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We can now document the cascading impacts of
current climate change
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Extreme event impact attribution

Attri b uti O n : a) From source to effect

The process of evaluating the =~~~

contribution of one or more causal oo o

factors to observed events. Yo @ Q E;} ﬂ .

- [IPCC Sixth Assessment Re PO rt gpiecioneandlend  snivorcssnlc  clmmend  hidmen/ o bewhes edwtycodely
. . . ttributi

D I ag n OSI n g Ca u Satl O n b) Example studies from across the spectrum arribation
What caused what e Caror o . 223 T Ty e e,

CC, DHF
. . (heat
Huber et al., submitted adaptation) heat mortality (change)
C I I I I l ate C h a n g e I n th e re Romanovska et al., 2024 ACC agroclimatic CIDs yields economic losses (event+change)
Sultan et al., 2019 ACC daily multi-hazard yields (change)
Wehner & Sampson, 2021 ACC cyclone precipitation economic damages  (event)
S O m eW h e re Frame et al., 2020 ACC cyclone precipitation river flooding economic damages  (event)
Dahl et al., 2023 individual carbon majors vapour pressure deficit burned area (trend)
Burton, Lampe et al., 2024 CC, multiple DHFs burned area (change)
Gudmundsson et al., 2021 ACC river streamflow (trend)
ACC, DHF
(alien tree
. Holden et al., 2022 clearing) river streamflow (event)
It is about the present
(land use,
p - Erazo et al., 2024 population) ecological suitability virus spread (change)
Pietroiusti et al., 2024 ACC precipitation/evaporation lake levels (event)
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The process of attribution

Purposes
Evaluate and communicate causes

L 2

Inform projections,

Monitor anthropogenic influence
M :K « Multiple steps in the process

policies and action fé . ]
Attribution assessment %% 0 %o * Requires observations, some

Identify what you
want to evaluate: oit/)served Way tO d eve I O p CO U nte rfa CtU a I
change or event; consider
its framing/indicators .
System/method to test v Key Ste p ) P u rpose
the hypothesis or theory.

Apply process understanding,
counterfactual, evaluate
methods and models, consider

constraints
Develop hypothesis

ona or theory of possible and (
C %; ) 1010

plausible causes
0101
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The process of impact attribution

v ‘ Climate models |

. " Gimate observations | « Requires multiple data sources
climate counterfactyials derived using < —" .
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variabil!ty . . o .
- * Requires identification of some

‘ Model selection or validation |—

» counterfactual

L]

Adaptation : :
counterfactuals | Bias correction ‘ .
Q{;} - * Not all steps here are required, and
m o | Process-bas‘:ad impact‘models | ‘ Erlnpiri‘cal impat;t models SO me m ay be d u pl ICated (e - g -
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Sabine Undorf and others, submitted
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Monitoring across disciplines
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* Public global databases can be limited,
generally held nationally or provincially,
sometimes commercially

« Major data access issues, e.g. because of
privacy or commercial value

 Different temporal profiles of data coverage

« Different spatial profiles of data coverage

» Very different types of data

Sabine Undorf and others, submitted

(Share of global population covered by
monitoring; bottom higher income versus lower

income countries) @/, NIWA
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Traditional indigenous knowledge

 Attribution can incorporate
traditional indigenous knowledge

» Holistic description of why things
happen

 |Integral to adaptation responses

» Contextualises current and future
climate change in the knowledge
of generations

Martina Angela Caretta and others (2022)
(IPCC Sixth Assessment Report)
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Map of selected observed impacts on cultural water uses of Indigenous Peoples of the cryosphere

Hazard: Temperature Increase

Water Impact: Permafrost melt;
thinning ice; temperature increase
freshwater lakes

Human Impact: Negative effects
on availability and access to
culturally-significant species
(Norton-Smith et al. 2016)

Inuit
Hazard: Temperature increase;
increased precipitation

Water Impact: Changing ice
conditions; early snowmelt

Human Impact: Trail access

(Ford et al. 2019); decline of culturally
significant species

(Cunsolo, et al. 2020)

Kashechewan e
First Nation

Hazard: Temperature increase
Water Impact: Flooding

Human Impact: Negative effects on
culturally-significant species
(Khalafzai et al. 2019)

Quelcaya pastoralists

Hazard: Temperature increase;
rainfall reduction; increasing rainfall
variability

Water Impact: Decreased snow
and ice

Human Impact: Decreasing access
to culturally-significant water sources;
deterioration of pastures

(Postigo 2020)

Hazard: Temperature increase
Water Impact: Glacier loss

Human Impact: Degradation of
pastures; outmigration
(Yager et al. 2019)

Hazard: Winter temperature increase;
summer precipitation increase

Water Impact: Harder and deeper
snow; increased ice formation; river
flooding and wet ground

Human Impact: Pasture degradation;
impacts on herding and winter feed
(Forbes et al. 2019; Rasmus et al.
2020)

Manangi
Hazard: Temperature increase;
precipitation increase

Water Impact: Glacier retreat;
decreased permanent snowcover

Human Impact: Spiritual loss due to
declining snowcover
(Konchar et al., 2015)

Hazard: Temperature increase
Water Impact: Glacier melt

Human Impact: Pasture loss to
inundation; loss of livestock
(Nyima and Hoping, 2019)

Dol
Hazard: Temperature increase
Water Impact: Decreasing snowfall

Human Impact: Pasture degradation;
loss of sheep (Ingty, 2017)

Hazard: Temperature increase

Water Impact: Decreasing snowcover;
increasing snowmelt

Human Impact: Deterioration of
culturally-significant water sources;
changes in camp locations and routes
(Gentle and Thwaites, 2016)
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Attribution calibrates predictions

Impacts of climate change or weather fluctuations
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Global

pacts of long-term changes in the

(Table SM16.22)

Confidence Level «— Direction of induced change — Confidence Level

P Africa High 4 Increase
Vil Central & South America Medium — Minor/No impact
P North America Low v Decrease
v. 1A " Small Islands No assessment No assessment
. 3 Mixed Av Mixed

Observed im-

related systems on natural,
or managed systems.

Identification of weather sensitivity:
Observed influence of fluctuations

in the climate-related systems on
natural, human or managed systems.
(Table SM16.23)

Confidence Level ¢— Strength of sensitivity

e Strong
o Moderate
— Minor/No

.~ Inconclusive studies

High High

Medium Medium

Low Low i

No No No
Mixed Mixed ® o Mixed

.~ Inconclusiv
studies

The dependence of risk associated with the Reasons for Concern on the level of climate change
Updated by expert elicitation and reflecting new literature and scientific evidence since AR5 and SR15

(a) Global surface temperature change
Increase relative to the period 1850-1900

(b) Reasons for Concern (RFC)
Impact and risk assessments assuming low to no adaptation
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What is the outcome/vulnerability?
Impacts of 2019-2020 Australian wildfires

Fires in southern and eastern Australia from Sep 2019 to Feb 2020

* A single weather event may have Q @
multiple impacts |

 But different aspects of that weather
event were involved in the different
Impacts
- Heat versus drought, duration,
extent

» So the purpose (outcome/vulnerability)
dictates the definition of the event

€ o

s
Ce

G

2
<

Extreme air pollution

5.8 to 8.1 million hectares bumed with net emissions of up to 830 million tonnes of CO,-eq
Respiratory illness and disruption of outdoor activities and transport

Massive fire-fighting effort, saving many lives and at least 16,000 buildings

Building and facility closures, sporting events cancelled, holidays cancelled, workplace closures

Degraded and destroyed: Wineries, fruit, livestock, dairy, plantations

Judy Lawrence and others (2022)
(IPCC Sixth Assessment Report)

Loss of or displacement of 3 billion animals, with possible extinctions

Change in framework vegetation species and depletion of vegetation habitat resources

Smoke and ash transported to New Zealand, affecting air quality and glaciers

Destroyed and damaged utilities and infrastructure, e.g. roads closed for weeks, power and communication outages, fuel shortages, back-up generators
without diesel, phone batteries run flat

Emergency evacuations of thousands of people by road, sea and air involving State Emergency Services and National Defence Force

Contamination of rivers and water supply with ash and sediment VA
Economic impacts: Estimates of the national financial impacts are over $8 billion

Climate, Freshwater & Ocean Science

Social impacts: 33 people killed by fires, 429 killed by smoke, 3,103 houses destroyed, social disruption, injuries, exhaustion and mental health issues

00066 006000060060

Environmental impacts: Loss of ecosystem service benefits 9



What is the event?

_ _ July-August 2010 temperatures over Russia
* Obvious meteorological

definition may not correspond
to the definition relevant for the

outcome/vulnerability 3
 Does this mean we have a westRussis B 1ok

trade-off between specificity, s v

generality, and relevance? curopean Aussia & 20~
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Language: when attribution is not attribution

« With multi-disciplinarity comes language
Issues
« Rather basic terms used in extreme
weather event (impact) attribution, like
“attribution” and "model”, are not used
or mean something different in other
disciplines
* There is lot of attribution (or attribution-
relevant) information out there that is not
clearly labeled for us

Climate, Freshwater & Ocean Science

© Brendan Lally (CC BY 2.0) )\
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Contributing factors everywhere

Global trends of selected health outcomes estimated by the Global Burden of Disease Study
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Climate, Freshwater & Ocean Science

gion

We live in a changing world

The existence of, or changes in,
various contributing/risk factors
iInfluence an outcome

Some of these might be classed in the
“to blame” category, but many “just are”

Does impact attribution research need
to include them to be relevant? Is it
something to be done separately,
labelled as something else? Or both?

Guéladio Cissé and others (2022) e)/, NIWA

Taihoro Nukurangi
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What is the remit of impact attribution?

Urbanisation

Greenhouse Greenhouse gas
gas emissions concentrations

Warning Warning
system production

« What part of this diagram is
impact attribution?

Warning
communication

Experience with\
extreme heat J

(Exposure . Climate, public health, public

Penetration ofj policy, disaster risk reduction
active cooling .
:Ma - researchers will have have
rriage/ Number of
divorce rates

Sex ratio
Demography [/

" _ different terms for all or part of
this diagram

Number
- Ifall of it is impact attribution,
Emergency health T ”
Emergency technolog then what is “the event™?
(rmesener, !

Resilience

Health services\ Health services
recruitment ) staffing
(Summer vacation

Climate, Freshwater & Ocean Science

Risk factors of mortality in
France, early August 2003 e)/\, NIWwA

Red: Diagnosing the effect of weather event
Bold: “Events” of possible interest
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We can now monitor adaptation

How did the outcome(s)
of this extreme weather
event differ from what it
might have been had we
not implemented that
adaptation measure?

Is this an impact
attribution question? |If
not, does impact
attribution have role?

Climate, Freshwater & Ocean Science

Water-related hazards
and adaptations in response

Precipitation
variability

and Heat
Water-related adaptation responses Drought extremes related

Inland
and
riverine
floods

Soil
erosion
and  Ground-
sediment  water Poor Cryo-
load availability water  sphere

change change quality change Storms

Pests

General
Coastal climate  Other
hazards impacts hazards

Improved cultivars and agronomic practices
Changes in cropping pattern and crop systems
On farm irrigation and water management
Water and soil moisture conservation

Collective action, policies, institutions

Migration and off-farm diversification

Economic or financial incentives

Training and capacity building

Agro-forestry and forestry interventions
Flood risk reduction measures

Livestock and fishery-related

Indigenous knowledge & local knowledge based adaptations
Urban water management @

Energy related adaptations
Water, sanitation and hygiene (WASH) related adaptations @

Any other (includes coping) °

o O

High

Strength

of evidence Low Medium

Martina Angela Caretta and others (2022)

(IPCC Sixth Assessment Report)

Confidence
in evidence

e 3

na na [ ]

na na na

na [ ]

High

na =

\ 7/

Low Medium

na na

na na [ ] na

not assessed or no data
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Don’t panic

« Extreme event impact attribution is multi-disciplinary, which makes
it hard in practice

* But not impossible!
« An impact attribution study can get very complicated very quickly
« Just remember the purpose

* The purpose sets strict requirements on what needs to be done,
but also sets clear boundaries

\
| | ; NIWA
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