gq,c Karolinska @ cIimes

Swedish centre for impacts

Institutet

4”N0 o UPPSALA
UNIVERSITET

of clin t extre e

Storylines and Future Climate Scenarios

Elena Raffett

28th April 2025



SEA Ty
\‘p TS
"
T 2
el
S
> =
£ oF
Vo 18

Karolinska
Institutet

UPPSALA
UNIVERSITET

contact

Elena Raffetti elenaraffetti.com

er578@cam.ac.uk
elena.raffetti@Kki.se
elena.raffetti@qgeo.uu.se

@B UNIVERSITY OF

4P CAMBRIDGE

NIVERSITY OF

AMBRIDGE


https://www.phpc.cam.ac.uk/people/ceu-group/ceu-research-staff/elena-raffetti/er578@medschl.cam.ac.uk
https://www.phpc.cam.ac.uk/people/ceu-group/ceu-research-staff/elena-raffetti/er578@medschl.cam.ac.uk
https://www.phpc.cam.ac.uk/people/ceu-group/ceu-research-staff/elena-raffetti/er578@medschl.cam.ac.uk
https://www.phpc.cam.ac.uk/people/ceu-group/ceu-research-staff/elena-raffetti/er578@medschl.cam.ac.uk

B UNIVERSITY OF

l‘H

&» CAMBRIDGE

The Importance of Integrating Storylines
& Scenarios



Challenges of Climate Models

Definition: Mathematical
representations of Earth's climate
system.

Purpose: To simulate past, present,
and future climate scenarios.

Complexity: Incorporate
atmosphere, oceans, land surfaces,
iIce, and living things.

Importance: Used for policy
decisions, understanding climate
change, and predicting future
conditions.
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Challenges of Climate Models - Structural Errors

Definition: Discrepancies between modeled
processes and real-world processes.

igins: -
Origins: i e

Incomplete understanding of climate LT s ST
processes. S weimo]

Simplifications made due to computational
limitations.
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Implications:

Models might not fully capture certain
phenomena.
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Impacting Probabilities & Reliability of Projections

Probabilistic Challenge
Structural errors make it hard to assign precise probabilities to
outcomes.

Uncertainty
From model-to-model variations.
Due to structural errors affecting outcomes.

Importance

» Reliable projections are crucial for effective policy-making and
understanding climate risks.
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Regional Climate Phenomena

Regional phenomena, like storm
tracks, react differently across
models, leading to non-
representative outcomes.
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Bias Correction & Uncertainties

Effective bias correction
needs extensive data.

Simplified understanding
overlooks societal
processes, leading to
uneven outcomes.
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Epidemiological projections - example
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Quijal-Zamorano M, et al. Seasonality reversal of temperature attributable mortality projections due to previously unobserved extreme heat in
Europe. Lancet Planet Health. 2021 Sep;5(9):e573-e575. doi: 10.1016/S2542-5196(21)00211-4. PMID: 34508677.
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Epidemiological projections

the Working Group Il (Impacts, Adaptation, and Vulnerability) of the
Intergovernmental Panel on Climate Change (IPCC) highlights the
limitations of this approach, noting: “Assessed studies typically take an
observed epidemiological relationship and apply future temperature
projections (often derived from regional climate projections) to these
relationships. Because the links between temperature and cardiovascular
deaths are influenced by both climatic and non-climatic factors (such as
population fitness and aging), future projections are highly sensitive to
assumptions about interactions between climate, population
characteristics, and adaptation pathways”
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Emergence of Storyline Approaches

Descriptive 'storylines' of plausible future climates are gaining
prominence over probabilistic approaches.

Climatic Change

Storylines: an alternative approach to
representing uncertainty in physical -\,)
aspects of climate change

Open Access | Published: 10 November 2018 | 151,555—571(2018)

Climatic Change

Theodore G. Shepherd &, Emily Boyd, Raphael A. Calel, Sandra C. Chapman, Suraje Dessai, loana M.

Dima-West, Hayley J. Fowler, Rachel James, Douglas Maraun, Olivia Martius, Catherine A. Senior,

Adam H. Sobel, David A. Stainforth, Simon F. B. Tett, Kevin E. Trenberth, Bart ). ). M. van den Hurk,

Nicholas W. Watkins, Robert L. Wilby & Dimitri A. Zenghelis

Shepherd, Theodore G., et al. "Storylines: an alternative approach to representing uncertainty in physical
aspects of climate change." Climatic change 151 (2018): 555-571.
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Emergence of Storyline Approaches

Abstract

As climate change research becomes increasingly applied, the need for actionable information is
growing rapidly. A key aspect of this requirement is the representation of uncertainties. The
conventional approach to representing uncertainty in physical aspects of climate change is
probabilistic, based on ensembles of climate model simulations. In the face of deep uncertainties,
the known limitations of this approach are becoming increasingly apparent. An alternative is thus
emerging which may be called a *storyline” approach. We define a storyline as a physically self-
consistent unfolding of past events, or of plausible future events or pathways. No a priori
probability of the storyline is assessed; emphasis is placed instead on understanding the driving
factors involved, and the plausibility of those factors. We introduce a typology of four reasons for
using storylines to represent uncertainty in physical aspects of climate change: (i) improving risk
awareness by framing risk in an event-oriented rather than a probabilistic manner, which
corresponds more directly to how people perceive and respond to risk; (ii) strengthening
decision-making by allowing one to work backward from a particular vulnerability or decision
point, combining climate change information with other relevant factors to address compound risk
and develop appropriate stress tests; (iii) providing a physical basis for partitioning uncertainty,
thereby allowing the use of more credible regional models in a conditioned manner and (iv)
exploring the boundaries of plausibility, thereby guarding against false precision and surprise.
Storylines also offer a powerful way of linking physical with human aspects of climate change.

4 Theodore G. Shepherd
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Emergence of Storyline Approaches

nature cities

Pe rspective https://doi.org/10.1038/544284-024-00133-6

Plural climate storylines tofoster just
urbanfutures
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Emergence of Storyline Approaches

Numerical climate models

« Disciplinary perspectives

+ Climate-science driven

« Large scale

+ Use SSP-RCP data as input; generate
data on past and future climates

Physical climate storylines

« Disciplinary perspectives

« Climate-science driven

« Multiscale

+ Use data on past and future climates

« Interdisciplinary perspectives
%jf/ « Socioeconomic sciences driven

+ Large scale
« Inform on level of climate change
and on population, technological

and socioeconomic development

Plural climate storylines

« Interdisciplinary perspectives
« Participatory approaches

b "5
+ Use grassroots data and qualitative and

quantitative data from the social and
climate sciences

British Heart
Foundation

Probability of a
physical event

Qualitative analysis
of physical events

Quantifiable
socioeconomic data

Situated and
context specific

Power-sensitive
analyses

Expert elicitation

Co-produced

Decolonial

Affected actors-led
aspirational futures

Expert-led futures

Plural climate
storylines

Numerical Physical climate

climatemodels storylines S&P-RCPs
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Steps In scenario development



4 Pillars
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4 Pillars

Earth’s Future

COMMENTARY
10.1029/2020EF001911

Key Points:

+ We conceptualize unprecedented
extremes as social-environmental
processes shaped by institutional,
political, and economic change

+ Associal-environmental extremes
become more frequent, there is an
urgency to unravel their genesis and
the possible societal responses

+ This approach is the first building
block of a new field of research in
social-environmental extreme event
forecasts
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Scenarios of Human Responses to Unprecedented Social-
Environmental Extreme Events

<1234

Maria Rusca'? (7', Gabriele Messori , and Giuliano Di Baldassarre'*®

'Department of Earth Sciences, Uppsala University, Uppsala, Sweden, *Centre of Natural Hazards and Disaster Science
(CNDS), Uppsala, Sweden, *Department of Meteorology, Stockholm University, Stockholm, Sweden, “Bolin Centre

for Climate Research, Stockholm, Sweden, *Department of Integrated Water Systems and Governance, IHE Delft, the
Netherlands

Abstract ina rapidly changing world, what is today an unprecedented extreme may soon become

the norm. As a result, extreme-related disasters are expected to become more frequent and intense. This
will have widespread socio-economic consequences and affect the ability of different societal groups to
recover from and adapt to rapidly changing environmental conditions. Therefore, there is the need to
decipher the relation between genesis of unprecedented events, accumulation and distribution of risk, and
recovery trajectories across different societal groups. Here, we develop an analytical approach to unravel
the complexity of future extremes and multiscalar societal responses—from households to national
governments and from immediate impacts to longer term recovery. This requires creating new forms of
knowledge that integrate analyses of the past—that is, structural causes and political processes of risk
accumulation and differentiated recovery trajectories—with plausible scenarios of future environmental
extremes grounded in the event-specific literature. We specifically seek to combine the physical
characteristics of the extremes with examinations of how culture, politics, power, and policy visions shape
societal responses to unprecedented events, and interpret the events as social-environmental extremes.
This new approach, at the nexus between social and natural sciences, has the concrete advantage of
providing an impact-focused vision of future social-environmental risks, beyond what is achievable within
conventional disciplinary boundaries. In this paper, we focus on extreme flooding events and the societal
responses they elicit. However, our approach is flexible and applicable to a wide range of extreme events.
We see it as the first building block of a new field of research, allowing for novel and integrated theoretical
explanations and forecasting of social-environmental extremes.
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4 Pillars

3. Storm Allison (2001) and
Hunicat’iofl: Rita (2,_99,6) and lke (2008)
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4. Hurricane Katrina (2005)

-

Rusca, Maria, Gabriele Messori, and Giuliano Di Baldassarre. "Scenarios of human responses to
unprecedented social-environmental extreme events." Earth's Future 9.4 (2021): e2020EF001911.
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Pillar 1 — Impact and response to extreme events
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Pillar 1 — Impact and response to extreme events -

example

Uneven Development Generates
Differentiated Vulnerabilities and
Recoveries

UNIVERSITY OF

AMBRIDGE



Pillar 1 — Multiscalar societal response to extreme

events - example

Hydroclimate extremes are more than physical events.

1) Human beings are altering virtually all Earth System spheres and
shape intensity and frequency of such hazards.

2) Vulnerability to and impacts of hydroclimate extremes stem from socio-
economic and cultural factors and results in significant public health
and economic consequences.

3) Societal responses to these extremes may inadvertently worsen
vulnerabilities and facilitate the emergence of other extremes.
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Pillar 1 — Multiscalar societal response to extreme

events - example

Marginalized groups are often located in disaster-prone areas, and
exposed to greater health, financial and livelihood threats from natural

hazards

Marginalized groups often renting or owning homes that are less likely to
withstand extreme events such as floods and hurricanes

Education and age shape the ability to access, understand and react to
warnings.
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Pillar 1 — Multiscalar societal response to extreme

events - example

Socio-political and economic inequalities characterize societies prior to a
disaster affect the ability of different societal groups to cope with and

recover from a disaster

recovery

vulnerability
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Pillar 2 — Literature based projections
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Pillar 2 — Literature based projections - example

Houston and Harris County location.

Before 2017, Harris County has been
one of the U.S. jurisdictions most
affected by floods due to heavy
precipitation, both in terms of property
damage and human life losses
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4 Pillars
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Pillar 3 — Precedents in the location of interest
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Pillar 3 — Precedents in the location of interest -

example

i |

3. Storm Allison (2001) and
(2008)

Hurricanes Rita (2005) and lke

-

-

Storm Allison (2001) caused extensive
property damage to over 70,000
structures, 22 fatalities and overall
damages for over 5 billion USD.

Hurricanes Rita (2005) and lke (2008)
generated over 29.5 billion USD in
damage, most of which was concentrated
in the Houston metropolitan area
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Pillar 3 — Precedents in the location of interest

Correlation between socio-economic inequalities, minority residents, hazardous
areas and lower-valued homes.

Following the extreme events, racial minorities experienced higher relative losses
in terms of housing and longer recovery trajectories.

After ke, the number of public housing facilities was reduced, further
exacerbating the vulnerability of minority groups.
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Pillar 4 — Conceptual transfer from other locations
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Pillar 4 — Conceptual transfer from other locations
- example

4. Hurricane Katrina (2005)
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Pillar 4 — Conceptual transfer from other locations

Hurricane Katrina is the most destructive extreme event in the United States in
modern times, with nearly 2,000 lives claimed, over 200,000 homes destroyed, and
an estimated total damage of 161 billion USD.

Approximately 260 km2 of New Orleans' metropolitan area were flooded, with
some neighborhoods under 4 meters of floodwaters.

Storm surge caused an extraordinarily large release of industrial toxic and
hazardous chemicals, which mixed with floodwaters and generated the most
significant contamination event in U.S. contemporary history.

Over a quarter of New Orleans' population was displaced.

4. Hurricane Katrina (2005)
- ——— e
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Pillar 4 — Conceptual transfer from other locations

— uneven impact

Historic processes have coalesced to produce racial and class segregation, with low-
income and minority neighborhoods significantly more exposed and vulnerable to

flood events.

The most severe flooding and the most devastating impacts of Hurricane Katrina
occurred in low-income, Afro-American neighborhoods, such as the Lower 9th
Ward in the St. Bernard bowl area.

The toxic and industrial sites of New Orleans are located in these flood-prone
neighborhoods, which were significantly more affected by these hazards.




Pillar 4 — Conceptual transfer from other locations

— differential recovery

Vulnerable groups suffered greater relative economic losses and took more years to
recover financially and psychologically from the disaster.

Afro-American workers were four times more likely than white workers to lose their
job in the aftermath of Katrina

2 UNIVERSITY OF
CAMBRIDGE




4 Pillars

A /
s 0 ( io
o &
» * 4
\ A HHE@

3

@i UNIVERSITY OF




Socilal-environmental extreme scenarios
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Socilal-environmental extreme scenarios

An application of the four Pillars suggested a close tie between socio-economic
status, race, and exposure to flooding.

Houston's politics accentuated inequalities, exposing minority communities to
greater risks.

The urban design with extensive wetland degradation led to greater flood exposure,
particularly affecting low-income neighborhoods.

Affordable housing was a significant concern, with marginalized groups facing
challenges in recovery after the flooding.

Despite the catastrophic event, Houston's pro-growth model persists, emphasizing
the need for civil society movements to drive change.

NIVERSITY OF

AMBRIDGE



Socilal-environmental extreme scenarios

Hurricane Harvey's unprecedented flooding in 2017 highlighted the pre-existing
vulnerabilities in Houston and Harris County.




