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Abstract

Managing water systems in a dynamic and highly uncertain
environment has become a challenge. Multiple uncertainties
have made the management of these systems a relatively
difficult task. Technical approaches on their own, do not have
the ability to address deep uncertainties in the management of
water systems. Deep uncertainty cannot be easily remedied
because it is related to high levels of governance and policy-
making. In other words, decision makers have little theoretical
consensus on the various components of the system. This
reveals the necessity of adopting approaches which are capable
of taking various types of uncertainties. The purpose of this
paper is to explain and analyze the four approaches of
resilience, robustness, flexibility, and adaptation in dealing
with and managing deep uncertainties and to investigate their
application in coupled human-natural water systems. In this
article, using the descriptive-comparative method and
literature review, the characteristics of the mentioned
approaches have been collected and compared with each other.
Finally, it was concluded that the adaptation approach,
compared to other approaches, has a better ability to be used in
water systems governance and management. This does not
mean that other approaches are not effective in the
management of such systems and, due to their inherent
attributes, they can be used in the management of various parts
of water systems.
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Table 1- The progressive transition of levels of uncertainty from determinism to total ignorance (Walker et

al., 2010)

(Walker et al., 2010) Jol Joa a1 Jol5' 2T 51 Cunbadons ok (S0 05 JWSI Y Jouo

Level 1 Level 2

Level 3

Level 4

Statistical uncertainty

Deep Uncertainty

A clear enough Alternate futures (with
future probabilities)

A multiplicity of
plausible futures

Unknown future

Context A * 6’
E ' a E Té:, T
£ c )
2 . i 8
= System A single A single system model Several system Unknoyvn system £
= with a probabilistic models, with model; knowwe <&
s model system model o . ! >
5 parameterization different structures don’t know =
@ i S
] A point Severa_l sets of point 3
. estimates and @
estimate and . - Unknown
System . confidence intervals for A known range of .
confidence . outcomes; know
outcomes . the outcomes, with a outcomes ,
interval for - we don’t know
probability attached to
each outcome
each set
Weights Assingle Several sets of weights, A known ranae of Unknown
on estimate of the with a probability wei htsg weights; know
outcomes weights attached to each set g we don’t know
odlw U)yocb LS)B‘“."U | LQ:W " L)JI 2 3> c:b9 wﬂ.\n d)si‘?"w _‘H

L ¢ SSL Olyos 4 3yl 3l s e Sl dolsl glizo 4
Y Jodo )0l 063 adgl byl @y S5l g pins 4 Cow g
o o pd5 & daldl )3 5 &) 6yol b 4 bgyye iyl ) g3law

ol 0dds i3l 5,554, o

Copde p s lacaableie Cople 3)S5, 5l (S
i Co e 33,0, oyl ol (gl 0l 3,5 9, gt
(ol Plas 133,509, cnl oy 2 )l Slold 5,8 35

Table 2- Different definitions for resilience concept
91U porde (5l bl Al,) Cliidee iy ,lai - Jgu>

Definition

Reference

The term resilience was first used by physicists to describe spring's properties and
.explain the stability of materials and their resistance to external shocks

(Davoudi et al., 2012)

The ability of a system to absorb change and disturbance while maintaining similar
relationships between state variables

(Holling, 1973)

The capacity of a system to absorb turbulence and reorganize so that the same function,
.structure, feedback, and consequently the identity of the system is maintained

(Folke, 2016)

It is a resilient system that is often able to absorb disturbances while maintaining its
.current identity and stability

(Van Der Brugge et al., 2005;
Gersonius 2012; Walker et al.,
2004)

Resilience is building the capacity for continued development in the face of
incremental, expected or surprising change.

(Folke, 2006)

Resilience thinking is about the interaction of gradual and sudden changes in slow and
fast variables in interconnected systems and how it works in uncertain, surprising, and
.often unpredictable ways

(Carpenter et al., 2009; Holling and
Gunderson, 2002)

System resilience is the level of tolerance for change by the system, provided that the
past performance and structure of the system are maintained and development options
.are provided

(Carpenter et al., 2001; Walker et
al., 2002)

System resilience is the level of tolerance for change by the system, provided that the
past performance and structure of the system are maintained and development options
.are provided

(Holling, 1973)
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Table 3- Different definitions for robustness concept
Clguw! popbo (gl p baws &ly) CAliSee by ylad —Y Joua
Definition Reference

Robustness is a state in which the performance of a technology, product, or process has

the least sensitivity to disturbances or aging and also the least cost (meaning aging,

(Taguchi et al., 2000)

obsolescence, and wear and tear of system factors such as technical infrastructure).

A robust system remains reliable without being affected by significant events such as
drought. Without the need to change under different operating conditions, there is no

concern about what will happen.

(Fricke and Schulz,
2005; TSUI, 1992)

Despite anticipation and planning, strategies often face situations for which they were

not originally designed, and robust strategies will perform reasonably well in such

situations.

(Averch, 1990)

A robust system is sensitive to the most likely predicted scenarios.

(Hallegatte et al., 2012)

Under a robust approach, the system may not be able to respond appropriately in the

event of more severe events than anticipated.

(McDonald and Styles,
2014)
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Table 4- Different definitions for flexibility concept
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Definition

Reference

Uncommitted potential for change

(Bateson, 1972; Demos, 1969)

The potential of the system to restructure

(Pahl Wostl, 2002)

Ability to change in response to changed conditions

(Adger et al., 2005)

Change of plans, in situations where circumstances change.

(Walker et al., 2013)

One of the capabilities of the system that promotes learning through

time and increasing opportunities for reversibility.

(Hallegatte, 2009; Kundzewicz,
1999; Refsgaard et al., 2013)
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Fig. 1- Comparison of three approaches: robustness, flexibility and resilience (Husdal, 2008) (Arrows
indicate the passage of time)
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Fig. 2- Practical features of robustness, resilience, and flexibility approaches in water issues
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Table 5- Different definitions for adaptation concept
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Definition

Reference

Adaptation is a state of the system in which the system behaves effectively in relation to the
environment.

(Young et al., 2006)

Adaptation in the natural sciences broadly refers to the development of genetic or behavioral
traits that enable organisms and systems to cope with environmental changes in order to
survive and reproduce.

(Futuyma, 1979; Kitano, 2002;
Winterhalder, 1980)

In the field of climate change, adaptation has been defined as "adjustments in ecosystem-
socio-economic systems in response to current or expected environmental stimuli and their
effects".

(Smit et al., 2000)

In the field of climate change, adjustments and coordination in individual groups and
institutional behaviors in order to reduce the vulnerability of society to climate change is
called adaptation.

(Pielke, 1998)

In the context of climate change, adaptation can also be considered as community-based (or
local) arrangements to cope with changing conditions in the broader socio-economic and
political contexts; This means that adaptation measures are defined and implemented in
accordance with each region, neighborhood, or community..

(Smit and Wandel, 2006)

Adaptation to Climate Change in Human Systems is the process of adjusting to current or

expected climatic conditions and their effects in order to mitigate harm or take advantage of (IPCC, 2018)
opportunities.

Adaptation to natural systems is the process of adjusting to current climate conditions and

their effects, and human intervention may facilitate adaptation to expected climatic (IPCC, 2018)

conditions and their effects.

Adaptation is the decision-making process and set of actions committed to maintaining the
capacity to cope with future changes or disruptions in the socio-ecological system without
significant changes in performance, structural identity, or system feedback while maintaining
development option(s).

(Nelson et al., 2007)

Adaptation means people adjusting to current or anticipated changes.

(Nelson et al., 2007)

Adaptation to environmental changes to coordinate ecological, social, or economic systems
in response to existing or expected changes in environmental stimuli and their effects to
reduce the side effects of changes.

(Berkhout et al., 2006; JANSSEN,
2006; Pielke, 1998; Smit and
Pilifosova, 2001; Smit and Wandel,
2006)

Behavior settings and system characteristics increase its ability to cope with external
stresses.

(Brooks, 2003)

Adaptation is often imposed on communities due to unintended external changes, and the
main goal of most adaptation measures is to reduce vulnerability.

(Nelson et al., 2007)
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