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Abstract

Climate change poses a significant threat to urban livability and citizen well-being, necessitating the
development of effective adaptation actions within urban environments. This research addresses the
need for a structured understanding of the diverse array of available adaptation tools. To achieve this, a
comprehensive document analysis was conducted on 386 case studies and research papers related to
climate change adaptation across various applications and contexts. The resulting classification
framework categorizes adaptation tools into four key areas based on their primary application: Planning
& Decision-Making Tools, Data & Modeling Tools, Research Tools, and Implementation &
Management Tools. This categorization acknowledges the interconnectedness of tools and their
potential for overlap, emphasizing that the strategic combination of tools from different categories can
significantly enhance the outcomes and quality of climate change adaptation projects across various
project phases. This classification provides a valuable resource for researchers, policymakers, and
practitioners seeking to navigate the complex landscape of climate change adaptation.

Keywords: adaptation tools, document analysis, tool classification, implementation tools, planning tools,
GIS tools, decision-making tools

Introduction

Anthropogenic greenhouse gas emissions have driven global temperatures to unprecedented levels
(IPCC, 2014). Consequently, this human-induced climate change has caused adverse impacts and losses
to our nature and livelihood outside natural cycles, such as extreme events like floods and heatwaves
(IPCC, 2022, SPM A.1.1; Mendoza-Tinoco et al., 2017). This is a major threat to urban sustainability
and socio-economic stability. Climate action encompasses both mitigation, which aims to reduce
greenhouse gas emissions in the atmosphere or their sinks, and adaptation, the process where humans
adjust to actual or expected climate hazards, thereby reducing potential harms (IPCC, 2023; Dolsak &
Prakash, 2018). Mitigation and adaptation work together and are crucial to help lessen the burden of
climate change impacts (IPCC, 2014). This paper focuses on climate change adaptation, specifically the
tools and methods used in adaptation. The reason being so is that the current landscape of climate change
adaptation is highlighted by significant availability of tools and frameworks which can be a challenge
for researchers, practitioners and policy makers in identifying and implementing the appropriate
solutions (PROVIA, 2013). Moreover, adapatation guides are emerging in different sectors and contexts,
notably some foundations have been done in the last decades, yet this diversity in the scope of adaptation
practices can confuse users and overwhelm researchers and practitioners (Stafford-Smith et al., 2022).
Recognizing this challenge, this research aims to form a better understanding of available climate
change adaptation tools. This study contributes to the exisitng research by conducting a systematic
document analysis of 386 literature sources, which results in a simplified tool classification designed
to assist stakeholders, practitioners, and researchers.

Background

Climate Change Adaptation: Definition and Evolution

The Paris Agreement by UNFCCC (2015) recognizes the urgent threat of climate change and calls
for a global cooperation to limit the increase in the global average temperature to achieve a balance
between anthropogenic emissions by sources and removals by sinks in the second half of this century
(UNFCCC, 2015, Article 4. 1). Additionally, it addresses the unavoidable impacts caused by climate
change and the significance of adaptation measures together with mitigation efforts. “Parties recognize
that the current need for adaptation is significant and that greater levels of mitigation can reduce the
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need for additional adaptation efforts, and that greater adaptation needs can involve greater adaptation
costs”( UNFCCC, 2015, Article 7.4).

Adaptation is broadly understood as adjusting to climate change impacts; its definition and role have
been refined across the last decades, the most recent definition is provided by (IPCC, 2023): “In human
systems, the process of adjustment to actual or expected climate and its effects, in order to moderate
harm or exploit beneficial opportunities. In natural systems, the process of adjustment to actual climate
and its effects; human intervention may facilitate adjustment to expected climate and its effects.”

The role of adaptation has evolved to no longer being a secondary, last resort but rather an urgent
necessity, especially for vulnerable communities that are already dealing with current climate hazards
(Bitner-Gregersen et al., 2011). Schipper et al.'s (2010) review on climate change adaptation tools and
methods adopted a specific definition of adaptation as the process of adjusting to climate change. Their
understanding of adaptation was narrow; however, their search for relevant tools and methods was
broad, with a wider set of issues such as vulnerability assessment and risk analysis. Furthermore, their
review excluded methods solely focused on disaster recovery and response, prioritizing those that
emphasized thinking ahead and forward planning.

Adaptation Dimensions, Cycle, and Terminology

Adaptation activities, drawing on dimensions identified by Smit et al. (1999) and elaborated by
Fiissel (2007), encompass a set of aspects to consider for adaptation, such as: climate-sensitive domains,
types of climate hazards, predictability of climatic changes, non-climatic conditions, purposefulness,
timing, planning horizons, actors and forms. Given this diversity, adaptation is not a one-size-fits-all
approach; it is context-based and depends on multiple factors such as: climate, environment, social and
political conditions of a specific region. Nevertheless, general principles of adaptation exist as well.

Due to the highly contextual nature of adaptation, the assessment of adaptation needs forms a critical
step to effective planning and implementation at any scale. These needs encompass all actions and
resources required during the adaptation cycle, not just a starting point. The adaptation cycle as outlined
by PROVIA (2013) involves: identifying adaptation needs, identifying adaptation options, appraising
adaptation options, planning and implementing adaptation actions, monitoring and evaluation of
adaptation. PROVIA also highlights the gap between the theoretical concepts of assessing adaptation
needs and the methodologies applied in current practices. This emphasizes the importance of integrating
existing methodologies and continuously developing new methods and tools.

Several terms are usually used interchangeably in adaptation literature these are “tools”, “methods”
and “methodology. Methodology represents the conceptual framework for an analysis. Methods are the
procedures of which this analysis is conducted systematically. Tools, in turn, are the instruments for
analysing and gathering data within those methods. This relationship is hierarchical, as a single
methodology typically includes several methods, and each method may utilize multiple tools. Confusion
often arises because the common dictionary definition of "methodology" refers to a specific way of
operating. This implies that a single method and tool could each possess their own unique methodology
(UNCCC, 2022).

The Landscape of Adaptation Tools and Resources

The urgency of climate change adaptation has resulted in a surge of tools and methods to help
facilitate adaptation needs. In response to this, several initiatives have made efforts to organize and
synthesize existing resources. An example of this is the UNFCCC compendium on methods and tools
to evaluate impacts, and vulnerability and adaptation to climate change (2005), which aimed at clarifying
the diverse approaches for adaptation for practitioners and policymakers. It also stresses that it is not a
single, fixed approach, but rather an organized summary of what exists. Several updates were made to
this compendium, such as those arising from the Nairobi work programme on impacts, vulnerability and
adaptation to climate change (2007). Moreover, a technical paper by UNFCCC in (2022) presented
methodologies for assessing adaptation and their application; it specifically assessed their relevance for
developing countries in addressing adaptation needs. Other recent sector-specific guides have emerged,
such as the compendium on climate change adaptation and mitigation in Agri-food systems: a
compendium of analytic tools for practitioners (2024). Other national compendiums have been
established as well, like Environment Canada’s in 2007, The Compendium of Adaptation Models for
Climate Change: First Edition, focusing on models, which can be understood as a representation of real-
world systems designed to simulate future scenarios and assess the effectiveness of adaptation
interventions (Dickinson, 2007).
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In more recent years, the shift to interactive online platforms has been encouraged as they allow
users to search through a database of literature. Some online tools can serve as guidance for practitioners
to make better decisions for their adaptation needs. The UNDP-FAO Climate Action Review (CAR)
Tool, for instance, is designed to support planners and practitioners in the agri-food and land use sectors
to transition from the planning phase to implementation. This tool offers a step-by-step approach for
users and it is supported by online guidance and templates (FAO and UNDP, 2024). Similar tools can
be seen in the GIZ Urban Climate Resilience Toolbox, a part of the GIZ Adapatation Community Tools
Navigator (n.d.).

Adaptation Challenges and Gaps

Despite the availability of resources on adaptation, it is still perceived as complex and confusing
(Mercure etal., 2021; Webb et al., 2019). Many practitioners face setbacks because of limited experience
with long-term and uncertain levels of change, inadequate systems for continuous development, limited
knowledge of future impacts and vulnerabilities, and the trade-offs of adaptation responses (Bours et al.,
2015; Palutikof et al., 2019). For practitioners new to adaptation, this situation creates further confusion
considering the diversity of existing guides and procedures (Webb et al., 2019). The work of Stafford-
Smith et al. (2022) provides insights to these challenges. Their study reviewed 39 guides on adaptation
practices and concluded that new guides tend to re-create nuances about the adaptation cycle which can
be unnecessary. They argue that the actual gap lies in the transition from planning to implementation
phases, despite many existing guides on adaptation planning. Instead, they advocate for creating more
tailored guidance on the user’s specific context and journey. As an outcome of their study, they proposed
six core steps in an adaptation cycle that could be a starting point for future guides: Scope, Envision,
Identify, Prioritize, Implement, and Evaluate. They also defined three archetypal modes that reflect
different levels of adaptation experience: Scan, Portfolio, Project- noting that many detailed guides tend
to confuse those with little experience or who are new to the field. These archetypal modes are designed
to serve different purposes and achieve outcomes related to each user’s level within the adaptation cycle.

IPCC report (2022), supported by strong evidence, highlights that advantages are being withessed
from adaptation progress across multiple regions and fields. However, it also argues that adaptation gaps
occur because adaptation responses are not distributed equally. Furthermore, initiatives tend to focus on
short-term risk response, therefore limiting opportunities for transformative adaptation, which is focused
on long-term changes. Key barriers to these adaptation gaps include limited human and financial
resources, not enough mobilization of private sector, public engagement, political commitment and
climate knowledge. Adaptation research is often perceived as slow and limited, creating a knowledge-
to-action gap. Biesbroek et al. (2013) state that adaptation is not a simple, clear task; understanding the
context leads to a better understanding of the barriers.

Rationale and Methodology for Tool Classification

As adaptation finances and initiative development increase, it is crucial to assess and evaluate the
current methods and tools. This is important, considering that previous IPCC reports have been criticized
for their lack of clarity, bias of authors/ reviewers and their synthesis methods (Ford and Pearce 2010;
Petticrew and McCartney 2011, as cited in Berrang-Ford et al., 2015).

Understanding the complexities of climate change adaptation, this study started with the aim to gain
a deeper understanding of climate change adaptation tools, best practices and lessons learned. Building
on previous research discussed above, this study aims to contribute to the research on this topic by
providing a user-friendly tool classification. To do so, a systematic analysis of 386 publications extracted
from different sources was conducted. The distribution of adaptation tools across these resources formed
an initial categorization that led to a classification of adaptation tools which depends on their primary
application, and is considered appropriate to those who are new to the field, while still being valuable
for experts.

Methodology
This section outlines the research design, data collection methods, and analysis process carried out.
A systematic document analysis was chosen as the research design because it offers extensive data
output, thereby minimizing research bias, and ensures evidence-based insights. The extracted data was
mainly textual, and later analyzed using a qualitative content analysis to categorize frequent patterns
and identify key themes. The examined documents covered 386 documents. This number was reached
as there it was enough to recognize repeated examples, which helped create a reliable categorization.
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Frequent occurrences of certain adaptation tools, methods, and climate hazards and application contexts
were consistently observed. The aim was not to look for new tools, but rather to recognize frequently
occurring ones and their correlation with adaptation practices. The resulting classification framework
for adaptation tools then emerged as a natural by-product.

Data collection: The academic database on climate change is extensive, but grey literature is needed
to review online toolkits, projects, and reports that are useful for climate change research. Grey literature
contains valuable, updated knowledge and insights into real-world applications. The scope of the data
collection included reports by international entities and agreements, treaties, and policy documents, and
other organizations, as well as academic papers and real-world case studies. Academic literature had a
mix of peer-reviewed and non-peer-reviewed. Regarding the academic literature, the main sources were
Google Scholar, using different keywords: adaptation methods, climate change adaptation, adaptation
tool, adaptation toolkit, urban adaptation, strategies for adaptation.

The primary inclusion criteria for documents were their direct relevance to climate change
adaptation, explicit or implicit mention of specific adaptation tools or methodologies, and availability
in English. Documents were excluded if they did not provide sufficient information for data extraction
or were duplicates. To make the data extraction process robust and structured, a set of 20 questions
adopted from the FutureMed platform was applied consistently to each document. It was expected that
not every paper would be able to answer all of the proposed questions; however, considering the wide
range of data, it was valuable to the overall analysis. The questions were designed to actively seek
specific information points, and they covered a wider research scope than what this paper presents. Some
answers to these questions were multiple-choice, and some were descriptive. The 20 questions formed
a thorough understanding of patterns, insights, best practices, maladaptation practices, and lessons
learned. A sample of these questions was:

1. What types of hazards were identified and addressed in the case study? (Select all that apply,
and please specify if you select "Other")

(e.g., Floods, Heatwaves, Drought, Sea Level Rise, Air Quality, Wildfires, Water Scarcity,
Other).

What type of climate adaptation tool was used to address the above-mentioned hazards?

3. Does the case study discuss the practical use and implementation of the climate adaptation tool?

Please add a short description if the answer is "Yes" yes/no
4. -What were the key outcomes or impacts of using the specific adaptation tool, according to the

case study?

(e.g., Improved resilience, Reduced risk (e.g, flood, heatwaves), Enhanced biodiversity, Socio-

economic benefits, Increased public awareness and education, Improved infrastructure, Other)
5. What are the key lessons learned from this case study?

N

Results

The results of the systematic content analysis revealed the most frequently occuring individual
adaptation tools throughout the scanned literature as shown in Figure 1. This figure illustrates the tools
that appeared more than five times, with their frequency counts indicated in the legend. Upon these early
finidngs, a comprehensive classification was developed to provide a structured understanding of the
diversty of tools and their application. The final classification organizes adaptation tools into four
categories depending on their application and in alighnment with the adptation cycle discussed
previusly: Planning & Decision-Making Tools, Data & Modeling Tools, Research Tools, and
Implementation & Management Tools. Figure 2 presents the distribution of these categories across the
the analzyed 386 resources. Planning & Decision-Making Tools recorded the highest frequency with
116 occurrences, the second being Implementation & Management Tools with 109. Data & Modeling
Tools accounted for 75, while Research Tools had the lowest count with 7. Each category is presented
below with four example tools.
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Cost-Benefit Analysis, 7

Risk Assessments, 14

Green Infrastructure, 48

Simulation Tools
10

Decision Support Tools/Systems, 20 %

Crop Diversification, 6.
Nature-Based Solutions, 41

Vulnerability Assesments, 21

Land Use, 6

Policy Tools, 32

Warning Systems , 11
GIS and Visualization Tools, 22

® Green Infrastructure, 48 = Nature-Based Solutions, 41 » Policy Tools, 32 GIS and Visualization Tools, 22
Warning Systems, 11 Land Use, 6 ® Vulnerability Assessments, 21 Crop Diversification, 6

= Decision Support Tools/Systems, 20 ® Simulation Tools, 25 m Risk Assessments, 14 Cost-Benefit Analysis, 7

Figure 1. Most used climate change adaptation tools

Planning and Decision-Making Tools: Across the literature analyzed, the tools added to this
category are tailored to strategic planning and guiding choices for adaptation. They are often carried out
in the first stages of adaptation processes. This category encompasses many tools. Policy tools are
frequently observed examples, including government actions, regulations, and incentives to drive
climate change adaptation. Moreover, vulnerability assessments are crucial to define adaptation needs,
as they help evaluate susceptibility to climate impacts. Risk assessment tools are also within the same
scope as the latter. They determine the likelihood and severity of negative outcomes from climate
hazards in vulnerable areas. Lastly, decision support tools are considered within this category because
they contribute to choosing adaptation actions by evaluating options with data and models.

Data and Modelling Tools: The tools listed within this category are designed to visualize data and
help understand current impacts and future scenarios. The most known tool in this category is GIS
mapping (Geographic Information Systems), which is very prominent for mapping and interpreting
spatial data. Alongside GIS, visualization tools are designed to create charts and maps for interpreting
climate data, and simulation tools specialize in predicting future climate scenarios and testing strategies.
Furthermore, web-based design support tools refer to online platforms that provide access to data and
produce models for adaptation planning.

Research Tools: This category aims to deepen understanding and generate knowledge within the
field of climate change adaptation, in addition to tools used for the evaluation of adaptation options.
Research tools examples include cost-benefit analysis, a valuable tool for comparing the economic costs
against the benefits of adaptation options. Statistical analysis tools help in identifying trends using
mathematical methods that can assess the effectiveness of adaptation measures. Moreover, agent-based
modelling tools simulate individuals' interactions to understand how complex systems behave under
climate change and adaptation scenarios. Machine learning tools are emerging within this category. It
utilizes algorithms to analyze large climate datasets to identify patterns, make predictions, and give
insights.

Implementation and Management Tools: This category presents practical approaches that put
adaptation planning and strategies into action. Examples include spatial planning tools, which organize
land use to reduce future climate risks. Nature-based solutions (NBS) were also very frequent across
many case studies. NBS protect the ecosystems and have many proven benefits. They work together
with Blue/Green Infrastructure, which uses natural elements within their designs to better adapt to
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climate change. Lastly, warning systems tools were frequent within the literature; they are very useful
for detecting and communicating climate hazards, enabling timely protective action.

S

Figure 2. Four categories of climate change adaptation tools

Discussion

The classification framework for climate change adaptation tools included four key categories.
While each tool was primarily classified into one group, some tools could align with multiple categories
depending on the adaptive nature of the tool and its application. It was sometimes challenging to classify
certain tools, especially those designed for a specific case study with their own set of criteria.
Nevertheless, this grouping indeed captured the overview of the landscape of adaptation tools. This
classification aims to narrow down the numerous tools found online and across the literature and serves
as the main key categorization for climate change adaptation tools.

The most frequent categories identified were planning and decision-making tools and
implementation and management tools. This can be viewed as a positive outcome, considering the
planning tools are related to implementation tools. However, it is worth noting that evaluation and
monitoring tools are important categories for future consideration to be added, as limited studies were
carried out to focus on post-implementation evaluation. It can be challenging since evaluation can take
some years to finalize, yet their role is important for the success of climate change adaptation.

This classification summarizes the prominent tools used in climate change adaptation in response
to the complex landscape of available adaptation tools. It offers a user-friendly and useful resource for
practitioners, stakeholders, and researchers. In particular, it can be considered for climate change
awareness by introducing simple ways to navigate the existing adaptation tools. Some limitations
include that this study’s findings do not capture all tools, as it finalized the classification based on the
tools that existed within the selected resources.

Conclusion
This study carried out a systematic content analysis of 386 resources on existing climate change
adaptation tools, which resulted in a simplified classification framework in response to the complex and
diverse availability of tools. The Climate change adaptation tool classification included four categories:
Planning & Decision-Making, Data & Modelling, Research Tools, and Implementation & Management
Tools. This classification offers a user-friendly approach that can be used by stakeholders, practitioners,
and researchers to determine which tools are appropriate for adaptation.
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