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services. Many approaches have been used for gn@aied management. So far
there has been no study conducted on the antlifyagf the social-ecological
system (SES) of groundwater. System anti-fragiktfiers to the process by which
the system likes internal and external dynamics ewehts because it benefits
from disruptions and improves its services. The afthe present research is
therefore to provide a conceptual framework for tlsecial-ecological
management of groundwater. The research methalfisllaws: First, the socio-
ecological system of groundwater and fragility patton was defined based on
the existing principles. The two models of Taliddi-fragility and social ecology
were then linked using the transfer concept. Tiselte of the discussion on the
relationship between the two models highlightedwisaknesses associated with
the lack of accurate disclosure of the anti-frégitedundancy of groundwater to
disturbances. Finally, an antifragile adaptive abetological model was
constructed with one goal, three species, and thtages in the groundwater
system. The purpose includes: eliminating the negagffects of disturbances
and risks in the groundwater system, including mésh The energy transfer,
function transfer, and element design steps indu@¥determining the effects of
the disturbance rather than the disturbance and rigles themselves, (ii)
formulating a transfer policy, and (iii) implememgi the policy. This article not
only expands the literature on groundwater managerbat also provides an
appropriate framework for policymakers and watenaggers and can be helpful
in groundwater planning and management.
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Introduction

Pollution, salinity, reduction of water volume, aindrease in demand for underground water are slow
variables that change over time and lead to chaimggsoundwater system services (Bouchet et al,
2019). Groundwater system services include theeptioin and storage of healthy water (Taghilou and
Aftab, 2022).

In the stability of groundwater services, the cohtf slow variables is probably the main issue of
management. Slow variables have internal and eadtenigins and also occur at an indefinite time and
place. Therefore, variables are unpredictable is teégard, and their management cannot be done
accurately (Botjes et al, 2021). Climate change,dtigin and volume of pollution in nearby places,
operators with non-common interests, and possibtgreyms with groundwater operators are among
disturbances, and the occurrence of them also satwnpredictable times. Therefore, the occurrence
of events outside the system in an unknown placariadndefinite time has made the management of
the groundwater system difficult.

In addition, the different and contrasting resitierof groundwater system elements against change,
the nonlinear dynamics of community elements, estesys, and the aquifer system itself an important
issues for groundwater managers to measure andiag@aperformance in water management.
Therefore, the groundwater system management agipieavery important to solve these problems.
Different approaches have been used in this fiibistance approaches with technical tools through
the establishment of different evaluation metriesster & Van der Gun, 2016), resilience approaches
with adaptation tools, resistance, and self-regquiatthrough diversification and reduction of
utilization, etc. have been used (TaghilouAdtab, 2022; Wang et al, 2016). We argue that these
approaches are not effective enough in the faesoértainties in the sustainability and promotién o
water services and sometimes fail. Therefore,nieisessary to adopt another approach in groundwater
management and planning that not only does notteestiend energy to control uncertainties but also
can benefit from possible events with high uncaties. Here we point out two new concepts in
groundwater management in the presence of pertansatAnti-fragility and transition management
are two concepts that we combined with the sodalegical system (SES) and presented SES
transition management of fragile groundwater.

Here, we will examine the groundwater system asaifragility system and seek to answer the
guestion; can the groundwater ecosystem be defisedn anti-fragile ecosystem? Anti-fragility in
systems and objects was first proposed by TalilZp0Since then, numerous researchers have used
anti-fragility in various studies in areas suchuaBan management (Timashev, 2020;c¢RBleet al,
2017), diseases (Botjes et al, 2021), and othevaieMer, no study has been done on the groundwater
system. However, several studies have been cortloatgroundwater as a resilient SES (Bouchet &
et al, 2019; Rica & et al, 2017; Taghilou & Aftétf)22; Mathias & et al, 2020; Foster & van der Gun,
2016). Anti-fragility system is an approach thatdisfined as resistance, robustness, fragility, and
resilience but is not any of them (Aven, 2015; Bal2012 Hespanhol, 2017). A strong and stable
system is a system that is very resistant to shac#isstresses and does not break easily, but aegord
to the law of nature, it has an end and disappdargsilient system is a system that returns to its
original state in the face of shocks with smallraes and maintains its performance. Finally, ailigag
system is a system that is very vulnerable to steesd mainly suffers from damage and loss.
However, the anti-fragile system is not like thewad concepts that avoid disturbances and stregs. Th
meaning of this system is similar to the meaninfligtzsche's idea that "everything that does rlbt ki
me makes me stronger”. The fragile system is sthemgd by internal and external disturbances and
stresses, and they reap great benefits (Botjds 2021; Taleb, 2012). In the anti-fragility systewe

will also seek to introduce a pattern of redundati@at has not been mentioned in research. In this
research, we have added the concept of "transitiorthe form of resilience models to the anti-
fragility system and based on that we have predetite anti-fragility SES transition management
framework. We claim that in an anti-fragility syste high profits occur through three important
transitions: (i) hard transition, (ii) functionahinsition, and (iii) energy transition. These titioss are
very efficient in conditions of uncertainty and ithese makes systems anti-fragile. In these systems
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uncertainty conditions are not predicted and mathagad system management does not seek to
control the perturbations of shocks, events, anthdycs (Botjes et al, 2021) but uses events and
stresses to improve and strengthen the systemghnadundancy. Transition management is critical
in an anti-fragility-based planning system; othemyianti-fragility cannot be applied to groundwater
In the anti-fragility system, management does pekgo prevent accidents and does not spend money
on planning, but focuses costs on transitions. dfoee, in this study, the aim is to examine the
following question: Can the groundwater ecosystendéfined as an anti-fragility system, and how
can we define the groundwater system as an argfilifyasystem?

To achieve goals, we defined groundwater at thenbery as an SES with the introduction of its
subsystems and elements. We then introduced agfilify and then revealed the concept of
transition. In the following, we have described theundwater SES of anti-fragile and, in the
continuation of the discussion, we have introdutieel transition management framework in the
groundwater SES of anti-fragile. Finally, we mengd the conclusion of the discussions.

This research introduces a new lens for planndisymeakers and managers to control crises and risks
such as subsidence, pollution, and water reductiaip many water brokers and managers how to
plan anti-fracture for groundwater. It can alsoropeother page in the development and expansion of

the knowledge boundaries of the social-ecologigsiesn of underground water

SES Groundwater

Groundwater SES framework has three characteristipgak point, an ecological subsystem, a social
subsystem (Mathias & et al, 2020), and aquifer wstiesns (Bouchet & et al, 2019; Rica & et al, 2017;
Taghilou & Aftab, 2022). This system performs theegvices protection, storage, and water health in
the aquifer.

Anti-fragility literature
In defining anti-fragility, we take advantage ofdéh concepts of "fragile”, "resilient” and "resista”

and the four processes of "loss", "gain", "stadot "dynamic”. Based on the existing literature, th
concept of anti-fragility is defined in contrastftagile, resistant, and resistant concepts (Hdspan

2017; Botjes et al, 2021; Taleb, 2012).

Fragile is a term that refers to a system or objelctt are broken and destroyed in the face of
disturbances and stimuli. In other words, fragystems suffer from shocks and do not have the
necessary power and capacity against disturbaBéed & Cecchini, 2022; Taleb, 2012). A resistant
system is a system that has high power and streaggimst internal and external disturbances and
stimuli and does not break easily.

A resistance system is also a system that adogistatibn, resistance, and self-regulation modes
against internal and external shocks (Li et al, @0Zhese modes help the system not to be destroyed
by shocks and the system can continue its preyioacsess.

The anti-fragility system is not fragile, nor issirong and durable, nor is it resilient, but beytimese
characteristics. Anti-fragility is a system thaes dynamism and internal and external events lsecau
it benefits from disturbances and improves itsises/(Botjes et al, 2021).
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Figl: characteristics of the fragile system

In a fragile system, the disturbances damage tle \parts of the system, leaving the strong pards an
the strong parts multiplying. In this system, maragnt loses its anti-fragility system if it has
optimizing decisions and controls internal and exdé stimuli, and antibody capacity is not formed
within the system. In a fragile system, managenptarts further to develop and respond to system
redundancy (Fig 1). The redundancy of spare pdrtthe system is used to expand and upgrade
whenever necessary. In natural-human systems, #nerkayers of redundancy and resources that are
used to upgrade systems and strengthen elementsstagaternal and external disturbances.
Redundancy in systems is both fixed and aggress$iised redundancy is used to compensate.
Aggressive redundancy is fighting the system ferrkxt war and building capacity (Taleb, 2012). In
other words, the aggressive redundancy preparesybktem for the next war against disturbances and

is similar to maneuvers

In Berkes et al.'s (2008) study, redundancies énsiystem are defined in various contexts, including
component redundancies, in which when one elensealbsent, another element does function in the
system. Function redundancy, in which a system em¢nmhas multifunctional capacities uses the
potential capacities for system stability in themtvof disturbance and changing conditions without
the element changing. In technical redundancy,narag and potential capacities for maintenance are
embedded in the system. Social redundancy invalvesawareness and understanding of tasks by
individuals in society. Economic redundancy is tagacity and financial and capital support and
budget in the system. In this study, we will paint three other types that have no research higtory
the studies, these supplements are; (i) Naturatiwhédundancy includes the capacity of elements to
self-regulate against disturbances and changg®léce which redundancy includes the capacity of
physical and functional communication of places @idTime which redundancy includes the ability
of elements to the simultaneous relationship ofhgkea in elements at the time of occurrence. This
redundancy allows the system to define new redwidarsuch as creating a new element and a new
function to respond to perturbations. This reduwgiaprevents the shock effect from spreading

throughout the system and leads to the creatiorewffunctions in the system
Therefore, the anti-fragility, fragility, strengtlnd resilience of systems are measured through the

possible responses of redundancy to factors andriigsces and their placement along the gain-loss
and static dynamics (Table 1). So, we can defieddhowing features for these systems:
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* The system is resistant and fragile internalbtistbut with different thresholds. Internal andezral
dynamics are harmful to them. They do not bensdinfthe change of interests.
* Resilience and anti-fragility systems are intéisndynamic but with different potential advantages
For resilience, change has no benefits, but aagjifity has many advantages. Anti-fragility likes
external dynamics, but resilience is incompatibith\external dynamics.

Table1l: System Properties

Damage from| Benefit from Stall DU
System type disturbances turmoil Extel Inter Exter Inter
nal nal nal nal
Fragile D Non P P N N
Resistant Pd Non P P N N
Resilience Non Non P N N P
Anti-fragile Non B N N P P

Adaptability: P., Incompatibility: N., Neutral:dw., Benefit: B., Damage: D., Possible Damage: P

The concept of " Transition”

Redundancy in ecological and social systems is dangrally and intentionally. Therefore, transition
management is very important in these systemsn$iiian” has been used extensively in the political
fields (Haxeltine et al., 2008; Kaplow, 2003; Wafd_o, 2021) and physics. "Transition" means the
transfer of responsibility, duty, and energy fromecelement to another. In an anti-fragile system,
responses to disturbance occur in the form of itians. The response of the system to perturbation
done in three ways: (i) "Hard transition”, in tfiism of relationship in the event of loss of annedmt

due to disturbance, a new redundancy is createdidmyents or other system redundancy to replace, or
potentially existing elements are replaced, (iipuriEtional transition”, the deleted function of an
element due to shocks, other elements of its fanatisystem perform and (iii) "Energy transition",
(Transition tree pruning) in case of loss of eletaeand their current function, other elements and
their function are strengthened (Fig 2). In transitmanagement, cost and energy are used to improve
the system, not to stabilize the status quo, tist isoto make a profit, not to prevent a loss. 8d¢co
targeting in the system is based on the type diedteff the disturbance and the type of damagheo t
element and function, and third, the plans andggmamanaging the transfer of costs and energy are
not to prevent, limit, and this is done compendgatethe loss of accidents, which is done through
various redundancy.

In the discussion of transition, two important redancies cultivate other redundancies and make the
transition possible: 1- place redundancy and 2etmedundancy (Patranabis et al, 2015; Yu et al,

2020). System disturbances occur in time and spadelisrupt system operation. In the system, there
is the place and time capacity that makes the systeonger against disturbances and causes the
system to have the necessary opportunity and gebiged space to build new capacities and turn the

disturbance into an opportunity and usefulnesss Ehihe case in the capitalist economic system.

System time redundancy means that the system pmafae does not disappear at the moment of
disturbance or irreparable damage. Rather, thendathey of the system postpones the crisis to the
future, the redundant opportunity for the natural aocial elements of the system to be able tderea
the necessary add-ons, strengthen them, or acpe&tatial add-ons.

Place redundancy of the system also means thastitbdtes the effect of the disturbance and
transmits it to adjacent locations to prevent tbeuanulation of the effect and it allows placingnit
other places to make the necessary redundancyhéostability and profitability of the system. As
shown in the study by Tang et al. (2022), interibagater transfer is the redundancy of place that
transmits the effects of various disturbances facamt locations and uses them for sustainability,
which is a benefit to a particular location.
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Ant fragility in Aquifer System
- Aquifer system dynamics:
The aquifer subsystem consists of layer elemewtgsp and water (Taghilou & Aftab, 2022). These

elements are constantly exposed to dynamics irfabe of internal and external disturbances and
risks. Understanding the dynamics of the elemenitsportant in anti-fragility planning.

Layers and pores are elements that are much mowerdy. The dynamics of layers and cavities refer
to the decrease and increase in the volume of spadetheir internal filling. These spaces are

stimulated by disturbances and shocks of wateraetion, water inflow, and subsidence, and their
volume decreases or increases. High demand fondveater and reduced water nourishing increase
vacancies and maximize the likelihood of land sidssce (Horvath et al, 2017), studies have shown
(Tang et al., 2022) that subsidence contributébdalevelopment and creation of function. It beceme

the power of the system and becomes useful.

The volume and health of water (salinity and pdad} in the basement is a feature of the water
element of the aquifer system. These charactesistie constantly exposed to salinity, pollutiord an
high demand due to population growth and commuedynomy and are therefore more dynamic.
Studies show that the dynamics of volume and hedlithe water in the basement tend to decrease
over time, and its increase is likely to occur lékan the decreasing trend (Qian et al, 2020;
Kurwadkar et al, 2020; Li et al, 2021). How the gndwater volume and health decrease in the
development and creation of function and capacdi$yde and outside the aquifer sub-system depends
on the performance of the aquifer system redundancy

- Anti-fragility redundancy of the aquifer
Aquifer subsystem redundancy includes form (Bloraju2020; Chala et al, 2022) underground

flows, and underground pores (Kiernan et al, 2088uifers are divided into two general categories
in terms of the form egg cartons and integratetboar Aquifers are rarely dynamic in the short term

and their deformation and interdependence deperttieitectonic movements of the earth, which is
beyond our discussion. Each form of the aquifertmaan important local redundancy that plays a role
in creating new capacity and function of protectéomd production of safe water in the system during
subsidence, salinity, pollution, and reduction atev volume.

Regarding the role of aquifers form in reducinglygadn, salinity (Chala et al, 2022), and prevegtin

or self-regulating water volume, no study has bé@me to show the geometric forms of aquifers as a
place redundancy, compensate for pollution, sglinblume reduction, and water inflow. However, it
can be argued that the form of the aquifer's egpaa creates the capacity to compensate. Because,
firstly; Aquifers egg cartoon protrusions prevemintamination and salinity from spreading to all
cartoon chambers (Chala et al, 2022), and the @ébwater between the chambers, purifies the walls
separating salinity and water pollution, therebynpensating for pollution and salinity. Also, large
amounts of withdrawals from one chamber do notaspte other chambers, which is a very important
redundancy when it does not expose the entire gwater to changing the entire aquifer and creates
the opportunity to compensate by creating a "saeidundancy”. Any damage, including pollution,
salinity, and reduction of water volume in eachrobar creates social awareness for management and
control, which is useful in defining activity fotheer chambers. This plays a role in the planning) an
management of aquifers in two ways: First; Learrimgction (Bouchet & et al, 2019), and second;
creating a public belief for operators that anytutisance in groundwater can be harmful. Expressing
the role of integrated aquifer form in creating aeleloping aquifer capacity against water volume
reduction, pollution, salinity, and reduced watdtaw is more complex than egg cartons.

Due to the lack of study literature, its role cainbe accurately determined or defined. However, the
form of the aquifer bathtub outperforms the eggaraform in creating another plug-in, which can
enhance existing functionality and define new figrality in the system. This is a natural redunganc
for "water flow in the basement". The flow of watieetween cavities and aquifers increases the
amount of oxygen in the water and reduces the éhahcontaminating bacteria multiplying (Barbaro
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et al, 1994). In addition, groundwater flows frone tbed of wetlands, rivers, and lakes to the entire
aquifer and reduces pollution and compensation. é¥ew the role of the integrated aquifer form in
the development and capacity building against #glis not the same as the egg carton form that
prevents the spread of salinity throughout the faguHowever, the flow of water from healthy
sources such as rivers, lakes, rain, and snow betai sections and spaces inside the aquifer esduc
the salinity concentration in the aquifer and congages for the damagetegrated aquifers are
generally fragile against salinity unless compestsétly other aquifer elements and subsystems, which
will be discussed below.

The volume and porosity of the land are anotheamdency that can create underground dams (Ishida
et al, 2011), which are very suitable for upstreard downstream users in terms of functionality and
effectiveness in groundwater management with femegrative effects. Evacuated pores are a good
place to build underground dam&quifers or aquifers that form in environments wittierdental
porosity and most of the underground reservoirs @@ more important in terms of exploitation are
located in this series of reservoirs. In this campinstead of a large and continuous aquifert afse
related gaps is created after the passage of flateand acts as a suitable place for water stoeagke
further strengthening of the aquifer (Yilmaz, 2003)

’ Anti-fragile ’ } Anti-fragile ‘ Groundwater

] groundwater system |
A R v
‘ Dynamic ’[ Utility )/ l Ecosystem ’ [ Society ’ Aquifer

A T

Function redundancy
Technical redundancy
Time redundancy Social redundancy
Place redundancy Economic redundancy
Natural redundancy

.

Hard transition

. J
: §
| , . b
-1[ Functional transition 1  —
! 5
1 |
1 ]

.[ Energy transition

Response pattern Subset Response Result Action
<+ <+« < < - - <+
Fig 2: Anti-fragile groundwater system

Anti-fragility in Ecosystems and Social Systems

* Dynamics

The upper aquifer ecosystem includes elementsvefg; lakes, wetlands, land cover, and rainfall in
the SES groundwater. This dynamic creates and gxates the four shocks of salinity, pollution, high
demand, and declining aquifers (Taghilou & Aftab22). River dynamics are defined by the form
and width of the route, the amount of water, arelttbalth of the river water. Changing the width of
the route, changing the bed of water transfer tm$areducing the amount of water, and changing the
water health of the river are the dynamics of tiwerrecosystem that disrupt groundwater services.
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The riverbed is one of the main apertures for &gsifBoulton et al, 2020). Any decrease in river

width reduces the amount of aquifer feeding byriher. In many cases, the width of rivers is redlce

for various reasons by natural and human factod,im appearance acts as a negative stimulus to the
sustainability of water services.

The volume of surface water is very dynamic andedep on the performance of the community and
the climate of the region. Due to climate change iaoreasing demand, the volume of water in rivers
has decreased sharply. The volume of river watertiwva main functions in the groundwater system:
First, it determines the amount of aquifer nutritiand second; plays a role in purifying and redlyci
environmental pollution entering the water (Singlale2010). Therefore, if the river water is reddgc
the treatment and feeding of aquifers will be mizex.

Another dynamic of rivers is their water hygieneod@y, with the spread of human and natural
pollution, the water health of rivers changes dcally over time (Singh et al, 2010;) and this @ss
intensifies when water is depleted, most likelyhailhe entry of pollution into the aquifer of water
services which in turn endangers the underground.

Lakes and wetlands are one of the most importanices of aquifer nutrition. These water resources
are exposed to dynamics in terms of inlet wateuwa and water health (Kebede et al, 2021). The
volume of incoming water depends on the volumei@rrwater, the amount of rainfall in the area,
and the adjacent area. Reducing rainfall and chantfie type of rainfall and human performance
concerning surface water has an effective roldhenamount of water entering the lakes. Inter-basin
water transfer, extraction, and high consumptiauce the volume of water entering the lakes and
ultimately lead to poor performance and the roléa&és and wetlands in feeding the aquifer. On the
other hand, evaporation from the surface of lakekwetlands increases the salinity of lakes and the
infiltration of lake water into aquifers increaghe salinity and water pollution and reduces thaligu

of groundwater.

Rainfall is another element of the ecosystem. Rdlinfaries greatly in terms of time, volume,
intensity, and type of rainfall throughout the yeaspecially in arid and semi-arid regions. These
changes make the role of this element in the grneatetr system very likely and lead to reduced
nourishing and reduced groundwater quality.

Land cover is another element of the ecosystenttdadlement has very high dynamics. Land cover
and land use have several functions in the groutetvegstem (Scheurer et al, 2009): First, it plays
role in water nutrition. The higher the densitytioé land cover, the higher the aquifer nutritiomg a
vice versa. Second; Land cover prevents evaporafiomoisture and high soil dryness, which is very
effective in protecting water and its effect onigation Land temperature adjustment is also an
important factor that should not be undermined.

Society is more dynamic and faster developing teemsystems and aquifers. Population, welfare,
urbanization, industrialization, and food secudtg factors in society that change a lot. Poputatio
growth, social welfare, poverty, growth, industrildvelopment, and the level of food production are
among the factors that expose society to many @smagd cause disturbances in the groundwater
system. High demand and water pollution and sglinénd-use changes, and aquifer drainage are
important disturbances in the groundwater system.

* Anti-fragility redundancy of ecosystem and social system

The high ecosystem dynamics of the aquifers indicaht seven major disturbances threaten it,
affecting groundwater quality, decreasing river thjdchanging riverbed structure (Galay, 1983),
salinity and surface water pollution, decreasingfedl, land cover change, and increasing water
demand have been the main disturbances of theemgbsystem.

Reducing the width of rivers is a major issue dering the origin and destination of rivers,

especially in plains. Narrowing the width and bédigers has one disadvantage and two benefits: it
feeds aquifers. Reducing the width and creatinguetsiral bed reduces the feed holes, which disrupt
the groundwater system. However, the system's nsgpto this disturbance is to increase water
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velocity and reduce evaporation, which is bendfitta the groundwater system. Increasing the
velocity of water flow due to the accumulation ofter in one path which minimizes the amount of
water thrown through the evaporation and lag in pla¢h for lakes and wetlands, more water
accumulation for these water resources. In addift@nhances the water health of lakes and wedland
by treating them through flow velocities. This pees creates two types of benefits for groundwater i
general, one, increased nutrition through lakes waatlands; and two, increased capacity of water
treatment in the groundwater system.

The relationship between concrete transition patuance and groundwater systems is a complex
one. Replacement of concrete water transfer rowits natural and traditional routes reduces the
volume of river water supply by 50%, thus it isiatarbance to the aquifer (Meijer et al, 2008). But
this disturbance creates a huge benefit for thaferquReducing groundwater extraction is an
important benefit to the aquifer. Concrete patltseéase the speed of water transfer to farms, ingprov
water efficiency and productivity, and create cayan the water exploitation system. Reduces
dependence on groundwater resources among explaiter strengthens water storage in aquifers. Of
course, it should not be forgotten that this isadmantage when the proportion of water volume and
land status is maintained, but if water storagesid in the development of new lands, this issme ca
complicate the relationship between concrete patidsaquifers. If the stored water is used in slgpin
areas and rain-fed lands for the agricultural sedtevill expand the aquifer feeding holes, whisha
very important benefit for the aquifer. In slopiageas, terraced and seedlings are planted, and if
drylands are planted, the volume of land cover bdldenser This is very important in feeding the
aquifer. In addition, the density of the land coaso reduces the level of evaporation, which is
generally beneficial to the groundwater system.

Changing the width and bed of rivers creates amottundancy. The distribution of water in earthen
streams is in a large part of the plain surfacés Tédundancy transforms the river's linear feéaler

a large plain surface feeder (Zeng & Cai, 2014; iRpebz et al, 2006) and is particularly useful for
aquifers of egg-carton form. This is because soggeh®uses may or may not be fed less by rivers,
but distributing water in earthen streams at thpeupevel of the aquifer, creates a benefit for the
entire aquifer. Economic redundancy is another mdency of the groundwater system against the
reduction of nutrition from the riverbed. It caudée purification of groundwater from the saline
water supply of lakes. Reducing the width of rivaczelerates the flow of water and increases the
amount of water stored in the lake, which bringmeawater into the aquifer. Saline water supply to
the aquifer creates a cost for saline water patific, which subsequently creates this capacity in
community-level budgeting in favor of the grounderagystem.

Salinity and pollution are other disorders of theundwater system in the ecosystem. Increased
salinity and pollution in surface water sourceslyel saline groundwater (Cho, 2000). This is a
disturbance. Changing the type of consumption, ldgirg activities compatible with saline water,
surface water purification, and artificial feedingsulting from this disturbance creates redundancy
that is created in the groundwater system andlikisiption becomes beneficial.

Reducing the volume of surface water causes twestygf disturbance in groundwater. First, it
minimizes the aquifer nutrition level, and secoidncreases the groundwater extraction rate. inter
basin water transfer redundancy (Tang et al, 2@2another benefit of surface water disturbance in
the aquifer. This redundancy distributes the eftdctlisturbances to nearby places and leads to the
strengthening of surface and groundwater in thiendied area.

Creating social awareness about water status dthetwisibility of water scarcity (Bouchet & et al,
2019) and the withdrawal of some consumers fronttmsumption cycle is another benefit that arises
from the disturbance of surface water reductiothengroundwater system. As a result of this disgrde
the double pressure on groundwater is reduced hakia very important benefit for groundwater.
Climate change or change in the type and amoungiofall is a natural shock imposed on the

groundwater system. This perturbation reduces dle of aquifer feeding and the accumulation of
water in the aquifer (Green et al, 2011; Earman&tiDger, 2011). Groundwater system responds to
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this shock by reducing the number of consumers alodating costs to import virtual water from

adjacent areas. It is an important redundancy isfdisturbance. Also in the social field, due te th

visible decrease in rainfall and surface water, lipulawareness of water status and social
responsibility is created in the social system ofugdwater It is a very important capacity for
groundwater management.

Land-use change is another case of disturbancheirgtoundwater system. Reducing natural land
means reducing water supply holes (Foster & Che2@t4). But an important point to note is that
land-use change in favor of human use expands ohame and velocity of runoff and reduces
evaporation. This happens through floods. Flooalssfier places of nourishing to other surfaces such
as riverbeds, dams, lagoons, lakes, and dams. yi8iens utilizes this perturbation through place
redundancy. Land-use change in favor of man-madetstes creates water accumulation. Water
accumulation reduces evaporation levels and createpportunity to feed the aquifer.

Increasing groundwater demand is a very valid asaidbing disturbance in the groundwater system.
This disturbance endangers the protection andgaooé water in the aquifer (Awadh, 2021). There
are capacities in the groundwater system that rtiekbigh groundwater extraction into process useful
in the system. The growth of technology and itsliappion in water conservation and consumption,
the growth of water productivity, wastewater treatr) inter-basin transfer, and artificial feedirrg a
the capacities that are created in the groundwsgetem. These capacities are beneficial to the
groundwater system.

There is an important point in the dynamics of treundwater system, the incompatibility of
perturbations with each other in time and placeictvhs a very important opportunity to create
different redundancies and benefits for the growtdw system. This temporal and spatial
inconsistency of disturbance creates the oppostdait functional transfer, hard transfer, and egerg
transfer for the groundwater system and puts teesyin a fragile state.

Presenting the ant-fragile SES mode using the transition concept

Time and space are very important in transfer mamamt. The relationships of the system elements
are done in the framework of two redundancies amfterthe system anti-fragile through internal
transitions. Time redundancy establishes the oglghiip of elements inside and outside the system in
a time path (time interval). This redundancy hdipsnsure that a defect in one element and its
function does not have an effect on other elemants that the system has ample opportunity to
respond appropriately to disturbances at the soél¢he same element and does not alter or
compromise the system as a whole. Place capa@ttes two capacities of learning in practice and
distribution of effect in geographical space anthgle the accumulation of undesirable effects in one
place. In this way, the system will provide thep@sse power against disturbance or get help from
nearby places and turn the adverse effect int@fuusne.

In the groundwater system, these two redundances the groundwater management to respond
appropriately to pollution disturbances, water wodureduction, river bed change, high water demand,
change of land use above the aquifer, rainfall ceda, and surface water volume. Also, pollutiom an
the negative effects of disturbances should notrdresferred to the aquifer immediately or the so-
called "transfer management” should be done.

As Figure 3 shows, inspired by the concept of stfiatadaptive management (Van der Voorn et al.,
2012; Bouchet et al, 2019), the “transfer managéihisamework is drawn with one goal, three paths,
and three stages. The purpose of transfer managésrenutilize the negative effects of groundwater
system disturbances in three ways: energy tran&fection transfer, and element construction. This
goal and method occur in three stages. (i) Identifyhe effect of perturbation, not perturbaticself,

(ii) Developing a transfer policy, and (iii) Implemting the policy.

In the first stage, transition management seekedognize the negative effects and consequences of
perturbation in the form of elimination of the fuion and element of the groundwater system. This
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step must be done carefully. Because without ateukaowledge of the negative consequences
management cannot use the necessary plugin. Tieangihanagement should identify deleted
elements, malfunctioning elements, and additiomdlidden idle elements with ecological footprints
at this stage, reinforce the alternatives, creatg elements, or activate the potential elementhén

first stage, instead of spending money and energydvent disturbance, management uses energy and
costs to benefit from the negative effects and equences of disturbance through the transition.

Groundwater Ecological-Social System of Anti-Fragile

SES

L

Anti-Fragile Transition management
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Fig. 3: Transition management framework and SES of groundwater anti-fragile
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In the groundwater system, disturbances are dividén three types according to the effect. (i)
Disturbances that cause the destruction and déstmuaf the system element; land use, reduction of
bed width, and change of river bed quality areudisinces that destroy the place element of feeding
and purifying water of the aquifer. These distudznreduce feeding and water treatment spaces and
endanger the conservation, storage, and safe sateices of aquifers (Fig 3). In the first stage of
transfer management, it is important to know th&uwme and type of effect because creating the
necessary redundancy to turn the damage into alusedt is effective.

(i) Disturbances that undermine the functioning tbé system element include reduced rainfall,
reduced river water, and pollution. These distuckeanwveaken the purification function of the natural
system (Balke & Zhu, 2008), storage, water provectand the provision of safe water.

(iif) Tree pruning disturbances, as a result of ttisturbance, one element is removed and the other
element is strengthened. Pruning of trees meangithaing of extra branches increases the amount of
energy received from other plants and gives higluality products. In this type of disturbance, the
system management identifies the elements thatidden idle cuts off the energy and input costs to
it, and directs them to the elements with potergégacity. These disturbances include; interfering
with the responsibilities of governmental and nawgrnmental organizations, organizations, and
institutions with parallel responsibilities, andadging the structure of riverbeds that transfer the
pressure of water extraction from groundwater sesito surface water.

Second, in the second stage of policy formulatwa,do not seek to manage the disturbance and we
do not seek to prevent the occurrence of the diahwoe, but how we make a profit from the
disturbance. For example, changes in land use thozed wells drilled in aquifers, extraction with
illegal volumes, etc., are probably not solvableadarge complete scale. In transfer management, we
do not seek to resolve these issues and seek ceatfmen Therefore, in utilizing disturbance, cregti
and strengthening the capacity of redundancy oftytpe of disturbance is an important principle in
policy formulation. There can be three policies:eTfirst is hard transfer. In this policy, the
management of destroyed elements is replaced witwaor potential element of the system. System
management must carefully construct these elenoeritgentify potential elements. Change of use and
transfer of water from concrete streams are disnoes that remove the spatial-place element of
nourishing groundwater supply. Building or strergtimg groundwater supply elements artificially
and naturally is a hard transfer policy that tutisgurbance into it is a benefit.

In the second policy, the function of the damagksinents is transferred to other elements in the
system. In this policy, the system transfers thecfion of the affected agent to elements that can
increase responsibility. Water transfer from cotemanals challenges aquifer supply but shifts the
function of groundwater supply to surface watemrses by increasing water efficiency.

Policy 3: Using the damaged element in the grouneinsystem. In the system, if the efficiency of the
element is low, the element is removed and its tfancis transferred to another element without
creating redundancy, costs, and double energy ogptson. Also, the energy consumed by the
damaged element is transferred with the minimum warndéo the existing element with the same
amount of function or more. In policy formulatioelements, energy, and function from natural to
human elements may occur and vice versa.

Third: Implement the policy. In implementing thelipp of the private sector, and the public sector,
the capacities of the law, tools, and methods asel.uAt this stage, a new legal framework, private
and public, tools, and methods are created, proghycis increased and new responsibilities are
defined.

Conclusion

On the one hand, the groundwater system is comgsixposed to the disturbances of climate change,
over-extraction, land-use change, surface wateletiep, lakes, wetlands, and increasing demand for
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water. On the other hand, its subsystems, and gitateservices are very dynamic. They change the
storage and health of the water.

The turbulence and dynamics of the groundwateesysire likely to be out of control. Therefore, the
cost of time and capital to control, limit, and yeat the occurrence of disturbances is not effectiv

Therefore, the creation of new elements, the teansff the function of the damaged member to other
members, and the transfer of energy of the damagsdber to new and potential members make the
groundwater system anti-fragile and disturbancdsentauseful.

This research has weaknesses. Redundancy has owataty clarified against disruption. For
example, it does not which redundancy should be tsdurn unauthorized wells into useful ones.
These topics could open the way for future grounidmariters and researchers.

This paper presents a framework for groundwater agament by combining the concepts of
groundwater SES with the concept of anti-fragilapd transition, which is very important in
groundwater planning, management, and water psliciéie framework also states that the anti-
fragility system of water does not occur naturabyt through management and governance, the
groundwater system becomes anti-fragile.
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