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What are climate change scenarios?

Climate change scenarios aim to:

(i) capture the uncertainty related to the range of plausible
future environmental and societal pathways and their induced

GHG emissions; and

(i) demonstrate how the Earth system will respond to these
GHG-induced radiative forcings

van Vuuren, D.P., Carter, T.R. Climate and socio-economic scenarios for climate change research and assessment: reconciling the new with the old.
Climatic Change 122, 415-429 (2014). https://doi.org/10.1007/s10584-013-0974-2
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CMIP3 scenarios (1990-2005)

The main characteristics of the four SRES storylines and scenario families
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CMIP3 scenarios
CLIMATE used by the Climate Futures for Tasmanian project (2010)

C H A N G E The main characteristics of the four SRES storylines and scenario families

SCENARIOS
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CLIMATE CMIPS5 scenarios (2006-2017)

C HA N G E Additional heat capturing capacity of the atmosphere of 1.9 W/m

SCENARIOS

RCP 1.9 squared. Limits global warming to <1.5°C.

Additional heat capturing capacity of the atmosphere of 2.6 W/m
RCP 2.6 squared. Limits global warming to <2.0°C.

Additional heat capturing capacity of the atmosphere of 3.4 W/m
RCP 3.4 squared. Limits global warming to <2.5°C.

Additional heat capturing capacity of the atmosphere of 4.5 W/m
RCP 4.5 squared. Limits global warming to <3.0°C.

Additional heat capturing capacity of the atmosphere of 6.0 W/m
RCP 6.0 squared. Limits global warming to <4.0°C.

Additional heat capturing capacity of the atmosphere of 7.0 W/m
RCP 7.0 squared. No limit to global warming, expected to be <5.0°C.

Additional heat capturing capacity of the atmosphere of 8.5 W/m
squared. Actively trying to warm planet. Global warming expected to be
RCP8.5 _soc

Oct 2025
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CMIP5 scenarios (2006-2017)

SSP1 Sustainability — Taking the Green Road
(Low challenges to mitigation and adaptation)

SSP2 Middle of the Road
(Medium challenges to mitigation and adaptation)

SSP3 Regional Rivalry — A Rocky Road
(High challenges to mitigation and adaptation)

SSP4 Inequality — A Road Divided
(Low challenges to mitigation, high challenges to adaptation)

SSP5 Fossil-fuelled Development — Taking the Highway
(High challenges to mitigation, low challenges to adaptation)

Oct 2025
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CLIMATE CMIP6 scenarios (2018-present)

C HAN G E | .'- | = top priority scenarios Tier 2 = additional scenarios of interest
SCENARIOS Shared Socioeconomic Pathways (CMIP6)

s

7.0 —

SSP3-7.0
—— ssp46.0 _

45 J

Radiative forcing levelin 2100 (W/m?)

34 SSP4-3.4 SSP5-3.4
26 |
13 ‘7| SSP1-1.9 B

SSP1 SSP2 SSP3 SSP4 SSP5 'ZZEZZEC'.T.Z:

Sustainability ey ety Inequality development (cmiPs)

Government of Canada website: https://climate-scenarios.canada.ca/?page=cmip6-overview-notes
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WHAT IS THE MOST LIKELY
FUTURE SCENARIO?
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Which scenarios are most likely?

“The global warming projected by all CMIPs and future climate
scenarios project a global warming slightly lower than the
observed one.”

“The observed warming is closer to the upper level of the
projected ones, revealing that CMIPs future climate scenarios
with higher GHG emissions appear to be the most realistic
ones.”

Carvalho, D., Rafael, S., Monteiro, A. et al. How well have CMIP3, CMIP5 and CMIP6 future climate projections portrayed the recently observed
warming. Sci Rep 12, 11983 (2022). https://doi.org/10.1038/s41598-022-16264-6
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Which scenarios are most likely?

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

i 0
Projections for different scenarios
SSP1-1.9
4 SSP1-2.6 (shade representing very likely range)
o 1 1
SSP3-7.0 (shade representing very likely range) h +35 C nghly llkely
SSP5-8.5
3 .
/' +2.7°C Hopefully likely
; | === +2.0°C Unavoidable
15 |
1 —
0
1950 2000 2050 2100

IPCC, 2022: Summary for Policymakers [H.-O. Portner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Moller, A. Okem (eds.)]. In:

Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.

Portner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, Oct 2025 12
UK and New York, NY, USA, pp. 3-33, doi:10.1017/9781009325844.001.



CERTAINTY & UNCERTAINTY

WHAT DO WE KNOW ABOUT RAINFALL CHANGES

WHAT DON’T WE KNOW ABOUT RAINFALL CHANGES
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Rainfall patterns are changing due to climate change

CERTAINTY . . . . .

2  The Sub-Tropical Ridge (STR) is spending more time further
south. This:

UNCERTAINTY * decreases Westerly Frontal Systems, and

* increases East Coast Lows

e Sea Surface Temperature (SST) is increasing, providing
more energy to coastal rain-bearing systems

 Warming atmosphere carries more water, so when it rains,
it rains heavier.

Oct 2025 14
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Rainfall patterns are changing due to climate change

CERTAINTY
&
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What are we certain about with future rainfall intensity?

* Daily rainfall increases with temperature at a rate of
approximately 7% per °C according to the Clausius-Clapeyron
water-holding capacity relationship between temperature and
vapour pressure

e Rainfall intensity is projected to increase.
* Rainfall intensity is increasing

e Subhourly rainfall intensity is increasing more than
Clausius-Clapeyron

Oct 2025 16



CERTAINTY What studies have been done?

&
UNCERTAINTY e The Climate Futures for Tasmania found some

rainfall intensities increasing by >50% by 2100 [CMIP3]

» 3-hourly rainfall intensity increased by 15% per °C according to
Mantegna et al. (2017) [CMIP3]

* Recent rainfall observations and flash-flooding impacts align
with these levels of change.

Oct 2025 17
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CERTAINTY What studies have been done?
&

Table 7.3  Magnitudes of 24-hour duration ARI-200 (years) for 1961-1990 estimated from AWAP gridded
observations (5th/95th Cls in brackets), with projected multi-GCM ensemble change for

climate futures for tasmania 2010-2039, 2040-2069 and 2070-2099, at eight representative locations across Tasmania,
U N E RTA I N TY ARIs estimated using & generalized Pareto distribution. Multi-GCM ensemble ARIs estimated
TECHNICAL REPORT using the six downscaled-GCMs for the A2 emissions scenario, ARIs are expressed in mm,

Delta ARI-200 values are expressed in millimetres and as a percentage change (in square
brackets {]), relative to the AWAP 1961-1990 baseline. Location of sites is shown in Appendix A

ARI-200 (mm) Delta ARI-200 (mm)
AWAP Multi-GCM Multi-GCM Multi-GCM
Location (1961-1990) ensemble ensemble ensemble

{2010-2039) (2040-2069) (2070-2099)

Hobart 100 (76/128) 31 [31%] 40 [40%] 30 [30%)]
Extreme Events
White C1, Grose MR, Cornery SP, Bennett IC, Helz GX, Sanabria LA, Swans“ 122 (91/1 62) ‘6 [1 3%] 14 [1 1%] 1 12 [92%]

Mcinnes XL, Cechet RF, Gaynar SM & Bincoft NL

Decembes 2010 St Helens 145 (107/210) 10 [7%] 40 [27%] 68 [47%]
Launceston 66 (51/85) 3 [4%] 34 (51%)] 34 [52%]
Devonport 97 (76/131) 4 [4%)] 23 [24%)] 36 [37%]
Strahan 68 (65/73) 6 [9%] 8 [12%] 18 [269%)]
Strathgordon 97 (93/105) 21 [21%] 30[319%] 36 [37%]
Miena/Liawenee 98 (78/134) 50 [51%] 30 [309%) 5[5%]
Oct 2025 18
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&
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What studies have been done?
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Rainfall patterns are changing due to climate change
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CERTAINTY What is the official guidance from the BoM?

& e Australian Rainfall and Runoff 2019 — interim guidance Y cise
UNCERTAINTY * Increase rainfall intensity by 5% per °C ——
* Australian Rainfall and Runoff 2024 o
* “Because our climate is changing, unadjusted historica
observations are no longer a suitable basis for design flood
estimation: they must be adjusted to reflect the impacts of rising
global temperatures.”
 The evidence is quite strong that short-duration rainfalls
intensify more than longer duration rainfall
* For every degree of warming, the new guidance estimates:
* 1-hour rainfall events will increase 15% per °C
* 24-hour rainfall events will increase by 8% per °C

2
) 4

. . Oct 2025 22
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CERTAINTY What is the official guidance from the BoM? ARR 2024
; a- 8
UNCERTAINTY . examee

_ a AT
Ip—Ix(1+m)

where
* |, the projected (current or future) design rainfall depth or intensity
» qais the rate of change from Table 1.6.1

» | is the historical design rainfall depth or intensity (e.g. from the 2016 IFD portal or
historical PMP estimates)

» AT is the most up-to-date estimate of global (land and ocean) temperature projection for
the design period of interest and selected climate scenario relative to a baseline time
period. When used in conjunction with the 2016 IFD curves the baseline is recommended
to be the 1961-1990 period (see Table 1.6.2 and text below).

Oct 2025 23
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What is the official guidance from the BoM? ARR 2024

Table 1.6.1. Recommended rates of change (a) and associated uncertainty derived in Wasko "‘.:-3 et g
et al. (2024), presented per degree global temperature change (%/°C). The factors in this S N v
table are applicable for exceedance probabilities from 1EY up to and including the PMP and

are designed for application across mainland Australia and Tasmania.

>1 hrand <24 hr 224 hr

Central (median) estimate Interpolation zone (see
(%/°C) Table 1.6.5)

E‘Likely' range (corresponding to| 7-28 | 2-15
y ~66%? range) (%/°C)

EConsistent with terminology used by the IPCC the 66% range corresponds to an uncertainty range of +/- 33%.

15

Table 1.6.2. Global mean surface temperature projections (AT) for four socio-economic
pathways relative to 1961-1990. The 90% uncertainty interval is provided in parentheses?®
Climate Scenario SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5

Current and near-term | 1.2 (0.9-1.5) 1.2 (0.9-1.5) 1.2 (0.9-1.5) 1.3 (1.0-1.6)
(2021-2040) (°C)
Medium-term 14 (1.0-1.9) | 1.7(1.3-22) | 1.8(1.4-23) | 2.1(1.6-2.7)
(2041-2060) (°C)

Long-term (2081-2100) | 1.5(1.0-2.1) | 24(1.8-32) | 3.3(25-4.3) | 4.1(3.0-54)
("C)

Oct 2025 24



CERTAINTY What is the official guidance from the BoM? ARR 2024

& Design Rainfall Data System (2016)

UNCERTAINTY New Search > PPF S

Analysis - Single Point G )
Design Roinfakls o 9 Table Chart Uait; {mm_
Label: Not provided
Very Frequent Latitude: -33.8033 [Nearest grid cefl- 33,8625 (5 r~ Annual Exceadance Probability (AEP)
0y T Longltudes 151 2050 {Fearest grid ced- 151212 i % Duration 63.2% 50%# 20%* 10% 5% 2% 1%
: 02025 MagOata Servcen Py L31 WO, FBMA 1 min 2.1 2n 3.66 a.50 4.94 5.78 6,43
Standard Durations
y IFD Design Rainfall Depth (mm) lssued: 14 October 2025 st R SO ST RN SRR R A
- I min 5.57 6.23 8.32 9.75 11.2 131 14.6
23 Ratrdat depth fur Durators, Exceedance per Year (EY), and Annual Exceedance Srobabelities (AES)
iy FAD fur e ARR o 4 min 657 7.81 10.5 123 14.1 6.5 18.4
= Non-Standard Durations Table Chart RPN e S min 8.23 9.24 124 146 16.7 196 218
(i} 10 min 13.0 146 19.8 23.3 257 313 34.8
Duration [ matutas ~ | 4o Anmuasl Excesdance Probability (ARP) 15 min 16.2 4.3 24.7 251 5.4 9.1 434
z £ Ouration 63.2% 500N 20%°  10% 5% 2% 1% 20 min 186 210 284 334 3®/4 449 409
+ Olmorved Ruinfalls 1 min 241 2N 3.66 4.30 454 578 643 25 min 20,6 23.2 31.3 36.8 42.3 49.5 55.0
2 min 4.02 43 5.99 701 8.02 940 10.5 30 min 222 25.0 3.7 5.6 455 £3.3 58.2
W] Rosst 3 min 5.57 6.23 832 9.75 1.2 131 14.6 45 min 26.0 29.1 39.2 46.1 529 62.0 69.1
4 min 697 78 105 123 14 15 184 1 hour 88 323 434 510 585 687 767
Other Options 5 min 8.23 9.24 124 146 16.7 19.6 2.8 1.5 hour 132 372 45.8 58.6 67.3 79.3 84.7
i 10 min 130 14.6 19,8 33 26.7 313 39.8 Ry 36.7 PO 550 s e %0 s
Sanscnality 13 min 162 103 M7 2 334 DL 434 3 hour 425 475 637 75.2 §6.8 103 116
i Lo L o o o L A9 4.5 hour 9.6 55.4 74.5 88.2 102 122 137
6 hour 555 62.1 83.8 99.5 116 138 156
9 hour 655 73.5 99.9 19 139 167 188
12 hour 73.9 83.0 114 136 159 151 216
18 hour 82,6 988 136 164 163 232 263
24 hour 98.6 112 155 187 220 265 300
30 hour 108 122 170 206 243 252 331
36 hour 115 131 184 222 262 315 357
48 hour 128 145 205 248 292 351 397
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CERTAINTY What is the official guidance from the BoM? ARR 2024

& Home About Limitations Changelog Publicatlons Jurisdiction Specifics - Project reports ARN'

UNCERTAINTY Australian Rainfall & Runoff Data Hub - Results

£4ENOCK
Input Data + 3 - .
Wollermi National Park Newcastle
Longitude 151.206
Latitude -33.87
Bathurst Gosford
Selected Regions (clear) . Lithgow .
BOM IFDs show
Penrith
Climate Change Factors show © .
Probability Neutral Burst show * Sydney
Blue Mouniains
Initial Loss National Part
Wollongong
)
Now
Leafet | Map dats © OpenStreetMap contributors, OC-BY-SA, Imagery © Mapbox

Data
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What is the official guidance from the BoM? ARR 2024

About  Limitations  Changelog  Publications  Jurisdiction Specifics ~ Project reports  PATITEN

Australian Rainfall & Runoff Data Hiih - Resiilts

Data
BOM IFDs Layer Info
Click here to obtain the IFD depths for catchment centroid from the BoM website Time Acce: 4 14 October 2025 01:05PM
Climate Change Factors Layer Info
Rainfall Factors Time 14 October 2025 01:05PM
SSP1-2.6 Accessed
<1 1.5 2 3 45 6 9 12 18 >24 Version 2024 v1
Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours
Note Updated climate change factors for IFD Initial loss and
2030 1.18 1.17 1.16 1.14 113 1.12 112 i1 11 11 continuing loss based on IPCC ARS temperature
increases from the updated Climate Change
2040 1.20 1.19 1.17 1.16 1.15 1.14 1.13 1.12 1.11 N A Considerations (Book 1; Chapter B) in ARR (Version

4.2). ARR recomends the use of Current and near-term
{2030 midpoint). Medium-term (2050 midpoint) and
Long-term (2090 midpoint)

2050 1.22 1.2 1.18 147 1156 1.15 1.14 1.13 1.12 1.11

2060 1.23 1.21 1.2 1.18 117 1.16 1.15 1.14 1.13 1.12

2070 1.24 122 1.2 1.18 117 1.16 1.15 1.14 1.13 1.12

2080 1.23 121 1.2 1.18 1.17 1.16 1.15 1.14 1.13 1.12

2090 1.23 .21 1.2 1.18 117 1.16 1.15 1.14 1.13 1.12

2100 1.22 1.2 1.19 1.17 1.16 1.15 1.14 1.13 1.12 1.12

Acclimoatised
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CERTAINTY What is the official guidance from the BoM? ARR 2024

& Climate Change Factors
Rainfall Factors

UNCERTAINTY o o wi e W, B BB W E § W W

Your :n‘mr :o:m :om :Com :1:0" :oun Hours ::mr- Hours Hours Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours
2030 118 147 118 1.14 113 1.12 1.12 1.1 1.1 1.1 2030 1.18 147 1.16 1.14 113 1.12 112 1.1 1.1 11
2040 121 1.10 117 1.16 115 1.14 113 112 111 1.11 2040 1.23 1.21 12 1.18 117 1.16 1.15 1.14 1.13 1.12
2050 122 1.2 118 117 115 115 1.14 1.13 112 1.11 2050 1.29 1.26 1.24 1.22 12 1.19 1.18 117 1.16 1.15
2060 123 1.21 12 118 117 1.16 115 1.14 1.13 1.12 2060 1.35 1.32 13 1.27 125 1.23 1.22 1.2 1.19 1.18
2070 124 1.22 1.2 1.8 117 1.18 115 1.14 113 1.12 2070 1.42 1.38 1.35 1.32 1.29 1.28 1.26 1.24 1.22 1.21
2000 123 1.2 2 1.18 117 1.16 1.15 1.14 1.14 1.12 2080 15 1.45 142 1.38 1.35 1.33 13 1.28 1.26 1.25
2080 123 121 1.2 198 117 116 116 L4 113 112 2090 159 153 149 144 14 138 135 133 13 1.29
2100 122 1.2 e 17 116 115 114 113 112 112 2100 166 159 1.55 15 1.45 1.42 139 137 1.34 1.32
SSP2-4.5 3SPS-8.5
<1 1.5 2 3 45 6 9 12 18 >24 <1 15 2 3 45 6 9 12 18 >24
Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours Year how Hours Hours Hours Hours Hours Hours Hours Hours Hours
2030 1.18 147 1.16 1.14 113 112 1.12 i 11 1.1 2000 1.2 118 1147 116 114 1.13 1.13 112 m .1
2040 1.22 1.2 1.19 117 1.16 115 1,14 113 1.12 1.12 2040 126 1.24 122 12 118 117 118 115 1.4 1.4
2050 1.27 1.24 123 1.21 1.19 1.18 1.17 1.16 1.16 1.14 2050 1.4 13 129 126 124 1.2 .21 1.2 1.18 1.18
2060 1.3 1.27 125 123 1.21 1.2 1.19 1.18 1.16 1.16 2060 1.42 158 135 1.32 129 1.28 128 124 1.22 1.1
2070 133 13 1.28 126 1.24 122 121 119 1.18 117 2070 152 147 143 1.4 138 1.34 131 129 1.27 1.28
2080 1.37 1.33 1.31 1.28 1.28 1.24 1.22 121 12 1.19 2000 1.63 1.57 152 1.48 1.43 1.4 137 135 1.3 1.01
200 WA W8 188 181 8 U128, T 18 A A2 2000 177 189 164 158 152 140 145 142 139 137
2100 141 1.37 1.35 1.32 1.29 127 126 1.24 1.22 1.21 2100 1.84 177 171 164 158 154 15 147 1.43 1.41
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CERTAINTY What is the official guidance from the BoM? ARR 2024

& SSP2-4.5 SSP3-7.0
<1 1.5 2 3 4.5 6 9 12 18 >24 <1 1.5 2 3 4.5 6 9 12 18 >24
U N C E RTA I N TY Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours
2030 1.18 1147 1.16 1.14 1.13 112 1.12 11 11 1.1 2030 1.18 117 1.16 1.14 1.13 112 1.12 1.1 11 11
2040 122 1.2 1.19 117 1.16 115 1.14 1.13 1.12 1.12 2040 123 121 12 1.18 1.17 1.18 1.15 1.14 1.13 1.12
2050 1.27 1.24 1.23 1.21 1.19 1.18 117 1.16 1.15 1.14 2050 1.29 1.26 1.24 1.22 1.2 1.19 1.18 1.17 1.16 1.15
2060 1.3 1.27 125 1,23 1.21 1.2 1.19 1.18 1.16 1.16 2060 1.35 1.32 1.3 1.27 125 1.23 1.22 1.2 1.19 1.18
2070 1.33 1.3 1.28 1.26 1.24 122 121 119 1.18 197 2070 142 138 1.35 1.32 1.29 1.28 1.26 1.24 1.22 1.21
2080 1.37 1.33 1.31 1.28 1.26 124 1.22 121 12 1.19 2080 1.5 1.45 1.42 1,38 1.35 1.33 1.3 1.28 1.26 1.25
2090 14 136 134 131 128 126 124 123 12 1.2 2090 159 153 149 144 14 138 135 133 1.3 1.29
2100 141 137 135 132 129 127 125 124 122 121 2100 166 159  1.55 15 145 142 133 137 134 1.32
Oct 2025 29
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CERTAINTY What is the official guidance from the BoM? ARR 2024
& SSP2-4.5 SSP3-7.0

<1 1.5 2 3 4.5 6 9 12 18 >24 <1 1.5 2 3 4.5 6 9 12 18 >24
U N C E RTA I N TY Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours
2030 1.18 1147 1.16 1.14 1.13 112 1.12 11 11 1.1 2030 1.18 117 1.16 1.14 1.13 112 1.12 1.1 11 11
2040 122 1.2 1.19 117 1.16 115 1.14 1.13 1.12 1.12 2040 123 121 1.2 1.18 1.17 1.18 1.15 1.14 1.13 1.12
2050 1.27 1.24 1.23 1.21 1.19 1.18 117 1.16 1.15 1.14 2050 1.29 1.26 1.24 1.22 1.2 1.19 1.18 1.17 1.16 1.15
2060 1.3 1.27 125 123 1.21 1.2 1.19 1.18 1.16 1.16 2060 1.35 1.32 1.3 1.27 125 1.23 1.22 1.2 1.19 1.18
2070 1.33 1.3 1.28 1.26 1.24 122 121 119 1.18 197 2070 142 138 1.35 1.32 1.29 1.28 1.26 1.24 1.22 1.21
2080 1.37 1.33 1.31 1.28 1.26 124 1.22 121 12 1.19 2080 1.5 1.45 1.42 1,38 1.35 1.33 1.3 1.28 1.26 1.25
2090 14 136 134 131 128 126 124 123 12 1.2 2090 159 153 149 144 14 138 135 133 1.3 1.29
2100 1.41 1.37 1.35 1.32 1.28 127 1.25 1.24 1.22 1.21 2100 1.66 1.59 1.55 15 1.45 1.42 1.39 1.37 1.34 1.32

Oct 2025 30
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CERTAINTY What is the official guidance from the BoM? ARR 2024
& SSP2-4.5 SSP3-7.0

<1 1.5 2 3 45 6 e 12 18 >24 <1 1.5 2 3 4.5 ] 9 12 18 >24
U N C E RTA I N TY Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours Year hour Hours Hours Hours Hours Hours Hours Hours Hours Hours
2030 1.18  1.17 116 1.14 1.13 112 112 11 1.1 1.1 2030 118 117 116 114 1.13 112 112 1.1 1.1 1.1
2040 1.22 1.2 119 117 1.16 115 1,14 1.13 1.12 1.12 2040 123 121 12 1.18 1.17 116 1.15 1.14 1.13 1.12
2050 127 124 123 121 119 118 117 116 1.15 1.14 2050 1.29 1.26 124 122 1.2 119 118 1.17 1.16 1.15
2060 1.3 1.27 125 1,23 1.21 1.2 1,19 1.18 1.16 1.16 2060 1.35 1.32 1.3 1.27 125 1.23 1.22 1.2 1.19 1.18
2070 1.33 1.3 1.28 126 1.24 122 121 119 1.18 197 2070 142 138 1.35 1.32 1.29 1.28 1.26 1.24 1.22 1.21
2080 1.37 1.23 1.31 1.28 1.28 124 122 1.21 1.2 1.19 2080 1.5 1.45 1.42 1,38 1.35 1.33 13 1.28 1.26 1.25
2090 14 136 134 131 128 126 124 123 12 1.2 2090 159 153 149 144 14 138 135 133 1.3 1.29
2100 141 137 135 132 129 127 128 124 12 12 2100 166 159 155 15 145 142 139 137 134 132

2050 2050

1lhour 1%AEP = 76mm 48hour 1%AEP = 397mm
SSP2-4.5 (x1.27) =97mm SSP2-4.5 (x1.14) = 452mm
SSP3-7.0 (x1.29) = 98mm SSP3-7.0 (x1.15) = 456mm

2100 2100

lhour 1%AEP = 76mm 48hour 1%AEP = 397mm

SSP2-4.5 (x1.41) = 107mm SSP2-4.5 (x1.21) = 480mm

SSP3-7.0 (x1.66) = 126mm SSP3-7.0 (x1.32) =524mm

Oct 2025 31
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KEY GAPS

Acclimoatised

Key gaps in climate change guidance

e Regional scale modeling to improve climate change impact estimates
* Higher-resolution modeling (sub-hourly and sub-1km) over important
regions to improve flash-flooding estimates
e Catchment scale?
e City scale?
*  Which population centers across Australia?
* What kinds of collaborations?
* Governance
* What should the update cycles for ARR be?
* Document risk-appetite vs financial-costs for your regions
* What are rate-payers willing to buy!
* Science
* Which areas/event-types have the lowest confidence?
e Guidance
 Communities of practice that document useful climate change
guidance and tools, how to use them, and what is working
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THANK YOU

Dr Tom Remenyi | tom@acclimatised.com.au
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CERTAINTY What is the official guidance from the BoM? ARR 2024

& Table 1.6.1. Recommended rates of change (a) and associated uncertainty derived in Wasko "‘.:-3 et g
et al. (2024), presented per degree global temperature change (%/°C). The factors in this S N v
U N C E RTAI N TY table are applicable for exceedance probabilities from 1EY up to and including the PMP and

are designed for application across mainland Australia and Tasmania.

>1 hrand <24 hr 224 hr

Central (median) estimate Interpolation zone (see
(%/°C) Table 1.6.5)

E‘Likely' range (corresponding to| 7-28 | 2-15
y ~66%? range) (%/°C)

EConsistent with terminology used by the IPCC the 66% range corresponds to an uncertainty range of +/- 33%.

15

Table 1.6.2. Global mean surface temperature projections (AT) for four socio-economic
pathways relative to 1961-1990. The 90% uncertainty interval is provided in parentheses?®

SSP3-7.0 SSP5-8.5

 Temperature change varies across the country.
 We have the data, we should use it.

= , : : , : ; : T
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ANNUAL RAINFALL CHANGES

WHAT DO WE KNOW ABOUT RAINFALL CHANGES

WHAT DON’T WE KNOW ABOUT RAINFALL CHANGES

Acclimoaotised
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Figure 1: Observed Figure 3: Projected mean Figure 4: Projected Growing Season Raintall (October o April)
mean Growing Season Rainfall Growing Season Rainfall
3 »2'C »3'C e

1972007 20012040

Warmer months

* A bit more rain

* |n more intense
storms

FUTURE
CLIMATE
CHANGE

October 1o Aprll Raintal (mm)

Grrowing Year (July 1o June)

Figure 5: Projected Non-Growing Season Rainfall (May to September)
»1°C »2*C »3°C »C

200 408 w0 W0

Cooler months
* Less rain
e Slightly drier

Figure 2: Observed change In

RAINFALL "'""'i"‘.’::'y‘:j:':ﬁr: ':nlnrnll

May 1o Septomber Rantal (mm)

000 P e
Casendar Yoar (January 10 Decermber)

Annual rainfall is not expected to change much.

00 M0 We Mw
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Pitt Water Coal
Event durations at the seasonal timescale from 1900 to 2020 (observations)

FUTURE - P s QDES-SILO
CLIMATE
CHANGE

Dry =drier than the 20th percentile;
Wet = wetter than the 80th percentile. . Baseline Period

-

(9))

o
'

I

g VIR

1900 1950 2000
Date

Class - Dry . Wet

Before 1950 : More longer wet periods
After 1990 : More dry periods %

DROUGHT

Event length (days)
g 8

| ,II,“JI
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FUTURE
CLIMATE
CHANGE

DROUGHT

Acclimoatised

Event length (days)

Pitt Water Coal
Event durations at the seasonal timescale from 1961 to 2100

91-day rolling average ACCESS1-0
Event thresholds:
200~ Dry =drier than the 20th percentile; Wet = wetter than the 80th percentile.

X | .l ‘ | 1 : ‘ Iy l I Yy b
o ‘.“J.LSK.UI.}MA. okl L MI;M, b, ol L o st L L.Jt

CNRM-CMS

Baseline Period

L Lh‘ll llul L IHIHH uil

GFDL-ESM2M

4 lLu”:”i b Al 1 e

o

50: ItJH iLJ lul AL ’L .)I ! aJII}n;Ji.}'li |I1‘| Ll‘ll.hj ‘ h u ‘& ﬂ }j ‘.xjii“- “II‘J

HadGEM2

QO
o O
Rt )

- ol L Jll‘”.[l Lot ux.iml“ul “wllu:ul Il 'll Lﬁ.

MIROCS

== | | |
sl Jh.la.m‘l | bt ).;.'l.n.i.L‘.lu.ml Uk 00 e e

NorESM1-M

04 |JLI_JIJ| A

. J|u|” ill I.H.Lllla] lk[ A |IJJ |l HHL .1* fJ.\H 1” lid 51

2000 2050 2100
Date

Class . Dry . Wet

All 6 models show
long dry periods
will be common.

Indicates longer
more intense
droughts.

However, long wet
periods will also be
common.
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FUTURE
CLIMATE
CHANGE

DROUGHT

Acclimoatised

Event length (years)

Pitt Water Coal

Event durations at the 5-yearly timescale from 1961 to 2100
1831-day rolling average ACCESS1-0
Event thresholds:
Dry =drier than the 20th percentile; Wet = wetter than the 80th percentile.
\
\ |
' !
i ‘ L L ‘

CNRM-CM5
Baseline Period

GFDL-ESM2M

HadGEM2

MIROCS

=3 \

NorESM1-M

2000 2050
Date

Class [l oy i wet

2100

All 6 models show
long dry periods
will be common.

Indicates longer
more intense
droughts.

However, long wet
periods will also be
common.
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Pitt Water Coal
Classification of 5-yearly periods from 1961 to 2100

1831-day rolling average ACCESS1-0
_Event thresholds:

0'32 Dry =drier than the 20th percentile; Wet = wetter than the 80th percentile.
000 |l il _— A All 6 ensemble
F U T U R E 0 ;r i m WN'I““““,‘ 'l!@']l"l!il.'ﬂ' """‘””'“H“‘”"V "ll“'!r* LA o “Ql['”“f]l"" L. Al Add -
0.50 ' members show
CLIMATE CNRM-CMS long dry periods
0.50 - . Baseline Period : .
02s- | - will be common.
C H A N G E ::?’j - -nﬂw""“""“w,:w;r VTV Y W —" "lqn,lu”[n:w!ll, I
0.50~ .
PR Indlcajces longer
= 0s0- more intense
DRY (DROUGHT) E B |k e I — droughts.
§ .025 e . A A G B e e A
VS E -050-
2 HadGEM2 H
< owever, long wet
WET (FLOOD) K% BN lg X
Fo i dhdbi. s s, F— Y periods will also be
7 02s- ;. v | common.
0.50-
MIROCS
0.50 - ‘
((')lf\; : (P A _lﬂ I Iinhukﬂ (W VT - Y
et Lo ~y haalil, b AR L
0.50-
NorESM1-M
0.50- :
o= e ame e actetinin_th ik o dllle  —
L |_v" TR -~ v nr v W 7
0.25
e 2000 2050 2100
Date
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WHY TRUST CLIMATE SCIENCE
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PALEO-CLIMATE

Current

Carbon dioxide Temperature and CO, from Antarctic ice cores 5%
over the past 800,000 years 1
1! |- 350
e Can change naturally ]
: : | 1300
e Humans have increased CO, concentration, ppmv '
it much more and much L 28 .
~
faster than natural 200 T
/ ~
processes l ' | ' T ' I 7 1 T~ o
800,000 600,000 400,000 200,000 / 0 S~
Years before present ! ~
400 : . , ; S
2ED The Industrial Revolution Has
: " Caused A Dramatic Rise in
* Why does this matter? ™ s SImCO,
——————— et

1000 1200 1400 1600 1800 2000
Year (AD)
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PALEO-CLIMATE

Y% 425 Current

Carbon dioxide (COZ) Temperature and CO, from Antarctic ice cores [ 400
over the past 800,000 years g
: : ! {350
* Strong relationship Al
with temperature | [ 300
CO, concentration, ppmv L
* CO, is very high, so ik
planet will warm a lot 200
4 — =2
0= Antarctic temperature, °C — 150
-4 —
-8 —
sy ' I ' I ' l ' 1
800,000 600,000 400,000 200,000 0

Years before present
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HISTORICAL-CLIMATE (OBSERVED)

Temperature

* Is the planet warming?

* YES

e Records from 1850 to
present show warming
trend everywhere on
earth.

e Rate of warming is
increasing

Mapping changes in temperature: every year from 1850 to 2023

Bttt bttty

110

Each oval is a map of the

| Earth, showing the annual

average temperature for
each year

Acclimoaotised
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WHAT IS A CLIMATIC CHANGE

T 1 N

increase in mean and variance

T T

baseline
climate —

much more hot
and very hot

=
=
o
c
©
8
v
o
o 20f weather
. © less cold
Some cold conditions B weather ’ Unprecedented hot
go extinct £ future conditions
€ 10 climate
* Snow lines go uphill % e Max daily
O
« Alpine areas > temperatures
become subalpine 0 N— * Heatwaves
P 0 10 20 30 40

daily maximum temperature ("C)
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With simulations you can test
what happens when:

HOW CLIMATE MODELS WORK

| Each term in this cartoon |

Solar

| represents 10s to 100s & radiation
of equations jEanc cano Ry

Terrestrial
radiation

Human
contributions
and responses |,

Water
we switch off the sun? i

Atmosphere- EV&I_)O(&UOFI
we have 100x more volcanoes?  iceinteraction  precipitation

Heat
) I exchaange
we remove all vegetation?
ozone (03) changes?
carbon dioxide (CO2) changes? Land-use/land-cover change | Land surface
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HOW CLIMATE MODELS WORK

Science has tested lots of things. Separating Human and Natural Influences on Climate

2.0

We know what happens when: —___ Observations

Natural and Human Factors
Natural Factors Only

15
e Humans DON’T change greenhouse gases

* The climate stays does not change

 Does not match observations

 Humans DO change greenhouse gases

* We start warming the planet

Global Temperature Change (°F)
(=]
(4]

 This matches observations

1900 1920 1940 1960 1980 2000

Year
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Emissions from fossil fuels

CLIMATE CHANGE IS REAL.

ITS CAUSED BY HUMANS BURNING FOSSIL FUELS.

Data: (,JL)I/»\'LJ‘. 'GCP/IPCC/Fuss et al 2014

-
o
(@)

0]
(@]

and cement (GtCO,/yr)
()]
o

| Scenario categories

= >1000 ppm CO2zeq
720-1000 ppm
580-720 ppm
480-580 ppm

“s 430480 ppm

— RCP6
2016 Estimate 2.0~3.7°C
40 .
20 o™ RCP4 ¢
f1 % - 4 4 %)
0 . RCP2.6
net-negative global emissions 0.9-2.3°C
-20 : . : : .
1980 2000 2020 2040 2060 2080 2100

Global average surface temperature change

: e historical
[ = RCP26
| === RCP8.5

2000

2050

2100

Mean over
2081-2100

RCP8.5 I

]

i
RCP4.5
RCP6.0

RCP2.6
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WHAT ARE THE INVESTORS
SAYING?

TR T N SN A DAY TR TV TTME 00RO S e
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WHAT ARE THE INVESTORS AND INSURERS SAYING?

—____

2007-2009 2009-2011 2011-2014 2014-2017 2017-2023
Global Financial Financial Stability FSB recommendations for FSB established the TCFD recommendations to investors
Crisis Board (FSB) improved lending practices Taskforce on (successful)
Established (successful) Climate-related
Financial Investors start considering climate change risk
Identifies key risks: Lobbies national governments Disclosures Start changing the types of enterprises they support
* Poor Lending to implement climate change (TCFD)
Practices policies

* Climate Change (unsuccessful) Follow the money

Decide to influence
where investors are
putting their money
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WHAT ARE THE INVESTORS AND INSURERS SAYING?

“The market believes climate
change is real and that humans
are causing it by burning fossil

fuels.”
A TCFD, June 2017

i Climate deniers’ opinions are no
longer relevant

' In fact, they become destructive to
' business success '

_________________________________________

Michael Bloomberg
(Bloomberg)

Final Report

Recommendations of
the Task Force
on Climate-related

Financial Disclosures

Mark Carney
(Bank of England)

Acclimoaotised
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WHAT ARE THE INVESTORS AND INSURERS SAYING?

“...company directors who fail to properly consider
and disclose foreseeable climate-related risks to

their business could be held personally liable...”
E Geoff Summerhayes, APRA, 2017

___________________________________________
I

i Executive level (directors, C-suite)

now can be sued personally for not

i understanding and telling investors
about climate related risk.

___________________________________________
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