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Solar
radiation
passes
through
the clear

The
Greenhouse Effect

Some solar radiation
is reflected by the
Earth and the
atmosphere

Some of the infrared radiation
passes through the atmosphere,
and some is absorbed and
re-emitted in all

directions by

greenhouse gas

molecules. The

effect of this

is to warm

the Earth’s

surface and

the lower

atmosphere.




QNOUSE Gases (GHG -
- e -.....- )
GHGs that warm the earth
Carbon dioxide (CO,)—burning of fossil fuels; long lifetime

Methane (CH,)—agriculture, cows, decomposed organic
material; long lifetime

Nitrogen oxides (N,O)—fossil fuels, fertilizer; long lifetime

GHGs that cool the earth

Sulfates (SO,)—burning vegetation, volcanoes; short lifetime
(washed out after a few days to years)

Particulates (dust, volcanic ash, smoke)—short lifetime
GHGs that can warm or cool the earth

Water vapor (H,O)—largest GHG; oceans, solls; short lifetime
(recycles after 2 weeks); this recycling is very complex and
the net effect of water vapor is not known




Sea level (m)
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ific Basin History

2 ka Late Holocene sea level decline =y
~ 4 ka Mid-Holocene highstand 1{ . v
'15-4 ka 110-m Holocene sea-level rise e “'\E!‘_ i
125-20 ka Sea level decline to LGM, -109 m

. interala

*Paeific

South Polar

0.9 Ma 100 kKa-cycle sea level Tiuctuatior Pacific
2 Ma 41 ka- -cycle sea level fluctuations

> '_ 3 Ma Central American seaway closes

15 Ma Major expansion of Antarctic ice sheet

=

- =30 Ma East Pacific Rise subducts under NA
35 Ma Antarctic glaciation begins
Late Eocene-Miocene New Zealand splits, rotates, converges
40 Ma Emperor-Hawaiian shift in Pacific Plate rotational pole
Mhiddle Eocene SW Pacific arcs and basins: Coral Sea, New Hebrides, west Fiji, Norfolk

53 Ma Australia moves north

Eocene 55 Ma

60 Ma Tasman Sea opens

Paleocene 65 ma
81-63 Ma East and West Antarctica separate
80 Ma Pacific-Antarctic Rise opens
80 Ma New Zealand splits from W. Antarctica, starts north

Cretaceous 144 Ma
180 Ma Pangaea breaks up into Laurasia and Gondwana

Jurassic 206 Ma
www.scotese.com/jurassic.htm Courtesy Dr Mark Lander
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UMATAC BAY: RELIC OF THE ICE AGE
Stream-cut valley when
sea level was 450 feet lower!




Modern-day Pohnpei

Atoll Formation

Charles Darwin

Modern-day Chuuk Modern-day Majuro




During the last ice age,

The Marshall Islands

and other Pacific atolls

were giant islands, with

100 m sea cliffs. Modern

day Niue and northern Guam

are reasonable analogs (Note:
Guam and Niue are far above

sea level today for other reasons).

Rainfall and vegetal growth created
conditions that eroded the interior

of the island faster than the edges,
producing a saucer shaped top.

: ,m LGM atoll platforms During the ice age emergence, the
Islands eroded about 12 m below the

__L__rmd_u*m_ current sea level
MSL {0 m)

mpm When t_he rising sea level overtopped
(-15m) LGM sea level these limestone plateaus, new reef
| {-120 m}) began to grow on the rims, and the

\ J_*irg.‘;—-:-‘:iéc}iﬁ__ﬁﬁw flooded lagoons filled with detritus

s

and patch reefs







8SINg point

- ——
~2 m

VIodern it 4

Reef flat formation Sea Level /LT

4,000 years ago

= At the crossing point,

| - |
——

atoll 1slets are no longer

= stable, erosion becomes the

Last Ice Age .
21,000 years ago governing process.

~-125 m =
Courtesy of Dr. Chip Fletcher
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over dates (past and future

TABLE |. INFERRED CROSSOVER DATES FOR PACIFIC ATOLL CLUSTERS*

Atoll chster’ h.'lghstand h1ghstand tidal range past crossover earliest future latest future
magnitude’  termination® date** crossover date™ crossover date'!
(m) (BCE or CE) {m) (CE} (CE) (CE)

western Caroline Islands™ 1.6 100 CE 1.2 400 2050 2100
central Caroline Islands 1.2 100 BCE 0.6 500 2060 2120
eastern Caroline Islands 1.4 200 BCE 09 600 2050 2100
Marshall Islands 24 600 BCE 1.6 700 2080 2160
Kiribati-Tungaru chain 2.2 300 BCE 1.5 1000 2070 2140
Tuvalu 2.3 200 BCE 1.6 1100 2070 2140
Tokelau™ 1.8 100 BCE 1.0 1000 2080 2160
Phoenix Islands™ 12 100 BCE 1.0 900 2070 2140
northern Cook Islands 1.1 400 CE 0.6 900 2050 2100
Line Islands (Kiritimati) 0.9 300 CE 0.4 800 2050 2100
- northern Tuamotu Archipelago 1.0 500 CE 03 200 2070 2140
~ Society Islands (Tupai) 1.0 100 BCE 03 500 2070 2140
~  southern Tuamotu Archipelago 1.2 600 CE 0.4 900 2080 2160
- Gambier Archipelago (Temoe) 1.5 300CE 0.7 200 2070 2140
= Cook-Austral chain (Aittaki) 1.3 200 BCE 0.8 800 2050 2100

Note: BCE—before common era; CE—common era.
*All elevations = (.1 m (observational uncertainty) and past dates + 100+ yr (owing to sparse age control and/or uncertainties
in radiocarbon calibrations).
"See Figure 2 for location (islands in parentheses are relevant individual atolls or almost-atolls).
’Fra:rm Figure 5.
*Adapted from Dickinson (2003).
"""Datc when dncimtng high tide fell below paleoreef flats built to mid-Holocene low-tide level (a&aptcd from Dickinson, 2003).
"Date when rising high tide will submerge mid-Holocene paleoreef remnants if global sea level rises ~1.0 m by 2100 CE.
¥Date when rising high tide will submerge mid-Holocene paleoreef remnants if global sea level rises only ~0.5 m by 2100 CE
and continues to rise thereafter at the same rate).
ata interpolated from neighboring island groups (no internal data available).
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Temperature Trend 1957-2004
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_Steig, ct al., 2009: Nature

Rignot et al., 2008: Nature Geoscience
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~Major components

Thermal Expansion and Ice Loss (melting and

- —_'__ .

1965 1970 1975 1880 1990 1995 2000 2005 2010




Alpine glaciers are In a state of

global collapse

|  Average Glacier Thickness Change |
[I {cm/yr)

Trggr it s
& fh,ﬁlpﬂ

" | Cumulative Mean Thickness Change
1 imeters)

1960 1965 1970 1975 1880 1985 1880 1985 2000
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SumE

pnic time scales reefs may be significant carbon sinks
1own for certain how quickly oceans and reefs might respond to
1ge in atmospheric CO,
N atolls are a transient morphology
ar reefs atop carbonate platforms
e'rlain by 8-28 m of Holocene LS
Underlain by weathered Pleistocene LS (karst)

= agoons uniformly <85 m deep, with 9-23 m of sediment on bottom
: -@é%onate platform surfaces spent most of the past 125 ka (indeed,

.* = .r:rﬁest of past 2 ma) above sea level
= Modern atoll reef caps grew after ~9 ka, when overtopped by rising sea
level

Stayed submerged as reefs grew to sea level in Mid-Holocene, 6-4 ka
— High stand at 1.0-2.6 m

Atoll 1slands exposed when ambient high tide dropped below Mid-
Holocene low tide level (“cross-over”) <1-2 ka
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globa :

CIQ eustatlc component

ater volume change due to glacial growth & decay

ional graVItatlonal effects: mantle anomalies, continental mass and
¢ e sheet mass

Time scale: 100 ka to 1 ka
ro-isostatic component

- G lobal ocean basin volume change due to isostatic adjustment of ocean
= floor and/or continental subsidence or rebound in response to change in
load

- _." * Time scale: 100 ka to 1 ka

e =

=~ & Tectonic components

——

= ~ — Global: Change in ocean basin volume due to tectonic process, e.g.,
sea-floor spreading, crustal flexture, continental rifting, collision, uplift
and subsidence, etc.

® Time scale: 10 ma to 100 ka
— Local: uplift and subsidence
* Millions of years to instantaneous
e (Climatic components

— Regional in effect: ENSO, regional wind patterns, storms
* Mellinea, Centuries to decades to years and months to days and hours




Summary 2 (Dickinson, 2009)
Relevant climate statistics:

20t Century sea level rise:
Persistent 1.7 — 1.9 mm/yr (0.67-0.75 in/yr)

Rise of the sea from 1908 to 1999 = 180 mm (7 inches)

Sea level rise 2.5 mm/yr during 1990s (0.1 in/yr)

Sea level rise 4 mm/yr present decade !? (0.16 in/yr)

Crossover dates
Later half of 215t Century 10 mm/yr (0.4 in/yr)
First half of 22nd Century 5 mm/yr (0.2 in/yr)
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Kwajalein

—® — Pohnpei

150

Courtesy of Dr Mark Lander & Dr John Jensen
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* ENSO Affects Three Important Parameters
— Rainfall

— Monsoon Trough Activity
— Sea Level Height

e Rainfall Amount Determines Floods and
Droughts

* Monsoon Trough Activity Determines
Tropical Cyclone Activity

e Sea Level Height Determines Salt Water
Inundation

e Typhoons and Droughts are the Primary
Reasons for Migrations in Micronesia

e All Three Parameters Lead to Island Erosion
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tropical weather systems have a basic iﬁ—up—out-down
Cture _
fupward motion, condensation, rain
_{Q downward motion, drying, little rain
his applies at all scales—small and large—from the small
EIEin shower to the thunderstorm to the typhoon to the
= monsoon to El Nino

==

= Wind blows from high pressure to low pressure

e

~— @ | and heats and cools much faster than the ocean
® The amount of water vapor the air can hold increases with
Increasing temperature

* The earth balances incoming and outgoing radiation; if
more radiation comes in than goes out, it gets warmer







q EC'NINO MONITORING
oy REGIONS

Regression {(1900-1976) SST and TNI

Blue = Nino 4 Region
Black = Nino 3.4 Reglon
Red = Nino 1+2 Region
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Normal Conditions

Equataor




El Nino Conditions

Increased
Convaction

Equator =1




La Nina Conditions

Thermocline
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TAD/TRITON MWinds., Temps. and Currents
March 2006

TAD / PMEL / NOAA




EL NINO CYCLE

CYCLIC CHANGES IN CENTRAL PACIFIC SEA SURFACE TEMPERATURES:
THE EL NINO CYCLE

Wet

7-10 YEARS 7-10 YEARS
Moderate EN Moderate EN

Weak—every 3-5 years
Moderate—every 7-10 years
Strong—every 15-20 years



&« Each type of island has specific
== drought related problems, but low islands
are most harshly affected













INO EFFECTS AND IMPACTSION
IC ISLANDS—WETPERIODS

al Tlooding and erosion; some wind

El00ding, mudslides, and coastal erosion

Islands, eastern

wind damage, storm surge,
flooding, destruction of food crops




NINO EFFECTS AND IMPACTS ON
IC 1SLANDS—DRY-PERTODS

—

SSWater resources greatly reduced or disappear

— — Health can be drastically affected
— Fire danger greatly enhanced

— Trade winds increase, raising sea levels and causing
coastal flooding

— Food sources may not return for 8-10 months




NINO EFFECTS AND IMPACTS ON
1C 1SLANDS—DRY+PERTODS




NINOEFFECTS AND IMPACTS ON
IC 1SLANDS—DRY-PERTODS

e

ater resources greatly reduced or disappear
RREEalth can be drastically affected
Fire danger greatly enhanced

e =
"

[ Trade winds increase, raising sea levels and causing

= Ccoastal flooding and inundation
= — Food sources may not return for 8-10 months




NINO EFFECTS AND IMPACTS ON
IC 1SLANDS—DRY-PERTODS

" —
grotight occurs in-all’o Micronesia in Jan-Apr
gaiowing a strong El Nino event
alns return to:

2
y’ -
=~ ®

a life or death issue




\ I NA ECTS AND IMPACTS ON

e Many locations can have a wet spring (Mar-
May)

— Islands from 4N-8N can get 60-80 inches of rain In
Jan-Mar; the Marianas can be wet or dry

— Tropical cyclone activity pushed to the west;
reduced threat for Islands East of 140E

— Strong trade winds can elevate sea levels, causing
Increased coastal erosion and coastal inundation




\NINO—SOUTHERN OSCILLA g

OCEANIC PARAMETERS

e Equatorial sea surface temperature
anomalies

e Sea level heights
® Climate model predictions




\NINO—SOUTHERN OSCILLA g

ATMOSPHERIC PARAMETERS

e Southern Oscillation Index

e Equatorial wind anomalies

=== » Near equatorial vertical motion fields

-:-F
=

'-lq_—'\-
——

- *® Rainfall and tropical cyclone patterns
~ * Climate model predictions
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ANNUAL TROPICAL PAC_,EIC
SEALL PATTERNS

Salpan (80])
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Ocean Teperature Departures ("C) for Nino 3.4
(5°N-5"S, 170°W-120"W)
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Tﬂhiti - DarWin SOI { 3 month-running mean )




“EFNIino SST and Anomaly

Jbserved Seg Surface Temperature (°0
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8_SURFACE OCEAN TEI\/IPERATURES IN
= EQUATORIAL PACIFIC :
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OCEAN TEMPERATURES (°C)

EL NINO LA NINA
Jan-Mar 1998 Jan-Mar 1989
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DICTION MODEL ANOMALIES

viodel Forecasts o an 2009
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A | EVEL CHANGE

ERS Sea Level Anomaly — January 1995




T/P Sea Level Deviation Winter 97-98

NOAA / Laboratory for Satellite Altimetry
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NOAA / Laboratory for Satellite Altimetry
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East winds north of the trough axis; west or southwest winds south of the
axis.

Tends to produce inclement weather—heavy showers, gusty winds and low
ceilings.

Acts as a focus for tropical cyclone formation.

Associated with monsoon surges and monsoon depressions.




Sociation with the

Ly @
-

west winds south
1 may reach gale
Tn squalls

- May produce frequent
~thunderstorms

Most common from July
through November

1S Fung-Wong

Guam Doppler Radar Image — 23 Jul 02




Mean Position of Monsoon Trough by
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WARM EFISODE RELATIONSHIFPS DECEMEBER - FEBRUARY

TEXTENEITRILE

GLOBAL EFFECTS OF EL NINO

Chrmate Predicion Cenfer
MNCEP
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!Tropical Storm Faxal
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Red lines indicate
January of Post
El Nino Year




\M ANNUAL RAIN
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NOTE: POST-EL NINO YEARS IN RED; STARS ARE LA NINA
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Afhat Will be the Effects of a | Warmer__
'orld on the Tropical Pacifi€ Islands?
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ANNUAL TROPICAL _PAC}_IEIC
REALL PATTERNS/GRADIENTS

Salpan (80])
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Drought




OON-DISTRIBUTION
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ides and Tidal Variation e

FNIno/La Nina—ocean heat content, wind stress,
nd upwelling/downwelling
-?°EI Nino is associated with sea level falls in WestPac

I

_.-“"-La Nina is associated with sea level rise in WestPac




gdes and Tidal Variation e

C,.. —astronomical tide is
erlmposed on sea leve

we are on the Philippine
Iate and are rising or at least not sinking
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—Sun and earth were at closest point in 18
years

—Earth’s elliptical orbit Is closest to sun In
winter

—Moderate to strong La Nina
®ocean heat content high; ocean expands
*wind stress—strong, persistent trade winds

—Several large storms near Japan
produced large swells that created high
surf here
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Slobal sea-level rise has accelerated, but is

vV VO AJICT .
N the Pacific:
" Sea level rise will likely be the most immediate climate

=

~ concern
= Melt water is a greater threat in the second half of the

- century.
Thermal expansion and melting have increased.

There are potentially important, unknown aspects to
sea-level rise.

It Is appropriate to plan for a 1 m rise In sea
level by the end of the century.




