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THE INCREASING IMPORTANCE OF CLIMATE RISK ASSESSMENTS, ADAPTATION & RESILIENCE

INCREASING DEMAND FOR CLIMATE RISK ASSESSMENTS ACROSS DIFFERENT SECTORS
* public (from local to national)
* development organizations and financial institutions
* private sector

FRAMEWORKS EXIST - IMPLEMENTATION IS HIGHLY VARIABLE ACROSS COUNTRIES AND SECTORS

PUBLIC SECTOR: DRIVEN BY CLIMATE POLICY AND PLANNING NEEDS
* usually high-level assessments and sectorial (See NAPS)

PRIVATE SECTOR: DRIVEN BY A DIVERSE SET OF ISSUES
* accesstofinance
* new regulation and reporting obligations REQU’RES DATA
* factoring climate risk into internal risk management ANALYT’CS
e opportunity identification
* shareholder pressure
* strategy setting
* reputationalrisk
* greenwashing



GENERAL PRINCIPLES FOR THE APPLICATION OF CLIMATE CHANGE RISK ASSESSMENTS
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SCIENTIFIC BASIS

ROBUSTNESS FOR UNCERTAINTY REQUIRES A
COMBINATION oF
SYSTEMIC APPROACH KN OWLEDGE,
- TECHNIcA|
PROPORTIONALITY DA¢P ACITY AND
A ANALY”CS

PRECAUTIONARY PRINCIPLE

PLANNED ADAPTATION, FROM INCREMENTAL AND FLEXIBLE TO TRANSFORMATIONAL

SYNERGIES BETWEEN ADAPTATION AND MITIGATION (CLIMATE RESILIENT DEVELOPMENT)



FRAMEWORKS EXIST - IMPLEMENTATION IS HIGHLY VARIABLE ACROSS COUNTRIES AND SECTORS

Cascading impacts

Non-climatic

| drivers \

Climate Vulnerability Socioeconomic
processes

* Weather events » Risk management

* Natural variability + Climate resilient

Compound

* Anthropogenic Extreme \ rik pathways
A Hazards * Transformative
» Abrupt changes, governance
e * Adaptation and
mitigation

K Climatic drivers <4— Non—climatic _j
Singular @ drivers
Compound @@

\ Sequential @»@» () Emissi
missions

Land/Ocean use change (IPCC)
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DATA NEEDS

DEFINE THE RISK ASSESSMENT BOUNDARIES - (system, subsystems, relevant processes, stakeholders, interrelations..)
COLLECT HISTORICAL INFORMATION - (hazards, impacts, conseqguences..)

HAZARDS (multihazard, compound, extremes, variability, long-term changes, hindcasts, projections, downscaling..)
EXPOSURE (characterization of exposed elements within the system and subsystems, downscaling, projections..)
IMPACT MODELLING (expert-judgement, impact indicators, models..)

VULNERABILITY (social, environmental, physical...indicators, damage functions, fragility functions,
thresholds, projections..)

BIG gcap
RISKS & CONSEQUENCES (characterization, KPls, probability, urgency, intensity level...) CURRENﬁEJEV\éiEN
S
ASSESS ADAPTATION SOLUTIONS AND PRESENT
AVAILABILITY
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PROPORTIONALITY-PRIVATE SECTOR CASE

e Assessment

items

I. Coverage

Il. Assessment method

II. Exposure

Assessment
level

a Depth, uncertainty reduction, complexity, resources needed m

Options

Assessment by business
activity with very low
granularity

Construction, concessions, services

Qualitative

Qualitative assessment based on
expert judgement with quantitative
inputs for hazards

Low resolution

One or few geographical points representing a
large geographical domain

No exposure
No geospatial location of exposed assets

Sensitivity

Quantitative indicators (based on expert
judgement) providing sensitivity by business
activity

Semi-qualitative

Qualitative assessments providing a
quantitative normalization with a color or
numbering scale

Medium resolution

Based on low to medium resolution climate model
projections. Selected number of geographical points where
exposure is relevant

Based on typologies or proxies

Exposure provides characterization of assets and
operations based on typologies or proxies

Thresholds and indicators

Vulnerability indicators or operation thresholds by asset and
operation. Based on existing literature + recommendation +
expert judgement

Semi-quantitative

Expressed in terms on economic/financial, social or
environmental KPIs

(IHCantabria)
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GOALS COVERAGE DEFINTION SCOPE RISK EVALUATION
reporting, investments,, opportunities, otheGlobal, Regional, Division or affiliate, project or asset Own assets and operations, supply chains, markets w/wo financial KPIs
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EXPOSURE CHARACTERIZATIONS _
Depending on coverage and scope: characteristics, CAPEX, OPEX..

!

GEOGRAPHIC LOCATION

SENSITIVITY FOR EACH OF THE EXPOSED ELEMENTS POTENTIAL IMPACTS ON EXPOSED ELEMENTS CLIMATE IMPACT DRIVERS AND CLIMATE INDICATORS
AND CLIMATE IMPACT DRIVERS by horizon and scenario
Indicator, thresholds & damage functions
ASIGNED FINANCIAL KPIs PER IMPACT T
CAPEX, OPEX, Revenue, Insurance..
l , CLIMATE INDICATORS
l DATA BASE
B RISK W/O
COPING CAPACITY ASSESSMENT b COPING CAPACITY
Reduced sensitivity, exposure & hazard o l
Quantitative
based on . RE-ASSESSMENT OF RISK
indicators and/or INCLUDING COPING CAPACITY >
economic-
REQUIREMENTS financial impacts l
EXPOSURE
RE-ASSESSMENT OF RISK P
| OPPORTUNITIES IDENTIFICATION INCLUDING ADAPTATION ‘

VULNERABILITY

RISKS AND

CLIMATE RISK ASSESSMENT METHODOLOGY (IHCantabria)




COMPOUND HAZARDS_ COASTAL FLOODING

CMCC-CM

EXTREME SEA LEVEL COMPONENTS L
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Combined effects!!!

MIROCS

Waves
Wind
Atmospheric

Pressure

Mean Sea Level

fig3a) Total RSL change for Scenario A (m
< ﬂih >
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Data Min =-2 1E+00, Max = 8,301

Ru: runup

SS: storm surge

AT: astronomical tide
TWL: total water level

Sea Level

N\
\ (Subsidence or uplift)

DOWNSCALING IS ALWAYS NEEDED




CASCADING IMPACTS

Climate > Other climate-related drivers
change E.g., ocean warming, acidification l
l and deoxygenation DIRECT
Global and IMPACTS
regional mean COASTAL
sea-level rise HAZARDS e Loss of land and land uses

SEA-LEVEL
HAZARDS

Loss of coastal & marine
ecosystem services

Local mean
sea-level

Damage to people

extreme
sea-level Damage to the built

environment

~~~~~~~~ R Damage to human activities

Non-climate anthropogenic drivers T

Settlement patterns, loss of indigenous knowledge and
local knowledge, low risk perception, etc.
& N.B.: Colours and styles of

Human-induced ecosystem degradation due to changes in catchment lines (dotted/continuous) and
tivit fl t di t trient Il tal boxes are used only for the
connectivity, mass flows (water, sediment, nutrients) as well as coastal squeeze roadability of the figure.



COASTAL FLOODING MULTI-SECTORAL METHODOLOGY

EXPOSURE HAZARD

Astror_]omlcal Storm Surge Sea Level
Tide Rise

Downscaling Regionalization
Harmonic Reanalysis techniques based of IPCC emission
analysis databases on Weather Types scenarios

Assets Land uses
Population (housing, (agriculture,
industry) ecosystems)
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CONSEQUENCES: SOCIO-
ECONOMIC VALUATION OF

Current socio- Future socio-
economic economic
juncture projections

DIGITAL TERRAIN
MODEL (with
coastal defenses)

CLIMATE

SCENARIOS FLOOD RISK

Number of exposed

Population
people

Impact model

S0CIO-
ECONOMIC
SCENARIOS

Total € of economic
loss

Total € and €/year of
economic loss

Housing
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MAP Industry

€/year of economic
loss

Agriculture

€/year of economic

Ecosystems
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USING INAPPROPRIATE DATA SETS OR IMPACT MODELS CAN LEAD TO A WRONG ASSESSMENT

25 m EUDEM High-resolution 5 m DTM

DEMs used in the control case of El Sardinero, in Santander. The right panel shows the 25 m DEM (sourced
by Copernicus) and the left panel shows the high-resolution 5 m DTM (sourced by the Spanish UGN).
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USING INAPPROPRIATE DATA SETS OR IMPACT MODELS CAN LEAD TO AWRONG ASSESSMENT

25mDEM

5mDIM

0.5mDIM ¢

6
44

Approach:

* Analysis of how the dune ring is
represented in the 25 m DEM and 5 m
DTM and how this poor/good
representation can affect flooding.

« Simulation of dune breaching at two
locations and comparison of our results
with those of a study published in the
region. Use of a hydrograph whose peak
corresponds to a TWL of 10,000 years
(dune protection standard)



USING INAPPROPRIATE DATA SETS OR IMPACT MODELS CAN LEAD TO A WRONG ASSESSMENT

25 m EUDEM

High-resolution 5 m DEM

25 m EUDEM

High-resolution 5 m DTM

Flood maps obtained with RFSM-EDA (with irregular subgrid)
in Ter Heijde (the Netherlands) considering the 25 m DEM

(left panel) and the 5 m DEM (right panel).

Flood maps obtained with SFINCS (without subgrid) in Ter
Heijde (the Netherlands) considering the 25 m DEM (left

panel) and the 5 m DEM (right panel).

USING A BATHTUB APPROACH OR WRONG PROTECTION STANDARDS IS EVEN WORSE




NOT ACCOUNTING FOR UNCERTAINTY CAN LEAD TO WRONG DECISIONS AND MALADAPTATION

EMISSIONS

INTERNAL VARIABILITY OF THE
CLIMATE SYSTEM

INTRINSIC UNCERTAINTY

EMISSIONS SCENARIOS

/
K4
GREENHOUSE GAS (GHG) CONCENTRATION SCENARIOS

Levels of radiative forcings e.g., Representative
Concentration Pathways (RCP2.6, RCP4.5, RCP6.0, RCP8.5)

ATMOSPHERIC-OCEAN GLOBAL CLIMATE MODELS {GCMs)
Wind, pressure at sea level, ice coverage typically at
resolutions of 0.56°-3.75° and up to 3-hourly basis

REGIONAL CLIMATE MODELS (RCMs)
Wind, pressure at sea level, ice coverage typically at

resolutions of 0.11°-0.44°and up to 6-hourly basis

STATISTICAL DOWNSCALING DYNAMICAL DOWNSCALING

STATISTICAL MODELS NUMERICAL MODELS
Projected changes in wave Projected hourly time series
and storm surge statistics of waves and storm surges

BIAS CORRECTION

REGIONAL COASTAL FORCING MODELS
Projected hourly time series of waves and storm surges at
the beachfront

COASTAL EROSION MODELS

KNOWLEDGE UNCERTAINTY

Toimil et al. 2019

GHG CONCENTRATIONS

AOGCM-RCM
CONFIGURATION

DOWNSCALING METHODS

BIAS CORRECTION



NOT ACCOUNTING FOR UNCERTAINTY CAN LEAD TO WRONG DECISIONS AND MALADAPTATION
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CONCLUSIONS

e CLIMATE PHYSICAL RISK ASSESSMENT NEEDS ARE INCREASING

e ASSESSMENTS ARE HIGHLY DEMANDING ON HIGH QUALITY DATA AND DATA ANALYTICS FOR THE DIFFERENT RISK COMPONENTS

 TO DATE:

LIMITED NUMBER OF HAZARDS OR INCOMPLETE CHARACTERIZATION, SIMPLIFIED APPROACHES IN IMPACT MODELLING OR
VULNERABILITY ASESSMENT

INCOMPLETE CLIMATE INFORMATION, INSUFFICIENT LEVEL OF GRANULARITY, INACCURATE EXTREMES PROJECTIONS..
INCONSISTENCIES AND LACK OF HOMOGENEITY IN DATA SETS, FRAGMENTATION

LIMITED INFORMATION ON PROBABILISTIC ESTIMATES, INTERACTION BETWEEN HAZARDS, BESPOKE TIME HORIZONS AND
CLIMATE SCENARIOS, CASCADING IMPACTS, ASESSMENT OF TIPPING POINTS, PRESENT AND PROJECTED EXPOSURE OR
VULNERABILITY, ESPECIALLY FOR NATURAL SYSTEMS

AVAILABLE INFORMATION IS MOSTLY DEVELOPED FOR HIGHLY SPECIALIZED USERS

LACK OF TRANSPARENCY, UNCERTAINTY AROUND DATA QUALITY AND PROCESSING

LIMITED ACCESS EVEN AMONG THE SAME ADMINISTRATION IN A GIVEN COUNTRY

LACK OF CAPACITY BUILDING AND TRAINING INITIATIVES

PROMISING INITIATIVES ONGOING (COPERNICUS, IPCC ATLAS, MULTILATERAL ORGANIZATIONS’ DATA REPOSITORIES..
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