Climate change in the Pacific reglon
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When you say “Pacific climate” to most people, they
often think “El Niho”




El Nifio of 2015-2016—Ilargest on record
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El Nifio impacts
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The flip side of El Nino is “La Niha”
The weak La Nina of 2017-2018 with nearly opposite impacts to El Nifio
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El Nifio impacts

| The future: As average
ocean temperatures
continue to warm, the
impacts from El Nifo
events will worsen




Coral Bleaching
corals expel symbiotic algae that live and photosynthesize within
their tissues
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Runoff and pollution
Storm generated precipitation

can rapidly dilute ocean

water and runoff can

carry pollutants — these can
bleach near-shore corals.

Overexposure to
sunlight

When temperatures are high,
high solar irradiance

contributes to bleaching in
shallow-water corals.

Ly Extreme low tides
Exposure to the air during
™, "\ extreme low tides can cause

* bleaching in shallow corals.




Coral bleaching in progress in 2015 at Pago Pago, American Samoa
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In Hawaii, bleaching
occurred in Kaneohe Bay,
Waimanalo on Oahu and
Olowalu on Maui. On the
Big Island, bleaching was
reported from Kawaihae to
South Kona on the leeward
side and Kapoho in the
southeast
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Not all reefs that bleach die, but mortality of bleached reefs can
be 50% or more
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Mapping the Global Coral Reef Bleaching Crisis

The longest and most widespread global coral bleaching event on record began in 2014, causing reefs
near at least 38 countries and island groups to turn ghost white— and in some cases killing them.
The bleaching is ongoing, triggered by high ocean temperatures, and scientists say 38 percent of reefs
have already been impacted. The Great Barrier Reef and reefs around Kiribati are among the hardest hit.
The worst is likely yet to come for the Caribbean and Florida.

Atlantic
Pacific Ocean i) gahamas Ocean Pacific
orida Keys / Northern Ocean
L_g / Turks & Caicos Islands Saudi Mariana
= Cubs.® Red aubila Oman Andaman KEnds
:'s';";"zlsla" Belize —e ¢ * ¢ 02 pominican Sea A2 ) k.sh Py lsla|nds - Marshall
Cayman Islands Hait .\ Republic s {e P ® Thailand Guam—& Is/lands
: ® oSri 4 . ®
Panama Bonaire Eator Maldivese Lanka ®Malaysia Papua
» . i
eychelles e cpagos Kimberk o
) €y Solomon N,
i Madagascar Archipelago  reefs ® APl e fands ®
® French Mozambiquee ¥ 9.. Barrier o F.
Polynesia y / 'ig\aumius gldi(m Reef New »
union cean Caledonia

® IMPACTED CORAL REEFS
(approximate location; not to scale)

SOURCES:"Global Coral Bleaching 2014-2017" report by CM. Eakin et al; NOAA/Bernardo Vargas-Angel: XL Catlin Seaview Survey; InsideClimate News research PAUL HORN / InsideClimate News



In 2015-2017, the Great Barrier Reef experienced its

worst bleaching event on record
Bleaching during the 2015-2016 EI Nifio was severe and, for the first

time, continued into the non-El Nifo year of 2017
https://www.facebook.com/chasingcoral/videos/1776577129313083/




BLEACHED REEF

Record heat in 2016 caused massive coral bleaching and death across
Australia’s Great Barrier Reef — especially in northern reefs.
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High ocean temperatures killed roughly 30%
of the Great Barrier Reef corals in 2016 alone
(Hughes et al., 2018, Nature)

“the interval between recurrent bouts of
coral bleaching is too short for a full
recovery...tropical sea surface temperatures
are warmer now during current La Nina
conditions than they were during El Nifio
events three decades ago. Consequently, as
we transition to the Anthropocene, coral
bleaching is occurring more frequently in all
El Nifno—Southern Oscillation phases,
increasing the likelihood of annual bleaching
in the coming decades.” (Hughes et al.,
2018, Science)



The El Nifio connection: as average ocean temperatures warm, El Niflo events are
superimposed on those warmer temperatures and impacts become more severe

Nino 3.4 128H-1768H; 5N-55{fron NOAR/ESRL PSD} anonalies
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The El Nifio connection: as average ocean temperatures warm, El Niflo events are
superimposed on those warmer temperatures and impacts become more severe
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The El Nifio connection: as average ocean temperatures warm, El Niflo events are
superimposed on those warmer temperatures and impacts become more severe

Nino 3.4 128H-1768H; 5N-55{fron NOAR/ESRL PSD} anonalies
Jan to Dec: 1958 to 2018

2015-16 El Nifo: new

-y Tecord global-scale
bleaching, extends into
non- El Nifio year 2017 for
first time




Ocean Acidification and Carbonate Chemistry
Causes skeletal loss in corals and other marine organisms
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Observation 1979-1988 10 years
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What about sea level rise?
Two factors can cause sea level to rise:
1. thermal expansion of warmer water

2. additional water added to the oceans
from melting land ice (glaciers and
ice sheets);

(seaice is shrinking but that doesn’t add
to sea level rise)



What if you live on an atoll like this one? (Tetiaroa, highest point above sea level: 6 feet)
You'd better worry about land glaciers, Greenland and Antarctica!




EXTRA HIGH TIDE FLOODS ROAD, FUNAFUTI, TUVALD (PACIFIC OCEAN) B 2005 CARY BRAASCH
RISING SEA LEVEL DOCUMENTED BY WORLD VIEW OF CGLOBAL WARMING
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Sea level rise over the
past 50 years or so
(about 87) is already
causing coastal and
beach erosion, increased
tidal flooding, and more
severe storm surge
flooding; in the future sea
level rise could submerge
entire atolls making them
uninhabitable

Coastal flooding on Funafuti Atoll
(top) and Tarawa Atoll (bottom)



Melting all of the current Greenland ice sheet would result in a sea-

level rise of about 6.5 meters (about 20 feet); melting all of the West
Antarctic ice sheet would result in a sea-level rise of about 8 meters
(about 25 feet)

This is not likely to happen, but accelerated melting of the Greenland
ice sheet has already been observed

how much will melt and how fast?
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Antarctica
lce shelves, with
subglaﬂalrnening.
lcebergs calve off
from ice shelves

lce sheet
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Due to our lack of knowledge of ice sheet disintegration processes, we still
cannot definitively answer the questions “how much and how fast?” Some
estimates go as high as 3 feet of sea level rise or more by 2100

500 2012 2100
400 { WBGU, 2006 I
E Delta Committee, 2008 |
qé).g. _— Rahmstorf, 2007 |
83 &5
O ?_) Q‘\o\
o 200-
2o
S =
n T 100+ 3 feet
o4 S — ] .
B Data

1900 1950 2000 2050 2100 2150 2200 2250 2300
Year



if warming ocean water penetrates under
the ice and starts melting it, the West
Antarctic Ice Sheet could become unstable
and disintegrate more rapidly—we have
very little information on whether that has
occurred before or could occur now

Much of West Antarctica is below sea level;
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Earth System models

simulate this: with this: !

T42

Components of atmosphere, ocean, land
surface processes, sea ice, ice sheets (sea
level rise), ocean biogeochemistry (ocean
acidification), atmospheric chemistry (air
pollution)
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% degree (grid points every 25 km) time slice simulation representative
of present-day climate run with an INCITE allocation at Argonne




Access and Analysis of Earth System Model output
current phase of CMIP6 expected to produce 10 petabytes of
model data; 33 modeling groups from 16 countries

data access via web portals

Model Output
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Data Archive

Analysis computing en-
vironment integrated
with the ESGF
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Well-Established Analysis
Sharing of Diagnostic Code
Guidance and support from CMIP Panel,
WGNE/WGCM Climate Model Metrics
Panel and , CMIP6-Endorsed MIPs
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State evaluation of ECVs
(climatology, trends, ...)
Process and phenomena evaluation
Link to projections
(MMM analysis and emergent constraints)
Performance metrics

ESMValTool

Earth System Model eValuation Tool

PCMDI Metrics Package (PMP)

Additional in-depth analysis



Summary:

Future threats to physical system in Pacific region related to

increasing CO, from burning of fossil fuels:

1. Warming ocean temperatures produce more intense El Nino
impacts (droughts, floods, extreme heat, coral bleaching)

. Ocean acidification

. Fewer total tropical cyclones/typhoons but more intense

. Sea level rise

. Earth System Models are tools to quantify possible future

risks; large data volumes and distributed analysis via the

Earth System Grid Federation
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