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Justice and Equity in Groundwater Resources
Planning and Management

E. Valipour ’ and H. Ketabchi?

Abstract

The concepts of equity and justice presented in the laws,
regulations, and decision-making frameworks are presented as
a central guiding principle in the allocation strategies of water
resources. Meanwhile, the inclusion of these concepts in the
planning and management of water resources faces obstacles
such as incomplete conceptual understanding, lack of
quantitative and qualitative criteria, unclear relationship of
justice and equity with planning frameworks and water
resources management strategies, and lack of concrete
examples. This study presents a qualitative documentary study
that examines what justice, and with more focus equity as one
of the principles of justice, means in the context of
groundwater planning and management. Accordingly, the
methods of operationalizing equity and integrating equity into
the planning processes of groundwater resources have been
addressed in this study. The results indicate that justice and
equity are not universally defined. Water justice and equity
differ according to the water resource content and type, laws,
and frameworks defined in each country and each water basin.
Meanwhile, to ensure an equitable water future the use of
metrics related to the equity principles, simulation-
optimization methods, and the system model design may be
used as the required steps to operationalize, metricize, and
benchmark equitable water policy and practices at all levels of
decision making (e.g., country, state, and local). By reviewing
the dimensions of equity, it is revealed that participatory
programs provide stakeholders with an opportunity to make
contributions in the modeling and programming stages.
However, skilled facilitation is necessary in order to ensure
meaningful and equitable engagement between scientists and
communities. In this study rather than providing a prescriptive
solution to “achieve” justice and equity within groundwater
resources management, we emphasized the need for
contextualized approaches that include pragmatic steps toward
more equitable practices and outcomes.
Keywords:  Equity Dimensions,
Framework, Justice, Groundwater
Groundwater Resources Management.
Received: February 13, 2023
Accepted: August 10, 2023

Decision
Resource

Making
Planning,

Ol @alie Cu o g (30 ydoliy 43 Blail g cllus
SR

TS ol 5" 2 g el

0uS>

@ e gzl 5 Ol)jie ouils 53 Slail g cllie eualie
b 139 e e Sl e Ganass sladyual 3 Loialy Jol oy
ozl (wilpe b Ol @lio Cupte g (hpaely )3 ualao cul ubeS
O pazdal BLS) (S 9 (55 (slajline (18 (all egrde S0
<l glie e sbadpaly g syl slaogle b Blail g cllae
aslllas O g0 ) cdlllas Cpl jd sl anlge s sladiged dg3g pac g
IS plgis 4 Blall 555 pete job 4 g e e (S ol
01 )y i ol gle Copde 3 ol o)l g e Jool
9 Shotaby > Slail (3ge Slles Slaby) polate (ul lp ol
Sirebp sl > Slal plesl ogos g (dunjnj ol @l Cu e
e yedpler w0 G @l sl 00d (B pme e )
5 ol (ol aie g9 dsme 4 a5 2)l dgrg Blail g cllie
$a3,Sag) 5 oy el b 9 988 5y 0nd Ly slaog )l
b e o sliylono 1 ozl Jlo ) b sl glite ol cilail 4 e
(ot Jo ()b g Silding —gilodnd Glaghy, «lal ol
el g sl 35S0 e S0l el slilas (sl sl Sao
eabl (sl ((oee 5 (Sl (053935 (535 momal ol plad )3 (o
Blail sl awyp 4 dogi b dgad @dly due ol mlio dilbiaio Cu ys
9 Siledde Jolye > (g 39y9 lp (o (S5lie (sladeliy
085 i e Jb onl b S o wplf e o e (g0l
5 Ml oy wliaaie g oline Lol dbxyl gl 4l ynle (sla s
sl e Joeoly @) sl 4 adlae ol > el ()95 el
a3l e @l ple Copde > Blal g cllie 4 ol
el g Slolul Cuans &5 b1 )S os slaplS Jolis &5 (glaie; oo,

ol 013 4S8l sl pasYole
Coly (eing ol wle hytely lail skl i gils” Olals”

VEANVYE lie el ol
VFVONA e oy gl

1- Ph.D. Candidate, Department of Water Resources Engineering, Tarbiat
Modares University, Tehran, Iran. E-mail: EImira.valipour@modares.ac.ir

2- Associate Professor, Department of Water Resources Engineering, Tarbiat
Modares University, Tehran, Iran. E-mail: h.ketabchi@modares.ac.ir

*- Corresponding Author

Dor: 20.1001.1.17352347.1402.19.3.11.0

OIG cwpde Canyi oSy (Ol o e g (i 09,5 Ol lie (65> (ggomdily -
ol

Ol el myte Gy oy (ol o jude g (i 05,8 Hluish -
NISWPSURIES

ool ISl VY il (LL b dlde ol 5)90 5> (Discussion) o )bl 5 cou

This work is licensed under a Creative Commons Attribution 4.0 International License

Yoy



e slad i o uSe (McDermott et al., 2013) 1,ls 15T
sloogS o > it slajls 4 dags 5l Ml o e
g S as oy audsls 4 5l b aS 0S e coles cloxsl
dply Jol B, (McDermott et al., 2013) cul o1
oaseits Blail Juol wul don Uy s 53, olsl o 48
bl ol p3pe @ 08 1) alacgls (S5d L

(Keeler et al., 2020) 15" -

b ol olpe & sl > cpl & cllas oly 039 waee Bk
e o o Sler lizee gl 13 5 S0 5 Sloj sbalide
2ol e g @ ol G cllis 58 )y S 9
I oluebl b cilize elainl glaogS o @els> (bl ol
g bl el (gl dpo 4 g5he g el Ol 4 sy
cllie (K55 egw 3 (Islar, 2020) 3,5 o)l3l ol slnjly ol
ol opl ) ol los Jgbo 5o O wlie 1 ealisl &0 MVl Sloj
U5 Ol 5l eiS oslitil & sl ol 5l Glisabl Jga> pilius
51l e yhas a1y den ol sbails ool gl al (sla s
Sy wle  Blue 4 530 Jold pwiens O Sloj cllae
CoadsS g (g yiod p (g JB Ol g & Conl (ol
saie 51 .(Carolini and Raman, 2021) asb awsls san] j» ol
The Glojy TS el » o Cllis il slapulido
i s 5 (olazrl cllie Blus plo b ol Blus o ol
SN Canjlame oyt g adb wuogd ol i des |l
Sy Jobd g o Jome wlie oI cllie a8 o
@y BL ol o aol (S9ll al 398 Wilo il
Joas Joli Lo wlie 1 Of cllie ol M6 g O pols
AVole w9 g ol b aVole 5 ailbaie Cupio o lisebl
oS ol Gl el g 3ble o ) O Bpas culas g Lo
5 ool s> Ol S ile Bl 4y 5y Jols Sl o
@ sy Jels S whie » ol cllae il ol Lawass
ool LT Ly slogs 53 5 ol (S8 el 39505 ko o

S oy (o srjpe &S

o b Lo d aw Vionie s Viglagy T bs sl (B )
Keeler et al., 2020; ) ssws ol clie 4 by Jlus )
(29 <l (Meerow et al., 2019; Schlosberg, 2007

@ bgpe Jlas 4 3by lp ool o2 b (GBS 5 g,
O»L»I 2 J"'{Ls" wml)s )‘A;l; 9 GYole Wlaaio ‘Slbw L u]

Aoddo —)

ol 4xlge unps Ol @lio 5l as 5l i il s b oLl
Glosnl yob 4 Ol wlie Copte 3 LolE 5 as,e oy BB
Blawe s 4 Of gollo 2 (oo e Jlto lgis & sl 00 (50
S50l g bty golsn 53 e Sloo] e el aile
o (Sadrikiya, 2022) cuuiigy (Shahbazi et al., 2013)
ol 4 (Kalantari et al., 2021) wejp; o plie 534
o35 g Ol 4 awyiwd o ale ol Jlus .ol o0 oS
poyo (V) 48 My o pghs Sloj |y ol e 852 O ibio
b (S 5 et eleia) (Sa3) 395 Sl b, sl
sl ol 51 BT Coles 5 bl (Y) 5585 o yiod 3 ]
SreSe (V) 29800 (mjg8 (e pxie 5 x5k 40yl 3924
ol Slaggy e 18 b 5l 5 s 5513 L 35 3gg
Yolail g 'edlie il (F) 9 plicaw] o135l L abaly ) ohg @
2390 Comdy U Cusl odd odily adls & b pus (asuinol
o ol lie glacsgime o il b 5l .26 Lais 4Yslel
@ Dgd ) el dilbale g AWdle b 4 (mer slaoy)S
b o g 25yl (5508 quytaod o 331 sl & (g)db
e Cumdy yd Nigd o 9ydg) (S iber (damelun ) slasaly
slac] wle T S yuie Ol gie Copte > Glail g cllie Sy
(g yd el ollg)S CSlhe (Rl pslite 4y (e
P ugilme 055 | gpSile Jbo e g ol Ol
ot sl ol 00 Sgame e slac] Culyy o oyl
.(Coulomb, 2002) c.l

Canlo 5 039 byl slaacaes o 5 Lol 5 5bpo il cdlie dlu
ol )b okt 5 690 lagtuny Sl Gl 0
P cdlae oo g olSiwls b oalayly 1o (60b) slrolBasd g baay jlas
oS sl o 31 280 logas porio cnl olael 2,13 3525 cloj Jsbo
PYIML] J Sloll g Blod,S da g5 portn (pl d pols awld Jais
sy d> aSL) cplply Wledly 350 wdlie s o 1y ol
4 il e walate ),Sate 35 1 3 Jawol ol il oty x5
oS ol ol 4 bgie lag g5 b lacunsg cyusly 5Yole > (uen
Jle leie .l sud cglad cllie 350 )0 4 )l plsS Jlaso
51 (Rawls, 1982) cuul iy cllis (o9 ) Jlas 550 cllae
ol dlazdl | a3y Cedlie 4 AL Sonul slas gy ()b
358 Casllae 3,5 Sl glate &V g8 Blal ol 7 e

ojpj P i panads aliogig AT oY 500 OF oylond (o595 JUw oyl ! O @alio iliyios
Volume 19, No. 3, Fall 2023 (IR-WRR)- Special Issue: Groundwater

AIAA



(e dm) xS el 01955 (o calae 5 Lo il b @99)
3 o S5ke ol i glyl) L (les 2m) Ao 4> sl
5 ayealy) Gl 5 clie ol (ly ons bl ol
L (o] wle jd Glasl 5 cllie @ oliwd (lp S9B (cla e
VMg el oy pglate 4 g o Blail g cllae wlool 51 ol
iy o e 4 dtaly (6)985 Hlsie 4 Wzl 508 oo
b il olylagsS b o oMol (el 5 Wl a5 bl
& oMol j3 ons @l clacgs )l .l dnlge dlate gdlie
olitslyy closl jlas Sy el sloa o 5l Al Ll
el clas Lol 5 (glaygy o i Dl g e g eloin]
Oldlas Sy Jdo g @leladl jboliee YWlaw LY Jods 50 g)0y)
» OECD gae sbyjois j| (o olye & Wl )i
ol odd oM O lie Yol o pie g amast il Lo

5 plyin] olazel (5l e ol Gilises o Sito cloa i
)il S lhe wodlad g, clie gl £ Lo il
by Gl (g e Jaol 5 pidlasl g (o985l
ooyl (Lukasiewicz et al., 2017) cuwl oL 4 Cilail
(siois o glio Copte 5 Giytalin » cllie 35 Slles
ikl g (gde (583,505, dnwgi piline 4 Cul polio (sai] B
0Dl (slog,S 039 4y Laliste sladinwlgd 5 il 4 &S Cal
Byl Sl a1 )8 ol 3 Slus s a8 WS Ly p 913K pl ]
ExSpeal gl U o GlS el g
h ol gle culee g Lo glite mjg 5 D930 53555
g clie oges ller sl e SVl cplply S L)
Slasl g cdlie 35 a5 )ke Ol wlio Copito g cpyaelip 5> Blail
Sygate > slp (Oh1ygS GBS Coemy @) (S 2 Gl
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References Questions Description
WHOM Owners of Indigenous (Aboriginal) land or exclusive native title.
WHAT Develop Indigenous economies by reserving water.
WHERE Australian Water Allocation Plan Areas, Northern Territory.
WHEN Present and future
Economic development and job creation are the stated
Nikolakis et al Y objectives.
(2022) ' Beyond the existing SAWR legislation, more steps are needed
HOW toward water justice. A number of these steps have been
.highlighted by the Northern and Central Land Councils
Ensure that the Indigenous water rights are recognized and
ACTIONS B e-_mpoyvered. The_only way to achigv_e water justic_e !s by actively
listening to Indigenous communities and providing adequate
resources to Indigenous custodians.
WHOM People of the South-Eastern Territory and their country.
Indigenous peoples are misrecognized and excluded from the
WHAT state's water governance processes, resulting in damaging social
and ecological relationships.
WHERE The Murray-De_lrIing Basin region of New South Wales in south-
eastern Australia.
WHEN Addressing Indigenous water injustice in its current state.
H : Incorporating water colonialism (the why) into explanations of
artwig et al. . . R
(2022) WHY contemporary and hlstorlgal Ind!geqous water injustices and
barriers to justice.
A discussion of Indigenous water justice policies is intended
HOW to identify the main findings. Water, land, and capital must be
redistributed concurrently to address underlying colonial
.legacies
In order to serve as conceptual resources for advancing
ACTIONS Indigenous rights, justice theories need to take on a fourth
.dimension - the socioecological realm
WHOM First Nations Nari Nari (Aboriginals).
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Increasing water justice at Gayini NimmieCaira with government,

WHAT . A
non-government and Indigenous organizations.
WHERE Australia, Lowbidgee Floodplain.
WHEN Past and present.
Assuring long-term sustainable land management, protecting
First Nations Cultural Heritage. Water (and land) justice from the
WHY perspective of the Nari Nari people, the Traditional Custodians of
Woods et al. Gayini Nimmie Caira, .zllqsdevrz/lt?:rle;ghtmg its applicability
(2020) HOW List the k_ey _st_eps for restoring the floodplain to its ecological and
cultural significance.
-Water rights as well as land in the floodplain were purchased.
-By transferring water rights from owners to Commonwealth
ACTIONS countries, water consumption can be reduced.
-Establishing a plan for environmental irrigation and documenting
environmental water demands.
WHOM People Ii\{ing in low-income communities around Cape Town,
South Africa.
WHAT These communities perceive water-related issues as urgent.
WHERE Cape Town’s townships and informal settlements, at the individual
to community level.
WHEN Present.
Engvist et al. Apartheid segregation, as well as the City of Cape Town's
(2022) continued failure to address the needs of an increasing population
WHY of poor residents, contribute to the identified issues of injustice.
Environment risks and informal support networks often plague
these residents.
An important cause of injustice is the imbalance of perspectives
HOW that impairs Cape Town's ability to resolve its residents' problems
and injustices.
ACTIONS A much more inclusi\_/e water governance re_quires active efforts
.that include community voices
WHOM Laos' vulnerable communities.
The displacement and dispossession of Laotian communities by
WHAT
hydro developments.
WHERE Laos.
WHEN From the recent past to the present.
Blake et al. WHY Socialism and authoritarianism in their historical and political
(2022) contexts. _ _
Hydroelectric development benefits key decision-makers and
HOW those who finance it, leaving many Laotians no better off or even
worse off.
Radical reforms are required. A single action cannot solve
ACTIONS present injustices, but transparency as to what has happened (and

.is happening) is necessary (but not sufficient)
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Fig. 1- Water justice framework in water resource management studies
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Table 2- Examples of metrics describing equity in the context of groundwater resources planning and
management

025 Sl @l Cu e g (552,400 2 diej 3 Blaasl dlayl ogi (sl bao I (o diges Y Jgua

Metric

Dimension

Demographic data on neighboring populations can be used as a metric to assess the

potential community of beneficiaries (Dobbin and Lubell, 2021). In addition, these data

Distributional

can be aggregated for a specific site for comparative purposes.

Metrics related to the economics and quality of groundwater (Hesamfar & Ketabchi,

2023): Different groundwater plans generate different economic and quality benefits

Distributional

(e.g., decreases in water quality as water demands increase).

Prioritarian social welfare metrics (Valipour et al., 2023): Considering well-being as

a function of economic outcomes (e.g., giving more weight to the worst off), which

Distributional

should assist in addressing intergenerational challenges.

Meeting spaces' physical accessibility (Kronenberg et al., 2020): A simple binary

score (yes or no) or qualitative score (as on a Likert scale) can be used to address issues

Procedural

like meeting times, proximity to public transportation, opportunities for public
engagement, and publicizing meetings.

Participant demographics in planning processes (Korpilo et al., 2022): Assuring
engagement of the public (e.g., attendance at meetings) is representative of the broader

community.

Procedural,
recognitional

Compensation for participation in the groundwater plans (Maheshwari et al., 2014):

Professional voices could slant representation towards particular organizations, making

Procedural

participation inequitable without compensation

Including community ideas within the technical approach (Bennett et al., 2020):

Groundwater plans may be reviewed or surveys conducted to evaluate community

involvement.

Recognitional
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Table 3- Pre-planning’s common equity issues aligned with groundwater resource management
iy Qe Cupide 33 S350l £9540 51 8 Slail b i o Sl T g

Planning phase

Key equity
dimension

Common issues associated with equity

Building context

Recognitional

What is the societal context for equity in this system,
community, region, and nation? In the past and present, how
have contextual issues manifested (e.g., prior groundwater
rights)? What are the likely future manifestations of these

concerns (e.g. water scarcity and cost-benefit issues)?

% Who identified and defined the “plan”? Which assumptions,
biases, epistemologies, and values influenced the study?

|dentifying Recognitional *
structural issues

Are there fundamental scope constraints on the distribution of
benefits and harms (e.g., Groundwater discharge; Decreasing

the groundwater quality? Do cost-sharing requirements limit
partners?

e

%

o
0‘0

Initializing Procedural
planning <>

Who is involved? How were they identified?

What constraints exist in the planning process? Are equitable
procedures and outcomes in place?

How will the plan materials be made available to all

stakeholders (e.g., across languages, disabilities, and learning
styles)?
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Table 4 - Common equity issues aligned with groundwater resource planning activities
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Pprﬁéigt };ie%eer?stijc')tg Common issues associated with equity
+» What methods were used to identify and involve stakeholders?
Problem Recognitional < When identifying and defining problems, how did different perspectives
definition and . play a role? . .
procedural +«+ Which problems does the "planning™ address (and which ones does it
not address)?
«» How are recognitional, procedural, and distributional equity aspects
incorporated into objectives?
¢ In terms of equity, is the planning taking a "do no harm" approach, or is
Obijective T it embracing equity as an objective (McDermott, Mahanty, and
setting Distributional Schreckenberg, 2013)?
« Is the plan seeking equitability (e.g., economic benefits versus
environmental access)? Are issues being addressed qualitatively or
quantitatively? In what ways will data be used to inform decisions?
+“ Who was involved in developing a management action plan?
Alternative ++ Where do actions occur based on benefits and harms?

development

Distributional

«» How are benefits and harms distributed across communities,
ecosystems, generations, etc.?

Consequence
assessment

Distributional

+«+ How can decision metrics quantify objectives (see Table 2)?
¢ Which models are used to model outcomes and how are the data
summarized? What are the effects of summary statistics (e.g., average
versus median incomes of beneficiaries) on outcomes?
+«» What outcomes were difficult to quantify? Qualitative assessments are
possible?
+» The method for synthesizing disparate data types (e.g., a multi-metric
index vs. five parallel metrics)?

Trade-off
analysis

Procedural

+«» What will be the trade-off between monetary and non-monetary
metrics? How familiar (and comfortable) are decision-makers with these
methods and approaches?
+ How has decision-making been influenced by multiple perspectives and
lenses? All stakeholders have been given all the information? Is everyone
able to make the same decision given the same information?
«» Who has power, authority, and responsibility?
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Table 5- Common equity issues aligned with a groundwater resources management plan from design
through monitoring
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Key equity

Project phase dimension

Common issues associated with equity

+«+ What can be done to improve equity in conceptual models? To ensure
more equitable outcomes, what design features can be added?
¢ Is there any effort being made to avoid inequitable outcomes? What

Design Distributional

opportunities exist for minimizing or mitigating inequities?
% Who benefits from design features? Is it possible to modify the program to

reach a wider audience or overcome historical legacies of exclusion?
« What assumptions are exacerbating existing inequities in the design and
operation of the facility?

Distributional
and
procedural

Construction and
implementation

K3
o

< Are Beneficiaries/victims of the plans outcomes the same as those of the
construction activities? Who bears the cost of planning?

What are the ways in which the speed or order of implementation
exacerbates or alleviates equity?

< Who determines operational patterns? What can people do to revise
operational decisions?

Distributional
and
procedural

Operations and
maintenance

«+ What is the spatial footprint of operations (e.g., upstream vs. downstream)?
% What is the equity of operational outcomes (e.g., time of day, seasonality,
or tradeoffs)? Are some outcomes prioritized?

< What happens in extreme operational conditions (e.g., drought or flood)? Is
it possible to maintain equitable outcomes across the spectrum of operations?

Distributional
and
procedural

Monitoring

< Does the equitability of outcomes get tracked?
% What is the impact of the benefits, costs, and risks as planned in an
equitable manner? How are unintended consequences addressed?
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Table 6- Common equity issues aligned with long-term cycle management in planning and management of
groundwater resources
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Project phase  Key equity dimension

Common issues associated with equity

%+ How is the plan monitored? Who conducts the

Distributional,

monitoring? What equity metrics are included?

Adaptive «+ How is the equitability of outcomes incorporated into
procedural, -
management and recoanitiona adaptive management?
g «» Who decides when adaptive management is necessary?
How are voice and authority distributed?
%+ What are the decisions made about long-term repair,
Distributional, reconstruction, and removal? What are the implications of
Long-term . . S
change procedural, changing societal priorities for these plans?

and recognitional

«+ What are the impacts of short- and long-term decisions on

future generations' equity of opportunity?
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‘ Idealized deliberation process ‘
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Achieved outcomes

\_N:udeling and Simulation |
O,
® ©

= —

(i \&

L1
A

Balance of inputs

‘ Co- pmducﬁon pmcesses |

Ve

74

Environmental

Private \ .
Community y Federal agencies

// \\ financial // . groups . & social NGOS . (FEMA. USACE. Natural scientists Social
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~ ~ . ’ N

‘ Actual deliberation process

Achieved outcomes

(b)

How does the framing process shape
@ what gets modeled and measured?

| Modeling and Simulation

Is all stakeholder input fairly balanced
so equitable outcomes can be achieved?

1
A

Balance of inputs

‘Would alternative framing, modeling and
measuring choices result in different outcomes?

Do our stakeholders have the same resources
and abilities to be part of the process?

‘When they are part of deliberation process, are
they enabled to contribute like everyone else?

‘ Co-production processes |

RN
/

| Business groups | groups

e ,_\\ / \ \ / \\ & social NGOS

v AN

Federal agencies
(FEMA. USACE. etc.)
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Fig. 2- (a) Idealized co-production processes; and (b) actual processes where there are imbalances in power
and inequalities in participation
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1- Justice

2- Equity

3- Common Pool Resource

4- Stakeholders

5- Utilitarian Approach to Justice
6- Modern Welfare Economics
7- Distributional Equity

8- Need

9- Equality

10- Spatial Water Justice

11- Temporal Water Justice
12- Intersectional Scale

13- Fair And Equitable Manner
14- Recognition

15- Procedural

16- Distributional

17- Documentary Research
18- John Rawls’ Theory

19- Fair Opportunities

20- Environmental Justice

21- Multi-Scalar

22- Relational Approach

23- Fair Participation

24- Fair Allocation

25- Contextual Equity

26- Metrics

27- Reparative Justice

28- Inclusion

29- Coefficient of Variation
30- Gini Coefficient

31- Monitoring

32- Multiobjective Optimization
33- Contextual

34- Influence/Interest

35- Affecting/Affected Diagrams
36- Rainbow Diagrams

37- Trade-offs

38- Consequence Assessment
39- Skilled Facilitations

40- Lived Experience

41- Citizen Scientists
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