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Climate scientist with a keen interest in
heatwaves

* How they are measured
* Underpinning physical mechanisms i
* Changes in the observational record o —
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My interest in attribution iS Interaction of heatwave mechanisms

LS ey, U 3, NN

Also interested in detection and generally around extreme -
attribution
« Finding the role of climate change heat and corresponding
behind observed events health impacts \
* Extreme event attrioution T e
* Impact attribution Attributing heatwaves to Gibson et al. 2017, Journal of Climate
6 When do heatwave trends become unprecedented?
And in the health impacts of heatwaves °
* heat + humidity 3
* Liveability vs survivability 1
« Challenging the T,,35°C threshold I N
Perkins and Gibson, 2015, BAMS Perkins-Kirkpatrick et al. 2017,

Environmental Research Letters



Ebietal 2021 Lancet Luthi et al 2023 Nature Climate change
Baldwin et al 2023 Environ. Health. Persp.
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BUT
Interdisciplinary research is not straightforward thfr,/
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FAR measures the change in

likelihood of an event at least as 20

big as the observed event of

interest, and not specifically for 15
that event only 10

Therefore, cannot directly fit FAR

to measure how the impact of a or i
specific event was altered due to oL
climate change 10° 10* 10° 10°

Mitchell et al. 2016
REturn PeriOd (yrS) Environmental Research Letters



Underpinning inputis
still the same:

A pre-defined method that
appropriately links the
event and an impact

Mapping the impact of
interest to climate data

Factual & counterfactual
climate model simulations

Perkins-Kirkpatrick et al 2022
Environmental Research Letters
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In the factual world, a
mortality rate of 34

deaths/100000is a 1-in-70
year event

In the counterfactual world,
the death rate with the same
return period is

30 deaths/100000

Therefore 4 deaths/100000
during this specific event can
be attributed to climate
change

Also, the waiting time of 34
deaths/100000 has reduced
by 130 years



1. Processing Model Data

Extraction of daily rainfall from land grid
boxes over the North Island of New Zealand
from weather@home 2017 simulations: 455

factual; 191 counterfactual runs

! !

Counterfactual:
Factual: 163800 ) )
. . 68760 daily rainfall
daily rainfall events
events

2. Estimating Impact

Coefficients for estimating financial
damages associated with daily rainfall
above the 95t, 98th, 99th percentiles
___, (Pastor-Paz et al. 2020) fitted per individual
grid box over the North Island

!

Coefficients inflated by 100 due to resolution
difference between model & observed data
from which the coefficients are derived;
weighted by grid box inhabitancy

Daily rainfall weather@home climatology
simulations processed for North Island of
New Zealand (100 runs over 1997-2014)

! }

Area-averaged 1-
in-18 year event

95th ggth ggth

) percentiles
defined (66.89 calculated per grid
mm day!) box

|

Financial damages summed over domain to
give total financial damages per daily rainfall
event

| }

68760 financial
damage estimates for
counterfactual
conditions

163800 financial
damage estimates
for factual conditions

| |

10000 bootstrapped samples (Paciorek et
al. 2018) computed for each set of daily
rainfall & financial damage simulations

3. Attribution of specific event
& class of events

Pastor-Paz et al. (2020) methodology fitted to
observed (VCSN) data for North Island daily
rainfall on 4" April 2017 (1-in-18 year record

event)

}

Total domain financial
damages of NZ$7.39M
caused by this event

!

Attribution of specific events
(Section 2.3) performed
separately for impact and causal

event (Figs 4 and S2) N

FAR analysis performed separately
on financial damages & daily rainfall

> classes of events (section 2.1)

]

Perkins-Kirkpatrick et
al 2022 Environmental
Research Letters



1. Processing Model Data 2. Estimating Impact 3. Attribution of specific event
& class of events

Extraction of daily mean June-July Distributed-Lag Non-linear Model c di
temperatures for the grid box nearest to (Gasparrini et al. 2015) fitted to daily Highest daily mortality orresponding
London, from first 100 members of CAMS5.1- mean observed temperature & all- — taken from 2006 — dailymean
1degree cause London mortality for 1993-2006. observations: 60 deaths temperature of
Resulting transfer function fitted June- 26.6°C
l l —  July 2006 data for days above 19°C
All-hist time series:  Nat-hist time series: l l
1993-2006 2006 only
61x 100 daily 61x 100 daily . Attribution of specific
l Evaluation l temperature-related temperature-related SUEE [EEEer 2.2
g . A f performed separately
_ o mortality series for mortality series for .
Each simulation interpolated to All-hist Nat-hist for |mpaf:t and causal
Gregorian calendar. Bias correction event (Figs 3 and S1)
factor (Hempel et al. 2013) computed l l
per run, average derived
1 Highest daily mortality & corresponding M M
Average correction factor fitted to stllty Lofeals ten'_lperatl_lre illieliee) e
L extracted All-Hist & Nat-hist data - simulation
FAR analysis performed separately
l 1 l — on mortality & temperature classes
of events (section 2.1)
100 bias-corrected 100 bias-corrected 10000 bootstrapped samples (Paciorek
All-hist simulations Nat-hist simulations et al. 2018) computed for each set of
| | mortality and temperature simulations Perkins-Kirkpatrick et al

2022 Environmental
Research Letters



Application to 2009 Southeast Australian Heatwave

1. Modellingheat & 2. Processing Climate data 3, Impact attribution

mortality

Performed separately per climate
model ensemble:

4. Event attribution

Performed separately per climate

model ensemble:

Attribution assessment statistics
associated with extreme heat-
____related mortality computed |

Perkins-Kirkpatrick et al 2025, Environmental Research: Climate

Attribution assessment statistics
associated with heatwave anomaly

computed

Looked at extreme heat-
related mortality ONLY

Employed 8 different climate
models

strength in signal different
across models

Collectively, provides a robust
estimate of the influence of
climate change

BUT, how impact is defined
matters A LOT!

(374 all-caused deaths vs 31
extreme heat-related deaths)



* Attributable mortality figure a Heat related mortality curve
lot lower than deaths specific Age (years)
to the event 45 — 65 — 75 — 85

2:0
* BUT, we need an impact
function to “model” expected
deaths from heatwaves
simulated by climate models

1.8

1.6

Relative risk

1.4
* Also — extreme heat related
deaths was the focus, NOT all- 127
cause mortality or even heat 10
related mortality
* Need to be extremely clear. No 0 1 25 50 75 99
easy task, even amongst Temperature percentile

experts Masselot et al 2023 the Lancet Planetry Health



There is strength in:

* Multiple approaches
* Multiple methods
* Multiple tools

* Using quantitative data to inform
qualitative statements

Climate change

lesslikely  gignotalter  More likely
duetoclimate  |ikalihood dueto climate
change change

Very much Very much
less likely more likely
due to climat ue to climate

change

Virtually certain

Exceptionally could not have

|;55 |tl|<E||3|f t appened without
uetoclima climate change
change

Lewis et al 2019 Earth’s Future



1. The attribution of the causal weather event
and impact should always be separated (even
if the underpinning tools are related)

2. FAR is for class of events, even for impacts.
Never for a specific event

3. An appropriate impact/damage function is
crucial, and only possible through
interdisciplinary collaboration

4. Need to be VERY clear about the impact you are
assessing - incredibly nuanced
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