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Comment on the subsidence
adjustment applied to the Kemp et al.
proxy of North Carolina relative

sea level

Kemp et al. (1) presented a new salt-marsh proxy record of
relative sea level (RSL) from North Carolina (NCRSL). The salt
marsh is slowly subsiding as a result of glacial isostatic adjust-
ment (GIA), and the NCRSL record needs to be adjusted to
remove this vertical land movement from the sea level record.
Kemp et al. (1) corrected for a constant subsidence rate of ap-
proximately 1 mm/y. This is a “geologic” estimate based on sea
level index points, which are determined from linear fits to data
from other North American RSL proxy records. Thus, the geo-
logic method implicitly assumes that the entire trend is a result
of subsidence and leaves no room for any millennial-scale climate-
driven changes in sea level. It is therefore not surprising that
the adjusted RSL record has a preindustrial trend near zero.
To assess the uncertainty of the subsidence adjustment, we can
look at several alternative estimates of the subsidence rate, and
this is done by Engelhart et al. (2). Global modeling of glacial
isostasy (3) gives a rate of subsidence of approximately 1.3 mm/y.
Direct GPS measurements indicate an even higher rate of sub-
sidence of the regional proglacial forebulge (2). Finally, local
tide gauge records have a 20th century rate of sea level rise of
close to 4 mm/y (2), or approximately 2 mm/y higher than the
global mean rate of sea level rise. To summarize, all these al-
ternative estimates point to a substantially greater rate of sub-
sidence than the 1 mm/y geologic estimate. We therefore
question the zero-trend assumption used in the geologic esti-
mates. We prefer the midrange correction from modeled GIA
(3), which incorporates many lines of evidence and additionally
includes nonlinear terms. Until the disagreement in subsidence
rate has been resolved, the uncertainty must be gauged from the
spread in alternative estimates, which is clearly much greater than
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the 20 estimate of 0.1 mm/y in the study of Kemp et al. (1). In
Fig. 1, we tentatively use an uncertainty of 0.5 mm/y, which ac-
cumulates to 1 m over 2,000 y. The impact of a greater rate of
subsidence is that the adjusted NCRSL has a negative preindus-
trial trend with a pronounced Little Ice Age minimum rather than
being a record of predominantly rising sea level (Fig. 1).

We emphasize that the salt marsh record is an exceptional
dataset on past sea level, but that great care must be taken to
consider uncertainty in land movement that accumulates remorse-
lessly over time, as we highlight here. Many of the primary con-
clusions of the work of Kemp et al. (1) were unaffected by a slightly
greater subsidence correction, and the 20th century rate of rise is
still exceptional. Hind-casts from semiempirical models (1, 4, 5)
are consistent with the North Carolina salt-marsh proxy for a mil-
lennium (Fig. 1), but uncertainties are too large before that date.

ACKNOWLEDGMENTS. This work was performed under the European Re-
search Council Advanced Grant no. 246815 WATERunderthelCE, National
Natural Science Foundation of China no. 41076125, and China’s National Key
Science Program for Global Change Research (no. 2010C8950504).

Aslak Grinsted™', Svetlana Jevrejeva®, and John C. Moore®%*
#Centre for Ice and Climate, Niels Bohr Institute, University of
Copenhagen, 2100 Copenhagen, Denmark; ®National Oceanogra-
phy Centre, Liverpool L3 5DA, United Kingdom; °College of
Global Change and Earth System Science, Beijing Normal Uni-
versity, Beijing 100875, China; “Arctic Centre, University of Lap-
land, 96300 Rovaniemi, Finland; and °Department of Earth
Sciences, Uppsala University, 751 05 Uppsala, Sweden

1. Kemp AC, et al. (2011) Climate related sea-level variations over the past two millennia.
Proc Natl Acad Sci USA 108:11017-11022.

2. Engelhart SE, Horton BP, Douglas BC, Peltier WR, Tornqvist TE (2009) Spatial variability
of late Holocene and 20th century sea level rise along the US Atlantic coast. Geology
37:1115-1118.

3. Peltier WR (2004) Global glacial isostasy and the surface of the ice-age Earth: the ICE-
5G (VM2) model and GRACE. Annu Rev Earth Planet Sci 32:111-149.

4. Jevrejeva S, Grinsted A, Moore JC (2009) Anthropogenic forcing dominates sea level

rise since 1850. Geophys Res Lett 36:L.20706.
. Grinsted A, Moore JC, Jevrejeva S (2010) Reconstructing sea level from paleo and
projected temperatures 200 to 2100 AD. Clim Dyn 34:461-472.

wi

Author contributions: A.G., S.J., and J.C.M. wrote the paper.
The authors declare no conflict of interest.

To whom correspondence should be addressed. E-mail: ag@glaciology.net.

PNAS | October 4,2011 | vol. 108 | no.40 | E781-E782


mailto:ag@glaciology.net

PNAS

Sea level relative to 2000 AD (m)

—— NCRSL-GIAPE“‘“Q) +0.5mmlyr

; viearees s NCRSL-GIA 0. 1mmiyr
— Kemp(1)

Jevrejeva et al. (4) (CBK)
Grinsted et al. (5) (Moberg)
Kemp et al. (1), figdd

RO7 (Kemp et al. (1), fig4d)
V&R (Kemp et al. (1), figdd)

o
wn
T

|

0
Greater
subsidence
adjustment
LRl DL R srEta, ."-..-""-"'"”
05 T Saggstisaaans Yot

]
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Year AD

Fig. 1. Comparison of the North Carolina sea level reconstruction corrected for two different GIA adjustments (red lines) and global sea level hind-casts from
semiempirical models (thin solid lines). The choice of GIA has a large impact on the adjusted North Carolina sea level. Semiempirical hind-casts of global sea
level deviate slowly from the adjusted NCRSL curve, but confidence intervals overlap for more than a millennium. Illustrative 5% to 95% confidence intervals
are shown by the shaded regions colored for the appropriate curves. A 50-y smoothing has been applied to NCRSL.
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