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Foreword

Climate change is accelerating risks to ecosystems worldwide, threatening
not only biodiversity but also the services natural systems provide: water
regulation, coastal protection, food security, cultural identity and economic
opportunities. As climate pressures intensify, so does the imperative to
advance climate adaptation strategies that are grounded in science, tailored
to local contexts, and capable of delivering co-benefits for both people and
nature.

This report brings together international best practices for understanding and
addressing climate risks to the natural environment. Grounded in the latest
scientific research and supported by illustrative case studies from across
the globe, the report is designed as a practical guide for decision-makers,
practitioners, and planners working at the nexus of climate adaptation and
ecosystem management.

What makes this guide particularly valuable is its emphasis on actionable
insights. From risk identification and analysis to monitoring, evaluation and
learning, it outlines step-by-step methodologies that can be adapted to local
contexts. It highlights the role of enabling policy, financing mechanisms, and
institutional capacity in translating assessments into meaningful outcomes.
And it champions the critical role of communities, Indigenous peoples,
and local knowledge systems in shaping adaptive responses that are both
equitable and enduring.

As climate impacts grow more severe and complex, cross-sectoral
collaboration and shared learning become increasingly essential. | hope this
report not only supports practitioners in designing and implementing effective
adaptation measures but also fosters greater international cooperation
toward a climate-resilient future. The path ahead demands urgent, informed,
and sustained action. By investing in our natural systems, we not only buffer
against climate risks but also safeguard biodiversity, strengthen livelihoods,
and uphold the ecological foundations of sustainable devel-opment.

| thank the contributors to this report and look forward to seeing its insights
applied across geographies and governance levels in the years to come.



XU Huaging
Chief Scientist,
National Center for Climate

Change Strategy and
International Cooperation
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Foreword

Natural environments worldwide are increasingly vulnerable to climate
change. Shifts in temperature and precipitation patterns, along with more
frequent extreme events, affect forests, wetlands, rivers, and coastal zones,
as well as the ecosystem services they provide. These risks manifest at
different scales: some are local, such as droughts or floods affecting specific
river basins, while others can trigger cascading impacts that extend far
beyond their point of origin. As a result, ecosystems are under growing
threat, with consequences for biodiversity and the livelihoods and resilience
of people worldwide.

China is already experiencing these challenges. Mangrove forests in the
coastal areas are under pressure from rising temperatures, more frequent
heatwaves, and sea level rise, which reduce habitats and intensify ecological
degradation. Extended hot and dry periods in summer and autumn increase
vulnerability to pests and diseases, expanding the areas of damage. In
the country’s mountain regions, greater variability in precipitation and
more localized extreme rainfall heighten the risks of floods, droughts, and
geological disasters. These developments illustrate how climate risks can
unfold in diverse ecosystems, affecting both nature and people.

To address the adverse impacts and risks of climate change, the Chinese
government released the National Climate Change Adaptation Strategy 2035
which strengthens monitoring, early warning systems and risk assessments,
while embedding adaptation into planning and governance. The strategy also
emphasises the protection and restoration of forests, grasslands, wetlands,
rivers, and coastal ecosystems to harness their ecosystem service functions
and enhance the country’s overall capacity to adapt to climate change.

As part of a series of Climate Change Adaptation Guides for Practitioners,
this report offers practical orientation for professionals working to protect
natural environments and address the growing threats to ecosystems
and the services they provide. It includes case studies, toolboxes, and
international best practices for disaster risk assessment, identifying
adaptation options, and strengthening governance. | hope this guide will
serve as a valuable reference for practitioners in China and around the
world, supporting joint efforts to protect ecosystems, enhance resilience, and
build a sustainable future for all.

%
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Executive Summary

Purpose and Scope

Climate change and environmental degradation are altering the dynamics of the planet at an alarming pace
and the risks for communities and for the natural environment on which they base their livelihoods are
increasing. Global warming is projected to exceed 1.5°C within the first half of the 21st century, significantly
increasing the likelihood of severe, widespread, and irreversible, impacts. Global warming beyond 1.5°C
will significantly increase the risk of ecosystem collapse and accelerate biodiversity loss, increasing
species extinction and the disruption of critical ecological functions that support life on Earth. Therefore,
understanding the risks and solutions related to it is crucial for informing strategies that enhance both natural
and social sustainability.

The present report provides a conceptual basis of risk management in natural environments, including an
overview of international best practices from an integrated approach and toolboxes for practitioners to apply
them. It also provides international case studies with an emphasis on solutions in different ecosystems,
including mangrove and high plateau areas, with the aim of informing decision makers about options they
can adopt. As a synthesis of information, sources on data and analyses options, the report can be used as a
basis for planning, implementing and monitoring initiatives in different contexts.

In terms of scope the report covers risks that are relevant in different ecosystems, how these can be
assessed and analysed via examples and tools that can be applied. It also presents methodologies that can
be used for risk assessments, as well as available tools that can provide information for decision making and
prioritization. Additionally, it addresses climate adaptation options in the natural environment. It references
how policies and governance frameworks can support the entire continuum of addressing risks in the natural
environment emphasizing the role of stakeholders such as communities and indigenous peoples, vertical and
horizontal collaboration including across borders among others.

Climatic and non-climatic drivers play a role in the shaping of both primary and secondary climate hazards.
Recognizing both the type of driver —i.e. if it directly relates to changes in the climate system or not— and in
the type of hazard —i.e. if it is either direct and immediate or derived from pre-existing hazards— is essential
to effective assessments. As with any public policy, risk management plans and programs need continuous
assessment. We recommend a continuous and iterative Monitoring, Evaluation and Learning (MEL)
framework based on Key Performance Indicators (KPIs) to track progress, assess effectiveness and adapt
strategies.

An integrated approach to climate risk management must be cross-sectoral and multi-level and involve
mitigation and adaptation. Limiting warming to 1.5°C through ambitious mitigation efforts substantially
improves the effectiveness of adaptation strategies, reducing climate-related risks with less effort and
investment compared to higher warming. The IPCC found with high confidence that the consequences of
climate change for adaptation can be significantly reduced with warming limited to 1.5°C whereas at 2°C
warming, adaptation becomes more challenging, costlier, and less effective. An integrated approach to
climate risk management also recognizes the interrelatedness of the social, environmental and economic
spheres. It is crucial to understand that key risks to the natural environment may be multi-scalar, cross-
systemic between the geosphere, biosphere, hydrosphere, cryosphere and the atmosphere, and can entail
synergetic relations that might not always be evident, such as teleconnections, is crucial. Global literature
contains several examples of risk assessments in components of the natural environment such as forests,
wetlands and mountain regions.
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Adaptation strategies and solutions should ideally combine three characteristics: Low cost, high effectiveness,
and entail as many co-benefits to society as possible. Solutions that rely on the services that natural systems
provide, a.k.a. Nature-based Solutions (NbS), generally combine these attributes and are therefore desirable.
Applications related to forests, mangroves, coral reefs and agricultural systems are presented in this
document. Technological approaches are also discussed and corresponding examples are provided. These
include the use of artificial intelligence, multi-hazard early warning systems and construction of infrastructure
are outlined.

For the process of risk management in the natural environment, the following steps are encouraged:
1. Setting the scene: Defining the context and scope.

2. Assessing risks: Applying qualitative and quantitative methods to substantiate risk, vulnerability and
hazards, considering synergistic effects between different types.

3. Using attribution science: Considering scenarios with different factors to materialize their corresponding
influence, as well as acknowledging the associated uncertainty.

4. Integrating methods: Combining strategies and perspectives to produce a holistic view of an issue.

5. Analyzing potential solutions: Conducting feasibility and risk assessments for all factors involved,
undertaking multi-criteria decision making processes as well as considering multi-scale interactions
while acknowledging epistemological diversity is key to choosing optimal responses. Evaluating against
Sustainable Development Goals (SDGs) can also be very informative on the adequacy of the solution.

Governance and policy frameworks are key in addressing risks in the natural environment as they provide
frameworks which stakeholders, including government policymakers at local level, can use to develop and
implement initiatives funded either by their own resources or from the central government, private sector,
communities or other stakeholders, including international climate finance sources. For example, different
countries have set in place various policies on nature-based solutions that can enable protection of the
natural environment as well as systematic implementation of nature-based solutions.

Monitoring and evaluation play a significant role in the review, evaluation and update of initiatives under
implementation to ensure the realization of optimal outcomes. Key performance indicators, analyses such
as counterfactual analyses, among others, can be used as a way of tracking progress. It is also imperative
that a whole-system approach is embraced to consider how risks affect not only the natural environment, but
also people, especially the communities that live directly off these systems and the arising socio-economic
implications.

Some best practices of what has worked in different contexts are included for application and adaptation
by users of this report. To be successful, these have to be contextualized with consideration of the risk
assessment, evaluation and prioritization, as well as other aspects highlighted in this report for optimal
outcomes.

This report on Natural Environment Risks and Solutions is part of a series of three
Climate Change Adaptation Guides for Practitioners that can be accessed here.

The other two reports focus on Urban Environment Risks and Solutions, as well as
the Adaptation Policy Cycle.


https://climatecooperation.cn/climate/three-climate-change-adaptation-guides-for-practitioners-released/
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Key Findings

The box below highlights some major risks and the proposed solutions that can be implemented to address

the identified risks.

Major Risks Proposed Solutions

Coastal and marine Sea-level rise

ecosystems Ocean acidification and heating

Storm surges
Coastal erosion
Biodiversity decline

Mountains and Landslides

[EACETTES Glacier melt
Flooding
Erosion

Forests and Droughts

grasslands Floods
Wildfires
Deforestation
Biodiversity loss
Habitat fragmentation

+ Management of coastal defense, such as mangroves
+ Designation of protected areas

+ Fishery management

+ Erosion protection

+ Reforestation in degraded areas
+ Use of local and indigenous knowledge

Integrated water management practices

+ Monitoring and management of invasive species
+ Designation of protected areas

+ Establishment of wildlife corridors

+ Reduction of illegal logging, poaching, and

agricultural conversion

Agricultural Droughts

landscape Floods
Pests & disease outbreaks
Temperature extremes
Decline of pollinators

+ Water management, irrigation
» Agroforestry and agroecology
» Improved crop varieties
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Recommendations

It is imperative that policymakers and other decisionmakers strengthen existing policy and governance
frameworks around the natural environment, so that they are better able to deal with existing climate risks,
as well as emerging ones. Some examples discussed in this report include the designation of protected
areas and nature reserves/parks, the incorporation of nature-based solutions in local and national policies,
etc. It is also important that climate risks are mainstreamed across all sectorial plans, strategies and policies,
so as to ensure synergy and coordinated approaches in addressing the risks. This has to go hand in hand
with the incorporation of local and indigenous knowledge, which is not only important in conserving natural
environments but also vital for addressing risks.

Financing is a critical aspect, as resources are required to implement the solutions outlined in this report.
Stakeholders have to allocate their own resources, sources for domestic resources and through private
sector and international partners to be able to implement solutions that safeguard natural environments.

Resilience building measures are critical to safeguard natural environments, which face multiple climate
risks. This can be achieved through deployment of adaptation options discussed in this report, as well
as addressing non-climate factors, such as pollution and other forms of environmental degradation, like
biodiversity conservation. It is also important for actors to note that different ecosystems and contexts require
different approaches to ensure efficiency, effectiveness and optimal outcomes.

Research, innovation and continuous monitoring and evaluation are critical, thus stakeholders have
to forge partnerships with academia and organizations that produce novel scientific data and knowledge.
In parallel, they should set up robust monitoring, evaluation and learning mechanisms to not only support
decisionmaking but also generate information for further analysis and foster better understanding about the
interlinkages between natural environments and climate risks.

Awareness creation amongst the public is also a key recommendation, which can support policy makers
and decisionmakers to get public adoption and facilitate implementation of solutions. Awareness and
access to information can also foster increased participation of citizens in co-creation of solutions, as well
as active mobilization in initiatives such as mangrove planting and reforestation, among others. Such public
involvement can enhance compliance with policies or measures, such as those concerning protected areas
and fragile ecosystems.
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Key Definitions

Adaptation - Process of adjustment of human systems to actual or expected climate and its effects, in order
to moderate harm and/or exploit beneficial opportunities (based on IPCC, 2023).

Climate change - Persistent change in the state of climate, identifiable by performing statistical tests on the
variability of climate parameters. These changes typically last decades or longer and can be attributed to
internal processes and/or external forcings (IPCC, 2023).

Feedback loop - Interaction between a perturbation in one climate factor that causes a change in a second,
and change in the latter causes an additional change in the first, in the same direction (Calvin et al., 2023).
Example: An increase in temperature melts snow and ice (factor 1), which leads to reveal darker surfaces,
reducing Earth’s albedo and increasing radiation absorption (factor 2), which in turn lead to temperature
increase and more snow and ice melting.

Maladaptation - Result of an intentional adaptation policy or measure directly increasing vulnerability for
the targeted and/or external actor(s), and/or eroding preconditions for sustainable development by indirectly
increasing society’s vulnerability (Juhola et al. 2016).

Mitigation - Actions or activities that limit emissions of greenhouse gases (GHGs) from entering the
atmosphere and/or reduce their levels in the atmosphere. (IPCC, 2023)

Related concepts such as mitigation measures and mitigation scenarios are respectively defined as: 1. Those
technologies, processes or practices that contribute to mitigation efforts (examples are waste minimisation,
renewable energy technologies and habits change) and 2. Plausible descriptions of future implementation of
mitigation measures and policies, and the response of the corresponding systems

Nature-based Solutions - Actions to protect, conserve, restore, sustainably use and manage natural
or modified terrestrial, freshwater, coastal and marine ecosystems, which address social, economic and
environmental challenges effectively and adaptively, while simultaneously providing human well-being,
ecosystem services and resilience and biodiversity benefits (UNEA, 2022).

Teleconnection - Calvin et al., (2023) define this term as “Association between climate variables at widely
separated, geographically fixed locations related to each other through physical processes and oceanic and/
or atmospheric dynamical pathways”. They can also be conceptualized as “linkage[s] of seemingly unrelated
climate anomalies over great distances” (Z. Liu & Alexander, 2007) or “remote connections between
components of the complex climate system [which] reflect the transportation of energy or materials on global
scale” (T. Liu et al., 2023).
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1 Introduction

1.1 Context of Climate Change

The continued consumption of fossil fuels, coupled with disruptions to ecosystems and natural systems, have
led to the emission of large amounts of carbon into the atmosphere, driving anthropogenic climate change.
In turn, this has caused noticeable changes to Earth’s dynamics and harmful impacts on human and natural
systems. This process manifests itself primarily as changes in the intensity and frequency of extreme weather
events at a global scale as well as continuous increases in global mean temperature.

Although it is too soon to tell, 2024’s average temperature exceeding 1.5°C, could be the first of the 20-year
average that, according to the Paris Agreement’s measuring methodology, would confirm the passing of the
1.5°C average global warming threshold (Bevacqua et al., 2025).

Such overshoot would have several implications for the natural environment and could compromise valuable
ecosystem services like those provided by mountainous regions (water provision, etc.) and mangroves
(coastal protection from erosion, habitat for species,) which are discussed in further sections of this report.

1.2 Adaptation vs. Mitigation

There are two primary and interrelated ways that climate risk can be reduced; mitigation and adaptation.
Climate mitigation decreases risk by reducing or reversing carbon emissions, thereby limiting the impacts
of climate change and reducing climate hazards. Whereas mitigation works by reducing climate impacts
from the source, adaptation works by adjusting and responding to impacts and limiting their detrimental
consequences (thereby reducing exposure and vulnerability). Reducing climate risk comprehensively,
requires appropriate integration of both adaptation and mitigation measures.

Adaptation and mitigation may be best implemented at different scales and with different instruments.
Since emissions from one region will have consequences distributed globally, mitigation is an important
and overarching theme that should be prioritised at the national and international levels, with an emphasis
on global cooperation and coordination of policy measures. Alternatively, adaptation is largely a local and
regional process, highly dependent on site-specific contexts and complexities, given that climate change
does not manifest uniformly across space and time. Adaptation strategies may therefore require integration
of local knowledge with available resources.

While the general association of adaptation with local scales and mitigation with global scales is helpful, it
does not capture the full reality of these processes. Indeed, while adaptation is a localised process, it often
requires funding, knowledge, resources and guidance from higher levels of governance. Additionally, regions
and nations may wish to coordinate large scale adaptation efforts to promote security, socio-economic
development, and risk reduction. Similarly, top-down mitigation strategies should work alongside and in
cooperation with the local level, since large-scale efforts to reduce emissions still largely rely on individual
actors. Furthermore, certain localities may have heightened capacity for mitigation, such as ecosystems with
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high carbon-sequestration potential or regions with large renewable energy capabilities. In these locations,
high prioritisation of mitigation potentials can contribute significantly to global impacts.

It is not possible to focus solely on mitigation efforts and exclude adaptation. This is because even under the
most ambitious decarbonisation strategies and scenarios, global temperatures will still require decades to
come back down, and some impacts of climate change today are irreversible for centuries to come. On the
other hand, focusing solely on adaptation while ignoring carbon emissions is short-sighted and self-defeating,
since many adaptation strategies diminish in effectiveness under increased climate change.

Many solutions to climate change have synergies with both adaptation and mitigation, resulting in win-
win scenarios. This is especially the case for conservation and restoration of natural environments, which
provide a host of co-benefits in addition to carbon sequestration and storage. In cases of conflicts between
adaptation and mitigation, decision makers should consult a variety of stakeholders and work to balance
tradeoffs equitably and sustainably. The following section will introduce potential solutions and strategies that
can reduce risk through mitigation and adaptation.

1.3 Importance of Natural Environment Adaptation

Natural environment adaptation is critical for maintaining a balance that sustains both nature and humans
(IPCC, 2022; Pearce-Higgins et al., 2022). Specifically, it contributes to human well-being where people
benefit from their interaction with the natural environment. For example, the natural environment serves as a
valuable repository for indigenous knowledge and cultural preservation.

The IPCC reports that impacts on the natural environment have increased in both frequency and intensity
(IPCC, 2022), Thus adaptation is important for ecosystem services, biodiversity and resilience. These three
are inextricably linked since healthy ecosystems support biological diversity which in turn supports the proper
functioning of ecosystems. Resilience on the other hand, supports ecosystem services and biodiversity
in responding to disturbances and long-term changes, strengthening their capacity under climate change
stressors (Pearce-Higgins et al., 2022).

Ecosystem services in this case include: provisioning services such as food, water and medicine; supporting
services such as cycling of nutrients; regulatory services like coastal flood regulation by mangroves and
water filtration by wetlands; and, cultural services including recreation and sacred and spiritual sites
(Muhammad et al., 2025). Natural environment supports biodiversity by ensuring diversity in the genetic
pool and ecosystems and the survival of species. Adaptation in the natural environment enhances resilience
by enabling systems to adjust to rising temperatures and other climate extremes, to recover from these
extremes and to support human resilience (Beck et al., 2025; IPCC, 2022; Pearce-Higgins et al., 2022).

Adaptation in the natural environment includes preservation and conservation, application of indigenous
knowledge practices and continuous monitoring among others. Threats to the natural environment that also
impact adaptation capacity include deforestation, urbanization, biodiversity loss, pollution, among others.
These interdependences are made even more complex by compounding and cascading climate risks and
hazards (Chen et al., 2011; IPCC, 2022). Adaptation has been shown to contribute to resilience, food security
and reduction of disaster risks and associated climate hazards (Asmamaw et al., 2015; Muhammad et al.,
2025; Munang et al., 2013; Nyathi et al., 2025).


https://uccrn.ei.columbia.edu/sites/default/files/content/pubs/ARC3.2-PDF-Chapter-4-Mitigation-and-Adaptation-wecompress.com_.pdf
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2 Risk Management

Risk is defined by Calvin et al. (2023) as “the potential for adverse consequences for human or ecological
systems, recognizing the diversity of values and objectives associated with such systems”.

Climate risk can also be conceptualized as an emergent property of a dynamic socio-ecological system aris-
ing from the interactions between its elements. In established risk frameworks, a risk’'s magnitude depends
on the interplay of three properties: the hazard, the exposure and the vulnerability. It is therefore useful to es-
tablish the definitions of these elements.

2.1 The Integrated Approach

Key definitions

Hazard

“The potential occurrence of a natural or human-induced physical event or trend that may
cause loss of life, injury, or other health impacts, as well as damage and loss to property, in-
frastructure, livelihoods, service provision, ecosystems and environmental resources™

Exposure
“the presence of people; livelihoods; species or ecosystems; environmental functions, services,
and resources; infrastructure; or economic, social, or cultural assets in places and settings
that could be adversely affected™

Vulnerability
“the propensity or predisposition to be adversely affected. Vulnerability encompasses a variety
of concepts and elements, including sensitivity or susceptibility to harm and lack of capacity
to cope and adapt™

*Calvin et al, 2023

The relation between the factors can be expressed mathematically in the following manner:

Risk =Hazard X Exposure X Vulnerability

The expression above contains the standard definition used more generally, in which risk is the product be-
tween hazard, exposure and vulnerability. These components are dynamic in time and space. Taking the
vulnerability of a community as an example, it is determined by its adaptive capacity, governance structures,
social cohesion, access to resources and similar factors. These are implicit in the vulnerability term and
therefore already considered in the estimation of risk, albeit not explicitly in the equation above nor the figure
below. When combined, these factors can be recognized as collectively capacity, which is formally defined


https://www.zotero.org/google-docs/?broken=cEcFBO
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as “[readiness] of interconnected social, economic and ecological systems to cope with a hazardous event,
trend or disturbance, responding or reorganising in ways that maintain their essential function, identity and
structure” (Calvin et al., 2023). Therefore, the more capacity a system has, the less vulnerable it is. A graphic
depiction of the interaction between the three original factors is IPCC’s propeller shown below (see Fig. 1).

Climate

Natural variability

Anthropogenic Climate

Vulnerability

Change
Socioeconomic
processes
Socioeconomic pathways
Adaptation and Mitigation
Hazard actions

Governance

Exposure

Emissions and
Land-use Change

Fig. 1. Risk Propeller
Source: Prepared by the authors based on IPCC (IPCC), 2023b)

The general term that describes all activities conducive to coping with adverse consequences of climate
change is Climate Risk Management. This is a large area of study and it is composed of subsidiary
processes or stages, such as risk assessment and risk treatment (see fig. 2). Risk assessment refers to a
multi-step process in which climate-related risks are identified, analyzed and evaluated, while risk treatment
refers to any actions oriented to mitigation of those risks. A third instance can sometimes be included in the
frameworks, which accounts for the ex-post assessment of the implemented measures to determine their
effectiveness.

Exposure in particular can be divided into natural and human, referring to that pertaining to ecosystems and
communities respectively. In each context, relevant case-specific indicators must be selected to properly
account for the presence of people, assets, infrastructure or economic activities in areas subject to climate
hazards. There is also a strong interdependence between the two typologies: Healthy ecosystems provide
services that may reduce the exposure of populations to hazards and conservation efforts from communities
help enhance the resilience of the ecosystems. An example of the use of indicators from both typologies,
namely population density and forest cover, to assess risk can be consulted in Thomas et al. (2020).

There are multiple risk management terms and frameworks and they tend to share the same basic
elements, although the arrangement may vary slightly among them. This section briefly presents two
illustrative examples of risk assessment frameworks: one from the Organization for Economic Cooperation
and Development (OECD, 2021), which outlines four key steps, and a more generic three-step approach
(Identification, Analysis, and Evaluation or IAE) proposed by the consulting firm CRI Group (2025). The
correspondence of the steps in both frameworks shown in Figure 2 and the OECD framework will be
discussed further in relation to the GIZ approach later in the report.

While this section mainly refers to the IAE framework, its three steps, namely Risk Identification, Analysis,
and Evaluation, closely align with OECD’s four key steps, even if not mentioned explicitly. The process


https://www.zotero.org/google-docs/?QI3lZz
https://www.zotero.org/google-docs/?QI3lZz
https://www.zotero.org/google-docs/?QI3lZz
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begins with Risk Identification. This step involves recognizing the existence of potential adverse events
while understanding their causes and mechanisms. The second step, Risk Analysis, involves the further
characterization of the identified risks, for example by estimating the likelihood of occurrence, identifying
contributing factors, and assessing the potential nature and magnitude of consequences. Finally, Risk
Evaluation uses the results of the analysis and contextual information to determine which mitigation actions
should be taken. In the IAE framework, decision-making and the implementation of measures are both
embedded within the evaluation stage.

( N\
Four key Risk Assessment Decision-making Implementation
steps
P Risk J
Identification N\
IAE Risk Analysis Risk Evaluation
L J
— Y U
Risk assessment Risk treatment

Figure 2 Key steps of Risk Management
Source: Produced by the authors based on (0ECD, 2021) and (CRI Group, 2025).

More general Climate Risk Management (CRM) frameworks like GlZ’s 6-step methodology can also be
found in the literature (GlZ, 2021). This methodology adds and emphasizes certain aspects, separating them
as prior or posterior, unlike IAE’'s more integrated approach on risk identification, analysis and evaluation.
Therefore, it is worth describing it further to assess the potentially useful additional steps:

1. Analysis of status quo - information needs and objectives: Diagnose of the current state of
knowledge and context information (profiling of institutions, climate change risks, stakeholders,
regulations and frameworks in place and systems of interest such as regions, sectors or others).

2. Hotspot and capacity analysis of system of interest: Characterization of the object of study (region
and sector) and of adaptation and risk management gaps.

3. Development of a context-specific methodological approach: Description of the potential quantitative
and qualitative methodologies to describe risks and impacts in the particular case of study as well
as necessary adjustments. Additionally, an assessment of available information is to be made in this
step.

4. Qualitative and quantitative risk assessment: Analysis of existing risks, projected climate change
impacts, socio-economic trends response to measures and hazard, vulnerability and exposure
indicators selection.

5. Evaluation of Risk Tolerance: Determination of the level exhibited by the communities, sectors, etc.
and their level (acceptable, tolerable, intolerable).

6. Identification of feasible options to avert, minimise and address (potential) losses and damages:
Recognition and characterization of potential response strategies, their costs, scope and constraints.
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The Importance of an Integrated and Iterative Approach

Each of the steps described in these frameworks must be conducted carefully and provide information for
the next. Failing to do so, for example by misidentifying a risk, will result in innocuous measures or even
an erroneous decision to not take any measures, which could prove very costly in the case that a risk
materializes. Errors in the Risk Analysis stage may lead to inaccurate likelihood estimates, underestimation
or overestimation of consequences and maladaptation. If an error propagates up until the decision-making
and implementation stages and these become ineffective, it could lead to misallocation of resources,
materialization of the risks and consequences like loss of life, property damage, etc.

Insufficient or even counterproductive risk management from flawed identification and analysis increases the
risk itself, especially at smaller scales. A study by Bressan et al. (2024) observed that lack of information at
an adequate scale on specific physical risks to assets exposed to chronic and acute impacts, could result
in losses of up to 70% in value of such assets. The case study analyzed by Bressan was specifically on
mines, processing facilities, power plants, liquefaction and regasification facilities in Mexico and the hazard
of interest were tropical cyclones, however the observation about the importance of the quality of information
can also be applied to physical risks, to diverse ecosystems and to other natural elements across a variety of
hazards.

Risk management is a process inherently based on incomplete knowledge (IPCC, 2020) and therefore,
it must be iterative, meaning that it evolves over time, through which the information generated by past
processes can inform and improve future actions, in a series of decision-making cycles that ideally mitigate
risk more efficiently through every new iteration. It is therefore important that the institutions in charge of risk
management are robust enough and have the capacity to adapt and learn from past experiences.

More information on further risk classifications and typologies and focuses on new (emerging) risks can
be found in OECD’s Working Paper on Public Governance No. 78. It is useful to complement the risk
management framework contained in the IPCC documents. A more succinct Public Governance Policy Paper
on this framework is available here.
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2.2 Risk Identification

2.2.1 Key Risks to the Natural Environment

Climate risks are diverse and can manifest themselves in different ways. Due to their nature and magnitude,
some risks can manifest at a global scale while others may only be initially relevant at specific locations.
Nevertheless, given the complexity and interconnectedness of the Earth System, teleconnections between
local impacts may trigger global tipping points in the planetary system.

Once these tipping points are reached, positive feedback loops can exacerbate impacts on Earth
subsystems, such as the geosphere, biosphere, cryosphere, and hydrosphere. One example of this is
deforestation in the Amazon basin, which could eventually lead to an interruption of the atmospheric moisture
flows generated by evapotranspiration (Boers et al., 2017), potentially leading to water stress in the biome
with catastrophic consequences and collapse of the remaining rainforest ecosystem.

Additionally, climate change does not manifest homogeneously across the Earth system, with some regions
experiencing more intense impacts. This is evident, for instance, in polar regions. High latitudes in the
northern hemisphere show stronger warming than the global average due to a phenomenon known as
polar amplification (Intergovernmental Panel On Climate Change (lpcc), 2023a). This process leads to the
accelerated melting of glaciers and ice sheets, contributing to sea level rise. Permafrost thaw in the northern
hemisphere also has a significant influence on arctic river dynamics since riverbank erosion is expected to
increase dramatically as this process continues (Geyman et al., 2024), posing a major threat to the habitats
and infrastructure of the region.

Climate change risks to the hydrosphere are also significant. From a global perspective, a warmer climate
favors ocean temperature stratification, preventing oxygen-rich surface water from mixing with deep waters.
Moreover, higher atmospheric CO2 concentrations lead to increased dissolution of the gas in ocean water,
forming carbonic acid that breaks into bicarbonate and hydrogen ions, decreasing the oceans’ average pH
(Intergovernmental Panel On Climate Change (lpcc), 2023a). This combination of low-oxygen and acidic
conditions threatens a wide range of ocean life. Freshwater resources are also highly threatened under
climate change. For example, rising sea levels can infiltrate freshwater aquifers in coastal areas, introducing
salt into water supplies. Increasing drought conditions and lack of rain reduce the availability of freshwater,
while in other parts of the world, quickly melting glaciers result in a loss of otherwise steady freshwater for
human consumption and agriculture.

Reduction in freshwater resources has resulting impacts on other sectors, such as agriculture. The
combination of extreme temperatures during the growing season and a lack of water can lead to reduced
productivity, or even crop failure. Another extreme involves flooding and storms caused by climate change,
which leads to physical damage of crops. Extreme temperatures may also affect labor productivity, not
to mention, in extreme cases, climate-induced displacement and migration of populations, resulting in
abandonment of agricultural land.

2.2.2 Drivers of Risks

Climate risk does not depend only on the nature of the hazard, but on the specific exposure and vulnerability.
It is therefore key to understand how social and natural systems evolve through time. Considering that the
changes through time of non-climatic factors can be particularly difficult to predict, there are certain scenario
analysis tools, such as IPCC’s Shared Socioeconomic Pathways (SSPs), which contain the assumptions
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that later feed Integrated Assessment Models (IAMs), Energy—Environment-Economy (E3) models and
similar. It is important to understand that these scenarios are built on observed data on energy consumption,
trade, sectoral trends, demographic changes, etc. A comprehensive overview of models used is available at
UNFCCC.

Extreme events, as well as progressive changes and decrease in the environmental quality of ecosystems,
can be exacerbated by anthropic interventions, such as land-use changes including wetland drainage,
urban sprawl, expansion of agriculture or cattle ranching; changes to the hydrological system, such as dam
construction, channelisations and diversions; water and soil pollution due to discharges; and disturbances
due to resource extraction (mineral and oil & gas).

In this regard, we can distinguish two types of hazards: primary and secondary, and two types of drivers,
climatic and non-climatic, which will be explained in more detail below.

Hazards refer to both the continuous long-term trends (such as sea-level rise) and discrete events (such as
floods) that can cause damage or disruption to natural and human systems. A distinction between primary
and secondary hazards can be made based on how it manifests in natural systems. The former refers to
the potential for direct and immediate consequences of a climate-related event such as a flood after heavy
rainfall, high winds due to a hurricane, storm surges fueled by a cyclone or a drought due to prolonged lack
of precipitation in an area, while the latter describes the resultant effects from primary hazards, such as
riverbank erosion due to flooding, infrastructure collapse due to permafrost thawing of famine after prolonged
drought.

On the other hand, a climatic (or climate) driver is “a changing aspect of the climate system that influences a
component of a human or natural system” while non-climatic (or climate) driver refers to an “agent or process
outside the climate system that influences a human or natural system” (IPCC, 2023b). Thus, climatic drivers
are directly related to and influenced by global climate trends while non-climatic drivers are often human-
induced and can mitigate or exacerbate climate-related hazards or effects.

Examples of climatic drivers are rising temperatures, sea level rise, changing precipitation and hydrological
droughts. Examples of non-climatic drivers include land-use changes, the generation -and subsequent
transport- of pollutants, etc.

2.3 Risk Analysis

2.3.1 Risk Assessment of Natural Ecosystems

Climate risk assessments (CRAs) are comprehensive and systematic analyses that consider the likelihood
of negative impacts due to climate change. In particular, CRAs consider how hazards, vulnerability,
and exposure interact to generate risks on populations, assets, natural resources, and wildlife. These
assessments provide the basis for risk management, policy direction, and informed decision-making across
sectors and among stakeholder groups.

The completion of a CRA elucidates how climate change will manifest across environmental, economic,
and social dimensions. Environmental impacts of climate change include loss of biodiversity, collapse
and transition of ecosystems, and changes to geological and hydrological cycles. Since the economy is
dependent on Earth’s resources and natural processes, environmental changes will necessarily have
economic impacts. These include a loss of ecosystem services such as water filtration, carbon sequestration,


https://unfccc.int/topics/mitigation/workstreams/response-measures/modelling-tools-to-assess-the-impact-of-the-implementation-of-response-measures/integrated-assessment-models-iams-and-energy-environment-economy-e3-models
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and erosion prevention along with reduction of natural resources like timber, freshwater, fisheries, etc. These
losses can result in further social impacts, such as food and water insecurity, loss of livelihood/income,
disruption of essential supply chains, and displacement of local people.

Understanding how such impacts can manifest in the future is the first step in addressing and reducing
climate risk. The foundation of a strong CRA is based on integration and analysis of various data sources.
Methodologies for CRAs can include a variety of approaches, such as geospatial mapping and remote
sensing, analysis of historical records, and statistical modelling. In general, the integration of multiple types
and sources of data along with various methodologies increases the ability of a CRA to understand the
particular system or region studied. The end result of a CRA is the quantification of risk based on hazard,
exposure and vulnerability.

Important considerations must be accounted for by those with direct understanding of the system
assessed. The magnitude of a risk depends on aspects such as likelihood and severity of impacts, and
the manageability of consequences. There is no one-size-fits-all solution to climate risk, thus local experts
and practitioners should consider the tradeoffs associated with various risks. For example, a low-likelihood
risk with low impacts and high manageability may be less immediately important than a high-likelihood risk
with high impacts and low manageability. Since risk assessment is context- and location-specific, there
is no universal guidance. Nevertheless, the IPCC provides a general framework with guidance on the
conceptualisation of risk, which is widely useful for science and policy applications.

Considering the diverse topography and ecosystems in China, vulnerable habitats, such as mangrove forests
and mountainous regions may be particularly at-risk due to the severity of impacts under future climate
change, accompanied by high vulnerability and exposure. Strong understanding of risk, informed by robust
CRAs, has allowed for local governance to better manage and mitigate risk. The progress made in risk
management will be showcased in chapter 5, with examples from Sichuan and Guangxi provinces.

2.3.2 Examples of Risk Assessments

Forests

Relevant examples of general risk assessments can be found in the literature. These contain specific
thematic areas and are very useful to understand how other countries are managing these risks. One of
such examples is Germany’s Climate Impact and Risk Assessment 2021 (Umweltbundesamt, 2021), which
examines and evaluates the future risks for Germany due to climate change, with a particular focus on
forests and tree health.

The assessment cites increasing drought and heat as a major threat to forests and plant health. These
conditions also create secondary hazards by increasing the probability of wildfire and favoring the
proliferation of pests, which is best illustrated by the dramatic impacts of Bark Beetle outbreaks in Spruce
forests. Extreme weather, such as storms, can also result in increased windthrows, affecting larger trees and
compromising entire tree communities. Federal States in Germany like Baden-Wurttemberg have produced
detailed vulnerability maps for current conditions and under climate scenarios out to 2080 (Forstliche
Versuchs- und Forschungsanstalt Baden-Wiurttemberg, 2025). These are good examples of complex
assessments synthesized in readily available products for decision-makers.

In this case study, the future suitability of tree species is assessed with respect to three different groups of
tree species, namely main species, secondary species and all others, each with a specific diagnostic tool.
The methodology considers groups of so-called climate influence factors. Among others, they include such


https://www.ipcc.ch/site/assets/uploads/2021/02/Risk-guidance-FINAL_15Feb2021.pdf
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categories as: Temperature and Precipitation (mean annual temperature, length of the vegetation period,
annual precipitation, rainfall distribution and winter frost); Extreme Weather Events (drought, hot days/
periods, hurricanes, large precipitation events); and Climate Effects (species and habitat vulnerability, late
frost, mass propagation and increase in harm potential of native insects, pathogens and wood diseases,
etc.). Based on these climate influence factors, the climate risk per species can be estimated.
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Fig. 4. Excerpt of the Tree Species Suitability Map under scenario RCP4.5 for the period 2021-2050 in the district of Breisgau-
Hochschwarzwald Ost, Federated State of Baden-Wirttemberg, Germany.

Source: Modified from Forstliche Versuchs- und Forschungsanstalt Baden-Wiirttemberg (2025)

Finally, it is also important to discuss the adaptive capacity regarding forest systems. As a commaodity, climate
change may increase wood prices due to increasing scarcity. Institutions from the public and private sector
may not be able to identify and react to new climate change-related challenges. Companies may suffer or
even disappear and regulators may be unprepared to design and implement tools to help fight pests or other
threats timely. Public support for investing in forest management may also decrease as these lose their
capacity to provide ecosystem services such as recreation, creating a detrimental feedback loop regarding
the attitudes to them (Umweltbundesamt, 2021).

The Food and Agriculture Organization of the United Nations (FAQO) created a framework methodology to
help identify and describe elements in the process of assessing the vulnerability of forest ecosystems and
forest-dependent people. It contains good practices, lessons learned and principles for effective vulnerability
assessments, among other useful tools (Meybeck et al., 2019).

Wetlands

From a global perspective, wetlands play a significant role regulating methane (CH4) emissions. Their state
of conservation and maturity determines whether they behave as carbon sinks or sources, therefore these
aspects of their lifecycle are very relevant. On the local level, wetlands provide ecosystem services such as
carbon sequestration and storage, drinking and irrigation water supply, water regulation and recreational and
cultural services (Secretariat of the Convention on Wetlands, 2021). Additionally, IPCC highlights with high
confidence the role that these elements play in decreasing flood risks and urban heat (Calvin et al., 2023).

According to the Secretariat of the Ramsar Convention, both arctic and montane wetlands are at special risk
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due to the impacts of climate change. Changing weather patterns will increase the risk of water stress due
to both flooding and drought and stresses the urgency of wetland restoration and management for mitigation
and adaptation (Secretariat of the Convention on Wetlands, 2021). It is worth recognizing that the Aichi
Targets 5, 9, 10, 11 and 15, in their aspects related to wetlands, were not completely achieved (Secretariat of
the Convention on Biological Diversity, 2020).

Risk assessments such as “Managing Climate Risks in Wetlands. A Practitioner’s Guide” (GlZ, 2023), offer
a practical approach to risk assessment and adaptation options for wetlands. It offers a highly participatory
and rapid methodology suited for local-level discussions based on impact and vulnerability assessment,
adaptation planning and, finally, implementation and feedback. It presents an Integrated Management
Plan including, among others, the following processes: Wetlands Description, Assessment of Ecological
Character, Diagnostic of Threats, Institutional Analysis, Establishment of a Management Framework, Drafting
of Monitoring and Evaluation, and Action Plans and Budgeting and Activity Phasing.

TOOL - VULNERABILITY SCORING MATRIX

Impact
Very Low Low Medium High Very High
Inconvenience Short Medium term Long term Loss of life,
(days) disruption to disruption to  |damage to syste livelihood
system function | system function property or or system
(weeks) (months) function (years) integrity
Very Low
2| Very limited institutional capacity and no Medium Medium High Very High Very High
'g access to technical or financial resources
2| Low
©Q | Limited institutional capacity and limited Medium Medium High Very High
_g access to technical or financial resources
E=1 -
o Medium
© | Growing institutional capacity and Medium Medium High Very High
< | access to technical or financial resources
High
Sound institutional capacity and good Medium High
access to technical or financial resources
Very High
Exceptional institutional capacity and Medium High
abundant access to technical or financial
resources

Fig. 5. Example of a vulnerability scoring matrix included in GIZ's report.
Source: (GIZ, 2023)

Although this framework was designed for India, it is not context-specific, so it can be implemented in
other countries. It is also very detailed, so practitioners can use it as a step-by-step guide for conducting
assessments. Flow charts and process planning charts, lists of factors, scoring protocols and matrices and
tables with different categories and examples are available for consultation.

Mountain Regions

Not only montane wetlands are experiencing the impacts of climate change, but also mountain glaciers.
According to the IPCC, (2023b) a general decline has been observed in low-elevation snow cover, glaciers
and permafrost in recent decades (high, very high and high confidence respectively) and this has in turn altered
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the frequency, magnitude and location of natural hazards, increasing the exposure of growing populations to
related hazards (high confidence).

There are limited existing cases of risk assessments in mountain regions and high-plateau areas. These
settings are, nevertheless, at high risk due to their high levels of warming and large gradients of elevation.
Additionally, mountain slopes are at high risk of resulting in erosion and landslides, effecting low lying areas.

Risk assessments of these ecosystems should consider that changes in the climate will also displace the
ecological niches of several species causing large-scale contractions in montane ecosystems (Helmer et al.,
2019) and affect the phenological cycles of plants, especially those located in tropical biomes (Numata et al.,
2022) causing further stress on species that depend on them which could lead to catastrophic consequences
in trophic chains.

The IPCC (2023b) also highlights the impacts of glacier retreat and snow cover changes on communities
dependent on their run-off. These factors have contributed to the decrease in agricultural yields and water
availability in regions like the Hindu Kush and the Tropical Andes (medium confidence). Glacier retreat may
result in summer run-off increase in the short-term, but it will inevitably mean less water availability in the
medium- and long-term.

Risk assessment and management efforts should incorporate not only these high-elevation regions, but also
the downstream effects on nearby communities. The IPCC has produced a cross-chapter paper (Cross-
Chapter Paper 5, 2022) focusing on unique risks facing mountain regions, which can provide a basic
understanding and summarization of current knowledge on these settings.

Agriculture

Run-off seasonality and amount has changed with corresponding changes in snow and glaciers in
snow-dominated basins (The Ocean and Cryosphere in a Changing Climate: Special Report of the
Intergovernmental Panel on Climate Change, 2022), therefore, agricultural practices, livelihoods,
socioeconomic activities and sectors in areas that depend on run-off from glacier-fed rivers are especially
threatened by climate change. Moreover, the agricultural sector absorbs 82% of drought’s economic impacts
(The Impact of Disasters and Crises on Agriculture and Food Security, 2021).

A holistic view is necessary when assessing climate risks to agriculture. Therefore, factors such as the state
of agriculture itself and the tensions with ecological conservation have to be considered. There are examples
of policies trying to tackle these intersectional aspects, such as China’s Grain for Green (iB#}i%#4 ) program,
introduced in 1999 after a period of grain surplus in the country. Designed to tackle deforestation, ecological
degradation, soil erosion and cultivation on excessive slopes, the program provides subsidies to farmers that
convert sloping and marginally productive lands to grasslands or forests.

Studies have found that this type of subsidy promotes afforestation and reforestation while benefiting the
farmers themselves (World Bank, 2022). Such efforts can contribute both to climate mitigation — by increasing
carbon storage capacity through forestation — as well as adaptation — by increasing natural ecosystem
services and reducing the risk of erosion.

Events such as the COVID-19 pandemic and the Russian invasion of Ukraine highlighted the importance of
having food sovereignty in a country. However, to ensure the success of both programs, it is indispensable to
consider the farmers’ economic situation, the ecologic vulnerability and to have, in general, a holistic view of
the food security-ecology-rural development nexus. Key actions to guarantee success are:
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e to protect the achievements of the Grain for Green program,
e toincrease transparency in local afforestation databases,

e to ensure diversification of grain supply strategies,

e to conduct detailed soil assessments and

e to align with the farmers’ preferences and practices while offering viable job opportunities. (Sino-
German Agricultural Centre, 2023).

Global Risk Assessment - Mangroves

Typically climate risk assessments for ecosystems are conducted within a defined geographic scope. However,
in 2024 the IUCN conducted the first-ever global assessment for an entire ecosystem. Utilising the Red List of
Ecosystems framework, they mapped out the health of the world’s mangrove ecosystems, finding that 50% were at
risk of collapse, with rising sea levels being the greatest threat.

The Red List of Ecosystems framework is a global standard to assess ecosystem health and completed ecosystem
assessments following this guideline are made available on the Red List of Ecosystems database.

2.4 Monitoring, Evaluation, and Learning

Monitoring, evaluation and learning (MEL) is a systematic approach used to track progress, assess
effectiveness, and adapt strategies in projects, programs, or organizations, each of MEL's steps are key
aspects when thinking about natural environment risks. MEL is important in terms of helping enhance
understanding, designing strategies and interventions, implementation and updating to ensure intended
outcomes (11SD, 2024). It supports decision-making by assessing data and information and adjusting
interventions. Various approaches are used for MEL normally dependent on various factors such as the
scale, resources available, technical capacity and duration among others and can be especially important in
disaster risk management.

COP 28’s_UAE Framework for Global Climate Resilience provides a way in which adaptation can be tracked.
There are other monitoring platforms in use to look at risks. Various countries have adopted different
approaches on MEL with some developing comprehensive tools for this. The report National Monitoring,
Evaluation, and Learning Systems for Climate Change Adaptation: A Comparative Analysis of Nine Countries
(1ISD, 2024) provides an overview of practice in select countries on this topic. The authors contend that while
frameworks and tools are in place, oftentimes learning is not fully integrated in this process.

Natural environmental risks being unpredictable especially with climate change means that the role of MEL is
even larger as this can help respond to fast changing scenarios and varying dynamics. MEL tools can help foster
accountability and be used as a tool for stakeholder engagement thus enhancing ownership (OECD, 2021).

The environmental social safeguards are sometimes used as part of MEL processes where the safeguards
are tracked to ensure that these remain in place during implementation of strategies and interventions (OECD,
2021). Noltze et al. discuss various approaches to MEL for climate risks including the risk management
approach, adaptive pathways approach, dynamic policy approach and a dynamic adaptive policy pathways
approach. Some of these such as the adaptive pathways approach considers tipping points, looking at
different adaptation pathways, lock-ins and dependencies (Hasnoot et al, 2012) and later the Dynamic
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Adaptive Policy Pathways (Hasnoot et al, 2013). These can be utilized as tools and approaches for ensuring
effective MEL.

Key Performance Indicators (KPIs) are critical tools within the MEL framework, as they provide measurable
values to evaluate success and inform decision-making (OECD, 2021; Enenkel et al., 2022). When
combined, MEL and KPIs create a robust system for achieving goals, improving performance, and ensuring
accountability.

KPls act as markers of progress and for evaluation with clear targets that are quantified and leading towards
set objectives. They also act as benchmarks for reference. KPIs have to be aligned to set objectives,
measurable and defined within a given timeframe for easy tracking (IISD, 2024; OECD, 2021). The table
below shows some examples of key performance indicators.

Table 1: Examples of Key Performance Indicators

- Strategy Example of Key Performance Indicator

- : - Percentage/acres of mangroves restored in three years
Enhanced resilience and adaptive

. . + Number of flood defenses (natural and technological)
capacity e.g. to coastal flooding

installed in one year

* % of effectiveness of early warning systems in one year

2. Strengthening of climate services and DRM L ) .
» Number of people utilizing climate services
: : + Amount of funds received in past year
3. Increased access to climate finance . : ,
+ % of received funds disbursed in the past year
» Number of policies in place to address climate risks
4, Policy strengthening » Number of strategies implemented to address climate risks
in the past year
» Number of people trained on climate risks assessment in the
. . past year
5. Capacity building

+ % of population with increased understanding of climate
risks and their impacts

+ Number of research outputs on climate risk in one year
6. Research and development » Number of innovative approaches to addressing risks in the
past three years

Since results for adaptation are often not apparent in the short term MEL frameworks for climate risks have to
have a long-term outlook and be robust enough for indicators that can be modified, reviewed and updated for
use over time. They should also consider path dependencies so as to avoid lock-in and maladaptation (Noltze
et al, 2021). Selected indicators need to be SMART1, dynamic and the entire process iterative to ensure that
learning is incorporated. Counterfactual analyses® that estimate risk under conditions without climate change

1 The acronym SMAR.T. refers to indicators that have all of the following characteristics: Specific, Measurable, Achievable, Relevant and Time-bound.

2 According to Bull et al, 2020 ‘counterfactuals are a type of reference scenario that captures an alternative possible trajectory of a dynamic system

23


https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/cobi.13570

Natural Environment Risks and Solutions | 2 Risk Management

or without adaptation, may also be a useful tool in MEL to ensure that updates and reviews to the MEL
framework are incorporated to address climate risks.

These analyses seek to provide alternative scenarios, e.g in when no action is taken, that can help to make
decisions. Bull et al (2020) state that it is possible to have multiple counterfactuals that can help estimate
the gap between action and inaction, thus helping decision makers and policymakers in making decisions.
Therefore, MEL frameworks need to be applicable across levels thus addressing both vertical and horizontal
levels relating to the climate risk.

The NAP Global Network has developed a MEL toolkit that can be used for national adaptation planning

in the absence of a given intervention’.
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processes including climate risk assessment. Some national case studies include the Rwanda KPI's and a
cross-section of indicators compiled by the UNFCCC from various countries that can be useful for seeking
collaboration as well as peer-to-peer learning and exchange. Additionally, there are tools and approaches
such as the Greenpass in Elagiry et al with a case study of Segrate.

3 Adaptation Strategies and Solutions

Climate risk assessments identify and quantify emergent impacts of climate change, paving the way for
solutions to reduce impacts. When determining which solutions to pursue, it is preferable to prioritise
solutions that combine both mitigation and adaptation, are low cost and highly effective, and offer various co-
benefits to society. Solutions to reduce risk can vary from aspects such as physical infrastructure, protection
of nature, technological implementation and behavior changes.

~  Soft Solutions

. Hard Solutions

a0
Technology Digital Monitoring of Ecosystems Nature-based

Figure 6 Adaptation goals can be achieved and enabled through a variety of interrelated and supporting solutions.

Source: Authors of the report

3.1 Nature-based Solutions

Nature-based solutions (NbS) have the potential to promote both mitigation and adaptation at a relatively low
cost compared to mechanical and engineered solutions, while promoting a host of co-benefits for humans
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and nature. For settings in rural and natural ecosystems, where there is less intense land-use pressure, NbS
have a high potential for implementation and maximisation.

NbS rely on the services that natural systems provide to humans and nature. These services can take
the form of improved water management, reduction of disaster risk, food production, biodiversity support,
and carbon storage, to name a few. Often, the use of NbS promotes multiple services at once, working
synergistically to enhance ecological and social outcomes. NbS can be implemented by protecting,
managing, and restoring natural ecosystems, as well as creating hybrid solutions involving integration with
traditional infrastructure, in ‘green-grey’ approaches. Below we introduce some examples of NbS and what
benefits they may offer. While not exhaustive, these examples demonstrate how various ecosystem types in
different geographies may be useful as climate solutions.

Forests

Forests are a common ‘go-to’ NbS, as there is widespread attention around their importance in storing
carbon, providing habitat for wildlife, and filtering water, not to mention their role in supporting indigenous
communities and national economies. Protection of existing forests is generally more effective than
reforestation when it comes to carbon storage. biodiversity protection, and cost. However, there exists
great potential for restoration of deforested lands, and reforestation can still provide cost-effective climate
mitigation and adaptation. In the United States alone, there are approximately 60 million hectares of land
available for reforestation, which could capture 535 million tonnes of CO2 per year. Reforestation can take
the form of more active tree planting initiatives, or simply allowing trees to regrow in a process known as
‘natural regrowth’. Natural regrowth may be particularly advantageous when resources are limited, as this
method can reduce costs by 77%. Additionally, forests also reduce and prevent natural hazards, particularly
in_mountainous regions, making them effective tools in Ecosystem-based disaster risk reduction (Eco-
DRR). In Mountainous regions, gravity-related hazards (i.e. landslides and avalanches) and flooding can be
mitigated by healthy forest habitats, protecting low-lying areas at the base of the mountain.

In Brazil, where some 60% of the Amazon rainforest resides, forest conservation and management is crucial
to protect biodiversity and maintain functioning ecosystem services. In 2002, the Amazon Region Protected
Areas Program (ARPA) was established as the world’s largest tropical-forest conservation initiative, with
an initial goal of protecting 60 million hectares by the year 2039. The project was developed in a series of
phases. Starting in 2003, phase | involved the creation of 23 million hectares of protected land. During phase
Il, from 2010-2017, additional existing protected areas were consolidated under the ARPA program. By 2017
the program had surpassed its initial conservation goal, at 60.8 million hectares of land under protected
status. The program, which was launched by the Brazilian government and coordinated by the ministry for
the Environment, incorporates both public and private funding from a variety of foundations and international
NGOs. IN 2014, the Transition Fund was established, with a goal to gradually establish full public financing
by 2039. In addition to large-scale conservation, biodiversity protection, and carbon sequestration, ARPA also
offers local benefits to farmers and indigenous populations that rely on ecosystem services from the Amazon.
Involvement of local governments, training local conservationists, and facilitating public-private partnerships
have been attributed to the widespread success of the initiative.

Mangroves

Mangroves are powerful NbS, offering coastal protection, biodiversity support, contribution to local livelihoods
and large carbon storage in the form of ‘blue carbon’. Mangrove forests provide fishing stock for both local
and indigenous people, as well as commercial fisheries. Mangroves also contribute to supporting local
people and economies by protecting populations and assets from sea level rise, storms, and coastal erosion.
In China, for example, mangrove forests are estimated to protect more than 8.5 billion USD in assets and
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more than 500,000 individuals during average annual storms. Due to high productivity of these ecosystems
and low carbon turnover in waterlogged soils, mangrove ecosystems can sequester and store up to 5 times
the amount of organic carbon as tropical upland forests, providing mitigation benefits.

In Djibouti, a joint program with the United Nations Environment Program (UNEP) worked to restore
mangrove habitat and promote resilience to climate change. By combining hard infrastructure (levees,
gabion walls, drip irrigation) with local mangrove species, the project employed a ‘green-grey’ approach to
adaptation that was locally targeted. Additionally, local people were directly involved, through education,
training, and employment. For example, local community members were hired to clear debris from mangrove
habitats, manage mangrove nurseries, and plant mangroves. Local community members were also provided
with fishing equipment and training on sustainable fishing practices. Cooperative fishing associations
were established to improve knowledge on mangrove protection and fishing. Women benefited from direct
involvement in a woman'’s fishing association, and by selling handicrafts as a result of eco-tourism. In
addition to increasing income from fishing, the project resulted in more than 2.000 hectares of restored
mangrove habitat and 800+ hectares of mangrove rehabilitation. The project reported that integration of the
local community, understanding of on-the-ground conditions, and long-term planning were key to the success
of the initiative.

Coral Reefs
Best Practice
Coral reefs are crucial habitats that provide coastal

Different types of ecosystems such as protection, habitat for wildlife, and opportunities for
RS, WIS ET) R LR, G (S ecotourism and conservation. Similar to mangroves,
coral reefs protect coastal communities by reducing wave
energy by an average of 97%. protecting an estimated
100 million people. This protection holds both for low-
frequency storms, and daily wave events, protecting
against coastal erosion. In the United States alone, coral
reefs are estimated to provide 1.8 billion USD in hazard
risk reduction benefits annually. These habitats have been
shown to be as effective as artificial wave attenuation
structures, and in tropical environments, restoration of coral reefs is significantly cheaper than mechanical
alternatives. Coral restoration involves a variety of approaches, such as growing coral off-site and replanting
in reefs, increasing genetic diversity through artificial fertilisation, and providing structural support to protect
against disturbances.

synergistically across a landscape, offering
habitat connectivity and edge effects,
supporting biodiversity and ecosystem
services. Conservation of entire landscapes
as opposed to single ecosystems can enhance

NbS effectiveness.

On the island of Guadeloupe, a Caribbean territory of France, the development of an ecologically designed
mooring system aimed to protect local coral reefs, while providing infrastructure for boat docking. In
the bay of Deshaies, a hotspot of marine biodiversity and conservation, boat anchors were causing
mechanical disturbances to local coral reefs. A policy prohibiting anchoring was implemented in the bay
and accompanied by the installment of eco-mooring devices, where boats could be alternatively secured.
In addition to reducing mechanical disturbances, these eco-mooring devices were designed to replicate the
natural conditions of local sites, attracting coral larvae to grow on the structures. A total of 40 mooring blocks
were constructed and monitored to evaluate successful colonisation over time. After 6 years, the Bay of
Deshaies saw return of coral and seagrass species, with more than half of the local coral species growing
successfully established on the eco-mooring blocks, providing habitat for 43 species of fish. Notably, the eco-
mooring devices survived the 17 meter high waves of super hurricane Irma in 2017, protecting most of the
mooring-established corals. This success story highlights the possibility of integrating NbS with conservation
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policy and active restoration.

Despite innovative solutions, current coral restoration efforts are constrained by high costs, small scales, and
low success rates. This is concerning especially when considering that coral reefs are especially vulnerable
to human activity. According to CORDAP, over 60% of Earth’s corals have already been lost, and 75%-90% of
the remaining coral reefs could disappear in the next two decades. There is a need to increase research and
development in coral reef restoration as well as to establish networks for knowledge sharing in restoration
and conservation, as has been done in Florida, USA, and small islands in the South Pacific Islands. Since
coral reefs provide high value to tourism and fishing industries, there are opportunities for these sectors to
collaborate with restoration and conservation efforts. For example, in Fiji, a hotel resort partnering with the
Reef Resilience Network sponsored the training of 15 local residents to become coral gardeners, eventually
hiring two of the gardeners as full-time staff to work on local coral reef conservation.

Agricultural Nature-based Solutions

The integration of NbS into agricultural systems has the potential to reduce environmental tradeoffs
associated with food-production while enhancing benefits to farmers. A variety of NbS have been utilized
in agricultural production to improve carbon storage in soils, promote biodiversity, and enhance water
management. One common agricultural NbS involves the integration of trees on farmland (agroforestry) and
pasture (silvopasture). Particularly in the tropics, even small patches of trees integrated in pastures have
been shown to significantly reduce local temperatures, which can limit the evaporation of water and protect
cattle and farmworkers from hot temperatures. These trees provide additional co-benefits, such as habitat for
wildlife, carbon sequestration and storage, and diversified tree crops for humans and livestock.

In Colombia, a silvopasture education program trained more than 4,000 farmers across 87 municipalities
to promote silvopastoral practices. This involved planting trees and shrubs in and around pastures, as well
as the establishment of ‘conservation corridors’ to promote wildlife conservation and habitat connectivity.
Prior to this intervention, many farmers removed trees on their land due to the belief that they competed
with production. However, as a result of these measures, farmers reported a 20% increase in beef and milk
production alongside reduced fertiliser use. The results of this project have led to a reduction of 1.5 million
tons of greenhouse gas emissions. Some farmers even received financial compensation for conservation
efforts through a payment for ecosystem services (PES) scheme. In tropical regions, where land use
conversion is driven largely by farmland expansion, agricultural NbS can play a significant role in promoting
conservation and restoration while providing co-benefits to farmers.

Implementation and Prioritisation

NbS are promising solutions because, with proper implementation, they can deliver simultaneous climate
adaptation and mitigation. At the global level, the most cost-effective terrestrial mitigation potential comes
from forests (particularly tropical forests). followed by inland wetlands. then coastal wetlands, and grasslands.
The ‘natural climate solutions (NCS) hierarchy’ complements this ecosystem hierarchy by prioritising
protection of in-tact ecosystems first, followed by land management, and finally ecosystem restoration. This
is largely due to the long-term carbon storage and high biodiversity found in existing ecosystems, which
take much longer to establish in newly constructed ecosystems. Furthermore, the protection of longstanding
ecosystems (particularly old-growth forests) offer the most co-benefits for biodiversity, local communities,
and climate adaptation. Tools such as the interactive naturebase platform (figure 7), developed by the Nature
Conservancy, provide emissions reductions potentials of various NbS for different countries, regions, and
subregions.
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Climate Benefit Estimate by Pathway (tonnes CO5e/yr)

Calculate totals across selected areas

China Brazil
Name T|
(940,246,000 ha) T| (852,303,000 ha) T|
Increased Soil Carbon in Croplands 254,074,000 95,216,000
Reforestation 25,126,000 706,098,000
[ | ]
Climate Benefit Estimate by Pathway (tonnes CO5e/yr)
Calculate totals across selected areas
Inner Mongolia Heil . Guangxi Zhuang
Sichuan Province  Autonomous e c.)ngjlang Autonomous
Name T| . Province .
(49,468,000 ha) T] Region Region

(44,882,000 ha) T

(114,446,000 ha) T| (24,771,000 ha) T|

Avoided Peatland Conversion %OOO 4.'768’000 2,172,000 0
Cropland-based Agroforestry 4,099,000 590,000 5,272,000 1,907,000
Grassland Restoration 1,695,000 15,686,000 399,000 0
Increased Soil Carbon in Croplands 16,168,000 10,177,000 30,720,000 7,403,000
Increased Soil Carbon in Grazing Lands 7,899,000 38,882,000 1,116,000 604,000
Reforestation I137,000 I539,000 l884,000 6,848,000

Figure 7. The naturebase platfrom allows users to compare different types of NbS and their climate mitigation potential across
different countries and subnational levels.

Source: Naturbase.org

According to the naturebase platform, China and Brazil are the countries with the highest potential for
emissions reductions using NbS. However, this potential varies depending on the type of NbS implemented.
Furthermore, a comparison of the most promising regions for carbon sequestration in China (Sichuan, Inner
Mongolia, Heilonjiang, and Guangxi) shows that potential varies based on ecosystem type (cropland, forest,
peatland, grazing land) and intervention method (restoration, protection, or management).

While there are certainly optimal approaches and ecosystem types at the global level, the potential of NbS to
deliver beneficial outcomes depends on local conditions, available resources, and capacity. Therefore, local
understandings of ecology, land-use patterns, and socio-ecological systems should be considered before
deciding on NbS to implement. In general, existing ecosystems in a particular region are highly adapted to
local conditions, and the creation of new ecosystem types or introduction of new species can threaten the
ecological health of a region. For example, mass reforestation based on monocultures of fast-growing trees
may offer initially high carbon mitigation,_but can harm local biodiversity, introduce new pests and disease,
and reduce water storage capacity. Afforestation, particularly in high-latitude regions, can also lead to

30


https://app.naturebase.org/report/abf6ae3d-d9b3-4d93-b67f-3645f0a7a7d0
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2019.0120
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2019.0120

3 Adaptation Strategies and Solutions | Natural Environment Risks and Solutions

significantly reduced land surface albedo, causing increased temperatures and potentially outweighing the
benefits of carbon assimilation.

Additionally, the ‘natural climate solutions (NCS) hierarchy’, which prioritises conservation over management
and restoration, depends largely on the land-use conversion of a region. For example, in areas where
deforestation is low, conservation may have limited potential as compared to improved management or
restoration of ecosystems. As a result, the implementation of NbS is highly dependent on local conditions.

As solutions that depend on natural processes and ecological principles, the effectiveness of NbS vary
depending on local-ecological contexts. A ‘one size fits all’ approach is not appropriate and may reduce
the effectiveness of NbS or lead to maladaptation. Since NbS are specific and context-dependent, it is
difficult to provide universal guidelines. However, there are some principles that attempt to address common
shortcomings while also allowing for broad implementation and conceptualisation across regions and
habitats.

Toolbox for Practitioners

Nature-based Solutions

Benefits: Considerations: Policy Opportunities:

Relatively low cost, co-benefits for Limited effectiveness under continued Species and landscape conservation
nature and society, mitigation potential high emissions, understanding of Rural development planning
local ecology required for successful Agricultural, forestry, and fishery
implementation management

Guiding Frameworks:
IUCN Global Standard for Nature-based Solutions

Natural Climate Solutions Hierarchy

Supporting Tools and Data:

Global Mangrove Watch - Access data on mangrove ecosystems worldwide
Global Forest Watch - Explore forests and land use across the world
Allen Coral Atlas - Find risk data for coral hotspots
Nature-based Solutions Evidence Platform - Determine and compare benefits of NbS
Naturebase - Evaluate natural climate solutions at national and subnational scales

Communities of Practice:

NetworkNature
Reef Resilience Network

The Mangrove Alliance

3.2 Digital Technology

Emerging technology can be a solution to climate risk, by providing up-to-date, data-driven and on-the-
ground information and forecasts, leading to better ability to reduce hazards and impacts in real time. As
technological innovation increases, there is opportunity to harness its capabilities for adaptation.

Early Warning Systems

One technological solution that is particularly promising are Early Warning Systems (EWS), which can
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mitigate risk by reducing exposure ahead of time. The United Nations Environment Programme (UNEP)
reports that providing just 24 hours of notice of an impending hazard can reduce damages by 30%.
Approximately 20% of disasters can be classified as_‘multihazard’, i.e. cascading and interacting hazard
events that result in unique impacts. These multi-hazard disasters contribute 59% of global economic losses.
Multi-Hazard Early Warning Systems (MHEWS), have been introduced to effectively streamline identification
and warning for one or more hazards. At the 2022 UNFCCC COP27, the UN Secretary-General’s established
the Early Warnings for All Initiative (EW4AIl), which set forward a four-pillar approach to implementing
MHEWS based on knowledge management, observation and forecasting, dissemination, and response
preparation.

Detection,
observation,

Warning
dissemination and
communication

Disaster risk Preparedness and

response capabilities

knowledge

monitoring, analysis,
and forecasting

led by the United
Nations Office for

led by the International

led by the World

. s Federation of Red Cross
. ) Meteorological Telecommunication
Disaster Risk and Red Crescent

- Organization (WMO) Union (ITU)
Reduction (UNDRR) raanization fen Societies (IFRC)

led by the International

Fig 8: EW4ALL Framework
Source: Prepared by the authors based on EW4ALL

These four pillars are each overseen by an international governing body and must be coordinated across
sectors and levels of governance in order to be fully effective. Furthermore, these MHEWS comprise ‘end-
to-end’ services, starting with robust knowledge management and concluding with emergency response
services. Integrated climate risk assessments play an important role in informing the risk knowledge
management pillar by providing essential research on sectoral and geographic risk. Furthermore, many
of the methods and data used to assess risk in the first place can also be incorporated in observing and
forecasting hazards, providing a unique bridge between one-off risk assessment and continuous monitoring
and forecasting.

While the first two pillars of the EW4AIl framework highlight the role and importance of data, knowledge, and
preparedness, pillars 3-4 involve delivery of this information to relevant sectors alongside necessary support
services. The EW4AIl urges that MHEWS must have a ‘people centered approach’ which is accessible and
inclusive. Vulnerable groups (including women, rural and indigenous people, migrants, illiterate and people
with disabilities) are at a higher risk during disasters and may have reduced ability to access or understand
warnings and alerts. As a result, stakeholder involvement in the development of these systems can inform
ways to better ensure their efficacy and access. Initial risk assessment should also consider underlying social
vulnerability factors (such as literacy rates, access to internet and cellular service, primary language spoken,
etc.) that may affect the uptake and success of MHEWS.
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Monitoring rainfall

Peru is one of the most hazard-prone countries in the
world, particularly affected by heavy rainfall, flooding,
and mudslides in mountainous areas. In 2011, the NGO
Practical Action partnered with the National University
of Cusco to help monitor for conditions that would lead
to mudslides, installing low-cost monitoring stations in

mountains on the outskirts of Lima. These monitoring

and landslides in Peru

This approach, which integrated the community, local
authorities, and research institutions, has allowed the
region to better prepare for disaster. Additionally, the
utilisation of low-cost methods such as 3D printing,
solar-powered monitoring systems, and on-site electronic
assemblage has allowed for the project to operate under

relatively low cost.

stations send near-continuous photos of water levels and
soil saturation graphs to municipal authorities. In case
of detected mudslides, community leaders are alerted via
text message, who then can alert their community and
begin evacuation. In addition to providing early warnings
to rural communities, the project also developed small
yet effective solutions to reduce the impacts of flooding,

such as digging drainage ditches around key structures.

Source: Practical Action

Agricultural Early Warning Systems

Besides informing human populations of impending hazards, EWS can also assist in management of
assets and decision making across sectors. One sector of significance, particularly in developing countries,
is agriculture, which is especially susceptible to drought. Unlike many other disasters, drought conditions
can be forecasted on a longer time scale and larger geographical area, making ground measurements
inadequate and untimely. Using satellite-based remote sensing data, the Food and Agriculture Organization
of the United Nations (FAQO), together with the Flemish Institute for Technological Research (VITO) and the
Joint Research Centre of the European Commission developed the Agricultural Stress Index System (ASIS).
The ASIS detects agricultural areas with a high likelihood of drought and water stress, providing hotspots of
global concern every 10 days. Geospatial data is simplified into agricultural indicators that can be interpreted
by agricultural stakeholders with limited technical knowledge and is open to the public. Past records
are also provided since the year 1984. While the original ASIS provides global insights, country-specific
platforms have been developed to provide more accurate results based on national data. These country-
specific platforms can directly strengthen national EWS and inform policies around food-security, agricultural
management, and economic impacts.

Emerging Technologies

The Internet of Things (loT) is another technology that can provide solutions to reducing climate risk. This
technology works by embedding physical objects and settings with sensors, which exchange data via the
internet, allowing for real world processes to be digitally monitored. While there is overlap between loT and
EWS, allowing for unique opportunities to expand observations and forecasting, 1oT goes beyond predicting
hazards for early warning, but offers continuous data that can inform decision-making. Monitoring soils_and
plants in agricultural fields allows for more efficient resource use and avoiding loss of crops. In rainforests,
the loT has been used to pick up on the sounds of chainsaws, firearms, and vehicles, to identify and pinpoint
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illegal logging and poaching. In mangrove forests, loT has been used to measure soil moisture, humidity,
and temperature to help inform management decisions and quickly respond to threats. The IoT may be
particularly useful in managing and monitoring rural and natural environments by covering vast areas where
there is a lack of human resources available.

While 10T allows for continuous real-time data collection and monitoring, digital twin technology further
utilises this data, creating a virtual replica of a real world object, setting, or process. Digital twins differ from
traditional simulations and models in that they incorporate real-life changes and patterns, based on constant
updates from their physical counterparts. The integration of real-time data with historical records allows a
more realistic understanding of how systems operate.

Digital twins can be used to replicate, monitor, and assess ecosystems, habitats, agriculture, infrastructure,
human settlements, water bodies, and farms, to name a few. The Digital Twin of Alps is a decision-support
tool created to integrate multiple models with remote sensing to support water resource management and
disaster risk management. Furthermore, the project provides a roadmap for the development of future digital
twins of the Alps region. The European Commission has developed Destination Earth, a flagship digital twin
of the Earth system, which provides insight into land, marine, atmosphere, biosphere and anthropogenic
processes. The European Commission is also developing a Digital Twin Ocean, which will provide greater
insight into ocean processes, which will be further integrated into the Destination Earth platform. Digital twins
are also being considered for evaluating and monitoring NbS. For example, a digital twin framework has been
developed for seagrass NbS in reducing storm surges. Although research in this field is nascent, utilising
digital twins for NbS may be particularly valuable, as they can more accurately evaluate the inherently
dynamic processes of natural systems.

Artificial Intelligence

A cross-cutting technology that has garnered increased attention is Atrtificial Intelligence (Al). With the ability
to simulate human learning, comprehension, problem solving, decision making, creativity and autonomy,
Al can more effectively and quickly make sense of climate risk data in various contexts while providing
recommendations and solutions. Financial institutions, for example, have already made use of Al in climate
risk analysis. The Bank for International Settlements (BIS) developed Project Gaia in order to standardise
and coordinate vast amounts of climate risk data across various reporting frameworks and regions. As a
result, the once-difficult process of comparing assessments across different jurisdictions and frameworks has
been streamlined for financial analysts to better understand climate risk in the financial system.

One application of Al technology is Machine Learning (ML), which allows models to understand complex
patterns and learn from it. ML is useful in modelling habitats, ecosystems, and natural processes by making
sense of complex non-linear and multivariate datasets. This may be particularly relevant when trying to
understand normally unpredictable processes or hazards. For example, wildfire is a multi-factor process,
dependent on a range of local and climatic conditions. To account for the various factors influencing fire
development, the European Centre for Medium-Range Weather Forecasts (ECMWF) developed a fire-
prediction model called Probability of Fire (PoF) in order to better forecast wildfires. As a relatively low-cost
and high-resolution (1 km) model, PoF provides warnings of fire outbreaks up to 10 days prior, on a global
scale. The model was developed by using ML to analyse vast amounts of historic satellite imagery, which
would otherwise be difficult for scientists to accomplish by themselves. The ECMWF utilises the PoF to
provide fire predictions for a variety of regions around the world. Conservation efforts can also benefit from
ML approaches. A study to understand the future habitat distribution of a local bird species in Utah, United
States, relied on ML to integrate climate projections with species distribution modelling (SDM). Researchers
found that the coupling of SDM with ML could effectively predict future wildlife implications, and better inform
current conservation measures.
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Considerations for Technical Solutions

As with NbS, a variety of approaches and methods can work synergistically to improve the efficacy and co-
benefits of technological solutions. For example, monitoring of ecosystems required in MHEWS can be
integrated with 1oT. The coupling of real-time data from |loT with analysis of past historical records using ML
may foster new insights and understanding of natural systems and processes. These insights can then be
used in models and digital twins to allow analysis of various policy and management options under current
and future conditions. Furthermore, Al can then be used to understand and evaluate solutions. Together,
these technologies can underpin and strengthen useful applications for disaster and resource management,
such as MHEWS and agricultural EWS. In China, a digital twin of the Yangtze River has been developed to
model the entirety of the river basin, including weather, ecology, shipping, and flooding. With data sourced
from some 2,700 water-level monitoring stations, 37,000 rainfall stations, and hydropower monitoring sites,
the digital twin integrates various sectors and facilitates collaboration. With relevant insights all in one place,
stakeholders can make decisions, develop early warning systems, and conduct contingency planning.

Technological solutions are accompanied by important ethical and security questions. For example, open
data sharing is complicated by the need to protect private personal data, which is typically governed
by national and regional policies and can vary across jurisdictions. Furthermore, the use of emerging
technologies, such as Al, can come with concerns about environmental impacts, such as massive energy and
water consumption in the development and running of its models. It is essential to ensure that technology-
based solutions are developed, operated, and decommissioned sustainably and ethically. Additionally, it is
recommended to consider the cost-benefit of a particular technology and whether or not its use will have a
net positive impact on climate change mitigation and adaptation.

Toolbox for Practitioners
Digital Technology

Considerations: Policy Opportunities:

Ethical, environmental, and legal Innovation, research & development
consideration required, importance Disaster response

of cooperation, data sharing, and Education and training
involvement of vulnerable groups Data management & governance

Benefits:

Provides up-to-date information and
guidance, data-driven insights

Guiding Frameworks:
UNDRR EW4ALL
Common Alerting Protocol

Supporting Tools and Data:

FAQ Agircultural Stress Index System - detect global drought areas every 10 days
Destination Earth Digital Twin - monitor the Earth system and environmental change

WhatNow Message Portal - access a platform for early warning messages and dissemination

Communities of Practice:

The International Federation of Red Cross and Red Crescent Societies (IFRC)
loT Community
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3.3 Infrastructure and Energy

Climate change threatens energy systems and built infrastructure through long-term continuous exposure
(such as increased temperatures, and sea-level rise) and sudden hazards (cyclones, floods, wildfire).
Since human populations rely on infrastructure for essential services (health, energy, sanitation, transport,
communications), disruptions to these systems can lead to cascading risks far beyond the initial impact. An
analysis of more than 700 hazard events across 30 countries found that cascading failures to infrastructure
accounted for 64-89% of service disruption, spreading the impact to regions beyond the initial hazard in
75% of cases. As a result, disruption to essential services surpassed physical impacts by a factor of 10.
Furthermore, the building, operation, maintenance and eventual decommissioning of infrastructure is
responsible for 79% of all greenhouse gas emissions (namely in the energy, buildings, and transportation
sectors). Infrastructure also comprises 88% of forecasted adaptation costs, largely in the water sector. As a
result, there is great opportunity to proactively address mitigation and adaptation by strategically developing
infrastructure under a climate risk management framework.

Low-Carbon Climate Resilient Infrastructure

Low-Carbon Climate-Resilient Infrastructure (LCCRI) is an approach to reconcile both the high emissions
and vulnerability of the infrastructure sector, delivering win-win solutions that contribute to sustainable
development. One example of LCCRI is public transportation that is resilient to future climate impacts (such
as flooding). Investment in public transportation can improve development by providing affordable and reliable
service to the population, while also reducing emissions and pollution associated with individual car use.

For natural environments, agriculture, and rural settings, certain LCCRI may provide unique opportunities
to mitigate risks, protect natural assets, and support local communities. In coastal areas, measures such
as breakwaters and seawalls have been used to protect shorelines from tides and storm surges. Dikes and
levees are structures used to protect land against flooding and water intrusion. In cities at or below sea level,
such as Miami, USA, a multi-pronged approach has been implemented to strengthen flood-prone areas.
The reconstruction of roads and buildings on higher land has been coupled with a robust system of canals,
sewers, and water pumps to reduce the impacts of extreme precipitation, storm surges, and sea level rise.

Green-Grey Solutions

There is a great opportunity to combine traditional built infrastructure with NbS to create hybrid ‘green-
grey’ approaches. These approaches often deliver similar co-benefits associated with traditional NbS,
while providing an extra level of mechanical protection against natural hazards. Taking the combination of
mangrove and seawall implementation as an example, can illustrate the synergies of both approaches. As
mentioned previously, mangroves provide extensive protection to coastal areas, specifically by buffering
storm surges, waves, and wind. However, by themselves and in extreme situations, mangroves may be
insufficient, with most benefits coming from large areas of fully-grown mangrove forests that may take a
long time to establish. Built infrastructures such as seawalls, on the other hand, can provide immediate
protection, but have high maintenance costs and lose effectiveness over time. In Guyana, coastal mangrove
forests were found to significantly attenuate wave height, reducing the required height of coastal sea walls,
and thereby reducing overall building costs. To establish habitat and encourage further mangrove growth,
additional low-tech infrastructure, such as permeable sediment-trapping units made from locally available
bamboo, were built. This additional infrastructure to facilitate mud-bank formation also contributed to wave
attenuation, highlighting further co-benefits between grey and green approaches. In fact, coupled green-grey
approaches may offer more effective and affordable approaches, especially when considering the entirety
of the life-cycle. One study found that a hybrid approach could save 94% of life cycle costs associated with
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traditional grey infrastructure.Another study done on
green-grey solutions in a residential neighborhood of

Best Practice
Nanjing, China found that the payback period for a green-

Integrating NbS into traditional infrastructure grey runoff system could significantly be reduced from
may provide long-term savings and additional 4 years, to less than 1 year with the presence of green
co-benefits. When developing interventions, building subsidies. The World Resources Institute put out
do a cost-benefit comparison between grey- a guide detailing how to assess the cost and benefits of
green solutions and traditional infrastructure, green and grey infrastructure for water supply systems.

considering multiple payback horizons.

Renewable Energy and Decarbonisation

Naturally, the single most important way to reduce climate risk is to eliminate greenhouse gas emissions,
and drastically develop renewable energy capacity. Renewable energy will play a key role in contributing to
sustainable development while limiting climate impacts. This should be accomplished alongside a variety of
technological developments that will aid in this transition, such as improving energy efficiency, modernising
energy grid infrastructure, developing energy storage technologies, and exploring clean fuel sources for
sectors that can not be electrified.

The large amount of energy required to offset fossil fuels will require an expansion of renewable energy
infrastructure in different settings, requiring dedicated land use particularly in areas that are more rural
and less desired for other land uses (such as urban settings and prime agricultural land). Existing energy
technologies such as wind, solar, hydroelectric, and geothermal are promising solutions in different contexts.
For example, wind energy is effective in areas with consistently windy conditions, and geothermal energy is
only currently feasible in locations where geothermal reservoirs are easily accessed. Future conditions may
change the availability of certain natural characteristics that make an area favorable for energy production.
One such example of this is hydropower.

The prevalence of drought and the melting of ice and glaciers, particularly in mountainous regions, may alter
current hydropower systems and management. In Switzerland, for example, Alpine hydropower production
relies on glaciers that are increasingly vulnerable to climate change. Under continued warming, current
hydropower production in Switzerland is expected to fall by 1.0 TWh yr—1 by mid-century. However, changes
to hydropower production vary by context. In some regions, increased melt could lead to greater hydropower
potential, requiring proactive adaptation to future conditions.
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Case Study: Hydropower in Iceland

Almost three quarters of Iceland’s electricity comes from Already, modelling results informed the increased
hydropower. Due to melting glaciers, the amount of water capacity of the Birfell Hydropower Plant from 70 MW to
inflow is expected to increase by 15% by mid-century 100 MW. Similarly, the BGdarhals plant was increased
and then decrease to 1990s levels by the year 2080. from 80 mW to 35 MW. The success of this project has
In order to fully utilise the additional inflow, existing been attributed to strong cooperation with other power
infrastructure would need to be retrofitted to increase companies and institutions as well as consistent calibration
hydroelectric turbine capacity as well as reservoir of hydrological models based on monitoring results.

storage. The national power company of Iceland along
with a consortium of Nordic research institutions worked
to produce hydrological models to project future water
flow under climate change. These modelling results,
which are amended every 5 years to account for updated
climate developments, form the basis of reservoir
management. Furthermore, they also contribute to the
building of new hydropower infrastructure and retrofitting
of existing plants.

eSS A

Source: Landsvirkjun

A review of the threats facing hydroelectric power considered major regions of significance across the
globe. They found that climate change will impact hydropower capacity differently based on locality. The
region of Northeast Asia, for example, in which most hydroelectric plants are located along the Yangtze
and Yellow river, is expected to experience future changes due to melting glaciers, while the impacts of
altered precipitation are not yet clear. They note that in Northeast Asia, additional runoff volume can likely be
managed through adjusted reservoir management, although anthropogenic factors may also reduce water
volume.

Addressing Land-Use Conflicts

There is great concern that new renewable energy projects will require large amounts of land (particularly for
photovoltaic and wind energy), which may threaten existing habitats. This contradiction between conservation
and energy production is concerning, considering that both conservation and renewable energy are essential
mitigators of emissions. However, this contradiction can be reconciled by following best practices on
renewable energy development, such as choosing ecologically-degraded sites and avoiding regions of high
ecological significance. Increasingly, international efforts are being undertaken in order to facilitate dialogue
between conservationists and renewable energy advocates. In 2015 the UN Convention on Migratory
Species established an energy task force in order to align best practices and facilitate stakeholder dialogue.
Tools such as The Nature Conservancy’s Site Renewables Right Tool, and AviStep, highlight the importance
of ecologically-informed site planning for renewable energy.
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Ecovoltaics

In some cases, renewable energy production can be
integrated into ecological systems. Ecovoltaic systems
utilise solar panels to provide shade and cooling to
vegetation growing beneath, reducing evapotranspiration
and promoting habitat for biodiversity. These systems can

also be integrated with agricultural systems to provide
enhanced grazing and crop growing opportunities. This
is the case for the Big Lake agrivoltaics project located

in Minnesota, USA, where an array of solar panels are
spaced out on farmland. The panels provide a megawatt
of clean electricity while shade-tolerant crops and
honeybees grow below. The farm is managed to involve
community members and provide training to emerging
farmers, who produce vegetables and honey.

Big Lake is one of the many agrivoltaic projects that

the Innovative Solar Practices Integrated with Rural
Economies and Ecosystems (InSPIRE) project is studying.
In order to facilitate greater research and policy
implementation in this field, InSPIRE has compiled case

studies and data for various agrivoltaic systems around

the world.

Source: Great Plains Institute 2024

Win-win solutions that integrate solar power generation into local ecology or natural assets (such as
irrigation and agricultural landscapes) may offer a host of co-benefits for agriculture, biodiversity, and
water management. In particular, the use of solar panels as a physical barrier to prevent excess heat and
evapotranspiration for canals, plants, and grazing animals, could play an important role for agriculture
and water sectors in the future and be seen as an adaptation measure. However, as with all solutions, the
efficacy of this type of approach depends heavily on local conditions and ecology.

Over-canal solar

Another example of solar generation that reduces
land-use pressure is over-canal solar. This approach
involves mounting solar panels over waterways and
irrigation canals. Here, solar panels provide shade and
evaporative control, reducing water loss and algae
growth. Conversely, the water below cools solar panels
which improves overall efficiency. Over-canal solar was
first piloted by the Indian state of Gujarat in an attempt
to bring electricity to rural farms lying along irrigation
networks. Currently, the idea is being replicated for the
more than 6400 kilometers of canals across California,
USA. A feasibility study found that the financial benefit
of water savings, improved panel efficiency, and avoided
aquatic weed mitigation outweighed the additional cost
of suspending panels above the water. In fact, the net
present value of over-canal solar exceeded conventional
panel installation by 20-50%.
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The innovative approach of integrating solar power
over canals demonstrates a unique opportunity to
address adaptation at the nexus of energy and water
infrastructure, especially considering that water-related
adaptation costs are expected to be some of the highest

of all infrastructure types.

Source: UC Merced 2021
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Researchers have established an ‘Ecovoltaics’ framework, in an attempt to reconcile solar power
infrastructure with ecosystem conservation. This approach relies on 5 pillars to ensure that a net-positive
outcome for biodiversity is achieved, focusing on properly siting, designing, and managing park sites with a
wide range of stakeholder and ecological input.

Toolbox for Practitioners

Infrastructure and Energy

Benefits: Considerations: Policy Opportunities:

Mitigation potential, co-benefits for Biodiversity and conservation Infrastructure planning
economic and social development considerations Energy subsidies
Land-use and development
Industrial policy

Guiding Frameworks:
IUCN Guidelines on Mitigating biodiversity impacts associated with solar and wind energy development

Ecovoltaics framework
Practical Guide to Implementing Green-Gray Infrastructure

Supporting Tools and Data:
Site Renewable Right - determine biodiversity-safe areas for renewables in North America

AVISTEP - plan energy projects with consideration of bird habitat (select geographies)

Coastal green-gray cost-benefit analysis tool - compare costs and benefits of green-gray adaptation
InSPIRE data portal - Access datasets and case studies for agrivoltaics across the U.S

Communities of Practice:
Global green-gray community of practice
Green-gray infrastructure accelerator (Sub-Saharan Africa)

3.4 Adaptive Capacity

So far we have seen examples of various technical approaches to mitigate climate risk. However, managing
climate risk also entails ‘soft’ approaches that reduce vulnerability by increasing knowledge, providing
resources for adaptation, and more effectively utilising financial opportunities. According to the UNEP’s 2024
Adaptation Gap Report, there is a bias in adaptation efforts towards ‘hard’ approaches, leaving key enabling
factors under utilised. These solutions typically rely on utilising behavior changes, policy, and financial
mechanisms to promote and facilitate adaptation.

Education and Capacity Development

Despite best efforts to mitigate climate risk through technical solutions, unavoidable impacts will persist,
affecting and altering organisations, sectors, populations, and individuals. These impacts may alter
livelihoods, health outcomes, social cohesion, and interactions with the natural world. There is a need
to raise awareness about the impacts of climate change both through public awareness campaigns and
targeted messaging for at-risk populations and sectors, paying close attention to how these impacts will
affect essential processes for health, safety, and livelihoods. Under the Paris Agreement, the UNFCCC
includes Action for Climate Empowerment (ACE) which outlines climate education and public awareness as
key elements.
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In addition to raising awareness, affected groups and organisations will need to be provided with the tools,
knowledge, opportunities, and resources to respond to these impacts in a process known as capacity
building. Capacity building can take many forms, such as formalised education (mostly through schools and
universities), specialised trainings (such as courses and webinars), networking opportunities (workshops,
sharing platforms, and other means of knowledge sharing), technical assistance (such as the EU’s “Twinning’
instrument) and, in cases of high risk and low capacity groups, direct intervention and assistance (often
through aid and development).

Women in the informal sector, India

The Self Employed Women’'s Association (SEWA) is a
trade union supporting low-income and self-employed
women across India. More than 3 million informally-
employed women are members, with the majority working
in agriculture as smallholder farmers, sharecroppers,
and agricultural labourers. With increasing climate
hazards such as monsoons and drought and limited
social safety and financial protections, many informal
agricultural workers have had to bear the costs of
climate change. SEWA's Agriculture Campaign works
to reduce vulnerability and build resilience among

Recently, SEWA created a ‘Climate School’, which
educates members about climate change, specifically
targeting scientific terms and concepts to those who
have limited formal education. The Climate School trained
28 educators to disseminate the curriculum to women in
rural villages and propose innovative solutions, access
finance, and implement solutions. As a result of this
process, adaptation to climate change can be effectively
disseminated to those who lack formal education,
employment, and access to traditional legal and financial
mechanisms.

rural women. SEWA has initiated a program to develop
“Green Technicians”, with the goal of disseminating
sustainable practices to more than a million households.
Some of these initiatives include developing composting
businesses to create additional income for women and
promote sustainable farming practices, establishing
tool and equipment libraries, educating farmers on
agricultural risk and the need for rainfall insurance, and

installing solar-powered water pumps and irrigation,
saving water and energy.

Source: Coady Institute 2023

Increasingly, capacity development efforts are being scaled up and made freely accessible to the public,
regardless of geography. Online, self-paced, and free educational courses are available through platforms
such as UNCC e-learn, and the SDG academy, with courses ranging from adaptation policy, NbS, and
climate finance. Targeted courses for specific sectors, such as GIZ’s series on Climate Smart Agribusiness
can be particularly useful for entrepreneurs to better integrate risk into their enterprises. In addition to online
courses, the UNFCCC Capacity-Building Portal provides a centralised location for various resources to
be shared, including case-studies, webinars, projects, and tools. The platform allows for further selection
based on specific topic, geographical region, country and language. Similarly, the UN Climate Technology
Centre & Network (CTCN) provides a platform for technology transfer, technical assistance, and international
collaboration tailored to the needs of individual countries. These technical solutions cover multiple sectors
including forestry, water, EWS, agriculture, and carbon fixation, to name a few.

Intergovernmental policy processes, largely instigated by the UNFCCC, allow for collaboration and
international capacity building. The_Rio Conventions Joint Capacity-building Programme is a joint initiative
by the secretariats of the UNFCCC, the CBD, and the United Nations Convention to Combat Desertification
(UNCCD) working to enhance synergies and strengthen collaboration in sustainable land management,
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nature conservation, and climate action. The programme regularly publishes resources and guidance to
build capacity across nature and climate-focused sectors, with a particular focus on finance, policy making,
and implementation. The Paris Committee on Capacity-building (PCCB) network is a coalition of 413
members representing climate-focused stakeholders across the globe. With representation from NGOs,
academia, intergovernmental organisations and the private sector, the PCCB network fosters collaboration
and coordinates best practices in capacity building. For youth, the UNFCCC and the Italian Ministry of
Environment and Energy Security support the Youth4Capacity programme, which contributes to youth
capacity development around the world through mentorship, skill development, certification, and workshops.

In some cases, capacity building activities for local populations in rural and remote areas, who may be at
higher risk of climate-related hazards, have win-win outcomes for risk reduction. Involving local populations
in data collection, for example, has been shown to raise awareness of risk-prone areas, and contribute to
increased assimilation of risk reduction practices. At the same time, on-the-ground populations fill in critical
data gaps for EWS, climate services, and risk assessment.

Specialised training and education programs should
be coordinated across different levels of government, Best Practice
by the private sector, and among civil society in order
to develop a long-term and robust workforce that is
equipped to implement adaptation over the coming years.
This is particularly important for emerging solutions
that will need to be scaled up to meet adaptation and

Capacity development, training, and education
of local populations can support adaptation
efforts by fostering relevant skills and
knowledge among the workforce. Involving
people who are informally employed and/

sustainable development goals. One example of this is or have limited economic opportunities can
the implementation of green-grey NbS, which will require contribute to imprgved economic stabi[ity and
significant development of specialised technical and development.

vocational education and training (TVET) in engineering,

conservation, and finance. The ILO has developed the

‘Greening TVET and skills development: A practical guidance tool’ in order to provide guidance on adjusting
curricula, training, and education to be more climate-focused. Notably, this tool is intended to develop green
skills across all sectors, including traditionally underrepresented workforces such as the informal economy.

Finance

There are many financial tools available that address climate risk and capacity building actions related to the
natural environment. From the largest global tools such as the Green Climate Fund to country-, region- and
topic-specific ones. Debt restructuring, market-based investment, insurance & risk transfer instruments and
concessional finance are some of the main typologies.

Especially relevant for most countries in need of financial aid for climate action are grants or non-reimbursable
finance, concessional finance and similar instruments with characteristics that differ from the typical loans
found in the market. Platforms, programmes and funds like the Climate Finance Lab (CFL), the Green Climate
Fund (GCF), the Global Environmental Facility (GEF) and instruments at UNDP and UNEP. The GCF alone
has provided USD 16.7 billion in financing for 297 projects in 133 developing countries to date.

Debt-for-Climate swaps (DfCS) are a particularly relevant typology for the natural environment. In such
schemes, creditor and debtor countries agree on implementing specific climate change-related projects
either in mitigation or adaptation in exchange for sovereign debt relief. Once implementation has successfully
occurred, the debt is considered paid (Bundesministerium fiir wissenschaftliche Zusammenarbeit und
Entwicklung, 2023). In many cases, conditions of DfCS include the use of certain areas which provide global
climate services, only under strict environmental standards or even the prevention of certain activities like
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fossil fuels extraction at all. Similar mechanisms, focused on the protection of the local environment or whose
underlying rationale do not include climate action, are called Debt-for-Nature swaps (DfNS) such as the
Ecuador Galapagos Islands debt swap.

Climate events impact the overall sovereign risk of countries by affecting both the real economy and financial
markets. Loss of income, costs of adaptation, rebuilding and other effects are to be expected. Therefore, it
is important to understand how climate risks, both physical and transitional affect sovereign risk. Figure 9
contains a scheme to illustrate the relations between these elements.

Transition risk

Q
L : S
g Policy, technology, e Physical rlslf
= preferences and Acute, Chronic
o expectations
5 Real economy Financial system
@ Income losses Contagion risk
E Adaptation costs Portfolio overlap
§ Social Higher funding
= adjustments Private loss insurance costs
(Protection gap)
5 ]
o
—
g Tax Revenue Impact Insurers Banks Transition and
© Transfers & Step-in risk Guarantees bailout adaptation
9 subsidies Bailout risk risk Disaster relief
3 Social adjustment Infrastructure repair

costs

Contingent ' Debt Sustainability Higher financing
liabilities Risks costs

Fig. 9. Climate impacts and sovereign risk

Source: Authors of the report, modified from European Central Bank (2025)

In terms of risk management focused on the natural environment, insurance instruments play an important
role. Parametric or index-based insurances are activated when a certain threshold of a parameter is reached
(earthquake’s magnitude, wind speed during a hurricane, water level during a river flood, etc.). If applied at
a national or regional level, it may be found under the term of sovereign risk insurance. Trust funds such as
the Global Index Insurance Facility (GIIF), managed by the International Finance Corporation (IFC) section of
the World Bank, promote index-based insurance and provide risk transfer solutions in developing countries.
It has facilitated about USD 2 billion insured in over 13 million contracts, benefiting 65 million people so far
(Global Index Insurance Facility (GlIF). Overview, 2025).

Event / Element
affected

- 2 Ground Wind and Amount of Rain, Rain, wind
_g g shaking storm surge rainfall waves, and storm
o ° wind and surge
& g storm

surge

Fig. 10. Events, elements and parameters considered by CCRIF for parametric insurance products
Source: Authors of this report, modified from The Caribbean Catastrophe Risk Insurance Facility (2025)
Sources of graphic info (icons): Culmbio, Freepik, lyikon, Konkapp, Rabit Jes, Smashicons; at Flaticon.
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Countries like Peru offer public agricultural insurances that cover in part or whole damages to crops. It
explicitly mentions climate and natural risks such as hailstorms, fires, floods, volcanic eruptions, strong winds
and landslides (Seguro Agricola Catastréfico (SAC)). Considering that the sector absorbs approximately 26%
of climate-related disaster impacts in Low Development Countries (LDC) and Low-Middle Income Countries
(LMIC) (Climate Risks in the Agricultural Sector) it is indispensable that institutions implement adaptation and
mitigation measures to also guarantee the financial resilience of agricultural communities.

Private insurance plays an important role in regions like Europe. Weather insurance in European crop
and horticulture production identified 107 insurance products by 48 different providers in Austria, France,
Germany, ltaly, Spain and Switzerland. European insurance markets, levels of political interventions like
premium subsidies and product coverage tend to be highly heterogeneous. The authors highlight the level
of market regulation, the coverage of systemic and non-systemic risks such as drought and heat; and frost
and heavy precipitation, respectively. In regions particularly prone to extreme events such as California,
insurance costs have increased dramatically forcing farmers to quit and providers to drop their clients (Climate
Risks in the Agricultural Sector) increasing the vulnerability of the agricultural sector.

One example of institutions focused on financial risk management from climate events is the Caribbean
Catastrophe Risk Insurance Facility (CCRIF). Developed with a grant from the Government of Japan and
under the leadership of the World Bank, it consists of a multi-donor trust fund including contributions from the
World Bank, the Caribbean Development Bank, the EU and the Governments of Canada, the UK, France,
Ireland, Germany, Mexico and Bermuda. CCRIF aims to provide financing for Caribbean countries to make
their national social protection systems shock responsive and offers parametric insurance products, services
and tools tailored to the needs of its members (The Caribbean Catastrophe Risk Insurance Facility, 2025b).

Capacity Development and Finance at the Local Level

Since adaptation is inherently a context-specific process, In Lesotho, LoCAL initiatives have delivered a total of 7
local governance plays a key role in mediating top-down water supply systems, servicing 4,900 local residents.
policies, funding, and strategies to local communities. On Workshops targeting local government officials have
the other hand, national governments can support this helped build on-the-ground capacity, inform stakeholders
process by providing much needed financing, capacity about sustainable water management, and train
and technical assistance to local actors. participants to access grant funding. Today, LoCAL

works in 38 countries, helping to establish locally led
The UN Capital Development Fund (UNCDF) Local

Climate Adaptive Living Facility (LoCAL) helps local
governments in developing countries to access funding

adaptation practices and bridging the gap between

international climate finance and local capacity.

for adaptation. This is largely accomplished through
performance-based climate resilience grants (PBCRGs),
which provide funding that is channeled through national
treasuries and overseen by national ministries. These
grants are typically subject to audits and must meet key
performance standards, such as capacity development
and training for local governments, and integration of
adaptation into local development plans.

Source: UNCDF 2024
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Toolbox for Practitioners
Adaptive Capacity

Benefits: Considerations: Policy Opportunities:

Often underutilised, enables the success Important to avoid unidirectional and Education, training, & skills
of other solutions ineffective knowledge transfer Debt repayment
local financing

Guiding Frameworks:

Action for Climate Empowerment
Greening TVET and skills development: A practical guidance tool

Supporting Tools and Data:

UNCC: e-learn - Access open online courses on climate change
SDG Academy - Access open online courses on SDGs

Communities of Practice:

Global green-gray community of practice
Green-gray infrastructure accelerator (Sub-Saharan Africa)
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4 Recommendations and Best Practices

There is an urgent need to increase capacity for climate adaptation across sectors, regions, and projects.
Here we provide general best practices and guidance which can be used to develop a roadmap for risk
reduction.

4.1 Risk Assessment

The foundation of effective adaptation planning depends on robust risk assessment, which provides a
framework for intervention, explaining why and how solutions should be implemented. Risk assessment can
be considered the first ‘stepping stone’ in risk management and adaptation planning.

4.1.1 Setting the Scene - Beginning a Risk Assessment

context and scope at hand. This includes considering the geographical area or natural system studied, the
time frame, and the components of the system (i.e. are there impacts on local populations, economy, wildlife,
etc.). In general, a holistic approach should be taken, considering ecosystems as a whole, as opposed
to a single species, for example. After establishing the temporal, geographical, and sectoral boundaries,
the current state of knowledge should be assessed, including the availability of relevant data sources,
stakeholder mapping, uncertainties and knowledge gaps.

In order to produce relevant and timely analyses that inform public policy and decision making in climate
issues, data quality is pivotal. In this sense, it is important to resort to the best available information from
reputable sources. The following is a non-exhaustive list of resources of primary and secondary data from
different fields of climate science.

Regarding comprehensive sources of information about multiple aspects of climate change, the Assessment
Reports (AR) of the Intergovernmental Panel on Climate Change (IPCC) are the gold-standard reference.
They constitute a compendium of the best science available and present exhaustive summaries for
policymakers, glossaries and other appendixes aimed to facilitate their use and understanding. The
upcoming IPCC AR7 will also include risk assessment in the Working Group |l report as agreed in the outline
by governments.

Specifically for climate and weather, the World Climate Research Programme (WCRP), an international climate
research coordination programme sponsored by the WMO, the ICSU and UNESCO'’s IOC is a good source of
publications and tools related to climate research. WCRP also has an online academy that offers open training
in diverse areas such as climate risk, modelling, education and country-specific trends, among others.

It is important to highlight that regional and local assessments and decision making cannot solely rely on
global data. Differences in spatial and temporal resolutions between scales entail added uncertainty since
top-down sensors usually compromise between coverage and detail. This uncertainty may not be easily
decreased, if at all. Therefore, in an ideal scenario, this information is always used along high-quality local
data series to provide robustness and validity to the models and projections of interest.
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Beginning a risk assessment

Checklist:

Establish the intended context, setting, and scope of the assessment
Evaluate local needs, capabilities, and expected outcomes

Conduct background research on your context

Establish a team

Find and assess relevant data

Background Information Collaboration Data Sources:

Sources: Opportunities: IPCC Data Distribution Center - climate, socio-economic

[DETEErITEE ] Fal e IFETEINES 20 RS and environmental data and scenarios used in IPCC outputs

Climate Change Knowledge Portal - historical and future
climate, vulnerabilities, and impacts
Aguastat - country statistics, focused on water resources,
water uses and agricultural water management

Climate Change institutions
IPBES Government agencies
UNFCCC NGOs and development
Chinese Academy of Sciences agencies

NOAA OneStop - Ocean and atmospheric datasets

Considerations:

e |s data spatial and temporal resolution sufficient for your scale?
e Has similar work already been completed?
e Which stakeholder groups will provide relevant contribution?

4.1.2 Methods

A formal risk assessment draws upon and synthesises different types of data in order to quantify risk,
incorporating vulnerability, exposure, and hazard. A variety of methodologies can be used and integrated,
enhancing the reliability and complexity of the assessment.

Qualitative Methods

There are cases in which the underlying systems considered are too complex and/or lacking in data, that
quantitative and modelling approaches will not be realistic. In such cases, risk can still be assessed through
qualitative and conceptual approaches, which incorporate diverse stakeholder and sectoral input, and
consideration of theoretical implications and interactions.

Case studies provide examples of real-world impacts in specific contexts, sectors, and locations. Historical
cases often highlight worst-case scenarios, setting a baseline that should be avoided in the future. Typically,
these case studies highlight particular vulnerabilities and weaknesses that contribute to heightened risk.
One example of a case study that is widely used as the basis for risk assessment was the 2003 French
heatwave, which broke records and led to the deaths of thousands of people. The heatwave highlighted
systemic vulnerabilities and exposure as well as opportunities for robust adaptation policy. By 2004, France
had initiated a national heatwave plan with the aim of reducing future risk. One benefit of case studies is
that instead of describing theoretical risk, they highlight tangible stories that are easily communicated to the
public, potentially increasing general awareness and participation.

Focus groups involving a wide range of stakeholders, community leaders, and experts can help to provide
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insight into particular climate risks, highlighting vulnerabilities, observations, and human behavior patterns
that are otherwise difficult to obtain. For example, farmers can help to explain direct weather observations
that they have noticed over time as well as how they respond. This approach helps to ground risk in a local
context, ensuring that solutions are appropriate and well-received by the population. Focus groups can also
develop long-term relationships with various groups, opening up opportunities for further collaboration, data
sharing, and dissemination of findings.

Self-assessments and risk classification encourage sectoral experts, decision makers, and researchers to
reflect on worst-case scenarios, impacts, and outcomes. These approaches allow for climate risk researchers
to standardise research through predetermined investigative questions while obtaining expert insight. In turn,
experts are asked to reflect on their own vulnerabilities to risk, making them more receptive to risk-reduction
solutions and interventions. The World Bank (WB) provides a free interactive Assessment Tool, which can be
filled out by practitioners to create a custom risk report.

In general, any effort to assess risk should begin and end with a qualitative approach, which makes
judgement calls on the risks that are of highest concern and relevance, often by developing a matrix such
as the one in figure 11. This exercise should be completed in collaboration between climate researchers and
stakeholder groups, ideally in a workshop setting where participants can freely interact, ask questions, and
explain their insight. Participants should be encouraged to come to consensus on classification of risk to
ensure that the assessment is fully-informed by stakeholder input. While quantitative methods are useful in
elucidating the extent of impact and relationship between variables, they can often overlook context-specific
risk, particularly in the social dimension. Qualitative approaches, which categorise, rank, contextualise, and
translate risk are also often more useful in policy planning and advocacy. Ideally, a mixture of both types of
methods should be used to better understand risk.

Likelihood Negligible Minor Moderate Major Extreme

Highly likely _— extreme extreme extreme

Probable

extreme extreme

Possible extreme

Fig. 11. A likelihood and consequence matrix to effectively translate and communicate theoretical risk.

Quantitative Methods

Geospatial analysis, highlighting variation of risk across space, plays an important role in identifying
regions and assets that are of increased vulnerability. In natural environments and ecosystems, quantifying
spatial risk may play a particularly important role, as wildlife resilience and adaptation is often dictated by
spatial dependence and habitat connectivity. Spatial analysis can also highlight areas of high vulnerability
or exposure of human populations and assets, leading to better decision making with local stakeholders.
Remote sensing methods can extend beyond well-measured regions and provide satellite data for large
areas of land, which may otherwise be difficult to access or too difficult to provide ground measurements for
(such as mountainous regions and oceans). However, this broad coverage may lack high-resolution detail,
and should be supplemented with ground measurements where possible, allowing for better downscaling.
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Scenario analysis considers how different actions and decisions will manifest over time. This approach
considers how risk may vary in the future based on different scenarios. While scenarios are not exact pre-
dictions of the future, they represent distinct possibilities that may alter key outcomes. The most widely used
scenarios when modelling climate change come from the IPCC’s 6th assessment report. These scenarios
are based on Shared Socioeconomic Pathways (SSPs) combined with Representative Concentration Path-
ways (RCPs). SSPs propose potential socioeconomic, geopolitical, and technological paths, which underpin
RCPs projections of greenhouse gas concentrations in the atmosphere. The IPCC puts forward 5 illustrative
scenarios, which are associated with a range of climate ambitions, resulting in various global mean tem-
peratures. The IPCC’s working group | (WGI) Interactive atlas is a useful tool to become familiarized with
the impacts of different scenarios. Previous work has highlighted the potential to reverse the impact chain,
allowing to ‘work backwards’ from certain impacts and determine which scenarios are in line to prevent these
impacts. The Climate Risk Dashboard demonstrates this capability in its ‘avoiding future impacts’ mode, with
a variety of indicators and impact thresholds, allowing decisionmakers to better link emissions and impacts.

Vulnerability index assessments work by establishing a given system, geography, or sector and selecting
a variety of relevant indicators as proxies for vulnerability level. Indicators selection is based on sufficient
data availability and relevance for a risk framework (particularly for a given study area or context). For exam-
ple, when considering vulnerability indicators for mangrove forests, which can naturally tolerate some degree
of sea level rise, an appropriate indicator would be the specific threshold at which sea level rise begins to
cause damage. A more in-depth discussion of indicator selection is available by the Stockholm Environment
Institute. Once appropriate indicators are selected, they are then normalised based on values of measured
data and aggregated to provide a score or average. Results can then be mapped across space or ranked
according to vulnerability level. This approach is especially useful in identifying policy interventions for at-risk
groups and regions.

Often, multiple methodologies go hand-in-hand. Geospatial data combined with scenario analysis can
provide the basis for specialised methods in understanding biodiversity and wildlife patterns, which play an
important role in habitat functioning. Climate envelope models, for example, can be used to understand
how different climate conditions may affect distributions of key species in the future, by mapping geographic
shifts based on species-specific conditions. Naturally, findings from species-specific models can be limited,
as co-occurring species rely on each other for key life cycle processes. Therefore, combination of specialized
models with more robust ecological principles can provide a better understanding of future patterns.

Multi-Hazard Analysis

Under climate change, multiple interacting and co-occurring hazards are becoming more common, resulting
in more extreme impacts. Climate risk assessments are increasingly moving from single-hazard to multi-
hazard analysis. However, interrelations between hazards are still poorly understood and difficult to model.
Multiple hazards may interact, exacerbating impacts and leading to non-linear responses. To complicate
this, multiple hazards may affect risk on different spatial and temporal scales, with impacts distributed across
space and time.

To model multi-hazard risk, one should first consider the relationship between hazards (i.e. does one event
trigger another, intensify its effects, or merely coincide?). In the case of simultaneous but independent
events, there is no causality, but there may be increased risk. For example, a flood and a heat wave may
occur simultaneously by chance, but will result in worsened impacts on local populations, biodiversity,
and infrastructure compared to only a single of these hazards occurring. In such cases, more qualitative
approaches could be helpful, looking to case studies in other regions.
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Attribution Science

Climate change attribution is a growing scientific field crucial for policymaking and climate litigation. It helps
address key challenges that hinder climate action:

e Global dispersion (emissions affect the planet beyond their origin)
e Agency fragmentation (dispersed stakeholders with coordination barriers)
e Institutional inadequacy (limited jurisdiction, enforcement, or resources), and

e Temporal delay (delayed impacts reduce urgency and psychological proximity)

Attribution science links human-induced climate change to extreme weather or long-term trends by
comparing climate model simulations with and without anthropogenic greenhouse gas emissions. These
comparisons help estimating changes in environmental conditions, including the likelihood and intensity of
extreme events.

The findings support decision-making, enabling targeted mitigation policies, and play a key role in climate
litigation by establishing causality, harm, and liability for damages. However, attribution studies carry model-
based uncertainties, which must be transparently reported.

Attribution science can be combined with other analytical frameworks, such as ecosystem service valuation,
to investigate environmental degradation. For example, S. Liu et al. (2024) estimated the contribution of
climate change to changes in the value of ecological services (ESV) in China’s Yunnan Province between
2000 and 2019. The study found an average annual ESV increase of 52.34 billion yuan, primarily driven
by land use and cover change (LUCC), which accounted for 92.3% of the change, with climate change
contributing just 7.7%. Notably, wetlands—despite occupying the smallest area—had the highest ESV
per unit area but also showed the largest per-unit decrease in ESV (-359,000 yuan/km?), highlighting their
vulnerability to climate change.

Organizations like World Weather Attribution regularly publish peer-reviewed analyses of extreme weather
events and their links to climate change, helping quantify the estimated role of anthropogenic influence in
such occurrences.

Uncertainty

Some level of uncertainty in climate risk assessment is inevitable, especially when considering future impacts
of climate change. Whether it be uncertainty in observational data, or the inherent uncertainty associated
with modelling complex processes, unknowns can be reduced but never eliminated.

The IPCC ARG follows a framework of assessing available evidence, evaluating confidence based on
agreement and evidence type, and translating quantitative results into likelihood thresholds. The full overview
of this framework can be seen in figure 12. While this process may be overly-comprehensive and impractical
for contexts with limited research or data, it provides the basis for a standardised approach to uncertainty
assessment. The representation of uncertainty by categories, thresholds, and probabilities is a useful way to
communicate findings in a consistent and easily understood manner.
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Evaluation and communication of degree of certainty in ARG6 findings

1. What evidence exists?
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¥
2. Evaluate evidence
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and scientific agreement
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agreement to evaluate
confidence?
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Agreement ————»

—> 4. Evaluate confidence based on
evidence and agreement

High agreement
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High agreement
Robust evidence

Low agreement Low agreement
Limited evidence kRob"Sf evidence
Evidence (type, amount, quality, consistency) —————>
E— Statement of fact
Very high confidence
High confidence

Medium confidence
o—— Low confidence

o—— Very low confidence

5. Sufficient confidence and quantitative or

probabilistic evidence?
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> 6. Evaluate likelihood

Likelihood Ranges
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|

Very kel range

Likelihood outcome

Likelihood Outcome probability
Virtually certain 99-100%
Extremely likely 95-100%
Very likely 90-100%
Likely 66-100%
More likely than not >50-100%
About as likely as not  33-66%
Unlikely 0-33%
Very unlikely 0-10%
Extremely unlikely 0-5%
Exceptionally unlikely — 0-1%

'

Examples of assessments

Assessed evidence and agreement

Past projections of global temperature and the pattern of
warming are broadly consistent with subsequent

Assessed confidence

The probability of low-likelihood, high impact outcomes
increases with higher global warming levels (high

observations  (/imited ide ,  high ag 7
{1.3.6}.

Assessed fact
It is unequivocal that human influence has warmed the
atmosphere, ocean and land. Widespread and rapid

changes in the here, ocean, cryosph and

{SPM.C.3.2}
The last time global surface temperature was sustained at
or above 2.5°C higher than 1850—1900 was over 3 million
years ago (medium confidence). {SPM.B.1.1}

There is low confidence in long-term (multi-decadal to

biosphere have occurred. {SPM.A.1}

ial) trends in the frequency of all-category tropical
cyclones. {SPM.A.3.4}

Assessed likelihood
It is virtually certain that hot extremes (including
heatwaves) have become more frequent and more
intense across most land regions since the 1950s...
{SPM.A3.1}

Based on multiple lines of evidence, the very likely
range of equilibrium climate sensitivity is between 2°C
(high confidence) and 5°C (medium confidence). The
ARG assessed best estimate is 3°C with a likely range
of 2.5°C to 4°C (high confidence)... {SPM.A 4.4}

Fig. 12. Evaluation and communication of degree of certainty in AR6 findings

Source: IPCC (2023a)

When assessing future risks, it is important to not only communicate uncertainty along with results, but to
highlight the significance of it for policy and adaptation. Often, results will be associated with moderate-to-
high levels of uncertainty. Here it is useful to consider the role of science communication to those who are
not climate scientists. Particularly when discussing high-impact future trends, the mention of uncertainty can
sometimes cause stakeholders to minimise potential impacts, believing that it translates to limited impact.
However, uncertainty may also confer the possibility that a given risk is more severe than expected, occurs
earlier, or that an entirely new and unexpected risk could evolve. Therefore, high uncertainty may itself be
a risk, creating the need for an even more precautionary approach to risk management. Furthermore, risk
assessments should highlight that uncertainty is never a good reason for inaction.

Integrating Methods

Regardless of the methodology used, risk assessment is best done with a variety of data, tools, and methods
to understand a fuller picture of the future. While the integration of multiple approaches can improve
confidence in outcomes, even the best approach will have some degree of uncertainty. Before establishing
a methodology, researchers should understand the benefits and drawbacks of different approaches, and
thoroughly consider what outcomes they wish to obtain, which will dictate further decisions. Emerging
technologies and advancements in computing and modelling capabilities will likely create a host of
methodologies in the future, but even relatively simple approaches with strong justification can provide useful
insights into risk management and adaptation.
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Determining Methodology

Considerations:

Is sufficient quantitative data available?
What is the end goal of the assessment (policy, litigation, communication)?
What technical infrastructure and expertise is available?

Method Type Use Benefit

Case study qualitative Useful for public dissemination
Focus group qualitative Insight from various interest groups
Self assessment qualitative Encourages expert reflection
Geospatial analysis quantitative Considers risk variation across space
Scenario analysis quantitative Policy-relevant, mitigation focused
Vulnerability index quantitative Highlights at-risk groups
Multi-hazard both Highlights relationships between hazards
Attribution quantitative Establishes liability, relevant for litigation

4.1.3 Prioritising and Evaluating Solutions

The prioritization and evaluation of solutions to climate risks in the natural environment is critical to ensure
not only the success of the intervention but also wise use of resources and optimal benefits among other
factors. Numerous solutions have been outlined in this report but to be able to prioritize them, a number of
factors have to be considered. This section focuses on some best practice guidance that can be used for
prioritization and evaluation.

Feasibility is one such key aspect. It is important to consider the feasibility of solutions and also the impact of
the solution. This can be done by undertaking a feasibility assessment that considers the effectiveness of the
solution, aspects of equity and justice (especially within communities that rely on the natural environment),
co-benefits and the ability to for scalability (Ruangpan et al, 2021; Roy et al, 2017; Cook-Patton et al,
2021).There are also methods such as multi-criteria decision making that can be used to prioritize possible
solutions (Akbari et al, 2020).

Iterative Risk Assessment including adaptation is another activity that should be undertaken to provide the
necessary data and information to prioritize one action over another. Such assessments should incorporate
input from multiple stakeholders, and most importantly, the communities inhabiting the areas. This is also
important to be able to manage associated risk such as the introduction of alien species in an ecosystem (Roy
et al, 2017; Cook-Patton et al, 2021).

Linkages with policy at local, national to global levels are also important. This ensures that solutions are
prioritized based on how they are linked with local, national and global policies such as local and national
adaptation and biodiversity plans, sustainable development goals etc (Ruangpan et al, 2021).

Inclusivity is also critical to ensure that local communities are engaged in prioritization and especially
the incorporation of local and indigenous knowledge which can be important in safeguarding the natural
environment (Ruangpan et al, 2021; Carcamo et al, 2014). Initiatives must also promote equity and the

inclusion of vulnerable groups such as women, youth and persons with disability.

Evidence-based prioritization also has to be considered. Prioritization must be based on the best available
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data and information, especially scientific knowledge as well as local and indigenous knowledge. Some
methods highlighted above such as multi-criteria decisionmaking, GIS applications, modeling etc. are
important in helping support the choice of a particular solution (Akbari et al, 2020; Ruangpan et al, 2021).

Funds are a key determining factor as well, thus it is important to secure resources that will support the
prioritization and implementation of solutions. Resource mobilization has to be undertaken across sectors,
levels and with partners including non-state actors such as the private sector. Cost-benefit analyses are
helpful to ensure that the resources available and the solution prioritized offer value for money and contribute
to ecosystem resilience and human wellbeing (Roy et al, 2017; Cook-Patton et al, 2021; Ruangpan et al,
2021).

Resilience is therefore critical as well. The solutions have to be able to enhance the resilience of the natural
environment, as well as that of communities that may be at risk. Awareness and capacity building are
another important aspect. During evaluation and prioritization, it is important to also raise awareness about
the solutions and ensure that there is understanding amongst the stakeholders about the options and their
impacts (Key et al, 2022). Progress monitoring is also important to continuously monitor solutions to ensure
that they are on track. If evaluation requires prioritization of other options, these should be done to ensure
desirable outcomes for communities and the environment (Ruangpan et al, 2021).

Gann et al have set out some best practices for ecological restoration based on eight underlying principles.
Adherence to this framework may aid in prioritization and evaluation of solutions. These principles which are
summarized in the figure below can be applied by various stakeholders in the prioritization and evaluation of
initiatives that address risks in the natural environment.

Engages stakeholders

©)

Is assessed against
clear goals and
objectives, using
measurable

/

Draws on many types of
knowledge

o2

Seeks the highest level
of recovery attainable

) o

Practice is informed by
native reference
ecosystems, while
considering
environmental change

e

Gains cumulative value
when applied at large
scales

Fig 13: Principles of ecological restoration.

Source: Author generated figure from Gann et al, 2019

w

Supports ecosystem
recovery processes

Is part of a continuum of
restorative activities
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4.2 Customizable Approaches for Different Ecosystems

There are various approaches that can be customized at different scales for the protection and resilience
of ecosystems from climate risks. Some approaches are cross-cutting and can be applied in different
ecosystems. These include monitoring and continued research and observational data generation that
can help support measures to address risks. Complementing this is the development of policies, laws and
strategies that are necessary to support the interventions to address risks, for example a law or policy that
designates a protected area or prioritizes certain land-use types. Establishing early warning systems and
disaster risk management is also a cross-cutting approach as is the use of emerging technologies and the
application of artificial intelligence. Finally, there is communication and dissemination including awareness

creation that is an important approach in addressing climate risks and reducing exposure and vulnerability.

These are summarized in table 2, below:

Table 2. Key climate risk elements in different ecosystems and some customizable adaptation approaches

Coastal and marine
ecosystems

Mountainous Forests and Agriculture
ecosystems grasslands

Key risks Sea-level rise Landslides Drought Drought Floods
acidification Loss of biodiversity Floods Pests
Pollution Loss of glaciers Erosion Wildfires Heat extremes

Adaptation
measures

Policy
support

Additional
support

Storm surges Coastal
erosion

Mangrove planting
integrated management
sustainable utilization

Designation of protected
areas such as parks and
nature reserves
Designation of buffer
zones

Address non-climate
anthropogenic drivers
such as pollution
Partnership with local
communities

Landslides
Drought

Reforestation

Monitoring of biodiversity
and glaciers

Adoption of use of

local and indigenous
knowledge and practices
for management and
conservation

Integrated water
management

Designation of protected
areas such as parks and
nature reserves
Regulations on water
abstraction

Partnership with local
communities
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Deforestation Biodiversity
and habitat loss

Reforestation and
afforestation

Early warning systems
Monitoring and
management of invasive
species

Designation of protected
areas such as parks and
nature reserves
Designation of buffer
zones

Establishment of wildlife
corridors

Partnership with local
communities

Climate-smart agriculture
Provision of climate
information services

Early warning systems
Planting drought-resistant
crop varieties

Sustainable management of
livestock

Insurance provision
Biological pest control

Incentives for small-scale
farmers and livestock
keepers

Socio-economic safety-nets

Partnership with local
communities
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4.3 Integrating Adaptation into Development Planning

Healthy ecosystem functioning provides a variety of services that underpin sustainable development. Many,
if not all SDGs have a direct connection to ecosystem services. Some of these services include provision of
food and fuel, water and air filtration, direct livelihood support, and protection from hazards. These services
are particularly relied on by those in poverty, and are protective factors against falling further into poverty.

Currently threatened by climate change, land use change, pollution, and resource extraction, the degradation
and collapse of ecosystems results not only in losses of biodiversity and carbon-storage, but significant
economic, health, and employment consequences. As a result, development strategies should consider the
‘Ecosystem Approach’ which is the main framework put forward by the Convention on Biological Diversity
(CBD) and promotes conservation and sustainable use of nature in an equitable way. This approach
considers the full and diverse ways that nature provides benefits to humans, which are often overlooked
in traditional economic approaches. The Ecosystem Approach allows for equitable decision making with
full consideration of tradeoffs associated with conservation and use of natural resources. As a result,
development should be pursued with the understanding that existing ecosystems should be left in-tact as
much as possible to conserve ecosystem services.

Furthermore, the conservation and restoration of the natural environment can play an important role in
promoting both climate mitigation and adaptation, as well as a variety of sustainable development goals.
A joint report from the International Labour Organization (ILO), the UN Environment Programme (UNEP),
and the International Union for Conservation of Nature (IUCN)_found that NbS can create 32 million high-
quality jobs by the year 2030. In particular, there is great potential in low and middle income countries for
job creation in green-grey infrastructure. Traditional NbS can provide a variety of services that support
adaptation, and agricultural NbS may alleviate climate risks to farmers, who are particularly vulnerable to
impacts, while potentially improving and diversifying their incomes. The use of agricultural NbS may also
reconcile other anthropogenic drivers of risk to ecosystems, such as pollution and land-use change, in
regions with high-demand for agricultural land.

Socially-focused development, such as improvements in education, livelihoods and rights of local
populations, also goes hand in hand with risk reduction, providing multiple co-benefits. For example,
connecting rural populations to electricity and improving literacy can enhance the use and uptake of
MHEWS. Education and capacity development in conservation and NbS can provide alternative employment
opportunities to populations that may otherwise rely on harmful practices such as deforestation for farming
and poaching. Involving those who rely on and live nearby natural ecosystems in decision making processes
will increase local leadership while providing key stakeholder input. Highly vulnerable populations such as
indigenous, women, and rural people allow for more robust adaptation that improves outcomes for all.

All in all, natural ecosystems can support adaptation efforts and contribute to development, particularly
through NbS and the ecosystem services they provide. The natural environment is a key sector in adaptation,
with the ARG highlighting ‘Land, Oceans and Ecosystems’ as one of the 5 key systems needed to enable
mitigation pathways for a 1.5°C world. Regional and national actors should therefore consider the climate
risks that they face, and how they contribute to adaptation and mitigation goals.

Integrating Adaptation into Development
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Key Concepts:

e All parties of the Paris Agreement are asked to formulate a long-term low greenhouse gas emission
development strategy (LT-LEDS)

o The NDC Partnership works to align the missions of the 2030 Sustainable Development Goals and the Paris
Agreement

e Low-Emission Climate Resilient Development (LECRD) relies on protection of natural ecosystems and
management of climate risk

Resources Communities of Practice

Guidance on how to develop a LT-LEDS NDC Partnership
Long-term strategies portal Climate & Development Knowledge Network
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5 Conclusions

As the world confronts intensifying climate risks, it is clear that adaptation alone cannot substitute for urgent
mitigation. Exceeding the 1.5°C limit, however temporarily, risks triggering irreversible impacts that no
amount of adaptation can fully address. While NbS and healthy natural environments offer critical co-benefits
and resilience gains, they are not a silver bullet. To protect lives, livelihoods, and ecosystems, particularly
in the most vulnerable regions, adaptation efforts must be grounded in the science of physical limits and
reinforced by ambitious, equitable mitigation pathways to remain below 1.5°C. Avoiding overshoot is not only
a climate imperative, but a prerequisite for adaptation solutions to remain feasible, effective and just.

In this report, we explain the rationale, process, and applications of risk assessment and management in
natural environments, highlighting best practices and common frameworks utilised in international processes.

The process of identifying, assessing, and adapting to climate risk allows for better preparation to the impacts
of climate change. Throughout this report, we have touched on a variety of cross-cutting themes that are
important to risk assessment and adaptation in the context of the natural environment. The main conclusions

of this report are presented below.

Generalisable Best Practices

The box below provides a summary of generalisable best practices that can be adopted in addressing

climate risks in the natural environment.

Identifying risk in the Assessing risk (data and e e e
natural environment methodologies)

Consider the multiscalar
nature of risk and the
respective differences

in risk management
approaches.

Integrate non-climatic
drivers (pollution, land-
use change, etc.) into risk
assessments.

Account for interactions
and feedback effects
among climate and non-
climate risks.

Incorporate sector-
specific vulnerabilities.

Prioritise widely
recognized and reputable
data sources and use
platforms offering
accessible and diverse
datasets

Complement global data
with high-resolution local
sources.

Remain aware of scale
limitations, scaling needs
and resolution mismatches
in your interpretations of
the results and clearly
state the corresponding
uncertainties.

A variety of methodologies
can be used to assess risk
based on the availability
of data and desired
application of findings.

Attribution science is an
emerging technique that
can be used to support
climate litigation and policy
making.
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NbS can contribute to
both climate change
mitigation and adaptation,
in addition to a variety of
socio-economic benefits.

Prioritise the conservation
of existing habitats to
maximise benefits.

Follow frameworks such
as the Global Standard for
Nature-based Solutions

to ensure that NbS are
properly planned and
managed.

The effectiveness of NbS
may reduce under climate
change.

NbS are important for
mitigation, but are not a
replacement for emissions
reductions.

MHEWS can significantly
reduce loss of life and
assets

Emerging technologies
such as loT, digital
twins, and Al can
improve understanding,
management and
adaptation to climate
change.

Technological solutions
should be developed and
implemented with careful
consideration for data
privacy, environmental
impact, and relevance.
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» Policies and governance * MEL can support successful * Understand how climate risk
frameworks can help support implementation of strategies as threatens development progress.
effective implementation and it enables continuous monitoring - Take an ecosystem services
enable mainstreaming and cross- review and update to ensure the

approach to development,

sectoral collaboration for NbS best possible outcomes. considering the economic,
« Different countries have already » Key Performance indicators adaptation, and mitigation benefits
integrated NbS in their NDCs and (KPI's) can be a useful tool in that ecosystems offer.
other natloqal and qual policies MEL.as they help track and - Conservation and implementation
and strategies and this can be monitor progress, support the ;
) . . of NbS can support economic
used as best practice when effectiveness of strategies and
. S . development
thinking about how to formulate decision making.

NbS policies and strategies » Different approaches have been

» Policies and governance adopted by different countries for
frameworks can ensure the MEL at national and subnational
inclusion of local and indigenous level and these can be useful
communities as well as the resources when designing MEL
incorporation of indigenous frameworks.

knowledge which is critical for the
successful implementation of NbS.

Fig. 14. Generalisable Best Practices applicable to risks and solutions in the natural environment.

Ecological Principles

Natural environments, ecosystems and biodiversity provide value to humans and the planet as a whole.
While many of these benefits are directly tangible as ecosystem services and products, many others
remain unseen and unaccounted for in traditional economic approaches. Diverse, natural, and healthy
ecosystems tend to provide the most co-benefits when it comes to climate change mitigation, risk reduction,
and development. Increased mitigation ambition and climate action in line with the Paris Agreement long-
term temperature goal can retain the most co-benefits while boosting adaptation effectiveness, particularly
for Nature-based Solutions. Long time-scales have provided these systems with unique adaptation and
resilience to bounce back from stressors, store carbon, and function effectively. Human disruption (both
climatic and non-climatic) however, is degrading these systems at an overwhelming pace.

Adaptation and mitigation efforts should acknowledge the importance of nature for societal functioning and
continued development, and should also protect these natural systems from further harm. Human systems,
which exist as part of nature and depend on its outputs, should work with, rather than against, natural
systems.

Context Dependence

Climate change manifests differently in different regions and time scales depending on local conditions.
On top of this, socioeconomic, governmental, and cultural factors vary across space, contributing to
multiple levels of vulnerability. As a result, there is no one-size-fits-all approach to either risk assessment
or management. Instead, research, knowledge, and solutions must be based on local and relevant context,
and on the understanding that what works in one situation may not work in another. Naturally, this requires
specialised research approaches as well as robust expertise, highlighting the importance of stakeholder
engagement and interests of local populations.
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Stakeholder Engagement

Involving stakeholders with unique perspectives and backgrounds can elucidate and uncover insights to
enhance risk assessment and management. Furthermore, the involvement of stakeholders in decision
making and knowledge sharing can facilitate greater buy-in from the community as a whole, and align
interests to promote better adaptation strategies and solutions. The involvement of different stakeholders
should be representative of local actors as well as traditionally overlooked groups, such as women,
indigenous communities, and impoverished people, who can provide valuable perspectives.

Local and Indigenous Empowerment

Work done to reduce risk of a region, sector, or population should not infringe upon the rights or well being
of local communities or indigenous peoples. Instead, an approach that respects their rights, involves them in
decision making, and empowers them should be employed. Oftentimes, local and indigenous people provide
unique insight into problems based on first-hand local experience. Additionally, their close proximity and
dependence on nature allows them to assist in adaptation efforts and nature conservation.

Co-benefits Approach

Techniques and solutions that can deliver a variety of benefits in parallel to their primary function can
enhance buy in and promote uptake. Where possible, co-benefits that satisfy a variety of stakeholder
interests should be considered. In cases of tradeoffs, thoughtful consideration should be given with an
understanding that compromise and balance are inevitable.

Next Steps

This report is a resource that stakeholders can utilize to address climate risks in the natural environment. It
provides information for policymakers to formulate adaptation policies such as nature-based solutions and
climate-resilient development. Best practices highlighted can be adopted and modified to fit different contexts
such as mangrove forests in Guangxi province and the high plateau areas in Sichuan province. Nevertheless,
this report provides a variety of approaches and examples of them, that are broadly accessible and useful for
multiple contexts, regions, and sectors. Community members can engage by actively participating in finding
solutions and also amplifying their own practices, experiences and local and indigenous knowledge that
enables them to adapt to climate change over the years.

Private sector stakeholders also have a responsibility to actively participate in ensuring that their processes
and practices do not lead to increased risks to the natural environment and rather, that they contribute to
resilience and mitigation through sustainable use of the natural environment including water, forests, marine
environment, land etc. The private sector can also provide resources which are critical in addressing climate
risks and also deploy NbS and other solutions such as emerging technologies in their activities to reduce any
adverse impacts on the natural environment. Although climate action may be perceived as a cost in the short
term, avoiding climate-related impacts ultimately may pay off in the medium and long term by avoiding costly
disturbances to business.

Academia and research also have a role to play in terms of adding to the body of knowledge on these risks, it:

e Provides robust scientific evidence to support responses

e Increases the range of options available for addressing risk
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e Enhances the understanding of risks and associated feedback loops

e Develops and advances the use of emerging technologies and Al in addressing risks etc.

Academic stakeholders often have critical methodological and research skills that can aid in risk assessment
and management, leading to more effective partnerships and well-planned policy.

Media has a role in communicating information on risks and especially supporting the dissemination of early
warning information to the public. Additionally, they should highlight challenges and solutions that have
worked in different contexts to be able to connect communities with other stakeholders in the amplification
of best practices. Civil society organisations, on the other hand, provide advocacy and keep governments
and other stakeholders accountable by assessing the policies, commitments and strategies set in place to
address risks and their implementation. e.g the designation and conservation of protected areas, and also in
advocating for the scaling up of action to address new and emerging risks and challenges.

The public sector, and in particular, agencies that oversee the management of the natural environment (such
as forestry and agricultural departments), should coordinate and initiate partnerships and activities that
mitigate climate risk, facilitating and aligning goals across various levels of government and planning for the
medium and long terms.

In summary, all stakeholders have roles and responsibilities in addressing climate risks to the natural
environment. It is imperative that all actors, stakeholders, and decision-makers proactively engage and
collaborate in climate risk assessment and management, especially as climate impacts continue to intensify
and become more frequent.
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