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TC Frequency
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Robust model verifications and validations == o =9
undertaken. An example for a better (ACCESS-CM2) | 2/ ——¢" O =<~ 44
and a poor (CanESM2) performing model Sl 3 '

Projected changes in TC frequency between the
historical (1970-2000) and future-climate (2070-
2100) simulations using CMIP6 models under three
SSPs: SSP1-2.6, SSP3-7.0 and SSP5-8.5

Source: Sharma et al. 2025, submitted to Climate Dynamics
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Distribution of TC genesis positions in IBTrACS for the
period 1984-2014 among the TC basins

Projected changes in spatial patterns
is VERY important! ————
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Source: Sharma et al. 2025, submitted to Climate Dynamics



(a@) Future Change in Major TC Density (SPEAR_HI_ALL, 2061-2100 - 1981-2020
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Projected changes in major hurricane (Cat 3-5 on Saffir- Simpson'’s scale) under SSP5-8.5:
Source: Murakami et al. 2024, Nature Communications
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TC and ENSO

Is the Projected increase in Central Pacific El
Nifno-driven (e.g., Chand et al. 2017)

How confident are we in these projections, given
existing CMIP models drift more towards simulating El
Nino-like conditions, but observations for the past few

decades indicate otherwise?

ENSO: A recent study indicates changes from a moderate-amplitude
irregular regime, as observed in the current climate, to a highly
regular oscillation with intensifying amplitude (Stuecker et al. 2025,
Nature Communications) ... how does this change affect TCs?
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Projected changes t:etweeﬂ future- and current-climate overall TCS
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Projected changes in El Niio-driven TC frequency in the

Pacific under SSP5-8.5
Source: Chand et al. 2017, Nature Climate Change
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Historical trend in maximum potential intensity (1979-2018).
Source: Emanuel 2020, PNAS

There is a consensus from theory and climate
modeling that the strongest TCs will get stronger in
the future, and will at least become a larger fraction
of total TC frequency.
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Increase in the maximum potential wind speed (%)

Projected increase (%) in the maximum potential wind speed
between historical (1985-2014) and (a) MID (2041-2070) and END

P (2071-2100) CMIP6 simulations under RCP5-8.5.
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Severe
Cyclone Yasi

(Category 5
over the
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Strong
wind gusts

-1 (Estimated over [~

280 km h-1at
Tully Sugar Mill
station)

.-——————————l""

Relatively

large size

(Approx. 650 km
at landfall)

Translational

g

speed

(Approx. 25 km h-1
prior to landfall)

Extreme

rainfall

(Over 470 mm [~
in 24 hrs at
Mission Beach )

-

W

Very powerful
and destructive
ocean waves
with greater

spacial coverage, |

persisting for a
longer period
of time

Extensive
damage to

{ corals, natural

habitats, reefs
and shorelines

Impact on food
source; reduced
capacity of the
Reef to buffer

{future cyclones

Long-term decline
in coral cover
and/or shift in
coral composition
and structure

Storm surge
and coastal

flooding

Changes in

| chemical

properties of
seawater

Outbreak in coral
predators (like

crown-of-thorns
starfish)

This schematic illustrates the widespread destruction across the GBR caused by

severe tropical cyclone Yasi (February 2011)

Source: National Environmental Science Program
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Case for Vanuatu

This study examines the impact of
climate change on tropical cyclones
(TCs) in Vanuatu, one of the world's
most disaster-prone

countries.
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Vanuatu: A Case for Informing Disaster Planning and
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ABSTRACT

This study examines the impact of climate change on tropical cyclones (TCs) in Vanuatu, one of the world's most disaster-prone
countries. Here, TCs often result in costly outcomes to the national economy, such as damage to buildings and critical infrastruc-
ture, disruptions to livelihoods, food security, health and economic sectors such as tourism and agriculture. The severity of TCs in
Vanuatu—such as severe TC Kevin and Judy, the two back-to-back TCs that impacted the country in March 2023—is expected to
worsen, compromising the nation's ability to manage such future events. A comprehensive understanding of current and future TC
impacts is essential to inform disaster management and adaptation planning strategies across different sectors and enhance the coun-
try's economic and community resilience. Reliable historical TC data from the South Pacific Enhanced Archive of Tropical Cyclones
(SPEArTC) database were analysed from 1970 to 2021. Results show a ~28% decrease in TC frequency and ~15% increase in mean TC
intensity (maximum sustained wind speed) between 1971-1995 and 1996-2021; changes in both metrics are statistically significant (at
the 90% significance level). Future TC data from climate model experiments, such as those from the Climate Model Intercomparison
Projects (CMIP), are at a relatively coarse resolution and substantially underestimate metrics like TC intensity required for decision-
making purposes at finer spatial scales. Nonetheless, we developed a method that utilises TCs detected and tracked using the Okubo-
Weiss-Zeta (OWZ) scheme to demonstrate the feasibility of assessing TC impacts for Vanuatu. This study uses consolidated climate
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Summary of projected changes in the TC intensity and their respective return periods of
‘All TCs' between the current climate (blue: 1971-2000) and the future climate (red:
2071-2100) across each province of Vanuatu.




o TC Tracks
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(a) Number of Buildings Exposed for ARI of 50 Years
I T T T T T
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RCP85-2030
[ JRCP85-2050
T RCP85-2090

Number of Buildings Exposed

Region

Number of buildings exposed for 50-year and ARIs stratified by LGA region, for
the baseline period (1981-2020) and low (RCP2.6) and high (RCP8.5) emissions
scenarios for 2030, 2050 and 2090.

(a) Building Replacement Cost for ARI of 50 Years
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Building replacement cost for 50- year ARIs grouped by LGAs, for low
(RCP2.6) and high (RCP8.5) emissions scenarios for 2030, 2050 and 2090.
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Summary

Regional-scale TC projection is still a challenge due to many reasons,
including model limitations in simulating various drivers that modulate
TC activity (see Schematic from Knutson et al. 2020, BAMOSY):

 TC numbers are likely to decline due to warming in the SH basins

(medium confidence) while there is a large variability in NH basins
(low confidence)
’ : « TC intensity is highly likely increase in future due to warming (high
confidence).
» TC-induced rainfall highly likely increase (high confidence)..
‘ e 1301 \.\j._.,,‘.\ - .
"\;".Global 4
! gL L. 1 g I OH g0l Joor
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