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Abstract: Plans are prepared to provide direction, set goals, manage risks, and ensure timely and
successful implementation to achieve desired outcomes. However, plans fail to deliver desired
outcomes when an unexpected event occurs. The adaptive planning process is known for its ability
to respond to an unexpected event with pre-emptive preparation. The adaptive planning approach
seeks to minimise uncertainties and associated risks during each stage of the planning process
by (re)assessing the feasibility of water supply needs and the effectiveness of planning decisions.
The two most prevalent concepts in the integration of adaptiveness in planning processes are the
dynamic adaptive policy planning and the adaptive planning cycle (Mobius loop) frameworks;
these frameworks are used to address the uncertainties and associated risks at the planning stage.
The Mobius loop, or infinity loop, is gaining momentum, as it clearly illustrates the iterative and
continuous nature of adaptation to changing conditions. However, the data on the successful
implementation of ‘adaptive’ planning practices are limited, and there is little knowledge about these
practices. This study reviews the literature in this field and discusses the different interpretations of
adaptiveness and its benefits and challenges while developing long-term strategic plans. The findings
identify gaps for future research and recommend the way forward for policymakers to promote
adaptive planning practices.

Keywords: adaptive planning; dealing with uncertainty; strategic planning; water resource management;
climate change adaptation; deep uncertainty; regional water planning; urban water planning

1. Introduction

Plans are prepared to provide direction, set goals, manage risks, and ensure timely and
successful implementation to achieve desired outcomes. However, plans are often prepared
and followed strictly. This is the main cause of plans failing when an unexpected event
occurs. Water management planning and population growth projections are subject to deep
uncertainties in a complex system with competing priorities [1]. To ensure that water man-
agement plans achieve their desired outcomes, Brinckmann (2015) [2] recommended that
decision makers critically reflect upon their predispositions while pursuing the imminent
task of planning and that they explore an informative approach to planning. Schoemaker
(2022) [3] recommended that planners reduce the sources of challenges related to the climate
change-related uncertainties that complicate the planning process. In particular, uncertain
population growth is a human-induced source of uncertainty in water planning processes,
and it needs attention if the impacts of structural land use changes on water management
needs are to be included and understood [4]. The challenges of uncertainty are not limited
to climate change but extend to the circular economy, fast-paced technological changes,
and institutional, social, and political upheavals.

Traditional planning practices are ill-equipped to address multi-faceted uncertainties
in an increasingly dynamic and unpredictable environment [5]. These uncertainties drive
the need for an alternative approach to planning, an approach that is flexible enough to
adapt to changes and can be applied with minimum changes to the original plan [6]. The
three major approaches used to adapt to a shock or disruptive condition are adaptation
management, adaptation planning, and adaptive planning. Adaptation management and
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adaptation planning are reactive approaches. In particular, adaptation management is a
passive form of planning acknowledged for its ability to respond to a condition after it
occurs with little or no preparation to create change [7]. The adaptive planning process,
however, is a proactive approach, which seeks to minimise the risks related to uncertainty
at each stage of the planning process by (re)assessing the feasibility and effectiveness of the
planning decisions [8]. Learning by doing [9] and multi-option scenario planning [10] are
suggested as alternative planning methods for addressing uncertainties. These were found
to achieve a small degree of success at the local water utility level.

The terms ‘adaptation’ or ‘adaptive planning’ are usually associated with challenges
related to climate change. However, the circular economy [11,12], the increased reliance
on technology [13], and the global drive towards equity [14,15] are the global challenges
that create uncertainties that have an adverse impact on a local water utility’s planning
considerations. According to Erfani (2018) [16], the adaptation pathway approach by
Haasnoot (2013) [17] was designed for policymakers so that they could make informed
decisions. Adaptive planning is generally about being prepared for transformation during
times of change and in the face of uncertainties [16]. However, the concept of adaptive
planning is not just limited to addressing water management challenges; preparation
and the capacity to imagine alternative futures can turn a crisis into an opportunity [16].
Atwater (2015) [17] studied the extent of resource integration within water utilities and
found that under uncertain conditions, the water utilities do more to integrate resources
and adapt to a rapidly changing world to manage water management challenges.

Despite an increasing awareness of the adaptive planning concept, there is limited
publicly available information, whether it is in the grey literature or in peer-reviewed
studies. This study reviews the interpretations of the adaptive planning concept from the
early 2000s, as it was found to be the most relevant in today’s context. Attempts to search
for versions of adaptive planning concepts prior to the early 2000s were unsuccessful due to
accessibility issues and organisational confidentiality. The ability of an adaptive planning
approach to adapt to the changing environment with minimum disruption drives this
literature review; the aim is also to better understand its potential to address uncertainties.
An analytical review was carried out in this study to gain a better understanding of the
different adaptive planning interpretations.

Section 2 outlines the methodology; Section 3 reviews the abilities of the adaptive
planning pathway; and Section 4 examines the existing literature that considers how the
emerging adaptive planning process can provide a response to planning challenges under
uncertain conditions. Section 5 discusses the conclusions and provides a future research
direction, and it recommends the way forward for policymakers.

2. Methodology

The method used to carry out this literature review involved the exploratory research
of peer-reviewed studies and grey literature. To gather intelligence on the different ways of
adapting to shocks and disruptions in plans with minimum changes, keywords were used
to explore the scientific journals and grey literature. The grey literature search included
the use of Google and Google Scholar. The lack of diversity in the publicly available
information and the similarities in the conceptual adaptive planning approaches designed
to incorporate adaptiveness in long-term strategic plans emphasise the need for a literature
review on adaptive planning to improve water management at the governance level. The
different versions of the adaptive planning concept are represented as either a circle or a
Mobius loop to visualise adaptiveness and the need to revisit and improve plans in an
iterative manner. This initial finding triggered the review of the grey literature.

The literature review was carried out in two stages. The initial short review was
conducted to check the viability of the approach and the knowledge gaps in this field. This
short review included referenced material from 29 peer-reviewed studies and government
documents. In the second stage of the literature review, the top five (5) keywords used to
explore the peer-reviewed studies were adaptive planning, adaptive pathways, scenario
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planning, planning for uncertainty, and risk mitigation in water governance. These key-
words were selected as a result of the research and literature review of the drivers and
challenges involved in developing a long-term water management strategy [18] and an
integrated water cycle management (IWCM) strategy, which were used in this research as
examples of long-term strategic planning [19]. The resulting publication lists from these
searches were then reviewed and shortlisted to include those with the most relevant infor-
mation related to water management, strategic planning, and water governance. Many
peer-reviewed studies and Google links had overlapping information; for example, a study
by Erfani (2018) [16] not only discusses the DAPP concept but also reviews the use of the
real options analysis (ROA) concept to plan for multiple pathways (scenario planning)
and to minimise and manage the risks of long-term planning. Thus, a total of 417 papers,
government documents, and grey literature articles were reviewed and downloaded; of
these, 111 with publicly available information are referenced in this review. The information
is collated in the logical–analytical format of a literature review. The explanation of the con-
cept, benefits, and challenges of an adaptive planning process is discussed for the available
interpretations, and the ways in which adaptive planning can overcome uncertainties is
deliberated in the subsequent sections of this review.

3. Adaptive Planning Pathway—An Emerging Concept

It is a bad plan that cannot be changed

—Publilius Syrus (c. 43 BC)

The initial academic reference to the mixed-conditional adaptive planning process
was made by Cooper (1971) [20] regarding a systems approach to urban planning. Then, in
the following year, the use of this adaptive planning process was identified as a decision-
making tool in a dissertation by Bellaschi (1972) [21]. The Defense Technical Information
Center in the United States also developed and applied an unknown version of an adaptive
planning model in a number of their operations. However, this interpretation of the
adaptive planning process remains an internal confidential process [22,23]. Then, in the
early 2000s, adaptation pathways were conceptualised by Haasnoot (2013) [17] to address
the increasing uncertainties at the planning stage.

The adaptation pathways are a series of actions to be implemented; their implemen-
tation depends on the extent of our knowledge as the future unfolds [24]. Organisations
should modify their traditional action plans to: (a) accept uncertainty as a norm and
(b) value the changing environment [25]. In preparing plans, Williams (2011) [26] identifies
four types of uncertainties influencing the management of natural resource systems: envi-
ronmental variation; the partial observability or partial controllability of conditions; and
structural or process uncertainty. For a water utility, the management of external and inter-
nal risks while developing a long-term water management plan involves deep uncertainty.
These risks range from individual capacity-related risks to global risks related to climate
change or shocks such as COVID-19, which affect the entire world. The management of
the risks requires: (a) decision-making under deep uncertainty; (b) embracing uncertainty,
and (c) the consideration of alternative adaptation planning pathways [27]. In reducing
the ‘causes’ of the challenges related to uncertainty that complicate the planning process,
the study by Schoemaker (2022) [3] serves as a primary driver for the adaptive approach.
The adaptive planning approach seeks to challenge and minimise the uncertainty and risks
related to uncertainty at each stage of the planning process by (re)assessing the feasibility
of water infrastructure needs and the effectiveness of planning decisions [3,8].

Before adaptive planning, adaptive management was viewed as a tool for implement-
ing integrated water resource management (IWRM) strategies and for coping with the
challenges of ‘uncertainty’. Adaptive management aims to increase the adaptive ability to
manage disruptions; it is based on a sound understanding of the critical factors involved
in determining vulnerability [28]. The IPCC (2014) [29] studied the impacts following the
improvement of the adaptive capacity of plans and found that, for the success of long-term
strategic plans, the effective selection of adaptation options was crucial for implementation.
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As such, adaptive management is about managing the situation after it occurs, and it
provides a reactive solution to a disruptive condition. This is the less desired option for
addressing uncertainties, as it does not consider the time factor or the financial implications
of the solution.

Adaptive planning represents a fundamental, systemic reform of how we think about
water management planning [30]. In adaptive planning, predictive modelling for develop-
ing scenarios is a collaborative exercise involving different disciplines and stakeholders [31].
Though the benefits of adaptive planning are well known, the complexities of incorporating
flexibility and adaptive planning principles [32] into planning have yet to be achieved
successfully [33]. An adaptive approach provides discretionary authority to the decision
makers with relatively strong capacity, who are working in a mature and trusted system
of recognised ‘good governance’ [34]. Thus, adaptive planning is a proactive solution to a
disruptive condition. This is the desired option for addressing uncertainties, as it considers
all options, prepares scenarios, and develops multiple pathways. The adaptive planning
pathway duly considers the time factor and the financial needs of the selected solution to
future-proof the water infrastructure plans, which are expensive to implement and operate.

Many researchers have found that developing infrastructure too soon can lead to
unnecessary, expensive, and irreversible investments, but waiting too long can threaten
water supply reliability [35–39]. However, should the infrastructure development be de-
ferred, it could mitigate the risk of overbuilding or underbuilding infrastructure while
maintaining water supply reliability in the face of uncertainty [16,40]. Another study by
Gurung (2017) [40] highlights the cost implications of delaying infrastructure investment,
operating the existing deteriorating infrastructure, and the (in)ability of the utilities to pro-
vide adequate levels of services to their water user communities. Thus, there is recognition
of the need for proactive solutions. The adaptive planning process provides a proactive
solution that identifies the potentially disruptive condition and proposes various scenarios,
including risk management and mitigation, that may be implemented as required.

Considerable efforts have been made to implement adaptive planning in practice. The
main approaches proposed by researchers to implement an adaptive planning process over
the last decade and a half consider macro-level governance, local planning pathways, and
the stakeholder mindset. The approaches are as follows:

1. An analytical framework proposed to map three-dimensional politics around reflexive
governance at the micro-, meso-, and macro-planning levels [41];

2. Six practice-based adaptive planning approaches: (i) requirement-based planning,
(ii) cost–benefit-based planning, (iii) multi-objective planning, (iv) conflict resolution
planning, (v) market-based planning, and (vi) muddling through [31];

3. The perspectives of (i) researchers and (ii) planning practitioners who influence the
interpretations of scenario analysis as a tool [42];

4. Two scenario planning approaches: (i) exploratory scenarios—extrapolating projective
and prospective future trends and (ii) the anticipatory scenario—is a policy response
that is based on experts’ judgement and stakeholder-defined [43].

These four multiple-pathway options are designed to mitigate the planning risks in
an uncertain environment. Collectively, these four approaches and frameworks are parts
of a whole (adaptive planning concept). Each approach addresses a major component
of the adaptiveness of the multi-level governance of the planning process, the water
management and practices, the different perspectives on water governance, and the detailed
scenario planning.

The adaptive planning process centres on prioritising the risk-based pathways devel-
oped using scenario planning (Available at: https://flevy.com/blog/scenario-planning-fo
r-consultants-strategizing-the-uncertainties/, accessed on 3 October 2023) as a tool. The
risk-based approach triggers the need for the selection of the pathway on a case-by-case
basis [44]. These planning tools address a specific issue but cannot mitigate multiple risks
in an uncertain environment, nor do these frameworks consider the complexities associated
with the non-stationary nature of the hydrological parameters that now exists due to climate

https://flevy.com/blog/scenario-planning-for-consultants-strategizing-the-uncertainties/
https://flevy.com/blog/scenario-planning-for-consultants-strategizing-the-uncertainties/
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change [45]. This raises a clear need to manage water demand in the face of multiple risks
in an uncertain environment and complex climate change challenges. Thus, it is necessary
to improve water use efficiencies and promote conservation to respond to climate-induced
impacts on the water sector. As with adaptive planning, adaptive governance is about
being prepared for change and surprise and enhancing adaptability when dealing with
disturbances [46] and social capitalism [47]. The basic principles of sustainable adaptive
governance include exploring a broad range of uncertainties and planning for long-term
goals while targeting short-term objectives, where listed options can be adjusted to respond
to problems and opportunities. To implement adaptive governance measures, adaptive
pathways, according to Haasnoot (2013) [17], must involve being prepared for a wide range
of scenarios. This can be achieved by selecting from the reviewed options and by increasing
the ability to revise plans.

Adaptive planning is used in metropolitan NSW councils to address the uncer-
tainties of water resource management and is becoming increasingly popular in the re-
gional NSW councils (Water Utility Strategic Planning; NSW Department of Planning,
Environment and Industry—Available at: https://water.dpie.nsw.gov.au/our-work/l
ocal-water-utilities/water-utility-strategic-planning, accessed on 14 March 2024). The
metropolitan water utilities of Sydney Water (Eastern SydneyWater Strategy—Available
at: https://www.sydneywater.com.au/content/dam/sydneywater/documents/eastern
-sydney-regional-master-plan-final.pdf, accessed on 25 January 2024; Western Sydney-
Water Strategy—Available at: https://www.sydneywater.com.au/content/dam/sydne
ywater/documents/western-sydney-regional-master-plan.pdf, accessed on 25 January
2024) and Hunter Water (Draft Lower Hunter Water Security Plan: At a glance, Avail-
able at: https://www.hunterwater.com.au/documents/assets/src/uploads/document
s/Plans--Strategies/lower-hunter-water-security-plan.pdf, accessed on 25 January 2024)
in NSW lead the way in adopting the adaptive planning process in their strategic plans.
Water utility alliances and joint organisations in regional NSW are adopting the adaptive
planning process in their strategic plans, both at the utility and joint organisation levels. A
proactive planning approach, as suggested by Smet (2017) [48], can create opportunities for
water utilities to develop robust cross-disciplinary solutions as a part of good governance
measures. The integration of finance, water resource planning, engineering, operations,
and facilities management decision-making into a single collaborative effort was found to
be fundamental to the success of the adaptive planning approach [48]. Fletcher (2019) [35]
also suggested exploring various engineering options and identifying future applications
of these options to build a theory around the drivers and limits of adaptive plans. Then,
Fletcher (2019) [35] demonstrated that the adaptive infrastructure planning approach al-
lows planners in data-scarce regions to assess the conditions when initial plans are made.
However, identifying infrastructure needs in practice under uncertain conditions and
future-proofing the infrastructure are major challenges for the water utilities in NSW [18].
The challenge facing the inclusion of adaptive planning in rural and regional councils is
the limited access to the already-limited resources [31], whether natural, human, or finan-
cial [49–51]. The challenges and benefits of an adaptive planning process are deliberated in
Section 4.

4. Adaptive Planning Processes—Benefits and Challenges

Introducing the ‘adaptive planning’ concept to develop long-term strategic plans can
mitigate the risks associated with semi-coherent shocks and disruptive conditions with
minimum changes to achieve higher degrees of efficiency at the time of implementation.
Adaptive planning, however, is viewed as a complex process that is difficult for the resource-
poor councils to undertake and implement [32]. Understanding the existing strengths and
challenges of the adaptive process is imperative in overcoming the challenges of water
management at the water utility level.

The key benefits of an adaptive planning process are the ‘Decision Making under Deep
Uncertainty’ approach [5] and the flexibility to select from multiple pathways as a proactive

https://water.dpie.nsw.gov.au/our-work/local-water-utilities/water-utility-strategic-planning
https://water.dpie.nsw.gov.au/our-work/local-water-utilities/water-utility-strategic-planning
https://www.sydneywater.com.au/content/dam/sydneywater/documents/eastern-sydney-regional-master-plan-final.pdf
https://www.sydneywater.com.au/content/dam/sydneywater/documents/eastern-sydney-regional-master-plan-final.pdf
https://www.sydneywater.com.au/content/dam/sydneywater/documents/western-sydney-regional-master-plan.pdf
https://www.sydneywater.com.au/content/dam/sydneywater/documents/western-sydney-regional-master-plan.pdf
https://www.hunterwater.com.au/documents/assets/src/uploads/documents/Plans--Strategies/lower-hunter-water-security-plan.pdf
https://www.hunterwater.com.au/documents/assets/src/uploads/documents/Plans--Strategies/lower-hunter-water-security-plan.pdf
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planning approach; these benefits enable dynamic decision-making as the future unfolds.
The process explores different decision-making pathways for multiple-scenario planning
and alternative strategies for overcoming policy paralysis due to deep uncertainty. As such,
the adaptive planning process drives the design of long-term options that help to indicate
when to implement the planned long-term options and revisit decisions as required [5]. This
is particularly useful for water utilities when exploring long-term options for critical water
infrastructure and managing increasing water use demands. In the following subsections,
the current approaches used to incorporate adaptiveness in long-term plans are discussed,
including the benefits and challenges they pose.

4.1. Dynamic Adaptive Policy Planning

The ‘Dynamic Adaptive Policy Pathway’ (DAPP) concept (Figure 1) was developed by
Haasnoot (2013) [17] to address the issue of uncertainties at the global and regional scales.
According to Kwadijk (2010) [52], the DAPP combines two adaptive approaches to design
policies. Nyamekye (2018) [53] proposed a slightly different approach and provided spe-
cific details that defined the DAPP as a combination of adaptive policy (visionary, implicit,
comprehensive, specific, and distinctive) and the adaptation pathway (exploratory, explicit,
and limited to an application and multiple pathways). Alternatively, Kwakkel (2010) [54]
proposed a structured approach for designing dynamic plans, whereas the adaptation
pathway approach specified the conditions under which the plans met the goals [54–56].
The DAPP has the much-needed capabilities to analyse the strengths and weaknesses of
policy impacts over a long period through scenario planning for multiple uncertainties [57].
Alternative paths are designed through the dynamic adaptive planning process to address
weaknesses and build upon the strengths of uncertainties [16,58,59]. From a water man-
agement viewpoint, climate change impacts trigger the need to change current plans and
identify new actions to ensure secure water supplies. Identifying the triggers for success-
fully designing and implementing the DAPP approach is challenging [16]. The DAPP and
real options analysis (ROA) are both decision-making processes, but they use different
techniques to prepare adaptive plans [16]. The DAPP uses multi-path scenario planning
in the absence of information [60,61], and ROA focuses on the cost–benefit analysis of the
options using probability information to prepare for uncertain future conditions [62]. These
differences in approach make the DAPP a more viable option in a constantly changing
environment, where the absence of information is a more regular occurrence. The adaptive
planning approach, however, integrates the two approaches to planning in the absence of
information and develops options using probability.

According to a study by Lawrence (2017) [59] on implementing the DAPP, there are
four intervention phases for incorporating adaptiveness while implementing the long-term
strategic plans: (1) creating interest through framing the science, (2) increasing awareness
using the game, (3) experimenting with the DAPP, and (4) taking up the DAPP. The catalysts
for the uptake of adaptive planning pathways are (a) the knowledge broker introducing new
frameworks to reduce risk levels, (b) facilitating the DAPP approach in a real-life decision-
making setting, and (c) providing contextual assistance from events and (inter)national
reports [59]. However, publicly available information on the successful implementation of
the DAPP process using these intervention methods is missing.

In contrast to Haasnoot’s DAPP theory, Malekpour (2020) [60] found that interwoven
multi-dimensional challenges and adaptation pathways are barriers to the uptake of the
DAPP at the planning stage. Another study by Giezen (2012) [61] found that including
all the options to address uncertainties is hard to manage. Project planning becomes
manageable when there are fewer unknowns and variables to predict and the complexities
are reduced. However, limiting the scope of the project to the minimum means

• Less intense stakeholder engagement;
• A reduced number of external influences;
• Limited feedback about alternatives;
• Limited uncertainties and related risk management;
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• A reduced need to adapt.
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Such a minimalistic approach, which limits the scope of a project, tends to exclude
uncertainties that could potentially put the desired outcomes of the project itself at risk.
Therefore, scaling down the project is not an option. Adaptive plans should be designed to
incorporate changes, new knowledge, and information to enable the improved management
of future changes, deal with uncertainties, and guide future actions [45]. Erfani (2021) [62]
encourages the use of decision rule (decision rule is the method used in statistical analysis
to reject options with null impacts), as it is easy to use and tractable, and its applicability at
all decision stages assists in the optimisation of the solution. Thus, analysts should consider
using decision rules to optimise adaptive planning models [6]. These cumulative findings
highlight the fact that, though adaptive planning is complex, there is a definite need to
include and address uncertainties and risks in the plans.

4.2. Mobius Loop or Infinity Loop

The study of adaptive planning interpretations by Wahl (2016) [63] found that they are
often represented as a Mobius loop or an infinity loop to capture the iterative process of the
adaptation. Gunderson (2002) [64] proposed the adaptive cycle as an infinity loop (Figure 2),
divided into four distinct phases representing the ecosystem and the socio-ecological system
dynamics of: ‘growth or exploitation’ (r); ‘conservation’ (K) of established patterns and
resource distribution or ‘release’ (Ω) of information; and reorganisation (α) of the plans to
adapt to the altered conditions. These four phases are presented as a two-stage transition
process: (1) foreloop and (2) backloop. Foreloop, the first stage (denoted by gamma (r) and
kappa (K)), is a slow, incremental phase of growth and accumulation. Backloop, the second
stage (denoted by omega (Ω) and alpha (α)), is the rapid phase of reorganisation leading
to renewal. This transition process forms an infinity loop or Mobius loop that highlights
the need for an iterative process to reach the desired goals and objectives of the plan or to
address the uncertain condition efficiently and effectively.

Natural Foresight (https://tfsx.com/2021/07/natural-foresight-as-a-panarchy/, ac-
cessed on 1 June 2024; Free open-access copyright permission available at: https://tfsx
.com/nff/, accessed on 1 June 2024) proposes the panarchy model from an ecological
or environmental perspective. The concept of panarchy was explored from a planning
perspective and is divided into four phases: exploring, mapping, discovering, and creating
(Figure 3).

https://tfsx.com/2021/07/natural-foresight-as-a-panarchy/
https://tfsx.com/nff/
https://tfsx.com/nff/
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It was found that the adaptiveness of the action plans was best leveraged by an iterative
(double-looped) process rather than a linear process [64] or a single-loop process. Figure 4
shows the interconnectedness of these iterative cycles at different levels of governance,
illustrating the scalability of the model. A linear process does not facilitate feedback and
learning from previous processes, which potentially increases the risks of planning and
developing plans through an adaptive process. The circular process and the single-loop
process do not facilitate changes to a disruptive or unpredicted situation. Thus, a double-
loop process or a process presented as a Mobius loop has a better chance of successfully
integrating adaptiveness in the traditional planning practices.

The traditional ‘predict and plan’ model is where future trends are forecasted using
scenarios, as a planning tool, for a desired outcome [65,66]. The infrastructure and land use
requirements needed to accommodate and future-proof population growth are identified
to achieve the desired outcomes. Quay (2010) [67] finds that the ‘predict and plan’ model
works conditionally when the social and environmental systems are stable and predictable
over short periods of time. When the uncertainties and complexities are high, forecasting is
difficult; so, the predict and plan model does not work as anticipated. Thus, anticipatory
governance measures offer a new decision-making model for planning under conditions
of high uncertainty [68] and are emerging in the literature on climate change and socio-
technological governance [69]. Anticipatory governance is based on concepts of foresight
and adaptation and on scenarios of multiple possible futures [67] in which planners not
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only evaluate alternatives for their communities but also consider possibilities that they
may not fully control. Uncertainty as an integral part of a planning and implementation
process is new [68], but the concept of scenario planning as an integral part of planning for
uncertainties is not new.
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Scenario planning is found to be a versatile planning method used by water utilities
to achieve stability in transformation landscapes; its applicability in addressing a wide
range of challenges, not just climate change challenges, is recognised [3,9,10]. Scenario
planning also has the capability to consider risks and possible solutions for a range of
alternative futures [70]. According to Schoemaker (2022) [3], achieving the balance between
the known and unknown aspects of the future that necessitate risk mitigation and require
a degree of certainty was the main challenge of implementing an adaptive plan. The
use of probabilities to assess risks—of certainty (definite need), between certainty and
uncertainty (the available information is sufficient to make decisions), and uncertainty
(nearly impossible to assess)—can balance the known and unknown scenarios of the future,
according to Schoemaker (2022) [3]. Thus, scenario planning can lead to better-informed
decision-making by understanding and bridging the gap between the different approaches
used by the stakeholders and by making plans adaptive [50].

Another interpretation of the adaptive cycle in a Mobius loop formation, by Räsänen
(2021) [71], builds upon the adaptive planning cycle (Figure 5a) developed by Iii (2009) [72];
it uses the perspectives of social structure and social capital and then charts them as
multiple loops. These multiple loops (Figure 5b) refer to shocks—forward-looped as ‘revolt’
and historical knowledge and back-looped as ‘remember’. Figure 5b shows the alternative
views of the spatial and temporal scales of connectivity in an increasing scale to demonstrate
the extent of the planning regions.

The planning process ultimately leads to infrastructure investment decisions regarding
the several available options for coping with uncertainties related to climate change. The
consequences of climate change are extensive enough to question the risks and uncertainties
associated with a specific project, the infrastructure investment needs, and the design
process. Integrating climate change uncertainties is essential at the planning stage [30,55,73].
To assist in planning for future infrastructure needs, it is imperative for all stakeholders
within the water industry, including policymakers, regulatory governments, practitioners,
and professionals, to integrate the uncertainties related to water availability and changing
water needs [48]. However, integrating what is not known is a difficult and confusing
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exercise, and these plans do not get approved. Thus, implementing an adaptive planning
process is not a viable option.
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As more research is being conducted on the uncertainties related to climate change,
new and more complex challenges are being identified [74]. Figure 6 shows an increase in
the number of uncertainties, which evolve, expand, and fragment to varying degrees over
time. Figure 7 maps the interconnectedness of the adaptation efforts and the stakeholder’s
efforts [75] to reduce the risks associated with the uncertainties related to climate change.
While Figure 6 highlights the complexities of climate change challenges, Figure 7 shows
the connections between the social, economic, and cultural efforts to mitigate the impacts
of increasing climate change challenges.
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The colours in Figures 6 and 7 are co-related and illustrate the areas of impacts, re-
sponses, and efforts. To prepare adaptive plans with multiple scenarios, a planning process
should demonstrate a high level of flexibility to be able to respond to the expanding uncer-
tainties and employ a robust decision-making process [75,76]. The resulting adaptive plans
could potentially measure the performances of various investment plans [36]. Adaptive
plans are referred to as coping mechanisms for policy changes that aim to limit the negative
impacts and exploit the positive impacts of climate change on the quality and level of
services for the planned infrastructures [75].
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Policymakers play a vital role in facilitating the inclusion of uncertainties related to
climate change at the planning stage for resilience while developing long-term strategic
plans. Resilience is the capacity of a system to ‘continually change and adapt yet remain
within critical thresholds’ [77] and the capability to transform from one ‘stability’ landscape
to another. Transformations are referred to as novelty and innovation, and crises are used as
an opportunity to gather sources of knowledge and experience to navigate socio-ecological
transitions between landscapes [77,78]. The impact of transformation is rationalised as
promoting change at smaller scales and enabling resilience at larger scales [79]. Deliberate
transformation is a two-stage process that involves breaking down the resilience of the old
and then building the resilience of the new [77].

Planning for resilience [80] is carried out by adapting to damaging conditions and mit-
igating impacts by reducing exposure to vulnerable conditions, as shown in the resilience
inference measurement (RIM) model. As shown in Figure 8, the RIM model, developed by
Lam (2015) [81], serves as a basis for the implementation of adaptive planning.
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The adequacy of the current mechanisms for tackling complex planning issues is still
under debate. Traditional planning is mainly focused on fostering desired change under
given and certain conditions [82]. The adaptive planning process introduces an additional
level of intervention to achieve the desired change [83,84]. Skrimizea (2019) [84] defined
the adaptive rationale as both a normative and analytical trajectory in the planning theory,
which interacts with certainties and uncertainties. Such non-linear or adaptive rationale
refers to adaptive planning as being vital for driving the co-evolution of temporal and
spatial processes. In the non-linear or adaptive rationale, the adaptability component
formulates both responsive and proactive integrated strategies [85,86] for a mix of certain
and uncertain conditions. The decision-making responsibilities regarding which path to
take lie with the planners, and their decisions are influenced by their personality traits,
knowledge, and experience in the field of application.

Nearly four decades ago, Alterman (1988) [87] drew attention to the habits of a
planner prevailing at the planning stage; Alterman’s observations still hold true. They
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are especially relevant for the adaptive planning process, where knowledge, experience,
and the unique interpretations of a planner in the action plans are foregrounded. The
risks associated with the individual perspective of a planner [80] could be minimised by
appropriate levels of access to the organisation’s knowledge storage and by collaborating
with internal teams and external stakeholders [62,88,89] to build the capacity to deal
with long-term disaster recovery in a socially inclusive manner [62,90]. However, studies
on urban development find that stakeholders tend to undermine the capabilities of the
adaptive rationale under uncertain conditions [62,91] nestled within the strategic action
plans. Such diverse findings create confusion (uncertainty) amongst the planners about the
extent of stakeholder engagement and the design of the long-term strategic plans. Section 5
highlights the different ways of integrating the adaptive planning process.

5. Adaptive Planning Process—Dealing with Uncertainties

In water resource planning, dealing with uncertainty is problematic, as inadequate
(over- or underused) infrastructure can have social, economic, and environmental costs [56].
The uncertainty arising from the interactions between humans and nature is amplified
during the decision-making process of identifying adaptation pathways today for emerging
and future risks due to natural disasters [57]. Deep uncertainty includes the surprises and
proliferating uncertainties associated with changes in global emissions [57], such as the
potential to trigger polar ice melts and create thermal instabilities [5]. Such uncertainties
need to be considered, as adaptation too early or too late can be costly. Tools that do not
rely upon assigning the levels of uncertainties (likelihoods) and can represent changing
community preferences over generations are required [57,85]. However, there is a need
to understand the source of deep uncertainties. Marchau (2019) [5] found the three main
causes of deeply uncertain conditions, where the experts do not know or the parties taking
decisions cannot agree; these are as follows: (a) the interaction of a system’s variables with
appropriate models; (b) probability distributions to represent uncertainty in a model; and
(c) valuing the desirability of alternative outcomes. The cautious appraisal of the situation
is proposed by researchers for such scenarios [70,92]. It is still necessary to examine the
trending nature and impact of current practices, prompted by policy/ies, more closely [48].

Policymaking is rife with uncertainties [57], including partial knowledge of deep
uncertainties that cannot be known or agreed upon and can be contested [5]. Such un-
certainties affect our ability to assess the risks of climate change impacts, including how
we plan and respond to those impacts. Thus, long-term planning is often challenged by
cost–benefit considerations, value propositions, and local preferences. The hybrid approach
involving integrating certain and uncertain scenarios creates awareness amongst policy-
makers and communities, which steers them towards taking longer-term views while
planning to address immediate threats [57]. Through this process, a wide range of adap-
tation actions are considered to transition towards threat avoidance or mitigation before
the threat becomes a pervasive reality. The processes for implementing adaptive plans
are anticipated to reinforce anticipatory long-term thinking by building the community’s
capacity to deal with the change [59,93]. One of the most consistent trends is increasing
transparency and the broader involvement of citizens in the planning process, although
this engagement remains relatively weak in a sizeable proportion of countries, illustrating
the need for the further development of participatory planning practices [48]. Reforms,
while developing planning tools to influence the shaping of urban development, may
have unintended consequences. For example, increased integration may lead to a dilution
of important environmental policies in favour of economic priorities. A fully adaptable
planning system may allow powerful interests to manipulate the discretion of decision
makers in their favour [94], while the widespread and active engagement of citizens may
not deliver community-sensitive decisions [95] nor deliver equitable water supply services.
It is clear that there is a need for interventions to appropriately address and mitigate the
risks in order to deliver equitable water supply services.
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Appropriate intervention measures should be included to secure an acceptable and
reliable water supply while planning for water supply infrastructure [16,27]. Climate
change is a major cause of uncertainty in water resource planning, as source yields and
their impacts are uncertain. Adaptability to changing weather conditions is increasingly
viewed as a valuable design principle for strategic water planning. The decisions made in
the present at a water utility impact the system’s ability to: (a) adapt to future needs [24],
(b) be flexible in activating, delaying, and or replacing engineering projects [30], and
(c) consider least-cost water supply intervention scheduling [30,96]. Water utilities are
required to maintain efficient and reliable water supply services [97] while maintaining
affordability [98]. They do so by optimising the schedule of supply augmentation projects,
combined with demand reduction policies [99]. The strategic plans that perform well under
a wide range of plausible scenarios [100,101] and investment plans with the least sensitivity
to significant uncertainties [39,102] have robust decision-making processes [56].

A study by Groves (2015) [103] recognises the importance of a water utility’s need to
prepare flexible plans and meet the organisation’s goals and objectives under the multiple
uncertainties of future supply–demand management, changes in climate conditions, limited
funds, and legal constraints. They also find that competition between water utilities to best
one another and construct state-of-the-art infrastructure makes it difficult to integrate flexi-
bility and to ensure the robustness of plans. Water utilities, however, simultaneously need
to offer system-based technical solutions to adequately address a contested future [104,105]
by improving the adaptive capacity of the strategic plans.

The adaptive capacity wheel (Figure 9), proposed by van den Brink (2014) [106],
provides a methodological framework for improving the adaptiveness of action plans by
identifying the strengths and weaknesses of each action in the plan. The colour-coded
scoring chart that sits beneath the adaptive capacity wheel was designed by van den Brink
(2014) [106] to understand the adaptive capacity of 6 thematic risk-prone criteria and 22 sub-
criteria to measure, monitor, and improve adaptive planning practice. This colour-coding
system enabled the planning process to focus on the weaker actions, improving the overall
adaptive capacity of the plans to address deep uncertainties. The process of identifying the
level of adaptiveness involves finding the level of impact from the scoring of the 22 actions
of the outer circle using the chart (Figure 9). The score of each cluster is then averaged to
obtain the level of adaptiveness of the six thematic risk-prone criteria. The average scoring
of the six thematic risk-prone criteria is the level of adaptiveness of the action plan.

‘Learning by doing’ is another adaptive approach used by water utilities to cope with
uncertainties as a part of green infrastructure planning; it involves adapting to changing
conditions by improving the efficacy of management plans. However, the value (of learning)
vs. cost (of providing the learning opportunity) is a challenge for both the water practi-
tioners when delivering the learning and the water utilities when procuring the learnings.
To overcome these cost implications, Hung (2022) [107] studied the stepwise approach of
learning from direct and indirect investments in building capacity and multi-level learning
processes. Hung (2022) [107] also proposed quantifying the value of learning and adapt-
ability in systems performance and categorised the adaptiveness of decision-making into
three major types: (1) non-adaptive—no learning between decisions; (2) passive adaptive—
accidental learning; and (3) active adaptive—a considered learning approach that actively
seeks potential learning opportunities when choosing from an available option.

The collaborative governance model is yet another emerging approach that is often
used to deal with uncertainties in managing water resources and developing adaptive
strategies. Collaboration is deemed to be difficult to carry out due to the vast number of
diverse stakeholders involved in the decision-making process. The collective responsibility
of the decision-making group dissolves the impact of ownership, putting the implemen-
tation at risk. However, when collaborative efforts are successful, the outcomes achieved
are exemplified. However, the influence of collaboration on managing uncertainties has
not been researched in greater depth [105,108]; Figure 10 illustrates a simplified version of
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collaborative planning as a pathway from uncertain future conditions to adaptive plans
that address uncertainties.
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Zandvoort (2019) [105] also identified a conceptual relationship between uncertainty,
adaptiveness, and collaborative planning, where collaborative planning provides a different
viewpoint on the fixations of certainty prevailing in planners and the different areas of
water management to understand uncertainty and improve adaptiveness. However, the
success of this collaborative governance model is highly dependent on their relationships
and the position or rank of the collaborators [109,110].
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The different ways of integrating adaptiveness in plans discussed in this section
highlight its needs and at the same time present the barriers to implementation. Section 6
discusses and provides conclusive remarks.

6. Discussion and Conclusions

Dealing with deep uncertainty is multifaceted and complex. The concept of adaptive
planning is an emerging solution that deals with the deep uncertainties that are usually
associated with climate change. However, uncertainties are not limited to changes in the
climate and also include changes in the society, economy, political agendas, institutional
mindset, and personal approach. It is vital to understand the interconnectedness of the
sources and sinks of emissions that impact planning and the impacts of climate change on
water resources (e.g., on water availability). This process of adaptive planning includes
stakeholder involvement in designing adaptation pathways and mitigation measures to
achieve resilience. The adaptive planning framework can be described, operationalised, and
implemented by the decision makers and planners even without achieving a consensus in
the theoretical and empirical literature [80]. Though the existing interpretations of adaptive
planning processes aim to address the challenges of climate change and the uncertainties
prevailing in the governance, the regulatory and resource management bodies play a vital
role at the planning stage, which cannot be overlooked.

The two main conceptual frameworks of adaptive planning processes are

(1) The DAPP concept;
(2) The panarchy model or Mobius loop concept:

a. The basic concept [64];
b. The panarchy model by ‘Natural Foresight’;
c. The social structure and social capital perspective [71].

(3) The DAPP concept was found to be the most widely used framework for designing
adaptive plans. Lawrence (2017) [59] identified four main intervention methods for
incorporating adaptiveness at the implementation stage and three catalysts for the
uptake of the DAPP. However, the implementation experience or the levels of success
of the DAPP are not known in the peer-reviewed literature.

(4) The panarchy model represented by the Mobius loop or infinity loop was the only
model illustrated as a scalable model, connecting the past to the future.

(a) The ‘Panarchy model’ was developed by Gunderson (2002) [64] to identify the
patterns of change in the ecosystem and eco-social systems.

(b) Natural Foresight builds upon this basic concept of panarchy developed by
Gunderson (2002) [64] to integrate adaptability in the action plans using a
Mobius loop approach through four main steps: explore, discover, create, and
map, in order to drive the implementation of the adaptive planning concept
not just at a local level but also in temporal and spatial dimensions to assist in
progressive adaptation.

(c) Iii (2009) [72] re-interprets the panarchy model developed by Gunderson
(2002) [70] and provides us with the social structure and social capitalism
perspective. Räsänen (2021) [71] then builds upon the adaptive planning cy-
cles (Figure 3) developed by Iii (2009) [72] and charts them as a multi-loop
structure. The social capitalism perspective is used to organise priorities and
social structure to diffuse knowledge, ultimately assisting the move from dy-
namic to stable conditions [72]. The four steps of panarchy are adapted to the
terminology of the social structures as polarised, institutionalised, scattered,
and mobilised.

These different versions of the panarchy model highlight the need for an iterative
process to ensure that current and emerging issues are included in the plans and are
flexible enough to weather intense changes in managing water supply requirements. The
‘adaptability’ of plans can also be achieved through intervention techniques [59,84], the
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collaborative approach [31,105], and the use of score charts to quantify and map the level
of adaptability in a plan [106].

The major factors contributing to the success of the adaptive plans are resilience under
unstable climatic conditions; flexibility in implementation; the ability to address urgent
needs; and early infrastructure trend detection [111] to predict disruptions or shocks. The
adaptiveness of decision-making is categorised into three major types: (1) non-adaptive
(no learning between decisions); (2) passive adaptive (accidental learning); and (3) active
adaptive (considered learning) to quantify the value of learning and system performance
when choosing from the available options [107]. Collaboration is used as an intervention
tool to move from uncertainty to adaptiveness [105].

The adaptive capacity wheel by van den Brink (2014) [106] provides a methodological
framework for identifying the strengths and weaknesses of the action plans and improving
the adaptiveness of these action plans. Research and thorough risk assessments form the
basis for a robust plan and monitoring techniques, bringing us a step closer to dealing
with uncertainties.

The adaptive planning concept is still in its infancy and is being progressively im-
proved as new challenges come to light. Although researchers have proposed many ver-
sions of adaptation methods for over a decade, as discussed in this study, each researcher
has focussed on one particular area in great detail and lacks comprehensive guidance to
integrate adaptiveness in the traditional planning practice. The unavailability of a compre-
hensive adaptive planning process integrated in the traditional planning practice is a gap
for future research.

Furthermore, there is little or no knowledge of success in practice for the existing
adaptive planning concepts and models. This is a gap that can be managed by ‘policymak-
ers’ by collating the statistical data as a check to determine how many utilities used the
adaptive planning process and what the outcomes were. The case studies of successful and
unsuccessful adaptive planning practice have formed a strong experiential foundation. The
lessons from the successful and unsuccessful cases—to understand the factors driving success-
ful implementation and the periodic evaluations of the adaptive planning practiced at the different
governance levels or regional scales—provide a strong foundation with which to either build
upon the current adaptive planning concepts or design a new framework by eliminating
the redundant problems of the past and including the new and emerging challenges.
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