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1. Sea-level change and AMOC
variabil ity? Yin et al 2009, Nature Geo
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The dynamic sea-level change induced by an
idealized 0.1 Sv freshwater input for 100 years . The
AMOC weakens by 37% over 100 years.




2. How does this relationship change
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by reglon' Sallenger et al 2012, Nature CC
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Spatial variations of Sea Level Rate Difference (SLRD)
a, 1950-2009. b, 1960-2009. ¢, 1970-20009.



3. Paleo records of sea level as a
proxy for AMOQ?
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Regional variability: vertical land
motion
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Validated sea-level database
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Old vs New

* Increased number
(>650 data points)

compared to
Peltier (1996)

* |dentifiction of sea-
level indicators

* Elevation errors

* No assessment of
compaction or tidal
range change

* Significant
implication for GIA
model
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20" Century sea-level rise trend
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Detrending of 20" century tide-gauge records of RSLR with late
Holocene RSLR for 10 locations along the U.S. Atlantic coast



Regional variability: sea level fingerprint

Model predictions of mass loss for GIS and WAIS over 100yrs Figure 2. Sea-level

fingerprints for melting
of the GIS
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If the ice sheet melts, the attraction is reduced and SLR increases in
| areas geographically distal to the melting ice sheet
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We need a new generation of sea-
level records

(Temperature Driven Hindcasts) Predictions

Satellites
|

Tide Gauges

Salt-Marsh Reconstructions
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Archaeological, micro-atolls and salt-marsh sea-level indicators
have the precision to be compared with the instrumental record



For example...
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Study areas

Ice Sheet Extent
(21 500 calibrated years BP)
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Quantitative
models to
reconstruct
former sea
levels

Three-fold process

Sampling stations are
placed along an
elevations gradient.
Foraminifera are
counted at each station
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Examples of foraminiferal distributions
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Species Estimation of paIeo—eIevation
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Fossil foraminifera (Y,) are observed by documenting assemblages in
sedimentary archives. The transfer function estimates the elevation
(X,) with respect to sea level at which each sample formed.







Detailed biostratigraphy
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Composite Chronologies

* Regional markers Caesium-137

The type, distribution and age of these markers is specific l l

to the study region. For example pollen indicating land

clearance which took place at different times. They can only

constrain particular ages (represented by arrows). -

bros o te20
(e.g Amb1c>sia -NQ)

Anthropogenic Pollution Horizons*

High Precision Radiocarbon T T
_ eJg leaded gasoline in USA
Holocene \A/1>00 1800 1900 2000
Year (AD)

Detection of short-lived fluctuations of sea level in the period AD 1700
to present is hindered by fluctuations in the radiocarbon calibration
curve and requires confirmation by other dating methods
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Age — depth models
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Age - depth model for Sand Point
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sample (with uncertainty) = Decadal Resolution
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Sea levels for the last 2200 years for
North Carolina
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(and tectonic) factors assumed to be negligible




E
-
)
o

-10

Decontaminating RSL records for GIA
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GIA corrected sea level in NC

T Summary of North Carolina sea-level Sand Point

E 0L reconstruction (1 and 2o error bands) Tump Point
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(1) Stable sea level from BC 100 to AD 950. It then increased for 400 years at 0.6 mm/yr,
followed by further stability that that persisted until the late 19t century

(2) RSL acceleration at the end of the 19" century. In NC, the timing is AD 1865 - 1892

(3) In NC 20t" century sea level has increased at an average 2.1 mm/yr, representing the
steepest increase of the past two millennia



RSL for the last 2500 years in New Jersey
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GIA corrected sea level in NJ
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Preliminary RSL for the last 2000 years in
Florida
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In Florida we have the potential of a 8000 year record!!



Summary of a high resolution study

(1) High resolution records derived from salt-
marshes

(2) Temporal and spatial variability over the past
2000 years illustrated

(3) Stable/falling sea level from AD 500 until the
19t century

(4) 20" century sea level has increased to > 2
mmy/yr, representing the steepest increase of
the past two millennia

BUT... there are a very limited number of studies
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Transition from late Holocene to
modern rates of sea-level rise

Rapid rates of sea-level rise during the 20th
century, as recorded in many places around the
globe, represent a significant departure from
late Holocene trends of sea-level change

The IPCC AR4 states with ‘high confidence’ that
the onset of modern rates of sea-level rise

occurred between 1850 and 1950
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Iceland
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Southern hemisphere salt-marsh and
coral micro atoll records
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Rates of GIA adjusted sea-level
change before and after change point

Nova Scotia 1892-1946
Maine -0.3 1.5 1607-1796
North Carolina 0.1 2.2 1865-1892
New Jersey 0.1 2.4 1807-1890
Iceland -0.2 1.2 1716-1880
Tasmania -0.1 2.7 1828-1907
Global tide 0.2 2.1 1827-1860

gauges



Sea-Level and Climate Variability
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Jones and Mann (2004)

Kemp et al. (2011)
02+ Modified from R07, V&R11
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GIA- Corrected Sea Level (m, 1400-1800AD)
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Grinsted et al. (2009) Sea-Level Hindcasts Summary of North Carolina sea-level
04 Moberg (2005) reconstruction (1 and 20 error bands)
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Semi-empirical models feature in IPCC AR5

1600
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Proxy data uniquely extend calibration period to include stable sea

level, long term response

Proxy data show misfit — are projections reliable?
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Sea-Level in Bermuda

e (Qcean circulation
contributes to RSL.

e Bermuda lies at the
center of the North
Atlantic gyre and can test
the influence of
circulation compared to
NC/NJ.

e @GIA estimates to
decontaminate GRACE
mass measurements

e 2100 years of mangrove
development
NASA Funded (2011-2013)

Dynamic sea level caused by Atlantic
circulation Yin et al (2009)
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Sea-Level Rise from Oceanic Islands

MANGROVE
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KNOWN AGE FROM ANNUALLY RECORD THE SAME CHANGES IN

AGE

D ARE RELATIVE SEA LEVEL
FLUTUATIONS AN ARTIFACT

OF THE RADIOCARBON
CALIBRATION CURVE?

Oceanic islands provide a unique test of sea-level reconstruction




Assessment of
compaction

Aslocal(rl (p)

Base of basal are within
0.05m of the presumed
uncompressible substrate
and are less than 0.1m thick.

Basal are within the
sedimentary unit that
overlies uncompressible
substrate but not from the
base of the unit.

Intercalated are under and
overlain between different
sedimentary units
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Methodology — ICE 5G paleobathymetry

-100  -50

50 100

and ADCIRC regional tidal model




Holocene tidal
range change
in New Jersey

e Tidal range (MHHW —
MLLW) largely follows
the trends in M2, the
largest constituent

e Even at 5kybp, only
small changes noticed

e Dramatic amplification
occurs at 8 to 9K




Tidal range change through time

Possible explanations: =

e Bathymetric and water +
depth changes are = 00
bringing the Atlantic © %
more into resonance g o

* Reduced tidal dampening =
because of a smaller - e
continental shelf ° { %

Sl E E }
Uehara et al., 2006. JGR, 111.
Arbic, et al., 2009. Atmosphere- e

Ocean, 47



Decontaminating RSL records for GIA
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Transition from late Holocene to
modern rates of sea-level rise

Rapid rates of sea-level rise during the 20th
century, as recorded in many places around the
globe, represent a significant departure from
late Holocene trends of sea-level change

The IPCC AR4 states with ‘high confidence’ that
the onset of modern rates of sea-level rise

occurred between 1850 and 1950
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Iceland
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Southern hemisphere salt-marsh and
coral micro atoll records

®
Southern Cook Islands . 7 cl
Goodwin and Harvey (2008) GIA =-0.3mm/yr
0.6
£

y;
- 0.4’ s 4”1
7

- 0.2 New Zealand GIA =0.23 mm/yr ' Tasmania GIA=0.01 mm/yr
ol Gehrels et al. (2008) Gehrels et al (In press)

Q
wv
0.0 D | [ﬂ
1828-1907
OR
€0 @ nochangepomt NZ  nochange polnt TS 1900-1959
) 0 500 1000 1500 2000 0
Year (AD)

0 500 1000 1500 2000

500 1000 1500 2000



I I I [ I I I
l] Jevrejeva et al, 2008 Primary Change Secondary
Global tide-gauge compilation 1827-1860 Chan ge :
&= Change point analysis (95% cf) 1924-1943 | I ! ]
B il
o n|l" ” £

o
=)

l| “

i
o
-

Hl"|||| -

Ji |||'[l

Global
tide b wvmvuu A
g au g es “r | 006039mmyr rmasimmyr 19222mmr

o
N

|M‘“H H‘“H MII”\H” \|h”||' ¥ x e

Sea Level (m, to 1980-1999 average)
=
w

1700 1750 1800 1850 1900 1950 2000
Year (AD)
I] Church and White (2011) Change Point
Global tide-gauge compilation 1924-1945
&= Change point analysis (95% cf)
= 00F
oD
s
S
©
‘" g -01f
2
)
&
P 0.2 =
£
K]
2 -03f .
-
©
@ 0.73-1.42 mm/yr 1.71-1.91 mm/yr
0.4} .
a\) 1700 1750 1800 1850 1900 1950 2000
Sea Level Research Year (AD)

University of Pennsylvania




