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1) Contribu,ons to regional sea level rise
2) Coastal versus deep ocean sea level
3) Ver,cal Land Mo,on(VLM)
4) Extreme coastal water levels
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Regional sea level changes
result from ocean dynamical
processes, movements of
the sea ﬂoor, and changes in
gravity due to water massredistribu,on (land ice and
other terrestrial water
storage).

About 70% of the coastlines
worldwide are projected to
experience sea level change
within 20% of the global
mean sea level change.
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Future:
CMIP6 models
Coupling to ice sheet models (freshwater forcing)

Context
Aim: Assess the simula,on of 20th century global and regional
rela,ve sea level changes in CMIP5 climate models
Method:
• Es)mate dynamic sea level, glaciers mass loss, ice sheet SMB
contribu)ons from 12 CMIP5 climate model simula)ons
• Es)mate GIA contribu)on from GIA models
• Add observa)ons of the ice
sheet dynamics and land water
storage changes
• Compare total global and
regional sea level changes with
27 TG records
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Modelled sea level: 1996-2015 wrt 1901-1920

Comparison with )de gauge records

Total sea level
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Global Total sea level vs
observations:
50 ± 30% explain over 1901-2007
102 ± 33% explain over 1993-2015
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Comparison with )de gauge records

Total sea level
(1996-2015 wrt 1901-1920)

Total sea level vs local
observations:
Diff: 0.27 ± 0.77 mm yr-1
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Kopp et al. 2014 probabilistic framework
Earth’s Future
Probabilistic 21st and 22nd century sea-level projections
at a global network of tide-gauge sites
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Key Points:
• Rates of local sea-level rise diﬀers
from rate of global sea-level rise
• Diﬀerences arise from land motion,
ocean dynamics, and Antarctic mass
balance
• Local sea-level rise can dramatically
increase flood probabilities
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Figure 1. Logical flow of sources of information used in local
caps; SMB: surface mass balance.
Kopp et al. (2014)

Abstract Sea-level rise due to both climate change and non-climatic factors threatens coastal settlements, infrastructure, and ecosystems. Projections of mean global sea-level (GSL) rise provide insuﬃcient
information to plan adaptive responses; local decisions require local projections that accommodate different risk tolerances and time frames and that can be linked to storm surge projections. Here we present
a global set of local sea-level (LSL) projections to inform decisions on timescales ranging from the coming decades through the 22nd century. We provide complete probability distributions, informed by a
combination of expert community assessment, expert elicitation, and process modeling. Between the
years 2000 and 2100, we project a very likely (90% probability) GSL rise of 0.5–1.2 m under representative concentration pathway (RCP) 8.5, 0.4–0.9 m under RCP 4.5, and 0.3–0.8 m under RCP 2.6. Site-to-site
diﬀerences in LSL projections are due to varying non-climatic background uplift or subsidence, oceanographic eﬀects, and spatially variable responses of the geoid and the lithosphere to shrinking land ice. The
Antarctic ice sheet (AIS) constitutes a growing share of variance in GSL and LSL projections. In the global
average and at many locations, it is the dominant source of variance in late 21st century projections,
though at some sites oceanographic processes contribute the largest share throughout the century. LSL
rise dramatically reshapes flood risk, greatly increasing the expected number of “1-in-10” and “1-in-100”
year events.
1. Introduction

Non-climatic
Sea-level rise figures prominently among the consequences of climate change. It impacts settlements
background
and ecosystems both through permanent inundation of the lowest-lying areas and by increasing the
frequency and/or severity of storm surge over a much larger region. In Miami-Dade County, Florida, for
example, a uniform 90-cm sea-level rise would permanently inundate the residences of about 5% of the
county’s population,
about the
same fraction
currently
threatened
by the storm
of a 1-in-100
yearice
sea-level
projections.
GCMs,
global
climate
models;
GIC,tide
glaciers
and
flood event [Tebaldi et al., 2012]. A 1-in-100 year flood on top of such a sea-level rise would, assuming geographically uniform flooding, expose an additional 35% of the population (Climate Central, Surging Seas,
2013, retrieved from SurgingSeas.org, updated November 2013).
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The future rate of mean global sea-level (GSL) rise will be controlled primarily by the thermal expansion
of ocean water and by mass loss from glaciers, ice caps, and ice sheets [Church et al., 2013]. Changes in
land water storage, through groundwater depletion and reservoir impoundment, may have influenced

Kopp et al 2014 probabilistic projections of global sea-level rise
Centimeters/Inches global mean sea-level rise above year 1991-2009 levels
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RCP 2.6/8.5, 90% probability range (Kopp et al., 2014):
2030: 0.1-0.2 m (0.3-0.6 ft)
2050: 0.2-0.4 m (0.6-1.2 ft)
2100: 0.3-0.8 m/0.5-1.2 m (1.0-2.7 ft/1.7-4.0 ft)
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Based on Kopp et al. (2014) and Hay et al. (2015)

99.8%
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“Natural Variability of Regional Sea Level in a High Resolu,on
Global Coupled Climate Model”
Diane Palko and Ben Kirtman

Palko and Kirtman, WCRP/Conference 2017

Assessing Coastal Inunda0on
To compute the poten,al inunda,on from future sea level rise projec,ons, we need to
know mean sea level (rela,ve to a well-deﬁned ,me, e.g. 2000.0) rela,ve to the coastal
topography (from a DEM). Tide gauges can provide this, but we need to know this at all
coastal loca,ons. Satellite al,metry, when coupled to DEMs, can provide this, but we need
coverage into the coastal zone because coastal mean sea level can be quite diﬀerent from
the open ocean.
Coastal infrastructure

Mean Sea Level

H = height rela0ve to geoid
h = height rela0ve to ellipsoid
N = geoid height

Steve Nerem, CU

Coastal
al0metry?

Conven0onal satellite al0metry
(within 20 km of coast)

Aviso Mean Dynamic Topography (MDT)

Coastal currents can cause open ocean MDT to be quite diﬀerent from
coastal MDT.
Steve Nerem, CU

Coastal currents from al,metry and ,de gauges

Ted Strub, OSU

Regional MDT: Northeast USA
To have ADT suitable for coastal
oceanography, especially DA, we need
MDT accurate to the coast

AVISO MDT

John Wilkin, Rutgers

Regional model after
4DVAR DA on climatological
CTD, velocity &wind stress

Mercator mean
surface height

ROMS MDT matched to Mercator
sea level datum in open ocean

4DVAR analysis of mean climatological ocean state
velocity obs. from:
CODAR (red)
5 cm/s

moorings (blue, green)
ship ADCP (magenta)

surface driiers
(blue, green)

5 cm/s

+ high-res regional T/S climatology

ROMS 4DVAR on
climatological mean data
yields a dynamically and
kinema,cally adjusted MDT
and T,S,u,v for OBC bias
removal
John Wilkin, Rutgers

Recent north-south asymmetry in regional sea level rise
Thompson & Merriﬁeld (2014)

Examples of Ver,cal Land Mo,on
Trend = 6.3 mm/yr
Galveston: Subsidence from groundwater/oil
extrac,on

Trend = 3.1 mm/yr
Pago Pago: Earthquakes

Yakutat: Glacial Isosta,c Adjustment (GIA)
Trend = -7.7 mm/yr

Ben Hamlington, Old Dominion
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GLOSS Implementa,on Plan – con,nuous GNSS
monitoring of VLM at core network ,de gauges
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BOX 4.3
Spatial Variability of Vertical Land Motion and Relative Sea-Level Change in Los Angeles

InSARgroundwater
and Ver,cal Land Mo,on
(VLM):in
Example
from
Annual
recharge
LA Basin

Vertical land motions in the Los Angeles Basin vary on small spatial scales because of subsidence from groundwater and hydrocarbon withdrawal
and active thrust faulting (Bawden et al., 2001; Lanari et al, 2004; Argus et al., 2005). Brooks et al. (2007) used InSAR to create a vertical land motion
map of the Los Angeles Basin. The figure shows the rapid spatial change in land elevation at sub-15 km scales in this area.
Brooks et al. (2007) also used land motion rates to adjust local tide gage records to produce a profile of relative sea-level change along the coast.
Vertical land motion differs on the west and east side of the Palos Verdes Peninsula. To the west, relative sea level was nearly constant from 1992 to 2000,
with most values less than zero. To the east, approaching the Long Beach/Wilmington oil field, relative sea-level rates varied from -1.7 to 1.3 mm yr-1
and by as much as ~3 mm yr-1 over distances as short as ~5 km. The Brooks et al. (2007) results show the danger of assuming that a tide gage is
representative of relative sea level for a region undergoing uplift or subsidence. Interpretation of the Los Angeles Harbor tide gage alone would miss the
spatial variability in sea level to the east and assume the wrong sign of relative sea-level change to the west.

Southern California

A

B

FIGURE Land motion (line-of-sight, 23 degrees inclined from vertical) from 1992 to 2000 in the Los Angeles Basin determined from InSAR (colors coded in mm yr-1) and GPS (red circles), showing variability due to tectonics and hydrocarbon and
groundwater fluctuations. Tide gages are shown as yellow squares. SOURCE: Brooks et al. (2007).

Brooks et al. (2007)
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(Watson et al., JGR 2001)

Computing Total Water Levels
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Wind wave projec0ons
~2075-2100 compared with ~1980-2009
In general, there is low
conﬁdence in regionspeciﬁc wind wave
projec,ons due to the
low conﬁdence in
tropical and
extratropical storm
projec,ons, and to the
challenge of
downscaling future
wind ﬁelds from coarseresolu,on climate
models.
Fig. 13.26a-c
Percentage diﬀerence in a) annual, b) January-March, and c) July-September mean signiﬁcant wave height.

Key Points
• Regional sea level rise assessments require
coordinated ocean (circula,on) and land (ice,
water storage) observing/modeling systems
• Linkage to the coast may require addi,onal
observing/modeling capabili,es to capture nearboundary circula,on
• Con,nuous GNSS monitoring needed to assess
various contributors to VLM
• Extreme coastal water level projec,ons must
take in to account changes in the wave-driven
components

