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The ocean has absorbed 93% of excess heat
due to fossil fuel emissions.
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665 Billion Tons of Ice Melt Each Year
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Mountain Glaciers lost 10 trillion tons of ice
since 1961, raising sea level 3 cm.
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Greenland faces a 66% chance that melting
will become unstoppable at 1.8°C

Ice loss, Gigatons

5 May 2002: 0
Average Mass Loss:

@ 281 Gigatons/year
S -1000

©

2

e

0 —-2000

2]

o

=

& -3000

©

=

-3748— Aug 2016: -37430

2002 2004 2006 2008 2010 2012 2014 2016

08-2016

Greenland Ice Loss
(meters water equivalent relative to 2002)

-4 3 2 1 U 0.5

Trusel, et al., 2018 Nonlinear rise in Greenland runoff in response to post-industrial Arctic warming, 104, Nature, v564, 6 December: https://doi.org/10.1038/s41586-018-0752-4



Antarctic ice melt has Is this a long-term

ctripled over the past accelerating trend, or 1s this
five yeE ars’ short term variability?

GRACE Observations of Antarctic Ice Mass Changes A"*"‘ "‘o.“ :
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* The Antarctic ice sheet remains the largest
single source of uncertainty in projections of
future sea-level rise.

* Major adaptation projects require long lead
times.

e Atoll communities cannot wait for Antarctic
science to clear up.
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Ice sheet contributions to future sea-level rise from

structured expert judgment
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Despite considerable in process ing, numer-
ical modeling, and the cbservational record of ice sheet contribu-
tions to global mean sea-level rise (SLR) since the Fifth Assessment
Report (ARS) of the Intergavernmental Panel on Climate Change,
severe |imitations remain in the predictive capal of ice sheet
models. As a consequence, the potential contributions of ice sheets
remain the largest source of uncertainty in projecting future SLR.
Here, we report the findings of a structured expert judgement study,
using unique techniques for modeling correlations between inter-
and intra-ice sheet processes and their tail dependences. We find
that since the AR5, expert uncertainty has grown, in particular be-
cause of uncertain ice dynamic effects. For a +2 °C temperature
scenario consistent with the Paris Agreement, we obtain a median
estimate of a 26 cm SLR contribution by 2100, with a 95th percentile
value of 81 cm. For a +5 °C temperature scenario more consistent
with unchecked emissions growth, the corresponding values are 51
and 178 cm, respectively. Indusion of thermal expansion and glacier
contributions results in a global total SLR estimate that exceeds 2 m
at the 95th percentile. Our findings support the use of scenarios of
21st century global total SLR exceeding 2 m for planning purposes.
Beyond 2100, uncertainty and projected SLR increase rapidly. The
95th percentile ice sheet contribution by 2200, for the +5 °C scenario,
is 7.5 m as a result of instabilities coming into play in both \West and
East Antarctica. Introducing process correlations and tail depen-
dences increases estimates by roughly 15%.

sea-level rise | climate predictians | ice shests | Greenland | Antarctica

lobal mean sea-level rise (SLR), which during the last

quarter century has occurred at an accelerating rate (1),
averaging about +3 mmy ', threatens coastal communities and
ecosystems worldwide. Adaptation measures accounting for the
changing hazard, including building or raising permanent or
movahle structures such as surge barriers and sea walls, en-
hancing nature-based defenses such as wetlands, and selective
retreat of populations and facilities from areas threatened by
episodic flooding or permanent inundation, are being planned or
implemented in several countries. Risk assessment for such ad-
aptation efforts requires projections of future SLR, including
careful characterization and evaluation of uncertainties (2) and
regional projections that account for ocean dynamics, gravita-
tional and rotational effects, and vertical land motion (3). During
the nearly 40 y since the first modern, scientific assessments of
SLR, understanding of the various causes of this rise has ad-
vanced substantially. Improvements during the past decade in-
clude closing the historic sea-level budget, attributing global
mean SLR to human activities, confirming acceleration of SLR
since the nineteenth century and during the satellite altimetry
era, and developing analytical frameworks for estimating re-
gional and local mean sea level and extreme water level changes.
Nonetheless, long-term SLR projections remain acutely un-

sheets and their responses to furure global climate change. This
limitation is especially troubling, given that the ice sheet influ-
ence on SLR has been increasing since the 1990s (4) and has
overtaken mountain glaciers to become the largest barystatic
(mass) contribution to SLR (5). In addition, for any given future
climate scenario, the ice sheets constitute the component with
the largest uncertainties by a substantial margin, especially be-
yond 2050 (6).

Advances since the Fifth Assessment Report (ARS) of the In-
tergovernmental Panel on Climate Change (7) include improved
process understanding and representation in deterministic ice sheet
models (8, 9), probabilistic projections calibrated against these
models and the observational record (100, and new semiempirical
models, based on the historical relationship berween temperature
and sea-level changes. Each of these approaches has limitations
that stem from factors including poorly understond processes,
poorly constrained boundary conditions, and a short (~25 y) sat-
ellite observation record of ice sheets that does not capture the time
scales of internal variability in the ice sheet climate system. As a
consequence, it is unclear to what extent recent observed ice sheet
changes (11) are a result of internal variability (ice sheet weather)
or external forcing (ice sheet climate).

Significance

Future sea level rise (SLR) poses serious threats to the viability of
coastal communities, but continues to be challenging to project
using deterministic ling approaches. adapta-
tion strategies urgently require guantification of future SLR
uncertainties, particularly upper-end estimates. Structured ex-
pert judgement (SEJ) has proved a valuable approach for similar
problems. Our findings, using SEJ, produce probability distribu-
tions with long upper tails that are influenced by interdepen-
dencies between processes and ice sheets. We find that a global
total SLR exceeding 2 m by 2100 lies within the 80% uncertainty
bounds for a high emission scenario. This is more than twice the
upper value put forward by the Intergovernmental Panel on
Climate Change in the Fifth Assessment Report.
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A survey of global experts
found a 10% chance of sea

level exceeding 2 m by 2100.

On our current emissions
path, sea level will exceed 7.5

m by 2200 and 9.7 m by 2300.

If every 10% airplane crashed
into the sea, you would decide
to never fly.

0% probability 1s a
compelling reason to make a
no regrets decision to save a

nation.

J. L. Bamber, et al. (2019 Ice sheet contributions to future sea-level rise from structured expert judgment. Proceedings of the National Academy of Sciences, May 20,
2019; DOI: 10.1073/pnas.1817205116
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Climate-change-driven accelerated sea-
level rise detected in the altimeter era
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Significance

Satellite altimetry has shown that global mean sea level has been rising at a rate of -3 +
0.4 mm/y since 1993. Using the altimeter record coupled with careful consideration of
interannual and decadal variability as well as potential instrument errors, we show that this
rate is accelerating at 0.084 + 0.025 mm/y?, which agrees well with climate model
projections. If sea level continues to change at this rate and acceleration, sea-level rise by
2100 {~65 cm) will be more than double the amount if the rate was constant at 3 mm/y.

Abstract

Using a 25-y time series of precision satellite altimeter data from TOPEX/Poseidon, Jason-
1, Jason-2, and Jason-3, we estimate the climate-change—driven acceleration of global
mean sea level over the last 25 y to be 0.084 = 0.025 mm/y2. Coupled with the average
climate-change—driven rate of sea level rise over these same 25 y of 2.9 mm/y. simple
extrapolation of the quadratic implies global mean sea level could rise 65 + 12 cm by 2100
compared with 2005, roughly in agreement with the Intergovernmental Panel on Climate
Change (IPCC) 5th Assessment Report (AR5) model projections.

sealevel  acceleration  climate change  satellite altimetry

Satellite altimeter data collected since 1993 have measured a rise in global mean sea level

Sea Level Rise has
Accelerated

AVERAGE GLOBAL SEA LEVEL RISE
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Persistent acceleration in global sea-level rise

since the 1960s

Sonke Dangendorf ©'2*, Carling Hay®, Francisco M. Calafat ©4, Marta Marcos %,
Christopher G. Piecuch®, Kevin Berk’ and Jiirgen Jensen'

Previous studies reconstructed twentieth-century global mean sea level (GMSL) from sparse tide-gauge records to understand
whether the recent high rates obtained from satellite altimetry are part of a longer-term acceleration. However, these analyses
used techniques that can only accurately capture either the trend or the variability in GMSL, but not both. Here we present an
improved hybrid sea-level reconstruction during 1900-2015 that combines previous techniques at time scales where they per-
form best. We find a persistent acceleration in GMSL since the 1960s and demonstrate that this is largely (-76%) associated
with sea-level changes in the Indo-Pacific and South Atlantic. We show that the initiation of the acceleration in the 1960s is
tightly linked to an intensification and a basin-scale equatorward shift of Southern Hemispheric westerlies, leading to increased
ocean heat uptake, and hence greater rates of GMSL rise, through changes in the circulation of the Southern Ocean.

level changes is of paramount importance, as they reflect
both natural and anthropogenic changes occurring in the
Earth’s climate system (through changes in land-ice and ocean heat
uptake) and affect the livelihood of hundreds of millions of people
in the world’s coastal regions. Satellite altimetry shows that GMSL
has been rising at an average rate of about 3.1 0.3mm yr™* since
1993, whereas complementary observations from profiling floats
(observing density changes in the upper 2,000 m of the ocean) and
gravimetric satellites (measuring mass changes from space) have
enabled the attribution of the GMSL signal to its density and mass
contributions with an accuracy of ~0.3mm yr ' since about 2005
(ref. '), Recent altimetry-based studies also report that the pace of
GMSL has been accelerating since 1993 (refs. '), which is consistent
with independent estimates of increasing mass contributions from
Greenland and Antarctica over the last two decades”, However,
when this acceleration started and what processes contributed the
most to it remains unclear, as satellite altimetry only covers the
short period since 1993, A complementary source of sea-level infor-
mation comes from the network of tide gauges. Although confined
to the coast and containing data gaps, tide-gauge records in some
places date back to the Industrial Revolution, Synthesizing the tide-
gauge record with satellite altimetry requires statistical techniques
that allow for sparse data coverage and the treatment of systematic
differences between the two observing systems
Several approaches have been developed to reconstruct the geom -
etry of past sea-level change with similar spatial coverage as satellite
altimetry and spanning the same period as the tide-gauge record™
These can roughly be divided into two types of approaches:
probabilistic techniques based on the Kalman Smoother (KS) or
Gaussian Process Regression'', which fit known spatial patterns
of individual sea-level contributors”, also known as fingerprints,
to tide-gauge records, and Reduced Space Optimal Interpolation
(RSOT) techniques, which reconstruct the temporal amplitudes of
a truncated set of empirical orthogonal functions (EOFs) calculated

U nderstanding twentieth-century global and regional sea-

Dangendorf, S. et al. (2019) Persistent acceleration in global sea-level rise since the 1960s, Nature Climate Change: http:

from satellite altimetry using tide-gauge data . Probabilistic
techniques provide robust and smooth reconstructions of long-

term changes in sea level (including more realistic modelling of

uncertainties) even if only a few tide gauges are available” ", but
in their current set-up they fail in realistically reconstructing the
interannual variability’". RSOI reconstructions, on the other hand,
are generally capable of reconstructing interannual to decadal sea-
level changes™*, although they have their limitations in accurately
estimating long-term trends’, Consequently, while both groups
of techniques have their individual advantages, neither is (as cur-
rently configured) able to reconstruct the full spectrum of global
and regional sea-level change'. This conundrum contributes to
the large differences between individual reconstructions before the
19705 and therefore hampers placing the recent acceleration into
the historical context of the twentieth century.

Our aim here is to combine low-frequency sea-level informa-
tion from the KS" with high-frequency information from RSOI
reconstructions to generate a hybrid reconstruction (HR) of global
and regional sea-level during 1900-2015, which uses the tech-
niques only at those time scales where they perform best. This is
achieved by taking the low-frequency signal of the KS reconstruc-
tion (smoothed with a cut-off period of 15 years) at individual sites
as a trend correction for each tide-gauge record. The residuals (with
spectral power remaining at periods below 15 years) are then used
in an iterative RSOI reconstruction with similarly detrended satel-
lite altimetry data (see also Supplementary Fig. 1). The latter step
also includes a gap-filling algorithm based on stepwise regression
models with surface wind stress, sea-level pressure (SLP), sea sur-
face temperature (SST), and neighbouring sites as predictors for
minimizing gap-induced biases in the RSOI reconstruction (see
Methods). Combining the low-frequency KS field with the high-fre-
quency residual RSOI reconstruction provides a novel HR includ-
ing high latitudes in the Arctic Ocean and around Antarctica, The
HR of GMSL presented is based on the assimilation of 479 carefully
selected tide-gauge records (see Methods).

Sea Level Rise has
been accelerating
since the 1960°s

GMSL anomaly (mm)

-40

-120

== HR + 1s.e.m. Cl
== Adjusted AVISO Watson GIA

Rate of acceleration
~61 cm by 2100

1920

1940 1960

Year

1980 2000

dx.doi.org/10.1038/s41558-019-0531-8. R. S. Nerem el al., "Climate-

change—dtiven accelerated sea-level rise detected in the altimeter era," PNAS (2018). www.pnas.org/cgi/doi/10.1073/pnas.1717312115
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Present rates of melting and thermal
expansion add up to 1 m by 2100

oo — e -
2 . E
. % = 0.8m
=400 g
Antarctic ice loss Greenland ice loss Mountain glacier

ice loss

08m + N = 1 m by 2100

Thermal expansion
This only reflects past and current warming, We are still emitting

GHG's and there is more warming to come.
E. Rignot (2019) pers. comm.: http://sites.nationalacademies.org/SSB/SSB_191179



Hawai‘i 1s not waiting for further proof
that SLR threatens our communities.
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Project Life

SLR Scenario Planning

decision-making under conditions of uncertainty
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SLR Flooding: Nuisance and Permanent

Sea
level
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High tide
tflooding 1s
occurring with
greater
trequency

Storm Drain
Backflow




At high tide the

water table 1s

only 60 cm
below the
oground surface

in Waikiki

Groundwater
Inundation




W[y re—
LLINGHAN

wtntrmet AL sir N asin




Coastal Erosion and Beach Loss




Department of
Transportation

* 140 miles

* 120 bridges

* 10-15% all roads
* $15B total



Model targets per IPCC AR5

Global mean sea level rise IPCC AR5

1.0 T T
- Mean over
E 2081-2100
081
- 2.0 ft'
F (0.5991 m) -
06 )
€ 1
W
0.4 8
- O
o
[ 0 =
A g &
02} R ©
5 O
o
ool "% , ,
2000 2020 2040 2060 2080 2100

Year

Figure 1. Projected GMSL rise under different greenhouse gas emissions scenarios from the IPCC ARS Report.
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Abstract

Wi

Planning community resilience to sea level rise (SLR) requires
information about where, when, and how SLR hazards will impact the
coastal zone. We augment passive flood mapping (the so-called
“bathtub” approach) by simulating physical processes posing recurrent
threats to coastal infrastructure, communities, and ecosystems in
Hawai'i (including tidally-forced direct marine and groundwater
flooding, seasonal wave inundation, and chronic coastal erosion). We
find that the “bathtub” approach, alone, ignores 35-54 percent of the
total land area exposed to one or more of these hazards, depending on
location and SLR scenario. We conclude that modeling dynamic
processes, including waves and erosion, is essential to robust SLR

vulnerability assessment. Results also indicate that as sea level rises,
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HAWAII NEWS

Honolulu Climate Change Commission
holds first meeting

By Gordon Y.K. Pang ~ Feb. 8, 2018 DN @2 &8

DENNIS ODA/ DODA@STARADVERTISER.COM

Shown at the first meeting of the Climate Change Commission at Honolulu Hale on Wednesday are Chairwoman Makena
Coffman, left, corporation counsel Courtney K. Sue-Ako, Victoria Keener and Bettina Mehnert. Not pictured but also on the
committee are Rosanna Alegado and Vice Chairman Charles “Chip” Fletcher.



City and County of Honolulu Office of Climate Change, Sustainability and Resiliency

e Climate Change Commission
Guidance and Publications

Below are links to the Climate Change Commission reports, guidance, research papers, and

GUIDANCE AND related ol
PUBLICATIONS

CLIMATE CHANGE BRIEF SEA LEVEL RISE GUIDANCE

and global impacts of climate change Hawai'i Sea Level Rise Vulnerability

as documented by the peer-reviewed and Adaptation Report (2017), Sweet
scientific literature and credible et al. (2017), USGCRP (2017), Sweet
empirical data sources. It provides a et al. (2018), and other scientific
benchmark for the commission, literature to provide specific policy and
attesting to the Climate Change planning guidance on responding to
Commission’s concerns, underpinning sea level rise by the City.

the Commission’s decisions and

recommendations, and serving to
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Honolulu mayor says 0ahu must prepare for 3-foot sea
level rise by mid-century

PLAN FOR:

* 3.2 ft of SLR by end of
century

High tide flooding in the

3.2 ft SLR-XA by mid-
century

6 ft of SLR for projects

| with low tolerance for
By Austin Westfall | July 17, 2018 at 8:43 PM HST - Updated September 19 at 6:46 PM

L]
HONOLULU (HawaiiNewsNow) - Honolulu Mayor Kirk Caldwell is directing all city departments to rlSk
address, minimize the risks from, and adapt to the impacts of climate change and sea level rise.

-
Honolulu Mayor Kirk Caldwell says the city needs to prepare for rising sea levels. (Image: Barbara Dittrich)

“Climate change is the biggest challenge of our time," Caldwell said in a statement on Facebook on
=] Monday. "Whether it be changing the building code, whether it be looking at allowing more housing to be
built close to the shore, and everything else in between."

The mayor gave the directive in a press conference Monday after receiving sea level rise guidelines from
the the Honolulu Climate Change Commission, which is led by the University of Hawaii.

“The city should be planning for high tide flooding associated with 3.2 feet of sea level rise by mid-
century,” the school said in a news release.

The commission says Oahu is the most vulnerable Hawaiian island when it comes to flood risk. The

report says nearly 4,000 structures on Oahu, most of which are homes or businesses, will be chronically
flooded with the three-foot sea level rise. Furthermore, about 18 miles of the island's coastal roads will

become impassable, jeopardizing access to many communities. I

"And, because of continued high global carbon emissions, take into consideration 6 feet of sea level rise
in later decades of the century, especially for critical infrastructure with long expected lifespans and low-
risk tolerance,” the school said.



PRIMARY URBAN HOME ABOUT RESOURCES CONVERSA
™ CENTER

o Honolulu Sea-Level Rise
“POP_UP S”

UPCOMING EVENTS
Sea Level Rise Pop-Ups (Third Round)

DPP will be out and about in the community in late August and September 2019, with a focus on
climate change and sea level rise impacts for urban Honolulu. Come and learn about the
conditions and forecasts for the area and provide your input on strategies to address this
critical issue!

View the Pop-Up Schedule Flyer!

Pop-Up Schedule

Pop-Up #1: Kamehameha Shopping Center, Times Supermarket
1620 N School Street

Monday, August 26th, 11:00am - 1:00pm

Pop-Up #2: University of Hawai'i, Welcome Back Fair
Campus Center, 2465 Campus Road
Tuesday, August 27th, 9:00am - 1:00pm

Pop-Up #3: Lanakila Multipurpose Senior Center
1640 Lanakila Road
Thursday, August 29th, 8:30am - 11:30am

Pop-Up #4: Pearlridge Center, Farmer's Market
98-1005 Moanalua Road
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It is important to acknowledge the reality of
global efforts to control the climate crisis.



Conventional approaches to mitigating
climate change are not working

* Progress is falling well short ot the Paris Agreement.
e < 1/3 of needed reductions,
* < 1% population in full compliance

* Solutions by sector are geographically and temporally
irregular.

* Solutions must simultaneously
* 1) End carbon emissions,
* 2) Sequester 1 trillion tons of CO,, and
* 3) Adapt to centuries of growing weather disasters.

* Any one of these costs more than we can afford.



Global CO, Emissions

40 Gt -
CO,

20 -

Historical
CO,
Emissions

To stop warming
at 1.5°C, CO, 25%

50% (median)
emissions must 75%

100%

decrease next year

and every year
thereafter.

CO, emissions must
completely end by 2050, and
we must remove CO, from
the air for several centuries.

-20

net-negative global emissions

1.5°C low overshoot (n=44/44)

1900

1950 2000

2050 2100




CO, emissions are rising at record levels

Global Fossil CO, Emissions

40 Gt - .7
CO, 201017 2.7%

+1.0%/yr

Projection 2018
37.1 Gt COs
A 2.7% (1.8%—3.7%)
35 -
2000-10
+3.1%/yr

e N

CO, Emissions rose because energy & climate policy could not overcome economic
growth. The biggest factors pushing emissions down were energy efficiency & renewables,
but they would have to be about three times larger to overcome economic growth.

I1IoIv o uuvuv

+1.1%/yr

http://www.globalcarbonproject.org
25

20 ‘ . . w w w .
1990 1995 2000 2005 2010 2015 18

projected




Emissions Follow World GDP, +130% by 2050
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Price Waterhouse Consultants (PwC) https://www.pwc.com/gx/en/issues/economy/the-world-in-2050.html

Tim Garrett - https://twitter.com/nephologue/status/1051218794679390209 Garrett, T. J.: No way out? The double-bind in seeking global prosperity alongside mitigated climate change, Earth Syst. Dynam., 3, 1-17,
https://doi.org/10.5194/esd-3-1-2012, 2012.
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Last year was the first time since 2001
that growth in renewable power failed
to increase

Global renewable net capacity additions

2000-18 ot
s Net renewable capacity additions: 177
Renewable energy needs to grow by over 300 GW per
year between 2018 and 2030 to reach the goals of the
Paris Agreement,
2000 2002 2004 2006 2008 2010 2012 2014 2016 20

https:/ /www.iea.otg/newsroom/news/2019/may/ renewable-capacity-growth-wotldwide-stalled-in-2018-aftet-two-decades-of-strong-e.html
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World Energy Outlook

‘The gold standard of energy analysis

* Energy demand set to grow >25% by 2040

* Renewables make up only two-thirds of new
capacity

* O1l consumption grows due to rising demand
for petrochemicals, trucking, aviation, energy

* CO, emissions continue to increase to mid-
century

https://www.iea.org/weo/



Outlook — Emissions

B - continue to grow
| o - * Without ambitious climate
Global Energy Outlook 2019: . ' pohcies—global energy
The Next Generation of SR consumption will grow 20—30%
Gnergy £ A or more through 2040 and
e A RO beyond, led largely by fossil fuels.

* This is driven by population and
economic growth in the global
“Fast,” while energy
consumption in the “West”
remains roughly flat.

* The global economy becomes
more energy efficient over time,
though carbon dioxide emissions
continue to grow unless there is
a shift in current policy and
technology trends.

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



Outlook — Emissions
- \ continue to grow

RESOURCES
for the FUTURE

| 5 * Renewable energy grows rapidly,

Global Energy Outlook 2019: . though it primarily adds to, rather

EheA haehal LU than displaces, fossil fuels.

g | B ° Electric vehicles play an important
role in the future of
transportation. But their effect is
to restrain the growth of, rather
than lead to a decline in, global oil

demand over the next two decades

Richard G. Newell, Daniel Raimi, and Gloria Aldana

* In 2018, 23 commercial-scale
catbon capture and storage
(CCS) projects were in operation
or under construction around the
world, capturing 40 million metric
tons of CO2 annually. This is
1/1000” of annual enissions.

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



Outlook — Emissions

RESOURCES
for the FUTURE

- \ continue to grow

Global Energy Outlook 2019: 3 e Under most scenarios,

The Next Generatlon of SRS . .

Energy . PR RN carbon dioxide (CO2)
_ @c..,n,_u.,,..w...R..m.,..,ao;.“.,.n. c emissions from the global
R ) : energy system are on a
path to far exceed
international targets of the
Paris Agreement. CO2
energy-related emissions
grow from 32 billion metric
tons (bmt) in 2015 to as

high as 43 bmt by mid-

century.

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



“Under most scenarios, carbon dioxide (CO,) emissions from the
global energy system are on a path to far exceed international targets of
the Paris Agreement."

bmt
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Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



U.S. Energy Information Administration

Energy Consumption increases to 2040 for all fuels but coal

World energy consumption by energy source Market share roughly unchanged
quadrillion Btu

050 2015
petroleum and other liquids
200 ‘
. coal natural gas
150
renewables
100
50 \/ nuclear
0 I 1

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040



ACCELERATED WARMING

Climate simulations predict that global warming will

rise exponentially if emissions go unchecked. ¢ GlObal Warming iS
Accelerating
* Emissions rising

1.5 °C of warming occurs * Emissions Cleanef

a decade earlier than

projected by the IPCC.

e Decreased ocean
circulation

* Pacific releasing heat
15 (IPO)

A * 1.5°C by 2030

Global warming since 1850-1900 (*C)

1.0 cevverenneneeneeniine e
Nt/ o
, / == Observations * 20 C by 2045
== |PCC projection®
== Climate modelst
Uncertainty range
(10-90%)
0= |

| 1 | 1
2000 2010 2020 2030 2040 2050

*Trend for 2001-15 extended with a constant rate of 0.2 °C per decade,

as per IPCC special report. TTen-year average, 37 climate models for the : :
RCP8.5 scenario (IPCC Fifth Assessment, 2014), Xu, Y. etal. (2018) Global warming will happen

onature faster than we think, Nature, v. 564, Dec. 6



Emissions from fossil fuels

Data: CDIAQ/GCP/IPCC/FUSS et al 2014
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Heat waves every summer, uncontrollable
wildfire, and a refugee crisis that is not going
away: the industrialized nations are waking up

to the reality of Climate Change.

Because their own needs are enormous, soon
they will realize they cannot afford to provide
aid to the atoll nations.

The W1nd0W of opportunlty is closmg
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Global Mean Sea Level Rise (GMSLR)

Ice melt on Greenland and Antarctica, and among global mountain glaciers 1s

accelerating.
* There is a 66% probability that the Greenland ice sheet will enter a phase of irreversible melting at
1.8°C global warming.
* Portions of West Antarctic Ice Sheet are now irreversibly retreating,
* Antarctic ice melt has ‘tripled over the past five years.’
Heat storage in the ocean and related thermal expansion are accelerating.
GMSLR is now accelerating at a rate that reaches ~65 cm (>2 ft) by end of the century.

Extrapolating the global rate of ice melt and marine thermal expansion indicates that
GMSLR may reach ~1 m (~3.3 ft) by end of the century.
The Antarctic ice sheet remains the largest single source of uncertainty in projections of

future sea-level rise.
* Major adaptation projects require long lead times.
* Coastal communities cannot wait for Antarctic science to clear up.
A recent expert elicitation identified a 10% probability of reaching 2 m GMSLR by 2100.
* On our current emissions path, sea level will exceed 7.5 m by 2200 and
* 9.7 m by 2300.
* If every 10t airplane crashed into the sea, you would decide to never fly.
* 10% probability is a compelling reason to make a no regrets decision to save a coastal community.

GMSLR will continue for centuries regardless of future emissions.



Global Warming

The atmosphere has warmed >1°C since the nineteenth century.
Global warming is accelerating and projected to reach 1.5°C by 2030 and 2°C by 2045.
Conventional approaches to mitigating climate change are not working.
The rate of CO, accumulation in the atmosphere is accelerating;
In 2018 CO, emissions increased 2.7%
* COz2 emissions rose because energy & climate policy could not overcome economic growth.
* The biggest factors pushing emissions down were energy efficiency & renewables.
* But they would have to be about three times larger to overcome economic growth.
To stop warming at 1.5°C, CO, emissions must decrease next year and every year thereafter.
Solutions must simultaneously:
*  End carbon emissions,
* Sequester 1 trillion tons of CO,, and
* Adapt to centuries of growing weather disasters.
* Any one of these costs more than any one nation can afford.
Decreases need to equal 50% per decade.
* Emissions must end completely by 2050.
*  CO2 must be removed from the air for the next few centuries.
IEA, USEIA, BP, and other global economists project that global CO, emissions will continue rising to
mid-century due to demand for new energy, largely from developing nations.
Energy demand set to grow >25% by 2040.
* Renewables make up only two-thirds of new capacity
* Oil consumption grows due to rising demand for petrochemicals, trucking, aviation, energy
* CO, emissions continue to increase to mid-century
Assuming continued emissions, experiments using 39 CMIP5 climate models project that 4°C warming
will emerge in the decade of the 2080°s
Regionally, the strongest warming is projected to appear in the Arctic, with 8°-12°C of warming in most
areas
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Wang et al. (2018) Climate change of 40C warming above pre-industrial levels, Advances in Atmospheric Sciences, V. 35, July, 757-770



As the tropics grow increasingly unlivable a
global scale refugee crisis will develop that
forever changes the political landscape

Deadly heat
Number of days projected to exceed potentially deadly heat
levels per year by 2100.
0 50 100 Wis50 W200 M250 W300 M350
. .
NG ', VS
‘ \ ‘ *
( \\‘ f \
Deadly Heat - 95°F + 90% humidity
Source: The University of Hawaii 2 DW

Mora C, et al. (2017) Global risk of deadly heat. Nature Climate Change 7, 501-506
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