the GDL model was

Tab8€omparison of paumieci pat osyldEthiadhizt augatsce®&rli o
RR4"vqgl RR5"vg"|Rg|] qu"vg"\YVgnwswknn
Numer ipmgtail mioz|0. 205 |-0. 664 -0.611 -0. 638

Par ti ciwpoartkosrl, , , 2009 /208 208
solution
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4 2Apriamdpast eObjoadd idefinition
Previous experiences with si mhla-pp s tperoibdreims aphmvea
i ncorporating justice cpmaeVvidee ao p o inSshaalivatze pudOOs e & r

2021; Znabel npp@id&)ch, justice objectives might no
for mulbati avi | | be 1 inlk tpearicanngetteed sason t he resul ting F

The deci sitomolsupmpopdsed r en@alkier ess ctahpaoté xpd leiseyb as e d
useasrel ected objectives. To facilaivioatde ng hihavierxgl!l al
optimization each time that the user s€&hestsan n:
appr ommacsh sewbereda single optimization would be r
t he objweoatlidveoe i ncorporated as filmptitmegodmsr amet e
it mighsuppouvshodkut i oerst &iomsobjective

To assesshothtcemi ngpestaeri or iana@pnpfroocant ht he sel ecti o
optimizatioerxperimmeatsowere conducted comparing t
acrdashgreeepr esent at i(VvebbBefberdmwironai| weéei ®endesi gned base
initial experimentation

T Aposteriori f ormul ati on
OniISwpplieddeedmaznd (5 objectives)

T Mi xé€dr mul ati on
Supplied deBappl yepérci ¢t abfnietr gy yJlcMIsotlsinedct i ves

T Aprifooimul ati on
Supplied deBappl| dedi de Bulagmpdl YGlgNdr, Empigtya GI N
cosbBuspplied demdm®d obyercddgees) .

Fi gwr3hows the scores of the best performing pold.
three formulations and characteristic scenari os.

t hese f oramuel aatbilgarost oci es whit ght Feoasesaech objective.
wor ds, this comparison enables us to assess what

woul d fi hdl tifdorevddergter f orpmilngcy f or obajneggctsivreglvei t h

formul ati on
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Fi gwr38&corods kpegtf o pmi hagn ck sa

mmm A-posteriori (Sup. Dem. Deficit)

mmm Mixed (Sup. Dem. Deficit, Sup. Percap. GINI & Energy)

== A-priori (Sup. Dem. Deficit, Energy & Justice Objs)

Scenario 2021 Drought |
Chapala|Calderon| Pozos [Toluquilla
7.1 0 2.2 04 |

* Direction of preference

mmm A-posteriori (Sup. Dem. Deficit)

mmm Mixed (Sup. Dem. Deficit, Sup. Percap. GINI & Energy)

mmm A-priori (Sup. Dem. Deficit, Energy & Justice Objs)

Scenario Chapala Incident |
Chapala|Calderon| Pozos oluquilla|
1.8 1 2.2 0.4 |

* Direction of preference

mmm A-posteriori (Sup. Dem. Deficit)
mmm Mixed (Sup. Dem. Deficit, Sup. Percap. GINI & Energy)

mm= A-priori (Sup. Dem. Deficit, Energy & Justice Objs)

Scenario Groundwater Scarcity |
Chapala|Calderon| Pozos ququiIIa|
6.9 1 0.69 0.15 |

* Direction of preference

compr camirsoes sp cclaiomadynad & & i on

andepr es esndearnsrvieo

NotkEach | ine is associated

wiepmr essen tPmeteh @or iBed gy [Ealcihc yp

eacihndi voibdjueaclt i v e
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Fr om etxhpiesr i ment we can docamwclthsei dmd | owi ng key

T

Egal i tsaFritainons caapobeefoond but apernepptrofacdm ai
It i s tnhoatta btlthee f or mul ati o@| Mlhae ddoé§ eaonod vtehaucsl L
doesdniortect |l y Boal mbakufcoaoatdiilnd similar perform
t @« hffor mustahatonddi s efficacy of all Eghtéeeéaf bami
solutions is valid fBgabiopahrfienmuéeé alChhpmidi e@d t h
demaadB8upply pernddamittoda s. Howevtelrgt weh eraen ios se
i mprovembadet GI NI coefficient scgréebederbbedcirue
the optimizat{Eomof br Relf @triemmrce $dhice recul f ourt
onsistent wi t h the findi whoalowfo 2Zmamei sdti ght
i mproveimenGs NI weewr eéscorporating atsheap6Gliadlr i coe
objecMowveover-pritchrei Af gemael deeke-gierf orEngiang t ar i an
solutions for the scenarios 20BRawBviedughst danfd iQ
to assess if this improvement is significant i

Il ncor por aBnienrgg yt liGwjse st i ve i s necessary
One of the clearest weaknesses of the simple |
efficient policies. As thiod folwjiedht itvhee pruesd e rctes
becomes particularly important t oulitmailsstd ey it
apparent in the 2021 Drought scenario

I ncorporating the Utilitarian objective is wunn
All three formulations generate an al most i den
i ncorpor attiawrgi anh eo-pyteidtii veni ght ThHhlits bregwllteviasht
consistent with the findingeptifmiZnatbieon et omamul
included the Utgémemal eedhstobijeent veal scores a
formul ati on.

Compromise policies for threeopainmdhysfecpobfiecmavees

t he

candidate formulations to piHFovwgiwikThilespaiabs eof

objectives assessed are the following:

)l

The
i n

Util i Sampipdary per camihar@ygysetr age)

The need for this type of compromise polic
by Tabl e 2 i mntdh ep rVWioprokssehdopt o tackl e the 202
PrioritariiamPiISoapipesdh1lDe mand [ReEfgiadiitt(aRidapnl v per
capita GI NI)

This compromise policy is particularly releval
and thereds a need to prioritize water supply
supply for other SAs.

Egal i t(upminy per amPpnerag yGlcNd st s

Al t hough no Tabl e wrote this pfairntalc udraop ocsoamp,r ¢
also discussed during the Workshop wanMh dcoul d
drought such as the Groundwater scarcity scena

y f
1 D

anal ysi s $capt efsoamltemadsha spai.r Aofc omipjr @aenti isee pol i c
the upper right cornerpewdwlrdnsr eertdentflban poltihc

those from otheHoWwevemu| atthedmeni ame@tnpoddgage tsi ng t h:
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problem formulation can ensure that compromise po
On the otthheepoAs amred,j ori f or mul ati on ¢gfeonre rEagtaeldi taa rcioam
Prioritarian that is domisatedelyrn whiplledit xeéad f or mu

2021 Drought Chapala Incident Groundwater Scarcity
[ ] L L ]
L 0.1050
@ 136 £ 0.178 | o = ]
o 0 Q@ 0.1075
& £ 0179 2
=135 % % 0.1100
] 5 0.180 5
o g 01 & 0.1125
@
o 134 = =
= &0.181 2 0.1150
g 3 3
L?) 133 0.182 0.1175
0.4 0.3 0.2 0.710 0.7056 0.18 0.16 0.14
Energy Costs Supplied Demand Deficit Pp1 Energy Costs
=== A-posteriori (Sup. Dem. Deficit) o
m== Mixed (Sup. Dem. Deficit, Sup. Percap. GINI & Energy) T Direction of preference
A-priori (Sup. Dem. Deficit, Energy & Justice Objs)

Fi gw®rde Compromi se policies assessment of candidat

We can also obgpesvertioat e mhl ati on consistently
with a poor energy coptsoscofermAhdtibatptbei ded

Egali bhj eads vweel | as dadme Utilitarian
OvertahdMposteriorithatrmibasi oot i-ocil edteed ngbjjacttiw
di scardeds dsbhorttocoimti ngs in terms of providing poc

effici ey i or i fdr chulpatoivorded slightly higher per
Egalitariannobphectsiinmgd e ohj etotwéviee rmrsewisdgenkt ns | i ght

scores on the Egalitarian objectiveashifGorformael @oi
showmat enti al beneféetebjactieveesperff si mghce, it is
can have asorcdlegvadnti mpact considering system in
Additionall vy, the increased compl exi t-ocgomoviertgheinsc ef o
or other opti mi zMitxieodn faorp neefkaacttitse.n hfihpeh s cores on al
andnd presentedisomendengfcompromi se policies for
scenarios. Although it includes ulwat imomei tobgteicltli vn
run efficiently without aMhi yx épder rncuelti avtaitdo ni B cluedg s T h i
demand deficit, Supply peri scacponsai dGlrNeld atnhde Emoesrtg ys
optimization framewor k.
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4. 2.4 Final Optimization Formul ation and Sett

The optimisation algorithm necessary for this app
a variety of objectivexcoadi 6paaeé heAdvdiotl ieo ndarloluyg, ht
sufficiently fast and r eleixapblloedatod mmsiume.psArbonsef

of Owmals4 selected as it provides solutions with a ¢
compromi se policies. The experiments showed that
nf eFsi g(Wwrbe. However, to mitigattehotghtel nmriizsakt s oans saopcpir aote

numbenf ewhs s &G, @®O

0.12
.
100 A
0.10 A
80 4
0.08 A
2 £
$ 60 3
g g 0.06 A
Q. (]
\ [« X
v . Z 0.04 -
20 A 0.02 -
0 0.00 -+
0 20000 40000 60000 80000 100000 I 0 20000 40000 60000 80000 100000
number of function evaluations number of function evaluations

Figwrs€onver deonce&uppl i ed tDeStapnpdp elresflciddp #h & rcgoys Epsi | on
0042021 drought scenario

The selected problicéidpet meldatDeondod PaeBihp[SIAy per
capitaan@EuNmhpi ng acdodsithnsg7 upbjite¢sieeesmat hemati cal forn
Tab®e The incSupplon BE&ED Miba peidtiswe es t hat t he most
solution is found which was the mwet kg kdq@wnantl yol
including the energy cost-malkjeescticaea ehososestohai nd
are al-ebfrcosent that would be otherwise not possi |
of fs with the others.

Tab9.®perationalization of the objectives included in t]

NotBhe subscripts s anldhe d6sulkgpareippptesenhe BAe AP segmel

maxi mum energy consumption where all .segments are bein

Out come Formul ati on Prefer enarec
aggregatio

Supplied Oa €itoNH@OYL@I i Mi ni mi at ng§

def i e t P NENOd MmO QE & l evel

Supply pe B B SYO M&dOR QO F6 A MeQdon 'R I Mi ni mi zi ng

GI NI Czu 2Yo i MA@ QO ©

Energy B 9Hnaésd Mini miat ng

consump[ty]( 1 l evel
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The othereljatsad cebj ect iSvuepsp,| ys upcehr acsd plithtied | 8 aef ag @ ,
Supplied de(nagnadl iGlaNli an) were i ncludaEdal &fndry talse f i
formul andone) as part of asei malobdiemg I todniengonlidditid comno tt
benefits (SHcoRlic-bmmfi#daike8)i ndi cator was dinsdavpanr atde
by the participants of the workshop due to its | a

noef ND I dEHKG LYRAOIFU2NI { OSYlFNA2 5Aa
p
i

During the Scenwmorrikos hkbxppd ooat i oh four tables propo
that depend on thelTabW)eughhti scomeadarmns otnksat( t hey bel i e
behind the distribution policy of the AgP shoul d
scarcity conditions are.

This idea that <certain justice objectives might
conditions started with a conversation with one o
water (eN.hilkosor n, personal. ecbaamoei c,aithhdiesat EARU 3P i n
with the Dynamic AdagtHawe nPoti ewhRadehwayWsld8))es r e
changes in theaemeawmodmaht wash uncertainty. It is
pr oposhMulr pbhyy & (G@OWhoonipropose that the acceptabili
on the potential i mpacts of a hazard. On the ot hi
Principles based on scarcity levels was found in
appcbas of this research of wvaluing and formali zi
and experimentation, it was decided to include th
experiences for it

I ndeed,t his specific problem of water distributio

on the | evel of water scarcity could make sense.
drought conditions, we shoul d s tSuipvpel yf oprearnmdicxa pmitze
mi ni mize pumping cost s. However, once drought bec
costs should -ppi ¢ointgye.r Dhki sa potenti al justice int
scarcity calls fori ndiec adteovre | tolparte ndo wlfd ame used to
scarcity and t huvmaksuppdrnt sdkdeicgiiong a pertinent di
The National Met eor ol ogi cal Organi zation of Mexic
However, i,n hehifocuasamns itmodidceationrewaft er hes upips s sthor
Thi s wat emi gshctarbcei tays soci ated with meteorological d

with other phenomena such a%%Thduasma giet tios trhesc & snsfarays
i ndicat owaboter ushbalpsiloy knoswonomemisocdmwoougbtands ptelca f i c
AgPhat doesné6t directly depend on meteorological

4Thr ee weekswoafktseraghdhepumpi ng system of Chapala broke ¢
halting the supvaltywyoofce hef maha city for aapotuindl: 4 day
https://www. tribuna. com. mx{smag bfgao/d 2a0s2a4nptoersd tdeguadal aj ar
enerddinae epao bl axXx6 804058 . ht ml
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https://www.tribuna.com.mx/mexico/2024/5/11/guadalajara-sin-agua-fallas-en-plantas-por-corte-de-energia-deja-seca-poblacion-368458.html
https://www.tribuna.com.mx/mexico/2024/5/11/guadalajara-sin-agua-fallas-en-plantas-por-corte-de-energia-deja-seca-poblacion-368458.html

Duringotksghdmable 4 Sufjfbesteeppraca cam Whtey eshboel d str
to supply a4 a0umrob0 |/ day/ person to each SA de

condi tilomM cdaHmgh respectively. Il ndeed, the AQqP ca
al l SA are above these threshol ds. However, i n sc
policies for the AgQtPhath aStihfefsiec | eenpt sacrairisanbmeNe t h t hi s
assumpdan oinndex cwahne rbee tbhuei Iltevel of drought is defi
|l east one SA will fall bel ow each water supply ¢th

it using the AQqP.

43.1 Met hodol ogy for Urban Drought | ndex
To f or mailn dzeex ,t hwes need to partition the space of p
Ssubspaces:

T No scasmgaceg defined where al#dP?Sdawipav duoakgee y
Supply petorchpsehine conditions equivalent to

f Low sc asrpcaictey i s where at |l east onel 0B dids2 expec
| / day/ person
T Mid scampaictty i s where at |l east one5@AAIO0OD expec

| / day/ person
T Hi gh scsapracciet yi s where at |l east onmk/ 8Ayi peespeaect

O 2D representation of 4D space

g“. o 0 v‘
=]
K] .
For n=1000 space-filling » 142 G
possible water flow faipersen g
scenarios «
Random
Scenario 2
[=]
<
100
i i I/day/person £
Sufficientarian a .
T A : 2
optimization,,, 4 5 Loglstl_c regression > . k
scenario discovery rought ~
Indicator I
. 2
. o w
Possible yes &
solution? % Source 1 flow
50 S -
V/day/person 3 Subspaces partitioned
no « according to the Urban
S 10 Drought Indicator
sk ource 1llow using the 0.05
m thresholds
scenario scenario Legend 1 005 0 [6)
@ Risky Scenario :
X Probability of at
@ Safe Scenario least 1 SA below

threshold
~ = 0.05 probability &)

Fi gwkr6e Schematic rdampmiéebant Bt bogmet hodotagepr
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To find these subspaces, we first conduct a proces
i s summaki g@rgenidn f ol l ows the following steps:
.Build a dat aspa-t b ffpl orsasgi dod nec odrr doiutgifichniss was made U
t hleat i n-chuypppe met hod a sKwsaukgkgeelsu @2dd thyr mi n®f snum o f
and the maximum possible fl owafobd® each source
.Conduct a single objective optimization for ea
under each threshol d.
I f the optimization could find a solution whe
| abell ed as safe for that threshold, else it w
.Conduct scenario discovery using ascleongatrsitoisc r €
identify the risky space for each threshol d.
This process generates one equation for each t
falling below the threshold based on the four
equations using pairwise plots fori Aiegplkréesent i n
.Defi peobabhteslhold after whihdh wseu bcspmsied ars tcho:
ri sky of +t atehremgh®led dwprobability tOhimeasmiong i s
that therebdéds a 95% rel iQubinni(®@l&Bjidex as propos
6. Use thklkeer s uwrsfsaoccawa ttendOt B & pr doabidaaly Sufficie
thresholpdartiti on the space of water fl ows intoc
Thilsmdi cator was incorporated into anea@aUagtoironds mto
calculate the probability for each threshold. The
i f the prfomalti Imeteyt i ngbdt bh &0 MArFeescheil &lr Mmitmea Wi gh
drought coBlLt swiutelb t he foll owhegptrbbabhoi dy. ofFf fall
| ower than 0.05 then it is assumed that thereds n
TableMaxi mum fl ows for each source
Sourcqg Maxi mu Justificationt6é6ghyjui
fl ow $
Chapal & 7.6 The maxi mum yearly average fl ow t
Lake Lake by the water authority of Gu
Agreement 3isHowe® e m, this di stril
change, or t he authority mi ght
emergency situations.
Cal delra 3 The Calderon Aqueduct that rednmregc
Red Sys PP3 has a maximum délsi gHowapacjtl
the cityés extraction permits fro
Pozos 3.2 The Pozos wells system is composeé
System springs thus the maxi mum capacity
mont hly value flow betw®#esnex@0&cd
2007. During drought conditions,
increased its well extraction flo
Tol uqui 1 This well composemdi of a certain
We | | Sy channelled to the Toluquilla Aque
has a maxi mum éapacity of 1 m

So
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43. 2 Analysis and Sensitivity of Urban Drought

Figuu7shows a padrwesei ¢ wal representati oonf otfhet he
scenari os aboevaecShahdi ainteherreasTiteedndf. i r st row shows t he
of water fnloowlsi swhreirbeut i on policy of the AP can el

| / day/ person which Sspphe pelrtr ecagpn blmee ralgeer ved t
deviati on odondiewidodnrsrreenptr e s ent drhoeuigshttt & mthied iH.i ag hL ow
droughtemwoiutyl begin when the water sources fall
condi,t ifooors exampl e when the &msapala flow falls bel

LOW drought (142 threshold)
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Calderdn - La Red flow
Pozos System flow
Toluquilla System flow
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Scenario with all SAs above threshold @ Scenario with at least one SA below threshold

Fi gwkrfe Logi sti ofredressis&knof falllal/ day /oPuefrtfhieni50nt alrliOa
threshot dé6DL6s water 3ources flows in m
NoteThe dotted |line shows a 0.05 probability represent
ri sky subsptaltree $Tolw¢$ & alcihn e st hheyppreerspd satmace st o partition the
for th®rdulgkdi cator .
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We can observe that for the Low and Mid drought, t
area deemed safe by the Il ogistic regression. This

threshold is |l ess preciseeshahdf wherkeabol kehdeay/ pi
observed. For the 50 | /day/ person threshol d, t he

therebds a very accentuated transition between ri ¢
regression itsemosecaccalkrsao be observed by how thi

the blue and red colours is . This thahsisi boweep
t he dMiodugrhidi ghest for the High drought

We can also observe different slopes from the prokt

This suggests that some sources have a higher i n
threshold and that certain | eviedlasr idfy dryo wghet vmirgh
others present a more complex behaviour. I n gener
the source that most influences the ability to me
to a vertical ,I| itrhe. HMgHht dnm otuaglhlty subspace is al mos:
flow from Chapala with a smaller influence from t
by the al most vertical ' ines for the subplots of
50ddy/ person threshol d.

Tof ur texed ore which sources have the | argest infl u
more <critical, we extract the coef fi abseemtssi tarvi gly
indi c(RabrBThusf Chapala fails, only Tol uqgiwiPlll.a cou
Altholtomhgbhéaiinmge of Chapala, Mexicods | argest wa
highlights how the current restriction increases
result haligdhtlsi g he criticality of the Chapala Aque
| argest impact on urban -@Gateess¢tade2R)yyhrgbkbsghtad:
mai ntenance and updates to thicrdadeag atsha uacittuy Ges arse
drought .

Wecaombserve that the Chapal

sensitivity in Lowlamsdc Miod t

for Hi gh drought. Thi s Ldadkmo

determine the risks of wate A SA5Pozos

sour ce coanrsotuintdutees% of t he SA3 - Calderon

nor mal c onGiittiieosn,s 2(0RR2) . Add <

supplies.tWwbuSA it can mor e l >

ot her SAsHdweweere,d.it i s not

drought scenari o, thiegllsédd de 5A4T0'uqu'”a\sm

Thi s coul d be duTehitso ctame b

restriction of the system

wor kstwhper e t he installed Fi gwRrBEurrent rest
insufficient to pump water flow from Pozos

(Fi gw®r8e due to a significant

Thus i f Chapala fails, only Toluquilla could prov
of Chapal a, Mexicobs | argest water reservoir, i s
restriction increases t hedrvaud gihbtirssisiull ihti yg hdstfiohgeghth & c i
criticality of the Chapala Aqueduct as it is the
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water scarlcnidteyeGirtiRs&ks h( Z2G22yghted the i mportance o
updates to thas ankewsacwuicbmereotiybdesreaselience to

Tabl®Regression coefficients for each threshol d

Low droughMid droug|High drou

Chapal a 6. 3 -3. 6 -18. 7

Cal deron La H 3. 2 -1. 8 -0. 8

Pozos Well Sy 4. 2 1.9 2.1

Toluquill a We 5.1 -1. 5 24.7

Pseud® R 0.77 0 .38 0 .69

By comparingR2vheupseude can comment on how well e
We can observe that for the HPigsh O.r®o5u,ghduggesntairng
drought indicator is capable of predicting al most

an SA below 50 | /day/ person. On the other hand, ¢t}
drought condit ideRiso f wiOt.l81a apslew. 77. These result
observat iFomgsRriferfonval i dati on analysis was conduct edc
the indicator.
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43. 3 Validati on

To vali datbeant Droughtwempgacedohow each scenari o we

optimization with the estimate prOvingdt hbhiystbhempat

counted the following possible outcomes for each
1T Fal se posblabelel ed as risky and. |l ocated in the
T False neghabelkled as safe and | ocated in the r

The results from this validaTdmihdg proeedsr ef camebe
correctly and incorrgtché yUidamtbDrf éeghtsclemdird atso1b.
for H agthhMimdd droughts, t he,heirgholrisg hatrien go ed ogwo a3d% f i t

predictidremgiveyer, tbhe droaghtoscenarios is | arg
Tabl2Proportion of incorrectly predicted scenarios by t
False positive 0.3% 2.1% 5.5%
False negative 0.2% 1.5% 4.8%

As we are deahssgswimehta weskonsider that false n

drought conditions are worse than the indicator p
deci-makhng for the water supply. Even i fe tfhel dal s
positive for l ow drought, it is stildl consi der ec
unexpected risks and increase the reliability of
scenario discovery coul d pgionvdaet theedd eegr rrersul drse
for the | ower drought conditions the shortcomings
rather than numerically.
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Once the {fpiamalmaingdyerr obl em for mul ati onexwgeri thehi s e
presented indaShecalignr i4t.h2m t o conduct the opti mizeé
policies waBhide vealfgogdidtwsm t hé agpnéephRiaduind

was mountmodclkpnofDetches i on S pP@Bdmtr Ddaltri buti on Pol
Agquapheraiid ahbtltep satqd:p .gdtlr e dml commppi cate the use and
t hkSThree illustrative cases based on the represer
fromwohkshalp)are di scussed bel ow

Thaool l ets users select a scenar ieca cain.do Aphreanvhied e s
user loamd the scenari o to visndiimenseh@Bupiptyee@tr dr
capitbaeachA&Aai tionally, th&rbget ®moughbtaladaesatbee
usedadvoiostehne selebifeonivés. Finally, se&i fefatnaelntth eobj
system will provide the best performing and compr
Sufficitemrteasrdiaéndal so visualized to facilitate the

Fi gwRr%hows the policies that the DST wowludhpr doyos
optimizing for an Egal i tSap p hOeend pi ghr doi accahtd obfaesregly on t

cosassor ksThadod e 2 proposed for | ow drought conditio
that the tool d&Eagmdr ptadd atphd ommngdt e mpior ik alslgyr vdiunrg n
al so as valTobdti Amddoft itomiad 'y, we find a compromis
while only using 20% of the AqPO&s Eegnaelrigsya tausa noopnp.o s
As mentioned i n PIeicotriiptnarMcalp!l et hceoul d not be for
workshovyoreover, this principle has rarnédlay hWeoeardto

i ncltuhdee currency t hatFoirs ebxeaitmbgi ed,i csisre bpuatretdi ci pant s
water supply should hbvMargrnaliraomwmidmnnheamdy ovat er

i ndi .Daetsgri t evinogt ahaf or malt fwarsmuleatiideerd t o i ncorpora
prioritbirceSABt was extensi vewgygr kisiho®bhas et ead usriimp
i mpl ementation of Prioritarianism was included w
maxied he supply of water for any SA. I n on itself
simply increasing the flowskowannkbswevy&SA, of hesnel Bal
objectives in combination with other objectives c
showrriignBrle

76


https://gdl-aqp.streamlit.app/

2021_drought v

In 2021, due to a combination of an
intense drought and a spike in
consumption due to COVID, the Calderon
Dam reached critical levels and had to be
shut down leaving around half a million
people without water supply for almost 4
months. This scenario motivated the

completion of the Aquapheric.

Select Objectives
Egalitarian - Supplied Demand

Egalitarian - Supply Per capita

Utilitarian - Supply Per Capita
Average

Energy Costs Efficiency

Prioritize PP1

Prioritize PP2

Prioritize PP3

[C] Pprioritize Toluquilla

["] Prioritize Pozos

Load and Visualize

Fi gWw®r98n ap sohfott he

77

Urban Drought Indicator

Based on this scenario's water flows, the urban drought state is considered LOW

Distribution Policies Based on your Objectives

170.00 170.00 170.00 170.00

170.00

o
o

.0
]
=]
o
S

Supply per capita [I.'fday'."persorl-f2

Pozos o

147

50

—— Best energy_costs

Share  Y¥¢

—— Compromise policy, Compromise policy

—— Best supplied_demand_GINI
No policy

AqP Flows for Best Performing Policies

policy_labels

Best energy_costs 0.0092
Compromise policy, Compromise paolicy 0.2875
Best supplied_demand_GINI 0.2236

aqpl_PP2_to_PP3 aqp2_PP3_to_Pozos

-0.0045

-0.3832

-0.633

aqp3_Pozos_to_Toluquilla  aqp4_Toluquilla_to_PP1

-0.0002 -0.0754
-0.1669 -0.0675
-0.6 -0.5866

supply_percapita_
0.

0.

AQP DSDofugwittthEegaP 02 ArEhangegntd objectives



For the Chapala I|Incident scenari o, where al most n
t he Urban Drought I ndi catfat eddsmgipgstthes eHicgm cdmaet g
Egali appraach might not be ideal as it would i mpl
PP1 that is already f aciign@feseVlree er svasem whkwyruemnder (
anEgal i dasit amnbwuntaitdami madbe to the current hydrauldi
all ow water tSAA5fPlozvw sf rtoonwattidesP 1t.he S A

170.00 170.00 170.00 170.00 170.00

—— Best supplied_demand_GINI, Compromise policy

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 47 No policy

777777777777777777777777777777777777777777777777777777777777777777777 50

4

0.00 0.00 0.00 0.00 0.00

— o~ o™ © w0

& & & 3 8

g’ a
Supply per capita [I.v‘day.r‘l:)ersorH?3
Fi guBr0e An Egadprtaaddant owi t h t he Gdearmparliao | nci dent

For this scenario it would be more advisable to pr
i n thitsh®dd £ 1Fi(g Wrle. However, we observe that if
(orangevel itmea)nsf er thea Tbuuden!l t®. SRAHuUS, a hadmpr on

prioritizes
Select Objectives

Egalitarian - Supplied Demand

Egalitarian - Supply Per capita

Utilitarian - Supply Per Capita
Average

Energy Costs Efficiency

Prioritize PP1

—— Best supplied_demand_GINI

—— Best supplied_demand_deficit_PP1

—— Compromise policy, Compromise policy
No policy

Fi gwrle Pr i oapiptr mraicdan f or
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nop Wz §d HE

Thearticipatory pr opbrloevni dfesocdrgruticsavtiifr@nor ness can be i
for thismake amigsipornobl em as wel |l as el ements to co
towards developibhgs ®aelc iogot @ md @ BRtairotni cafp athnhtes wor ks ho
proposed a range of objectives thaostpecéefli ectnead urt k
fairness in wa&bemabdift of bathieomparticipants suggest

evolve with worseni frfrgogrdrcagpétlewoddotgbnsscoamedi ti or
particprpamdsed t hat cost considerations coul d be
However, as drought intensity increases, the foc
vul nerabl e populations, who have | imitedratceskst c
or rainfall capture systems. This intuitive relat
intehsghlyighted the need for an UrbaspBrodglt wlan e
scarcity.

The worpgahtoipci pants proposed fadrimufleauri obDiss ttrhialtutii
Principles. The Egalitarian principle, whi ch emph
t he most, fwaviohr eodne group suggesting it should be
Participants also acknowledged the importance of
popul aatimmmssgh they did not reach a consensus o0on
Prioritarian prisacliipde tulse nMar quidn eclaitzoati on | ndex.
was invoked to ensure that mini mdumaRifgdrt d$.0p wlay el
The Utilitarian principle, focusing on the greate

onlayy a practical and pollowi daloluy hv iAamimlne ii opntad d ry , u |
table proposed that a pumping cost objective shou
was the -omsyyied@ahed objective proposed.

Duringotkghoespeveral system constraints and conside
significant implications for how f ai rumnsédsnsg ctahne bAg Pc
A key restriction discussed was the technical [ i m

t wo dufe t o insufficielrhti spumpitirg cdadpanciwtays. i nt egr at
modak an optciomisz.ataii o

Participants also highlighted the challenge of [

situated at hi gher altitudes, where distribution
' imitations. This scchmad | efngteh e nldey silciomietsat i ons of
the AQP in adcddrsdseairmgoiftnte@uuaidtayl aj ar ads water supp
highlighting the need for additional infrastruct

fairness duringtdor cwgngtl é¢cheemdDitsitorpisboutoiscend .Pol i cy

A major objective of the workshop was to understa

selection of indicatofrs Wwas hbeedqdPdtad olbihmicttaitvie®m:
characteristicsaoaftht ase $ywatemr ate demand esti mates
the | ack of compmehmonsai verieagl] i ntr odtulceet sliigmiitf itc
AgPobs potenReaknti mpatorts in improving such mon
highlighting thil dmpgraanhcamewobk that could inte
The main characteristic that influenced the sele
exampl &, owh eiesf itche only indicator t hat can be me
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however, it was used only for one objective as it
i mpacts associated with a ndnserSichg | w apiured od a tFo o,w
on the other hand, was the most used one as it |

stakehol der s.

A significant part of the discussion focused on ur
under what conditions should they be used to ope
principbeppl ¥ hpeirndc z@ittoa .wWaosr ftahveorkEglal i tari an Pr
participants $upmployseplée msomgiepalty the same amount

everyone. However, it was noted that some wusers r
Suppliedibamamd or based on watleev edle n{(acnodn tdraatray atto a
ci-t gvel average water demand per capita), coul d be
not hold true as drought intensifies apdtaheoudl d
become | es dhttd loevr alnlfdéi . aviats oment i oned i n drlcyausree f o
paticipantbaflbemgeilnagt e¢e oa fl ow deficit wvalue to a |
this indicator wdolé¢owimgedtagem.t he

I n Exhgperi meandt Ophi mi zatséean est ade experi ments were
the inputs fr omFdrhneulPaatritiine isditga goen.g e | from Guadal aj
di stribution syst ewas(tihmp | Gbneaoby dlbbans eodpt i mi zat i on
framewdrek | i mitations and restrictiowserkkehopowede,]
included such as maximum possible flows from the
one direction of one segment of the AqQP.
A
t
0

n analysis of three candidate problem formulati or
he -pbestorming policies for each objectiwpyaias wel
f objectiposeseriThbei af or muinaitaundye jt-theatta tde dd vosbgite ct i v
di scarded dcdditacytsnimproviding policiepriwbrtih hi
f or mulvahiiopmc|l uded al l t he o Wjiecctaireesd aweaialuashkel et hvea
complexity did not pr.oviidead |Isyi,gmi i xaendt S twpei pgadfl iatt § o
Demand DéfeachSB8ppagdper (dadpei tmopsE&l MIsed objective

as weHrneragy (tostsasure that energy efficient polici
formul ati on ovarsv dregdredd htast ensuraen reliably find t
An Ur ban Drought I ndicator was developed as a r es|
water di sthoiubdt ieovnol ve as drought conditions wor
probability that considering t haen dfelsgppws eo ft hwea tuesre f
AgqgP at Il east onel&2, wiDD ®mal BObel day/ person for a
respect iTvheelsye t hresholds were mentioned in the wc

conditions and t hed ttwo tohteh eHusmaanr eRirgehlitatteo wat er .

Finaln yDdei si on sSStugpapeoDeci si ofiodlbppabt e smaglodtricc y
explore how differnemtnsdeattse dfo ahbjsdatiibweds ongpohi si
Toopdol i cymakhemps opose what objecti velsevsehloudfd tbhee ulsr
Droughdi cator . This process opauldcw@mkles fipld paccee i n
characteristic drought scenarios were mounted on
t hrppoessi bl e situations with highilyfaubdbws eatccrRus@
design that aiomg iatuoemsableiamgiang and | mpaloemresnetna b
test different olbgyceliwmsntasrdofuptdltag emodel
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This thesis set out to explore how to design dist
ensure just water distribution during drought <con
study was:

RQHow can we design distribution policies for Gue
di stribution during drought?

To answer this overarching question, t-heseaseldr cl
guestions:

SRQMHow can | ocal stakeholders be engaged in the p
be interpreted and operationalized for water di st

SRQ2NVhat -mbjective optimization formulation can re
objectives and drought conditions?

SRQ3How can we support the selection process of 0
authorities considering both value and system unc

In the following discussion, thquéshdongsarel ana
These findings lead to a comprehensiaperaadkr staan
contribute to fair water distribution under scarc

5.1.1 Participatory fProRQluemikEer Bxlpadtoiran i on

To address the challenge of distributing water fa
explore different interpretations of what justice
influence how water <cant hbies,dias tprairbtuitcei dp.a tToor ya cphri cecve
to identify different understandings of the '"rig!
conditions. This process was grounded in Distri
provided aoccaobmumoanr yw and conceptual framework to gL
The participatory workshop, held in Guadal ajara i
process and outlceoveels . r r elsiegtt ati ves of gover nmer
stakehol ders, and internatioBahooargawioz&shops gae
from the participants was mostly positive, highlicg
for the facilitation tools used and interest in t
design and resbuec@agipm modit ®cussi ons t hantt byei el de
interpretation and operationalization of fairness
The workshop successfully gathered a diverse rancg
understanding of how fairness could be interpretec
system. |t is importamitghloi qnlott € jthsat Hdowsc pmmplcexs si
fairness is in water distribution. iAsSorsuwrhldaemo un
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di stribution can be drawn and no single participat
conclusions of the workshop are bound to change w

I ndeed, the diversity of the objectives in terms
reflects the need for a flexible approach. The caj
around justice in water ediodturniimut iodn tdhe wWelslt eans i t
Urban Drought I ndicator, for instance, of fers a
di stribution priorities based on the severity of
of enablnitnghuausoi mprovement of this approach is

i mpl ement vbualsneedr apbriiloirtiyt i zati on of water distribut

This experience underscores the importance- of i no
creation processes t o -talc&tl eed pamd | seyrsst evm t thn ovearl tuaei n
we present an experience of a sfuacrc e a-©OtMuld d tpiaw @ i C
Optimization Problem based on the Distributive J
contrithautmmomme grounded and contextually relevant

with the systemds camaoi taicepuand tthlratcotnzleesns of i
and users.

5. IMu2l-Qhj ecOptviemi zabDe o nsMaokni ng

During the workshop, participants mentioned the d
actual flow values. Participants eventually manag
one scenario in this case.rHowkvprocappl gdbobgdat srr
chall enging for other justice approaches or unde
optimization framework using the GDL model , and a
an energy objective pnowvadkkeifhe this | imitation o

As a resul't of the diversity of solutions propo:
optimization framework should enable a quick expl
To doamogoptimi zat iwars fdreaswlgenmedkapt i mi zati on 1 s run
f or mulJaantdi arhe obj ec tpiovleisc ysaea keectt geedfl iblyt er .ANhei Piangt o
having to run an o@gpgadlmicytesrkdey d aoc le xtpilma e a new S

wi || be bene,fiad atl he Hbiwsetvreirbuti on policies can ha\
par amount t hat the solutions founegewiftohmihgspabpp
possible for the selected objectives. Tmrollinamysi

formul ati ons armd xedn dlou dndich atoh gptohSutpgpd i ed Demand De
SAl evel obpHiktéwov eksetywv el olSjueoptl iyvepe,r at&Epietr g yGICHk t

i s enough to provi dwehitdmes ud e snigr ead faacsduraandy Ore ltihaeb | e
ot her hand, it is recognized that this analysis W
future works could expand the analysis to a broad
the results related to tfhoe moahpacohnlyitgold rpftorimsi dnggr ¢
compromi se solutions were not conclusive calling

As half of the participants proposed a problem fo
was necessary to develop such an indicator. The
conducting a | @oqisetdi ccreer@mr e sidovltoyaeacegs twhdri en dt h e
Sufficientarian obatetcaii valsl ebecbDmies niomdi cat or pr o
predicting under what conditions the AQP is wunabl
or 50 | /day/ person, owi bl & amasxi memapn vpser wuinder 5 %.
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more work could be done to improve the indicatord
with | ocal authorities is necessary to improve th
5. 1De3ci si on Support for ContinuouGr éafarmamng an

After conducting the Participatory formulation anc
TodIDS was desiTpmdodes Trhats i ntend to propose a sing
0

it focuses on enabling policymakers to explore h
transl ated into distribution policies. Such a di
wo kshop because there was still the need to refin
and buil d a bank of pertinampt camj efcacivleist.at ®Bhea |
participatory pr ocecasdenhienree whoati coytpjackodtei svt ehse sdhecsu lgc
di stribution policies under what conditions. The
process as it provides insights on water scarcity
The Decision Support Tool for Guadalajarads Aquaplt

di fferent sectors to discuss what objectives shou
i mpacts on water supply fwp dffoaaltSemstai Thad |l curomdrntne

a proof of concept of this Framework. This Tool c
as the I nteractive Policy Exploration Workshop p
Distribution Policy for the AqP.

Additionall vy, t he water supply system and i ts
arrangement s, persons and instituti dn®) bar e siefi ud 9
is necessary that it can accommodate such change:
new datfaacarncdohafeuous | earning by r epceradatdi ocny cw aess
favour ed. Definingntéaesuypndea@SeM afiinltéd ,essidimnh aas t he ¢
and the popul atciamn fiaciddamt®A,the inclusion of ne\
simple model that can be run on a desk computer
and i mprovements.
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5.1.4 Conclusi on

I'n this thesis project,-baseasd muld @ace DN tamat piamtte gn o
Deci si on Making under DeepOlheeritaé ntOyp t ismic hata so
Distributive Justice Principles hasebs¢mgtasvelopasd
conducted in this thesis contribute to a framewor
support the selection of fair distribution polici

The participatory process revealed the complexity
water di stribution and developing wuseful mat heme
Distributive Justice Principles guidimegitiete pedved
di scussions by offering a shared vocabulary bet:

backgrounds. The involvement of a diverse range of
experts, and representoatgiameg ati omsi wher natsit @ manle nt
nuanced interpretation of justice and the system ¢

The workshop highlighted the-speedfifor apprideaexh.,bl e
objecti vies wabteehri n di stri buti on coul d evol ve as d

devel opment of an Urban Drought I ndicator as a r
stakeholder insights can be translated into pract
The optimization formulation developed in this re:¢
fairness could be translated into numerical di st
di fferent combinations of osbhjaercte fvfesgt itvhd smd aomr anufl
the tofdde i nherent to water di stribution decision:

l' i mitatiowmrsr evtalityhebl e data and highlighted the ne
and further ovtad K ahadli denr swi t h

Finall yTptdheposbeSd in this thesis emphasizes the v
knowl edcgree acto on i n water management . Rat Feonlst han g
designed to facilitate ongoing dialogue and aday
di stribution policies remain responsive to evolvi
design, which allows for the ipntogmathiten ofefrdew tda

| ooking approach to gowmedat@cehé hdynaminc acabur e
water supply system.
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ADeci sionTowlppodeéevehapedoul d gnaikcee sda mi siedrecting
pol i ci es jbuasstreicdt @abejde c tTov adlo. s o, a particibmpasteadry ar
met hodol ogy was developed and i mprdaepmeanddkdf. orAl tt hiowu
have beé¢memet are some key | imitations that need t

Datla mi t atnidomo del simplicity

The data wused to populhiaglelgyg rhegaGDeld neondde | siinspl i f i e
j eopardize the possibility of using this model t
terogeneity of some variables, such as | oss in
mi tati on caorullyd rlees epeabrntviacruilabl es are al soiindenti f
rms of water (Buppleys.Die2l®dize2bendeasy in the water | o
uld mean that adriestexpadt ecist d hdf stexiabnptl e watden
ali appriamicchht f ai |l t.Astdchoedssed fiem emealsi ay e unknown,
nnot be Adgdlsdd el | y, t he dat awauss esdo utroc epdo piunl a2t0e2 Ot
creasing the inaccumaciaek| &@and hursceénmhit atheé @er, Kt h
s designed toi beonmtemaattea.easi |l vy

(¢}

QS YDEQ O D T

Iy, the way that the network is currently o
di stributed in the city. The current i mpl eme
e volumes and storMaades Itgwel odtrddngaetsaexhdites uit:
del as the flow dedisfiavouondedahyrwanmkbsvedpant
is difficult to implement. This mismatch be
e ones useful f ocro utlhde foupretrhaetri odni foffi ctuhl et gtrhied
t .
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shop biases and shortcomings

e design and i mpl emenWartk soma g0 fo nteh eo fp a rhtei cciopmgptoonre
oject that most riefbuscdesiugneldi fwasattad e revi ew
e context of GDL and the sctileentprfojce adti.s cAudsdsiitoino nt
mputati onal X ahgaed nmelnrteaadyonbeen conddu ntpaud sr eeavnala |
i scussion points that neewberdk sthmp e b hel @dacet Wair I
cument ed eixipettloemaokati on ofwiMOO tplreoib@agegRkssh op

d with this particul ar ndissttarkiebsu ttihoant pcrooubllde nmh arvees
Appendix 9articul ar, atm@emndsicirei phtetvwee kanrodvl £tdigec tcwr e
creation process was highly difficult to navigat
encouraged to propdeasrethauawaisi abl e such as the DJ
indicators could have forced coRowegeheantograf dst
towards an waskschooupludr effdatve f esul ts that could not
foll owing Experimentation Stages, for example by
t he GDL model

D OO0 0 T
5 O 7O T T T

Al | the participation goals of the workshop in te
of the participantns tvweer ed emsw@ tgrnk gt gwhaeiss, deci ded t hat
focus only ,onciavciadhchednoicda-md yenosa. Fail i mg btrm aidreao rrpmnrg
of sectors, par tfircarh av U lyn evrad kelr e cuaseelnods pioirtaitees bi as e s
|l ead to opreacdloommksedandHowelvetjondhere were no resou



broaden t he woakpédiopt actkée tpdrst ildimgdamttd othhat coul
the inofeubatesabl e swowdalsrl e sseeacrtcohresr,s and represent a
authorities and spati avlerplhRhennvianhgdaut hat atpddsor at |
repr etsieme aapgmpr achwas padn vibke rsaud ftiacwi ent .

Optimization framework

The proposedmpppessnaphibmi zati onatwi eaclhedenaidei on st
approach enables high fflienxdipriigl maly salgpu teiodirdshingeraal
using approxi mat ordatta. ashdeve vem , at Wi deapproach al
produgu-bngt isswalluti ons i f the algorithm is unable to
condi.tiTohniss ri sk was mitigatedelpy ecscesndeagsiiviegs eapeo
the drought bawaiceg amdpbgcauti onary appamnamdét awrhd .l e
The results of the experi meet asteil ;erc t setda cagp pd o apcdhi cta
to find global maxima or close to gl lbawkevmaxi mhesaea
experiments were only eophducvedsétenathoset hepresh
of dmheught space that present artefacts that shoul
withnobhoi nearities, derivatives or caomysi athiaehrd sc o mp |
approach is sufficient.

Asdi scussed 4i.,2 h®&e @amdatd hyes i dsipfrfoebrleenmt f da anud @ittiyontso pr o
desirabl e compr omi se so.l uThdm$ taaaaiso biencodaetcd ume wtea
compromise policies might becobnTAdHdet mosal usesiedr
needed to explore how pothanesnéhBIPoptimmomlei fatri
other objectives should be conducted.

I nfluencing Gibhh&s ndjeci si on

Considering the | imitations mentioned above, part|
mo d e | oversimplifications, it is unlikely and ev
producedopmptyi milmdag o roint hm can be directHoweivneprl,e mehnits
doesndt memeséeamaththmeoj ect and it s Frnmeaskulntgs icna nGiDoLt.
First of all, in Iight of the feedback received a

was ia eirne shehtehods and over al I-malipm @ atcthatt DR & i cfi foen
wor k sihnocpl hd g & Weelci-makgr & her e ciompdactbeofant his resea
i n @RUrived onlry pfarram ctiwvpar tkisdhm pi n t he

Secondl y, dievted iolpitnigon pol ilcd empl emant eduid tbadih:
was never an obj edtni vceo,naHlri astshp rso jpercotj eaxitms a-t devel
Making Framework and a Tool t hat can be wused to
di stri bute water i n GIDL tumalte rs ewvfhsad, ctomidd tri @sesar ¢ h
to gauubee puenti ci pat or g e si-eng ke sarnsdh eproet ebnrtoi aadalmyy ea

of actors coul d aenxtiphleo rCeJoRiso v MEOOutseadk | e -madaksngecis
prob.l efmhe resaptescessswichl then be integrated into
stages tleaidtismgpotenti al eventual i mpl ementati on.
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DMDU provides a structured way to navigate the col
of weal d dmeaxkisBiypxpl oring possible current and fut
aidernsnuring that decisions remain eRdlewdtinveess ni & he
of the maimfp®dDNDWUI whmsch a solution mudt ipéealplos st
futurd@éis a@mpr daeem wifdel plparaoabdlhegmse i dbras been used
l edomanagememmtblwehnesr t he deci si onf asitmed m dAnikeésp raavee v e
pol iangelsans tlhaaotdtarien at dlget goan take different p
measur abl e chang.esTappnpgrtohaec hs yhsatsennb ¢ e deersd gmldiderd

pl anning and infr asZterfucteurbeadanggqaeddi)lb@anppé medt
probl ems such ag Mapelkdu cent atels,er 2019 )( Manaogemeint
Knoppov§, 2019, Sarva et al ., amd li;n Zpartoalrlae nms Sharlia
two decisiofGol theétamks, 2023)

The demakiog problem presented in this thesis i
management probl emdeaedmruwurcdg ermptazierdtcyhyarly around va
degree of novelty. The water distribution system

these changes are the result of planning process
menti onedwarnk shlo®@t her changewsnkanevn kinohwnt he expe
intensification of drought <cloendoitthieorn sc hdauneg etso acrle mie
orunknownk nownhks the system evolves, so will t he
stakeholders that have any degree of influence 1in
opportunities to Il earn about the system ialnld areidsed i
after the implementation of -Makyi mgew wlld chye Wdafpt
such uncertaipr amalnlde msvywd wem,g it i s necessary that &
case is flexible enough to accommodate these chang
ceceati on Thebesmechani sms capolenmspdivegehhtgrhtetwet h
system, our understanding of it and the values ar

Si mple model s, sucheas&ted/ hfeo GtDdr mtoldied tay pe. oTfhilsear n
simplicitxgpémramlads trapwsparency thatofmeme fadomplt @x
(Hel geson efhas$, ,tR&24) model s can be used first
stakeholders with (dfé¢hwaent dmalpltysedEsS)i ons resu
i nknowl ed-gerodcuccBy ormacilitating such i n enhauksiinvge co
processes the rcesnulnotngomployl iltearedgmgobat e&dfsot imoee ec
adopt®dal | emi eAtf teelr. t h2022D)l i ci es are i mplearent ed,
be used to c¢commumincda tfeo sttheerh @l selairtniiéensgt i ng t he cont i
of the policy

The insights and tool sagenede smipgrnedsn fi mhadt sasd @cn e m
part of a continuous efionctewnsei hgaynchaWwl eaoaglingecy
becomes more scares, new chalHaenggs twiel It ood 3t it mu &
from and adapt tone¢e bestearcymed U ece gtetse iismpacst swedfl c | i
as the other soci oenvi rdoensnpeinttealu ncchearltlaeinngteys ahead
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Guadal hjma®my ot her ci tfiaecsersidn wi hé womlt dshauaer adiot yf.a ches
this condition comtliégmeens st o fi nvad regi figyoienesrt nraunnceen,t ss, L
i nsti tsutaikoenhsa,h d ® owisl | need 1o adapae ttowards a mor
di stribution of watserarn a gaa weit ®tr r iblewtoieomd t h  j ust i c e
consi desriacch omms t he one pr,opwisleld nroqutg thednsu mbhees iosf o

i nnovativenpoheciceosmpl et e wat ewi | Ina nnaegeedmem d ey clde
i ml emented and artic@l @atBe2@ wi th each ot her

As the paradigms of water management have evol v
enviroameewevher e water scarccoulyd iethmegregre.h di copear ad
drought onhgerno as an anomdl y herbsa sfraimidleae acst ar i st i
Thyall the policies focused aomdswad ewvaeslbtue rcs megd d
management shoul d be rdeecsuirg neewdr scaomdsn gd esdanrgc i t y.

This visionbaseda Isctiegprcat ed Water Scarcity Manage
just apcpe oach fwansalt hied e a wohl ksdbhei pat het owarpds oaa cno d e
ofdeci-mabkhnng dwheuight carefully preparddwherre ctomaesli sd e
i ntegvaagpect aofakpwlgircoym t he et hi,grmaé dtor & dsmlliomegth ni
We hope t hatbetchhimesprpajrdctof t hat process.

Distribution

Policy for
the AgP

Distribution
Sourcing

Watershed

Fi gwBr2€Eompl ementary pobkitci ésfboAgPbeEicy
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During t hdisgkhety o peefe@mpso rytf wmi tt mpr ovement awid hf uhtiugrhe
sciemanidf soci evteale v alemdg i fi ed

Model i mprovement

The current i mplementation of the AMG model i ncl u
out uncertainties. One of t he most n art HA iloauwselo.ne
Currently, |l eakage and demand per capita are ass.t
water flows betweenhapvaeet abi biezat ider i pleantas const ar
dat a. I n particular, the distribution of WwWaser bet
not been yet char aamtrerciizdd nwi tTh eswef ffil oiwesntcoul d al
included within the optimization.

Di stri butiPvrei nJcuisptliecse f or mul ati on

Currently, the Egalitarian and Utilitarian DJPs a
the -bmgstemented ones in this research. Future wor
of the Prioritarian princi prdeentwiutsh nga rqtuiadii g aattd rvye
met hods. These works would be highly relevant as
most favour ewbrkwemibpgti beal |l y, more exploration on
could be condukéeetdty foacoepamating téaei Biulbdrit hieent
Truncated UtilitariafNDoori ncwldrda®ijgemt i ommidhdtyar i an
policy is found amongst the hpolsihwaileds! It hat ensur e
I nteractive PoworkslkEoml uati on

Using the insights and tools gener aptreodc ®ilsrs utl i $ er e
conducted focused on vfalarmdaao cdilgon hde foipRii s rzeaht u tomb n
Pol foy what objectives should be used under what
DSTor just disbormi hbutiuore peliscioms of it.

Wat eupprleyducitmpact assessment

Due to the complex nature of the urwlaat waaerbeith
i mpacts of a redpetiyon ni reawdt,esSrpartncipmwanksbboprth
menti onpdotresitghbouwihtohoidns each SA might be the mos
often | ocated i n arFeuarst hweirt ha rha Igyhseirs aclan thuedemade t o
di stribubéon mpfactas water suphiyg dehi gbis coul d i
formul ati ons of dios tlirii miutt i ot he pidinfsapdtes oo nhi omaartge n e
communities.

Opt i mi 72 anpil @me nit mg ri owme me nt
To ensure that the optimization algorithm conver geé

wher e t he nfes wer e set to 50,000 al t hough it W |
convergence. On t he other hand, thie saseserasiment ow
final probl em (fidr mwludtdi dre. pTolsiss bl e t hat some conyv
ot her areas of the uncertainty space. An alternat
mechani sm tehnasturwo wlodhmoer gernd(dMalrityy et.Aadi t i OaOI9])y,
cur roepntti miizragli @ment ad i mmmeursiecsa | precision that is
infrastructure. A future Iimplemé¢ontaecidoceccomput s a
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| mprove Urban Drought I ndicator

The current method to develop the Urban Drought I n
provided very clear benebiutshad somearepdf wi ¢ aciPRS
mi-dr ought chinglrfe odfecasetshgaet care currently obser.yv
cases defusing into theFis@Wrde haoruelads boer fvuircteh evre rsstau
works could assess other methods f(oBrr ysacne n a& iloe nepxey
201 o) Gradient BoDrsitredladTler eets Aaddi,t i 20020) vy, ot her
formul ations of urban drought intensities via mol
expl ored.

Apriogastaeri ori assessment for compromise policie:c
DST proposes a compromise solution that bal ances
compr omi se solution i s l'i kely t o bse cnogrhee  tohbg ept €
formul ati on. However, the resul t soronfiultahtei oannsa | fyosri sf
opti mal compromi se solutions were highly inconclu

met hod for finding compromise sol ut i orntsh ewa sa sisnepslse
ot her methods for finding compbraosne ds es astoilsuftyiiomngs csr
participatory eoxfpflkoirtaatyiaooma o& Ytarmeadzea ki , 2012)

Ex p | aii Iniatby eemehnatn c
The proposed approach for finding poli-Obgsecbiaged
Evolutionary Al gorithmug¢&SYEtA)T incTehhil § Aylalh g enet h b ohs t
generate the Pareto Set of candidate solutions.
convergence towards onp,ttihmale ¢ ssodfelint | eoxnpsl, a ihnoanbeivleirt y
al 2023) . Il ndeed, MOEAs are a brakek sbdxw metulsadd

ra 0

[

algorith fasraegulis not possible to trace how exac
explainability can pdgiencargmt iiesci@amgneticthadd eingtes r e
cont &xtpd ai nabl e Al is a growing research field as
practiahdnereamakéebsat ure cvamr klseverage tehesseet adlag
policymakers and othee eBcAbrsoacoeptmtbeitical d
I nt egrwaittihonrReservoir Management Policies

I n the current i mplementation of the optimization
conceptualized as an uncertainty. However, the wat
much water to extract from eazdhdeownder ERxttunrnetwao
and consider the storage of water in the reservoi
of fs between justice and robustness by eEemphemént.i
term (thus generating a | ess fair distribution) 1t
to prolong (thus making more robust and resilient
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These queries werWeboofdu$diednwee n( Wahh)uary and February 2024 as part
project

Topics WoS query Articl es Comment s
Drougmanagen( TS=(justice OR equity Tot al : 5 The other publicati
usi ndMDU wi tt AND After scr|DMDU. The only publ
j ustciocnesi der |( TS=d(r ought ™ OR "water intersection i s Gol

AND reassessment of t hi
(TS=("decision maki ng publication was foun
OR d md u OR "robust de was not included.
"adaptive management" O
DMD@ndrought( ALL=(("deep uncertaint|{Total: 35 Publications focused
AND (droughwat ®R scarcAfter sclor food security we
Tl =(agriculture OR food|15 qguery and further
screening.
Applicatinmwmls( ALL = ((justice OR eqguTotal: 21/Broadened from drou
objective olobjective optimization After scr|but focused of
f owat er swipjoptimization")) AND (" w Some resul ts t hat f
justice conswater"™ OR "Water alloca agriculture, energy
water shed) as on methods outsi

research such as Age
Game Theory were scr

ApplicabMblds ALL = ((ALL=("deep Tot al : 6 Projects not i n Mexi
Me xi co ALL=(Mexico)) NOT ALL=(|After scriscreened out .
Particimetodgq( TS=("participatory pr¢(Tot al : 60/A |l arge number of p U
i MOO approach” OR wor kshop|After scritopic relate to sche
engagement-tr éORt i com OR 1WoS categlexl puded in the quer
process") After frPublications wi t h g
AND screening/lphysical sciences
TS=("-mb] ective optim biology, et c) and
"mul tiobpecmi zati or'bj @R ( mechanics, manuf act
optimization") excluded
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k 15 assessed /

(ALL=("deep uncertainty’
OR "deeply uncertain’) AND
(drought OR "water
scarcity”)) NOT
Tl=(agriculture OR food OR
mining)

ANDDT=(article OR co
NOT TS=(schedul *)

Geep uncertainty \ (Multi—objective Dptimizalion\ /Deep uncertainty \
Drought OR “Water Justice OR equit” OR fair” Mexico NOT "New
scarcity” Mexico”

Water supply
35 articles found 21 articles found 6 articles found

k 7 assessed /

(ALL = ({justice OR equit” OR fair’)
AND {(*rmulti-objective
optimization” OR "multiobjective
optimization”)) AND ("water supply”
OR "supply of water" OR "“Water
allocation™ NOT AB-(basin OR
watershed)

\ 4 assessed /

ALL = (ALL=("deep
uncertainty™) AND
AlLL=(Mexicoll NOT ALL=("New
Mexico')

Fi gwBr3e LiteraturefScieenecey Medr i es
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Thi s data is summari zed from the Technichal R@iptoiré s ,o f 2 0t2h2e)
https://public.tableau.com/app/profile/lresi-AMéYt?adhlandicagamg/ vi
Vari ab DescriptTlgles Baseline Sour ce Uncertainties
Househol|lAmount offl2020 SA=48, 06]Esti mat edi thiye sR Patronato shape fil

. intake fo B by intersectin homogenously distribu
[units Hyse suppl SA=8, 051 syupply areas A water intake coul d
centr al SA=14,g8gladministrative than a single househo
authority Patronatad i ncel
SA=9, 412|amount of
SA=11, 91|
Average |Average 2020 Domes12%|Esti mat edi thiye sR Data is not represent
consumpfconsumpti|2021 |fusing t hamotumtt were waaned they i neled dh
ldomestic Commercifgomestic i nt ak anomalies
[/ day/i Exclul558 vol ume sold Approxi mately 15% of
Publei @72reported by S water meters and the
averaged for - fixed and homogeneous
Industrijanomal ous mo nt There have been rep
and 2021. mal functioning water
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https://public.tableau.com/app/profile/resiliencia.h.drica.amg/viz/HerramientadeResilienciaHdrica-AMGV12_4/Landing

towar ds

Td

Vari abl Descripti|] Ti mesc| Baseline Sour ce Uncertainties
Maxi mum |Maxi mum f 1l olLast Chapala=|SI APA (2013 Extraction from super
extracti|water aut Hupdate|Cal der on 4 monitored, however
[ Ad s ] l egally all2011 Toluquill extraction is mostly

extract fro Pozos=3.5 flow are uncertain.
sour ce.
Potabili|Proportion [202200218% Esti mat edi tH The heterogeneity of
| eakp%E extracted t (2022) by potabilizati on pl ant d
potabilizat t he mont hl processes and technol
bet ween tot for.
t he pot a
pl ants and
extraction.
Grid | gProportion (2022002 1435% Esti mat edi tH As this value is calc
[ %] delivered (2022) by water ismohHeariitts i ts ung(
potabilizat t he mont hil The heterogeneity in
and well s t bet ween t ot infrastructure in the
t he cityos sold for a We | | extraction is no
grid. t he out pu
potabilizat
and well ex
Addition|{Proportion 20220021820% of PolEsti mat edi th These val ues resul te
fl ows fremme ®cut towards H((2022) calibratidoeptocasd ad
[ %] flow to oth 12% PHI | ¢ water transfers and t
interconnec t owaTadlsuq wel |l s stylsusemit carr
di stributed 2% of Po 2 uncertainty.
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El emen EIl emen

ChapalalLine

Description Original di

Guadal-aConduct The Ch-@&padal aj ara Aqueductdistthien&béu titDI P ( SI APA,
design capacity of 7.5 m3/s, a total dis
estimated that it has an average flow of

Agueduc

Cal der -
System Li
Aqueduc

SantiagcCo
At eg4iiasLi
Pintas

=]

"Mirav

Huert a

with an approxi mate proportion of W5k D5 L
more efficient new aqued«othdtuhdt ciaparceds

The Calder-n System Aqueduct has a totalDIP (SI APA,
a design capacity of 3 m3/s. The average
a maximum of 1.6 m3/s in April 2018.

"The SaAtte qptgi@azsa Pi ntas system, also knownDI P (SI APA,
mechani sm to transporGDwaTke $ysme@hapat

gate, regulating the flow from Chapala t

the Zula River's inflow unti/l it reaches

channeled to the Atequi za hCGanlLaals, Pwhnitcahs t!

reaches PP1l. The system's maximum capaci

canal , ilty icsontdhuec toinon | ine that presents
infiltration, il egal connections, and a

passes through it or 3% of the water fl o

equi val ent dger .8.MddMm3i/oynal 'y, it receive:

i1l egal drains and agricultural runof f,

the treatment of this flow."

The LaCaRedder -n Transfer project involvesDIP (SI APA,
Verde River, which is channeled to the C
PPMiravalle, "l ng. Adol Guzm8n M®ndez," Monthly inf
Chapala Agueduct and the old system. I't outfl ow dat

highest monthly average inflow reaching SI APA, (202
capacimthyi s PP presents an average |l oss v(SIAPA, 201

PP2Las Huertas "C. David Guti®rrez CarvaMonthly inf
Chapala through the Aqueduct and has an outfl ow dat



Name o Type Description Original di
El emen EIl emen
mont hly average inflow is 1.9 m3/s, reprSlI APA, (202
average |l oss volume of 3.7%. The I and it(SI APA, 201
No. 3 " Potabil Potable Water Plant No. 3 San Gaspar, "IMonthly inf
Gaspar " Pl ant water fCalmdldrh-en Dam and has an installedoutfl ow dat
generated an average outflow of 1.0 m3/sSI APA, (202
average outflow it has reached is 1.5 m3(SIAPA, 201
installed capaesényt sTaAnsaPPrage | oss of
No. 4 Potabil Potable Water Plant No. 4 Toluquill a, buMont hly inf
"Tol ugqu Pl ant Toluquilla deep well system, which contaoutfl ow dat
I't uses an advanced purification prolcedsSI APA, (202
capacity of 1 m3/ s, and between 2017 and(SI APA, 201
m3/s and a maxi mum monthly outflow of O.
process, this PP does not present | osses
ad expand the plant's capacity, although
Currently, this PP is the only one opera
PPXiChap Supply This zone i s sMipmpdyv aldl &y wHWilch is fed byCensus 2020
popul at edcDiome sitn of its population (59%)SGIA (2022)
mar ginalization. Although only 13% of it(2022)
mar ginalization, being the most popul ate
mar ginali zeddpbopeael At gbasanpercentage of
Currentlyyraitnfradd Tapemuviengytshesns popul a
PP2Chap Supply This zone is swpplHedar tbys PPRhich is fed Census 2020
Aqueduct . 60% of its population has a meSGIA (2022)
| owest proportion of population with |l ow 2022)
popul ation has high and very hir@ah nlfavdl <
systbmge been installed in those areas.
PP3 Supply "This zone is supplied by PP3, which treCensus 2020
Calder has a |l ow or very |l ow | evel of marginal iSGI A (2022)
Col omos proportion of population with higbrerthe2022)
1,5d8i nfall capadweebesgstiemstall ed to ser
popul ations affected by the 2021 water ¢
underground sources, such as the Col omos
fl ow.&f m3/s under normal conditions."
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Name o Type Description Original di
El emen EI emen

PP4 Supply This zone is supplied by all the water fCensus 2020
Tol uqui has a flow from PP1 of 0.6 m3/s. This isSGIA (2022)
popul ation with a I ow or very |low level (2022)

prpoortion of the population (9%) with hi
rainfall caipnatrel Isgdtiemsareas of high to

Pozos WSupply This is the second @bkt Il popsel auegl tedebiyCensus 2020
System systems such as Tesist8n and Baj2o0 |l a ArSGIA (2022)
are injected into the supply network. Th(CONAGUA, 2
aqui fer, which has bleeint ecd nssiidcea exl0 ®A.erTeSI APA (2022

|l owest proportion of the population with

but the second highest proportion loefvetlhe

mar ginalization (15%). Despite havangf al

capture hsayvset ebresen i nstalled in this zone

because it relies entirely on undergroun

been reported.
ElI AhogTreatmeWith the Purple Line project, this plantthe proposa
Water RPIl ant industrial use. Additionally, there are by the Gove
Pl ant public urban useppwhedht owvi PP1 band PP2. State of Ja

2022.

Ur ban UnaccouThe urban distrGCbwpiceomtredadt Wyr IS51 AfPA has nSI APA (2022
Di stri bWater linear kil ometers, 87% of which are over
Net wor k asbestos. In 2020, t6GPlLumanc oentweod kwavtaesr

of the supplied water, according to SI AP
SantiagWater BThe Santiago River is the second | ongesthttps://rio

to the Pacific Ocean. Due to domestic, io.9go0ob. mx/es

has high | evels of pollution. I'n Rewvent

has started, aiming to monitor water qua

to i mprove the quality of |ife of people

an environment al health perspective.

Zul a Ri Water BThe Zula River, with an extension of 131SI NA CONAGU
in the municipality of Ocotl 88n. Due to a(2022)
significant | oad of pollutants contribut
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https://riosantiago.jalisco.gob.mx/estrategia
https://riosantiago.jalisco.gob.mx/estrategia

Name o Type Description Original di
El emen EI emen

Verde RWater BThe Verde River originates in the Verde http:// www.
an extraction c¢ orGddosfs i5.n6 vned /usmei nf otrhe mux/sitio/ bl o

However, the only current extr@xlits omherBm/ 520 o0or-gan
Purgatblr iSsdlat R€adl der - n transfer, which iconcepaoa
to the Calder - n Dam. apr ov edrhiaor
ver-edm al i scc
Chapal aWwater S"Chapala Lake is the | argest | ake i1i@GDIL heSI APA (2022
(SI APA, 2022). 1t has a variable storage
main inflow is the Lerma River, originat
The reference value for extraction Z020n
extraction considering the |inear increa
maxi mum monthly average is 8.2 m3/s, and
extrmacftliow fromGlhaphi mi fed by the Distr
annual average of 7.6 m3/s."
Cal der - Water S"The Calder-n Dam has a capacity of 3 m3SI APA (2022
supplied is 1.6 m3/s in April 2018. On t
the region between March 2020 and August
siltaelpnahdvextraction had to be compl e
With the Transfer project, the dam is ex
for."
Zapotil Water SAIso known asEt h&-dlat aRnesafledrer - n proj ect , SI APA (2022
a new surface waDleet woruk cley i nttiol i zi ng ex
from the Verde River. I't is proposed as
contribute an estimated average of 2 m3/
compl eted in 2024.

NotEBransl ated from Spani sh 4too abBnceldie sbliy e wwshien ga u@ hhaotr . GP T
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http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
http://www.aguas.org.mx/sitio/blog/noticias/item/520-otorgan-concesion-para-aprovechar-el-rio-verde-en-jalisco.html
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NoteThis is an unchanged versipniofetdhantiasuppt

each facilitator and

Activity 1

Al gtbr L ¥ ] S 6HbSItbci LbhiéclLoOLcahlbheSH] Sthel 2S9] 1 B
SZgzuclLStrwzZS6LéaNmb82hSLi] bbbSMibcl gbZuzcLélLZufFcbh

D Q" ©@

aQ ©

geLBLWSF] bZz2SESgr butf ghbcl gt ggagtd Sz o S JusbblH ¢S H C |
6grgircbtbcSHbclizcHhEQLSGLTF] UL bczLEQCe ST IWDES T &2+
SFbgibogbbSithci glbgRUEcCHOI6QgEEBES hlddd /it wdie I gl é i
LbeQobbl St thSF ol Uctbi SQ6gHEgHHcT g H6 SHSLHE gHbell FzaSHed i ¢
g SZLeéebHwLFHcl g, zLFcggtriucgzlLudn

eclLoOLcewzZogbceclLSibwiuf ghcibOb

1

Ez L
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2L D 2K icis B ISHBG] gHESUz GMbBbgRZ6Sz gHbl ¢ Hiuf gHr i Og Hb g z

cSHLcn
bOHci gr e Stb g 6 geeaeHecll tigHbth bl ddderBiz SISy Hiu b S6 o c L ST Hb
olLci bSci gzbn
LFcHSockhecSHhel ghLiglLéeicSzbhiOiLEIESgHe SHr i Og
gLzZHFQUFégbmLIbi géegbbuzan
bbcl gzgnbHHheSFbgirbogbMibb ¢z d béizikdj§aEzipE bk HS ik v ibo
L6gHci geathglLbéobbMisb ¢ébivd aHbbbird W LHHSibdbe | g2 Hr g1
g L émcoshrbh L b £ gHHMHO U LSHEIEQGEBTh § g s gt SZ bec L SF b
BgiuZcl OgHe SIbIHAizgaHiSH hs g F ¢ IS ) GHBESD bbbt 5§ g 6b§ b
2geéeckcl gHh6S]T LeHBISrHgbbecgLLEBEL 8§87z SZSbiubn
tbbel gHhgLbeéegbb L S Hbbcii66bMH] oL § dHsehl HyaHSeQSH AgHs UbBliZC AL
L gHgSoF iufF gHiubOHcl gr L IWcl gzgubtiuraci LF] HbceS
L7 ] gzLF] bl QbraaHSEBEhBddbz gr SOJgHHEgeluQbgHc il g2HF SH6
SZSbudéMHBZiUbbHLl lr e SiHeSn/ErHbe S
égl-bcigaHOgI-bngéiggI-bUI-bééfbngQbMH:cysz,!-bgéoFI-bc
bO/—bc’/grhbuESgc’/—b/Saﬁbc’/g/—boS/ LéeHEGI LFdgHcl gLzHwhZz
FCogrblc2mlFézg i lRa/iH rigsBeSibdd HitSIcHSEESH Heé S ¢ 6 § Hoii b O
c’z&’/—bc’&'—bbg.?ou(?gLSfbb»prlaﬂ}bcegruzLS/—bc’S.S‘é’ﬂ

(of

N = |
@ % =C T Gy T ()

c:

=< N N-

77 gzLF] BCSZLéDHWHZQgbcLST D
FOlLeéewu&SzPprjci bMboguOFr gbbgbtuf ghlr 2280¢grgicwsSzz8zc
o RilcHwizgHmwcl geZbLggbHhiuf ghdSoFbLggbHSIHWBEIDLF] Hb2
ZgzJSzruregHwLigLélcSz Ha
0 ¢l SQ6gHogHLF é6 9§ drHcl QibHsGzger MHBZooHEI6BEvéHbbl F & Bbh 6bF D' & § B ¢ S
2033 gz9é Sgdp Lt FFHDOGSIIgB tELSLcaMbygF bLcaMbezLLclLéid Ll
o Al gz gtbizig MEb&Y B i cHl 0 O0OgHr SzgHhOQéF gzUuELSLCLgbMH
gLbCczLEQCLSHT


https://public.tableau.com/app/profile/ariel.goldin.marcovich/viz/HerramientaAcuafericov2_1-SoloAcf/Herramienta

0 Jhcli gzgubhr Sz gdbZ BB §6b6 § BEF I ebkbt BbJ gechbolic gz gL b
o _bhcli gzgHwifwizguhol gzgtholucgztbboZZEé2HEDLF B b bbébz L
cligwéelLcaeT
1 2L3JgzgE@igheH $gumberBI ber Zc L SF bZgzbeiZlLciMbiéeégbhb
o \Sombi Sg6gHogHggiémolci el gL IIgzgreégbtlt e SF b
T ?2LbczLEQCHSEF MERFHPgDb BSI g ZolcaMbbif gbZzLSzLcl Vi
o CZQLCEIEBMGA EQc L SF
A 2Sgbtci UchLT glyeige $ g glHr@d 2gHz g i Egcc gz bSF G T
A\ SotoS96§H2So g gl S dberil @ibirbc fbg BT g 2 HJ 2 St
A ?2SgbHgZolcathidoiuabtr i Og Wi iz ¢ N H-E G T HplZ I b L ¢ A ¢
o \gcgzS] WLpPSFE Eoqc L SF
A Bi 2hiz g g c L U RIS HREDS J RIS
A RicHhgLgHmeSombgégechlLiglLeicSzmbatmbeSH] QL ggHcl Uc
9 pLrLcids@ISEBLELc2HSIHZz2SZSbu6br
0 9SQB8HYSFgHBEISMG L bczLEQCLSFHWZ2SZSbudT
9 Efégzciibcimdr Zc L SF b
0 zgtcli gzgwbSrgtoifeégzculiclLgbtcl lchiuzghhézlclLensd
zSsé6LrearT
o BRi Swiuzgtcl golLFFrgzbhiif g6SbgzbbSIiweSezbzzS7ZSbg4a
o RIiUcHeSFgLcLSrbhweSo6agtr iOgHh2Seziibbor ZclSFrbhwiial

ecl OLcehbc

FibOb

CN, zgbgFcHudétcl gliJuelLdlLciclLSFHriucgzLi6Hhif ghbgRZE
clgmeuzgbhifgwbceclLedgzbn

CNeclizZcCHpERQ®DLF] el gHWZSLFcbHr gF cLSFggHLTF el gHLF
Sbc%ééfbgfbgbI—bUFgl-béjjgzl-bcél-boztcgl-bgécyfI-bUI-bzzbcH-t

FN bOwci grwol tecwScl gzbSENgéeclLOgbhbeéeSQ8gHEgGHT geé
20gbcLSFbHIESQcHgzSo]jl clLicgiblLca2hbSzbNogbcel égHc

FN_ i HéibgHi Slbr SZzgHWSENgecLOgbbuzgHWEgLT] BWZ2SZSbgyg
| SotbiuHbLi] 6gHWSENgécLOghZS6Lé2r L] i cHIuléMbISzH

UN Jcl gewZzZzS72ZSbgzgbczlLéeclLSFbheéeSFibLggzucl SF b Hc
izgHl Schhegc STt el F SizgMbugghcel gr e S

47 bhr SzgHSENgeclLOgbizghZz SRELIgMBbcizchiualij H

AN~FéegHa2Sohl 1OogHhubbgcHhSIHBSENgec L OgbmwibOmel gr e SH
bozghcli gzgubtr GRMbFNIH bOHcl gr bl Sotbcli gbgHHSENgeéc |
StgbHiuzgHeSr ZUicLESgHSz i Sc N

318Q L 6gHeSQztbzt U6 BL: ¢ BSIHSENgecLOgbhb

-
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|l gbclLeéegHwZzLiélZé6gbWwEzL] ] gzLi] WZegbcl Sib
T EcL6LcuzLufr
o BRia2wizgtcl gL IIgzigbSghbHebESdddddizpgiTg b
1 ¢QlzelgfcuzlLur
o \Sotbi Sg6gHogHiubbL] F el gerbisd i § ¢hii & § bhbE & Og ¢bg i kbt § B
0 _ b Hl ¢ tbcioyhbbd z2Hbibl b F § gz el gHbel z g b IHS 60GcTHIY §z HyoHiICE | cgHs
cSHOggZHBUESOgHcl gl 2zgbl S6gHSOgzbSci gzb T
f CjuaéLcuzLafr
0 ZgHhoghbgzgtcl UcHl F@jLikdlcdir MRIHY EQEd G bR b2 Hg L § He
LcHSOgzhiurScl gzTHRI GchLIwoghl 6O0gHhoz SF] ibbor Zc L
o JHbSibgilgtr SzghiéeegbbrtheSHhgr gz] gfr chr gubgozgbhboel
ogHmZzLSzLclLUgHwScl gzbT
9 ,zLSzLcuzLuflLbr
o _bHclighbgsgécgghlLiglLeéeilcEShdigbEGE & Hetb8Hbh bl g §HbEb g
o \SowoSgsgHeSohel SSbgtl Sotroél olicgztbecSHissSeincy
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. Cczucg]
Representatives from the Government were involved

who had already worked with the author of this thi
of this project by the direcg oar ss noofwhbtahlel Setfafteec tWatth

higlevel government al participation from al/l t he
Directorate of the State Water Commission and th
Water Managemeinmatitdhhe d&cfoolrnt egr al Territorial Ma n
I nnovation of the State.

The Tec de Monterrey handled invitations for acade
Future of Cities, the instiwartksamodi h &ate fDercd esd otnh &
Laboratory from the School of Government which al
The academic staff invited included researchers f
engineering, human ri ghtys Reaewr esi@ntsautsitvaecisn adfi | t h e
previously collaborated with the Schogdverfnmmeontealn:

organi zations.
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Techni cal Sheet

AMG Distribution Model

This model was devel oped by the Resilient Cities
support of | MEPLAN, SGI A, and SI APA in 2022 as p:
(Figure 1). -makiimg amadkeli,simmt an opkeationa) net d
not take into account accumulations and is based c
or annual averages. It is a simple flow balance n
2) are calculated fSdAraneaacwi tShu ptphleys eZotnweo (val ues, p
such as the proportion of demand supplied (Eq. 3)
AqP
e Legend
SupplyArean A
. ' Houschold
POT Leakage

»BE

H
‘ ‘ Node
t R =

== Aquapheric

P DPositive flow direction

AqP

m-1
Demand Cal cul ati on

Demand is calculated based on the Bwanbkrt lod aTwemag
demand for each use across the entire AMG. Averadg
0O and 2021, exclwuding three months consid

(Eq1l) DenmandDomesitritcak®s Average domestic

+ Servicest akes* Average services

+ Publidntakes* Average publ i c d
+ I ndustrikaisver age industrial demand

Water Supply Calcul ation

The water suPpways tcoalecaudlat ed considering the extr
source, minus |l osses in treatment, minus i mports
and |l osses in the networKk.
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T (Eq. 2)=SupBpbly<Tér eat ment | os sUeEsx)p oy tI'smgdmtos k

|l osses)
Performance I ndicator
The main performance indicator calculated by the
represents a situation where all demand is met. Dl

to obtain values above 100%,i ened atnh aarg it $h atth enomr et iwaa

T (Eq. 3) Demand SdppPpemadad= Supply

For more infbWMBBLtABDNWaser: Resilience Agenda

Mat hemati cal Definition of a Distribution Policy
For this research, a distribution policy is defin
water that should flow through each segment of th
each source. Due to the nat uunec toifontsh e( RBrFo)b, | eam,t yRoae
intelligence method that all ows approximating no

Salazar, 2022) .

Mul-@bj ective Optimizati on

Mu tothij ecti ve optimization is a method for finding
more than one performance metric. These perfor man
when actions are i mplemented t o siemmpsr.o Vvlieh eanred,orat, It
no perfect solutions where the highest wvalue <can
solutions are defined by the Pareto Front, which
modi fied, the velper ffoorrmancd emettr iom woul d wor sen.
no-domi nated or opti mal solutions, and once ident:i
most wuseful ones to address the probl em.
A VI//?

We look for solutions that
maximize both performance

> X
2 metrics x and y

g

Q

g (@]

()

e o O Non dominated solutions
g O Dominated solutions

5 O ~ Pareto Front

5 o] o] o i\( Non-attainable perfect

[a¥ o solution (max X & max )

\4

Performance metrics x

To find the set of-Obpeicmalves&iotdl iuome®naMyl Al gor i th

These algorithms use |l ogic similar to natural evol
a popul ation whose <char acrtaemeitsetrisc sof( itnh et hRasd icaals eB
are related to the DNA of individuals. This proce
each generation is almost identical to the previ o

reached.
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https://www.imeplan.mx/desarrollo-metropolitano/#:~:text=La%20Agenda%20de%20Resiliencia%20H%C3%ADdrica,de%20las%20ciudades%20y%20las




























